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PREFACE
TO THE SEVENTH EDITION.

IT has been the intention in the preparation of this, as in former edi-

tions of this work, to give to students and practitioners of medicine, first,

the knowledge necessary for the making of autopsies, the preservation of

tissues and their preparation for microscopic study, and to outline the

characters and methods of study of pathogenic micro-organisms ; second,

to consider the nature of infection and immunity ;
to describe concisely,

with such illustrations as seem necessary, the lesions of the acute infec-

tious diseases, and, so far as they are known, the micro-organisms incit-

ing them ; the various phases of degeneration and inflammation
; the

characters of tumors ;
the lesions of the general diseases, of poisoning,

and of violent deaths ; and, finally, to describe briefly the special lesions

of different tissues and organs of the body.
While the general aims of the book have remained unchanged, it

has seemed wise, in this more than in the earlier editions, to call atten-

tion here and there to the relationships of pathology to the allied phases
of biological science, and, where it might be done without hazard to the

more urgent practical aims of the work, to consider disease as an adap-
tive process, and to view pathology as one aspect of the diverse mani-

festations of life and of energy, rather than as belonging to a special and

exclusively human domain.

Dr. Delafield no longer shares in the preparation of the work : so that

the writer, deprived of the wise counsel and large experience of the

senior author, is alone responsible for such alterations and additions as

have been made in this as in the last revision.

The great and rapid accumulation of data in the wide field which this

book covers has made necessary the exclusion in large measure of those

phases of clinical diagnosis and practical bacteriology which are now

adequately covered in special treatises.

The book has been largely revised. The section on immunity has

been entirely rewritten. Ehrlich's "side chain" hypothesis has been
set forth with considerable detail, as well as the new lore relating to

various phases of cytolysis.

The references in foot-notes have been considerably increased. The
intention in these has been in part to indicate special studies or reviews

relating to the theme under consideration ; but more particularly to point
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out here and there publications in which -a fuller bibliography may be

found than is consistent with the scope and limitations of this work.

The sections on the blood which were written for the fifth edition by
Professor James Ewing have been revised for this, as for the last edition,

in such measure as the growth of knowledge seems to require, by Prof.

Francis C. Wood. Prof. Wood has also written the section on malaria.

The chapter on the nervous system has been revised by Prof. Fred-

erick E. Bailey. To Profs. Wood and Bailey, as well as to Prof. Eugene
Hodenpyl, Prof. Philip Hanson Hiss, Jr., Dr. John H. Larkin, Dr.

Augustus B. Wadsworth, and Dr. Charles Norris, also my colleagues, I

am under great obligation for aid and for many helpful suggestions in

various parts of this revision.

A large number of new illustrations, both photographs and drawings,
have been added, to supplement or replace the old. Prof. Wood has

prepared a new colored plate illustrating lesions of the blood.

I am especially indebted to Dr. Larkin for the use of many of his ex-

cellent preparations, from which new drawings and photographs have been

made, and to Dr. Freeborn, some of whose valuable preparations of

lesions of the female generative organs I have also used.

The excellence of the many photographs which have been reproduced
in the text is due in this as in former editions to the skill of Dr. Edward
Learning, to whom I am much indebted.

T. MITCHELL PRUDDEN.
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PART I.

THE METHOD OF MAKING POST-MORTEM EXAMINATIONS:
THE LESIONS IN CERTAIN FORMS OF DEATH FROM
VIOLENCE AND SUDDEN DEATH: AND THE
METHODS OF PRESERVING AND EXAMINING

PATHOLOGICAL TISSUES.





CHAPTER I.

THE METHOD OF MAKING POST-MORTEM
EXAMINATIONS.

General Considerations.

THE object in making a post-niorteni examination may be to deter-

mine whether a person has died from violence or poisoning ;
to account

for a sudden death ;
or to study the lesions of disease. In any case the

examination should include all the important parts of the body, not

merely a suspected organ, and the results should be recorded at the time

the examination is made.

Great care is necessary in endeavoring to ascertain the cause of death

when the clinical history is imperfect or unknown. Mechanical injuries,

^rhich destroy life by abolishing the function of one of the important

viscera, are relatively infrequent. Most of the lesions found after death

are rather the marks of disease than the cause of death. We do not

know, for example, how great a degree of meningitis, or of pneumonia,
or of endocarditis, or of cirrhosis, or of nephritis necessarily leads to

death. On the contrary, one patient may recover with an extent of

lesion which is sufficient to destroy the life of another. So with acci-

dents ; there is often no evident reason why fractures of the skull or of

the pelvis should destroy life, yet they usually do. In some of the in-

fectious diseases, such as typhoid fever, the visible lesions cannot always
be called the cause of death. Sudden deaths of persons apparently in

good health are often particularly obscure. In many of them we have

to acknowledge that we can find no sufficient cause for the death. This

is of course due to our imperfect knowledge, but it is much better in

such cases to avow ignorance than to attribute the death to some trifling

lesion. The brain and the heart are the organs which are especially cap-
able of giving symptoms during life, without corresponding lesions after

death. Very well-marked cardiac or cerebral symptoms may continue

for days or months, and apparently destroy life, and yet after death

we find no corresponding anatomical changes.
1 But it Should be re-

membered that recent advances in our knowledge of the cell, which an

improved technique in hardening and preparation has greatly fostered,

have already shown that under various abnormal conditions the cells,

especially of the nervous system, may undergo morphological changes of

great significance, without perceptible alteration in the gross appearance

1 See Sudden Death, page 48.
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of the affected part, changes which even the microscopical examinations

of the past have failed to disclose. So that while there often appears to

be a wide discrepancy between symptoms and lesions, with the increase

of knowledge the scope of this discrepancy is steadily narrowing. It is

the novice in post-mortem examinations who is particularly apt to mis-

take for lesions ordinary post-mortem alterations or the effects of em-

balming processes.

External Inspection.

Before commencing the examination of the internal viscera an inspec-

tion should be made of the external surface of the body. The minute-

ness of this inspection will depend upon the character of the case. In

the case of an unknown person, or of one suspected to have died from

unnatural causes, it is necessary to search for and record not only all

contusions, wounds, etc., their size, situation, and condition, but also

deformities from disease and any physical peculiarities of hair, ej'es,

teeth, moles, etc., by which the person may be identified. In such cases

it is well, if possible, to photograph, weigh, and measure the body. In

cases of doubtful identity it is sometimes wise to make a wax or plaster

cast of the outside of the teeth and jaws. In ordinary examinations we
note the general nutritive condition of the bod}*, and look for evidences

of external injury, for skin diseases, ulcers, osdema, gouty deposits, ab-

scesses, enlarged lymph nodes, etc. The external organs of generation
should be searched for syphilitic lesions.

It is well to weigh the body, since the significance of the weight of

the individual organs is often closely dependent upon the relationship
of their weight to that of the entire body.

Cadaveric Lividity. It is usual to find certain changes in the exter-

nal appearances of the body, which are due to the cessation of life and
the commencement of decomposition. We speak now of bodies which
have not been buried, but which have been kept in the ordinary way,

lying on the back, and loosely covered with a shroud or dressed with the

ordinary clothing.

After life becomes extinct, and before the blood coagulates, it changes
its position chiefly in two ways : first, it is driven by their contraction

out of the arteries into the veins ; second, it settles in the veins and

capillaries of the more dependent parts of the body, inducing usually
within a few hours after death, a mottling of the surface with irregular
livid patches. These patches may coalesce, forming a uniform dusky-
red color over the back of the trunk, head, and extremities, and some-
times over the ears, face, and neck. The same effect is observed on the
anterior aspect of the body if it has lain on the face. At points of pres-
sure, from folds in the clothing, or from the weight of the body on the

table, the red color is absent or less marked. These changes occur be-

fore putrefaction sets in. This cadaveric lividity or hypostasis should
not be mistaken for aute-mortem ecchymosis, from which it may usually
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be readily distinguished by its position arid extent, by the faet that the

surface of the skin is not elevated, and by the fact that on incision no
blood is found free in the interstices of the tissues. Not infrequently
the subcutaneous tissue in the vicinity of these post-mortem hypostases
becomes infiltrated with reddish serum. Very soon after death, particu-

larly in warm weather, the tissues immediately around the subcutaneous

veins of the neck and thorax, and in other situations, may become
stained of a bluish-red color from the decomposition and escape from
the vessel of the coloring matter of the blood. If the epidermis has

been detached at any point, the skin beneath soon becomes dry and
brown.

Putrefactive Changes. Usually in from one to three days, depending
upon circumstances, a greenish discoloration of the skin appears, at first

upon the middle of the abdomen, over which it gradually spreads, assum-

ing a deeper hue and often changing to a greenish purple or brown.

Greenish patches may now appear on different parts of the body, earliest

upon those overlying the internal cavities
;
this discoloration is probably

produced by the action on the haemoglobin of gases developed by decom-

position. The eyeballs now become flaccid, and if the eyelids are not

closed the conjunctiva and cornea become brown and dry. The pressure
of gases developed by decomposition in the internal cavities not infre-

quently forces a greater or less quantity of frothy, reddish fluid or mucus
from the mouth and nostrils, distends the abdomen, and, if excessive,

may lead to changes of position of the blood in the vessels, and even a

moderate amount of displacement of the internal organs.
'

After a varying period, sometimes within five or six days, the entire

surface of the body may be discolored, green or brown. Then the epi-

dermis may become loosened by the accumulation of gases and fluids be-

neath and the tissues become flaccid. The abdomen may be greatly dis-

tended and the features distorted from swelling. The rapidity with

which these changes occur depends upon various conditions. Thus an

elevated temperature and the presence of air and moisture hasten the

advent and progress of putrefaction.
The bodies of infants usually decompose more rapidly than those of

adults, fat bodies more quickly than lean ones. The infectious diseases,

intemperance, and the puerperal condition promote rapid decomposition,
as does also death from suffocating gases. Poisoning by arsenic, alco-

hol, antimony, sulphuric acid, strychnin, and chloroform may retard the

progress of decomposition. Burial in dry soil and submersion in water

also retard the progress of decay.
2

1 In cases with the early and marked formation of gas in the tissues and organs,

especially in the liver, the possibility of infection with Bacillus rerogenes capsulatus
should be borne in mind. See p. 267.

2 For a study of bacteria in the blood of the cadaver see OttolengM Vierteljahres-
schrift f. gerichtl. medicin, Bd. iv., Suppl. ;

see also Babes, "Les maladies infectieuses

en medeciue legale," Annales d'Hygiene Publique, March, 1899.

Concerning the conversion of the body into adipocere, see Ewing, Peterson and
Ilaines' "Text-book of Legal Medicine,

1
"

vol. i., p. 136.
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Cooling of the Body. After death the chemical changes upon which

the maintenance of the temperature depends rapidly diminish, and the

body gradually cools to the temperature of the surrounding medium.

This usually occurs in from about fifteen to twenty hours, but the time

required depends upon a variety of conditions. Immediately after death

there is, in nearly all cases, a slight elevation of internal temperature,

owing to the fact that the metabolic changes in the tissues still continue

for a time, while the blood ceases to be cooled by passing through the

lungs and peripheral capillaries. After death from certain diseases-

yellow fever, cholera, rheumatic fever, and tetanus a considerable ele-

vation of internal temperature has been repeatedly observed. The time

occupied by the cooling of the body may be prolonged after sudden death

from accidents, acute diseases, apoplexy, and asphyxia. A number of

cases is recorded in which the body retained its heat for several days,

without known cause.

After death from wasting chronic disease, and in some cases after

severe haemorrhages, the cooling of the body is very rapid, the internal

temperature being reduced to that of the surrounding air within four or

five hours. Fat bodies cool less quickly than lean ones, the bodies of

well-nourished adults less quickly than those of children or old persons.

The temperature of the surrounding medium, the degree of protection of

the body from currents of air, of course, modify the progress of

cooling ;
and the internal organs naturally retain their heat longer than

the surface of the body. The rate at which cooling occurs is most rapid,

as a rule, during the hours immediately following death, notwithstand-

ing the post-mortem rise which may ensue.

It will thus be seen that, if required to pronounce upon the time

which has elapsed since death in a given case, we can do so only approxi-

mately. It is necessary to take into account all of the above-mentioned

conditions which modify the rate of cooling of the body, and then we

may be able to state only the probabilities of the case. It is furthermore

unsafe in any case to infer the cause of death from the rate of cooling of

the body.

Rigor Mortis. Death is usually succeeded immediately by a period of

complete muscular relaxation. The jaw drops and the limbs become
flaccid. The muscles may retain for two or three hours, however, the

capacity of contracting, on the application of appropriate stimuli. Oil

the average, within six hours the muscles become firm and rigid. This

post-mortem rigidity is called rigor mortis. On the occurrence of the

rigor mortis the muscles become fixed in whatever position they may
have had at the time of its occurrence. It usually begins in the muscles
of the eyelids, extends to those of the back of the neck and lower jaw,
then to the face and neck, and thence passing downward affects the mus-
cles of the thorax and lower extremities. It usually disappears in the
same order. Although commencing on the average six hours after death,
it may set in at once or be delayed for twenty-four hours or more. It
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may pass off very rapidly, ill rare cases in from one to three hours ; or

it may persist for two or three weeks or longer. It may be said in gen-
eral that the average time of its disappearance is within twenty-four or

forty-eight hours after its occurrence, depending on temperature, its

intensity, the mode of death, the period of its advent, etc. Caspar
states that in foetuses before term he has never observed rigidity, and
that in young children it is feeble and of short duration. Its occurrence

and phenomena may be in some cases of the highest medico-legal impor-
tance ; but its careful observation does not, with our present knowledge
of its significance, appear essentially to further the aims of the practical

pathologist.
'

Contusions. It is often important to determine whether violence has

been inflicted upon a body before death. In regard to this point, we
must remember, first, that blows and falls of sufficient violence to frac-

ture bones and rupture the viscera may leave no marks on the skin, even

though the person has survived for several days ; and, second, that there

are post-mortem appearances which simulate ante-mortem bruises. A
severe contusion during life may present, at first, no mark or only a

general redness. After a short time the injured part becomes swollen

and of a red color ;
this color may be succeeded by a dark blue, and this

in turn fade into a greenish yellow or yellow ;
these later appearances

are due to an escape of blood from the vessels and to a subsequent de-

composition of haemoglobin. If therefore we cut into such an ecchy-
mosis after death, we find extravasated blood or the coloring matter of

the blood, in the form of pigment granules, free in the tissues. Post-

mortem, discolorations, on the other hand, although their external ap-

pearance may resemble that of ante-mortem ecchyniosis, are not formed

by an extravasation of blood, but by a circumscribed congestion of the

vessels or by an escape of blood-stained serum. If we cut into such dis-

colorations, therefore, we find no blood outside the vessels. Care should

be taken not to mistake the lesions of ha?morrhagic infection for trau-

matic ecchymoses.
Blows on the skin of a body which has been dead for not more than

about two hours may produce true ecchymoses with extravasation of

blood, such as can be distinguished with great difficulty or not at all

from those formed during life. If putrefactive changes be present, the

difficulty of distinguishing between aute-morteni and post-mortem bruises

is greatly enhanced.

Hanging and strangulation are attended with the formation of marks

on the neck which are described in works on forensic medicine. These

marks must not be confounded with the natural creases of the skin of

the neck. Many adults during life have creases of the skin of the neck
;

one or more in number, running downward from the ear under the chin

or encircling the neck. After death these creases may be much more

1 For further details concerning rigor mortis, putrefactive changes, particularly the

later stages, and the phenomena of cooling of the body, see Tidy, "Legal Medicine,"

vol. i., or other works on medical jurisprudence.
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evident than during life, and may be rendered more decided by the posi-

tion of the head and the freezing of the body. They usually persist

until the skin putrefies.

Wounds. We should notice the situation, extent, and direction of a

wound, the condition of its edges and the surrounding tissues. If it be

a deep, penetrating wound, its course and extent should be ascertained by
careful dissection rather than by the use of a probe.

If the edges of a wound be inflamed and suppurating, or commencing
to cicatrize, it must have been inflicted some time before death. In a

wound inflicted a short time before death, the edges are usually everted
;

there may be more or less extravasation of blood into the surrounding

tissues, and the vessels contain coagula; but sometimes none of these

changes are observed. The chief characteristics of a wound inflicted

after death are absence of a considerable amount of bleeding, non-re-

traction of the edges, and the absence of extravasation of blood into the

tissues. But a wound inflicted within two hours after death may resem.

ble very closely one received during life. In general, unless a wound is

old enough for its edges to present inflammatory changes, we must be

very careful in asserting its ante-mortem or post-mortem character.

Fractures. It may be important to determine whether a bone was
fractured before or after death. This point cannot always be decided.

Fractures inflicted during life are, as a rule, attended with more extrava-

sation of blood and evidences of reaction in the surrounding tissues ; but
fractures produced within a few hours after death may resemble these

very closely. Usually a greater degree of force is necessary to fracture

bones in the dead than in the living body.
Scars and Tattoo Marks. The presence and character of cicatrices

should be noticed. Scars produced by any considerable loss of substance

may become very much smaller and less conspicuous, but never entirely

disappear. Slight and superficial wounds, however, leave marks which

may not be permanent. The discoloration produced by tattooing may,
although it rarely does, disappear during life.

Internal Examination. 1

After completing the external inspection of the body, we commence
the internal examination. In order that this examination may be made
both thoroughly and rapidly, we should follow a regular method. The
method should be such as will enable us to examine the relations of parts
to one another, without seriously disturbing them, and to remove and
inspect the organs in such an order and manner as will not interfere with
the examination of parts which are to follow. In certain cases it may
be necessary to depart from the regular method; but, as a rule, the

following plan will be found most advantageous.
1 Absolute and relative sizes and weights of various parts and organs of the body,and much other valuable statistical data, may be found in Vierordt's

"
Anatomische'

Physiologische und Physikalische Daten und Tabellen."
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It is important to remember the difference between the distribution

of the blood in the body during life and after death. During life the

blood is in constant motion and is distributed in a regular way in the

heart, capillaries, arteries, and veins. Inflammations and obstructions

to the circulation may disturb this natural distribution and produce con-

gestion of particular parts of the body. After death the blood ceases to

circulate ;
it leaves the left cavities of the heart, the arteries and capil-

laries, and collects in the veins and the right cavities of the heart. Ac-

cording to the character of the disease which causes death, coagulation
of the blood takes place more or less extensively and at an earlier or

later period. The local congestions which existed during life often dis-

appear after death. On the other hand, local congestions are found after

death which did not exist during life. Thus, after death the scalp often

contains a large amount of venous blood. The veins of the pia mater

and the sinuses of the dura mater may be filled with blood. The mucous
membrane of the larynx and trachea may appear to be deeply congested.
The lungs are congested if the patient has been comatose for some hours

before death. All the tissues of the back and the membranes of the

spinal cord are often gorged with venous blood. The right auricle and
ventricle of the heart may contain fluid or clotted blood in considerable

quantity.

THE HEAD.

The scalp is divided by an incision across the vertex, from ear to ear.

The flaps are dissected forward and backward, taking up the temporal
muscles with the skin and leaving the pericranium attached to the bone.

The internal surface of the scalp and the pericranium are to be searched

for ecchymoses and inflammatory lesions.

A circular incision is now made through the cranium with a saw.

The incision should, in front, pass through a point about three and one-

half inches above the bridge of the nose ; behind, through the occipital

protuberance. Care should be taken not to cut through the dura mater

with the saw. When the roof of the cranium is thus entirely loosened,

a stout hook is introduced under the upper edge of the calvarium, and
this is wrenched off with a jerk.

Sometimes the dura mater is so firmly adherent to the calvarium that

the latter cannot be torn from it without injury to the brain. In this

case, and also if the dura inater should have been accidentally cut

through by the saw in making the circular incision, the dura mater may
be cut through at the level of the cranial incision, and the brain removed
with the calvarium and separated afterward. Or, which is better, in

addition to the circular incision, a longitudinal incision is made, from

front to back, about three-quarters of an inch to one side of the median

line of the skull, and a segment of bone removed. The knife blade may
now be inserted from the open side, and the dura cut away from the

skull-cap along the line of the longitudinal sinus, where the adhesions are

apt to be most firm.
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We should notice whether or not the calvarium is symmetrical. The

cranial bones increase in size by a growth of bone at the edges of the su-

tures. If any suture become completely ossified and closed prematurely,

the bones will be unequally developed. The thickness and density of

the cranial bones vary considerably within the limits of health. There

are often deep depressions on the inner surface of the skull along the

sagittal suture, caused by the pressure of the Pacchioniau bodies, and of

no pathological significance. We should observe the blood content of

the bone, determine the existence or absence of fractures, inflammatory

lesions, exostoses, etc.

The Dura Mater is now exposed. It is more or less adherent to the

calvarium ;
a moderate amount of adherence, especially in old persons,

does not denote disease. Very extensive and firm adhesions are usually

produced by inflammation. ]Sear the median line the Pacchiouiau bodies

often project through the dura mater and may produce indentations in

the internal surface of the calvarium. We must look for clots and for

tumors and for inflammatory lesions on the external surface of the dura

mater. The longitudinal sinus should be laid open and its contents ex-

amined. A circular incision is then made through the dura mater in a

line corresponding to the cranial incision ;
the falx is divided between

the anterior lobes of the brain, and the entire membrane drawn back.

We should observe the existence of abnormal adhesions of the dura mater

to the pia mater, bearing in mind that a moderate amount of adhesion

along the longitudinal fissure is normal. The internal surface of the

dura mater is to be examined for the products of inflammation and for

tumors.

The Pia Mater covering the convex surface of the brain is now ex-

posed. The degree of congestion, and the existence of serum, pus, or

blood, beneath, within, or upon it, are now to be ascertained before the

brain is removed. The pia mater in old persons frequently loses its

transparency and becomes thick and white
;
this change is most marked

along the longitudinal fissure and large vessels. Marked and general

thickening of the pia mater is the result of chronic inflammation. Along
the longitudinal fissure, and sometimes at a considerable distance from it,

we usually find small, elevated, whitish nodules, which are the Pacclno-

nian bodies and are normal in the adult.

The amount of serum beneath the pia mater varies. A considerable

amount, especially in cachectic persons, may exist without brain disease.

Clear serum, raising the pia mater and separating the convolutions of the

brain, may be simply dropsical or due to chronic meningitis. Turbid
and purulent -serum, beneath and in the pia mater, is due to acute
or chronic meningitis. The degree of flatness of the surface of the

convolutions should be observed before removing the brain
; for, when

marked, it affords an important indication of pressure, from haemorr-

hage, inflammatory products, internal fluid effusions, and tumors. The
pia mater should be carefully examined for miliary tubercles.

The Brain. After examining the convex surface of the brain, the an-
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terior lobes of the cerebrum are to be pulled gently backward, the

uerves, vessels, aud teutorium severed, and the medulla cut squarely

across, as low down as possible. The brain is now removed from the

cranium by passing the fingers of one hand down, beneath, and behind

the lobes of the cerebellum, and drawing the brain out, supporting the

convexity with the other hand.

The adult brain in the male weighs on the average about 1,400 grams;
that of the female, about 155 grams less. The average proportional

Fir,. 1. SIDE VIEW OF THE HUMAN BRAIN, SHOWING ITS FISSURES AND CONVOLUTIONS.

weight of the brain to that of the body is about one-forty-fifth, although
in this, as in the absolute weight, there is considerable variation.

The exact situation of any lesion which is apparent externally should

be described by its relation to the lobes, fissures, convolutions, and sulci

(Fig. 1).

The brain is first laid upon its convex surface, and the anterior, mid-

dle, and posterior cerebral arteries, as well as the basilar and the

carotids, are to be examined for emboli, thrombi, atheroma, and aneur-

isms. Evidence of extravasations of blood, tumors, and inflammatory
lesions are now to be looked for. The brain is next turned over on to

its base. An incision is made through the pia mater, over the convex

surface of the cerebrum. The membrane is stripped up, and its adher-

ence to the brain and its thickness are noted.

The more common method of opening the brain is as follows: The
halves of the cerebrum are to be separated until the superior surface of

the corpus callosum is exposed (Fig. 2). A longitudinal incision is

made through the junction of the corpus callosum and the cerebrum, and

downward into the ventricle. The incision should be made carefully, so

as not to cut through the ventricle into the ganglia below. The incision
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thus made through the roof of the ventricle is prolonged backward and

forward in the direction of the coruua, so as to expose the entire ventri-

cle. A longitudinal incision is then made outward and backward into

the hemisphere, from the outer edge of the lateral ventricle nearly to

the pia mater. A second incision is then made through this cut surface

outward, and this is repeated until the hemisphere is divided into a

FIG. 2. METHOD OF OPENING THE BRAIN, SHOWING THE DIRECTION OF FIRST INCISION.

number of long, prism-shaped pieces, held together by the pia mater
and a small portion of the cortex. The brain is now turned around so
as to bring the other hemisphere under the hand, and the operation is

repeated on the other side.

The size, shape, and contents of the ventricles should be noticed, and
the thickness and appearance of the ependyma.

The fornix and the central portion of the corpus callosum are cut
across by passing the point of the knife through the foramen of Munro
and cutting upward. They are then drawn backward, one of the pos-
terior cornua of the fornix being severed and laid to one side. The
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velum interposition and the choroid plexus are now dissected up, the

blood contents and the general appearance noted, and the third ventricle

examined. Not infrequently small cysts of the choroid are found, which
seem to have little or no pathological significance.

The fourth ventricle is now opened by a longitudinal incision through
the vermiform process. Each hemisphere of the cerebellum is divided

first into two parts, by an incision through the upper and inner convex

border, and then each segment is further divided by incisions in the

same direction.

Thin transverse sections are now made through the cerebral ganglia,

commencing in front (Fig. 3). The ganglia are supported, and the sec-

FIG. 3. METHOD OF OPENING THE BRAIN, SHOWING THE UNFOLDED SEGMENTS OF THE CEREBRCM
AND LINES OF TRANSVERSE INCISION OF THE BASAL GANGLIA AND DIRECTIONS OF THE INCISIONS 01

THE CEREBELLUM.

tions caused to fall apart as they are cut, by carrying the fingers of out

hand under the brain, and gently lifting the ganglia at points just be-

neath where the sections are made. It is important to observe the exact

position of any lesion which may be discovered in the cerebral ganglia,

their relations to the external and internal capsule and to the caudate

and lenticular nuclei.

Finally, the segments of the cerebrum and cerebellum are folded up

together into their original positions, the whole is turned over on to the

vertex, and thin sections are made through the medulla. Small clots in

the medulla should not be overlooked.

In case of the discovery of apoplectic clots, areas of softening, etc.,

either in the hemispheres or in the basal ganglia, after their location and

extent are determined, they should be carefully searched for lesions of
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the blood-vessels, miimte aneurisms, areas of degeneration, and rup-
tures. For this purpose it may be necessary to allow a stream of water

to run over the affected portion, so as to wash out the brain substance

and expose the vessels. In some cases the blood-vessels are best exposed

by macerating the brain tissue at the seat of the lesion for some hours in

water, and then washing out the brain substance under the faucet.

While the above mode of dissecting the brain gives a very complete
view of the seat and extent of lesions in general, when a more exact

localization of lesions with a microscopic examination- is to be made, the

following -called Meyuert's method is a better method of opening the

brain:

After completing the external examination, as detailed above, the

brain is laid on its vertex, the cerebellar end toward the operator. The
cerebellum is raised by the

fingers of the left hand, and
the pia cut through along
the sides of the corpora

quadrigemina, around the

crura and along the inner

margins of the temporal
lobes, to the middle cerebral

artery on both sides (Fig. 4).

Then, raising the temporal
lobes, in turn, by their

apices, the pia is cut through
along the course of the mid-

dle cerebral artery into the

Sylvian fissure, and along
the course of its posterior
branch to its end. Now,
drawing the temporal lobes

one after the other upward
and outward, their junction
with the base is cut, the

knife being held horizontally so as not to injure the basal ganglia, until
the descending horn is opened. The point of the knife being in the
descending horn, the incision through the brain substance then passes
outward and backward well into the posterior horn, thus partially sever-
ing, at the lateral surface of the brain, the junction of the occipital and
temporal lobes. The temporal lobes are then turned outward and back-
ward (Fig. 4).

The operculum is now pulled well outward, completely exposing the
island of Eeil, and a slightly curved transverse incision is made, deep
enough to pass into the anterior horns of the ventricles, connecting the
anterior sulci of the island of Eeil (Fig. 4, A, B).Now raising the cerebellum and inserting 'the point of the knife into
the ventricle, with short incisions from within outward, cut through the

FIG. 4,-ScHEMATic PICTURE OF BRAIN, SHOWING THE METH-
OD OF DISSECTION FROM THE BASE (Meynert's method).

E and F, Temporal lobes turned backward and outward; A
B, A C, B D, line of incision to remove basal piece.
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internal capsule on either side from back to front (Fig. 4, C A and D B)
care being taken not to injure the basal ganglia. Then cut across the

crura of the fornix and the septum lucidum,

leaving the foruix lying on the corpus cal-

losum.

The square basal piece (Fig. 5) thus freed

the brain axis includes the island of Reil,

the basal ganglia, the crura, pous, medulla,
and cerebellum. The remaining portion
the brain mantle includes the convolutions,

corpus callosum, and foruix (Fig. 6).

The basal piece may be further examined

by a series of transverse incisions, from one-

half to three-quarters of an inch apart, and it
FIG. 5.-THE BRAIN AXIS SEPA-

lliay be hardened either With Or Without the RATED FROM THE BRAIN MANTLE,

cerebellum. The 'convolutions may be cut
^ SEEN FROM ABOVE.

into small pieces by longitudinal and transverse incisions, made from
within and not reaching quite to the pia mater, which will then serve

to hold the pieces together in their proper relations to one another.
1

r

FIG. 6. THE BRAIN MANTLE, AS SEEN FROM BELOW.

A, Internal capsule ; B, operculum ; C, posterior border of corpus callosum ; D, descending horn ;

E, cornu ammonls.

The Base of the Cranium. We now return to the skull. The re-

maining sinuses of the dura niater should be opened, and this membrane
then entirely stripped from the bone. The bones at the base of the skull

1 For further details of this method of opening the brain and a consideration of its

advantages, see Van Gieson,
"
Laboratory Notes,

"
etc., New York Medical Journal,

July 20th, 1889.
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are to be examined for fractures, inflammatory lesions, and tumors. In

cases of acute purulent meningitis, the temporal and frontal bones should

be carefully examined, as the inflammatory process is sometimes trans-

mitted from the internal ear, or mastoid cells, or frontal sinuses.

The eyes may be removed by breaking the roof of the orbit with a

hammer, removing the fragments of bone, and dissecting away bone and

muscles, so as to expose the optic nerve and posterior segment of the

eye. That portion of the globe which is not covered by conjunctiva can

DOW be cut away with scissors and removed with the optic nerve, or,

when permissible, the whole eye may be cut out.

The examination of the internal ear may be made by removing its

entire bony encasement with the saw and chisel, or by the exposure of

special parts by hammer and chisel, and by suitable opening of the re-

moved parts with a fine saw.

HARDENING AND PRESERVATION OF THE TISSUES FOR MICROSCOPICAL EXAMINATION.

For the study of tumors and inflammatory lesions of the bones of the skull and

ossifications of the dura mater and pia mater, the affected portions should be cut into

small pieces, fixed in five-per-cent. formalin or in Orth's fluid, see page 53, and decalci-

fied. The dura mater should be stretched on a flat piece of wood or cork with pins,

before hardening.
'

The pia mater is so delicate that if it be separated from the brain when quite fresh

its tissues are apt to be injured. The portions of the pia mater which are to be pre-

served should therefore be removed by cutting off slices of the brain substance about

half an inch thick, with the membrane still attached, and placing the whole in Orth's

fluid. After twenty-four hours, the pia mater will have become sufficiently hard to

permit of its being stripped off without injury, and it is then spread loosely on a flat

cork with pins, the free surface outward, and the cork floated, specimen side down, in

eighty-per-cent alcohol, changing to strong alcohol after twenty-four hours.

When sections are required showing the pia in its relationship to the underlying
brain tissue, small blocks of the brain and pia together should be cut out and hardened

in Orth's fluid or in formalin (5 : 100) solution (see page 53).

When the ependyma is to be studied apart from the associated nerve tissue, it may
be sliced off with a sufficient quantity of underlying brain substance to prevent its fold-

ing, and hardened in Orth's fluid. The brain, for general purposes, may be hardened

in Orth's fluid or in five-per-cent formalin. The pieces of brain tissue should not be

more than 1 cm. thick ;
it is better if they are thinner than this. They should be sus-

pended in gauze or rest upon a layer of absorbent cotton on the bottom of the jar, the

pieces, if these are numerous, being held apart by a little cotton. Thus the preserva-
tive fluid which should be abundant, is in contact with the surfaces of the pieces of

tissue. Ordinarily, with a change of fluid on the second day, the fixation by formalin

or Orth's fluid is complete in a week, when the fixatives are thoroughly washed out and

replaced by fifty-per-cent alcohol, which, in turn, is replaced after forty-eight hours by
eighty-per-cent or by ninty-five-per-cent alcohol.

When degeneration in nerves is to be studied, the specimens of nerve tissue may,
by Marchi's method, be hardened for a week in M tiller's fluid, and then transferred to

the following solution:

Mliller's fluid, . . . . . . .2 parts.
Osmic acid, one per cent 1 part.

After a week the specimens are washed and transferred to ninety-five-per-cer.t

1 For details of the methods of hardening, decalcifying, staining, etc., see page 51.
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alcohol. In such specimens the fat droplets in the degenerate areas are black, while
the myelin is yellowish in color.

Certain lesions, particularly the softenings of the brain, are best studied by teasing,
when fresh, in one-half-per-cent solution of sodium chloride, or in frozen sections of the

fresh tissue. The blood-vessels may be stretched on cork with pins and hardened with

Orth's fluid or formalin. The eye and portion of the optic nerve, if removed, should

be fixed by Orth's fluid and the hardening completed by alcohol.

For man}r methods of fixation and study which are useful for special purposes, we
refer to special works on technique.

THE SPINAL CORD.

The examination of the spinal cord is usually most conveniently made
after the removal of the brain.

The body should be placed face downward, with a block under the

thorax and the head hanging over the edge of the table. An incision is

made through the skin and muscles along the entire length of the spine,

and the soft parts are dissected away on each side so as to expose the

laminae of the vertebral column. The larninsB are then divided, close

within the articular processes, with the saw.

The saw should be so directed in severing the laminae that the inci-

sion shall touch the outer border of the spinal canal, as otherwise the

laminae and spinous processes are not easily separated. Great care

should be taken on the one hand not to injure the cord with the saw,

and on the other completely to loosen the portions of bone to be removed.

These, which are the spiuous processes and laminae, are now torn away
together, with a stout hook, exposing the cord.

By means of a long, curved chisel, made for this purpose, the bodies

of the vertebrae may be removed from the front after the thoracic and
abdominal viscera are taken out, and the cord thus exposed and re-

moved. But in this anterior method of removing the cord, as well as by
the use of chisel and mallet, bone shears, etc., in the ordinary method,
there is great liability of injuring the delicate tissues of the cord and

producing, as Van Gieson has shown,
' mechanical alterations which are

likely to be mistaken for malformations or the results of disease.

"When the body has lain on the back, the membranes of the cord may
be found considerably congested, without indicating the pre-existence of

disease. If the body has lain for some time, epecially in warm weather,

serous fluid may have accumulated within the membranes, as a result of

post-mortem change.
The roots of the nerves are now to be cut across, as far away as pos-

sible from the cord, and the cord removed in its membranes, care being
taken not to press it in any way. It is the safest plan not to grasp the

cord itself, but with a forceps to seize the dura mater and thus lift it up
at once as it is freed from its attachments. It is now laid on the table,

and the dura mater laid open with scissors on the anterior and posterior

surfaces over its entire length, and searched for tumors, inflammatory
1 Van Gieson, "A Study of the Artefacts of the Nervous System," New York Med-

ical Journal, vol. Ivi., pp. 337, 365, 421. 1892.

2
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lesions, etc. The finger should be passed gently along the cord as it lies

on the table, so as to detect any marked softening or sclerosis. The

weight of the spinal cord is from 30 to 38 grams. It should now be held

lightly over the fingers, and smooth transverse incisions made, with a

FIG. 7. OUTLINES OF SECTIONS OF THE SPINAL CORD AT DIFFERENT LEVELS.

Copies of these outlines may be used for memoranda of the situation of lesions of the spinal cord. T,

Second cervical; II, fifth cervical; III, eighth cervical; IF, first dorsal; V, eighth dorsal; n, third

lumbar ; VII, fourth sacral.

very sharp knife or razor, about half an inch apart through its entire

substance between the segments, leaving these attached to the pia mater.

The segments of the spinal cord are those parts from which the spi-

nal nerves arise, and it is convenient for the location and description of

lesions to number the segments in correspondence with the nerves which
arise from them and to indicate on outline diagrams of the cord (Fig. 7)
the exact seat of small lesions.

The cut surfaces should be carefully examined for abnormal blood

contents, haemorrhages, inflammatory lesions, softening, scleroses, and
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pigmentations. Important lesions of the cord may be invisible to the

naked eye, and hence, if disease be suspected, the organ should be pre-
served for microscopical examination. The spinal ganglia may now be

removed and preserved for further examination. After removal of the

cord, fractures and displacements of the vertebra are easily recognized.

PRESERVATION OF THE SPINAL CORD AND ITS MEMBRANES, AND OF PERIPHERAL
NERVES. After the removal of the spinal dura, the entire cord with its nerve roots

the segments into which it has been cut for gross examination being left in place should

be laid on a wad of absorbent cotton in a large jar of Orth's fluid or formalin, the seg-
ments being slightly separated from each other by a little absorbent cotton. Van Gie-

son recommends the careful rolling of the segmented cord into a loose spiral and laying
this coil on a wad of absorbent cotton in the fixative. In this way the cut ends of the

segments are held apart, accessible to the fluid, and harden with little distortion.

The hardening and preservation of the cord may be done by the same methods as

suggested above for the brain. If the dura mater of the cord alone is to be preserved,
it should be treated in the manner suggested for the dura mater cerebralis. The pia
mater spinalis is best studied in sections through the entire cord, the membranes being
left in situ.

Peripheral nerves may be hardened in Orth's fluid or in formalin.

For the hardening of the peripheral nerves, osmic acid is very useful, especially
when changes in the myelin are to be sought after. As osmic acid does not readily

penetrate the lamellar sheath so as to come in contact with the nerve fibres, in trunks

of any considerable size, the following procedure, as suggested by Van Gieson, will be

found useful : A piece about one-half inch long is cut from the nerve to be examined :

one end of this segment is held with a forceps, while with another forceps the individual

nerve fibres, or small clusters of these, are pulled out of the lamellar sheath and put at

once in a one-per-cent aqueous solution of osmic acid, in which they remain twenty-four
hours, and are then washed and transferred to glycerin, to which twenty-five per cent

alcohol is added. In this mixture they may be preserved. Marchi's method (see above,

p. 16) is useful for the study of degeneration in peripheral nerves.

THE THORAX AND ABDOMEN.

The body is replaced on its back, and a single straight incision is

made from the top of the sternum to the pubes, passing to the left of the

umbilicus. For this purpose a large knife should be used, held firmly
in the whole hand, and the movement should be mainly from the shoul-

der. The first incision should divide everything down to the sternum

and peritoneum. A short incision should then be made through the

peritoneum, just below the ensiform cartilage. Into this opening two

fingers of the left hand are introduced and separated from one another,

and, the parietes being raised and the sides of the opening being held

apart by the fingers, the peritoneum is divided to the pubes, care being
taken to hold the knife horizontally so as not to cut the intestines. The

skin and muscles are then dissected off from the thorax on both sides as

far back as the false ribs.

This dissection should be made by long sweeps of the knife, which

should be made to cut with the full blade and not with the point only :

and if the skin and muscles be pulled strongly away from the chest with

the left hand, it may be done very rapidly and with a few strokes of the

knife. We notice here the amount of subcutaneous fat and the coudi-
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tioii of the muscles. In order better to expose the abdomiual cavity, the

rectus should be divided transversely beneath the skin just above the

pubes, and the abdominal flaps may then be turned freely outward.

General Inspection of the Abdominal Cavity. We first notice the posi-

tion and general condition of the viscera. It is best at this stage of the

examination to note the condition of the vermiform appendix, and to

look over the peritoneal cavity for serum, inflammatory lesions, evi-

dences of perforation, and for the existence of invagination, incarcera-

tion, and heruise of the intestines. A small quantity of reddish serum

is frequently found in the abdominal cavity, particularly in warm

weather, as the result of commencing decomposition.

It should be remarked here that various striking changes in the

character and appearance of the internal organs are produced by putre-

faction changes which are often mistakenly regarded as evidences of

disease, and much experience is required in judging correctly of their

significance. These changes are, in general, softening and discoloration,

both of which may occur as the result of disease. It may be said in

general that the post-mortem reddening, or hypostases, are most marked
in the more dependent parts of the organs. Post-mortem softening usu-

ally affects entire organs, not being limited to a part, as is often the case

in disease. Gray or greenish-brown post-mortem discolorations are apt
to appear in those organs or parts of organs which lie in contact with the

intestinal canal. Parts of internal organs such as the liver, which have

been the seat of localized congestion during life, may after death assume

a dark-greenish color.

The omentum is usually spread over the surface of the small intes-

tines, but it may be rolled up and displaced in a variety of ways, or may
be adherent at some point to the small intestines or the abdominal wall.

The surface of the small intestines should be smooth and shining.

They may be greatly distended with gas, and thus so completely cover

the other abdominal viscera that it becomes necessary to let out some of

the gas by a small puncture. The transverse colon passes across the

abdomen through the upper part of the umbilical region. It may be

lower than the umbilicus, or higher up against the liver and diaphragm ;

it may be distended with gas or contracted.

The liver is situated in the right hypochondriac and epigastric re-

gions, filling the concavity of the diaphragm. Its upper border reaches,
in the linea mammillaris, to the fifth intercostal space ;

in the liuea axil-

laris, to the seventh intercostal space ; close to the vertebral column, to

the tenth intercostal space. At the median line the upper border of the

liver corresponds to the lower border of the heart. The left lobe extends
about three inches to the left of the median line. The lower border of

the right lobe usually reaches to the free border of the ribs, while the
left lobe is visible for about an inch below the ensiform cartilage. In
women the liver is usually lower than in men.

The position of the liver is affected by changes in the thoracic cav-

ity, forcing it downward
; by changes in the abdominal cavity, forcing
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it upward ; by constriction of the waist in tight lacing, forcing it either

upward or downward ; by changes in the size of the organ itself. The
liver may not only be displaced downward, but dislocated so that its

convex surface faces the abdominal wall and its posterior edge is turned

upward against the diaphragm.
The stomach is situated in the left hypochondriac and epigastric re-

gions, extending also into the right hypochoudrium ;
it lies in part

against the anterior wall of the abdomen, in part beneath the liver and

diaphragm, and above the transverse colon. Its anterior surface, which
is directed upward and forward, is in contact above with the diaphragm
and the under surface of the liver, and lower down with the abdominal
wall opposite to the epigastric region. Its posterior surface is turned

downward and backward, and rests on the transverse mesocolou, the

pancreas, and the great vessels. To its lesser curvature or upper border

are attached the gastro-phrenic ligament and the gastro-hepatic omen-
turn. To the greater curvature or lower border is attached the gastro-

colic omeutum. Its cardiac orifice communicates with the oesophagus,
its pyloric end with the duodenum.

When the stomach is distended the greater curvature is elevated and
carried forward, the anterior surface is turned upward and the posterior
surface downward. When distended with food or gas the organ is prom-
inent ; when empty it may hardly be visible below the ribs ; when the

intestines are dilated it may be entirely covered by them.

Before opening the thorax the hand should be passed up against the

under surface of the diaphragm on either side, to determine its height.

According to Quain, the vault of the diaphragm rises, in the dead body,
on the right side to the level of the junction of the fifth rib and sternum,
on the left side as high as the sixth rib. Both the relative and the

absolute height of the diaphragm vary under a variety of pathological
conditions.

If the existence of air or gas in the pleural cavities be suspected, the

abdominal cavity should be filled with water and the diaphragm punc-
tured below the level of the fluid. If air be present, it will escape in

bubbles through the water.

THE THORAX.

We now leave the abdominal viscera and proceed to the examination

of the thorax. With a costatome or a strong knife the costal cartilages

are divided close to the ribs, the clavicles are disarticulated from the

sternum, and the latter is removed, care being taken not to wound the

large veins. We first examine the position of the heart and lungs.

The Heart. The upper border of the heart is on a level with the

third costal cartilage; the lower border extends from 1.3 cm. below

the lower end of the sternum to the fifth left intercostal space. The
left boundary of the heart is situated to the left of the junction of the

fifth rib with its costal cartilage, and behind or to the left of a vertical
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line drawn downward from the left nipple. The right boundary extends

2.5 cm. to the right of the right edge of the sternum. The portion of the

heart uncovered by the lungs is of an irregular quadrangular shape. Its

lateral diameter is from 3.8 cm. to 11.1 cm. ;
its upper boundary varies

from the level of the second costal cartilage to that of the fifth, but it is

usually behind the third or fourth cartilage or fourth space.

The area of the heart which is found uncovered will, however, vary

much, according to the degree to which the lungs collapse after opening

the chest. Any disease which diminishes the size of the lungs, or pleu-

ritic adhesions which retract or bind them down, may increase the area

of exposed heart. On the other hand, emphysema, pneumonia, or any
disease which increases the size of, or retains the air in, the lungs, may
diminish the area of exposed heart. The exposed area varies also with

the size of the heart itself.

The Pericardium is now opened by a slightly oblique incision on its

anterior surface. The existence of serous, fibriuous, or purulent exu-

date, and of adhesions, is to be noticed. A small quantity of clear serum

exists normally in the pericardial sac, and this serum may be blood-

stained from beginning decomposition. White thickenings of the peri-

cardium on the surfaces of the heart are often seen
; they do not indicate

important disease.

Now that the pericardial sac is open, the position of the heart can be

clearly seen. It lies obliquely in the chest, its long axis at an angle of

about sixty degrees with that of the thorax. The portion of the heart

which is first seen is the anterior surface of the right ventricle ; upward
and to the right of this is the right auricle, which lies about two-thirds

on the right of the sternum and about one-third behind it. Its upper
border usually corresponds to the plane of the middle of the anterior

end of the second intercostal space on the right side. Its size varies

with the amount of blood which it contains. The left auricle lies behind

the root of the pulmonary artery, so that only its appendix is visible.

The middle of the auricle corresponds to the third costal cartilage. Of
the left ventricle only a narrow rim is seen, on the left side of the right
ventricle. The pulmonary valve is usually entirely or in part on the

left side of the sternum, behind the second space or third costal cartilage.
The aortic valve is usually at the level of the third cartilage or the

third space, and behind the left two-thirds or half of the sternum. The
mitral valve is oblique, the upper end to the left. It is on the level of

the third to the fourth cartilage, near the middle of the sternum. Tie

tricuspid is oblique, its upper end to the left ; the upper end is at the

level of the third cartilage, the third spaee, or the fourth cartilage.
The valve is opposite the middle of the sternum.

The hand should now be passed over the arch of the aorta, to ascer-

tain whether or not an aneurism is present. The heart is then grasped
at the apex, raised out of the pericardium, tilted upward, and removed
unopened by cutting through the vessels at its base.

To determine the sufficiency of the aortic and pulmonary valves, the
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heart is held horizontally by both auricles, so as not to pull the valves

open, and water is poured into the aortic and pulmonary arteries, and
we observe how well the valves support the column of liquid. To ascer-

tain the sufficiency of the mitral and tricuspid valves, the auricles are

first laid open so as to expose the upper surfaces of the valves. A large

pipe is passed through the aorta or pulmonary artery beyond their

valves, and a small stream of water allowed to flow into the ventricles.

The auriculo-ventricular valves will be swollen upward, and we can ob-

serve their degree of sufficiency. The tricuspid valve is normally some-

what insufficient. These water tests, however carefully applied, are not

very reliable, since under the most favorable conditions the natural

bearings of the valves are not perfectly preserved.
To ascertain the size of the different valvular openings, we introduce

the fingers, held flat with their sides in contact, into each of the orifices,

and then measure the width of the fingers at the point where they fill the

orifice. In this way we find that, under normal conditions in the adult,

the aortic measures about 2.5 cm., the mitral valve about 4.5 cm., the

pulmonary about 3.1 cm., the tricuspid about 5 cm.

In order to examine the interior of the heart, we first make an incision

through the anterior wall of the left ventricle, close by and parallel to

the septum, and reaching to the apex of the ventricle; through this

opening the blade of the enterotorne is passed up into the aorta, the

pulmonary artery being drawn aside with the fingers, and the ventricle

and aorta are laid open. With a little care the incision may be made to

pass through one of the points of junction of the aortic valves.

The auricles and ventricles may be empty, or may contain fluid blood

or the so-called heart dots. These heart clots are of two kinds those

which are formed some time before death, and those which are formed

during the last hours of life and after death. The clots which are formed

some time before death are usually associated with organic disease of the

heart, especially with dilatation of the ventricles. They are firm, dry,

and of whitish color; they may be infiltrated with the salts of lime.

They are free in the cavities of the heart, or entangled in the trabeculse,

or firmly adherent to the endocardium. They are usually composed of

coagulated fibrin, blood platelets, leucocytes, and red blood cells, and are

often lamellated. The clots which are formed during the last hours of

life and after death are red, yellow, or white. They may be soft or suc-

culent or quite firm. They may be free in the heart cavities, or be

adherent to the trabeculae, or extend into the large vessels. They are

usually -most constant and of largest size in the right auricle and ven-

tricle. Such clots may be formed within two hours after death. Clots

of this character are common. If, then, the blood coagulates in the heart

within twenty-four hours before death, this coagulum may not be dis-

tinguishable from the ordinary post-mortem clots. If it is supposed,

therefore, that a person dies from heart clot developed a few hours before

death, the proof of this must be derived largely from the clinical symp-

toms, and not from the autopsy.
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The condition of the aortic valves and of the endocardium, and the

thickness and appearance of the walls of the left ventricle, papillary

muscles, chordae tendiuese, etc., are now noticed. The right ventricle is

now opened by an incision through its anterior wall, close to the septum,
and examined in the same way. We sometimes see the endocardium of

the upper part of the left ventricle thick and white, without the exist-

ence of valvular lesions or any clinical history of disease. The endocar-

dium and valves are often stained red, particularly in warm weather, by
imbibition of coloring matter of the blood, set free by decomposition.
To complete the examination of the cavities the enterotome is passed into

each auricle, carried down into the corresponding ventricle, and an

incision made along the outer border of both auricle and ventricle to the

apex of the latter. In this way the auriculo-ventricular valves are com-

pletely exposed. The coronary arteries should be opened through all

their main trunks, with fine probe-pointed scissors, and carefully
examined for marks of inflammation, emboli, thrombi, etc.

After removing the blood the heart should be finally weighed. The
normal average weight of the heart in adults is, according to an estimate

of H. D. Arnold,
1

in males about 290 grams; in females about 260

grams.
The weight of the heart relative to that of the body is in males about

1 : 158 to 178
;
in females, about 1 : 149 to 176. According to Buhl, the

average thickness of the wall of the left ventricle at about the middle of

the cavity is from 1.6 cm. to 1,7 cm.
; of the right ventricle, from 0.4 to

0.6 cm.

Generally speaking, the size of the heart corresponds to the size and
the development of the individual. In judging of an increase or de-

crease in its size we must consider the weight of the organ and the thick-

ness, of its walls. If the person die while the heart is contracted, the
walls of the ventricles will appear thicker, their cavities smaller than
usual. If he die of some exhausting disease like typhoid fever, or if

decomposition have commenced, the heart walls will usually be flabby
and the cavities will appear larger than usual.

PRESERVATION OF SPECIMENS. Parenchymatous and fatty degeneration of the heart

may be studied microscopically by teasing the fresh muscle in one-half-per-cent salt

solution, or by examining in the same solution fresh sections made with the freezing
microtome, or by hardening small pieces of the muscle in one-per-cent osmic acid and
teasing in equal parts of glycerin and water.

The heart valves may be stretched on a flat cork with pins and hardened in Orth's
or Zenker's fluid or alcohol. For the methods of detecting bacteria in ulcerative endo-
carditis, see section on Staining Bacteria. When the presence of bacteria is suspected,
cultures should be made and the tissues should be preserved in strong alcohol.

The Pleura! Cavities are next examined. The hand is passed into

each, and the existence of serous or fibrinous exudation or of old adhe-
sions ascertained. The method of detecting the presence of air has been

1

Arnold,
"
Observations on the Weight of the Normal Heart in Adults, in Two

88
Sixteen Cases." Reports of the Boston City Hospital, tenth series, 1899,
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given above. After the commencement of putrefaction reddish serum

may accumulate in the pleural cavities. This should not be mistaken

for the result of disease.

The Lungs. Each lung is lifted up in turn, the vessels, etc. , at its base

are divided, and the organ is removed. If the pleura is very adherent it

is better to strip off the costal pleura with the lung. After inspecting
the external surface of the lung, observing its size, shape, color, and con-

sistence, and the condition of the bronchial lymph nodes, the bronchi

are opened with scissors having long, narrow, blunt-pointed blades, one

blade a little longer than the other. The lung is held in the left hand
with its base upward, the large bronchi which run on the inner side of

the lower lobe being first opened, afterward those of the upper lobe.

Each bronchus should be followed to its smaller ramifications.

\W should observe the contents of the bronchi and the appearance of

their walls. In the larger and medium-size bronchi the cartilages in

their walls do not form complete rings, but appear shining through the

mucous membrane like irregular white patches. This appearance should

not be mistaken for a pathological change. In bodies which have been

dead for some time, especially in cold weather, the bronchial mucous
membrane may be red and swollen as a post-mortem change. The
contents of the stomach are sometimes forced, after death, into the

pharynx, and thence find their way into the trachea and bronchi, giving
them a peculiar reddish and even gangrenous appearance. Bronchitis

does not always leave lesions which can be seen after death. The large
vessels should now be examined for thrombi, emboli, or other lesions.

After the examination of the bronchi the lung is turned over, the

vessels, etc.
,
at its root are grasped with the left hand, and a long, deep in-

cision is made from apex to base. We observe the appearance and texture

of the lungs, whether the air vesicles are dilated (emphysematous) or

filled with serum, blood, or inflammatory exudation. Fluid can be

pressed out of the air vesicles without breaking down the lung tissue.

Solid inflammatory exudation, on the other hand, renders the lung more
resistant and easily broken down. Attention should be paid to the ooz-

ing of purulent or other fluid from the smaller bronchi when the lung
is squeezed near the cut surface. It is the rule to find the lower lobes

more congested than the upper.

PRESERVATION OF THE LUNGS AND BRONCHI. If the lungs have been cut, small

pieces from the affected portions of lung tissue or bronchi should be hardened in Orth's

fluid, care being taken not to squeeze or handle them unnecessarily. It is better, when
the microscopical examination is more important than the macroscopical, not to open the

lungs at once, but to fill the air spaces with preservative fluid by means of a funnel

attached to a short rubber tube and canula, which is tied into the main bronchus. In

this way not only are the minute structures better preserved, but the air vesicles are

filled out and hardened in an approximately natural condition. Care should be taken

not to have too great a pressure from the inflowing fluid, since then exudations might
be displaced or the lung distorted or ruptured. While the lung is being filled it should

be immersed in a vessel of the same preservative fluid, in which, after closing the can-

ula or ligating the bronchus, it lies for twenty-four hours. It is then cut into small

pieces and the hardening completed. A variety of hardening agents may be used:
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Orth's fluid or formalin solution (5 : 100) is on the whole the best. If, however, the

lung is commencing to decay, strong alcohol will stop the process most quickly and

give as good results as are possible under the circumstances. Alcohol should be used

when the lungs are to be examined for bacteria.

It is often desirable, and particularly in cases in which the topography of lesions is

to be studied, as in acute miliary tuberculosis, acute and chronic phthisis, infarctions,

etc., to inject the blood-vessels with colored gelatin. The lung should, after the injec-

tion, be hardened in alcohol.

The Pharynx, Larynx, (Esophagus, and Thyroid Gland. For the re-

moval of these parts the incision through the skin should be carried

upward as far as practicable when permissible, to a point one inch be-

low the chin, the head being allowed to hang backward over the edge of

the table.

The soft parts are dissected from the larynx, taking care not to cut

the thyroid body, and an incision is made through the floor of the

mouth, following the internal surface of the inferior maxilla. Through
this incision the fingers are introduced into the mouth, the tongue is drawn

down, the posterior wall of the pharynx is divided above the tonsils, and

the tongue, pharynx, and larynx are drawn out together. These organs
are then pulled downward, and with the aid of the knife the trachea and

ossophagus are removed entire, the oesophagus being cut just above the

stomach. If the contents of the stomach are to be preserved, as in cases

of suspected poisoning, a ligature is put around the oasophagus just be-

low the point at which it is to be cut off.

With the euterotome the pharynx and oesophagus are now slit open

upon their posterior surfaces. The mucous membrane thus exposed is

examined for evidences of caustic poisons, of inflammation, tumors,

strictures, varices, etc. The enterotome is next introduced into the

larynx, and this organ and the trachea are laid open along the posterior
wall. Here we look for oedema of the aryteno-epiglottidean folds

(oedema of the glottis), for evidences of catarrhal, croupous, ulcerative,

and syphilitic inflammation, and for tumors and lesions of the laryugeal

cartilages. CEdema and redness of the larynx may result from post-mor-
tem changes, especially in bodies which have been kept for several days
in cold weather. A well-marked oedema glottidis during life may leave

no trace after death. Putrefactive changes usually commence early in

the larynx and trachea.

The thyroid gland is dissected off and examined. Its weight varies

considerably, being, according to Krause, somewhat over 30 grams.

PRESERVATION OP THE PHARYNX, LARYNX, TRACHEA, ETC. These structures are

freed from superfluous tissue and suspended entire by a thread in a large quantity of

Orth's fluid or Flemming's osmic-acid mixture, after which the hardening is completed
in the usual way. The oesophagus should be stretched loosely on sheet cork with pins,
and hardened in either of the above fluids. The thyroid may be cut into small pieces
and similarly hardened.
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THE ABDOMEN.

Eeturning now to the abdominal cavity, we first dissect off the omen-
turn. Tubercles of the peritoneum may be best seen in the ornentuni.

The colon is then raised and dissected free, to the caecum on one side and
to the rectum on the other. The colon and small intestines are then

drawn first to the right and then to the left side, so as to expose in turn

the right and left kidneys. As each kidney is brought into view an in-

cision is made through the peritoneum over the track of the ureter. The
ureter is followed through its entire length and its condition ascertained.

Sometimes one, more rarely all, of the abdominal viscera are unusually

movable, owing to a relaxation of their ligamentous or other supports.
This condition euteroptosis is uncommon in the liver, more frequent
in the spleen, and especially so in the kidneys. It has been occasionally
described in the stomach and intestines.

The Kidneys. These organs are now removed, the peritoneum and
fat being separated from them with the hand, and the vessels being di-

vided with the knife. The adrenals, at the upper end of each kidney,
are removed at the same time. The kidneys may be softened by putre-

faction, or the surface may have a greenish-gray color, caused by the

post-mortem action of putrefactive gases 011 the haemoglobin.
An incision is made through the capsule, along the convex border of

the kidney, and the membrane stripped off. We notice the degree of

adherence of the capsule to the kidney, and also the surface of the latter,

whether smooth or roughened, palp, congested, or mottled
;
an incision

is made along the convex surface down to the pelvis, so that the organ
is divided into halves. We observe the relative thickness of the cortical

and pyramidal portions, as well as the size of the entire organ. To as-

certain the latter point, it is well to weigh each kidney; the normal

weight is from 130 to 150 grams. The left kidney is, according to Orth,

from 5 to 7 grams heavier than the right. At from twenty to thirty-five

years of age, according to Thoma, the weight of the heart is to the

weight of both kidneys as 1 : 1.1. The weight of the kidneys of adults is

given by Vierordt in general as about 0.48 per cent of that of the entire

body.
It is necessary to remember that in a kidney which is much atrophied

there may be an increase of fat in the pelvis, which gives the organ

nearly its normal size and weight, while the kidney tissue proper may
have in great measure disappeared.

We now inspect the kidney tissue more closely, especially the cortical

portion. The pyramids consist largely of tubes running in nearly

straight lines from the apex to the base of each pyramid. These straight

tubes pass from the pyramids into the cortex in bundles, called medul-

lary rays, many of them retaining their straight course until they nearly

reach the surface of the kidney. These straight tubules send off branches

on all sides of the rays, which become convoluted, form Heule's loops,
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and finally terminate in the glomeruli or Malpighian bodies. In this

way the cortex of the kidney, as seen in section, is divided into alternate

bands of straight tubes, and convoluted tubes, with glomeruli ; both sets

of bauds being perpendicular to the surface of the kidney, and called re-

spectively medullary rays and labyrinths. About the convoluted tubules

and glomeruli is a rich venous plexus ;
and since after death the blood

usually remains in this plexus and in the glomeruli, the bands containing

the convoluted tubules, i.e., the labyrinths, usually appear red, while the

medullary rays are grayish-white. In a normal kidney, therefore, the

cortex should be regularly striped in narrow alternating red and whitish

bauds,

The average thickness of the cortex of the kidney is from 4 to 6 mm.
If there be extensive congestion, the entire cortex is red. If the epi-

thelium of the tubules degenerates and fills them up, or if there are con-

siderable changes in the interstitial tissue, the regular bauds are lost and

the cortex is irregularly mottled. If the tubular epithelium becomes

filled with fat globules, this is indicated by an opaque yellow color of the

affected parts ;
iu many cases, therefore, the existence of kidney lesion

can be recognized with the naked eye.

If waxy degeneration be present to a marked extent, it may be mani-

fest by a peculiar translucent appearance of the affected parts, but in

most cases it is necessary to apply reagents to demonstrate it satisfac-

torily. The cut surface of the kidney is washed with water, to free it

from blood, and repeatedly brushed with an aqueous solution of iodine

(iodine 1 part, potassium iodide 3 parts, water 100 parts). The glo-

meruli and the blood-vessels are most frequently affected, and, if so, they

may appear as mahogany-colored dots and lines on a yellow ground.
But this reaction is not constant, and for accurate detection of amyl-

oid substance, recourse should be had to other reagents applied to sec-

tions of the hardened tissues (see page 83).
The pelvis of the kidney should be examined for inflammatory lesions

and calculi. Sometimes a whitish fluid is seen in the pelvis and can be

squeezed from the papillae ; this is produced by a post-mortem desqua-
matiou of the epithelium, but is likely to be mistaken for pus.

PRESERVATION OP THE KIDNEY. If the kidney be not opened, the blood-vessels

may be injected through the renal artery, slowly and under a low pressure, with Orth's
fluid or Flemming's osmic-acid mixture. After the vessels are filled with either of the

above fluids the former are tied, and the entire organ is placed in a large quantity of the

injecting fluid for twenty-four hours. The kidney is then cut into small pieces, and
the hardening is completed in the usual way.

In most cases, however, the kidneys will have been opened for inspection at the

autopsy. Then small pieces are removed from the various regions and hardened in the
above fluids.

Kidneys which are to be examined for the presence of bacteria should be cut into

small pieces and placed at once in strong alcohol, which should be changed once or

twice, and in which they are permanently preserved.

The Adrenals Suprarenal Capsules. These are, in the foetus, of an
ovoidal

;
in the adult, of a triangular shape. They are situated at the
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upper and inner border of the kidney, to which they are loosely attached

by connective tissue. On the anterior surface is an irregular fissure,

called the hilus, from which the veins emerge. The size of the adrenals

varies considerably, but in the adult the average vertical diameter is from
3.2 cm. to 4.5 cm., the transverse diameter about 3.2 cm., and they are

from 4.2 mm. to 6.4 mm. in thickness. They weigh in the adult 4 to 8

grams. . They are relatively larger in children than in adults. They are

composed of a cortical and a medullary portion, the cortex forming a yel-

lowish shell around the dark-red or brown medulla. They are enclosed

in a connective-tissue capsule, from which fibrous processes extend in-

ward, dividing the gland into a series of irregular chambers. Those in

the cortex are mostly elongated, giving this portion a striated appear-

ance, while those in the medulla are polyhedral. It is in these spaces
that the parenchyma cells lie. The adrenals readily decompose ; the

inner layer of the cortex may soften and break down, so that the outer

zone forms a sort of cyst filled with reddish-brown broken-down sub-

stance. Hypertrophy, tuberculosis, and cheesy degeneration, fatty de-

generation, and tumors are to be looked for.

PRESERVATION*. The adrenals should be hardened in Orth's fluid, or in strong
alcohol.

The Spleen. This organ has, when removed from the body, the gen-
eral shape of a flattened ellipsoid, most curved on its external and pos-
terior surface. It is situated in an oblique position on the left side of

the stomach, and between its cardiac end and the diaphragm. The
vessels are given off from its inner surface, which is crossed by a more
or less well-marked vertical ridge. The point of emergence of the ves-

sels is called the hilus. Its long diameter extends from the seventh inter-

costal space to the eleventh rib. Its upper portion is separated from the

ribs by the lungs ; its lower portion by the diaphragm.
It is, according to Vierordt, on the average, from 12 to 13 cm. long ;

from 7 to 8 cm. broad, and about 3 cm. thick. Its average weight is

about 171 grams. The dimensions of the spleen as given by Krause are

somewhat greater than the above. But its measurement and weight

vary considerably within the limits of health. It is in these respects

the most variable organ in the body. In old age the average weight

gradually diminishes.

The spleen is enclosed in a fibrous capsule covered with peritoneum.
The parenchyma is formed of blood-vessels and fibrillar connective tissue,

and of a soft, dark-red pulp in which are embedded whitish spheroidal
or elongated bodies, the glomeruli, or Malpighian bodies. In the normal

human spleen the glonieruli are usually hardly perceptible to the naked

eye, but sometimes they are very plain. Sometimes the fibrous strorna

is very apparent, sometimes not.

The size, consistence, and color of the organ vary a good deal within

normal limits; it may soften in decomposition. Thickenings of the cap-

sule and abnormal adhesions are very common, and often occur without
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any clinical history indicating disease. We should look for changes in

size, color, and hardness ;
for pigmentation, hyperplasia of the connec-

tive tissue, amyloid degeneration, tubercles, and infarctions.

Not infrequently one or more spheroidal or flattened so-called acces-

sory spleens are found in the vicinity of the spleen ; they vary in size

from that of a pea to that of a walnut.

PRESERVATION. In certain diseases of the pulp, leukemia, leucocythaemia, etc., the

tissue should be teased, when fresh, in one-half-per-cent salt solution, or examined by
the staining methods described under the lesions of the blood. For general purposes

small pieces of the organ are hardened in Orth's fluid, Flemming's osmic-acid mixture,

or in alcohol.

The Intestines. The rectum is divided, the intestine seized with the

left hand, and, being kept stretched, is separated from its attachments

by repeated incisions through the mesentery close to the gut, until the

duodenum is reached, where the intestine is again cut off. The opera-

tion is more cleanly if, before dividing the gut, ligatures are placed
around it at either end. The entire length of the gut is now laid open
with the enterotome along the mesenteric attachment, the mucous mem-
brane is cleaned with a stream of water and then examined.

In cases of suspected poisoning, a ligature should be placed around

the rectal end of the gut and two around the duodenal end, and it should

then be cut off below the former and between the latter ligatures. The

gut is now opened and the contents are emptied into a clean glass jar for

delivery to the chemist, care being taken that they be not allowed to

touch anything but the inner surface of the jar. After washing the in-

testine in pure, fresh water and examining it, it should be placed entire

in another clean jar and the jar sealed.

Cadaveric lividities are very common in the intestines, and are

usually most marked in the dependent portions. They are apt to occur

in patches, but may be diffuse and very extensive. If the wall of the

gut be stretched, they are often seen to be discontinuous, owing to the

pressure of the blood from the parts which are squeezed by folds. Small

patches of arborescent or diffuse red staining are often seen, formed by
the imbibition from the vessels of decomposing haemoglobin. In the

more advanced stages of decomposition the mucosa may be softened and
loosened. A dark purple or brownish discoloration of the entire intes-

tinal wall is frequently seen, either diffuse or in patches. Much experi-
ence and careful observation are requisite in forming a correct judgment
regarding the significance of changes of color in the intestines. Caution
is necessary in distinguishing normal digestive hypersemia from abnor-
mal congestion. A very considerable congestion may exist without
disease.

The lesions ordinarily to be looked for are catarrhal, croupous, and
ulcerative inflammations, perforations, haemorrhages, strictures, tumors,
amyloid degeneration, swelling and ulceratioii of the solitary follicles

and Peyer's patches, and pigmentation. For the detection of amyloid
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degeneration of the mucosa this structure should be carefully washed
and brushed with a solution of iodine (see p. 28).

PRESERVATION. For the general purposes of microscopic study, portions of the gut
should be gently stretched on cork (the mucosa side free) and hardened in Orth's fluid

or in Flemming's osmic-acid mixture.

For obvious reasons the mucous membrane should be handled as little as possible,

for, in the majority of cases, decomposition and softening have already set in at the

time of the autopsy, and, under the most favorable conditions, the epithelium is very
easily rubbed off.

In cases in which the most perfect preservation of the topographical features, as

well as the minute structure of the intestinal mucosa, is desired, even at the expense of

an inspection of the fresh tissue, another mode of procedure is to be recommended.
Selected segments of the gut are, after removal from the body, allowed to remain un-

opened on the table while ligatures are tied around the ends. The isolated segments,
or the whole gut, are now to be moderately filled not distended with one of the

above fluids by means of a syringe with a needle canula ; or one end of the segment
may be tied and the fixative introduced through a funnel at the other, which end is then

ligated. The segments to be preserved should now be placed unopened in the fixative

solution. After twenty-four hours they may be opened with scissors or a sharp knife,

cut into suitable pieces, and kept permanently in eighty-per-cent alcohol.

The Stomach and Duodenum. We now introduce the enterotome into

the duodenum at its transverse portion, and open it on the convex border.

When the pylorus is reached the incision is carried obliquely over to

the greater curvature of the stomach, along which it is extended as far as

the cesophageal opening, and the organ examined in situ ; or, if a more
careful examination of the stomach is called for, after ascertaining
whether or not the bile duct is pervious (see below), the duodenum and
stomach may be removed together, and the stomach opened and examined
on the table. Alterations in size and form, the presence of tumors,

ulcers, etc., may now be sought for.

If poisoning be suspected, a ligature should have been placed, earlier

in the examination (see above), around the lower end of the oesophagus
and the duodenum. The stomach and duodenum are now removed to-

gether unopened. They are to be opened in a carefully cleansed glass

jar, and after an inspection of the mucous membrane and the contents

with the naked eye and a hand lens, stomach, duodenum, and contents

are to be sealed in the jar for the chemist.

We now look for the orifice of the bile duct, which will be found

about the middle of the descending portion of the duodenum en its con-

cave border. Pressure on the gall bladder or on the common duct will

usually cause the bile to flow into the intestine if the ducts are pervious.
But a sufficient degree of stoppage may exist in the ducts to give rise to

marked symptoms of disease, without preventing the flow of bile under

these conditions, even with a moderate pressure. A long director is now

passed into the gall duct, which is laid completely open ; ulcerations,

cicatrices, gall stones, inflammatory lesions, and tumors are looked for.

In stricture of the gall duct the mucous membrane above will often be

found bile-stained, while below it is colorless. At this point, should
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there be any special reason for doing so, the portal vein, which lies close

behind the ductus choledochus, should be opened and examined for peri-

phlebitis, phlebitis, and thrombosis. The mucous membranes of the

duodenum and stomach are now examined. Acute inflammation from

caustic poisons, chronic catarrhal inflammations, haemorrhages, ulcers,

erosions, swelling of the solitary follicles (lymph nodules), and tumors

are lesions most frequently seen. We sometimes find a diffuse congestion

of the stomach, similar to that produced by irritant poisons, as a result

of doses of crotou oil given just before death.

PRESERVATION. The same methods should be used as for the intestines (see above).

Tumors should be cut into small pieces and hardened in Orth's fluid or five-per-cent

formalin.

.The Liver, To remove the liver, the diaphragm is first divided on

one side of the suspensory ligament as far back as the spine ;
the suspen-

sory ligament is then divided ;
then the right and left lobes being in turn

raised, the lateral ligaments are severed. Then, the left lobe being seized,

the organ is dragged obliquely downward into the abdominal cavity, the

remaining attachments being dissected away. The liver is first laid on

its superior surface and the gall bladder and its contents are examined.

The character of the gall is to be determined, and gall stones, inflam-

matory lesions, and tumors are to be sought for. To determine the

actual size of the organ, it should be both measured and weighed. Its

size varies greatly in different healthy individuals, but in general it may
be said that it measures from 25 to 30 cm. transversely, from 15.3 to 18

cm. antero-posteriorly, and from 9 to 12 cm. at its thickest part ;
its or-

dinary weight is between 1,550 and 1,860 grams. In children its weight
relative to that of the body is greater than in adults. The liver is

increased in size and weight during digestion and by congestion from

any cause.

The convex surface of the right lobe of the liver not infrequently
shows several grooves running from front to back, approximately par-
allel with the suspensory ligament of the liver. These grooves, which

may be found in persons of all ages, are believed by some to be usually

congeuital, by others to be the result of pressure of the diaphragm and
the abdominal muscles on a relaxed atrophic liver. They seem in any
event to be of no practical importance. On the other hand, a transverse

groove running at right angles to the axis of the body is a not infrequent
result of tight lacing, and is usually associated with local connective-

tissue thickening of the capsule and underlying tissue of the liver. In
this way the liver may become much distorted and the gall bladder com-

promised.
The capsule of the liver is now examined

; the organ is then laid on its

lower surface and several deep incisions are made from above downward.
The color and consistence of the liver tissue should be noticed, also the
distinctness with which the lobular outlines can be seen ; whether or not
the centres of the lobules are congested or their peripheries lighter in

color than usual
; the presence of tumors, tubercles, abscess, ecchiuococ-
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cus, new connective tissue, and pigmentation. Suspected amyloid de-

generation should be tested for by iodine solution.

We often find the surface of the liver of a greenish or very dark-

brown color
; less frequently the same color extends into the substance of

the organ. This discoloration, which is entirely post mortem, is, like

the similar discoloration of other internal organs, produced by the action

of the gases of putrefaction on the coloring matter of the blood.

PRESERVATION. For the study of parenchymatous degeneration, sections of the

fresh frozen tissue or small teased fragments should be examined in half-per-cent salt

solution. For general purposes small pieces should be hardened in Orth's fluid or in

formalin solution (5 : 100) or in alcohol. Tumors should be treated in the same way.

The Pancreas. This organ, of a light yellowish-red color, is elon-

gated, irregularly prismatic in shape, and flattened autero-posteriorly ;

the right end, called the head, is broader than the rest and lies in the

concavity of the duodenum. The remainder of the organ, the body and

tail, are usually tapering and lie transversely in the abdominal cavity,
the tail reaching to the spleen. Its size and weight vary considerably ;

its usual length is from 15.3 to 23 cm.
;
its breadth about 3.8 to 4.5 cm.

; its

thickness about 1.3 to 3.8 cm.
;

its weight is usually from 70 to 108 grams.
The organ may be rounded instead of flattened ;

the head and tail may
be disproportionately large ;

the tail may be unusually long or may be

divided or curved. The superior mesenteric artery and vein, which pass
behind the gland, are usually partly embedded in it, but are sometimes

completely enclosed.

A longitudinal incision should be made through the whole gland,
and its substance and duct should be searched for calculi, tumors, mal-

formations, and evidences of acute and chronic inflammation, fat necro-

sis, and amyloid degeneration of the blood-vessels. The pancreas is

frequently of a dark-red color from post-niorteni staining.

PRESERVATION. Portions of this organ should be hardened in strong alcohol,

Orth's fluid, or in Flemming's osmic-acid mixture.

The examination of the thoracic duct, which lies to the right and

posterior to the aorta, may now be made. Among the most important
of its lesions is tuberculosis, since it has been shown that from a tuber-

culous lesion here the generalization of the bacilli not infrequently oc-

curs. Inflammatory lesions, carcinoma, partial or total occlusion from

pressure may be found.

The solar plexus, which surrounds the origin of the coeliac axis and

the superior meseuteric artery and lies between the adrenals, may now
be sought. Lesions of the semttunar and other ganglia are to be noted

atrophy, pigmentation, and degenerations.
The condition of the hsemolymph nodes in the prevertebral fat should

be ascertained (see p. 400) .

The Aorta. This vessel either in situ or after removal should be

opened by an incision extending its whole length and continued into its

branches.
3
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THE GENITOURINARY ORGANS.

The Male Organs. If the uriiie is to be examined it may be drawn off

with a catheter; or a vertical incision may be made into the bladder just

above the symphysis pubis, and some of the urine dipped out. The cut

end of the rectum should now be grasped with the left hand and raised

up, and this and the bladder, prostate gland, etc., dissected away from

the pelvis, the knife being carried close to the bone. The bladder is

now drawn backward and the loose tissue close under the symphysis

pubis cut. The body of the penis is then shoved backward within the

skin and dissected away from behind, beneath the symphysis, and finally

cut off just behind the glans penis. The penis and bladder are now
drawn backward and upward, and the pelvic organs removed together.

Or, the penis may be removed by sawing away the bones above the pubic

arch, and then dissecting away the penis, whose root is thus exposed.

The pelvic organs are then laid on the table, the bladder uppermost ;

a long director is passed into the urethra, which is opened on its upper
surface through its entire length, and the bladder widely opened. In

the urethra the presence of strictures, diverticula, ulcers, inflammatory

lesions, is to be noticed ;
in the bladder inflammatory lesions, hypertro-

phies, congestion and ecchymosis of the mucous membrane, hyperplasia
and ulcers of the lymph nodules, and tumors. The organs are now
turned over; the rectum is opened and examined for varicose veins, haem-

orrhages, ulcers, strictures, and tumors. The prostate gland is then cut

into and the presence of calculi, inflammatory lesions, hypertrophies,
and tumors sought for. Lastly, the vesiculce seminales are examined, in

which, though rarely, we may find evidences of tuberculous inflammation

and dilatation.

The Testicles may be removed, when necessary, without cutting the

scrotum, by enlarging the inguinal canals from within and crowding the

glands through them and cutting them off. The average weight of the

adult testicle with its epididymis is, according to Krause, from 15 to

24.5 grams. Inflammatory lesions, tuberculosis, abscesses, and tumors
are the most frequent lesions.

PRESERVATION. The urethral canal and bladder maybe pinned open and hardened
in Orth's fluid or in Flemming's osmic-acid mixture. The prostate, vesiculse seminales,

testicles, and tumors may be hardened in the same fluids.

The Female Organs. The position and general condition of the pelvic

organs should first be determined by inspection. Abnormal adhesions
of the ovaries, broad ligaments, Fallopian tubes, and uterus ; malposi-
tions of the uterus ; subserous tumors of the uterus, and ovarian tumors,
are frequently observed. Haemorrhage into the posterior cul-de-sac is

sometimes found. The urine should be collected, if necessary, as above
directed ; the organs should be dissected away laterally, as in the male,
care being taken not to injure the ovaries and Fallopian tubes. The
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bladder is then drawn strongly backward and upward, and dissected

away from the symphysis and the pubic arch, and, the point of the knife

being carried forward and downward, the vagina is cut off in its lower

third, the rectum severed just above the anus, the remaining attachments

cut, and the pelvic organs are taken out together. If it be necessary to

remove the external generative organs, after freeing the lateral surfaces

of the internal organs and the bladder, the legs are widely separated and
the vulva and anus circumscribed by a deep incision. The tissues close

beneath the pubic arch are now dissected away from below, and the

vulva is thrust back beneath the symphysis ;
it is now seized above the

bone, and together with the anus dissected away and removed with the

other organs.
The bladder is first opened and examined. The vulva may now be

examined for hypertrophies, inflammatory lesions, ulcers, cicatrices,

cysts, and tumors. The vagina is opened along the anterior surface ; its

more common lesions are inflammations, fistula?, ulcers, tumors, and

rarely cysts.

The Uterus. Before opening this organ its size and shape should be

determined. The adult virgin uterus is a pear-shaped body, flattened

autero-posteriorly ;
the upper portion, or body, is directed upward and

forward, while the lower portion, the cervix, is directed downward and
backward. It is covered anteriorly by peritoneum to a point a little

below the level of the os internum
; posteriorly, to a point a little below

the level of its junction with the vagina. The peritoneal investment

separates from the organ at the sides to form the broad ligaments. The
uterus is held in position by the broad and round ligaments and by its

attachments to the bladder and rectum and vagina. The upper end,

the fundus, does not extend above the level of the brim of the pelvis.

Its average length is about 7.6 cm. ;
its breadth about 5.1 cm. ; its

thickness about 2.5 cm.
; its average weight is about 31 to 46 grams.

During menstruation the uterus is slightly enlarged, the mucous mem-
branes of the body becomes thicker, softer, and its vessels are engorged
with blood

; while its inner surface is more or less thickly covered with

blood and cell detritus. A description of the complicated changes in the

uterus which pregnancy entails may be found in the works on obstetrics.

After pregnancy the uterus does not return to its original size, but re-

mains somewhat larger ; the os is wider and frequently fissured.

We not infrequently find in the mucous membrane of the lower part
of the cervix small transparent, spheroidal structures, called ovula

Xabothi
;
these are small retention cysts caused by the closure of the

orifices of the mucous glands. The more common lesions observed in

the uterus are malpositions, malformations, lacerations, ulcerations of

the cervix, acute and chronic inflammation of the mucous membrane or

muscularis, or both, thrombosis and inflammation of the veins, and

tumors.

In the infant the uterus is small, the body flattened, the cervix dis-

proportionately large. During childhood the organ increases in size,
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but the body remains small in proportion to the cervix. At puberty, the

shape changes, and the body becomes larger.

The Ovaries are flattened, ovoidal bodies, situated one on each side,

and lying nearly horizontally at the back of the broad ligament of the

uterus. Their size is variable, and they are usually largest in the virgin

state. They measure about 3.8 cm. in length, 1.9 cm. in breadth, and

nearly 1.3 cm. in thickness. Their average weight is from 3.9 to 6.5

grams. The sides of the ovary and its posterior border are free
;

it is

attached along the anterior border ;
to its end is attached the ovarian

ligament ;
to its outer extremity one of the fimbriae of the Fallopian tube.

The ovary is covered 011 its free surface by cylindrical epithelium, and

its surface is less glistening than the general peritoneum. The surface

of the ovary is smooth in the young, but become rougher and depressed
in spots as the process of ovulation goes on. In adult females we

usually find corpora lutea in their various stages. We should seek for

evidences of acute and chronic inflammation, for tumors and cysts.

The Fallopian Tubes, lying in the upper margin of the broad liga-

ments, are from 7.6 to 10 cm. in length. The length often differs con-

siderably on the two sides. They commence at the upper angles of the

uterus as small perforated cords, which become larger further outward

and bend backward and downward toward the ovary. They terminate

in an expanded fimbriated extremity about 2.5 cm. beyond the ovary.

They are covered by peritoneum, and the mucous membrane lining them,
continuous with that of the uterus, is thrown into longitudinal folds.

Malpositions by adhesions, closure, inflammations, and cysts are the

more common lesions. The possibility of tubal pregnancy should be
borne in mind.

PRESERVATION. All of these organs and their tumors may be hardened in Orth's

fluid, or in Flemming's osmic-acid mixture. The vagina should be stretched flat on cork,

and the cavity of the uterus laid wide open. Great care should be taken not to touch
either the internal surface of the uterus or the external surfaces of the ovaries, since

in both the epithelium is very easily rubbed off.

It is better, after opening them by a transverse incision, to suspend the ovaries by
a thread in a jar of the preservative fluid than to let them lie on the bottom, since the

epithelium is thus less likely to be rubbed off. Larger cysts of the ovary for exhibition

purposes should be distended with preservative fluid (see page 61).

The Closure of the Body after the Post-Mortem
Examination.

At the end of the autopsy the body should be restored as nearly as

possible to its natural external appearance.
Fluids should be removed, vacant spaces filled with absorbent mate-

rial, such as cotton, jute, or sawdust, and the incisions closed by sutures.
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Bacterial Examination of Post-Mortem Specimens.

It is often important to make a thorough post-mortem examination

by cultures as well as morphologically of the blood and of all the vis-

cera. This is important not only in those cases which during life gave
clinical evidence of general infection, but also in many forms of disease

whose nature is still wholly obscure.

In the interpretation of the results of all such examinations, however,
it should be borne in mind that after death a new distribution of germs

may occur, and that from the gastro-intestinal canal and from other sur-

faces or cavities of the body micro-organisms may, as decomposition

progresses, penetrate the tissues and the viscera.

A careful consideration of the general conditions under which the

body has been kept and its state of decomposition is of especial impor-
tance in the interpretation of the significance of the Bacillus coli com-

munis, which is always present in such enormous numbers in the intes-

tinal canal, and which is not only apt to effect wide distribution in the

body after death, but as a result of careless manipulation is likely to be

accidentally brought in contact with other viscera after the opening of

the gut. The preparation of cover slips for staining and the inakiug of

cultures is, as a rule, best done at the autopsy table.

It is well as each organ is exposed commencing with the heart to

sear the surface of the organ to be examined with a broad-bladed knife

heated over a flame, and then, making an incision through the seared

surface with a sterilized scalpel, to press a sterilized cotton swab (see

p. 155) into the opening and absorb the juices which exude, or to pick
out a small fragment of the solid tissue from the depths of the opening,
or . to secure some of the blood or fluid on a sterilized platinum loop ;

and then with the material thus procured make the required cultures

and afterward the cover-slip smears for staining.

If it be necessary to transport the material to the laboratory before

making cultures, it is well to reserve the unopened organs, or large por-

tions of these in the case of the solid viscera, and to wrap each separately
in a cloth saturated with sublimate solution, or to put each in a separate

sterile receptacle for transportation.
It is well to remember that in the last hours of life the safeguards

of the body against the entrance and growth of micro-organisms may
be ineffective, so that the determination of the significance of bacteria

in the tissues a short time after death requires care and experience.
'

Autopsies in Medico-Legal Cases.

While every autopsy should be made as carefully and completely

as circumstances permit, it should be always borne in mind that in

examinations which may have medico-legal bearings it is of the highest

1 For details of bacterial flora of the human body, see references pp. 5 and 162.
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importance to examine thoroughly both macroscopically and microscop-

ically every part of the body from which light may be derived as to the

cause of death, for in medico-legal cases it is not infrequently as impor-

tant to be able by a complete examination to declare the absence of le-

sions which could cause death as to determine the presence of those upon
which the opinion as to the actual cause of death in a particular case

rests. Bearing this in mind, the technique of autopsy-making is essen-

tially the same whatever the ends which the facts elicited may be des-

tined to serve.

Autopsies in Cases of Suspected Poisoning.

In cases of suspected poisoning which may possibly have a medico -

legal bearing, the examination should be made with extreme care and

thoroughness. The inspection of the body and the examination of all

the viscera should be thorough and detailed. Every appearance should

be noted at the time, and nothing left to the memory. It is well to have

an assistant record the observations as they are made. The disposition

of the parts and organs in jars should also be noted at the same time.

It is important to remember that many poisons destroy life without

producing appreciable lesions, and also that many cases of sudden death

occur, not due to poisons, and without any discoverable cause.

In bodies which are exhumed for examination, the tissues may be so

changed by decomposition that it is impossible to say whether lesions

have or have not existed. In such cases the careful and separate preser-
vation of the viscera and other parts for chemical examination, is often

all that can be done.

It is always best, in cases of suspected poisoning, to preserve for the

chemist not only the stomach and intestines, but the entire liver and
brain ; or, if only portions of these can be saved, these portions should

be carefully weighed, as well as the entire organs, and the relative

amount of tissue reserved carefully noted at the time. It is even well,

particularly in cases in which the administration of the readily diffusible

poisons, such as arsenic, strychnia, etc., is suspected, to preserve the

whole of all the internal organs, together with a large piece of muscle
and bone

; since with large quantities of tissue the results of the chemi-
cal analysis depend less upon calculations, and are hence more compre-
hensible to the average jury. In all such cases jars should, if possible,
be procured which have never been used before, and these should be

carefully washed and rinsed with distilled water. They should have

glass stoppers and be sealed at once and carefully labelled before leaving
the hands of the operator. If they can be delivered to the chemist with-
out much delay, no preservative fluid should be added. If they are to

be kept for a considerable time, pending the action of a coroner's jury
or for some other reason, a small quantity of pure strong alcohol may
be poured over them. In this case the operator should be particular to

preserve a quantity, at least half a pint, of the specimen of alcohol used,
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in a clean, sealed, and labelled bottle, so that this may be tested by the

chemist and be proven to be free from the poison. It is better in all

cases, however, to avoid, if possible, the use of alcohol. In all autop-
sies which may have medico-legal importance full notes should be taken

by an assistant as the operation proceeds, carefully read over immediately
afterward and dated, and kept by the operator for future reference.

The labelling and disposition of the jars should be recorded in the notes.

The specimens should not for a moment be out of the sight of the oper-

ator until they are placed under lock and key and seal, or are delivered

to some authorized person, so that there may be no question of their

identity should the case come into court.

Examination of the Bodies of New-born Children. 1

In examining the bodies of new-born children, we may have to determine, besides

the ordinary lesions of disease, the age of the child, whether it was born alive, how long
it has been dead, what was the cause of death.

SIZE, AGE, AND CHARACTERS OF THE NEW-BORN CHILD. The fresh corpse of a new-

born child at term no longer resembles that of the immature fetus. The skin is firm

and pale, like that of an adult. The lanugo has disappeared except on the shoulders.

In the majority of cases the hair on the head is 1.5 to 2 cm. long. The great fontanelle

is, in the average, 2 to 3 cm. long. As determined by an analysis of 661 cases, the aver-

age length is 50 cm. the weight 3,256 grams. The nails are hard and reach to the tips

of the fingers, but not to those of the toes. The cartilages of the ears and nose are hard.

The labia are more nearly closed. An ossification centre in the lower epiphysis of the

femur should be sought for, as its presence is one of the most reliable signs of the ma-

turity of the foetus. If it is absent, the foetus is, as a rule, not more than thirty-seven
weeks old ; but in rare cases it may be absent at term. A centre of ossification 1 mm.
in diameter indicates an age of 37 to 38 weeks, if the child was born dead or died soon

after birth. Rarely it is no larger than this at term. A diameter, at birth, of 1.5 to 9

mm. indicates an age of 40 weeks. A diameter of more than 9 mm. indicates, as a rule,

that the child has lived some time after its birth ; a less diameter than 7 mm., however,
does not prove the contrary.

Twenty-four hours after the birth of the child the skin is firmer and paler. The um-
bilical cord is somewhat shrivelled, although still soft and bluish in color. From the

second to the third day the skin has a yellowish tinge and the cuticle sometimes appears
cracked. The umbilical cord is brown and dry. From the third to the fourth day the

skin is yellower, and the cuticle is apt to separate from the skin. The umbilical cord

is of a brownish-red color, flattened, semi-transparent, and twisted. The skin around
its insertion is red and congested.

GENERAL INSPECTION. The head should be examined for the marks of injuries.

Very commonly some portion of the scalp will be found swollen and infiltrated with

blood and serum. This may be the caput succedaneum formed during delivery. The
mouth and nose should be examined for the presence of foreign bodies which might
have caused suffocation.

The neck should be examined for marks of strangulation. The umbilical cord may
be twisted around the child's neck and strangle it. The mark left by the cord is usu-

ally continuous, broad, not excoriated, sometimes accompanied by ecchymoses in the

skin.

The surface of the body should be examined for the presence of vernix caseosa,

1 The human embryo, according to the estimate of His, measures in length approxi
mately at 4 weeks from 7-8 mm. ; at 5 weeks 13 mm. ; at the end of the second month
25-28 mm. Shrdder estimates the approximate length of the foetus at later lunar
months as follows: 3rd, 70-90 mm. ; 4th, 100-170 mm. ; 5th, 180-270 mm. ; 6th, 280-340
mm. ; 7th, 350-380 mm. ; 8th, 425 mm. ; 9th, 467 mm. ; 10th 490-500 mm. Consult for
further data McMurrich, The Development of the Human Body, 1903, p. 108. Bibl.
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blood, marks of injury, and the existence of putrefaction. It should be remembered

that putrefaction is apt to commence earlier in the bodies of young children than in

those of adults.

The umbilical cord may be cut or torn. It usually separates by the fifth day, some-

times not until the tenth. If the umbilicus is cicatrized and healed, the child has prob-

ably lived for three weeks. A zone of redness around the insertion of the cord may ex-

ist previous to birth. Redness and swelling (which may disappear after death) with

suppuration can be found only in a child which has lived for several days. The drying
and mummification of the cord may take place as well in dead as in living children.

It is possible for a child to die by haemorrhage from a cut or torn cord, either before or

after it has breathed. The umbilical vessels should be examined, as they may be the

seat of umbilical infection.

The extremities may exhibit fracture of the bones. These may occur during intra-

uterine life, from injuries to the woman or from unknown causes; or may be produced

by violence in delivery, or by injuries after birth.

INTERNAL EXAMINATION. The Head, The fontanelles and sutures should first be

examined as to their size and for penetrating wounds. An incision should then be made

through the scalp across the vertex, and the flaps turned backward and forward as in

the adult. With a small knife the edges of the bones should be separated from the

membranous sutures and the dura mater, beginning low down in the frontal and going
back into the lambdoidal suture on either side. The bones are then drawn outward and

cut through around the skull with strong scissors. The brain is removed and examined

as in the adult. 1

Effusions of blood cephalhaematoma may be formed, soon after birth, between

the pericranium and bone, or, more rarely, between the dura mater and bone. Clots are

also found between the dura mater and skull ; between the dura and pia mater ; more

rarely in the substance of the brain, as the result of protracted or instrumental deliveries,

or of injuries after birth.

The cranial bones may be malformed, or exhibit the lesions of rickets or caries, or

be indented, fissured, or fractured. These latter lesions may be produced during intra-

uterine life by injuries to the mother, by unknown agencies, by difficult deliveries, or

by direct violence after birth.

In cases of chronic internal hydrocephalus in young children, in which the ventri-

cles are much dilated and the brain substance is thinned over the vertex, the brain is very

apt to be torn in removal, and the amount of dilatation thus becomes difficult of deter-

mination. It is> therefore, better in such cases to place a pail of water beneath the head,
or even immerse the latter in it, and remove the brain in the water. In this way it floats

after removal, supported on all sides. It may now be opened in the water and the ex-

tent of the lesion determined at once, and parts saved for microscopical examination.

If it be desired to preserve the brain for demonstration of the lesion or for a museum
specimen, it should be transferred unopened to a large jar containing five-per-cent. forma-

lin. A portion of the ventricular fluid should now be removed with a syringe provided
with a small canula, and replaced by formalin. This may be done by puncturing the

ventricles from below. The fluid in the jar, as well as in the ventricles, should be

changed in forty-eight hours. The brain may then be cut transversely across, when
the degree of dilatation of the ventricles, etc., will be revealed. The weight of the

brain, according to Bischoff, is 380 grains.

It is normally much softer and pinker than in the adult, the pia more delicate; both

may be much congested or anaemic without known cause. The ventricles contain very
little serum. Malformations, apoplexies, hydrocephalus, simple and tuberculous inflam-

matory lesions, are to be looked for.

The Spinal Cord. Extravasations of blood between the membranes of the cord

may occur from the same causes as those in the brain. Spiua bifida is the most fre-

quent malformation.

The Thorax and Abdomen. These are opened as in the adult. The peritoneal

1 Or an incision through the bones with a fine saw may be made as in the adult.
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canty contains a very little clear serum. A red fluid may be produced by decomposi-
tion. The peritoneum is often the seat of intra-uterine inflammation.

The Diaphragm. In still-born infants its convexity reaches to the fourth or fifth rib.

After respiration it reaches a point between the fourth and seventh ribs. Its position

is, however, so variable that it is of little diagnostic importance.
The Thorax. The thymus gland, at this period very large, occupies the upper por-

tion of the anterior mediastinum, covering the trachea and large vessels. Its average

weight is about 15.5 grams. It is usually about 5 cm. long, 3.8 cm. wide at its lower

part, and about .63 to .85 cm. in thickness. It may be hypertrophied and compress
the large vessels, or be inflamed and suppurating.

The heart lies more nearly in the median line than in the adult. It weighs from

20 to 24 grams. The ventricular walls are of nearly equal thickness. The pericardium
contains very little serum. A considerable quantity of red fluid may accumulate here

as a result of decomposition. There may be small extravasations of blood beneath the

pericardium in still-born children and in those born alive. Pericarditis with effusion of

serum and fibrin, and endocarditis with consequent changes in the valves, may exist

before birth. Malformations and malpositions of the heart and large vessels are not

infrequent. The time of closure of the foramen ovale and the ductus arteriosus varies

very widely in different cases.

The pleural cavities contain very little serum, but decomposition may lead to the

accumulation of a considerable quantity of red fluid. Small extravasations of blood

in the subpleural tissue may be found in children who have died before birth and after

protracted labors. Inflammation, with exudation of serum, fibrin, and pus, may exist

before birth.

The lungs in a still-born child are small, do not cover the heart, are situated in the

upper aud posterior portion of the thorax, are of a dark-red color and of firm, liver-like

consistence, and do not crepitate. In a child born alive, and which has respired freely,

the lungs rill the thoracic cavity, but do not cover the heart as much as in the adult ;

they are of a light-red or pink color, and crepitate on pressure. If respiration has been

incompletely performed, we find various intermediate conditions between the foetal and
inflated states.

If any doubt exists as to respiration having taken place, it is customary to employ
the hydrostatic test. This is done by placing the lungs, first together, then separately,
and afterward cut into small pieces, in water. It is commonly said that if they sink

the child has not breathed ; if they float it has. This test is not, however, a certain

one. 1

The lesions of inflammation, and vesicular and subpleural emphysema, may be

found in the lungs of new-born children.

The pharynx should be opened and examined for foreign bodies.
'

The larynx and trachea should be examined for the lesions of inflammation and for

injuries to the cartilages.

The thyroid gland weighs about 12 grams. It may be so enlarged as to interfere

with respiration.

The Abdomen. The kidneys are lobulated and proportionately larger than in the

adult. Thoma estimates the average weight of both organs together as 23.6 grams.
There may be ecchymoses on their surface ; inflammation ; deposits of uric acid and
urates in the tubules of the pyramids; cystic dilation of the tubules, sometimes reach-

ing an enormous size. There may be absence or retarded development of one kidney.
Malformations and malpositions of the kidneys are of frequent occurrence."

The adrenals are large. They may be dilated into large cysts filled with blood.

The spleen is large and firm. Its average weight is about 11 grams. It may be

abnormally enlarged, and its surface is sometimes covered with fresh inflammatory
exudations.

The Intestines. In the small intestines, inflammation and swelling and pigmenta-
tion of the solitary and agminated follicles (lymph nodules) are sometimes found. The

1 See works on medical jurisprudence.
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large intestine usually contains meconium, but this may be evacuated before or during
birth. The sigmoid flexure is not as marked as in the adult.

The formation of gas in the stomach and intestines does not usually take place until

respiration is established. If decomposition has commenced, however, gas may be

formed as a part of the process.

The liver is of a dark-red color, is large, and contains rmich blood. Its size dimin-

ishes after respiration is established. Its average weight is 118 grams. The size is so

variable, before and after respiration, that it gives little information as to the age of the

child. Large extravasations of blood are sometimes found beneath the capsule of the

liver without known cause. A variety of pathological conditions, fatty and waxy de-

generation, gummy tumors, etc., may be found.

The bladder may be full or empty, both in still-born children and in those which
have breathed. Dilatation and hypertrophy may exist during mtra-uterine life.

Generative Organs. The external generative organs in both males and females are

more prominent than in adults. The ovaries are high up in the pelvis and large : the

cervix uteri is long; the body small and lax, resting forward against the bladder.

Phimosis in the males is the normal condition. Malpositions and retarded development
of the testicles should be noticed. It should be observed whether the anus is perforate.

The Bones, in suspected cases, should be examined for the lesions of inflammation,

rickets, and syphilis.

PRESERVATION. The various foetal tissues may be preserved by the same methods
as are employed for those of the adult ; but as they are very delicate they should be

handled with great care and the preservative fluids changed with sufficient frequency.



CHAPTER II.

THE LESIONS IN CERTAIN FORMS OF DEATH FROM
VIOLENCE: SUDDEN DEATH.

The Lesions in Certain Forms of Death from Violence.

SUFFOCATION^-ASPHYXIA.

BY suffocation is meant that condition in which, without direct press-

ure on the larynx or trachea, air is prevented from penetrating into the

lungs. The interruption of the function of respiration which is thus

brought about induces the condition known as asphyxia. In this way
many deaths from drowning and strangulation take place.

The ways in which the supply of air may be cut off from the lungs
are various. The mouth and nose may be closed by the hand, by plas-

ters and cloths, by wrapping up the head in cloths, by covering the face

with earth, hay, grain, etc. Foreign bodies may be introduced into the

mouth, pharynx, and larynx. Blood may pass into the trachea from an

aneurism or from a wound. The glottis may be closed by inflammatory

swelling. Vomited material may lodge in the larynx.
On the other hand, injury or disease of the medulla oblongata, or

paralysis or spasm of the muscles of respiration from drugs, tumors

pressing upon the air passages, or diseases of the lungs themselves, may
induce asphyxia.

EXTERNAL INSPECTION.

The body should be examined for marks of violence, the cavities of

the mouth and nose for foreign substances.

The face may be livid and swollen or present a natural appearance.
The conjunctiva may be congested and ecchyrnotic. There maybe small

ecchymoses on the face, neck, and chest. The mouth often contains

frothy blood and mucus. The tongue may be protruded.

INTERNAL EXAMINATION.

The Brain and its membranes may be congested, or anaemic and oede-

rnatous, or unchanged. The Blood throughout the body is usually dark-

colored and fluid.

The Larynx may contain foreign bodies which have induced the suffo-

cation. The mucous membrane of the larynx, trachea, and bronchi may
be congested and sometimes ecchymotic : these passages contain frothy
blood and mucus. The Lungs are usually congested and oedematous, but

sometimes do not differ from their ordinary appearance. There may be



44 THE LESIONS IX CERTAIN FORMS OF DEATH FROM VIOLENCE.

small patches of emphysema near the surface of the lungs. Sometimes,

especially in infants, small ecchymoses are found in the costal and pul-

monary pleura.
The Heart usually presents its right cavities full of blood, its left

cavities empty ;
but to this there are frequent exceptions.

The Abdominal Viscera are usually congested.

DEATH FROM STRANGULATION-HANGING.

Strangulation is effected by the weight of the body in hanging, by

pressure on the neck with the hands or by some other object, or by con-

striction of the neck with a cord or ligature of some kind. Death usually

occurs by asphyxia, or by asphyxia combined with the effect of the cut-

ting-off of the blood supply to the brain by pressure on the large vessels

of the neck. In some cases of hanging, death ensues as a result of frac-

ture or dislocation of the cervical vertebrae.

EXTERNAL INSPECTION.

The face may be livid and swollen, the eyes prominent, the lips

swollen, and the tongue protruded. These appearances are, however,
often absent. Erection of the penis, ejaculation of semen, and evacu-

ation of faeces and urine are frequently observed.

In many cases marks are left upon the neck by the objects which have

directly produced the strangulation. In cases of hanging, the mark
about the neck varies considerably in position, direction, and general

characters, depending upon the kind of ligature employed, the time of

suspension, period after death at which the observation is made, etc.

The most common mark left by a cord about the neck is a dry, dense,

brownish furrow, whose breadth corresponds but in a very general way
with the diameter of the cord. In some cases, according to Tidy and

others, there may be no mark at all if the hanging be quickly accom-

plished with a soft ligature and the body cut down immediately after

death. There may be abrasions and ecchymoses of the skin at the seat

of ligature.

In cases of strangulation by the fingers the mark on the neck may
correspond in a general way to the shape of the fingers.

The application of the same forces immediately after death may pro-
duce the same marks as when death is induced by them.

INTERNAL EXAMINATION.

The Brain and its membranes may be congested, or there may be ex-

travasation of blood, or there may be no abnormal appearances.
The Neck. In some cases there is effusion of blood beneath the liga-

ture, rupture of the cervical muscles, fracture of the os hyoides and car-

tilages of the larynx, fracture and dislocation of the cervical vertebrae,
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rupture of the internal vertebral ligaments and of the inner and middle

coats of the carotid arteries. Similar changes may be produced in the

dead body by the use of great violence.

If death occur from asphyxia, the internal lesions are similar to those

described above. In some cases for example, where death has occurred

from fright or shock the results of post-mortem examination are en-

tirely negative.

DEATH FROM DROWNING.

Iii examining the bodies of persons who have been drowned, it is

necessary to bear in mind a number of questions which may arise:

"\Vhether the person came into the water alive or dead? How long a

time has elapsed since death? Whether the person committed suicide,

or was drowned by accident, or was murdered! These questions are to

be solved sometimes certainly, sometimes with probability, sometimes

not at all, by the post-mortem examination. Persons dying in the water,

to which condition the term drowning is commonly applied, may die

from asphyxia, from exhaustion, from fright or syncope, from disease of

the heart, apoplexy, injuries, etc. While in the majority of cases as-

phyxia is a predominant or important factor in death by drowning, tho

conditions under which death occurs are so apt to be complex that in the

minority of cases only are the lesions of pure asphyxia found after

death, while in most cases the bodies present the more or less well-marked

lesions of asphyxia together with those indicative of complicating con-

ditions.. There are no post-mortem conditions which alone are abso-

lutely characteristic of drowning, and it is only by considering all the facts

elicited by the autopsy together that any just conclusion can be arrived

at. It should always be borne in mind, moreover, that even the most

characteristic of the evidences of drowning are apt to be modified or to

disappear as decomposition goes on.

EXTERNAL INSPECTION.

Post-mortem rigidity usually sets in early, sometimes immediately
after death. Decomposition progresses, especially in summer, with un-

usual rapidity in bodies which have been removed from the water: Fre-

quently, but by no means constantly, the peculiar roughening of the

skin, known as goose skin (cutis anserina), is found, but this may occur

after death from other causes. A light, lathery froth, either white or

blood-stained, is frequently seen about the mouth and nostrils within

twelve to twenty-four hours after removal of the body from the water,

but it may be absent, and may be seen after death from other causes.

After the body has lain for several hours in the water (twelve to twenty-

four) the thick skin of the palms of the hands and soles of the feet may
become macerated and thrown into coarse wrinkles, just as it may after

prolonged soaking during life, or in a dead body thrown into the water.

The penis and nipples may be retracted, and the scrotum shrunken, but

this is not constant nor characteristic.
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If the person has struggled in the water and clutched at objects

within his reach, there may be evidences of this in excoriation of the

fingers or in the presence of sand, weeds, etc., under the nails or grasped
in the hands.

External marks of injury, bruises, etc., should be sought for, since

persons in dying, or on being thrown into the water with homicidal

intent, may have died from the violence, and not, strictly speaking, from

drowning. It should also be borne in mind in such complex cases that

injuries, not in themselves fatal, may, when the body is in the water,

prove so on account of the inability of the person to rescue himself or

gain time for recovery from the injury, and that then the struggle for

breath may be but slight, and the more prominent signs of drowning but

little marked.

INTERNAL EXAMINATION.

The Brain. Congestion of the brain and its membranes is found only
in a small proportion of cases.

The Blood, when death occurs from asphyxia, is usually fluid through-
out the body and of a dark color, as in asphyxia from other causes.

The Air Passages. In persons who die from asphyxia the mucous mem-
brane of the larnyx, trachea, and bronchi is usually congested, and the

air passages contain a variable quantity of bloody or mucous froth. In

persons dying in the water from other causes than asphyxia, these ap-

pearances are absent. Foreign substances from the water, such as sand,

weeds, etc., or materials regurgitated from the stomach, may find their

way into the air passages during the act of drowning or as a post-mortem
occurrence. Thus, in bodies washed about the bottom, sand or mud may
get into the air passages for a certain distance, from the mechanical ac-

tion of the water.

The Lungs in typical cases are distended so that they fill the thorax

and cover the heart. The increased size is due partly to congestion,

partly to the presence of the fluid in which the person was drowned,
which is often inspired during the act of drowning, a^d partly to the

distention of the air vesicles with air. In cases of drowning in which
there is a struggle and water is breathed in, the lungs may contain con-

siderable fluid
; but, as a result of decomposition, this may find its way

in greater or less quantity into the pleural cavities by transudation,

leaving the lungs comparatively empty. It should be remembered, how-

ever, that a considerable quantity of reddish fluid may collect in the

pleural cavities under other conditions than drowning, through a post-
mortem change, by transudatiou from the blood-vessels and other ad-

jacent tissue.

The Heart. In those who die from asphyxia the right cavities are

usually filled with fluid blood, while the left cavities are empty. But
when death is due to complex causes this may not be the case.

The Abdominal Viscera may be congested in persons who die from

asphyxia.



THE LESIONS IN CERTAIN FORMS OF DEATH FROM VIOLENCE. 47

The Stomach. The fluid in which the person was drowned, sometimes

mixed with sand, weeds, etc. , may be swallowed during the act of drown-

ing. Sand may wash for a short distance into the oesophagus after

death, in bodies washing about the bottom.

In persons dying in the water from syncope, shock, etc., we may find

no lesions. When the death is partly due to asphyxia and partly to other

causes, the lesions may vary in numerous ways, which need not be de-

scribed here.

In important cases of doubtful drowning it is desirable carefully to

collect and save some of the fluid from the lungs and stomach for micro -

chemical examination, since the identification of these fluids with those

in which the person was presumably drowned will often give certainty
to an otherwise doubtful case.

For the detailed consideration of the anatomical diagnosis of drown-

ing, the changes which bodies dead from drowning undergo from decom-

position, and the factors bearing on the question of suicide, homicide,

etc., we refer to works on medical jurisprudence.

DEATH FROM ELECTRICITY.

Lightning. Persons who are struck by lightning may die instantly ;

or may continue for several hours comatose or delirious, and then either

die or recover ;
or they may die after some time from the effects of the

burns and injuries received.

The post-mortem appearances are very variable. Sometimes there

are no marks of external violence or internal lesions. Sometimes the

clothes are burnt and torn, while the skin beneath them is unchanged.

Usually there are marks of contusion and laceration, or ecchymoses, or

lacerated, punctured wounds, or fractures of the bones, or superficial or

deep burns. The track of the electric current may sometimes be marked

by dark-red arborescent streaks on the skin. Fractures are rare.

The internal viscera may be lacerated and disorganized from lightning.

Artificial Electrical Currents. In death from powerful artificial elec-

trical currents, either by accident, as in linemen and others, or in elec-

trical executions, there may be local burnings of varying degree where

the wires or electrodes come in contact with the skin. The clothes may
be pierced with holes at the point of exit of the current. Internally
there appear to be no marked or characteristic lesions, either gross or

microscopical, in this form of death. Van Giesou and others have ob-

served the occasional, but not constant, occurrence of small haemorrhages
in the floor of the fourth ventricle, the significance of which is doubtful.

Other petechial spots have been observed beneath the serous surfaces of

the endocardium, pericardium, and pleura, and on the spleen.
'

1 Van Gieson,
"A Keport of the Gross and Microscopical Examination of Six Cases

of Death by Strong Electrical Currents." New York Medical Journal, May 7th and
14th, 1892. Cunningham, "The Cause of Death from Industrial Electric Currents."
.New York Medical Journal, vol. Ixx., pp. 581 and 615, 1899. Jelliffe, Peterson and
Haines' "Text-book of Legal Medicine," p. 245.
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DEATH FROM BURNING.

Death may be caused by the inspiration of smoke and flame
; by the

drinking of hot fluids ; by the direct contact of flame or hot substances

with the external surface of body. It may be due to the direct effect of

the agents, to secondary affections of the viscera, or to the exhaustion

produced by long-continued inflammation and suppuration. Su,ddeu

death may occur after extensive burnings of the skin.
'

The burned skin divested of epidermis may present a peculiar red,

hard, parchment-like appearance. If the patient have lived for some

time, suppuration of the injured surface may ensue. Or there are small,

bladder-like -elevations of the epidermis. The base of these blisters is

red, and they are surrounded by a red zone, or suppuration may have

commenced. These appearances cannot be produced by heat applied to

the skin after death.

After death from severe burns there is apt to be congestion of the

brain, and the thoracic and abdominal viscera. The lymph nodes and

the lymphatic tissues throughout the body may be swollen and the seat

of eiidothelial cell proliferation and necrosis. There is usually albumi-

nous degeneration of the liver and kidneys ; the spleen is swollen and
the seat of focal necrosis. Focal necrosis in the bone marrow has been

noted. There may be capillary thromboses, interstitial hemorrhages in

the kidney, and leucocytosis. These lesions indicate the presence of

toxic substances in the body fluids, and thus the general condition may
be regarded as an instance of auto-intoxication.

2

Secondary lesion are not infrequent after severe burns. There may
be oadema of the glottis, pseudo-membranous inflammation of the larynx
and trachea, pneumonia, ulceratiou of the duodenum, and pyaemia with

infarctions in the lungs, liver, spleen, and kidneys.

Sudden Death.

Some forms of sudden death from violence have been already consid-

ered. Aside from these, by sudden death, in the ordinary sense, is usually
meant "the rapid and unforeseen termination of a latent acute or chronic

disease." We shall not consider here sudden death either from violence

or poisoning or in well-defined and evident acute or chronic diseases: it

will be practicable only to enumerate some of the more common condi-

tions under which sudden death may occur and first in the adult.

Circulatory System. Heart fatty degeneration, chronic myocardtiis,
abscess of the myocardium, rupture, lesions of the coronary arteries,

endocarditis, and pericarditis. Blood-vessels arterio-sclerosis, aueu-

rysms especially intracranial, intrapericardial, abdominal, and pulmo-
1 For a study of sudden death following severe burns, consult Silbermann, Yircli.

Arch., Bd. cxix., p. 488, 1890. Bibliog.
2 For a study of the visceral changes following extensive burns, consult Banleen,

Jour. Exp. Med., vol. ii., p. 501, 1897, Bibliog. ^fcCrae. Trans. Ass. Am. Phys., vol

xvi., p. 153; also, Locke; Boston Med. and Surg. Jour., October 30, 1903, Bibliog
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nary ; rupture of the aorta, cougeuital narrowness of the aorta, throm-

bosis aud embolism of the pulmonary or cerebral arteries.

Brain haemorrhage, meningitis, abscesses, and tumors. Very slight

injuries of various parts of the body have been followed by sudden

death, probably through inhibition. Syncope or shock may terminate

in death.

Respiratory System. Foreign bodies lodging at the entrance to the

larynx are not infrequently followed by immediate death without evi-

dence of asphyxia. (Edema of the glottis, oedema of the lungs, hyper-

trophy of the thyroid, mediastinal tumors, pleurisy, and pueumothorax

may lead to sudden death.

Abdominal Viscera. Rupture of visceral abscesses; perforation of

ulcers of the gastro-intestiual canal; rupture of the spleen, especially
if the latter be enlarged as in malaria; extra-uterine gestation, retro-

uterine hsematocele, and rupture of the uterus, are among the lesions not

infrequently leading to sudden death.

Sudden death is frequent in diabetes, in various forms of kidney
lesion and in alcoholism, and in association with the so-called lymphatic
constitution.

'

Sudden death in young children is most often associated with disorders

of the respiratory system, thus differing from adults, in whom lesions of

the circulatory system are of the greatest significance. Brouardel attrib-

utes sudden death in children usually to one of five principal causes

syncope, convulsions, asphyxia, pulmonary congestion, and intestinal

disorders. A large thymus with the lymphatic constitution is frequent
in cases of sudden death in young children.

2

1 See Swing, New York Med. Jour., July 10th, 1897. Bibliog.
2 For further details on sudden death consult Brouardel,

" Death and Sudden Death,"
English translation, 1897; also Ewing, in Peterson and Haines Text-book of Legal Medi
cine, 1908.

4



CHAPTER III.

GENERAL METHODS OF PRESERVING PATHOLOGI-
CAL SPECIMENS AND PREPARING THEM FOR
STUDY.

IT is not our purpose in this section to give a complete account of

the technical procedures required in the study of pathological specimens,

since the methods are for the most part identical with those employed in

the study of normal tissues, with which the student or practitioner is pre-

sumably already familiar. We wish simply to give a few brief hints as

to the most useful methods for the ordinary purposes. Additional sug-

gestions will be found in parts of the book dealing with special tissues

and organs; but for the technical details of many methods which are in-

valuable for special purposes, one may consult the "Pathological Tech-

nique
" of Mallory and Wright.

The Study of Fresh Tissues.

Although for the most part the conditions for the minute study of

tissues are more favorable after these have been fixed and hardened by
a suitable chemical agent, it is yet in many cases very important to ex-

amine them in the fresh state. For this purpose they may be teased

apart in a one-half-per-ceut solution of sodium chloride and mounted
and studied in the same. Sodium chloride is also useful for the separa-
tion by dilution of the structural elements of fluids such as exudates, pus,
etc.

Rapid Fixation and Frozen Sections.

A rapid fixation and development of detail in structural elements in

fluids may be secured by allowing a drop of formalin to run under the

cover glass and mingle with the salt solution, the flow being directed by
a bit of filter paper put close to the edge of the cover glass on the side

opposite to that on which the fixative is added. The formalin may be
washed out by water and the latter replaced by dilute methylene blue
for staining.

When an immediate diagnosis of a solid tissue is required, useful

results may sometimes be obtained by a combination of the freezing
method with the use of formalin as a fixative as suggested by Culleu.

1

1

Cullen, Johns Hopkins Hospital Bulletin, April, 1895.
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Any form of freezing microtome and either ether or liquid carbonic acid

may be used.

Cullen's procedure is as follows: The frozen sections are put in afive-

per-cent watery solution of formalin for from three to five minutes;
in fifty-per-cent alcohol for three minutes; in absolute alcohol for

one minute. They are now washed in water, stained with hsematoxylin,
decolorized in acid alcohol (one-per-cent hydrochloric acid), rinsed in

water, contrast stained and dehydrated with eosin alcohol, cleared with

creosote or oil of cloves, and mounted in balsam. The tissues shrivel

considerably by this method. The disintegration of the sections and

especially the considerable shrinkage which they undergo on treatment

with alcohol, may be largely obviated by spreading the sections, as they

thaw, on an albumin fixative film upon a cover glass or slide see below

and conducting the hardening and staining manipulations with the

specimen in position upon the glass.

Hodenpyl
' has found that, when time permits, satisfactory results

are secured by placing very small pieces of the fresh tissue for an hour

in five-per-cent solution of formalin
; then, after washing out the forma-

lin, making frozen sections in the usual way. The sections are now

dropped for a moment into a solution of egg albumen of the following

composition :

Egg Albumen .10

Sodium Carbonate .... ... 1

Water 30

Add a lump of camphor to prevent decomposition.

The sections are now spread on the slide, the excess of fluid being
drained off, and are pressed against the glass with a bit of fine cheese

cloth. They are finally fixed in place by a short immersion in strong
alcohol. The section, now fast on the glass, is stained and mounted, in

situ. This procedure, which can be carried out in a little more than an

hour, gives a fair chance for an early morphological diagnosis in solid

tissues, though the minute structural details are often much altered.

Fixation : Hardening and Preservation.

ALCOHOL is the most commonly employed fixative and hardening

agent for routine purposes. It is used in the strength of from eighty to

ninety-five per cent at first, the pieces of tissue to be hardened not being

larger than 1 or 2 c.c. There should be in bulk many times as much
alcohol as of tissue to be hardened. A little absorbent cotton may be

placed in the bottle to keep the blocks of tissue from sticking to the

bottom. After twenty-four hours the alcohol should be renewed. On
the third day the tissue is transferred to ninety-seven-per-cent or to

absolute alcohol for completion of the hardening, which will usually be

within five or six days.

'Hodenpyl, "A Modification of Cullen's Method of Preparing Fresh Sections for

Microscopic Work," Medical Record, March 5, 1898.
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While for many purposes other and more delicate methods of harden-

ing tissues are to be recommended, alcohol is most useful for most solid

tissues in which bacteria are to be sought : for such specimens as are not

quite fresh and in which the process of decay is to be immediately

checked, and in general for tissues in which the determination of topo-

graphical features for diagnostic or other purposes is the chief end in

view.

FORMALIN, or formol, is the trade name for a forty-per-cent aqueous
solution of formaldehyde. In diluted solutions it is a valuable fixative

for delicate tissues. It is most commonly used in a solution of 5 parts

(of the commercial formalin) to 100 of water. The fresh tissues, in

small pieces, are put in this solution for forty-eight hours, the fluid

being renewed at the end of twenty-four hours. They are then trans-

ferred to sixty-per-cent alcohol for twenty-four hours, and the harden-

ing is completed with strong alcohol.

MULLER'S FLUID which has been much used as a hardening agent
has the following composition :

Potassium Bichromate, 2 parts
"

Sulphate, Ipart
Water 100 parts

Miiller's fluid is now most often used in combination with other

fixatives.

Thus Orth's Fluid, which is Miiller's fluid to 100 parts of which 10

parts of comrnerical formalin are added, is a most valuable agent for

fixing and hardening delicate cells. The mixture should be made at the

time of using because it soon changes. The pieces of tissue should be

small, the fluid largely exceeding the tissue in bulk. The hardening is

completed in three or four days, when the specimens should be thor-

oughly washed and preserved in eighty-per-cent alcohol.

OSMIC ACID is of great value, especially in combination, for the

hardening of small portions of delicate tissues, since it serves to fix the

elements in a nearly normal condition and stains them brown or black.

Osmic acid stains fat black and on this account is a valuable agent for

the detection of this substance in the tissues. It is generally used in

one-per-cent aqueous solution, the tissues, in very small pieces and when

quite fresh, being placed in it and allowed to remain for twenty-four
hours. They are now washed thoroughly in water and may be preserved
in eighty-per-cent alcohol.

Flemming's Osmic Acid Mixture. For the purpose of fixing delicate

tissue elements to show minute structural detail, such as mitotic figures,

this mixture is of great value. It is made of

One-per-cent solution of Chromic Acid, . . . . .15 parts

Two-per-cent solution of Osmic Acid, 4 "

Glacial Acetic Acid 1 part

This mixture does not keep well, and hence should be made up in small

quantities. Small portions of tissue should soak in the mixture for
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twenty-four hours, then, after thorough washing in water, they are put
for twenty-four hours in seveuty-per-cent alcohol, and then in strong

alcohol, in which they are kept.

CORROSIVE SUBLIMATE. This is a most excellent fixative for deli-

cate structures. A convenient form is Lang's Solution. Its formula is:

Mercuric Chloride,
(

. .5 gms.
Sodium " 6 "

Ilydric Acetate, Glacial, 5 c.c.

AVater, 100 c.c.

The tissues should remain in sublimate solution, as a rule, not longer
than from one to three hours.

Specimens fixed in sublimate develop a mercurial precipitate, do not

stain well, and become brittle unless the excess of sublimate is removed.

This can be largely done by prolonged washing in running water. But

it is much more easily and certainly accomplished by the chemical action

of dilute iodine solution. The specimen is removed from the sublimate

mixture and put at once into seventy-per-cent alcohol. To this is added

from time to time a sufficient quantity of saturated alcoholic solution of

iodine (or tincture of iodine) to give the alcohol a moderately deep
iodine color. At first this color gradually disappears, and the iodine

solution should be repeatedly added until the color persists. The speci-

mens are now transferred to seventy-per-cent alcohol, and after twenty-
four hours, to strong alcohol.

Zenker^s Fluid is a good fixative and acts rapidly. It is a combina-

tion of Miiller's fluid and corrosive sublimate with acetic acid. Its

formula is:

Potassium Bichromate, . . . ... . .2 parts

Sodium Sulphate, . . . . . . . . . 1
'

Mercuric Chloride, . . . .*...' . . . . 5
"

Hydric Acetate, Glacial, . . . . . . . . 5 "

Water, ... . . < . . . . . 90 "

The acetic acid should be added at the time of using, since the com-

plete mixture readily decomposes. Small pieces of tissue may be har-

dened in this solution in from twenty-four to forty-eight hours. They
should then be carefully washed and preserved in eighty-per-cent alcohol.

The use of iodine to remove the excess of sublimate, as described under

Lang's solution above, is desirable here also.

Pathological specimens which occur, or are isolated in the form of

membranes, should be stretched with pins on a piece of wood or flat

cork before being immersed in the preservative fluids. Minute struc-

tures, such as occur in exudates from the mucous membranes and in

cyst fluids, renal casts, etc., may be hardened in Fleniming's osmic acid

mixture or in formalin followed by alcohol. Under these conditions re-

newals or changes of the fluids may be effected in tubes by the use of the

centrifugal machine. The specimens may finally be preserved in eighty-

per-cent alcohol.
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Decalcifying.

Bones which are the seat of lesions, and calcified tissues, must be

freed from lime salts before thin sections can be made.

Tissues which are to be decalcified should be in small pieces and first

well hardened in alcohol or in Orth's fluid.

Eapid decalcification may be secured by the combination with nitric

acid of phloroglucin, the latter agent preventing the swelling of the tissue

elements. One gram of phloroglucin is dissolved with gentle heat in 5

c.c. of nitric acid. This solution, when effervescence has ceased, is of a

ruby-red color. To this are added 70 c.c. of strong alcohol and 30 c.c.

of water. This solution deteriorates with age. Small pieces of bone or

other tissue are suspended by thread in relatively large quantities at

least twenty times the bulk of the specimens of this fluid. In from one

to twenty-four hours, depending upon the size of the piece of bone,

the decalcification is usually complete. The specimen is now washed

thoroughly in running water
; put for twenty-four hours in eighty-per-

cent alcohol and then in strong alcohol. Bone decalcified in this way
may be stained with haematoxylin and eosin.

Embedding and Section Cutting.

EMBEDDING.

Some dense tissues, after being well hardened, are sufficiently solid to

permit of thin sections being made from them without further prepara-

tion, but in most cases very thin sections cannot be prepared without fill-

ing the interstices of the tissue with some embedding material, which

gives it greater consistence and holds the tissue elements firmly in their

natural relations to one another, while the section is being made. Cel-

loidin and paraffin are the most generally useful materials for this

purpose.

CELLOIDIN, a non-explosive, purified form of gun-cotton, is best ob-

tained in the form of thin shavings, since in this form it is most easily

dissolved. A six-per-cent solution is made in equal part of sulphuric
ether and strong alcohol. The specimen in small pieces is soaked for

twelve hours in this celloidiu solution, diluted with an equal amount of

the mixture of alcohol and ether, then for twelve hours in the six-per-

cent celloidin solution. If the specimen be small and require but little

support, it may now be laid directly on the end of a small block of wood
or cube of glass or vulcanite, and a few drops of celloidiu poured around
it. In most cases, however, it is better to make a small paper box, in

which the specimen is placed in a proper position, and the celloidin

poured in around it so as completely to enclose it. In either case a con-

siderable quantity of celloidin should be poured around the specimen,
since the celloidin shrinks considerably in hardening. The paper box

may be made by winding a strip of thin paper around the end of the
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supporting block, allowing it to project for a sufficient distance beyond
the end. The paper is held in place by a rubber baud. We have thus

a cylindrical box with a solid bottom projecting below it by which the

whole can be held in the clamp of the microtome.

After the specimen, either free on the end of the block or in its box,

is surrounded by celloidin, it should be allowed to stand for a short time

exposed to the air, so that the celloidin may harden on the outside by the

evaporation of the ether. If the temperature be high, the too rapid

evaporation of the ether will cause bubbles to appear in the mass. This

should be avoided by covering the specimen with a bell-jar. After the

celloidiii mass has acquired sufficient hardness on the outside to keep its

shape, the whole should be placed in eighty-per-cent alcohol, in which

the celloidiu will harden and acquire a sufficient consistence for cutting
in a few hours. When this is accomplished the paper may be stripped

off, and .the specimen is ready for sectioning.

After the sections have been cut they may be stained in the usual way
(see below) and mounted in glycerin or balsam. If mounted in balsam,
the oil of origanum cretici is used for clearing.

The uncut portion of tissue may be preserved, embedded in celloidin,

by keeping it in eighty-per-cent alcohol. It is better, in permanent

preservation of uncut celloidiu-embedded specimens in bulk, to cut them
off from the wooden blocks, since alcohol extracts from these a dark

resinous material which colors the specimen and interferes with the

staining of sections. If glass or vulcanite blocks be used, the whole may
he kept in alcohol.

Stepanoic has recently devised a more rapid procedure in celloidin

embedding. The celloidin solution is made by the following formula, a

few day being required for dissolving :

Celloidin, . . 15 gm.
Oil of Cloves, . . . . .... . .50 c.c.

Ether, .

'

. . 200 "

Absolute Alcohol, . . . . . .
- ... 10 "

The hardened specimen is transferred from strong alcohol to a small

portion of the solution in a closed bottle. In from three to six hours a

small piece of ordinary tissue is usually impregnated. It is then put in

position on the mounting block and placed in pure chloroform. In this

the proper consistency for section cutting is secured in from two to three

hours, after which the whole is transferred to eighty-per-cent alcohol.

If the specimen remaining after sections have been secured is to be kept,
it should be removed from the block and placed in chloroform.

For further details of this method, see the original description.
'

PARAFFIN. For some purposes, especially when extremely thin

though not large sections are required, paraffin embedding is almost in-

dispensable. The sections of tissues thus embedded may be cut exceed-

ingly thin (2 to 3 /;., or even 1 //, with the Miuot-Blake microtome) and

1

Stepanow, Zeitschr. f. wissenschaftl. Mikroscopie, Bd. xvii., p. 185, 1900.
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when these are fixed to the slide aiid appropriately stained, the condi-

tions for the study of cytological details are more favorable than by any

other method. For the paraffin technique the specimen should be small,

say c.c. as a maximum limit. The specimen, freed from the preserva-

tive fluid, is dehydrated by graded alcohols as follows: thirty per cent,

fifty per cent, seventy per cent, eighty-five per cent, and finally ninety-

five per cent, remaining in each of these alcohols for two or several

hours, and is then placed in absolute alcohol. Complete dehydration of

the specimen is indispensable, for if the slightest trace of water be left

in the specimen, shrinkage or other artificial changes in the tissues are

apt to occur, when the specimen is transferred to the clearing media

preparatory to immersion in the melted paraffin.

When the specimen is thoroughly dehydrated by absolute alcohol, it

may be put in xylol or oil of cedar, remaining in this until it sinks and

becomes clear. It is .then immersed in a small dish or glass box of

melted paraffin, kept in a constant temperature bath held at 52 C.,

where it remains until completely permeated by the paraffin. It is best

to use paraffin which has a melting-point of 50 C. After the specimen
has remained for a while in the first dish of melted paraffin, it is trans-

ferred to a second and then to a third dish of the same, in order to re-

move any clearing oil remaining in the specimen. The length of time of

the paraffin immersion depends upon the size and density of the speci-

men; usually one-half hour is sufficient for small, soft, or porous frag-

ments; an hour or one and a half hours for larger and denser tissues.

A longer period of immersion may interfere with the finer structural

details of the tissues.

A small paper box considerably larger than the specimen itself is

filled with melted paraffin, and with a warm needle or forceps the speci-

men is transferred to the paper box and set in its proper position in the

bottom, so that the surface to be cut lies against the bottom of the box.

In order to avoid the slow cooling of the paraffin around the specimen in

successive layers, which prevents the formation of a homogeneous mass,

the paper box with its contents is quickly cooled by being put into cold

water, even iced water. When the paraffin block is hard, it is fastened

with paraffin on to one of the various discs belonging to the paraffin

microtome, trimmed so as to have a rectangular cutting surface, and
sections are cut with a dry knife. In order to stain these sections,

the paraffin must be removed from the interstices; this maybe done with

xylol. But when the supporting paraffin is removed from the sections

they are liable to fall to pieces during the further staining and other

manipulations. The only practical plan therefore with the great major-

ity of paraffin sections is to affix them to a slide and carry them in this

way through the various staining and mounting procedures.
The best way of affixing delicate paraffin sections to a slide is by

means of a thin film of albumen. Equal parts of white of egg and gly-
cerin are thoroughly stirred together, filtered through paper, and a
small amount of carbolic acid is added to prevent the growth of micro-
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organisms. A very small drop of this albumen mixture is placed on one

end of the slide, and with the ball of the finger or a fold of cloth, it is

spread over the rest of the slide in as thin a film as possible. While this

scarcely perceptible film of albumen fixative is still moist, the paraffin

sections or the ribbons of serial sections divided into proper lengths, are

laid upon the film and gently tapped down flat with a small camel's-hair

brush or the finger-tip.
'

The slide with the attached paraffin sections is now heated over a

flame, warmed just sufficiently to begin to melt the paraffin ; this is a very
delicate point in the operation. Just enough heat must be used to melt

the paraffin and no more. If the slide be heated beyond this point, the

sections may be shrunken or completely ruined. While the slide is still

warm, it is plunged into a jar of xylol, oscillated to and fro a few sec-

onds, then placed in a jar of absolute alcohol, then passed through a

series of jars containing diifereut strengths of alcohol ninety-five per

cent, seventy per cent, fifty per cent, and thirty per cent, remaining a

few minute in each, and finally into water. Now the sections upon the

slide may be stained in whatever way desired, carried up through the

graded alcohols to absolute alcohol, then cleared in xylol or other clear-

ing media, and mounted in balsam.

Tightly covered cylindrical jars the Coplin jar is excellent or wide-

mouthed bottles are used for the better manipulation of paraffin sections,

the whole slide being dropped into the receptacle for staining as well as

for the dehydration and clearing.

SECTION CUTTING.

This may be done in an emergency by the free hand with a razor

ground flat on the lower side, but better sections can be obtained by
means of a microtome, and practically all section cutting for microscop-
ical purposes is done by some form of this instrument. One of the

most useful of these is Thoma's. The Schanze microtome is also well

adapted for general work, as are some of the American instruments

made on the same plan. For cutting sections of tissues embedded in

paraffin, and especially for serial sections, the Minot microtome of the

improved form the Blake-Miuot microtome can, in skilled hands, cut

sections 1 // in thickness is excellent.

1 Not infrequently very thin paraffin sections curl or become corrugated as the}'
leave the knife, so that it is difficult to place them flat upon the fixative film. Should
this occur, a few drops of water may be spread out in a thin layer over the albumen
film while it is still moist on the slide, and the whole slide, with the layer of water upon
its surface, is very gently heated over the flame just sufficiently to soften but not to

melt the paraffin. If the sections are then floated on the warm layer of water, they will

uncurl and flatten out. The water is then drained off, when the flattened sections will

lie flat upon the fixative film and remain fastened there. All traces of the water are

now allowed to evaporate in the air; or, the evaporation of the water may be hastened

by exposure to a temperature four or five degrees below the melting-point of the

paraffin.



58 PRESERVING AND PREPARING PATHOLOGICAL SPECIMENS.

Methods of Staining.

Sections of hardened tissues may be stained for microscopical study
in a variety of ways, but for routine work the double staining with

hsematoxylin and eosiu is most generally useful, and is applicable to

nearly all cases.

H^MATOXYLIN solution (Delafield's) is prepared as follows: To 100

c.c. of saturated solution of ammonia alum add 1 gram of hsematoxyliu

crystals dissolved in 6 c.c. of ninety-five-per-cent alcohol. This solution

is exposed to the light for a week, the color meanwhile changing from a

dirty red to a deep bluish-purple color.
1 Then 25 c.c. each of glycerin

and wood naphtha are added. This mixture is allowed to stand for a day
or two and is then filtered, and the filtration is repeated at intervals until

a sediment no longer forms.

The solution is now ready for staining, the best results being obtained

by diluting the fluid with from ten to twenty times its bulk of water.

The sections are immersed in the fluid, and allowed to remain until they
have acquired a distinct purple color which persists after rinsing in

water. They are now placed for a moment in a dilute alcoholic solution

of eosin, and then mounted in glycerin which has been colored lightly

with an alcoholic solution of eosin. In this way the nuclei of the cells

will be stained of a purple color, while the cell bodies, and to a certain

extent the intercellular substance, will be colored a light rose-red.

If specimens are to be mounted in Canada balsam, they are stained

with hsematoxylin as before, and the eosin staining is done by tinging,

with a saturated alcoholic solution of eosin, the alcohol with which the

final dehydration of the specimen is accomplished. A similar result

may be obtained by tinging the oil of cloves or origanum with which the

clearing of the sections is effected.

Iron Hcematoxylin (Heidenhain's). Sections are soaked for an hour
in a two-per-cent solution of ammonia sulphate of iron, then rinsed with

water and put for an hour in a one-half-per-ceut aqueous solution of

hsematoxylin (prepared by heating) ; again rinsed and put again in the

iron solution, in which the color gradually fades. The section must be

watched during the process of the differentiation which takes place in

the iron solution, and when this is accomplished to a proper extent the

section is thoroughly washed in running water and mounted in the usual

way. This method is especially valuable for the study of nuclear struc-

tures, the color of these ranging from blue to black, depending upon the

length of time of immersion in the stain and the grade of differentiation.

By the use of this method, micro-organisms may be stained black, and
in this condition are, as Learning has shown, well fitted for the purposes
of photomicrography.

1 The time required for this
"
ripening

" of the solution may be spared by the use of
hsematin in the place of hsematoxylin.
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PICRO-ACID FUCHSIN ( Van Gieson's Stain}. This double staiu, first

suggested by Van Gieson, especially for the nerve tissue, has wide ap-

plications in both normal and pathological histology, and is most useful

when following a deep hsematoxylin stain.

It colors the fibrillated connective-tissue fibres and the neuroglia in

general a bright or garnet red, and also the axis cylinders and ganglion
cells. Myelin, muscle fibres, and certain other cells are stained yellow,

while the nuclei after the haematoxylin stain are brownish-red in color.

Van Gieson 's stain is also of value, although its limitations in this par-

ticular are not yet fully determined, as a coloring-agent for hyalin,

amyloid, colloid, and muciii in the tisues. As a differential stain for

fibrillated connective-tissue fibres it is of value in the study of various

tumors and especially of the sarcomata.

It is commonly prepared in two strengths, the stronger for use espe-

cially in nerve-tissue staining, the weaker for general purposes. The
formulae and method of using as suggested by Freeborn 1

are as follows:

Picro-acid Fuchsin.

Stronger solution

One-per-cent aqueous solution Acid Fuchsin, . . .. . 15 c.c.

Saturated aqueous solution Picric Acid and Water, . each 50 "

Weaker solution

One-per-cent aqueous Acid Fuchsin, . . . . 5
"

Saturated aqueous solution Picric Acid, . . / . , . . 100 "

^The tissues may be hardened either in alcohol, or in Orth's fluid, or

in formalin.

Sections are first stained deeply with haematoxylin, washed in water,

and put into the staining fluid, in which they remain for varying periods,

depending upon the tissue and the strength of the stain, but in general
from one to five minutes. The sections are now rapidly dehydrated by
alcohol, cleared with oil of origanum, and mounted in balsam.

MALLORY'S ANILIN BLUE STAIN. This stain is especially useful in

bringing out in blue the fibrillae and reticulum of connective tissue,

though various hyaline substances are similarly colored. The nuclei,

protoplasm, elastic fibres, axis-cylinders, neuroglia-fibres, and fibrin are

stained red
;
while red blood cells and myelin-sheaths are yellow.

The details of the method are as follows :

*

1. Fix in corrosive sublimate or in Zenker's fluid.

2. Embed in celloidin or paraffin.

3. Stain sections on a 1.20 to 1.10 of a oue-per-cent aqueous solution

of acid fuchsin one to three minutes.

4. Wash in water.

1

Fi-eeborn, Transactions New York Path. Soc., 1893, p. 73.
2 See Mallory and Wright, Pathological Technique, 1901, p. 304.
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5. Place iii a oiie-per-cent aqueous solution of phosphoinolybdic acid

for one minute or longer (use glass or platinum).

6. Wash in two changes of water.

7. Stain in the following solution for five to twenty minutes.

Auiline blue soluble in water (Griibler) . . .- . 0.5

Orange G. (Grii bier), . ... . . 2.0

Oxalic acid . . . . . . . . 2.0

Water, ..... . . 100.0

8. Wash in water.

9. Dehydrate in ninety-five per cent alcohol.

10. Blot on the slide, and clear in xylol, or clear in oleum origani

cretici.

11. Xylol balsam.

.METHYLENE BLUE is a useful stain for many purposes. The tissues

may be hardened in Zenker's or Orth's fluid. Unna's polychrome methy-
lene blue is made by adding one part each of methylene blue and potas-

sium carbonate to one hundred parts of water. This should stand for

several weeks before use. The section is overstained and then decolor-

ized as follows : Stain for fifteen minutes or longer; rinse in water, de-

colorize in one-half-per-cent acetic acid or in alcohol ; clear in xylol.

Tliiouin or toluidin blue gives similar results. By the use of these stains

the bodies of plasma cells (see p. 103) are colored bluish-violet, the

nuclei blue. The granules of "mast cells" are stained red if the tissue

be hardened in alcohol or Zeuker's fluid, bluish if hardened in Orth's

fluid.

Methods of Preserving Specimens for Gross Demonstration
and for Museums.

When specimens of abnormal tissues or organs are to be preserved
entire for exhibition in jars in a museum, the superfluous parls are first

removed and the requisite dissections made. Then they are carefully

placed in the position and form which it is wished to preserve, by stuff-

ing with- horsehair or absorbent cotton and by the use of thread. When
thus carefully adjusted they are either suspended or laid on a wad of

absorbent cotton in sixty to eighty-per-cent alcohol, or in five-per-cent
formalin solution. In this they usually become hard, and finally, after

the removal of the temporary stuffing and braces, are transferred for

permanent exhibition to fresh, clear, eighty-per-cent alcohol, or in case

of formalin hardening to a fresh solution of the formalin, to which, if

the jar is likely to be exposed to cold, a little glycerin is added to pre-
vent freezing. This description applies especially to such specimens as

have cavities to distend or display.
The more simple specimens, such as the solid A

r

iscera, tumors, etc.,

may be washed and hardened in sixty-per cent alcohol or in formalin

solution.
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In many cases an excellent hardening is obtained by injecting the

preservative fluid through the blood-vessels. The lungs are well hard-

ened by pouring the fluid through the trachea into the air spaces.

Finn-walled cysts of various kinds are well preserved in a condition

of distention by drawing off the natural contents through a fine canula

and refilling with, and immersing in, formalin solution. Delicate cysts,

such as echinococcus cysts, small embryos in their membranes, cystic kid-

neys, etc., may be preserved in a nearly natural condition in formalin.

Kaiserling's Method of Fixing Natural Colors in Museum
Specimens.

'

i. Fixation for one to five days in:

Formaldehj'de . .... . . 200 c.c.

Water . ... . . . . . 1000 "

Nitrate of potassium . , . . .15 grains
Acetate of potassium . . . . . . 30 "

Change the position of the specimen frequently. The time of fixation

varies with the tissue or organ and size of the specimen.
2. Drain and place in eighty-per-cent alcohol one to six hours, and

then in ninety-five-per-cent alcohol for one to two hours, to restore the

color, which is somewhat affected in the fixing solution.

3. Preserve in:

Acetate of potassium, . ... . . 200 grams
Glycerin '.- . . 400 c.c.

Water . ... 2000 "

Since exposure to light reduces the color contrasts the specimen should

be prepared and kept in the dark.

The Importance of Careful Fixation and Preservation.

We would most urgently commend to the reader the importance of

putting pathological specimens which are to be hardened and subse-

quently examined microscopically, at the earliest possible moment into

the preservative fluids, which should always be abundant. Furthermore,
when specimens are large it is very desirable to cut them open, so that

the fluids may come into direct contact with the tissues. It should be

borne in mind that immediately after death or the removal of parts from
the body, especially in warm weather, changes commence in the tissues

and progress very rapidly, so that in some cases a few hours' or even a
few moments' delay will not only render subsequent microscopical exam-
inations difficult and unsatisfactory, but may lead to serious errors. Al-

cohol, and five-per-cent formalin are the most generally useful agents.
Carbolic acid and glycerine should not be used, even for the temporary preser-

'See Mallvry and Wright: "Pathological Technique." 1901, p. 360.
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vation of fresh tissue. They not only do not harden and preserve the

tissue elements, but they especially glycerin render them almost use-

less for microscopic examination.

The not uncommon practice of wrapping a specimen in a cloth soaked

in alcohol or carbolic acid, and permitting it to remain in this for hours

or days, is of no use whatever in preserving specimens of which micro-

scopic examinations are to be made. Almost equally useless is the too

common practice of placing a specimen in a bottle which it nearly fills,

and pouring a little preservative fluid around it. Not only should the

proper fluids be used, but these should be abundant, and the specimen
so prepared and arranged that they may come into direct contact with it.



PART II.

GENEKAL PATHOLOGY.





INTRODUCTION.
THE successful pursuit of pathology the science which treats of

disease depends largely upon the clearness and accuracy of the stu-

dent's knowledge of normal anatomy and normal physiology.

Leaving aside as not indispensable, and at present not attainable, an

accurate definition of life, it is important constantly to realize that the

normal living body is a complex and delicate mechanism incapable of

creating new forces but able, by means of its cellular and molecular or-

ganization, to accumulate or store energy derived from without, releas-

ing this under fixed and definite conditions. This storing of energy is

possible by means of the capacity of living body-cells to build up com-

plex molecular combinations. These, owing to their instability, may be

readily resolved into less complex and more stable combinations with

the release of the stored-up energy. This it is which makes possible all

expression of life.

Many of the earlier views concerning life and death and health and

disease, which have long since given way to more accurate conceptions,
still hold a certain sway among the thoughtless, perpetuated by tradi-

tional forms of speech. One of these is that disease is an entity, some-

thing foreign to the body which may enter from without, and with which

the body may struggle and fight, which it may conquer or to whose rav-

ages it may succumb. It will be wise for the student constantly to re-

member that disease is not a thing, but a process. It is an abnormal

performance of certain of the functions of the body. This may or may
not be associated with appreciable morphological alterations of the body
structure. It is those agencies and conditions to which the body has

not adapted itself, which, swaying its normal capacities now one way and
now another, induce the functional aberrations and structural alterations

by which disease is manifested.

It follows from this that the functional abnormalities and the struc-

tural alterations which make up the signs, symptoms, and lesions of dis-

ease involve the expression of no new functional capacities which the

normal body does not possess. These may be diminished or exalted,

they may be perverted or abolished ; or the cells may now and then re-

vert to forms and to phases of activity which the body has long since

outgrown or largely suppressed in its slow adaptation to conditions of

life which now constitute the normal. But the body in disease manifests

no new functions, develops no new forms of energy, reveals no new ca-

pacities.

Thus, if pathology is to be for the student or the practitioner any-

thing but a mass of more or less useful facts, he must learn to correlate

5
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its data with the facts and laws of normal morphology and normal phys-

iology. While he should be conscious always on the one hand of the

invisible molecular changes which underlie the manifestations of energy,
and on the other will not ignore the details of gross morphology, his at-

tention will be most constantly drawn to the cells as the life units upon
which ultimately both the form and function of living things depend.
He will realize that as the cells of the normal body are what they are in

form and in function because of the conditions under which they have

been slowly evolved, and are at the moment placed ;
so when the condi-

tions change and become abnormal, it is to the cells that he must look

for an understanding of the aberrations and disturbances by which we

recognize disease.

In normal physiology attention is most keenly centred to-day upon
the structure and performances of cells as the field richest in the prom-
ise of significant revelations. So, also, in pathology by similar methods

and with equal persistence must the structure and performances of cells

under abnormal conditions be studied if we are to hope with reason for

a clearer comprehension of disease. This has long been recognized, and
to the conception of the pathological processes as essentially cellular

processes are due the great advances which this phase of biological science

has made during the past few decades. But the newer knowledge of the

cell, not as a membranous bag nor as a mere lump of protoplasm but as

a complex machine whose various structural features are of the utmost

significance, has greatly widened the field of cellular pathology.
Manifestations of heredity which are displayed in the body as a

whole have long been known. To-day we may and must take account

of the marks of heredity in individual cell life. Not a few of what we
call the aberrances of cells in disease are but the expression of cell traits

and capacities latent in the environment which has become the usual and
therefore the normal, but finding expression as the sway of the body-

organism is released under disturbances of its equilibrium. Thus cells

thrown out of function may in a measure revert in character to less dif-

ferentiated types, and cells long comparatively quiescent may under

varying stimuli assume capacities and forms which they seemed to have

outgrown.
Of course in the pursuit of pathological morphology it is the dead

body and dead tissues with which we are most often engaged. But these

are of special interest only as they reveal structures or indicate processes
which were maintained during life. So that he who can most closely

correlate the knowledge of the living cells with his observations upon
those which are dead will gain most from his morphological studies.

While the pathology of to-day is essentially a cellular pathology,
while it is illuminating and convenient to consider the cells as physio-

logical and structural units, maintaining a certain independence of ex-

istence and function, it is nevertheless true that beyond their mere jux-

taposition in the body, beyond a close mutual dependence upon the

common blood supply and nerve control, there is a subtle and as yet
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little understood transmission of physiological impulses from cell to cell.

Whether this is by protoplasmic continuity or in some other way, we do

not know. But it should not be left out of the account in some of the

more complex and subtle problems which, in health as in disease, the

life of the cell and the life of the body present.

When we study the so-called causes of disease, we should remember

always that underlying the manifestations of disease, as well as sustain-

ing the correlated processes which we name health, are the complex and

ceaseless chemical transformations which in both health and disease

alike supply the energy which sustains all expression of life. So that

what we are wont to call the causes, whether external or internal, of dis-

ease are really not primary causes, but liberating impulses or excitants

which sway and modify the orderly transformations of energy constitut-

ing health with those manifestations of perturbed function or altered

structure, or both, on which our conceptions of disease are framed.

Pathology, then, deals with the disturbances of function and the al-

terations in structure in living beings, induced by unusual agencies and
conditions. The functional disturbances thus induced are embraced as

symptoms of disease in pathological physiology, which so largely dominates

the scientific activities of the physician, and forms the basis for the prac-
tice of his art. The phenomena of pathological physiology are in no

sense opposed to those of normal physiology, but are their inevitable

correlatives when the living body is placed under sufficiently abnormal

conditions. Pathological morphology is concerned with the structural al-

terations of the organism which may result from abnormal conditions.

Pathological morphology deals with both the gross and the microscopic
alterations of structure, and hence embraces both pathological anatomy
and pathological histology.

But alterations in structure are so closely associated with disturbances

in function, and both are so constantly dependent upon the inciting fac-

tors in disease, that an intelligent study of morphology necessitates a

constant consideration of etiology and of certain phases of pathological

physiology.
It is customary and convenient in the study of pathology to consider

together the general or elementary abnormal processes and conditions

and the etiological factors in disease without reference to their special

manifestations in particular organs or parts of the body. This division

of the subject is called General Pathology. Special Pathology deals with

the forms and details of lesions in individual organs or parts of the

body.
The human body is so complex in its organization that the student of

pathology, like the student of normal morphology and physiology, is

under the constant necessity of seeking light through the study of sim-

pler organisms. In our extremely differentiated and intimately co-ordi-

nated cells, many features fundamentally simple are veiled or modified
;

so that we can understand them only when we interpret them in the

light of less advanced forms.
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Thus it is that in the lore of the zoologist and the botanist we may
find the key to obscure and important manifestations of aberrant cell

life. It is in truth through the pursuit of Comparative Pathology that

some of our greatest advances in the conceptions of disease have been

won, and in it lies the brightest promise for the future. In the light of

embryology many obscure pathological processes become plain and many
clews to fruitful research are secured.

Furthermore, so much depends upon the metabolism of the body in

health and disease that it is to chemistry, both physiological and patho-

logical, that the scientific physician looks most eagerly for the solution

of problems which each day become more numerous and urgent.

Finally, we are daily realizing more clearly that in those complex
and subtle processes which we are wont to call vital, such physical fac-

tors as molecular constitution, osmosis and diffusion, gravitation, elas-

ticity and pressure are of the highest significance and cannot in our

studies be wisely ignored.



CHAPTER I.

CHANGES IN THE CIRCULATION OF THE BLOOD.

Hypersexnia and Anaemia.

THERE are several abnormal conditions of the circulation which at

death may either alter considerably or disappear altogether. Among
the more important of these conditions are hypercemia excess of blood

in a part ;
and ancemia deficiency of blood in a part. These and the

conditions which lead to them will not be described in detail in this

book, which has chiefly to do with alterations of the tissue which persist

and may be studied after death. Tissues which have been the seat of

temporary, and sometimes of prolonged, hyperaemia, may not appear
abnormal after death, or they may look redder than normal

; they may
be redematous, and more blood than usual may flow from them when
incised. On microscopic examination the blood-vessels may be normal
in appearance, or more or less distended with blood. Long-continued

hyperaemia may lead to haemorrhage and trausudation, to pigmentation,
to hyperplasia of tissue, or to an atrophy of tissue through pressure,
or even to death of tissue.

The paleness which is characteristic of anaemic tissues may not be evi-

dent after death. Anaemia may lead to no recognizable microscopic

changes. On the other hand, if long continued it may induce atrophy
and fatty degeneration, and, if excessive, may lead to death of tissue.

Haemorrhage and Transudation.

HEMORRHAGE.

Haemorrhage is an escape of blood from the heart or vessels. It may
occur from a rupture of the walls of the vessels, and is then called haem-

orrhage by rhexis. The rupture may be occasioned by injury, by lesion

of the walls of the vessels which renders them too weak to resist the

blood pressure from within, or it may occur from the blood pressure in

the thin and incompletely developed walls of new-formed vessels as in

granulation tissue, tumors, etc.

Under other conditions, without recognizable changes in the vessels,

all the elements of the blood may become extravasated by passing,

without rupture, through their walls. This is called haemorrhage by
(liapedesis. Such haemorrhages are usually small, but may be very ex-

tensive. They occur in the smaller veins and capillaries, the cells and
fluids of the blood passing out through the cement substance between the
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endothelial cells. Although no marked morphological changes have
as yet been detected which explain this extravasation, it is probable
that some change in the nutrition of the walls does occur which renders

them more permeable. Haemorrhage by diapedesis is apt to occur as a

result of A^enous congestion, or when the flow of blood in the smaller

vessels has been suspended for some time; or it may result from the

action of some poison, or from an injury not leading to rupture ;
or it

may occur in incompletely developed blood-vessels, in tumors and other

new-formed tissues.

In the extravasation of blood by diapedesis the white blood cells may
pass through the walls of the vessels, partly at least in virtue of their

amoaboid movements ; the red cells, on the other hand, having no power
of spontaneous movement, are, according to Arnold, carried passively

through the walls by minute currents of fluid which, under the changed
condition, stream in increased force and volume through the endothelial

cement substance into the tissue spaces outside.

The altered condition of the blood-vessels leading to haemorrhage may
be local or general, and in the latter case it may either be congenital, as

in some cases of the hseniorrhagic diathesis, or it may be the result of

a general disease, such as scurvy, purpura, etc. The presence of bacteria

in the vessels, or of bacterial or other poisons in the blood, as in malig-
nant endocarditis and in haemophilia ueouatorum, may induce changes in

the walls of the vessels, leading to extravasation.

Very small haemorrhages are called petechice ; larger, diffuse accumu-

lations of blood in the interstices of the tissues are commonly called ec-

chymoses or suggillaiions. A complete infiltration of a circumscribed por-
tion of tissue with blood is called a hcemorrlwgic infarction. A collection

of blood in a tumor-like mass is called a hcematoma. Sometimes the ele-

ments of the tissue into which the blood escapes are simply crowded

apart ; sometimes, as in the brain, they are broken down.

The extravasated blood in the tissues usually soon coagulates, al-

though exceptionally it remains fluid for a long time. A certain num-
ber of the white blood cells may wander into adjacent lymph vessels, or

they may remain entangled with the red cells in the meshes of the fibrin.

The fluid is usually soon absorbed
;
the fibrin and a portion of the white

blood cells disintegrate and are absorbed. The red blood cells soon give

up their haemoglobin, which decomposes and may be carried away or be

deposited either in cells or in the intercellular substance at or near the

seat of the haemorrhage, either in the form of yellow or brown granules
or as crystals of haematoidin. Sometimes all trace of extravasations of

blood in the tissues disappears, but frequently their seat is indicated for a

long time by a greater or less amount of pigment or by new-formed con-

nective tissue. Occasionally the blood mass, in a more or less degenerated

condition, becomes encapsulated by connective tissue, forming a cyst.

The action of phagocytes (see page 116) in the disposal of dead ma-

terial is here, as it is under a great variety of conditions, an important
factor in the restoration of the body after lesion to its normal conditions.
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HEMORRHAGES IN THE NEW-BORN.

Haemorrhages, sometimes extensive, in various parts of the body

gastro-intestinal canal, mouth, nose, navel, or the viscera are not infre-

quent in the first few days of life. Aside from the occasional discovery
of ulcers in the gastrointestinal walls, the reason for these haemorrhages
is not evident at autopsy. This condition has been called morbus macu-

losus neonatorum. Haemorrhages from the skin, mucous membranes, or

navel may take place in the syphilitic new-born. Haemoglobinuria may
occur in epidemic form in young children.

HEMOPHILIA (Hcemorrhagic Diathesis').

This abnormal condition consists in a liability to persistent haemor-

rhage on the slightest provocation, and is dependent upon some consti-

tutional peculiarity which is unknown to us. It is usually hereditary.
An uncommon thinness of the intima of the arteries has been noticed in

some cases, and other changes have been described
;
but there are no con-

stant lesions associated with the haemorrhages, as yet discovered, which
would satisfactorily account for their occurrence. The haemorrhages may
be traumatic in origin, or they may occur spontaneously from the mu-
cous membranes.

TRANSUDATTON.

Transudation is the passage, through the walls of the blood-vessels

into the interstitial spaces outside, of fluid from the blood, with little or

no admixture of its cellular elements. This occurs constantly, to a cer-

tain extent, under normal conditions, and forms the commencement of

the lymph circulation. But when the amount of fluid passing through
the walls of the blood-vessels is increased, or its outflow into the larger

lymph trunks is hindered so that it accumulates in undue quantity in the

interstices and lymph channels of the tissues, the condition is pathologi-
cal. An accumulation of transuded fluid in the interstices of the tissues

is called oedema ; in the serous cavities, dropsy.

Its occurrence may depend upon some hindrance to the venous circu-

lation or increase of capillary pressure, especially when associated with

alterations in the walls of the blood-vessels or upon changes in osmotic

pressure induced by a reduction in the nutrient efficiency of the blood,

by injuries, or in other ways which may affect the processes of filtration

and osmosis, by which chiefly, it is believed, the normal transudation of

fluids occurs. There is, furthermore, strong and increasing evidence that

the eudothelial cells of the capillaries possess active secretory or other

functional capacities which should be taken account of in the attempt to

comprehend transudation as well as many other pathological phenomena
and lesions. A simple interference with the outflow of lymph does not

1 For a study of lymph formation see Hamburger, Ziegler's
"
Beitrage zur path.

Anat.," Bd. 14, p 443, 1893, for oedema see Meltzer, Harrington Lectures, Univ. of

Buffalo, 1904.
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usually alone suffice to induce

trausudatiou, although it may
favor its occurrence.

The transuded fluid, called

transudate, is usually transparent
and colorless or yellowish ;

it con-

tains the same salts as the blood

plasma, but less albumin. It may
contain fat, mucin, urea, biliary

acids, coloring-matter of the bile;

fibrinogeii is usually present in

variable quantity, and, rarely,

fibrin. It may contain endothe-

lial cells from the lymph spaces,

and a variable number of red and
white blood cells. The amount of

fluid which may accumulate in the

tissues varies greatly, depending

upon whether they are loose or

dense in texture. The fibres and
cells of loose tissues may be

crowded widely apart; the cells

are apt to be more granular than

normal, they may contain droplets
of fluid or they may be atrophied.
Transudates occurring in inflam-

mation usually contain a consid-

erable number of white blood cells and more or less fibrin, and differ in

this from the uon-inflammatory transudations ;
but in some cases there

is no sharp distinction between them. The inflammatory trausudates

are often called exudations or exudates.

FIG. 8. OCCLUDING THROMBUS OF THE ILIAC.

The vessel is laid open, showing the lamellated clot.

Thrombosis and Embolism.

THROMBOSIS.

Thrombosis is a coagulation of blood in the heart or vessels during
life. The coagulum is called a thrombus. Thrombi may lie against the

wall of the vessel, only partially filling the lumen, and are then called

parietal thrombi ; or they may entirely fill the vessel, and are then called

occluding thrombi (Fig. 8).

The thrombus may form first upon the wall, and by more or less con-

tinuous deposit of fresh material, may extend, usually but not always, in

the direction of the blood current, either as a parietal or an occluding or

obstructing thrombus along the vessel or into connecting channels.

Thrombi may occur as the result of an injury to the wall of a vessel,

or may follow its compression or dilatation
; they may result from some

alteration of the wall of the vessel by disease or by the retardation of the
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OK RED THROMBUS.

, and a few

circulation. So long as the eudothelial lining of the vessels is intact,

simple retardation of the circulation does not usually alone suffice to in-

duce coagulation ;
but changes in the en-

dothelium, in a great variety of condi-

tions, such as inflammation, degeneration,

atheroma, calcification, and the presence
of bacteria,

'

tumors, and foreign bodies,

favor its occurrence, especially when as-

sociated with changes in the circulation

or in the character and contents of the

blood. Thrombosis is a not infrequent

complication of the infectious diseases as

well as of the cachectic conditions associ-

ated with various acute and chronic gen- .

eral diseases.

Thrombi may be composed of fibrin

and of red and white blood cells, inter-

mingled in about the same proportion as

in an ordinary extravascular blood clot
Thlsshows

(Fig. 9). These are called red thrombi,

and usually occur from some sudden stoppage of the circulation. Other

thrombi, usually such as form while the blood is in motion, may consist

almost entirely of white blood cells with a little fibrin, or of these inter-

mingled with blood platelets, or they may consist almost entirely of

blood platelets ;
all of these forms are called white thrombi. Red thrombi,

when decolorized by changes in the blood pigment, may somewhat re-

semble genuine white thrombi. Mixed thrombi are usually lamellated

(Fig. 10) and contain varying proportions of fibrin, red and white blood

cells, and platelets. The fibrin fibrils in thrombi, as elsewhere, often

coalesce, forming hyaline masses. A similar change may take place in

the blood platelets.

After a certain amount of shrinkage by which the fluids are squeezed
out and the thrombus becomes denser and drier, the changes which

occur in the thrombus may be either in the direction of degeneration
and absorption or organization. The leucocytes, the fibrin, and the

blood plates may degenerate, forming a granular material which may be-

come infiltrated with salts of lime, forming the so-called phleboliths, or

vein stones. In other cases the thrombi may soften and disintegrate.

This softening may be simple and the result of fatty or other form of tis-

sue degeneration, resulting in a white or reddish or brown grumous
mass, which may resemble, but is not, pus. Or, in many instances,

softening probably occurs through the autolytic processes,
2
initiated and

sustained largely by leucocytes. On the other hand, softening of the

thrombus may be associated with bacteria or other infectious material

1 For a study of the role of micro organisms in the formation of venous thrombi see

Jakowski, Cbl. f. Bak., Abth. I ., Bd. 28, p. 801, 1900, Bibl. Consult also Welch on .in-

fective thrombi, Albutt's "System of Medicine," vol. vi , p. 169.
4 See p. 92.
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with genuine suppuration. In this "purulent" or "septic
"
softening of

the thrombus the risk is great of a distribution of the infectious material

FIG. 10. LAMELLATED THROMBUS.

This is an occluding thrombus. At the right and also above are masses of red blood cells, while the re-

mainder is largely fibrin in layers, indicating successive deposits.

through the circulation. Finally, the thrombus may be replaced, by a new
formation of vascular connective tissue, itself disappearing by autolysis

FIG. 11.- ORGANIZED THROMBUS.

This shows the vascular connective tissue which has replaced the clot, with five new channels through
which the, circulation is re-established.
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as the new tissue is formed. This is called "
organization of the thrombus,

"

but in reality the new connective tissue is produced, not from the cells

of the thrombus itself, but from the cells of

the walls of the affected trunk, from whose

vessels the new blood-vessels of the thrombus

also arise (compare page 104). In this way
the vessel may be completely and perma-

nently occluded, or, more rarely, one of several

channels may be established through the new
connective-tissue mass (Fig. 11).

Thrombi in veins may lead to hyperaemia
and cedema ;

in arteries, to an anaemia whose

significance will vary greatly, depending upon
the situation of the occluded vessel. l

Agglutinative Thrombi.* The recent studies

on agglutination and haemolysis (see p. 190)
have led to the belief that certain thrombi oc-

curring in infectious diseases as well as under

other conditions may arise from the develop-
ment of agglutinative substances in the blood.

Under the action of these substances the red

blood cells may, without the formation of

fibrin, clump together, leading to thrombosis.

Such thrombi are called agglutinative thrombi.

Such thrombi have been repeatedly observed

in typhoid fever and other infectious. In such masses of agglutinated
red blood cells the individual corpuscles

may not be seen, the whole presenting
a hyaline mass. Thus may be formed a

variety of the so-called hyaline thrombi.

Welch 3 has suggested the probability
that under similar conditions leucocytes
also may form agglutinative thrombi.

Hyaline Thrombi. Under a variety
of conditions, but especially in local and

THE BLOOD VES- general infections and in intoxications,

there is present in the capillaries and in

the small arteries and veins a homogene-
ous, translucent, nearly colorless material, partially or wholly blocking
the vessels. This hyaline material, whose origin is still in doubt, has in

some instances a staining reaction similar to fibrin. In other cases hyaline
thrombi are probably special forms of agglutinative thrombi (see above).

1 For a thorough and admirable consideration of the subject of thrombosis and em-
bolism with bibliography, consult Welch, Albutt's "System of Medicine," vol. vi., pp.
155 et seq.

- Consult Flexner " On Thrombi Composed of Agglutinated Red Blood Corpuscles,"
Journal of Medical Research, vol. viii. , p. 316.

3
Welch, Huxley Lecture, Medical News, October 18th, 1902, p. 731.

FIG. 12. AN EMBOLUS LODGED
AT THE POINT OF DIVISION OF AN
ARTERY.

This is a portion of clot which has

been detached from a point above

and swept along the blood current.

It has increased in length by coagu-
lation at its free extremities.

FIG. 13. FAT EMBOL
SELS OF THE LUNG

This followed bone fracture.
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EMBOLISM.

Embolism is the stoppage of a blood-vessel by the arrest in its lumen
of some material carried along in the circulating blood. The mass caus-

ing the stoppage is called an embolus (Fig. 12). This may be composed
of a great variety of substances. The most common emboli are detached

portions of thrombi, and these may have all the variety
of structure which thrombi present. Masses of bac-

teria or other parasites, fragments of the heart valves

and of tumors, droplets of fat from the medulla of

fractured bones (Fig. 13), parenchyma cells,
1 masses

of pigment, bubbles of air, etc., may form emboli.

Embolism is, in a majority of cases, confined to the

arteries and to the branches of the portal vein.

The primary effect of the stoppage of an arterial

trunk is, of course, largely to deprive the region of

the body to which its branches are distributed of its

normal supply of blood. If the branches of the oc-

cluded artery form anastomoses with other arteries

beyond the point of stoppage, a collateral circulation

may be established and the embolus do no harm. If,

however, the occluded vessel be a so-called terminal

artery that is, one whose branches do not form an-

astomoses with other arteries the result of the em-

bolism is quite different. When a terminal artery
is occluded by an embolus, the tissue of the affected

region usually dies, and there may be an extravasa-

tion of blood by diapedesis, leading to the formation of a dark-red,

solidified area, called a hcemorrhagic infarction.
2 The area of infarction

corresponds to the region supplied with blood by the occluded vessel,

and is usually more or less wedge-shaped (Fig. 14).

After a time the infarction becomes decolorized, inflammatory changes
1 The presence of liver-cell emboli in the lung capillaries and in the heart clots after

traumatic rupture of the liver, and in infectious diseases involving local necroses of the
liver has been described by various observers. Emboli believed to be composed largely
of placental cells or of cells from the bone marrow are also described under various con-
ditions. The facts relating to this subject of parenchyma-cell emboli and its alleged
significance may be found summarized by Lubnrsch, Fortschritte der Medizin, Bd. xi.,

pp. 805 and 845, 1893; and by Aficlioff, Virchow's Archiv, Bd. cxxxiv., p. 11, 1893.

Consult also Warthin, The Medical News, September 15th, 1900, Bib!.
* When an embolus lodges in a terminal artery, and the circulation in the territory

supplied by its branches ceases, the pressure from the side of the artery is reduced to

zero- but, on the other hand, according to Cohnheim, the venous pressure now makes
itself felt in a backward direction, and the capillaries and small veins in the affected

region become crowded with blood. This blood is stagnant, however, and the walls of

the small vessels, being deprived of their usual nourishment, undergo, it is believed,

degenerative changes which favor the occurrence of extensive diapedesis. Thus in the

haemorrhagic infarction not only the blood-vessels, but the extravascular tissues also,

are crowded with stagnant blood. The researches of Litten make it seem probable that,
in most cases, the back pressure in the region of infarction comes, not from the veins,
or not from them alone, but from adjacent arterial twigs which communicate with the

capillaries of the affected region.

FIG. 14.- IXFARCTIOXS
OF THE SPLEKX.
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may occur iii its periphery, the blood and involved tissues may undergo

degeneration and be absorbed, and finally the seat of the infarction may
be indicated only by a mass of cicatricial tissue, which frequently con-

tains more or less pigment.
In another class of cases, instead of an extravasation of blood in the

affected region the tissue is simply deprived of nourishment and under-

goes necrosis. The affected area is then usually light in color and is

called a white infarction. Inflammatory changes may occur in its periph-

ery and a new connective-tissue capsule form around it, and the dead

mass may thus persist for some time, or be gradually absorbed and re-

placed by cicatricial tissue. The scope of this book does not permit us

to consider the somewhat complicated and often obscure reasons why in

one case there is hsemorrhagic, in another white infarction, as a result of

embolus.

If the embolic material consists of or contains infectious substances,

such as some forms of bacteria, in addition to the mechanical effects

of simple emboli, we may have gangrene, suppuration, formation of

abscesses, etc., as the result of the local action of the infectious mate-

rial, even though this may be present MI very small amount.

The organs in which embolic infarctions most frequently occur are

the spleen, kidney, brain, lungs; less frequently the heart, retina, liver,

and small intestines. Hsemorrhagic infarctions are not liable to occur in

the liver from emboli in the branches of the portal vein, on account of

the blood supply which may come to the affected region through the

branches of the hepatic artery. On the other hand, embolic abscesses

from infectious emboli are of not infrequent occurrence here. Pfcemor-

rhagic infarctions may occur exceptionally in regions not furnished with

terminal arteries, as in the small intestines.

Cases of aberrant embolism are recorded in which venous emboli have

passed through an open foramen ovale into the arterial system.

Eetrograde transportation of venous emboli has been several times

recorded.
'

1 For details of unusual forms of embolism consult bibliography in Ziegler's "Gen-
eral Pathology," Warthin's translation of 10th Ed., 1903.



CHAPTER II.

ATROPHY, DEGENERATION, PIGMENTATION, AND
NECROSIS.

General Considerations.

THERE are three phases of activity in the transformations of energy
which are characteristic of living cells. These are nutrition, reproduc-

tion, and functional activity. But while these manifestations of energy
are more or less distinct as properties of living matter, they are closely

interdependent. It is the suitable balance of these activities fixed by a

prolonged environment which determines what we call health. When
this balance is disturbed beyond the limits of physiological variation, the

alterations which result may be manifest, either in the diminution or de-

struction of tissue, or in its increase or new formation. In other words,
the cells of the body when placed under conditions which seriously in-

terfere with the orderly transformations of energy may undergo altera-

tions from the normal which are retrogressive on the one hand, or pro-

gressive on the other.

It is well to remember that retrogressive as well as progressive

changes in the body are not limited to pathological conditions but form
a part of the normal processes through which growth is secured and
function maintained. '

"We shall in this chapter consider the retrogressive processes and their

effects
;
in the next those which are progressive.

Atrophy.

Atrophy is a diminution in the size of the body, of organs, or of tissue

elements. It occurs as a physiological process in man as well as in cer-

tain of the lower animals. Thus in man the t.hymus and the umbilical

vessels undergo atrophy at an early period ;
while in old age atrophy of

the sexual organs and of the tissues in general is the usual mark of senil-

ity.
2 On the other hand, as a pathological process, atrophy may occur

in connection with disturbances of innervation or nutrition
;
from disuse

or from pressure ;
or from the presence of poisons. Although it is con-

venient to name these as phases of atrophy, they are not fundamentally

1 For a resume of the relationship between normal and pathological retrogressive

processes see Minot, Middleton Goldsmith Lecture on "The Embryological Basis of

Pathology," Science, March 29th, 1901.
2 For a study of the changes in the body in development and senility see the mono-

graph of Muhlmann, Wiesbaden, 1900, Bibl.
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distinct. In simple atrophy, under whatever conditions it may occur, the

tissue elements become smaller without marked alterations in structure,

and may finally disappear altogether. In the majority of cases, how-

ever, atrophy of cells or other tissue elements is not simple but is asso-

ciated witETand often determinedHS'y, various^ phases of Regeneration

degenerative atrophy.

Degeneration.

ALBUMINOUS DEGENERATION (Cloudy Swelling, Parenchymatous De-

generation, Acute Degeneration, Granular Degeneration).

Under a variety of conditions in which there is a disturbance of tis-

sue nutrition, but especially often in infectious diseases and in intoxica-

tions when poisonous substances come in contact with the tissues, the

FIG. 15. ALBUMINOUS DEGENERATION. KIDNEY.

The lesion is moderate in degree and is most marked in the largest tubule above.

cells of the body show an accumulation in the cytoplasm of albuminous

granules, of various sizes and forms. This is a type of cell degeneration
which is so often associated with infectious diseases and certain phases
of inflammation, that it is sometimes regarded as a part of the inflam-

matory process. The cells in this condition are usually swollen and are

more opaque than normal, the nucleus being somewhat concealed in the

granules when these are numerous (Fig. 15). The albuminous granules
in the cells are soluble in dilute acetic acid but not in ether, being thus

distinguished from fat.

While all the cells of the body are subject to this phase of proto-

plasmic degeneration, it is most pronounced and frequent in the paren-

chyma cells of the liver and kidney, in muscle, in epithelial cells of the

mucous membranes. These are, it will be seen, cells in which metabolism

is active and the exigencies of nutrition are imperative. The alterations in

the ganglion cells of the central nervous system in infectious diseases and
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in various forms of intoxication are somewhat different from those oc

cnrring in other parenchyma cells and will be described in the section

devoted to the Brain and Spinal Cord.

Cells in a condition of albuminous degeneration may return to their

normal state, they may become fatty or they may die, become uecrotic

a'nd disintegrate.

The liver, kidney, muscle, mucous membranes, etc., when in this con-

dition, are often swollen and in gross appearance more opaque and gray
than when normal.

The exact chemical nature of this degenerative process is obscure

and will doubtless remain so until we know much more than we now
do of cell structure and cell metabolism.

TECHNIQUE. The microscopical study of this lesion is best made in fresh frozen

sections of the tissue, by the rapid formalin method, page 52
;
or in fresh tissue teased

in one -half-per-cent salt solution.

FATTY DEGENERATION AND FATTY INFILTRATION.

It is customary and convenient in considering the abnormal accumu-

lation of fat in the tissues to assume that in one set of cases fatty de-

generation the fat is formed by a retrograde metamorphosis or degen-
eration of the proteid elements of protoplasm, a process by which the

integrity and capacity of the cell are compromised ; while in the other

fatty infiltration it may be due to a simple accumulation in the cell of

fat formed elsewhere a condition of less significance.

The validity of this assumption has of late been called in question.

It involves in large measure the solution of the physiological problem
whether normally the fat in the body is formed from proteids or from

carbohydrates. Concerning this many experiments and much argument
have been made '

; but it appears not yet to be solved. The traditional

distinction between fatty degeneration and fatty infiltration will there-

fore be made here, with such modification and reserve as are fitting in

view of our lack of knowledge.

FATTY DEGENERATION.

In fatty degeneration there is an accumulation of larger and smaller

droplets of fat in the cell, sometimes so slight as to be scarcely visible,

sometimes so great as largely to replace the protoplasm, crowding the

nucleus to one side. These strongly refractile fat droplets are not

changed by dilute acetic acid. They are soluble in ether, and when fresh

are stained black by osmic acid (Fig. 16). Not infrequently, feathery

clusters of delicate fat crystals are present in the cells. Cells in exces-

sive fatty degeneration may disintegrate, forming an oily detritus in

which, especially when much moisture is present, cholesterin crystals

may form by decomposition of the fat.

1 For a critical summary of this question, see Taylor, American Journal of the Med-
ical Sciences, vol. cxvii ., p.' 569, 1899.
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To the naked eye, organs in a condition of marked fatty degeneration

are usually larger, and softer than normal, have a grayish-yellow color or

are mottled with yellowish streaks or patches, and the normal markings
of cut surfaces are more or less obscured.

Fatty degeneration may be associated with or may follow albuminous

degeneration and may occur under similar general conditions. It may

FIG. 16. FATTY DEGENERATION KIDNEY.

The fat droplets are stained black by osmic acid.

be due to local or general disturbances of nutrition, from a great variety

of causes ^disturbances~which eitheiFdirectly affect the life processes of

the qells themselves, or which produce alterations in their nutritive sup-

ply. In addition to its local occurrence, as a result of local disturbances

of circulation in the vicinity of inflammations or in tumors, etc., it is

apt to occur in the liver, heart muscle, and kidney in chronic exhausting

diseases and in conditions ana diseases to which profound^ ansemia is in-

cident, or as the result of the action of certain poisons, suclTas phos-

phorus and arsenic.

FATTY INFILTRATION.

This is of common occurrence under normal as well as pathological
conditions. The fat is believed to originate outside of the cells, accumu-

lating in them, and inducing a pass-

ive atrophy of the cytoplasm. Cells

in a condition of abnormal fatty

infiltration are scarcely to be distin-

guished morphologically from those

involved in fatty degeneration. The

l>ivscnce in the cells of large or small

droplets of fat without marks of de-

generation in the remaining proto-

plasm has been regarded as distinct-

ive of infiltration (Fig. 17).
In some phases of fatty infiltra-

tion, as in the heart (Fig. i>'W)or the

pancreas, for example, the fat accu,
**' 17-FATTY * T'* '

, . . ,, . r- . . . , In two of the cells the nucleus is crowded to one
Qiulates 111 the Cells Of the interstitial slde by the accumulated fat

6
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connective tissue 1 in a manner identical with that in which the normal

pauniculus adiposus is formed. The heart muscle or the gland cells are,

lender such conditions, affected secondarily through pressure atrophy
from the accumulated fat.

1

It should be remembered that fatty infiltra-

tion and fatty degeneration may occur simultaneously. When fat pro-
duction or fat storage is largely in excess of fat consumption, either from

local or general causes, the condition is called lipomatosis.

TECHNIQUE. Fatty tissues may be teased fresh in salt solution; or they may be

hardened in Flemming's osmic acid solution (see page 53) in preparation for sectioning

Hardening in Orth's fluid and afterward in alcohol gives good results if the lesion be

extensive. In tissues which have been soaked in alcohol the fat is no longer present,
its former seat being indicated by clear spaces filled with the mounting medium. Fat

crystals, however, often persist after prolonged soaking in alcohol.

AMYLOID DEGENERATION (Waxy or Lardaceous Degeneration).

This is a process by which the basement substance of various forms

of connective tissue, and especially the walls of the blood-vessels, be-

come swollen and thickened by their conversion into
ajtra2isjiiciinj,Jirm^

glassy, Colorless material, albj^iu'i nin^s_

^ x^. ; X ' .:..-.'"'* -"

'-v^i'
1

'- yji character. This albuminous ma-

terialmaybe present~in~FFle~tTssues~m
such small amount as to be recogniz-

able only under the microscope, or

it may be so abundant as to give a

very characteristic appearance to the

tissue. Parts in which the lesion is

marked are usually larger and contain

less blood and feel harder than nor-

mal, and have a peculiar shining and

translucent appearance which -varies

in character, depending upon the ex-

tent and distribution of the degener-
ated areas and upon its association

with other lesions, such as fatty

degeneration. It most frequently
occurs in the smaller arteries and

capillaries (Fig. 18), whose lumen is
A, Waxy capillaries stained red ; B, normal capil-

laries, encroached upon by the thickening
of the walls which the process in-

volves. It is usually the media and intermediary layers of the intima

which are earliest and most extensively affected. The change also often

occurs in the interstitial connective tissue and membranse propriae of

organs and in reticular connective tissue. It is both asserted and denied

that it may affect the parenchyma cells of organs. We have not been

able to find unmistakable evidence of its occurrence in parenchyma
1 For a study of the deposition of fat in cells, see Arnold, Virch. Arch., Bd. 163, p

1, 1901.

FIG. 18. AMYLOID DEGENERATION OF CAPIL
LARIES OF A GLOMERULUS IN THE KIDNEY.
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cells. These, however, frequently undergo atrophy as the result of

pressure from the swollen, degenerated tissue.

It is not yet known whether amyloid degeneration is due to a direct

transformation of the tissue, or is an infiltration of the tissue by some
abnormal material formed elsewhere and brought to it, or is derived from
the blood.

Amyloid degeneration occurs most frequently and abundantly in

the liver, spleen, kidneys, intestinal canal, and lymph nodes
; but it may

occur, usually in a less marked degree, in other parts of the body : in

the larger blood-vessels, in the interstitial tissue of the heart and mucous
membranes of the air passages, and in the generative organs. It may
occur locally or appear in various parts of the body at once. It most

frequently occurs in connection with severe wasting diseases, particu-

larly in those involving chronic suppuration and ulceratiou, especially of

the bones. It is common in tuberculosis, syphilis, in the cachectic con-

dition induced by malignant tumors, and is occasionally seen in severe

malarial infection, dysentery, and leukaemia.
1

TECHNIQUE. For microscopical examination the tissue, either fresh or after pres-

ervation, should be cut into thin sections, and these deeply stained with one-per-cent

aqueous solution of methyl violet ; the sections are washed in water and mounted in

glycerin. The differentiation between the amyloid and other parts is more distinct if,

after staining, the specimen be dipped for an instant in HC1 and alcohol 1 : 100, and then

carefully rinsed, before mounting in glycerin. The degenerated areas are thus stained

rose-red (Fig. 18), while the normal tissue elements have a bluish-violet color. In some
cases, for reasons which we do not know, the amyloid substance does not show a well-

marked reaction with methyl violet. For the de-

tection of amyloid in fresh tissues by the iodine

reaction see p.' 28.

Corpora Amylacea are small, spheroidal,

homogeneous or lamellated bodies (Fig.

19), which assume a bluish color on treat-

ment with solution of iodine or iodine and

sulphuric acid. They are frequently found

in the acini of the prostate gland, some-

times in large numbers; in the ependyma Fltt . 19._COKPORA AMYI,ACEA .

of the brain and cord ; also in extravasa- From prostate giand.

tions of blood and in various other situa-

tions. They may occur under normal as well as pathological conditions,

and are apparently of little importance. They seem to have nothing to

do with amyloid degeneration, although they somewhat resemble its

products. Some of the tube casts of the kidney resemble in many
respects the corpora amylacea.

2

1 An extended study of amyloid degeneration may be found in a monograph by
Wtchmann, Ziegler's Beitrage, Bd. 13, p. 487, 1893.

A later bibliography with a summary of experiments on the production of amyloid
degeneration in animals will be found in an article by Marimoir, Virch. Arch., Bd. cliii.,

p. 353, 1898.
2 For a study of the relationship of corpora amylacea to amyloid substances, see

Ophiils, Jour. Exp. Med., vol. v., p. Ill, I
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GLYCOGEN INFILTRATION.

Glycogen appears under abnormal conditions in the cells as hyalin,

mostly globular masses of varying size (Fig. 20). It is soluble in water,
is stained brownish-red by iodine, and
does not assume a greenish color by the

further addition of sulphuric acid. In

diabetes it may occur in large quantities

in the liver cells and in the epithelial

cells of the uriniferous tubules, especially
in those of Henle's loop (Fig. 331) and
in leucocytes. It may be found in fresh

pus cells, in the cells of various forms of

tumors, and in leucocytes in the blood in

leukaemia, in chronic diseases of the

gastro-intestinal tract in children, and in various chronic diseases.

TECHNIQUE. If the tissue to be examined for glycogen be fresh, the iodine should

be used in solution in glycerin (equal parts of Lugol's solution and glycerin), in order

to avoid its solution. If specimens are to be hardened, this should be done in absolute

alcohol to avoid the solution of the glycogen. Sections may be stained with picro-acid
fuchsin (Van Gieson's stain) or with a dilute solution of iodine in alcohol (tincture

iodine 1 part, absolute alcohol 4 parts), cleared up and studied in oil of origanum.

FIG. 20. GLYCOGEN INFILTRATION EPI-

THELIUM OF KIDNEY.

The glycogen droplets are unstained.

SEROUS INFILTRATION OF CELLS (Hydropic Degeneration,
Vacuolization).

Under many pathological conditions, cells, especially those of mucous

membranes, glands, muscles, tumors, etc., contain one or more larger or

smaller droplets of clear fluid (Fig. 21). The cell may thus be distended.

FIG. 21. SEROUS INFILTRATION
OF EPITHELIAL CELLS.

FIG. 22. Mucous DEGENERATION OF EPITHELIAL

CELLS.

From a cyst-adenoma of the ovary.

These droplets are usually extra-nuclear and may crowd the nucleus to

one side of the cell. The nature and source of this accumulated fluid are

not known. Its transparent appearance in the granular protoplasm has

given rise to the term "vacuole." It maybe associated with general

tissue oadema, with inflammatory and degenerative processes, etc.
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MUCOUS DEGENERATION.

Mucous degeneration may occur in cells or in intercellular substance.

When occurring in cells it consists, under pathological as under normal

conditions, of the transformation of the protoplasm into a translucent,

semi-fluid material, occupying more space than the unaltered protoplasm,
and hence causing a swelling of the cells (Fig. 22). This new-formed

material contains mucin in solution, which is precipitated by acetic acid.

It occurs under a variety of conditions, sometimes as an abnormal in-

crease of a normal function of cells, as in many catarrhs, sometimes as

an entirely abnormal transformation. The cells may be totally destroyed

by the accumulation of the mucoid material within them.

In certain cases, as in many tumors, in cartilage, bone, and other tis-

sues, the intercellular substance may undergo conversion into mucin-con-

FIG. 23. Mucous DEGENERATION OF FIBROUS TISSUE OF MAMMA.

taiuiug material, losing almost entirely its original structure (Fig. 23).
The cells in such cases may be affected only secondarily by the pressure
which the new-formed material exerts upon them.

TECHNIQUE. Tissues should be hardened in Orth's fluid or formalin, followed by
alcohol; the sections are stained with picro-acid fuchsin or with haematoxylin, which
colors the mucin-containing portions.

COLLOID DEGENERATION.

This is very closely allied, both in chemical and morphological char-

acters, to mucous degeneration, and in many cases there is no definite

microscopic distinction between them. But colloid material, which is

normally present in the thyroid, is firmer and more consistent than mu-

cous, does not yield a precipitate on addition of acetic acid or alcohol,

and its formation is usually confined to cells
;
not involving intercellular

substance, except by an atrophy which its accumulation sometimes in-

duces. The cells may contain larger and smaller droplets of colloid ma-

terial, or the latter may nearly or entirely replace the protoplasm and
accumulate to such an extent as to cause rupture and destruction of the
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cell. In this way, and by the atrophy of intercellular substance which
its accumulation causes, cysts may be formed containing colloid material

and cell detritus. Colloid degeneration is of most frequent occurrence in

the thyroid gland. "iTniaterial resembling, if not identical with, colloid

is occasionally seen in the form of homogeneous globules in the tubules of

kidneys which are the seat of other lesions, in the hypophysis, and in

various tumors.

TECHNIQUE. Tissues should be hardened in formalin, or Orth's fluid, and stained

with picro-acid fuchsin.

HYALINE DEGENERATION.

This is the transformation of tissues into a transparent, glassy sub-

stance, much resembling amyloid in its morphological characters (Fig.

24) ;
but it does not give the micro-chemical reactions of amyloid, and

appears under different condi-
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SMALL BLOOD-VESSELS.

From a Sarcoma. ovaries; in the tubules of th:>

kidney, in the walls of aneur-

isms, in muscle fibres, in the lesions of diphtheria, tuberculosis, and

syphilis, in the hyaloid membrane and vessels of the eye, and elsewhere.

It is believed by some observers that fibrin, blood plates, and leucocytes

may undergo hyaline degeneration, and in the form of the so-called hyaline

thrombi this substance may block the capillaries in many infectious dis-

eases typhoid fever, pneumonia, diphtheria, pyaemia, etc. and under

other conditions (see p. 75). Hyaline degeneration seems to be, in some

ways, allied to coagulation necrosis, but its exact significance and rela-

tions to other forms of degeneration, and the conditions of its occurrence,

are not yet known. There are probably various substances, occurring
under many different conditions, which we now call hyalin and whose

relationship to each other and to amyloid, mucoid, and colloid material

is little understood. 1

TECHNIQUE. Hardening in alcohol, Orth's fluid, or formalin. Staining by picro

acid fuchsin, or by htvinatoxylin and eosin.

1 Consult for bibliography of studies on hyaline degeneration Lwbarick and Ostertag's

"Ergebnisse dcr allg. path. Morphologic und Physiologic," etc , Jahrg i., Abth. i.,

1895, p. 201.
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CALCAREOUS INFILTRATION.

There is in this condition a deposition, either in cells or in the inter-

cellular substance, of larger and smaller granules composed chiefly of

phosphate and carbonate of calcium. These particles, when abundant,

give hardness, brittleness, and a whitish appearance to the affected tis-

sue. Under the microscope they appear dark by transmitted, white and

glistening by reflected, light. Tissues may be nearly completely per-
meated with salts, or the latter may be scattered in patches through
them. Sometimes large lamellated concretions are formed in tissues,

usually at the seat of some old inflammatory process. Calcification usu-

ally occurs in parts of tissues which are dead or are in a condition of

reduced vitality as a result of some antecedent abnormal process, as a rule

of an inflammatory nature. Among the most common and important

examples of calcareous degeneration may be mentioned those which occur

in the valves of the heart and walls of the blood-vessels.
1

TECHNIQUE. The carbonate of lime deposited in the tissues is dissolved by dilute

acids with evolution of carbonic add gas. This process may be observed under the

microscope by running five-per-cent. hj'drochloric acid under the cover glass upon
unstained sections; the gas bubbles are caught as they evolve beneath the cover.

Pigmentation.

There is under normal conditions a certain amount of pigment in the

body in the rete Malpighi of the skin, in the eye, in muscle, and in

fat. This pigment is elaborated by the body cells and may vary consid-

erably in amount.

The pigment which is formed under pathological conditions may be

derived from the blood honnatogenous ; from the bile hepatogenom ; or

it may be elaborated by various cells after the analogy of the normal

pigment metabolic. Finally, pigment may be introduced into the body
from without by drugs, in tattooing, or by inhalation. The pigment in

the body, of whatever origin, may be in yellow, brown, black, or reddish

granules, or in crystalline form. It is often deposited in cells, but may
lie free in the intercellular substance.

HJEMATOGESOUS PIGMENT. Blood pigment may form by the decom-

position of haemoglobin in thrombi or in extravasated blood. Under
these conditions, the haemoglobin which is loosely associated with the

plasm of the red blood cells, readily diffuses, leaving the cells so-called

"blood shadows" pale and almost invisible and prone to disintegrate.

This destruction of blood cells is called hcemolysis. Haemoglobin in solu-

tion in the body fluids undergoes various phases of decomposition which

we cannot follow in detail here. One of the derivatives of the haemo-

globin is called JKfmosiderin. This pigment gives the micro-chemical re-

1 Calculi are masses of solid material of various composition precipitated from thn

body fluids They will be considered under the separate organs in wliic'i they most

frequently occur.
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action for iron,
1 while certain further decomposition products, IKCHKI-

toidin, for example, in amorphous or crystalline form, do not. Eed blood

corpuscles may be taken up by various forms of phagocytes, and within
these cells the decomposition of the haemoglobin may lead to their pig-
mentation. On the other hand, haemolysis may take place in the circu-

lating blood in many forms of poisoning, in acute infections, notably in

malaria, in pernicious anaemia, in various cachexiae, etc. The haemo-

globin thus set free in the body fluids may be eliminated or it may un-

dergo decomposition, and its derivatives may be deposited in the tissues
as pigment granules.

FIG. 25. H^MATOGENOUS PIGMENT IN CONNECTIVE-TISSUE CELLS.

A condition called hcemochromatosis has been described, in which a

brown pigment probably derived from the haemoglobin of the blood is

deposited in various tissues of the body. The organs in this condition

may appear notably pigmented on gross examination. The pigment

particles which are found in the epithelial cells of glands, especially of

the liver and pancreas, contain iron
; while an iron-free pigment may be

present in the smooth muscle cells of the gastro-intestinal canal and of

the blood and lymph vessels, and in connective-tissue cells. This pig-

mentation is commonly associated with cirrhosis of the liver. Haemo-
chromatosis may be associated with diabetes mellitus and cirrhosis of the

liver, together with pigmentation of the skin "bronze skin." The con-

ditions leading to haemochromatosis are still obscure.
2

HEPATOGENOUS PIGMENT. Pigmentation of tissues from the bile

occurs under various conditions. The bile may enter the blood and tis-

sue fluids in obstruction of the gall ducts by inflammation, tumors, cal-

culi, etc. In the condition called jaundice or icterus the tissues are

stained yellowish or yellowish-green by bile pigment. Icterus may also

occur in infectious diseases and in toxaemia, under conditions which lead

to destruction of red blood cells within the vessels. Bile pigment may
1 To differentiate iron containing pigment in tissues, sections may be placed for an

hour in a mixture consisting of equal parts of a two-per cent solution of potassium fer-

rocyanide and two-per-cent solution of hydrochloric acid diluted with ninety-nine parts
of water. The iron-containing granules under these conditions become gree"n or bluish -

green.
For a careful study of hajmochromatosis, with bibliography, see Opie, Jour. Exp.

Med., vol. iv., p. 279.
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be deposited iu the liver and elsewhere in the form of yellow or brown

granules.
METABOLIC PIGMENT. Pigment may be elaborated by various forms

of cells by processes apparently somewhat analogous with those con-

cerned in normal pigmentation.
1

This is exemplified in melanotic

tumors, most frequently of the choroid and the skin, and possibly in the

bronze skin of Addison's disease.

Pigment whose nature is not very clearly defined may form in the

smooth muscle tissue of the gastrointestinal walls, in various cachexire,

in the heart muscle, in the so-called "brown atrophy," and, under certain

conditions, in the liver.

As examples of pigment introduced into the body from without, we

may mention the deposition of minute particles of silver from the inter-

nal use of silver salts argyria ; the coloring of the skin and lymph
glands from tattooing ;

and especially the pigmentation of the lungs and

bronchial glands from the inhalation of coal and other dnst^-pneumono-
koniosis (Fig. 26). This is universally present under the conditions of

FIG. 26. PIGMENTATION OF CONNECTIVE-TISSUE CELLS OF THE LUNGS.

From inhaled coal dust anthracosis.

indoor life which modern civilization imposes. Such pigment may be

brown or black, and is usually in very small particles within cells or in

the intercellular stroma.

Necrosis.

Necrosis is the death of a circumscribed portion of tissue. It may
be the result of insufficient nutrition, from the cutting off of the blood

supply; or it may depend upon the action of destructive chemical

agents, extreme degrees of temperature, certain materials produced by
the life processes of some forms of bacteria ;

or it may be due to me-

chanical injury. The general appearance of dead tissues varies greatly.

In some cases there is a simple and gradual disintegration and softening

'For a study of the nature of skin pi

Experimental Medicine, vol. i., p. 361, 188

Journal of Physiology, vol. ii., p. 291, 1899.

jment, consult Abel and Davis, Journal of

>; also Chittenden and Albro, American
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of the tissue, resulting in a mass of degenerated cells and cell detritus,
with more or less fluid and various chemical substances arising from de-

composition. The softening of the brain in embolism is an example of

simple uecrotic softening. In some cases the dead tissues merely grad-
ually dry and shrivel and become hard and dark colored.

In another class of cases the dead tissues are permeated by fluids

which may be dark red in color, from the solution of coloring matter
from the blood, and may contain bacteria which induce putrefaction, with
the production of gases and various new chemical substances. The tissues

become swollen and granular, and disintegrate; and finally the whole

FIG. 37.- NECROSIS OF EPITHELIUM IN THE KIDNEY.

The cells in the lower portion of the cut are nearly normal ; most of those above are more coarsely granu-

lar and have failed to take the nuclear stain, while at the top they are disintegrating.

may form a mass of irregular granules, with fat droplets, tyrosin, leucin,

and various forms of crystals, shreds of the more resistant kinds of tis-

sue, and bacteria.

There is at first no evident morphological difference between dead

cells and living cells. But very soon in the former, secondary changes
occur. The cytoplasm becomes more coarsely granular. The nucleus

stains less deeply or not at all with hsematoxylin or other nuclear

dyes (Fig. 27), owing to the disappearance of the chromatiii which

seems to dissolve in the tissue juices; this is called karyolysis. Some-

times, however, the chromatiii only partially disappears, the remainder

breaking up into irregular, more or less deeply staining granules. This

is called Itaryorrhexis. Presently the cell body may contain fat droplets,

or without this it may disintegrate.

GANGRENE. When death of a considerable mass of tissue occurs, and

this either dries, as is possible on the surface of the body, or is associated

with putrefaction in the tissue, the condition is called gangrene. The

involved part, when on the surface of the body, may dry and become
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hard and brown or black mummification, or dnj gangrene.
' On the other

hand it may, when putrefactive bacteria are present, in addition to its

discoloration, become soft and infiltrated with foul-smelling gases motet

gangrene. If the affected part be comparatively bloodless, the discolor-

ation, which is largely due to decomposition of the blood pigment, may
be absent.

FOCAL NECROSIS. Necrosis involving a small circumscribed area of

tissue, such as is frequent in toxaemia, is called focal necroste, p. 201.

ULCERATION. Necrosis with erosion involving the surface of the

skin or of the mucous or serous membranes is called an nicer. An ulcer

may be necrotic in origin, from the cutting off of nutrition in a circum-

scribed area, as in some forms of gastric ulcer. This may be associated

with reactive inflammatory processes which tend to promote repair. On
the other hand, the process may be inflammatory in origin, death of tis-

sue following.

COAGULATION NECROSIS. If dead areas of tissue (whether this con-

dition be due to mechanical injury, to disturbances of nutrition, or to

the local action of bacterial or other poisons) contain the substances

necessary for the coagulation of their albuminous constituents, or if they
be bathed with body fluids from adjacent parts in which the circulation

is maintained, a characteristic coagulation
of the uecrotic elements is apt to occur.

The composition of the cells of the tissue

is altered, so that the cell bodies are shin-

ing and translucent, sometimes altered in

shape ; while the chromatin and finally the

nuclei of the cell disappear (Fig. 28).

The whitft_iiifg,ro.tinii&-.nf the spleen H"d

kidneys, the areas of coagulation necrosis

in tuberculosis^ and the pellicle in croupous
inflammation of the mucous membranes are

ttannosTconimon examples of this lesion.

If, for example, in the spleen, one of

the small arteries is plugged by an embolus,
a corresponding portion of the spleen be-

comes anaemic and appears as a white,

wedge-shaped mass, sharply defined from

the surrounding splenic tissue. If such a
'

The disappearance of the chromatin white infarction has existed but a Short,
from the nuclei is indicated by their fail- time there is hardly any difference between

ureto^especiany
marked in the up- ^ appearauce of^ts anatomical element*

and those of the surrounding spleen, ex-

cept that they are differently affected by stainiug-fluids. If the infarc-

tion is older, the cells are small and shiny and their nuclei cannot be
seen.

In croupous inflammations of mucous membranes the epithelial cells

'For a study of senile gangrene see Falta, Zeitschr. f. Heilkunde, Bd. xx., p. 393,
1899, Bibl.

FIG. 38. COAGULATION-
CELLS.
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FIG. 29. AN AREA OF CHEESY DEGEXERA-
IN A MILIARY TCBERCLE

become shiny, the nuclei disappear, and the shape of the cells is changed

by the coagulation necrosis, so that a

number of them together often look

like a network of coagulated fibrin.

Cheesy Degeneration (Caseation).

As commonly used this term embraces

the changes in the tissues which we
have just considered under the more

appropriate name of coagulation ne-

crosis. But it is also applied to that

form of degeneration in which, under

a variety of conditions, the dead tissue

elements lose their normal structural

features and become converted into an

irregularly granular albuminous and

fatty material (Fig. 29) which some-

times tends to disintegrate and soften, sometimes dries and becomes
dense and firm, or may become infiltrated with salts of calcium. Thus

cheesy degeneration may, and very often does, occur in tissues which
are in the condition of coagulation necrosis

;
but it also occurs in tissues

which are not the seat of coagulation necrosis, but which, for a variety
of reasons and in a variety of ways, have lost their vitality.

The terms coagulation necrosis and cheesy degeneration, as com-

monly used, in part actually cover the same degenerative conditions in

the tissues. Both are indefinite, and will no doubt remain so until we

gain a more precise knowledge of the conditions under which they occur.

FAT NECROSIS. This is a degenerative process most frequent near

the pancreas, and especially associated with lesion of that organ. We
refer for details to the special section, page 578.

Fragments of dead tissues in the living body are in part disposed of

by leucocytes or other mesoblastic cells which are attracted to them, and

may cause their solution by a ferment substance
1

which they set free or

by the incorporation of particles of the dead tissue into their bodies.

Thus through chemotaxis, phagocytosis, and autolysis (see pages 111 and

116) considerable masses of necrotic tissue may be finally disposed of

(see Fig. 45).

Eecent studies relating to the adaptation of the body to various alien

substances have led to new conceptions of the nature of the processes by
which the body frees itself of useless or harmful material either devel-

oped within it or introduced from without. For a fuller consideration

of these processes see cytolysis, page 182.

1 For a consideration of autolysis and the significance of ferments in pathology with

bibliography aee'Jacoby, Centralb. f. Path., Bd. xiii., p. 2, 1902.



CHAPTER III.

HYPERTROPHY, HYPERPLASIA, METAPLASIA,
REGENERATION.

Hypertrophy and Hyperplasia.

UXDER a variety of conditions, parts of the body or organs become

larger than normal. The structural change to which this enlargement is

due, may be a simple increase in size of the elementary structures of the

part-cells, and other tissue elements. This is called simple hypertrophy.

It is usually associated with some increased functional demand upon the

cells
; as, for example, in the hypertrophy of the heart with lesions of

the valves, or in the hypertrophy of one kidney, which in case of dimi-

nution or suspension of function in the other assumes the work of both

compensatory hypertrophy.
'

On the other hand, in many cases the increase in size of a part or

organ is due not only, or not at all, to the increase in size of its elemen-

tary structures, buj^ to an increase in their number. This increase in

number of the structural elements of a tissue or organ is called numer-

ical hypertrophy, or hyperplasia.'
2

Simple hypertrophy and hyperplasia are frequently associated.

**
Metaplasia.

The members of the connective-tissue group fibrous tissue, mucous
and fat tissue, cartilage, bone, etc. are so closely related in nature and

structure that not infrequently and under a variety of conditions one

form of tissue assumes the characters of another. This change of one

form of closely related tissue into another is called metaplasia.

Thus, by a gradual change in the cells and stroma of fibrous tissue,

this may be converted into bone, as mucous tissue may become fat tis-

sue, and hyaliii cartilage become fibrous. Metaplasia is a process in-

volving active changes on the part of the living cells of the tissue, and
should be clearly distinguished from certain degenerative processes, in

the course of which one form of connective tissue may assume super-
ficial resemblances to others of the group, as in calcareous and .mucoid

degeneration.
While metaplasia is most common among the members of the con-

nective-tissue group, it sometimes occurs in other tissues. Thus, for

1 For bibliography of compensatory hypertrophy see reference to Asc7ioff, p. 106.
* Consult for examples of hyperplasia and hyp'ertrophy the following sections on

Regeneration and Inflammation.
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example, the epithelium of the nose, bronchi, urinary passages, cervix

uteri, aud gall bladder, may under a variety of conditions assume the

characters of squamous epithelium of the skin type.
1

It should be remembered that metaplasia occurs only within the limits

of closely related tissues: when differentiation has advanced so that such

distinct types of tissue have been formed as connective tissue, epithelium,

muscle, nerve, these do not again merge through metaplasia.

Regeneration.

General Considerations. It is during the earlier periods of life that

the new formation of cells in the body is most active. From the fertil-

ization of the ovum until the tissues and organs have assumed the varied

forms and functions which the physiological division of labor among the

cells imposes, cell proliferation and cell adaptation to a changing envi-

ronment are constant and important features of individual development.
After this time, under normal conditions, new cell formation is large-

ly limited to the replacement of worn-out cells or to the restitution of

such cells as may be sacrificed in the performance of their physiological
functions.

The studies of Bizzozero have shown that, notwithstanding the great diversity in

the capacity for physiological regeneration among tissues, they may be conveniently

grouped into three classes, as follows: First, tissues whose cells are capable of multipli-

cation throughout the life of the individual or for a considerable period after maturity,
and so lead to a continual regeneration. These are tissues whose cells arc labile and

evanescent. In this class are thejiaj^aiiJi^ina.cens of those glands or structures which

produce formed elements, such as the
spleen, lymph-nodeSjJjone-rnarrow , pyary,jsti-

cle. Also the epithelium of the skin with its hair follicles and sepacebus glan3sTand of

the mucous membranes of the respiratory, digestive, and gcnito-uritiary organs.'

tissues whose elements increase by division up
fora short period thereafter, when evidence of phy

with p
which secrete fluid material, such as the liver, kidnev

me of birth, or sometimes

eration "ceases. TT cse

hyma cells of those glands
Teas, salivarv glands, etc.

art'ilaire and bone, and theAlso members oftlle~coniieci

tive-tissue"~group, fibrous tisSUe,

smooth muscle fibres.
Tlijr^. striated^muscle and nerve tissue. In thesetissiies. diyi-

sion by^mitosis ceases at an early period and before tlie tissuesThave acquired their spe-

^^cJaTcharacters. Here a physiological regenerationdoes not occur.

This grouping oftiggues in accordance with their~capacrtT for physiological regen-

eration, while liable to modification linden further research, affords a suggestive guide
in our studies of regeneration under abnormal conditions. For beyond the regenerative

capacity normally exercised by cells in response to the physiological wear and tear of

life, they are frequently called upon to make good unusual losses, as the result of many
forms of injury.

Regeneration of injured tissues, all new growths, as well as the

hyperplasias above mentioned, are invariably brought about by prolifer-

ation or other changes in living cells. Furthermore, just as the cells of

the adult organism are the offspring of one original cell, the ovum, so

are all the new cells which appear in the body under abnormal condi-

tions derived from pre-existing cells by division.

1 For references to epithelial metaplasia see Menetrier in Bouchard's "
Traite de Path,

gen.," t. iii., pt. 2, p. 784.
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We shall now briefly summarize the morphological changes which

cells undergo in division and shall then indicate the degree of regener-

ative capacity which various forms of tissues possess.

MODES OF CELL DIVISION.

The careful and minute study of cells during the act of division,

which has been recently made, has revealed many most curious phe-
nomena and has opened a new world of observation nearer to the elemen-

tary expression of life than has seemed possible in earlier times. It will

suffice for our purposes briefly to indicate some of the more striking feat-

ures of the new cell lore.

It is well to recall at the outset that recent studies of cells have shown

that even in their simplest forms they are highly organized, and that

their different parts have special functions to perform. Thus the nucleus

presides over the constructive metabolism or assimilative process of the

cell and furnishes the physical basis upon which the transmission of

hereditary characters depends. The cytoplasm of the body, on the other

hand, is concerned in those phases of metabolism which result in the

liberation of energy in movements of various kinds and in the formation

of new chemical substances. The centrosome also in certain cells, though
not apparently in all, appears to play an important part in the changes
incident to division.

Two modes of cell division are commonly recognized. First, indirect

division (mitosis, or karyokiuesis ) ; second, direct division (amitosis).

INDIRECT (MITOTIC) CELL DIVISION.

This is the most common mode of cell division and is especially char-

acteristic of embryonic cells and those which are undergoing active de-

velopment. While it presents great variations, its general features may
be thus briefly summarized :

Among the earlier changes which are to be seen in a cell about to

divide by mitosis are a condensation and an increase in the staining capac-

ity of the chromatiu of the intranuclear network. This chroinatin sub-

stance gathers into a contorted thread or threads, called the spircim
1*

(Fig. 30, 2), within the nucleus, whose membrane with the uucleolus

gradually disappears so that the spireme lies free in the cytoplasm ;
and

at the same time with, or preceding, these changes in the nucleus, there

may be a division of the centrosome when this is present, the segments

resulting from this division passing to opposite parts of the cell, usually
outside the limits of the nucleus. Around each of the new centrosomes,

which stain deeply with hsematoxylin or other nuclear dyes, may be a clear

zone of unstained material, or a series of fine radiating fibrils, or both
;

the whole forming a structure called a polar body (Fig. 30, 2 and 3).

Xow the threads of the spireme break across transversely, forming a

series of more or less rod-like bodies called chromosomes, which form a
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somewhat flattened cluster or wreath between the polar bodies, lying in a

plane at a right angle to a line passing between the latter.
' While this

mass of chromosomes sometimes called the monaster has a stellar or

wreath-like appearance when seen from the side, it is more band-like

when viewed in profile (Fig. 30, 3 and 4).

Between the polar bodies and across the monaster there may now be

stretched a bridge or spindle of delicate fibrils resembling those about the

centrosome in the polar bodies.

This fibril -spindle, together with the polar bodies, is called the achro-

FlG. 30. -PHASES OF MITOSIS.

1. Resting cell. 2. Spireme phase : the centrosome has divided, the polar body is seen above ; the nu-

clear membrane has not yet disappeared. 3. Monaster phase : the polar bodies have arranged themselves

on either side of the monaster here seen from the edge. 4. The monaster seen from the side. 5 and 6.

Blaster phase : the chromosome clusters have separated and the achromatic figure is seen : in 6 the seg-

mentation of the cell body has begun. 7. The completion of the nuclear division and segmentation of the

cell body.

matic figure in distinction from the structure formed from the chromatin

which stains with nuclear dyes, and is called the chromatic figure.

The whole complicated structure composed of both the chromatic and
achromatic substance constitutes the mitotic figure.

Now each chromosome splits lengthwise into exactly equal parts.

These parts separate into groups which pass to the polar bodies at op-

posite ends of the spindle. This is sometimes called the diaster phase of

mitosis (Fig. 30, 5 and 6).

Corresponding to the division of the chromosomes into equal parts,

the cell body divides, each part containing one of the groups of daugh-
ter chromosomes or diasters, together with one polar body and a part
of the achromatic spindle (Fig. 30, 6). Now a new nucleus is formed

about the daughter chromosomes which gradually assume the characters

1 1t is believed that every species has a fixed and characteristic number of chromo-
somes in the dividing cells, and that in forms arising by sexual reproduction this num-
ber is even. In man the number is believed by some to be 16. by others 32.
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of the resting intranuclear network (Fig. 30, 7). The achromatic fibrils

disappear from the new cell, while the centrosome may also disappear or

may take its place in the cytoplasm beside the new nucleus.

There are countless variations and details in the minute processes of

mitotic cell division and much interesting conjecture as to the meaning of

the various changes in mitosis, which the scope of this work does not

permit us to consider. But the facts already at hand are of extreme sig-

nificance to the biologist and point toward large fields of research in

pathology when the normal processes shall have been more clearly and

exhaustively determined.

Abnormal Phases of Mitosis are not infrequent. Thus the mitotic fig-

ures may be asymmetrical, so that the distribution of chromatiu sub-

stance to the daughter cells may be unequal (Fig. 31). There may be

multipolar mitosis, so that instead of two, several nuclei may form. Or,
the new-formed chromosome
masses may fail to share in the .,,-

formation of the new nuclei.
f>*

Such abnormal mitoses are ^
frequent in certain tumors, and ^ .Sf 31

they may be experimentally in- ^^ ^-^
duced by the application of vari-

OUS Chemical substances to living FI0 ÂBKOMIAI PHASES OF MITOSIS.

cells. Too little is known about
In^^ the mltosis ls Mynuiie&tau , and in the cell

the conditions under which ab- totheiefttripoiar.

normal mitoses occur, and too

little about the nature of the impulse to cell division in general, to

justify to-day far-reaching conclusions as to the significance of these

interesting abnormalities in the life of the cell.

The Significance of Mitosis. The term mitosis or Mryomitosis is applied
to this indirect mode of cell division, on account of the involvement of

the nuclear threads. It is also sometimes designated as Jcaryokinesis, from

the form changes which these threads undergo. Aside from its intrinsic

biological interest, a knowledge of mitosis in proliferatiug-cells is of im-

portance in pathology, because the recognition of mitotic figures often

enables us to decide with certainty what particular cells or cell groivps

are involved in the formation of new tissue. The most significant feat-

ure, however, of the whole process of mitosis, with all its intricate

variations, appears to be that the chromosomes, during their separation
into two or more clusters to form the basis of new cells, undergo an exact

longitudinal division. So that, under normal conditions, no matter how

unequal the division of the cytoplasm may be, all of the new nuclei share

alike in the chromatin substance of the parent nucleus. This fact ap-

pears to be of extreme importance in the recognition of a physical basis

of inheritance.
'

1 See reference to summary by Wilson, pp. 272 and 273.
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DIRECT (AMITOTIC) CELL DIVISION.

In this, which although relatively rare appears to be the most simple
mode of ceil division, without those preliminary changes in the nucleus

which are seen in mitotic cell division, the nucleus with its membrane
becomes constricted and finally divides into two or more parts which be-

come new nuclei. At the same time or following this simple nuclear

division the cell body divides, and thus two or more cells may form in

the place of one. Sometimes the nuclear division is not followed by a

division of the cell body, and thus multinuclear cells, or "giant cells"

may be formed.

The signifiance of the difference between the amitotic and the mitotic

cell division is that, while in the former there is an exactly even division

of chromatin to the daughter nuclei, the division in the latter is of the

unclear mass as a whole.

Amitotic, as well as mitotic, division occurs in leucocytes, in some
forms of epithelium, and in pathological new formations. While the na-

ture of the process is little understood, there appears to be much reason

for the belief that, in general, amitotic division is "characteristic of highly

specialized or degenerating cells in which development is approaching its

end." 1

GENERAL CHARACTERS AND LIMITATIONS OF CELL
REGENERATION.

It should be borne in mind, in studying the regeneration of various

kinds of cells and tissues, that the acquirement by certain cells of special

functional powers as the result of the physiological division of labor has

involved the impairment of some of their more primitive general capac-

ities, among these that of reproduction. Thus it is that we find in the

ganglion cells an almost total lack of reproductive capacity ;
while in

many of the gland cells this is slight, in others considerable. In some of

the less highly differentiated cells of the body, on the other hand, as in

certain forms of epithelium, in blood cells, and, in the cells of the con-

nective tissue, this primitive capacity of protoplasm to form new simi-

lar cells by division is maintained, and may be evoked by the changed
conditions which injury or loss involves.

Although the occurrence of mitosis is the mark by which we espe-

cially recognize the regenerative process in cells, it should be remembered
that mitosis or some of its phases may occur in cells, without being fol-

lowed by those further changes which lead to new cells or new tissues.
2

We may also often recognize new-formed cells and tissues by differ-

1 For a comprehensive summary of facts and theories concerning the cell, both in

higher and lower forms of life, consult Wilson's masterly work, "The Cell in Develop-
ment and Inheritance," 1900.

4 One is often disappointed in seeking for mitotic figures to find so few of them even
in rapidly growing tissues. This is due to the faet that cell division even when active

is not continuous, and periods of rest may follow the act of division. See 2'homa's

"Text-book of General Pathology," English Tr., vol. i., p. 481.
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ences in the shape and character of the cells and the arrangement of the

tissue elements, these often approaching the embryonic type in form as

well as in character of development. Furthermore, the atypical arrange-
ment often seen in new-formed cells, both in regard to each other and in

their association with older tissues, may aid in the identification of the

formative process.

Individual cells, even after having undergone marked structural

changes as, for example, in albuminous degeneration or after a certain

degree of physical injury, may be restored to a normal condition.

After destructive injury or loss a full and complete replacement of

cells and tissues an occur only as the result of a proliferation of cells of

the same type as those to be restored. Thus a regeneration of epithe-
lium occurs by proliferation and growth of epithelial cells alone; regen-
eration of muscle by muscle cells, etc. In fact, however, in the higher

types of tissue, after considerable injuries with loss of substance or after

destructive pathological processes, complete regeneration is not common.

This, as we have seen, is because the highly specialized cells of the body
are limited in their capacity for reproduction closely to the domain of

physiological regeneration. What we ordinarily call healing in exten-

sive wounds of the more highly specialized tissues is usually a provi-
sional makeshift repair by means of new-formed connective tissue.

We have seen that the regenerative capacity in the cells of the human

body is most marked in the less highly differentiated types of cells, and

that it is above all connective tissues, blood-vessels, and epithelium
which most frequently and most completely undergo regeneration. These

are relatively lowly organized tissues and serve for the maintenance or

protection of more highly specialized tissues, and with them regenera-
tion may be complete with full restoration of function. But although
the more highly organized tissues in man do not undergo after injury any
considerable regeneration, they are, when uninjured, capable, under the

stimulus of increased functional exercise, of compensatory hypertrophy,
so that the loss to the organism of similar tissue is made good, thus by
the structural hypertrophy and increased performance of one kidney
after the removal of the other.

The capacity to regenerate lost or injured parts exists to a certain ex-

tent in all animals but is most marked among the lower forms. Thus if

an amosba be cut in two so as to leave one part with the intact nucleus,

this part lives and the one-celled organism is completely restored. The
fresh-water hydra, composed of many cells, may reproduce a large por-
tion of the organism from a small severed fragment. The common earth

worm can reproduce a severed head or tail. Crabs reproduce a whole leg
if the severance takes place at a particular joint. Salamanders, snails,

etc., can reproduce leg and tail. It is further noteworthy in this connec-

tion that the larvae of many lower forms, such as reptiles and insects,

have a much greater capacity for the reproduction of lost parts than the

same species have when in the adult condition.
1

'Consult Morgan,
'"

Regeneration,
" Columbia University, Biol. Ser.. 1901.
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REGENERATION OF SPECIAL TISSUES.

Regeneration of the Nerve Tissue. In the nervous system we find no

evidence that the ganglion cells are capable of reproduction. Some phases
of mitosis are occasionally found in them, although they do not appear
to lead to proliferation. But if the essential parts of the ganglion cells,_

including the nuclei, be intact, a restoration may occur of their central

as well as their peripheral branches. The fibrous and the neuroglia tis-

sue of the central nervous system, on the other hand, may increase, and in

this way, even with considerable loss of substance, injuries to the brain

and cord may undergo a sort of patchwork repair.

In the peripheral nerves a considerable regeneration of fibres may
take place after injury, when the corresponding ganglion cells are intact.

This restoration may be effected in part by fibrous tissue which bridges
the damaged region and affords guides or channels along which the axis

cylinders may grow out from the uninjured central segments, finding
their way to their endings, as in embryonic development they stretch

into the tissues far from the ganglion cells in which they originate. The
restitution is possible here because the centre of nutrition and at least a

limited reparative control in the ganglion cell are intact.

Further details as to degenerations and regenerations of nerves and
nerve tracts may be found in the chapter devoted to The Nervous

System.

Regeneration of Muscle Tissue. Regeneration of smooth -muscle tissue

after injury is slight. Mitosis may occur in the cells and preliminary

phases of division of the body have been described, but it is doubtful

whether, except possibly to a very slight extent, new cells are formed.

Such healing as occurs after wounds and other injuries is largely effected

by new-formed fibrous tissue.

A partial regeneration of striated muscle occurs after various form of

damage and losses of substance. There may be division by mitosis in

the sarcolemma nuclei (Fig. 32) associated with the accumulation near

them of granular protoplasm, which becomes striated, either in situ or

as independent cells. At the injured end of the muscle fibre a similar

process may occur, so that these damaged fibres may be in part restored.

FIG. 32. REGENERATION OF STRIATKD MUSCLE AFTER INJURY.

The nuclei of the sarcolemma have proliferated and are surrounded by a small amount of non-striated pro-

toplasm.

If as the result of the injury some of the nucleated protoplasm escapes
from the sarcolemma, a similar development of striated cells and cell

jnasses may occur.
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It is especially in certain forms of degeneration of the contractile

substance, after typhoid fever for example, in which the nuclei, the sar-

colemma, and the general framework of the tissue are . uninjured, that

regeneration of striated-muscle fibres is most complete. After injuries
with considerable destruction of the muscle tissue, regeneration is apt to

be irregular and incomplete. While there is often much nuclear divi-

sion and often the formation of large numbers of more or less striated

and variously shaped cells, these are apt not to develop into useful

muscle fibres and may disappear by degeneration and absorption or by
pressure atrophy. Here, as elsewhere in highly organized tissues, such

restitution as is possible after considerable injury is achieved by fibrous

tissue.

It is interesting to note that such regeneration as does occur in

striated muscle is not initiated by the highly differentiated contractile

substance, but by the nuclei and small residual amount of undifferen-

tiated protoplasm, and that such more or less definitely striated cells as

arc formed, are in many respects similar to certain forms of developing
muscle cells in the embryo.

Although mitosis and nuclear division have been seen in the muscle
fibres of the heart after injury, there is no evidence that new muscle can
be formed. Kepair, which is not infrequent, is secured by fibrous tissue.

Regeneration of Epithelium. Owing to continuous shedding or to

functional destruction of epithelium of the skin and mucous membranes
and certain of their aduexa, physiological regeneration by mitosis is

common.

FIG. 33. REGENERATION OF EPITHELIUM.

From a wound of the tongue. At the left is normal epithelium ; at the right the thin pellicle of new formed
cells is extending over the surface of the wound.

After injuries also regeneration of epithelium in these situations oc-

curs by mitosis and may be extensive and complete. The new epithelium

always forms from the old, and, when surface losses are to be made good,

extends inward from the edges across the injured area after a suitable

substratum has been formed by fibrous tissue and blood-vessels (Fig. 33;.

The new epithelium is at first atypical in form and arrangement owing
to the necessity for a gradual adaptation to the sustaining and associated

tissues. Thus the epithelium, which at first presses forward over a heal-

ing wound of the skin, may be in the form of a single layer or a thin

smooth pellicle without the usual variations in size and shape by which
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it is later characterized when the papillae of the new cutis are formed
and the new cells have adjusted themselves to these and to each other.

In stratified epithelium it is the deeper layers from which the new
cells chiefly arise. While arnitotic division has been observed in the

restitution of surface epithelium, this occurs in the more superficial cells

and is believed not to be concerned in the regenerative process.

Regeneration of gland epithelium after injury is of frequent occur^

rence, though this capacity varies considerably in different glands. In

many cases it appears to be by a proliferation of the epithelium lining
the smaller excretory ducts that the restitution is accomplished, rather

than by the more highly differentiated secreting cells. This is of espe-
cial interest because it affords an excellent example of the rehearsing under

abnormal conditions and for reparative ends of a developmental phase
of cell life.

In the livjer very extensive new formation of liver cells may occur

after experimental removal of a portion of the organ. jTj_the thyroid

^^ eland also new gland tissue maybe formed after injury. In the kid-

ney the regenerative capacity of the epithelium apj>ears to be less

marked, though proliferation^ of the epithelium of the collecting tubes

may lake place. T>u1 in all these cases it is often difficult to determine

h"6w much of the increase in parenchyma, which undoubtedly may occur,

is due to a formation of new gland tissue and how much to a compensa-

tory hypertrophy of the old.

While, therefore, it is true thai after injuries to t he glands a consider-

able regeneration of epithelium may occur, when the loss of substance

is extensive it is usually rather by a fibrous-tissue repair or by a com-

pensatory hypertrophy or hyperplasia in the uninjured portions of the

organ than by the new formation of true gland tissue that restitution

occurs.

Regeneration of Connective Tissue, We have seen again and again in

reviewing pathological regeneration that, in local restoration after in-

jury, fibrous tissue plays an important part, either by itself or in asso-

ciation with various forms of parenchyma. New fibrous tissue may be

formed in the adult to replace tissue which has been destroyed. It re-

sults from many kinds of prolonged chemical and mechanical irritants.

Thus atrophy of the parenchyma may be followed by interstitial fibrous-

tissue growth, or new fibrous tissue may develop under the influence of

bacterial and other toxic substances, and it frequently forms dense cap-
sules about the seat of old lesions or around foreign bodies.

Many forms of compensatory fibrous-tissue development will be de-

scribed in the second section of this book, such as thickening of the

walls of blood-vessels, inflammatory adhesions, replacement hyperplasia,
etc.

We have now to consider briefly the changes involved in the new
formation of this fibrous tissue. Here, as in all other tissues of the body,

1 For a study of the regeneration of mucous membranes see Cornil and Carnot, Arch.

de Med. Exp., tome xi., p. 413, 1899.
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it is the cells alone which take the initiative, the formation of intercel-

lular substance being always secondary to the formation of the cells and

always occurring under their influence.

Xew connective-tissue cells may be formed by mitosis, either from

older connective-tissue cells, or, as now seems certain, from the endothe- aLJi

limn <>!' the, blood-vessels and possibly from the so-called "plasma cells."
l

,-..

In either case the cell about to divide shows an increase in the size

of the body, which becomes more granular; the nucleus divides by
mitosis, segmentation of the cytoplasm following. This process may be

repeated so that many cells are derived from one, separated at first by

FIG. 34. REGENERATION OF CONNECTIVE TISSUE.

Showing ttbroblasts with a few new-formed intercellular fibrils between them. The vessels have

thin walls, and a few leucocytes have passed through them into the tissue. A mitotic figure is shown in the

left lower portion.

n small amount of homogeneous intercellular substance. These cells,

at first more or less spheroidal in form, may become larger, and poly-

hedral or elongated. Little by little, fine fibrils appear between the

cells, sometimes apparently as extensions of their cytoplasm, sometimes

along their sides in the homogeneous material in which they lie. Such

1 PLASMA CELLS. It is believed by many that the so-called plasma cells are fre-

quently and largely concerned in the formation of new fibrous tissue. Plasma cells

are rounded or polyhedral or elongated, depending upon their situation, and vary in

usually excentric and commonly shows several irregular groupings of chromatin masses

just beneath the membrane. The body of the plasma cell is especially characterized

by the staining of its protoplasm by basic anilin dyes the polychrome methylene blue
of Unna, for example. The staining is commonly less intense near the nucleus and is

otherwise frequently uneven.
Such cells occur normally in the bone marrow, spleen, lymph nodes, and gastro-

intestinal mucosa of man, and may be found under various pathological conditions,

especially in hyperplasia and the new formation of fibrous tissue. It is believed by
man}' observers that plasma cells are direct derivatives of the small mononuclear

lymphocytes, and that when these gather in the tissue by emigration they may either

undergo degeneration and destruction, or, on the other hand, that they may become
connective-tissue cells and share as fibroblasts in the formation of fibrillar stroma. The
origin and significance of "plasma cells" is not yet altogether clear, and we must refer

to larger works for further data. See "Critical Summary of Recent Literature," by
William*, American Journal of the Medical Sciences, vol. cxix.. p. 702, 1900.
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new connective-tissue cells concerned in the formation of fibrillar stroma

are called fibroblasts ( Fig. 34 ) . As the fibrous stroma increases in amount
the cells, at first relatively abundant, become elongated and flattened,

until as the new tissue approaches maturity the more or less dense

fibrillar stroma preponderates, pressing the cells between its bundles

or layers into variously shaped plaques, often fusiform or linear in

profile.

In the formation of fibrillar connective tissue from eudotheliuin the

endothelial cells of thin-walled blood-vessels increase in size, stretch

slender bud-like extensions into the adjacent tissue, where, after mitotic

division, they assume a role altogether identical with that of the ordinary
connective-tissue cell.

The formation of new connective-tissue cells may be large or it may
be limited to the production of a single pair of cells

;
the stroma may be

scanty or abundant, loose or dense
;
the process is essentially the same,

namely, the division of cells by mitosis, and the formation by them, or

under their influence, of more or less fibrillar stroma. This process, it

will be seen, is practically identical with the formation of fibrous tissue

in the embryo.
But here, as elsewhere, the character and extent of new tissue pro-

duction are largely influenced by the environment, and particularly by
the nutritive supply, so that the formation of new connective tissue in

any considerable amount is closely linked to the development of blood-

vessels.

The Formation of Blood-Vessels. The formation of blood-vessels in

post-embryonic life is believed always to start in a budding or sprouting

FIG. 35. DEVELOPING BLOOD-VESSELS ix NEW-FORMED TISSUE.

of the endothelial cells of pre-existing capillaries. The sprouts, directed

outward from the eudothelia of the capillaries, consist at first of slender,

conical, or filiform projections of cytoplasmic substance (Fig. 35). Now
the cytoplasm of the cell from which the sprout springs may increase in

amount and its nuclei divide by mitosis, so that the base of the sprout

may consist of a multinuclear mass of cytoplasm or of a cluster of new-
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formed cells. The sprouts may extend for a long distance into the sur-

rounding region, whether this be already organized tissue in which the

vessels are increasing in number or unorganized lifeless material like blood

clot, which is to be replaced by new living structures. If a similar proc-

ess be in progress in neighboring vessels, the sprouts may unite at their

extremities, forming a slender solid protoplasmic bridge from vessel to

vessel. The sprouts now become thickened and gradually channelled

out at the base by pressure of the blood in the vessel from which they

spring. The blood enters these lengthening channels, forcing its way
along them, forming a lumen as it goes. Simultaneously with this ad-

vance of the lumen, new nuclei are formed by division of the old along
the sides of the vessel, and the new structure gradually assumes a dis-

tinctly cellular and vascular character. At length the channel is com-

plete; the new vessels have well-defined eudothelial walls and connec-

tive-tissue cells from without, or new connective-tissue cells which have
been formed about the nuclei of the protoplasmic sprout, range them-

selves outside along the walls. So the new vessel takes its place in the

vascular system of the part. Thus, in a short time, many new blood-

vessels may form, furnishing nutritive centres about which the organiza-
tion of tissue proceeds.

In the new formation of arteries it is believed that the smooth-muscle

tissue is formed by a growth along the developing vessel from a pre-

existing artery.

Regeneration of Cartilage and Bone. New cartilage may form by the

proliferation either of connective-tissue or, to a slight extent, of carti-

lage cells and the formation about the new cells of the characteristic

basement substance.

The new formation ofjbmie^ under pathological conditions takes place

by the development, first, of fibrillar connective tissue or of hyaline car-

tilage. These tissues, especially through the influence of periosteal cells,

undergo by metaplasia a gradual conversion into characteristic bone
tissue. This mode of bone formation is essentially similar to that in em-

bryonic development. See Fig. 479, p. 727.

Regeneration of Fat Tissue. Fat tissue may be farmed by the accu-

mulation of fatjlroplets in the cells of various types of connective tissue,

particularly in the young or embryonic forms ; but adult connective tissue

may change directly into fat tissue. The repair of fat tissue takes place

by the formation of young fibrous tissue, whose cells and stroma gradu-

ally assume the type of fat tissue. New fat tissue which replaces atro-

phied organs or parts of organs, such as kidney, heart, lymph nodes, etc. ,

is formed in the same way.

Regeneration of Blood. The formation of leucocytes appears to occur

chiefly in the masses of lymphoid tissue which are so widely scattered in

the body in the lymph nodes, in the spleen, and in the bone marrow.
Both mitotic and

vainitotic_ cejl division are to be observed in the new
formation of leucocytes, but the exact relationship between the new cells

produced in these" two ways, and their respective destinies, is not yet
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very clear. Regeneration of redbtood cells seems to
^>ccur

in the bone,

marrow through mitotic division of nnelqated forms. The latter may,
under pathological conditions, appear in the vessels in varying numbers

(see Part III., Chapter I.);

Transplantation of Tissue. Transplantation of tissue may be success-

fully made from one part of the individual to another or from another

individual of the same species. The epithelium of the skin and the vari-

ous forms of connective tissue are most readily transplanted and produce
new tissue of similar type. The transplantation of gland tissue is less

successful, certain glands, such as the mammary gland and thyroid, show-

ing some new gland-tissue formation
;
while on the other hand, kidney,

IrrejV and testicle
> douiot, p ro 1 i IV rat e in the new situation, but undergo

speedy degeneration and absorption. Nevertheless, with the exception
of the skin epithelium the life of the transplanted tissue is usually short

and it degenerates and is absorbed, being replaced by adjacent tissues.
1

THE IMPULSE TO CELL REGENERATION.

While we can thus summarize the differing capacities of the body
cells for regeneration, while we know many of the general conditions

under which the impulse to cell proliferation and growth is manifested,

while, further, we have learned something of the delicate mechanim

through which division is controlled and effected, at the end we must

acknowledge that we do not know why cells divide. We may say that

it is due to a chemical or a mechanical stimulus, and it certainly may be

associated with both, or that increased nutrition favors while innutrition

retards cell multiplication ;
we may cite direct or remote injury, or talk

of the inhibition of organic control, disturbed tissue equilibrium, dimin-

ished pressure, etc., but when all is said we are forced to recur to some

unknown factor in the inherited constitution of the cell which determines

the measure and character of its response to the most varied influences.
2

1 For a fuller resume of this subject, with bibliography, consult Ziegler'y "General

Pathology," Warthin's translation, 1903.
'
2 Consult in this connection, for bibliography on the formative stimulus, references

on the Origin of Tumors, p. 301.

See also, for summary of a new phase of research and interpretation in the nature
of the "formative stimulus" involved in artificially induced cell division and artificial

parthenogenesis, Loeb, Am. Jour. Phys., vol. iv., p. 423, 1901, and for a review of
recent advances in the knowledge of the cell, Wihon, "Some Aspects of Biological Re-
search." The International Monthly, July, 1900. For general bibliography of regen-
eration, compensatory hypertrophy, etc.. see Aschoff, Lubarsch and Ostertag's Ergeb-
nisse, Jahrg. v. for 1898' p. 22.



CHAPTER IV.

INFLAMMATION.

General Considerations.

THE conception of inflammation was originally a clinical one in which
the process was marked by symptoms redness, heat, swelling, gain, and

impaired function. This conception was gradually" enlarged to embrace
the new formation of tissue which might be associated with or follow

these symptoms, or which might be independent of them. After the

knowledge of the importance of the cell became general it was upon the

formation and accumulation of cells and other substances that attention

was especially fixed. Finally, the processes and structural alterations

embraced in the conception of inflammation became so varied and com-

plex that a definition or even a characterization seemed not only difficult,

but wellnigh impossible.

It is only within the past decade or two that the processes and lesions

involved in inflammation have been seriously considered in the light of

comparative pathology and as biological problems divorced for purposes
of research from the dominance of traditional clinical conceptions. In

view of our increased knowledge of the structure of cells, and of the im-

pulses immediate and hereditary which determine their performances, it

seems possible now to resolve the complex processes and lesions embraced
in the general notions of inflammation into more simple factors, and to

arrive, if not at an exact definition, at least at a reasonable conception of

the relationship of its phenomena to each other, to those of normal physi-

ology, and to other phases of disease.

\VMth this end in view it seems wise at first to rehearse as simply and

briefly as is practicable some of the more typical of the phenomena and

lesions which are commonly grouped under the term inflammation.

While the death of tissue from traunrar and degenerative alterations

in the tissues in the presence of various form of poisons are often impor-
tant factors in the inflammatory processes, we shall not consider them

separately here, because they are incidental rather than inherent and i

have already been treated in the section on degenerations and necrosis.

But it should be noted that various phases of albuminous degeneration,
'

local or general, which are induced by the poisons of the pathogenic

bacteria, are very often associated with inflammation, and not infrequently

modify, or may even determine, its occurrence.

A comprehensive survey of the conditions under which inflammation

most frequently takes place shows at once that it is almost always asso-
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elated with some form of injury. This may be direct trauma, or exces

sive heat or cold. It may be poisons of various kinds from the cruder

inorganic poisons inducing immediate and gross tissue destruction to the

subtle toxic substances which result from the metabolism of micro-organ-
isms or from the aberrant metabolism or degeneration of the body cells

themselves.

Let us now look at some of the ways in which the living body re-

sponds to injury, and first at an injury which is very slight and simple.

Types of the Inflammatory Reaction of the Body to Injury,

Injury to Non-Vascular Tissue. If a small clean cut be made in liv-

ing fibrillar connective tissue, not involving blood-vessels and affecting

only the cells and fibres in the vicinity of the incision, and if the sides

of the wound be immediately placed and held together, the resulting

changes which lead to the complete restitution of the part are compar-

atively simple. A small quantity of fluid which oozes from the tissue

spaces sticks the sides of the cut together. Such connective-tissue cells

as have been seriously injured, especially if the nuclei have suffered, die

and disintegrate. But cells whose nuclei have remained intact, whether

directly upon the incision or in its immediate vicinity, become larger and
more granular, may divide by mitosis, extend their bodies or processes
across the plane of incision, bridging this at intervals with living proto-

plasm. Under the influence of these cells, new intercellular fibres are

formed, which in a short time bind the sides of the wound firmly together.

Thus with but the slightest amount of tissue destruction, and with no in-

volvement of the blood-vessels, a simple mechanical injury may be made

good. This form of reaction to injury of living tissue is known to the

surgeons as healing by first intention. The mode of healing does not essen-

tially differ if there be a slight injury to the blood-vessels.

Injury to Vascular Tissue. Let us now look at the effect on a vascular

tissue of an injury not immediately destructive. For this purpose the

mesentery or the bladder of a curarized frog, drawn out upon a suitable

plate upon the stage of the microscope and kept moist by irrigation with

three-fourths-per-ceut salt solution, affords a succession of most instruc-

tive pictures. The mechanical disturbance of the organs exposed, desic-

cation, and a variety of other physical and chemical vicissitudes to

which they are subjected are sufficiently damaging to incite a complex
train of responses on the part of the living tissues.

In studying the circulation of the blood in small vessels under the

microscope it should be remembered that, while the walls of these ves-

sels are made up of living tissue and are capable of responses by move-
ment or by structural change to external agencies, whether applied direct-

ly or through the nerves, they are also elastic pipes through which fluid

flows, and that both pipes and fluid are subject to the laws of mechanics.

These mechanical laws are often modified in expression, it is true, by the

subtle energies which living tissues wield, but, as Thoma more than any
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other has shown, they are not to be ignored by the serious student of the

living body, either in health or disease.

In the bladder or mesentery of the frog the arteries and veins with

their connecting system of capillaries are clearly seen. When the cur-

rent is rapid the cells of the blood in the arteries and veins are gathered
into a red axial mass in which the separate cells may not be distinguish-

able, owing to their crowding and the rapid flow. Outside of this, against

the walls, is a clear marginal zone in which a leucocyte is occasionally
visible. If for any reason the rate of flow be considerably diminished,

the leucocytes, which are specifically lighter than the red cells, gather in

the marginal zone. If the current become very slow or be arrested, the

marginal zone disappears and the red and white cells intermingle.
'

Soon after the exposure of the bladder or mesentery the arteries,

veins, and capillaries dilate, and the blood, encountering less resistance

from the walls, flows more rapidly through them. This increased rapid-

ity of the blood current does not, however, last long, although the vessel

still remains dilated. After a variable period, owing, it is believed, to

changes in the endothelia of the vessels, the blood meets with so much
resistance that it flows more slowly than under normal conditions. Tem-

porary or even permanent stasis may occur in some of the vessels, but

this is not a constant nor a characteristic occurrence. White blood cells

leucocytes now begin to accumulate along the inner walls of the veins

and to become fixed there, so that after a time the whole inner surface of

the veins may be more or less thickly sprinkled, and even closely crowded,
with adherent leucocytes. These may either lie firmly against the eiido-

thelium or be dragged slowly along by the current of blood sweeping

past them. Some are dragged by the blood current into pyriform

shapes, showing that they are adherent at a small point only, and thus

they may be detached from the wall and rejoin the circulating blood.

They may by amreboid movement crawl slowly along the interior of the

wall, even against the current. In the capillaries, also, a similar com-

portment of the leucocytes may be seen.

After a time, which varies considerably in the bladder sometimes

within an hour after its exposure ;
in the mesentery usually later some

of the leucocytes commence to make their way slowly through the walls

of the veins and capillaries. At first a little shining knob appears on
the outside of the wall opposite to the cell which is sticking within, and
this outer portion grows larger as the part still within grows smaller,

until at length the entire cell is outside of the vessel. The cell now may
immediately detach itself and wander off in the tissue spaces, or it may
remain for some time attached to the outside of the wall (Fig. 36). This

passage of the leucocytes through the walls of the capillaries and veins

it does not occur in the arteries is called emigration. The emigrating

1 This distribution of the blood is almost, if not wholly mechanical, and may be
simulated in glass tubes with a fluid in which lifeless particles of different specific

gravities
are suspended. The particles of the lesser specific gravity assume, when the

rlmv is established, the peripheral portion of the stream.
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cells are largely the polynuclear leucocytes, but mononuclear forms and

eosinophiles may also pass out of the vessels.

The cells pass between the endothelia through the cement substance,

which apparently is in some way changed in the inflammatory process.

FIG. 30. EMIGRATION OF LEUCOCYTES FROM THE BLOOD-VESSELS OF THE MESENTERY OF THE FROG.

Some of the leucocytes are clinging to the interior of the vessels ; some are passing through the walls ; some
are wandering away through the tissue spaces. There has been diapedesis of a few red blood cells.

They may pass through very rapidly, but usually their progress is slow

aud often interrupted, so that cells may be seen motionless for a long
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FIG. 37. EXUDATIVE INFLAMMATION IN THE WALL OF THE APPENDIX VERMIFORMIS.

Showing extravasated leucocytes in the vicinity of the blood-vessels with oedema of the surrounding con-

nective tissue.

time in various stages of progress through the walls. A half minute, or

even less, may suffice for their passage, or they may be hours about it.

Thus, after a variable time, if the conditions have been favorable, the
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tissues immediately around the capillaries and veins, and eveii those

somewhat remote from them, may be more or less densely crowded with

leucocytes, some motionless and in the spheroidal form, others moving
about through the tissue spaces (Fig. 37). Leucocytes may pass out of

the tissues on to free surfaces of the inflamed part, or they may wander
into the lymph-vessels and so re-enter the circulation.

It is probable that the emigration of the leucocytes is due in part to ^
a sort of filtration process with which the pressure of the blood within

the vessels is concerned, and also to capillary attraction at the point of

emergence. But the inherent contractility of the cells themselves forms.v^
, , . _., .&ttmctii>ir>'-^^J^'^~^S^\itMi^.UjQjuftt''^^

doubtless, a very important factor. That in most cases cheniofaxis/Tn&vs

a significant part in directing the course of the leucocytes seems to be

well established, and it is largely to this that the gathering of leucocytes
is due in the vicinity of the deleterious agents which incite inflammation.

In regard to chemotaxis it should be said in brief that the direction of

locomotion in protoplasm may be determined by chemical substances in

the vicinity. This is the case not only in the lower forms of life, as in

certain bacteria and protozoa, but also in such cells of higher organism
as have retained a certain independence of locomotion, for example, in

the leucocytes and certain cells of the connective tissue. To this form of

response to external agencies the name chemotaxis has been applied. In

some cases the effect of chemical agents in the environment is not to at-

tract, but to repel protoplasm. This has been called negative chemotaxis.

Chemotaxis and certain allied responses to outside influences have been
found to play an important role in health as well as in some forms of

disease, and have been the subject of much careful study.
'

If we return now to our observation of the living mesentery it will be

found that while emigration of leucocytes is going on the red blood cells,

although for the most part carried along as usual in the current of the

veins and through the capillaries, still often find their way in small, and
sometimes in very large, numbers into the surrounding tissues. They are,

it is believed, carried passively through the cement substance between
the endothelia by minute streams of fluid which under these conditions

are flowing in abnormal quantities through the walls. This extravasa-

tion of the red blood cells is called diapedesis. It appears to follow the

emigration of the leucocytes, which seems in some fashion to prepare the

Way for the more mechanical exit of the red cells.

By this time it will be usually found that the tissue around the ves-

sels is somewhat swollen and more succulent than normal, and fluid may
be poured out on the free surface. The fluid which thus gathers is called

nemm. It is similar to the simple non-inflammatory transudntes, except
that it is richer in proteids and is mixed with cells. This serum has

passed out of the blood-vessels along with the blood cells, and, as its

composition differs somewhat from that of blood plasma, it is evident

1 For a fuller consideration of chemotaxis, with bibliography, consult D(icen)tort,

"Experimental Morphology," Part I., p. 32, et seq. For the forms of leucocytes which
emigrate under various conditions see Adkr, A. Jacobi's Festschrift, 1900, p.* 309.
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that it has undergone a change as it passed. The way in which this

alteration in the composition of the blood plasma occurs as it passes

through the walls of the vessels and becomes the seruni of exudation, we
do not understand. But it is probably due
to metabolic processes in the endothelial

cells by which what has been called a "se-

lective filtration
"

is secured.

The fluid exudate contains fibriuogenous

substance, and from this, when the condi-

tions are favorable, fibrin may be formed

(Fig. 38) by a change similar to that which

occurs in the coagulation of the blood. The

leucocytes which wander into the tissue

spaces outside the vessels may encounter

conditions inimical to life, from innutrition or from the presence of dele-

terious substances, and thus these and other cells furnish as they die and

disintegrate the fibrin ferment essential to coagulation. Clusters of

fibrin fibrils may thus often be seen surrounding dead and disintegrat-

ing cells (see Fig. 39).
'

If at this time the exposed bladder or mesentery of the frog be re-

stored to the abdominal cavity and the animal placed under favorable

conditions, the reaction of the vessels and cells to the unusual environ-

ment may, if the injury have not been too severe, gradually subside.

The circulation is then re-established, the serum is absorbed, the leuco-

cytes which have not come out upon the surface or died in the tissue

FIG. 38. FIBRIN IN INFLAMMATORY
EXUDATE.

FIG. 39. FIBRIN FORMING AROUND DEAD CELLS IN THE INTERSTICES OF TISSUE.

spaces may re-enter the lymphatics. Fibrin, if this have been formed,

and red blood cells which have escaped from the circulation are dis-

posed of by simple decomposition, or under the influence of ferments

1 For a discussion of the relationship of fibrin formation to cells which may furnish

a substance inducing coagulation see Hnuser, Virch. Arch., Bd. cliv., p. 335, 1898; also

Arnold, Cbl. f. Path., Bd. x., p. 313, 1899.
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FIG. 40. BACTERIAL EMBOLUS IN THE LIVER.

The bacteria have grown in a mass within the small

blood-vessel. The liver cells in the vicinity appear un-

changed.

which leucocytes furnish (see p. 116), or may be carried off by the wan-

dering leucocytes; or, as is not infrequently the case, the decomposed
blood pigment may remain for some time, in situ, as the only mark of

an earlier active inflammatory

process.

Thus in the living animal '

we can learn by direct obser-

'*>;/;', *. ""v.** ".*" .,**'' . >,'v'
vat ion the way in which serum,

"* *"

+'
*

*-
'

-1 -:'"' '"'* '?' -'^/
V

!*i*' - fibrin, and red and white blood

cells get into the tissues and

upon free surfaces in certain

forms of injury involving the

blood-vessels. These materials

gathering in or upon the tis-

sues under these conditions are

called exudates, and this phase
of inflammation is commonly
called exudative inflammation.

Let us now look at the

effect upon a living vascular

tissues of injury inflicted in

a different way.

Injury from Micro-organisms. Suppose we inject into the ear vein of a

rabbit a small amount of a pure culture of a well-known and very com-

mon nicro -

organism, Strepto-

coccus pyogenes. Little masses ..''"."."'*.*.' '". '''"*!. *

of the living germ will enter . .' i. *>:.*' .';'.'"**.
the heart and be driven out *.*,'.''" '.' ''';
again through the arteries in ,"

-'
',* ''.,. '.

;

'-*.'
whose smaller twiglets or in

* *

.' -'..*
the capillaries some of them
will lodge. Here in the living
tissues the bacteria may find

good nutrient conditions and

begin to proliferate, increasing
so rapidly in number that they

may distend the vessels in

which they lie. If after twenty-
four hours the animal be killed,

and one examine the organs in

which the bacterial emboli have

caught and grown in the liver,

for example he finds small

blood-vessels here and there distended with bacteria. But the paren-

chyma and interstitial tissue about them appear to be intact (Fig. 40) .

1 Thoma has shown by similar studies on warm-blooded animals that the reaction
to injury is iu them essentially similar to that in the frog.

FIG. 41. BACTERIAL EMBOLUS IN THE LITER WITH
NECROSIS.

The bacteria are still largely confined to the vessel but

a few are outside. There is a zone of necrotic liver cells

about the growing mass of cocci.
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If, however, the animal be allowed to live longer say two or three days
before the examination, the condition of the tissue about the growing

bacterial mass in the typical course of events shows marked and signifi-

cant alteration. Immediately around the bacteria the nuclei fail to take

the nuclear stains (Fig. 41); the cytoplasm is unusually granular or

fallen into fragments. These are the marks of cell death, and from the

situation of this area of dead tissue about the colony of growing bacteria

we may infer and the inference is confirmed by a host of tests and ob-

servations that, in growing, the bacteria have set free in the tissue about

:^i|.^SIi^lfllwf/! ".-

* a --* *- * " "~ '
: i#.^|f? %v:v>^'

>; :
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FIG. 43. NECROSIS AND SUPPURATION IN THE LIVER FROM BACTERIAL INFECTION EXUDATIVE ANI>

NECROTIC INFLAMMATION.

The bacteria are scattered in masses, the liver cells about them are necrotic, while leucocytes have

gathered in large numbers within the necrotic area. With slight further disintegration this mass of dt'ad

liver tissue and pus cells would form an abscess.

them some chemical substance whose presence is incompatible with the

continuance of the life processes in the liver cells, which in fact has killed

them.

But very soon the tissues near by show a different sort of reaction to

this active poison set free upon the spot. Leucocytes gather on the bor-

ders of the necrotic area and may form a dense ensheathing mass about it

(Fig. 42). If we look for the origin of these, we find that close outside

the area of dead tissue and among the gathered leucocytes the smaller

blood-vessels are dilated, overfilled with blood, and such marks of the

emigration of leucocytes as a tissue removed from the animal and pre-

pared for examination may show are unmistakable. ~Not infrequently
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extravasated red blood cells aud fibrin and a disteution of the tissue

spaces with fluid still further characterize the process as exudative in-

flammation.

It was observed in the exposed mesentery or bladder of the frog that

the leucocytes, once outside the vessels, wandered off in various direc-

tions in the tissues, some to the surface, some to the lymph- vessels, and

some far from the veins or capillaries from which they emerged. Not so

here. The extravascular leucocytes gather close in the border zone of

the necrotic area or enter it. And we may usually see in the outer parts
of such an area of dead tissue scattered leucocytes which are themselves

undergoing changes indicating the death of the cell. The changes which
have just been described as the result of experiment in the animal are

practically identical with those occurring in man as the result of acci-

dental inoculation.

If the process continue, one may find on later examination that the

dead-tissue mass has softened, the bacteria are scattered, and the whole
central portion may be occupied-by a grayish or yellowish grumous or

fluid mass of dead cells, ceH^^tran^sfaibuminous and fatty granules,
bacteria and leucocytes in various stages of necrosis and disintegration.

Such a localized result of exudative inflammation with death and dis-

integration of tissue is called an abscess ; the material which it contains

is called pus.
1

The changes by which, if the animal survive the formation of abscess,

the active processes are brought to a standstill and repair is effected, we
need not now follow. But it concerns us here to appreciate that this is

a type of one of the most important phases of the inflammatory process ;

a phase in which a poison produced in the body by the metabolism of

micro-organisms incites a complex train of active and passive tissue

changes.
In our study of illustrative phases of inflammation we now turn to

the processes by which repair of injured tissues, after more or less in-

volvement in the inflammatory phenomena, are brought about.

Resolution in Inflammation Phagocytes. In many cases of exudative

inflammation, after the subsidence of the active changes in the blood-

vessels, the exudates are entirely absorbed, and the tissue returns to its

normal condition
; this is called resolution. Under certain conditions, on

the other hand for example, in the case of a wound with loss of sub-

stance, or in an acute exudative inflammation of a serous membrane
in which the surface is deprived of its normal mesothelial

2

covering, or
in the healing of an abscess new tissues may be produced through the

agency of old cells or of new cells formed in the inflammatory process.

1 For a more detailed consideration of suppuration and the characters of pus see p.
175 et seq.

s The morphological resemblance of the flat cells covering the surfaces of the great
serous cavities peritoneal, pleural, and pericardial to the endothelium of the blood
and lymph-vessels has led to their being also called endothelium. But their genesis as
well as certain physiological capacities which they still retain, render more fitting the
name mesotheliiim. See reference to Minot in footnote on p. 325.
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FIG. 43. PHAGOCYTES.

These are leucocytes which

have taken particles of pigment
into their bodies.

Before considering the way in which repair of a wound is effected, we
shall look at an important class of cells in the body by which foreign and

waste substances are disposed of.

PHAGOCYTES. The disposal of small foreign

particles which in one way or another get into

the body, and the removal of dead and useless

fragments of tissue which may be present as the

result of injury or disease, are cared for by
larger and smaller cells, called phagociftes. To
a certain extent the same occurs in the wear and
tear of normal life. The cells having this mat-
ter in charge are largely leucocytes (Fig. 43),
and all are apparently mesodermal, lowly or-

ganized cells. Some of them are large cells and may be multiuuclear

the so-called "giant cells"
'

(Fig. 44). Eudothelial cells may also play
an important role as phagocytes.

The disposal of dead or foreign material is in part accomplished by its

being taken into the bodies

of the phagocytes. These

may either retain it more
or less permanently, or may
absorb it in virtue of their

metabolic powers, or, in the

case of leucocytes, may carry
it off to some region of de-

posit by the exercise of their

amosboid capacities. On the & ^>

'
"''

* 0>
other hand, the leucocytes, \& .&'

<jj&
.& ^

and possibly other mesoder- /v y '^

v*
fc

>J:

sp
mal cells, may either with -

'
r

; '.^-^.>
or without disintegration ^T5^^^
develop ferment-like sub-

stances
2 which render pro-

teid materials soluble ; thus

dead or useless tissue frag-

ments may be dissolved and

carried off in the tissue fluids (Fig. 45). This phagocytic and lytic

action of mesodermal cells is believed to have an important bearing upon
immunity and recovery from infectious diseases (see pp. 172 and 181).

1 These giant cells may be formed either by the fusing together of endothelial or

connective-tissue cells, or by a division of nuclei and increase in the cytoplasm of con
nective-tissue cells, without a further division of the body. The possibilit}' must be

recognized that giant cells may be formed also by the fusion of leucocytes. Giant
cells are frequently present in granulation tissue which is forming simultaneously with
the absorption of some foreign substance or considerable quantities of dead tissue (Fig.

44). For a study of giant cells, with bibliography, consult Hektoeit, Jour. Exp. Med.,
vol. iii., p. 21; Fuerst. Ziegler's Beitriige, Bd. xxiv., p. 440; and Buxton, "Studies from

Department of Pathology Cornell University," vol. i.
'
2 For a resume of the action of ferments in pathology see Jacoby, Ceutrbl. f. Path..

Bd. xiii., p. 2.

FIG. 44. GIANT CELLS.

The giant cells are at the border of a layer of granulation
tissue formed about a mass of dead fibrous tissue which is

being absorbed.
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The Healing of Wounds.

The way in which new inflammatory tissues are formed may be best

understood by following the process of healing in a wound with loss of

substance for example, in a wound through the skin or a mucous mem-

FIG. 4.5. FRAGMENTS OK NECROTIC MUSCLE IN PROCESS OF ABSORPTION UNDER THE ACTION OF
PHAGOCYTES.

brane into the tissue beneath. At first there may be haemorrhage. After

this has ceased, the injury to the tissue, the unusual exposure of deep-
seated parts, the presence of foreign substances, etc., may induce the

same series of events which we have seen occurring in exudative inflani-

FIG. 46. GRANULATION TISSUE FROM WOUND OF TONGUE.

Early stage with very thin-walled blood-vessels, leucocytes, and young connective-tissue cells. There are

few intercellular fibrils.

ination .with production of serum, fibrin, and pus. The blood-vessels

dilate, the circulation becomes slower, serum transudes, and emigration
sets in. Certain of the cells and fragments of intercellular substance
near the seat of injury may die, and in time are cast off or are disinte-
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grated or dissolved and absorbed or otherwise disposed of by phagocytes.
The tissue may become soaked and swollen by the transuded serum, and
the connective-tissue cells in the vicinity may undergo proliferative or

degenerative changes.
Granulation Tissue. After a variable time, usually on the second or

third day if all goes well, the surfaces of the wound may be more or less

covered with tiny red nodules called granulations. These granulations
contain numerous thin-walled blood-vessels which have sprouted out

from the old vessels near the seat of injury, and around these a new
loose, succulent tissue is formed, largely, it is believed, from prolifer-

ation of connective-tissue cells. This is called granulation tissue (Fig.

46). On the surfaces of the granulations are usually pus cells in vary-

FIG. 47. GRANULATION TISSUE FROM WOUND OF SKIN.

The walls of the blood-vessels are thicker and intercellular fibrils are forming.

ing quantity, or the granulations may be more or less covered with

dried exudate. The way in which the new blood-vessels form by proto-

plasmic sprouts from the old, and the manner in which connective

tissue develops from older couuectiA'e-tissue cells have been already de-

scribed in the section on Eegeneration. Let it suffice here to say that

the cells of the granulation tissue are at first mostly small and spher-

oidal or polyhedral, and are usually packed closely together with only a

small amount of fluid intercellular substance. Presently some of the

cells become larger and polyhedral, elongated, fusiform, or branched,

and after a while 'a delicate, fibrillar intercellular substance makes its

appearance about them and grows more and more abundant (Fig. 47).

These larger, variously shaped cells, which appear to be formed out of

the small spheroidal or indifferent cells of the granulation tissue, are

usually granular, and the nucleus is generally large and distinct. Some
of these larger cells which seem to be more or less directly concerned in

the formation of intercellular fibres are called fibroblaftts (Fig. 48).
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As the granulation tissue grows, new, small spheroidal cells are gath-

ering by proliferation or by continued emigration. Some of these par-

ticipate in the formation of the granulation tissue, while others, not find-

ing conditions suitable for their fur-

ther development, or even for their

continued existence, die and pass off

on the surface, together with some

transuded fluid, as pus.

The polynuclear leucocytes do not

apparently share in the formation of

new tissue. Whether this is largely

or wholly derived from small spher-

oidal cells which may result from

proliferation of old connective-tissue

cells, or whether, as is now confi-

dently claimed by many observers, the emigrated lymphocytes, assum-

ing the characters of "plasma cells" (see page 103), may be also con-

cerned, is not yet certain.

Cicatricial Tissue. The new tissue gradually becomes more and more

dense, the intercellular substance more abundant, while the cells decrease

in number and become flatter and less conspicuous. The epithelium may
now grow over from the sides, forming by mitosis from the old epithe-

lium at the edges of the wound (Fig. 49), and finally cover the new
vascular tissue. The new tissue, having at last undergone more or less

shrinkage, with atrophy of the blood-vessels, consists of a dense, firm

FIG. 48. FIBROBLASTS OF NEW CONNECTIVE
TISSUE IN A HEALING WOUND.

There are numerous new-formed intercellular
fibrils.

FIG. 49. HEALING WOUND IN THE TONGUE OF A DOG.

There was loss of substance muscle, flbrous tissue, and surface epithelium. The lost tissue has been

replaced by the vascular granulation tissue which is oldest and most dense in the deeper portions, while on
the surface is a layer of tissue detritus, pus cells, etc., partly dried, and forming a scab over the granulations.
New epithelium is pressing forward from the old at the edges over the surface of the new-formed tissue.

mass composed largely of fibrillar basement substance with a few flat-

tened cells (Fig. 50) ; and with this, which is the cicatrix, the healing is

complete.
Variations in the Healing Process. Although in the production of new

tissue in connection with or following exudative inflammation essen-
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tially the same processes are involved in all cases, there are yet very
marked differences in the degree in which the different factors share.

Thus the vascular and exudative phenomena may predominate and very

large quantities of serum, fibrin, or pus collect, while the amount of

new-formed tissue may be insignificant. The production of a large
amount of exudate, particularly of pus cells suppuration usually
marks the presence of micro-organisms whose locally elaborated poisons

complicate or retard the healing process. In other cases the formation

of new tissue is the dominant feature, and the production of exudates

FIG. 50. CICATRICIAL TISSUE FROM HEALED WorXD.

seems to be almost entirely subordinated to this end. The process of

repair which is complicated by exudative inflammation or effected only

by the gradual formation of a considerable amount of new tissue is called

by surgeons healing by "second intention."

s The distinction between healing byjjrst and second intention, which

k/A^'-'ra
of practical importance in surgery, Ts, Trom the pathological stand -

M ' point, only a quantitative one: for the restitution of the parts to the

^ l^Jiealthy condition is in both cases brought about by exudation, and

}J^ ^>proliferation, of cells usually un3er the influence of va^ular"changsg ;

^s"\ but in one case the latter changes are very slight, in the other more or

V less extensive.

There is much variation in the formation of granulation tissue. Thus
sometimes the body cejls respond but feebly to the unusual con-

ditions, and neither cell proliferation nor blood-vessel growth is

active. On the other hand, the development of blood-vessels may be

excessive, while other tissue formation lags. Under these conditions,

loops and tangles of thin-walled, contorted new vessels 'may project
from the granulating surface, while useful tissue formation remains in

abeyance (Fig. 51). The result of this disproportionate growth of ill-

formed blood-vessels is the exuberant granulations which the surgeon

frequently removes from unhealthy healing surfaces.
1

Cavities formed by abscesses or by necrosis in any part of the body
may be filled up and their sides drawn together in a cicatrix, by the

formation of a provisional mass of granulation tissue similar in charac-

ter to that which grows in external wounds. So, similarly, cysts may be

'Fora special study of granulation tissue see Reinbach, Ziegler's Beitr., Bd. 30.

p. 102.
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obliterated and ulcers partially filled and drawn into cicatricial healing,

Large free surfaces, like the pleura and the peritoneum, may, through
the intervention of granulation tissue, pass from the denuded condition

of an active exudative inflammation, either with or without adhesions,

into a condition which, though by no means a return to the normal, we

yet designate as repair.

The so-called organization of a thrombus in a blood-vessel is brought
about by processes practically identical with those which have just been

described in the formation of new tissue in reparative inflammation in

an external wound. The eudothelial cells of the vessels and the con-

nective-tissue cells in their walls proliferate, new blood-vessels develop

by sprouts from the already existing smaller vessels in their walls or

close about them. The new cells and new blood-vessels thus derived

FIG. 51. EXUBERANT GRANULATIONS.

From the inner surface of a granulating ovarian cyst containing pus. The tissue between the new capil-

laries is ill-formed, oedematous. and with few cells, most of which have undergone fatty degeneration.

gradually penetrate the clot forming new connective tissue, which re-

places step by step the fibrin and blood which are gradually softened by

autolysis and absorbed or removed by phagocytes.
The part which the thrombus plays in its so-called organization is

thus a wholly passive one. It acts only as a temporary supporting text-

ure for the development of the new tissue derived from other sources

which step by step replaces it. %

Hyperplasia and Interstitial Inflammation.

Hyperplasia of the fibrous interstitial tissue of the internal organs and

other parts of the body as, for example, in the liver, kidney, heart,

nervous system, etc. is of frequent occurrence and is usually associated

with changes in the parenchyma. In some cases the formation of fibrous

tissue clearly follows evident and often acute inflammatory processes and
bears the same relation to antecedent reaction to injury that the cicatrix

in a healing wound does to the granulation tissue from which it is

formed. In other cases it is associated with long-continued hyperremia
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chronic congestion of the organ involved. Again, gradual hyperplasia

of the interstitial tissue takes place by the slow increase of cells and stroma,

without evidence of an active cell proliferation or marked involvement

of the blood-vessels. Finally, hyperplasia of the interstitial tissue may
be and probably usually is secondary to damage to or atrophy of the

parenchyma, as in the spinal cord after degeneration in nerve tracts or

in the heart after damage to the muscle fibres. In such cases it is ofteu

spoken of as r^?^w^j^e2^tZmL These forms of fibrous-tissue

hyperplasia will he considered with more detail in the sections dealing
with the special lesions of the viscera. They have all been usually re-

garded as marks of inflammation. Some of them unquestionably are

so; concerning others, doubt wr
ill continue until our knowledge as to

their excitants considerably increases. In the mean time the term fibro-

sis is sometimes applied to the results of fibrous-tissue hyperplasia, though
this is still most commonly included among the inflammatory processes.

Those important phases of inflammation which are due to damage
from special forms of micro-organisms will be considered in detail in the

chapter of this book devoted to the Infectious Diseases.
'

Special Phases of Inflammation.

The several phases of the inflammatory process, which we have now
considered, are fairly typical of the reaction of the living body to various

forms and degrees of injury. If we look at them together and seek to

gather their dominant features, we find that the changes, varied as they
are in character as well as in degree, are mostly of three kinds : first,

those involving a greater or less amount of degeneration or necrosis ; sec-

ond, those involving local disturbances of the circulation, as well as

alterations in the distribution and character of the fluid and cellular

elements of the blood exudative changes ; and third, regenerative, produc-

tive, or reparative changes.
Of these three groups of alterations in inflammation those involving

the blood-vessels and their contents are, in a clinical sense, most striking
and characteristic, and to many seem to dominate the inflammatory proc-
esses. But in fact all are closely associated. The various phases of

inflammation depend upon the nature and extent of the injury, the in-

herent reactive vigor of the cells, and the character and position of the

tissue involved.

Special names have been attached to various forms of the inflamma-

tory process, descriptive of the feature which from the particular stand-

point of the observer seems most striking or important. Some of the

names are descriptive of clinical symptoms, some express the duration

or character or situation of the lesion, some seek to imply more or less

well-founded views of the nature of the process. Thus among the forms

1 For a suggestive and interesting consideration of the relationship between inflam-

mation and various forms of "flbrosis" see Adami, Middleton Goldsmith Lectures, Metl-

cal Record, March 14 and 31, and April 4 and 11, 1896.
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of exudative inflammation those in which the extravasated serous fluid

is the most marked feature are often named serous inflammations. If

tibriii predominate, it is called flbrinous ; if associated with much blood

extravasation, it is termed hcemorrhagic. When the agencies are present
which induce the necessary vascular changes and promote the emigration
and gathering, and often the destruction, of leucocytes in considerable or

large numbers, we have a suppurative or purulent inflammation. If much
tissue death be associated with the process, it is named necrotic inflam-
mation.

Again, if certain mucous membranes or mucous glands be subjected
to the inciting agencies, they may respond by an overproduction of

mucus as well as by an increase or death of cells; this is mucous or

catarrhal inflammation. Finally, these various forms of exudate may be

produced simultaneously, whence arise such compound designations as

M>-o-purulent, muco-purulent, etc., inflammation. Inflammation with the

formation of new tissue is called productive or reparative.

Local inflammation, especially when incited by micro-organisms, is

often associated with systemic infection due to a distribution of the in-

citing agents through the body. This condition will be considered in the

chapter dealing with the Infectious Diseases (see page 202).
It has seemed wise to many to attempt to draw a sharp distinction

between those phases of inflammation which involve only the degener-
ation of tissues or the redistribution of already formed tissue elements

scrum, fibrin, and blood and those phases which are productive or

reparative. But while this attempt aims at the recognition of a biologi-
cal distinction of fundamental importance, it encounters the great prac-
tical difficulty that both phases of the reaction of tissues to injury, the

exudative and the productive, occur together, so that none of the named
classes of inflammation represent simple and unmixed forms of tissue

reaction. The important thing is to conceive, as clearly as our knowl-

edge permits, the nature of the processes which underlie these various

manifestations of disturbed cell function and their associated tissue

alterations. Then the names may serve useful temporary ends at le"ast,

without implying too much or concealing too little knowledge.

Survey of the Inflammatory Process and its Significance.

If now, from the vantage-ground which we have won by our survey
of various typical phases of inflammation, we seek to gain an insight into

the forces which dominate the varied processes, we note at once tliat

from first to last the cell and tissue performances in inflammation, how-
ever exaggerated or perverted, are only the expression of physiological

capacities which belong to the structures involved. Thus the contrac-

tions and dilatations of the vessels are paralleled in health. The exuding
of fluids through their walls occurs by processes akin to those by which
blood pressure, osmosis, and selective filtration in eudothelial cells main-

tain the initial circulation into and through the tissue spaces. Emigra-
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tion is a physiological process which we find excessive here, because there

are structural alterations in the walls of the vessels which permit a freer

exit of the cells, and because there are also present new and active

chemical agents which, just as in normal conditions though in exagger-
ated fashion, excite and control the movement and direction of the leu-

cocytes. The healing processes, complex as they seeni to be, are actually
but a rehearsal under unusual and often difficult conditions of cell and
tissue formation, which is characteristic of the normal period of develop-
ment. Phagocytosis is a factor of the greatest importance in the normal

as well as in these abnormal performances of the body cells.

The degenerative phenomena, among which must be reckoned the

formation of fibrin, are, as we have seen, incidental rather than primary
factors in inflammation.

Thus in all the manifold manifestations of abnormal cell performance
in inflammation we find no new functions, no new cell capacities.

We are now brought face to face with the final question : What does

inflammation mean ?

In those phases which involve the repair of wounds and the regener-
ation of lost tissues it is not difficult to recognize conservative and bene-

ficial processes. But how is it with those phases of inflammation in

which the blood-vessels are largely involved and exudates formed

serum, fibrin, and pus? Are we to be contented here with a simple sum-

mary of the phenomena and with the recognition that these are the results

of exaggerated or physiological cell and tissue performances in the face

of injury? Or, on the other hand, is there reason for the belief that

these abnormal manifestations of cell life in the presence of an unusual

and deleterious environment may, after all, be in the main conservative

in their nature, and, even as normal cell functions do, tend within the

limitations of an emergency to the welfare of the individual ?

In the hope of gaining some light upon this question let us look a

little more closely at the part which the exudates play in exudative inflam-

mation
;
and first at the leucocytes.

'It was through the painstaking and brilliant studies of Metschnikoff '

that attention was directed to the importance in this connection of com-

parative studies upon the comportment of lower forms of life in response
to injury.

It was found that amoeba, one of the simplest of organisms, when cut

in two may undergo complete restitution of the part containing the nu-

cleus, provided the latter be uninjured. The remaining portion may
live for a time, but ultimately dies. Furthermore, it was found that

amoeba and other lowly forms of living beings are capable, by the use of

their simple digestive processes, of destroying micro-organisms which are

taken into their interior and which might otherwise damage or kill them.

Thus it was established that the digestive mechanism may become pro-

tective in lowly organized cells.

Rising in the scale of living beings, it is found that in forms in which
1

Metschnikoff, "Comparative Pathology of Inflammation," English translation, 1893.
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considerable differentiation of some of the cells has taken place, whether

there be a distinct circulatory apparatus or not, certain other cells are

left in a more primitive state: these are phagocytic and can ingest or

otherwise destroy deleterious material.

When we come to man and other warm-blooded animals, it is upon
the leucocytes which have retained so many of the capacities of undiffer-

entiated protoplasm that attention is especially concentrated. It has

been found, as we have already seen, that the movement of leucocytes

may be directed toward (sometimes from) chemical substances set free

in their vicinity. . This chemotaxis is frequently manifested in the

vicinity of dead cells or tissues which are the seat of destructive me-
tabolism. But it is especially in relation to micro-organisms of various

forms that chemotaxis in the leucocytes is of the highest significance to

us here.

Highly virulent micro-organisms may for a time repel the leucocytes,

probably through negative chemotaxis, but these may later approach
them. On the other hand, leucocytes most often migrate toward bacteria

which have gained entrance to the body. It has been proven that leuco-

cytes, especially the polyuuclear neutrophiles, less frequently large
mononuclear forms, may take into their interior and destroy living
bacteria. Dead bacteria also, as well as other inert material, they can

engulf and destroy.

This capacity of leucocytes and other mesodermal cells eudothelia,

etc. to take up living bacteria and kill and digest them was persistently

and ably urged by Metschnikoff and his pupils as the chief protective

agency in the body against bacterial incursions, and to these observers

all the other phenomena of inflammation formerly seemed of secondary

importance. But it was soon shown that this extreme view is not correct.

For it was demonstrated by many observers that the body fluids, espe-

cially blood serum, is capable ot killing bacteria with which they come
in contact. When, however, this remarkable quality of the body fluids

was investigated, it was found that it is most pronounced under condi-

tions which involve the breaking-down of leucocytes or the liberation of

the destructive substances into the fluids. It was possible now to demon-
strate that the leucocytes do in fact contain a gerinicidal proteid sub-

stance or substances. These substances, which appear to be closely

associated with or related to nucleinic acid, have been called "alexines"

or "protective proteids."
'

It has been further demonstrated that while

the eosinophile cells may move toward bacteria, they are not phagocytic,
but may set free granules which appear to favor the destruction of the

germs.
It thus appears that the earlier view of the almost exclusive impor-

tance of phagocytosis is not sustained, but that even more than in the

action of living phagocytes the protective agencies are to be sought in

the body fluids. But it is also clear that the protective capacities of the

body fluids are the result of cell activities, as indeed might have been
1 For further consideration of this subject see p. 181.
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inferred in advance of the long line of careful experiments which fiimlly

led to the demonstration.

The importance of this protective power of the body cells and body
fluids is not exhausted with their gerniicidal action. For not less sig-

nificant is the role which these may assume in the establishment of other

phases of immunity to the incursion of micro-organisms. This will be

considered later in the general survey of the infectious maladies (p. 175).

If now one seek for ways in which the other exudates, serum, and

fibrin may be useful to the individual, it is obvious that in the dilution

of locally engendered poisons and in their removal from a vulnerable

region the fluid may at times be beneficial. Fibrin, too, by closing inflam-

matory foci, through temporary adhesions, or by the sealing of absorbent

surfaces, may limit the extension of injurious agents, as is so frequently
the case in local infectious injuries in the peritoneal and pleural cavities.

That the regeneration and repair of tissue which may be associated with

or follow the more active phases of inflammation are, as a rule, beneficent,

is not doubtful.

There is, of course, another side to the matter. For new cicatricial

tissues which have formed in the process of repair may be so situated as

to cause serious impairment of functional performance or even fatal

strictures. The gathering of leucocytes, too, may be so excessive and

their proliferation so extreme as to lead to delayed healing or to serious

exhaustion from suppuration. But notwithstanding these irregularities

and failures there seems to be good reason for the belief that, on the

whole, the processes involved in inflammation are conservative, and,

within the limitations which may be set by the varied and changing con-

ditions of injury, tend to maintain the welfare and sustain the life of the

individual.

CHARACTERIZATION OF THE INFLAMMATORY PROCESS.

The general conception of inflammation which we have just set forth

looks beyond the gross manifestations of disordered function and altered

structure, by which it was originally marked, and beyond the complex
and varied expressions of aberrant cell activities, with which our later

science has mostly dealt, to the fundamental qualities of living substance.

And thus at last, with the heart of the subject in view, a characterization

of inflammation becomes possible which is suggestive and useful, though
it may not indeed be final. Perhaps among many such characterizations,

that of Adami '

is on the whole the most clear and precise, and with him
1 For a fuller consideration of inflammation from the point of view which in general

is here adopted, one may consult the excellent article on "Inflammation "
by Adami in

Allbutt's "System of Medicine," vol. i., p. 54.

In Thoma's work on "General Pathology," vol. i., is a clear exposition of the vari-
ous processes concerned in inflammation, with a fuller recognition than is commonly
accorded to them of the mechanical factors involved. In both of these works the more
important bibliography may be found.

For bibliography and critical resume of studies on pathological organization, in-

flammation, etc., see Borst, Lubarsch and Ostertag's Ergebnisse, Jahrg. iv., for 1897,
p. 461. See also references under Regeneration, page 94, and under Tumors, page :J02,
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we may at present wJsebLgonsider inflammation as " the localatteinpt at

jthe^rppair of I'IPFy-" The fundamental conception upoiT which this

characterization is based is that inflammation is an emergency measure
incited by injury, in which the body adapts to unusual ends as best it can

mechanisms and powers normally maintained for other purposes.
This view of inflammation, however much it may be modified as our

knowledge grows, recognizes a far-reaching significance in the complex

processes involved. And while throwing light upon the practical prob-
lems of the physician, it points the way to a broader conception of other

abnormal conditions in which also the adaptation of physiological cell

capacities to new conditions seems to furnish a clew to many manifesta-

tions of disease as yet but little understood. '

Now that we have gained a conception of the inflammatory processes
in general and some clews as to their significance, it does not seem neces-

sary to enter here upon a detailed description of the variations which they
present, since these are largely influenced by the character of the incit-

ing agents and by the situation in which they act. Such details as may
fall within the scope of this work are given in the section dealing with

micro-organisms as inciting factors in disease, and in the part dealing
with the lesions of special organs.

1 Consult, for a clear and comprehensive view of adaptation in pathological proc-
esses, Welch, Transactions of the Congress of American Physicians, vol. iv., p. 284, 1897.



CHAPTER V.

ANIMAL, PARASITES.

Protozoa. 1

THIS class of unicellular organisms, some of which belong in the bor-

derland between plants and animals, are for the most part microscopic,

though a few forms are large enough to be visible to the naked eye.

Many of them are parasitic in man, though few forms are as yet of known

pathogenic significance. There is, however, much reason for the grow-

ing belief that many forms are the inciting factors in some of the serious

infectious diseases whose etiology is still obscure.

The protozoa may be divided into four classes:

I. SARCODINA OR EHIZOPODA.
IT. MASTIGOPHORA.

TIT. SPOROZOA.
IV. INFUSORIA.

I. SARCODINA (Rhizopoda).

The protozoa of this class are the simplest in structure and move
about or feed by the protrusion of broad or slender processes called pseu-

dopodia. Reproduction takes place by simple division and by spore for-

mation. One of the lowest orders in this class contains forms Amoeba
which are parasitic in man.

The Amoeba coU (Amoeba dysenterica, Councilman and Lafleur) is of

considerable pathological significance. It has been repeatedly found in

acute and chronic dysentery, in the intestinal contents, at the bottom of

the intestinal ulcers, and in the secondary abscesses, especially of the

liver, which may accompany ulcerative colitis. The amoaba is believed

to be the inciting factor, in some cases, in both the primary ulcerative

colitis and its complicating abscesses (see p. 555).
The Amoeba coli (Fig. 52) is a spheroidal cell, from five to eight

times the diameter of a red blood cell, with granular protoplasm and a

vesicular nucleus. It often contains larger and smaller vacuoles. Fre-

1 For a resume of our present knowledge of the parasitic and other protozoa, consult

Calkins, "The Protozoa," 1902; also Mannnberg, Lubarsch and Ostertag's "Ergebnisse
der allg. Aetiologie der menschlichen und Thierkrankheiten," Jahrg. I., Abth. 1, p. 916,

1896; Kruse in Fliigge's "Mikroorganismen," vol. ii. ; Clarke, "Protozoa and Disease,"

1903; and Doflein and -c. Prowazek in Kolle and Wassermanu's "Handbuch der Mikro-

organismen," Bd. i., S. 865.
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quently, especially when the amoeba is active, a portion of the proto-

plasm appeal's almost homogeneous ectosarc while the rest endosarc

is granular. When moving it assumes various forms, thrusting out

and withdrawing nearly homogeneous pseudopodia. It may also change

FIG. 52. AMCEBA COLI.

From the intestinal wall near an ulcer in amoebic colitis.

its shape without progressive movement. It occurs in acute and chronic

dysentery, frequently in Egypt, occasionally in Russia, and is often seen

in the United States.
'

Other species of amoeba have been found parasitic in the human
mouth, intestines, and bladder.

II. MASTIGOPHORA.

These organisms, many forms of which are closely related to the Sar-

codina, are of definite or changeable shape, with or without a membrane ;

some are parasitic, some saprophytic. They are characterized by the

possession of one or more motile flagella. They are frequently grouped
in colonies.

Among the flagellated protozoa, the group of Trypanosomes are of

much significance, as parasites in frogs and other cold-blooded as well as

in warm-blooded animals. These organisms are fusiform in outline,

with a single flagellum and an undulatory membrane. They have been

long known in the blood of rats and are of frequent occurrence in cattle,

horses, dogs, and other related animals. Among the recognized diseases

of animals believed to be due to trypanosomes are: Xagaua the tsetse-

fly disease ; Surra ;
and several other maladies of wild and domestic

animals of subtropical and tropical regions. Trypanosomata appear to

be common in wild rats in all countries. A few cases of trypanosomatic
infection in man in Africa are recorded. Xovy and McXeal have re-

1 We refer for further details concerning the Amoeba coli to the work of Council-
man and Lqflevr on "Amoebic Dysentery." Johns Hopkins Hospital Reports, vol. ii., p.
395, 1891. For a method of differential staining of the Amoeba coli see Mallory, Jour-
nal of Experimental Medicine, vol. ii., p. 529, 1897.

9
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cently succeeded in the artificial culture of the Trypanosoma lewisi of the

wild rat
' aud of T. brucei of the tsetse-fly disease.

2

Cercomonas intestinalis is a pear-shaped, flagellate structure (Fig. 54),

about 0.012 mm. long, making, when alive, rapid movements. It has

been found in the evacuations of persons suffering from cholera, typhoid

fever, and diarrhoea.

Trichomonas vaginalis has an oval or pear-shaped body from 0.015 to

0.025 mm. long, with a cluster of flagella at one end and an undulating

FIG. 53. TRYPANOSOMA FIG. 54. CERCOMONAS INTESTINALIS. FIG. 55. TRICHOMONAS VA-

LEWISI. After Braun. GINALIS. After Dock.

membrane, frequently mistaken for cilia, upon the side (Fig. 55). It is

of occasional occurrence in vaginal exudates. The possibility of mistak-

ing the T. vaginalis for human spermatozoa should be borne in mind in

medico-legal examinations, although to an observer familiar with either

structure such a mistake could hardly occur.

Some forms of Trichomonas have been found in the urine of men, in

the intestines, and in the sputum.
3

III. SPOROZOA.

The sporozoa are all parasitic, living at some period of their life

cycle in the cells of their host, and are especially characterized by their

reproduction through eucystment and spore formation. Many forms of

the organisms, especially the spores, are very minute and difficult of

identification. They are widely distributed, being found as parasites in

nearly all classes of animals. They may invade the gastro-intestinal

canal and the kidney and their adnexa, the blood, muscle, connective

tissue, and skin. While many of them appear to be harmless to their

host, others may do serious damage by blocking the tissue spaces and

thus, or in other ways, inducing necrosis, atrophy, or cell death. Some
forms are wholly intracellular, others remain for only a part of their life

1 For a resume of trypanosomatic infections and the methods of artificial culture of

protozoa, see McNeal and Novy, in
" Contr. to Med. Research, Vaughan Anniversary

Volume," 1903, p. 549; for discussion of trypanosomiasis in man, sceManson, Brit. Med.
Jour., Sept. 19th, 1903, p. 645; for a study with bibliography of Trypanosoma lewisi,
see Francis, Bull. No. 11, Hygienic Laboratory, Public Health and Marine Hospital
Service, U. S. A., 1903. For a study of trypanosomiasis with special reference to ser-

vice in the Philippine Islands, see Musgrave and Clegg, Department of Interior, U. S. A.,
Bureau of Government Laboratories, 1903.

2 Novy and McNeal, Journal of Infectious Diseases, vol. i., 1903, p. 1.
3 For original studies of Trichomonas with historical summary and bibliography,

see Dock, Am. Jour. Med. Sc., vol. cxi., p. 1, 1896.
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cycle within single forms of cells, passing then to other cells or to the

body cavities or to hosts of a different species. The life cycle of many
forms is extremely complex. On account of their strict parasitism and
the requirements in some instances of an interchange of hosts, precluding
the methods of culture applicable to many of the lower organisms, the

life history of many forms is still unknown or obscure.

The classification of the Sporozoa is still tentative, but one may con-

veniently recognize the following orders:

1. Gregarince. These are round or elongated parasites, some of the

higher forms presenting partitions in the cell with special development
of one end for attachment. They are parasitic in certain cold-blooded

animals, especially the iuvertebrata. The young stages only are intra-

cellular, mature forms occurring in the body spaces.

2. The Myxosporidia are parasitic in certain of the invertebrates, in

fishes and batrachians. Epidemics among silk worms incited by a para-
site of this class have occasioned serious losses. Many species are con-

cerned in diseases of fish, in which they may cause extensive deep foci of

necrosis and ulceratiou. Cytoryctes variolse, believed to be the organism

inciting smallpox (see p. 275), is described as allied to this order of pro-
tozoa.

3. Coccidia. Organisms of this order are parasitic in certain of the

invertebrates, in birds, reptiles, and mammals. They are round or oval,

FIG. 56. COCCIDIUM OVIFORME.

This shows the encapsulated form of the parasite with the formation of spores.

usually intracellular parasites having no free motile adult stage. They
are most frequently found in the epithelium of the intestine and liver.

One of the most common forms in the mammalia is Coccidium oviforme
which is of frequent occurrence in the liver of the rabbit, forming a

part of the contents of yellowish irregular shaped masses, resembling

tumors, or in the form of cysts.

The parasites surround themselves with a capsule within which elon-

gated sporozites develop. This encapsulated form may be taken up by
a new host in which the sporozites are set free and enter the epithelial

cells in which they again become encapsulated.
The occurrence of Coccidium oviforme has been recorded in the liver,

kidney, and heart-muscle of man.
Another smaller form, occurring in the intestinal epithelium of dogs,

cats, and rabbits, has been found in two cases in a similar situation in

man.
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Eixford and Gilchrist
' have described in detail two cases of proto-

zoan (coccidoidal) infection of the skin and other organs, making a care-

ful comparison between these and organisms somewhat resembling them
which have been found in various skin lesions.

4. Sarcosporidia. In this order of the Sporozoa the usually elongated,
slender early stage is found in between the muscle fibers and bundles of

vertebrates mouse, hog, and, in a few instances, in man. These are

commonly known as the " tubes of Miescher" or "of Bainey." Reni-

forin or falciform spores are developed. The adult forms are spheroidal
or elongated. The life cycle is not well known. 2

5. Hcemosporidia. These parasites of the blood form a large group

occurring in the corpuscles or plasma of vertebrates amphibia, reptiles,
:i

birds, and mammals. Some forms are among the most important of the

protozoan parasites of man. They are of small size
; the adult form is

motile. One stage in the life cycle is passed in the blood of the verte-

brate host. Another stage or cycle may be passed in the body of some

insect, acting as an intermediate host.

Among the mammalian haemosporidia we may mention the hsematozoa

of malaria and the haernatozoon of Texas fever.

The characters of the malarial haematozoon, for which the mosquito
acts as intermediate host, are described in detail 011 page 279.

The hsematozoon inducing Texas fever in cattle was discovered by
Theobald Smith and called Pyrosoma bigeminum. In one stage it is a

minute pyriform organism occurring often in pairs in the red blood cells

of its host. Free forms have been found in the blood. While its life

cycle has not been completely worked out, Smith and Kilbourne showed
that a cattle tick acting as an intermediate host transmits the parasite

through her eggs and larvse. It is through these young ticks that fresh

cattle become infected.
4

In 1902, Wilson and Chowning 5 described the occurrence of ovoid bodies in the red

blood cells of persons suffering from the so-called "spotted fever" of Montana. These
bodies in fresh blood showed amoeboid movements. These observations have been con-
firmed by Wesbrook and by Anderson. The infection is believed to occur through the

bites of ticks and the disease has been, therefore, called also "tick fever." Further

study is required before the etiology of this disease and the intervention of the tick can
be regarded as established.

'Johns Hopkins Hospital Reports, vol. i., p. 209, 1896; Bibliography.
4 For a study of the production of sarcosporidia in the mouse see Theobald Smith.

Trans. Assn. Am. 1'hys., vol. xvi., p. 576, 1901.
:! See lAingmfinn,

"
Ha'inosporidia in American Reptiles and Batrachians " N. Y

Med. Jour., January 7th, 1899.
4 For a summary of observations on Texas fever (Haenioglobiuuria of Cattle) see

Kowet. in Kolle and Wassermann's "Handbuch der Mikroorganismen," Bd. i., p. 841,
I>ibl.

5 Wilson bud Chowning Jour. Infec. Dis., vol. i., p. 31, 1903.
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IV. INFUSORIA.

The infusoria are the most highly different iated of the protozoa. They
have numerous motor appendages or cilia, which may persist through
life or in some forms be replaced in the adult stage by suctoria. They
reproduce chiefly by fission, or budding. Among the ciliated infu-

soria, few if any are pathogenic in man. The Balantidium coli is an

F1G.56A. BALANTIDTFM COLI. After Braun.

ovoidal organism from 0.06 to 0.1 mm. long; it is a common parasite of

swine in some regions, and has been found a few times in the intestinal

tract of man under conditions which indicated its possible pathogenic

significance.

Methods of Study of the Protozoa.

The protozoa may be studied in the living condition either in the fluids in which

they are found or in three-quarter-per-cent salt solution. They may be killed and pre-

served by allowing a drop of one-per-cent osmic acid to run under the cover glass, and

replacing this after an hour by glycerin lightly tinged with eosin. Or they may be

killed by sublimate solution and stained.

Many of the smaller forms show well when dried on the cover glass and stained by
the anilin dyes by the methods used for bacteria (see p, 152).

The movements of the Amoeba coli in the freces or in the contents of abscesses

which frequently contain them in enormous numbers, may be studied on the warm

stage in three-quarter-per-ceut salt solution. Its morphology may be studied in tissue

containing it, such as intestinal ulcers, abscesses, etc., which have been hardened in

alcohol and stained either with methylene blue or haernatoxylin, the former being espe

cially commended by Councilman and Lafleur.

The attempts to obtain pure cultures of certain forms of Amo?ba and similar or

allied forms of protozoa have been partially successful. The method by which McNeal
and Xovy obtained pure culture of trypanosomes, namely, by the use of ordinary nutri-

ent agar containing rabbits' blood, is of high promise in related forms of protozoa. For
details of this method as well as a resume of the cultivation of protozoa, consult McNeal
and Novy, "Contributions to Medical Kesearch, Vaughan Anniversary Volume," 1903,

p. 549.

Worms.

TBEMATODA (Flukes).

These worms are small, flat, tongue-shaped, or leaf-like creatures,

with an intestine, and a discoidal structure on the under surface, by
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means of which they attach themselves. There are several genera and

species found in man. The most common genus is Distoma. Of these

I), hepaticum is of most frequent occurrence (Fig. 57). It is about 30

mm. long, and usually occurs in the gall ducts and gall bladder. The

embryos are often attached to water plants, from eating which the

infection is believed to occur. D. lanceolatum is more slender, pointed
at the ends, 8 to 10 mm. long, and has been

found a few times in the gall bladder D. sinense

is a slender worm about 15 mm. long, and has

been found in the bile in considerable num-

bers, particularly in the Chinese. D. hawiato- FIG - 57

;^
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I ICUM '

Mum is a more nearly cylindrical worm; the

sexes are distinct ; the male from 12 to 14 mm. long, the female 16 to

18 mm. long, and occurs, especially in Egyptians, in the portal and
other abdominal veins.

CESTODA (Tape Worms).

These important worms consist, in the mature state, of more or less

rectangular or elongated segments, each one of which represents a single

individual, arranged in a linear series to form a colony, at one end of

which, called the head, is a variously formed structure for the attach-

ment of the colony to its host. The neck and

3pp^)X^,?~^P head are called the scolex, while the segments
are called proglottides. These worms have

neither mouth nor alimentary canal. They
are hermaphrodites, the sexes being united in

*|4 the proglottides. The head and neck (scolex)

\ U may exist as an immature form in various tis-

sues and organs where they are encysted, and
V.;^ are often called cysticercus.

Tcenia solium is of frequent occurrence in

\. man. It may be several metres in length, and

may be coiled up or stretched out in the small

'(. ,.". './'/ intestines. Several worms may be in the gut
at one time. The head, about the size of a

pin's head (Fig. 58), has a projecting probos
cis or rostellum, around which are arranged

,

' '

,
a double row of horny booklets. Below these

;

;;.-;.-
are four sucking discs at the sides of the head.

The booklets of the anterior row are larger

than those in the posterior row, and are from
FIG. W. HEAD OF T^NIA SOLIUM,

x about 40. 0.16 to 0.18 mm. long. The proglottides,

when fully developed, are from 10 to 12 mm.

long and from 5 to 6 mm. wide, but those nearest the head are much
shorter and immature. The eggs of T. solium are ovoidal structures,

about 0.03 mm. in diameter. The embryo of this worm is most com-
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.XIA MEDIOCANELLATA. HEAD AND PRO-

GLOTTIDES.

A, heud X about 15.

B, mature proglottid, showing generative apparatus.

C, head and fragments of immature proglottides, show-

ing gradual tapering of the neck. Natural size.

monly seen in the muscles of the pig as an encysted scolex, commonly
called a "measle." It occasionally occurs in man in the muscles, brain,

eye, etc., and is called cysticercus cellulosce. It is usually about the size

of a pea, but may be as large

as a pigeon's egg and surround-

ed by a connective-tissue cap-

sule.

Infection with the worm
occurs in the human subject
from the ingestion of insuf-

ficiently cooked "measly"
pork, or, in the case of cysti-

cercus cellulosae, from the in-

gestion of the eggs, which may,
in a variety of ways in un-

cleanly persons, get into the

food.

Tcenia mediocanellata (T,

FIG. ")!). T.XI A MEDIOCANELLATA. HEAD AND PRO- 8ttffi)Ult(( LEUCKART). The
head of this species is some-

what cuboidal, with neither ros-

tellurn nor booklets, but with

four sucking discs (Fig. 59).

The segments are generally broader and shorter than in T. solhim, and

the worm is usually larger. In the embryonal form the scolex occurs

as the Cysticercus tcenice mediocanellatce in the form of small cysts in the

muscles of cattle, from the eating of which in the uncooked condition

the infection occurs. This is the most common tapeworm in the United

States.

Tcenia ecMnococcus. This worm in the mature condition forms a

short, small colony inhabiting the intestine of the dog. The head is

about 0.3 mm. in diameter and

has a double row of hooklets

around the rostellum. The pro-

glottides are three or four in

number, the last being the larger.

The entire colony is not more
than 4 to 5 mm. in length.

The significance of this parasite
in human pathology depends

upon the cysts, called hydatids,

which it forms, in the immature
or cysticercus stage, in various parts of the body. Intimate associa-

tion with dogs favors the acquirement of this parasite. \\Tien the eggs
of the mature worm get into the intestinal canal of man they undergo

partial development and find their way into the tissues and organs,

most frequently into the liver. Here cysts are formed which become

FIG. 60. CCTICULA or ECHINOCOCCCS CYST.

Showing lamellated structure.
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encapsulated by a connective-tissue membrance produced by the inflam-

matory reaction of the organ.
The cyst wall of the parasite is formed of two layers an outer, finely

lamellated layer called the cuticula (Fig. 60), and an inner, granular

layer, containing muscle fibres and blood-vessels, called the parenchyma-
tous layer. Inside of the primary

cyst secondary cysts sometimes

form, called daughter cysts, and
within the latter tertiary cysts,

called granddaughter cysts, may de-

velop. On the inner surface of the

cysts, either primary, secondary,
or tertiary, the scolices or heads

of the immature worm are formed.

These develop in the walls of the

pediculated vesicles called brood

capsules. The walls of these vesi-

cles have a lamellated cuticula and

a parenchymatous layer similar to FIG - SI.-SCOLICES OF T^NIA KCHINOCOCCCS, x *>.

those of the primary cysts. The In one the Mum *
t^^ in the thersit is

scolices, of which there may be

several in each brood capsule, are similar to the heads of the mature

tapeworm. They are about 0.3 mm. in diameter, having a rostellum

surrounded by a double row of booklets and four sucking discs (Fig.

61). At the posterior end of the scolex is a pedicle by which it is

originally attached to the wall of the brood capsule. Little, lamellated

concretions of lime salts are often present in the scolex. The anterior

portion of the scolex, the rostellum, booklets, and suckers, are often

invaginated in the posterior portion. The scolices may be free inside

of the brood capsules, or, owing to the rupture of the latter, they may
be free in the cavity of the primary cysts. They may die and degen-

erate, forming a granular mass in which the booklets may be embedded,
or the booklets may be free in the brood capsules or in the primary

cysts. Sterile cysts are often found, that

is, those in which neither brood capsules
nor scolices are developed.

The cysts contain, in addition to the

scolices, a clear, gelatinous fluid. This

fluid may become turbid by admixture

with disintegrated scolices or fragments
of the pareuchymatous layer, or it may
contain fattv detritus, cholesterin crystals,

.BOOKLETS FROM SCOLEX OF
"

.

T^NIA ECCHIXOCOCCUS. and particles of lime salts. The fluid may
be partially absorbed, leaving a thick,

gruinous material within the cysts, which may become calcified or

converted into a stony mass. When the scolices are not found entire

the diagnosis may be made by the discovery of the separate booklets
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(Fig. 62) or fragments of the characteristically lamellated cyst walls.

The connective-tissue walls of the primary cysts may become fatty, or

caseous, or calcified.

Sometimes the secondary vesicles project outward instead of inward,

forming a series of cysts outside of the primary one. This variety of de-

velopment is sometimes seen in man, but is more common in the domestic

animals. It is called Echinoccocus scolecipariens or exogena.

Another variety of echinococcus, called E. multilocularis, is almost

always found in the liver, and appears to be the result of incomplete
and disturbed development of the embryos or cysts. It consists of a

congeries of irregular, usually small cysts (Fig. 372, page 609), surrounded

by broad and narrow bauds of connective tissue, and sometimes contain-

ing gelatinous fluid and scolices or booklets; but the latter structures-

are commonly absent or difficult of detection. The whole is often sur-

rounded by a dense connective-tissue capsule which may be calcified.

The entire mass often presents an alveolar structure and was formerly

regarded as a tumor alveolar cancer. The diagnosis may be established

by the discovery of the booklets or scolices, or fragments of the lamel-

lated cuticula. This form of the parasite is rare in America.

There are four or five other species of tsenia, occurring rarely iii man.

Tcenia, iiaiut. This species occurs in the form of small colonies, about 15 mm. in

length. The rostellum is surrounded by a single row of booklets. It has been seen

once in large numbers by Bilharz in the duodenum of a child which died of meningitis
in Cairo. Tcenid flacapunctata. a species about which little is known, is reported twice

in America as occurring in the intestine of young children. Twnia madagascarienzis,

also little known and rare, has been seen in two children in Madagascar.
Tfenia cucumerina. This species occurs in colonies about 20 cm. long. The head

is very small and spheroidal, and has four rows of booklets. It is frequent in the

small intestines of dogs and cats. It occurs occasionally in man. Its scolex inhabits the

dog louse, and infection may occur in man by the transference of the lice or the embryos
of the parasite to the mouth, as the result of the filthy habit of kissing dogs and cats or

permitting the face to be licked by them.

BotkriocepJialus latus. This, the largest of the human tapeworms, has very broad,

quadrangular proglottides. The head is ovoidal and about 2 mm. long and 1 mm.
broad. It has no proper sucking discs and no booklets, but by long grooves on either

side of the head the animal attaches itself to its host. The neck is long and filiform.

It occurs most frequently in Europe, particularly in the northern provinces. The eggs

undergo partial development in water, and are taken up by the pike and eel-pout, and

perhaps by other fresh-water fish, from the ingestion of whose flesh in an imperfectly
cooked condition the human infection occurs. Two other species of Bothriocephalus
have been described as of rare occurrence in man: B. cwdatus in Greenland and Iceland,

and B. cristatus.

NEMATODA (Sound Worm*).

These worms are in general cylindrical, elongated, usually pointed at

the ends, and sometimes filiform. The surface is sometimes smooth,
sometimes irregularly beset with hairs and papillae, or possesses longi-

tudinal elevated strife or transverse rings; but the body is not segmented.
There is a mouth at the anterior portion, and a ventral anus near the
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posterior end. The intestine is straight. The sexes are in most forms

distinct, the male being in general smaller than the female.

Ascaris lumbricoides. This is one of the most common of the human
intestinal parasites, and is of particularly frequent occurrence in chil-

FIG. 64.- EGGS OF NEMATODE WORMS.

A, Eggs of Ascaris lumbricoides, X about 300. B, eggs
of Oxyuris vennicularis, X about 250.

FIG. 63. ASCARIS LCMBRICOIDES. About half natural size.

A, Male. B, Female. After Perls.

dren. It is of a light-brownish or reddish color. The female is from 30

to 40 cm. long and from 5 to 6 mm. thick. The male is somewhat more
than half as large (Fig. 63). Both sexes are pointed at the ends, the

posterior end of the male being
curved into a spined hook. The

eggs, from 0.05 to 0.06 mm. in

diameter, are surrounded by an

albuminous envelope (Fig. 64^4)
and are quite resistant to destruc-

tive agencies. The mode of de-

velopment and life history of these

parasites are not very well under-

stood. Their usual seat in man is

the small intestine, but they may
wander into the stomach, and ex-

ceptionally get into the mouth,

nose, bronchi, gall passages, peritoneal cavity, etc. They may be single
in the gut or present in great numbers.

Two other species of ascaris have been found in man. A. maritima

was found in the vomit of a child in Greenland, in an

immature condition. A. mystax, a tolerably common
form in cats and dogs, has been found a few times in

man. It is smaller than A. lumbricoides.

Oxyuris vermicularis (Threadworm or Pinworm).
This species is very small ; the female has a pointed tail

and is about 1 cm. long. The posterior end of the male,

which is about 4 mm. long, is blunt, and after death

somewhat curled (Fig. 65). The eggs (Fig. 64 B} are

produced in great numbers, are oval, and about 0.052

mm. long. This parasite is very common in children,

and may be present in large numbers in the colon.

This worm is known to infest only the human subject, and infection

doubtless occurs by the ingestion of the eggs, which are widely dis-

tributed in a variety of ways on many objects, fruits, etc.

FIG. 65. OXYI-RIS

VERMICULARIS.

A, Female. B, Male.
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Stronffyhis gigas. This is a slender red worm, the female being some-

times 1 metre long and over 1 cm. in diameter. It has been found

several times in the pelvis of the kidney in man. It is more common in

the wolf, fox, horse, seal, and some other animals.

Strongylus longevaginatus. The female is about 2.5cm. long, the male,

as usual, shorter. It is of a yellowish-white color, and has been found

once in the lung of a boy in Germany.

Strongylus subtilis. A very small species (female 5.6-7 mm. long) has

been described by Loos as occurring in Egypt in the human intestine.

But it is believed to be without pathological significance.

Dochmius duodenalis (Aukylostoma duodenale). The female is from

1 to 2 cm. long, the male about 1 cm. long. The body of the male is

dilated anteriorly and curved backward. Its mouth is furnished with

a chitiuous capsule and chitiuous claws and teeth. It is found in the

small intestine of man in Italy, Switzerland, Egypt, and Brazil. The

head is burrowed into the mucous membrane of the host, and the animal

is nourished by the blood which it sucks out, and which is usually seen

in its intestine. An ecchymosis is produced at the point of attachment,

or even severe haemorrhage, and marked anaemia may be the result of

the presence of large numbers of the parasites.

Trichocephalus dispar (Whipworm. )
The males and females are of

nearly equal size, 4 to 5 cm. long. A little less than one-half of the

body (the posterior portion) is about 1

mm. thick, and in the male is rolled into

a flattened spiral, but in the female is but

slightly bent. The anterior part of the

body is very slender (Fig. 66) and is em-

bedded in the mucous membrane of the
FIG. W.-TBICHOCKFHALC8 D.SPAR. ^ ^ ^ ^ ^ ^
From the skin of the mons veneris.

shaped, about 0.05 mm. long and about

one-half as wide, with a thick brown capsule. This parasite is very
common in some countries, especially in France and southern Italy. It

is commonly found in the csecum, usually in small, but sometimes in

very large, numbers. It is generally of little pathological significance,

commonly producing no symptoms. Its developmental history is not

well known.
Trichina spiralis. The female of this common parasite is, in the ma-

ture condition, about 3 mm. long, the male from 1 to 1.5 mm. long; they
are filiform in shape and white in color. The young are born in the

form of tiny worms about 0.01 mm. in length and somewhat similar to

the adult in shape. Infection occurs in man from the ingestion of in-

sufficiently cooked pork. The muscle of the diseased pig contains the

embryos of the parasite in an encysted condition. In the stomach the

capsule of the worm is dissolved and the embryos are set free. They
very rapidly mature, increasing in size, and the females give birth in

the small intestine to very large numbers of young. It is estimated that

a single female may give birth to from 1,300 to 1,500 young. These find
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their way, through the mucous membrane and wall of the gut, into vari-

ous parts of the body.
The exact course which they take in getting out of the gut is not fully

established; probably they traverse the tissues in different ways. At

any rate, they find their way

trasss**.
'

m
jT

FIG. 07. TRICHINA SPIRALIS.

to the voluntary striated

muscle tissue, which they

penetrate, and enter the

muscle fibres. Here they
cause a disintegration of the

contractile substance, and

coil themselves inside of the

sarcolemma. In this situa-

tion they become encapsu-
lated by material in part
furnished by themselves, in

part by means of the inflam-

matory reaction which their

The parasites are encysted in muscle. In one capsule the presence induces ill the COU-
parasite has died, and the grauu.ar materia. replacing it is ca.-

nectiye tigsue of the muscle .

The worms are surrounded

inside the capsule by granular material (Fig. 67). The capsule after

a time becomes partially calcified, and in this condition may be readily
seen by the naked eye as a tiny while speck. In this encysted state they

may remain inactive but living for an indefinite, often for a very long-

time. Most frequently the cysts contain but one embryo, but they may
contain from two to four. The embryo may die and its remains become

calcified.

The same course of events follows when the muscle trichinae are eaten

by the pig or a variety of other animals.

The embryos in the muscle are killed by a temperature of 55 C. and

by some of the methods of curing pork.
The embryos may mature and a new generation be born within from

five to eight days after the ingestion of the diseased meat.

At the result of the presence of these parasites in the body, if the

invasion be severe, nutrition may be impaired and catarrhal enteritis,

broncho-pneumonia, hyperplasia of the mesenteric lymph nodes, and fatty

degeneration of the liver may occur. Leucocytosis with a great increase

in the number of eosinophile cells is common. The encapsulated em-

bryos may be found in enormous numbers in various voluntary muscles

of the body, but they are most apt to be found, when not very abundant,
in the muscles of the neck and larynx, in the intercostals and the dia-

phragm. They tend to collect toward the tendinous extremities of the

muscles. Trichinae also occur in the rat, cat, mouse, and other animals.

Fllaria medinenis (Guinea worm). This is a thread-like worm; the

female, which is alone known, being sometimes as much as 80 cm. long
and from 0.5 to 1.7 mm. thick. It is common in the East, and inhabits

the subcutaneous connective tissue, in which it often gives rise to ab-
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scesses and ulcers. The embryos live for a time free in fresh water, and

are then taken up by a species of fresh-water crustacean, in whose body

they undergo further development, and by the ingestiou of which the

infection of the human subject occurs.

Filaria sanguinis hominis. The embryo of this parasite, which inhabits

the blood and lymph of man, especially in Brazil, Egypt, and some parts
of the Orient, and occasionally occurs

in this country, is about 0.35 mm.

//w long'
rouu(ie<i anteriorly, and pointed

\{M at the tail (Fig. 68). It has about
>t6-** the diameter of a red blood cell. It

^'"~^*^^* ^curs, sometimes in great numbers,
in the blood during the night time,

being as a rule absent during the day. It may occur in the urine in

connection with chyluria and hsematuria. The mature female is from
8 to 10 cm. long, and has been found inhabiting the lymph vessels of

man, particularly in the scrotum and lower extremities. Owing to the

obstructions which it causes in the lymph circulation, and to the local

irritation which its presence induces, it sometimes give rise to lymph -

angiectasis,
1

oedema, abscesses, and perhaps elephantiasis. One of the

embryonic stages of development is believed to take place in the body
of a species of nocturnal mosquito. Through the bodies of the dead

mosquitoes, which are liable to fall into the drinking-water, it is believed

that the spread of the parasite may occur.

There are several other species of filaria occasionally found in man
which it is not necessary to enumerate here.*

Rhabdonema strongt/loides. A small, filiform worm from 1 to 2 mm.
in length is found, often in enormous numbers, in the intestines, biliary
and pancreatic ducts of man in Cochin China and in Italy, giving rise to

endemic diarrhoea. It has been thought that there are at least two

species, which have been described under the generic name Aguillula, but

recent researches by Leuckart have led him to believe them to be differ-

ent developmental stages of the same form, for which he suggests the

above name.

Methods of Study of Worms.

Filaria sanguinis may be preserved by preparing a smear of the blood containing
it on a slide in the usual way (see p. 882), and staining with methylene blue.

The larger parasites may be hardened in formalin and studied whole after dehydra-
tion in alcohol and clearing in oil of cedar or origanum. Or sections may be made after

embedding, and stained and mounted in the usual way.
The examination of muscle for trichina is often of great practical importance. For

this purpose small pieces of fresh muscle are squeezed into a thin sheet between two

slides, and examined with a low power, A considerable number of bits of muscle should

be examined, particularly from the above-mentioned favorite situations, before exclud-

ing them in a suspected case, because they are sometimes present in small numbers. A
thorough search is of special importance in the examination of pork, since, owing to

1 For a study of filarial lymphatic vanx see Ojn'e, Trans. Assn. Am. Phys., vol. xvi.,

p. 314
''For bibliography consult htthrop aml Pratt, Am. Jour. Med. Sciences, vol. cxx.,

p 525, 1900
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the enormous fertility of the parasites, even a moderate number may give rise to a

severe infection.

For the minute examination of the parasite, bits of muscle should be hardened in

Orth's fluid and alcohol, decalcified if necessary, and, after embedding in celloidin, thin

sections cut and stained double with hsenmtoxylin and eosin, and mounted in balsam

Bits of muscle may be also teased, the embryos picked out with a needle, and the cysts
either broken open under a lens with the needle, or squeezed under the cover glass.

The embryo worm thus set free may be mounted in a mixture of equal parts of glycerin
and picric acid. The adult forms, which may be obtained by feeding rabbits with un-

cooked trichinous muscle, and examining after the proper interval, may be hardened in

Orth's fluid, and mounted in a mixture of equal parts of picric acid and glycerin, or

in the same mixture which has been lightly tinged with eosin.

Arthropods.

The scope of this work does not permit us to enter in detail into the

subject of external parasites, which will be found described in treatises

on diseases of the skin or in the general works on

parasites referred to below. But, owing to their

frequent occurrence and practical importance, we

may briefly describe two of the

more common forms of arthro-

pods, the "itch insect" and the

"louse."

The common "itch insect"

Sarcoptes hominis (Acarus

scabiei) is shaped somewhat
like a turtle, with a chitinous

covering, and presents the gen-
eral appearance seen in Fig.

69. The female is about 0.45

mm. long, the male a little

smaller.

The parasite bores little tunnels in the skin, in which the eggs are laid

and the young hatched. After a few days these bore fresh channels in

the skin. For their detection a bit of the superficial layer of the skin is

snipped out with curved scissors, dehydrated and cleared up with oil of

cloves, and examined under a low power, when the tunnels and the para-

sites, if present, will be readily visible.

The head louse, Pediculus capitis, is from 1 to 2 mm. long, the female

being slightly the larger. The general appearance of the insect is seen

in Fig. 70.
'

Method of Study of Insects.

These, if small, may be cleared in turpentine and mounted in balsam, or sections

may be cut after embedding in paraffin.

1

Bibliography. Especially to be recommended for detailed description of human
and animal parasites is the small work of Moniez, "Traite de Parasitologie,

"
Paris, 1896.

Consult also, especially for the forms of eggs and other parts of animal parasites
which may be found in the excreta, ron JakscJi, Wood, or Simon, or other works on clini-

cal microscopy.
The Reports of the Bureau of Animal Industry of the U. S. Department of Agri-

culture contain many valuable data relating to animal parasites and the diseases of
animals in the United States.

FIG. 69. SARCOPTES HOMINIS
THE "ITCH INSECT."

Female ; back view.

Furstenberg.

After

FIG. 70. PEDICCLUS
CAPITIS THE "HEAD
LOUSE."

Male. After Braun.



CHAPTER VI.

PLANT PARASITES.

THE plant parasites of man belong among the simplest of living or-

ganisms. Three distinct groups are of frequent occurrence in or upon
the body. These are :

1. Bacteria, or fission fungi (Schizomycetes).
2. Yeasts, or yeast fungi, or sprouting fungi (Blastomycetes).
3. Moulds, or mould fungi (Hyphomycetes).
The first group, the bacteria, is of the greatest significance, because

it contains organisms which are very frequently the excitants of serious

I. Bacteria.

MORPHOLOGY, PHYSIOLOGY, AND DISTRIBUTION.

Bacteria are minute unicellular plants devoid of chlorophyll, multi-

plying by transverse division and in some cases preserving the species

by the formation of spores.

The colorless, sometimes granular, protoplasm is enclosed by a mem-
brane, and some forms are surrounded by a transparent capsule. Not

infrequently parts of the protoplasm appear less

dense than the rest, as if from vacuolation, and a

^ew t)servers have claimed to demonstrate in cer-

tain forms a nuclear structure. But owing to their

minuteness, studies of the structure of the proto-

plasm of bacteria have thus far led to but meagre
results.

Many of the bacteria, especially bacilli and

spirilla, less frequently the cocci, have hair-like

^FIG.

TI.-TYPICAL FORMS
processes called flagella which are apparently or-

CILLI, AND SPIRILLA.
'

gans of locomotion (Fig. 72). These may be single
or in tufts ; may be at one or at both ends or over

the general surface. Their number and distribution seem sometimes to

be characteristic of special forms.

Forms of Bacteria. The various forms of bacteria may be grouped
into three classes (Fig. 71).

1. Spheroidal bacteria. Cocci or micrococci (singular, coccus,
2
micro-

coccus).

1 The term micro-organism includes all of these forms of minute and lowly plants.
They are sometimes spoken of collectively as germs or microbes.

'Pronounced kok'-us, plural kok'-si.
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2. Rod-like bacteria. Bacilli (singular, bacillus).

3. Spiral bacteria. Spirilla (singular, spirillum).
All straight bacteria which have one axis longer than the other are

called bacilli, even though the form is oval rather than rod-like. The
ends of bacilli may be square or

rounded, and in stained preparations
in some cases concave.

While the cocci elongate a little

in preparation for fission and in

this condition present a slight ir-

regularity in the length of their

axes, and thus resemble bacilli, the

complete observation of their life
FIG 72._ BACTERU WITH FLAf!ELLA .

cycle rarely permits error in the de-

termination of the primary group to which a given micro-organism
belongs.

Some bacteria present slight modifications of the fundamental form
in certain phases of their growth and under various chemical and physi-
cal conditions. Thus some of the cocci after division are slightly flat-

tened on their contiguous sides biscuit-shaped; certain bacilli may
bulge slightly in the middle clostridium forms; others may be larger at

one end than at the other racket-shaped; bacilli from the same culture

may present considerable irregularities in breadth and especially in

length. The morphology may differ somewhat under different growth
conditions. But these slight variations in form rarely give rise to serious

difficulty in classification.

When the conditions of life are unfavorable or when they are old,

bacteria may contain more deeply staining granules called metachromatic

granules. These have been regarded by some as spores, but they appear
to be the results of cytoplasmic degeneration. The less degenerated

portions retain the stain.

Finally, when bacteria are placed under conditions unfavorable for

the maintenance of their life processes, and when they are dead, they
are often irregularly swollen and contorted or

may undergo partial disintegration, giving rise

to what are known as "
involution forms. "

While all bacteria are minute there is among
them considerable diversity in size, some being

many times larger than others.
'

When the bacteria are about to multiply by
FKJ. 73. BACTERIA WITH ('AP-

"

SULKS. (Pneumocomis.) fission they elongate, a dividing septum lorms,

they become constricted at a right angle to the

axis of elongation, and finally two independent organisms are produced.
The multiplication of bacteria by fission may, when the conditions are

1 For convenience of expression microscopists have agreed to let the letter n stand
for the word micromillimetre, which is one-thousandth part of a millimetre This unit
of measure, equal to about one-twenty-five thousandth of an inch, is often called a

micron
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? 6

FIG. 74. GROWTH AGGREGATES OF BACTERIA.

1. Diplococcus: 2, streptococcus; 3, merismopedia;

4, diplobacillus ; 5, streptobacilli ; 6. curved bacteria

forming chains.

favorable, occur so rapidly as to give rise within a few hours to an enor-

mous number of new individuals.

In many cases, the new individuals thus developed fall apart in a

form identical with that of the parent cell. In some species, on the

other hand, the new-formed indi-

viduals are prone to cling together

with greater or less tenacity, thus

giving rise to growth aggregates
which are more or less character-

istic (Fig. 74). Thus among the

cocci there are those in which a

large part of the new individuals

cling together in pairs. These

forms are called diplococci. In

others the pairs cling together in

longer aggregates or chains. Such
are called streptococci.

A similar occurrence in the

bacilli gives rise to diplobacilli and

streptobacilli. Some of the spiral

forms are due to the close junction
end to end of oppositely curvea

segments. Certain long thread-like micro-organisms closely allied to the

bacteria are called leptothrix.

Certain cocci divide in two directions at right angles to each other,

giving rise to four cocci clinging together and lying in the same plane.

These are called tetrads or merismopedia.

Finally cocci may divide along three planes at right angles to each

other, giving rise to cuboidal packets of eight germs or some multiple of

this such growth groups are called sarcina
'

(Fig. 75).

There is a family of filamentous or branching organisms which are

often spoken of as polymorphous or higher bacteria, some of which may
indeed be links between the bacteria and higher

plant forms. Filamentous bacteria are more or

less distinctly segmented, and the segments may be

enclosed in a common sheath. The modes of re-

production and a certain specialization of function

in different parts of the filaments which is fre-

quently present indicate affiliations with higher
forms. By this specialization of function is meant
the attachment of the threads at one end to the

substance on which they grow, and the formation

at the free ends of structures which appear to be

concerned in the reproduction. Several groups of these organisms have

been named, but few of them have as yet been adequately studied. The

1 Bacteria in masses embedded in and held together by a more or less abundant

homogeneous material which they elaborate are called zooglcea.

W

FIG. 75. SARCINA.

Showing growth aggregates
in cuboidal masses.
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groups streptothrix, cladothrix, crenothrix, leptothrix may be named.

Among these the streptothrix is of most significance here, since patho-

genic forms are known. The Streptothrix actinomyces, and closely related

species, and the lesions which they induce, wr
ill be described later.

There are many reasons for the belief that the forms called streptothrix
and actinomyces are more closely related to the moulds than to the bac-

teria, but the scope of this work does not permit the discussion of the

subject, particularly difficult as it is on account of the confusion of

terms and the lack of sufficient knowledge of the life history of the

organisms involved (see Actinomyces, p. 223).

Variations in Forms. Their apparently simple structure and the lowly

position which bacteria occupy in the scale of living things have given
rise to the conjecture that marked changes in form within the limits of

the primary groups, or even changes from one primary group to another,

may be brought about by alterations in environment, food, etc. In the

early days of the exact study of bacteria this belief in pleomorphism in

bacteria found ready currency. But the more exact study of separate

forms, wrhich the new technique has made possible, has led to the general

acceptance of the view that variations do not occur except within com-

paratively narrow limits, and that what we are accustomed to call species

of bacteria maintain their morphological characteristics with tenacity

under the most varied changes in environment, even though these persist

through the countless generations which may pass within the limits of a

single experiment. The physiological characters of bacteria are, as we
shall presently see, subject to wide and significant variation, but, so far

as we can now see, monomorphism widely if not exclusively prevails.

Spores. Under a variety of conditions, the limitation of which are

not very well understood, new bacteria are produced, and the species is

perpetuated, not by simple division, but by the de-

velopment of spores. The most common mode of

spore formation is called endogenous. A small, shin-

ing mass makes its appearance within the proto-

plasm from which it is formed, grows more and more

distinct, and finally appears as a sharply defined

spheroidal or oval, strongly refractile colorless body
surrounded by a limiting membrane (Fig. 76), which The bodies of the bacilli

can be separately stained and may remain within are stalned with methy-
,, ,, , f . if-, -, j- lene blue, the spores with
the cell membrane or may free itself by degeneration fuchsin.

of the latter. Endogenous spore formation is com-
mon in bacilli, rare in spirilla and in cocci. The spores appear to be
surrounded by a dense envelope, and are, as a rule, much more resistant

to deleterious agencies, such as heat, drying, chemicals, etc., than are

the vegetative forms of the bacteria themselves.

Vacuoles in bacteria are often mistaken for spores. Spores, when

placed under favorable conditions in the presence of moisture and nutri-

ment, swell, become less refractile, and develop into the usual vegetative
form. The actual observation of this transformation is, in doubtful
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cases, the only absolute guarantee of the spore nature of these bodies,

though staining methods are useful. Another mode of sporulatiou

arflirogenoushas been described, but its nature is not well Understood.

Conditions of Life, Growth, and Multiplication. The bacteria require
for their nutrition carbon, hydrogen, oxygen, and nitrogen, and certain

mineral salts. These they can obtain from proteids and carbohydrates.

Free oxygen is necessary for the growth and activities of some forms of

bacteria and for others not.

Those bacteria which require free oxygen are called aerobic. Those

which do not grow in its presence are called anaerobic. But between

these extremes there are forms which make shift to grow without oxygen
under favorable conditions, though they make use of it when present ;

others grow in its presence, though flourishing best in its absence : these

are called facultative aerobes or facultative anaerobes, in distinction from

those first mentioned, which we call obligate aerobes or anaerobes.

Nitrogen may be obtained by some bacteria from inorganic salts of

ammonia, from nitrites and nitrates. Bacteria grow best as a rule in an

organic food medium, especially soluble albuminous material which is

neutral or slightly alkaline. Most of these materials are rendered avail-

able as food by the action of enzymes inverting, sugar-splitting, proteo-

lytic, etc.
,
often given off by the organisms and acting upon the albu-

minous materials.

Bacteria are active only in the presence of moisture. When this and

other conditions favoring their activity fail they do not necessarily die,

but some forms may remain, either as spores or as fully developed organ-

isms, for long periods dry and inert, but capable of resuming their ac-

tivity whenever they are again restored to favorable conditions.

Some bacteria are and some are not very sensitive to changes of tem-

perature. At a temperature below + 5 C. they are incapable of marked

activity or proliferation. At + 7 C. a slow growth has been observed

in various species. Many forms may remain alive for long periods frozen

in ice, while some are not killed by a temperature of 250 C. As the

temperature is raised their activities increase up to a certain point. It

may be said in general that they are most active at about the temper-
ature of the body, although species differ considerably in this respect.

In fluids many bacteria are killed by a prolonged exposure to a temper-
ature of from 50 to 70 C. or even less. On the other hand, certain

species grow at a temperature of from 60 to, 75 C. Such are called

thermophilic bacteria. When dry they resist much higher temperature
than when moist. All known bacteria, save a few very invulnerable

spore-forming species, are killed by a short exposure in the presence
of moisture to a temperature of 100 C. The spores are, as a rule, more
resistant to high temperatures than the bacteria themselves, some having
been exposed, dry, to a temperature of 140 C. without destruction of

life. Fluids containing the spores of bacteria which resist very high tem-

peratures may be sterilized by boiling for a short time, then being allowed

to stand at ordinary temperatures for several hours, and then again boil-
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ing ;
this process being repeated several times. In this way, although

the spores themselves are not killed by the heat, the bacteria into which,

if the conditions be favorable, they develop during the intervals are

killed, so that finally the medium is entirely freed from both living

spores and adult bacteria. Strong light is in general inimical to the life

and growth of bacteria, and by direct sunlight many forms are readily

killed. Various forms of electricity, rapid and continued vibration, the

action of radium, etc. , may kill bacteria.

Motility. Some bacteria are capable of performing rapid movements,
others are not

;
and the same form may be at one time motile and at

another immotile, depending upon external conditions. Movement is

largely confined to the rod-like and spiral forms, but has been observed

in the spheroidal.

It has been shown that certain of the motile bacteria, when suspended
in fluids, are attracted toward, or repelled from, dissolved chemical sub-

stances. This is called chemotaxis (see p. Ill), and it is termed positive
or negative according as the organisms are attracted or repelled.

Germicides. Certain chemical agents, when brought into contact with

bacteria, greatly reduce their activities or destroy their life altogether ;

but different species differ greatly in their capacity of resistance to

these agents. The spores of certain bacteria are exceedingly resistant,

much more so than the bacteria themselves, to the action of disinfecting

agents. Among the chemical substances commonly used as disinfectants

may be mentioned formalin, carbolic acid, and especially solutions of

corrosive sublimate, which is very inimical to the life of most bacteria

and their spores, even in extremely dilute solutions.

The Distribution and Role of Bacteria in Nature ; Metabolism, etc.

The bacteria play a very important role in nature in virtue of their power
of feeding upon and decomposing dead organic material. A part of the

new chemical compounds which are thus formed may be used by the bac-

teria for the purposes of their own nutrition and growth, while the rest

are set free to serve, sooner or later, as food for other forms of plants or

animals. In the decompositions which are brought about in nature by
the bacteria those compounds of nitrogen and carbon dioxide are set free

which are essential for the nutrition of the higher plants.

Without the activities of bacteria, life could not be long maintained

upon the earth, since the necessary carbon, hydrogen, oxygen, and nitro-

gen would soon be permanently locked up in unavailable form in organ-
ized material. Through the action of the various nitrifying bacteria in

the soil, ammonia is decomposed with the formation of water and nitrous

acid
;
nitrous is converted into nitric acid. The so-called denitrifying

bacteria reduce nitrates to ammonia and to nitrites. In these ways,

among others, water percolating through the soil may be freed from

objectionable organic compounds. There are certain soil bacteria which

aid special groups. of plants to fix nitrogen from the surrounding media

and make it available for the uses of the plant. A large number of

complex chemical substances are elaborated during the growth of bac-

teria, their nature varying with the species of bacteria and the composi-
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tion of their nutrient material. Some of the chemical compounds set free

by the growing bacteria are bad-smelling or aromatic ;
some are inert and

harmless substances; some are powerful poisons, and may, when they
have accumulated in the fluids where they grow, inhibit activity and

growth or even destroy the bacteria which have produced them.

Fermentations and putrefactions are due to the activities of micro-

organisms, some to bacteria, some to yeasts, some to moulds. Putrefac-

tion is a form of fermentation in which nitrogenous compounds are

decomposed by micro-organisms setting free, especially in the absence of

oxygen, bad-smelling substances.

Bacteria wrhich induce fermentation are called zymogenlc and each

species induces fermentation of a particular character in the presence of

a special substance, as glucose, or members of a certain class of substances

such as carbohydrates. Some of these fermentations are important in the

arts
;
some are concerned in the changes which food products undergo

under natural or artificial conditions, such as the development of

koumyss from milk and the common butyric, lactic, alcoholic, and other

fermentations.

The chemical changes which are induced by micro-organisms in the

process of fermentation are extremely complex and little understood.

Bacteria may develop in their metabolic activities soluble ferments

or enzymes of various kinds resembling diastase, pepsin, trypsiu, rennet,

etc. These may remain in the bacterial cell or may be diffused into the

surrounding media.

Many bacteria form pigments as they grow (chromogenic bacteria).
This pigment may be developed in or upon the germs themselves or may
be diffused through the surrounding media and may be developed only
in the presence of light, oxygen, etc. Gas-producing bacteria are called

aerogenic. Certain species when growing in masses emit a phosphor-
escent light photogenic bacteria.

Certain of the basic chemical compounds resembling the vegetable

alkaloids, which are formed by the action of bacteria in organic matter,

are called ptomains.
' The chemical substances produced by certain forms

of bacteria are of practical importance because they induce deleterious

effects in many of the infectious diseases
;
these are called toxins. Com-

plex proteid bodies may be produced during the growth of bacteria;

these may be in part set free, in part assimilated in the bacterial cell

protoplasm. These proteid bodies belong in part to the albumins, in

part to the albumoses, while some of them resemble the peptons. Many
of them seem to be most potent factors in the induction of the phe-
nomena and lesions of the infectious diseases. The poisonous albumi-

nous substances produced in the body by the growth of certain disease-

producing bacteria are called toxalbumins. These may also be produced
in culture media by certain species.

Bacteria are widely distributed in the air, in water, and in the super -

1 Leucomdins are basic products produced in the tissues of living animals by cell

metabolism.
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ficial layers of the soil, where they may be present in enormous numbers.

They are especially abundant among the habitations of man, or wherever
under favorable conditions of moisture and temperature animal or vege-
table substances are undergoing decay. They cling tenaciously to moist

surfaces, but when dried, and especially when dried upon comminuted

material, they may float in the air as dust. In quiet air they gradually
settle with other forms of dust on to horizontal surfaces, and thus in

closed, still rooms the bacteria-laden air may in a few hours almost wholly
free itself of its living contaminations by a process analogous to sedimen-

tation in water.

This widespread transportation of bacteria as dust by moving air, and
the spontaneous cleansing of the latter by the settlement of the germs, are

important factors in the sanitary problems which the complex conditions

of modern life present.

While bacteria may live for long periods in the dried state in dust

they do not in this condition multiply. But the upper three or four feet

of the soil forms the great abiding, and when moist the breeding, place
of the myriads of germs which are concerned in the salutary work of

food preparation for higher plants. Large numbers of mould spores are

frequently mingled with the bacteria in dust and soil.

Surface waters almost always contain bacteria, which may have en-

tered by aerial dust or from the wash of adjacent soil or from direct

human or animal contamination. Many bacteria find in water favorable

conditions of life and flourish on what to other forms would be but scanty
nutriment. Many pathogenic bacteria may remain alive for considerable

periods in water, but they do not usually thrive there.

The water which in many places lies in hollows of the rocks, bathing
the deeper layers of the soil or gathered in caverns and recesses beneath,

is called ground water. This under favorable conditions is almost wholly
free from micro-organisms, these, through the complex process of filtra-

tion, germ metabolism, etc. ,
which go on in the upper soil layers, having,

together with inorganic contaminations, been largely retained or trans-

formed as the surface water has slowly sought the lower levels.

The Relationship of Bacteria to Other Living Beings. So far as we
know, with few exceptions the bacteria whose natural habitat is the soil

or air or water are not under usual conditions harmful to man. On the

other hand, it is germs from the bodies of men or animals who are the

victims of infectious disease, gaining access in one way or another to

these great reservoirs and sources of distribution, which occasionally ren-

der the bacterial flora of soil, and air, and water of direct personal sig-

nificance to man.

It will be seen from what has been said about bacteria and their vari-

ous modes of life that some live in or upon and at the expense of other

living beings the hosts these are parasites. Others which live and

grow apart from a living host are called saprophytes. In either class there

are forms which, through the capacity of adapting themselves to their

environment, can maintain at one time a parasitic, at another a sapro-
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phytic life. Such germs are called respectively facultative parasites or

facultative saprophytes. Those, on the other hand, whose life is strictly

limited to the parasitic or saprophytic condition are called obligatory

parasites or saprophytes.
Xot all the bacteria which live in or upon the bodies of men and

animals are in the stricter sense parasites. The terms messmates and

commensals have been applied to such organisms as simply live with, but

do not necessarily derive nutriment from, the host.

In some cases parasitic life on the part of the micro-organism may
contribute to the welfare of the host. This is the case in some bacteria

which live upon the roots of certain leguminous plants, and to whose

nutrition they contribute by rendering atmospheric nitrogen directly

available for the host. This condition of life is called symbiosis.

Species and Varieties. As has already been indicated, the morpho-

logical characters of bacteria are so little subject to permanent variation

under the widest diversity in the conditions to which they are subject
that we are justified in the belief in fixed species. But so susceptible to

external condition are the functional activities of many species that not

only is the occurrence of what may be called varieties within specific

limits frequent under natural conditions, but more or less permanent
variations may be experimentally produced.

Almost all of the functional activities of bacteria upon which we rely

as descriptive characters may be experimentally altered
;
thus the color-

producing capacity may be diminished, the peptonizing and fermentative

activities lowered, the pathogenic powers reduced or exalted, and even

the capacity for spore formation may be abolished.

These more or less permanent modifications of function in bacteria

may be induced by artificial cultivation under adverse conditions of tem-

perature and nutrition, by the presence of deleterious chemical agents,

antiseptics, etc., or by association with the body cells and juices in sus-

ceptible or insusceptible animals.

CLASSIFICATION OF BACTERIA.

The beginning of the systematic study of bacteria by exact and re-

liable methods is of such recent date, they are so minute, and our present

optical apparatus reveals so few differential morphological characters

beyond the limits of the three primary classes already mentioned, and so

few withal of the many existing forms have as yet been studied, that a

satisfactory classification or nomenclature of the bacteria is not yet pos-

sible.

Outside of the limit of the primary classes above described and based

upon the shape, we are obliged to use for the purposes of identification

and description the results of physiological activities which the special

forms of bacteria display when placed under diverse and usually entirely

artificial conditions of food, temperature, and general environment. It

is evident from this condition of affairs that what in our attempts at
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classifications we are wont to call genera 'and species, are not such in the

strict sense in which these terms are used in other domains of biology.
That which corresponds to the generic name in the more exact vocab-

ularies is in ours usually the growth form which indicates the primary
class to which the germ belongs, as coccus, bacillus, or spirillum, or some

growth modification of this, as diplococcus, streptococcus, streptobacillus,

and the like. To this is usually appended a more or less distinctive

specific name, which ordinarily indicates some noteworthy physiological

capacity of the germ, such as its peptonizing power, the pigment which

it elaborates, some prominent chemical reaction which it initiates, some
marked effect upon an artificial culture medium, its disease-producing

power in men or animals, or some fact about its habitat, or the situation

in which it was found. All of these and other heterogeneous character-

istics, largely functional, which may be developed under natural or arti-

ficial conditions, constitute data in the life history of germs upon which

the classification and nomenclature of bacteria are at present based.

As examples of names of bacteria thus derived may be cited Micro-

coccus luteus, Diplococcus lanceolatus, Sarcina ventriculi, Bacillus acidi lac-

tici, Spirillum cholera? Asiaticce.

Notwithstanding the value of this principle of grouping and nomen-

clature, its inadequacy even for temporary use is becoming painfully
evident as research proceeds, partly because of the large variations to

which physiological activities are liable, and partly because we cannot

sharply distinguish between races, varieties, and species.

It is not yet possible to say whether it will ever be practicable in this

limited field of lowly life to draw such exact distinctions between genera
and species as is possible among higher organisms.

Methods of Morphological Study of Bacteria.

The simplest mode of studying bacteria is to examine them either in the fluids in

which they grow or in one-half-per-cent salt solution. For the study of many of the

phenomena of life this method is important.
This may be accomplished by the examination of a thin layer of the fluid under a

cover slip, in the usual way; or a small drop may be placed on the cover slip and this

inverted on a hollow slide so that the observation is made in the hanging drop. A
streak of vaselin painted around' the edge of the cover will prevent evaporation of the

fluid.

STAINING. By far the most important aid in the morphological study of the bac-

teria is derived from the use of staining agents. Most of the bacteria are stained more
or less readily by one or more of the basic anilin dyes. The ease with which they are

colored varies considerably in different species and with the different dyes. The tissue

elements, and a variety of other materials with which the bacteria may be associated,

also stain more or less readily at the same time; but most of these part with their color

more readily than do the bacteria on being treated with alcohol or dilute acids. It is

thus possible to obtain a differentiation in color between bacteria and other structures.

The bacteria, moreover, differ among themselves in respect to the tenacity with which

they hold their stain in the presence of decolorizing agents, and upon this fact is based

one of the important methods of distinguishing between different species.

The anilin dyes more commonly employed for bacteria staining are fuchsin, gen

tian-viot'it, and methylene blue. A saturated alcoholic solution of these dyes.
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should be kept in tightly stoppered bottles, and from these the more dilute solutions

required foi staining may be prepared. For ordinary purposes one part of alcoholic

solution of fuchsin or methylene blue, added to twenty parts of water, will give a

staining solution of suitable strength.

Special stains and modes of staining, such as are necessary for some forms of bac-

teriathe tubercle bacillus, for example will be described under the appropriate head-

ings.

To Stain Bacteria in Fluids. A small drop of the fluid is placed on a clean cover

glass, spread a little with a needle, and dried by gentle heat. The cover glass is now
held with the forceps, specimen side up, and passed moderately rapidly three times

through the flame of an alcohol lamp or Bunsen burner. The material on the cover

should not be burned. This heating not only fixes the contents of the fluid firmly on

to the glass so that it will not easily soak off, but renders insoluble any albuminous

materials which may be mixed with the bacteria, and which might otherwise interfere

with subsequent examinations by forming granular precipitates.

A drop of the aqueous staining fluid is now put on to the dried specimen on the

cover glass, and if this be held in the forceps and tilted slightly up and down a few
times so as to bring fresh portions of the staining fluid into contact with the bacteria,

the staining will usually be completed in two or three minutes. The stain is now
washed off with a jet of water from the wash bottle, and the specimen is either mounted
in a drop of water for temporary study, or the washing water is drained off and, after

drying in the air, it is mounted directly in balsam. It is well to use balsam which has

been softened, when this is necessary, with oil of cedar or xylol rather than with chloro-

form, since this is apt to decolorize the bacteria. Solid cultures of bacteria should be

mixed with a little water and spread on the cover glass before drying and staining.

Gram's method (see below) is often useful and in some cases almost indispensable for

the differential staining of bacteria. 1

'To Stain Bacteria in Tissues. The tissues should be well hardened in alcohol.

Thin sections are placed in the above-described aqueous coloring solutions, where they

may remain from five to fifteen minutes. In some cases a much longer staining is nec-

essary. Gentle warming (40 to 50 C.) will hasten the staining. The entire tissue as

well as the bacteria is in this way deeply colored. The sections are rinsed with distilled

water and then placed in alcohol. This, with varying degrees of rapidity with differ-

ent stains and tissues, gradually extracts the color from the tissue, most slowly from
the nuclei. The time required and the exact degree of decolorization to be sought for

must be learned by experience in different cases. Sometimes five, sometimes thirty
minutes are required, sometimes only a few seconds. It is often necessary, and the

decolorizing of the tissue is thereby hastened, to add a few drops of acetic acid to the

alcohol. When acetic acid is used it should be finally thoroughly washed out by alco-

hol. The specimens are now cleared up by oil of origanum and mounted in balsam.

In specimens prepared in the above way, the nuclei of cells usually retain to some ex-

tent a color similar to that of the bacteria, but their size and shape serve for the differ-

entiation.

Grain's Method. This is a much more generally useful method of staining bacteria

in the tissues than that just given, although not in all cases applicable. The sections

are stained for from two to four minutes in anilin-gentian-violet solution, prepared by
adding 1 c.c. anilin oil to 20 c.c. distilled water, shaking thoroughly, and filtering

off the excess of anilin oil through a moistened paper filter. To the clear filtrate satu-

rated alcoholic solution of gentian violet is added in the proportion of .about 1 of the

dye to 10 of the anilin solution.

From the staining solution the sections are transferred to a solution of iodin in

potassium iodid and water (I 1.0 KI 2.0 HO 300.0), remaining from one to three

minutes, when they are transferred to strong alcohol; this should be changed two or

three times so as to dehydrate the specimen, which at the same time will lose much of

its color. The section is cleared in oil of origanum to which a little eosin has been

1 For the methods of staining spores see special works on bacteriology.
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added, and mounted in balsam. In specimens prepared in this way the bacteria and
some of the nuclei are violet, the remainder of the tissue is red.

In this as in other methods of staining bacteria in tissue the sections are liable to

shrivel and curl. This may in many cases be avoided by fixing the sections on to the

cover slip with albumen fixative (see page 51) before the staining begins, carrying
cover glass as well as section through the subsequent processes. Since some bacteria

are decolorized by Gram's method it is not applicable to the staining of all organisms in

tissues. It is often a valuable aid in the differentiation and identification of species with

similar morphology and in some instances, as in the staining of gonorrhceal pus, has an

especial diagnostic value (see page 194).

Weigert's Modification of Gram's MetTiod.The sections are laid for half an hour in

the anilin gentian-violet solution prepared as above, then rinsed off in three-quarter-

per-cent salt solution, and spread on a slide. They are now dried with blotting-paper
and covered for two minutes with the iodin solution. The iodin solution is now washed
off in the water, the section dried with blotting-paper, and decolorized with anilin oil

or a mixture of 2 parts of anilin oil and 1 part of xylol, several times renewed. Finally
the sections are cleared in xylol and mounted in balsam.

In many cases it is well to accomplish a double staining by a preliminary contrast

stain. Thus, before the use of Weigert's modification of Gram's stain the sections may
be put for half an hour in a solution of picro-carmin, then rinsed in water and stained

as above. By this modification of Gram's method fibrin is deeply stained.

Loffler's alkaline-methylene-blue solution is a very valuable and powerful stain for

bacteria, either in fluids or in tissues.

It consists of

Saturated alcoholic solution of methylene blue, . . .30 parts.

Aqueous solution of caustic potash 1: 10,000, . . . 100 "

For staining bacteria in tissues the stain is allowed to act for a few minutes. The
section is then put for a few seconds in one-half-per-cent acetic acid, then rinsed in

water, and the superfluous color removed from the tissue by repeated rinsing in alco-

hol, which at the same time dehydrates it. Then it is cleared with oil of cedar and
mounted in balsam. Care should be taken not to remove too much color with the

alcohol.

It should always be borne in mind in staining the bacteria that great exactness is

not usually necessary either in the strength of the coloring solutions or in the time of

exposure of the bacteria to them. We are seeking for certain effects namely, the

staining of the germs and this depends not only upon the quality and strength of the

dye, the time of exposure, etc., but also upon the nature of the bacterial species and its

conditions at the time the staining is undertaken. Thus it not infrequently happens
that bacteria which will stain readily and deeply with a given solution when they are

in a condition of active growth, may be scarcely at all colored if they have been dead

or inactive for a long time, although their outward shape appears to be unchanged.
So it should be remembered that, while there is little difficulty in most cases in staining
the bacteria, the operation is not one of mere routine, but requires intelligent attention

to the particular conditions of the species in hand.

For the recognition and study of bacteria the best optical apparatus is requisite.

An homogeneous immersion lens (at least one-twelfth) and the Abbe condenser are in-

dispensable for ordinary work.

Artificial Cultivation of Bacteria.

For the complete investigation of the different forms of bacteria, particularly in

their relations to disease, we must isolate them so as to be able to study their life his-

tory and the effects of their inoculation into healthy animals. It has long been known
that bacteria could be cultivated in a variety of artificial, so-called "nutrient media" or

soils. Fluids were formerly used for this purpose, but it is very difficult to separate

single species in fluids. Robert Koch introduced, some years ago, a technical improve-
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ment of great value in the use of solid media for the cultivation of bacteria. They
usually grow within or upon the surface of the solid nutrient media in sharply circum-

scribed masses, called colonies, and different species may grow side by side in the same

FIG. 77. A PETRI GELATIN PLATE CULTURE OF BACTERIA FROM MILK.

In one plate there are few colonies showing difference in size and character. In the other the colonies
are much more abundant.

receptacle for considerable periods without in the slightest degree interfering with one
another or tending to mix. The mode of growth and general appearances of the pro-

liferating bacterial masses on the solid medium often present very characteristic differ-

ences between different forms, and thus not only furnish valuable means of identifying
species, but render possible an early detection of contamination from chance admixture
of species. A given species of bacteria may be cultivated through a series of genera-
tions by transferring, with proper precautions, a minute portion from a growing colony
to fresh sterilized culture media. After cultivation through several generations the

species may be presumed, and by micro-

scopical examinations proved, to be en-

tirely pure, and the effects, if any, pro-
duced by its inoculation into healthy

animals, to be due to it alone.

THE CULTURE SUBSTANCES. There

are many culture media, some of which
are best suited for one, some for another

species of bacteria. Those most com-

monly used are meat broth (bouillon),

broth rendered solid by gelatin or agar-

agar (called
" nutrient gelatin

" or
" nu-

trient agar"), boiled potatoes, milk,

coagulated blood serum, pleuritic
"
chest

serum," or other transudates into the

serous cavities. Glucose is often added

to the media for special purposes, and

This cut shows a small portion of the culture, Fig.
77, magnified. Some of the colonies are very small,
others of a different species are large and spreading.

FIG. 78.-COLONIES IN GELATIN PLATE CULTURE.
the incorporation of litmus serves to

mark the formation of acids or alkalies

as the result of bacterial metabolism.

Various special forms of artificial media
are also employed. (For the details of the methods of preparing culture media con-
sult special works on bacteriology, such as Abbott's

"
Principles of Bacteriology

" or
Park's "

Bacteriology in Medicine and Surgery.") These, various forms of media are
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placed in small quantities in test-tubes plugged with cotton (Fig. 79) and carefully
sterilized by heat.

THE STUDY OF CULTURES. Let us see how the nutrient media are used in study-

ing the bacteria.

In the first place, it is necessary to get from the various mixtures of several species,

as they are apt to occur in nature or in diseased parts, single species growing by them

FIG. 79. FIG. 80.

FIG. 70. PURE CULTURE OF BACTERIA ON NUTRIENT AGAR IN STERILIZED TUBES.

Showing at the left a smooth, at the right a wrinkled growth upon the surface.

FIG. 80. A CULTURE OF NACTERIA ON POTATO.

selves, so that their life history and characters may be studied in detail. To show by
an example how this is done, we will suppose that we have a sample of milk containing
bacteria, and wish to learn how many there are and of what species, and to get them
into separate receptacles for study. We melt the nutrient gelatin or agar in one of

the test tubes,' which we know to contain no living bacteria because we have steril-

ized both the tube and its contents by heat and add to it a measured volume, usually
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0.01 c.c., of the milk, and mix them by gentle shaking; we now take a shallow covered

glass dish called a Petri plate (see Fig. 77), which has been sterilized by heat, lay it

upon a cold surface, and pour out the mixture of milk and nutrient gelatin in a thin

layer upon it. When the gelatin solidifies, the invisible germs which the milk contained

are caught and held in position by it, and if the whole be now set away in a sufficiently

warm place the living bacteria will presently commence to grow.
After a few hours or days, from each one of the single living bacteria scattered

through the gelatin so many new germs may have developed that they form a mass,

called a colony, large enough to be visible to the naked eye. As different species grow
in different ways, some giving rise to colonies of one shape or outline, some to another;

some forming colored colonies, some fluidifying the gelatin, some growing much more

rapidly than others (see Fig. 78), we can usually recognize the difference in species

either with the naked eye or iinder the microscope, and with a fine, sterilized platinum
needle can pick out portions of the different colonies and transfer them to the tubes of

nutrient media of one kind or another which we have prepared, and study their growth
there in the form of pure cultures.

The transfer of the germs to the tubes is made by plunging the needle which has

touched the plate colonies down into the gelatin or agar, or drawing it over the surface

of the potato or agar (Figs. 79, 80, and 81).

This is called inoculating the culture media.

Not infrequently it is necessary to use the

agar culture medium instead of gelatin for

plate cultures, because many disease-producing
forms of germs do not grow at a temperature
below that of the body, at which gelatin fluid-

ifies.

In many cases, especially in agar plate

cultures, the material to be studied is spread
in very thin streaks, with a sterilized platinum
needle, over the surface of the already cooled

nutrient film, the colonies developing along the

surface streaks (see Fig. 82).

Anaerobic germs may be cultivated in an

atmosphere of hydrogen, the air in the closed

culture receptacles being replaced by this gas.

Or the oxygen may be removed from this con-

fined portion of air in contact with the cul-

tures by chemical means. A description of the

various simple and complex devices for anae-

robic cultivations falls beyond the scope of

this work.

The most scrupulous care is required in

sterilizing the nutrient media and the utensils

and instruments used, and the greatest caution

should be exercised, in transferring the bac-

teria from one receptacle to another, to pre-

vent contamination. A large experience in

this sort of manipulation is necessary before

reliable results can be obtained in original in-

vestigation, since the slightest error or care-

lessness in handling, or failure to observe the occurrence of contamination, is liable

entirely to vitiate the results of long series of experiments. It is only by an extended

preliminary training in the cultivation of some of the more characteristic and easily

recognizable forms, under a variety of conditions, in a perfectly pure state, through a

.series of generations, that one can be assured of his capacity to carry on researches in

this most difficult and intricate field.

It is wiser for one purposing to carry on bacterial researches to gain a practical

Fi. 81. A TUBE OF SOLID TRANSPARENT
NUTRIENT GELATIN.

Showing growth of bacteria with formation

of gas along the line of inoculation by a nee-

dle plunged into the solid gelatin and with-

drawn. The bacterial masses are held fast

where they grow, and the gas bubbles cannot

escape through the solid media.
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acquaintance with methods and apparatus in a well-appointed laboratory, than to make
the attempt to work out the methods from books.

The methods of inoculation of animals with pure cultures, and the precautions to

FIG. 82. PETRI'S AGAR PLATE CULTURE OF BACTERIA FROM THE MOUTH.

Made by streaking the surface of sterilized nutrient agar previously poured into the shallow dish and
cooled with scrapings from the mouth, and allowing to stand in a warm place for forty-eight hours. The

lighter spots are the
"
colonies " or masses of germs of various forms which have grown from the invisible

germs of the mouth.

be observed, as well as a description of the various forms of apparatus made use of in

practical bacteriology, must be sought in more extended treatises on this subject.

Collection of Material for Bacterial Cultures.

Material obtained from the human body which is to be subjected to bacterial ex-

amination should be collected with every precaution against accidental contamination.

FIG. 83. STERILIZKD COTTON SWAI A STERILIZED TUBE FOR COLLECTING FLUIDS CONTAINING BAC-
TERIA.

A convenient mode of collection and transportation of small quantities of fluid or

semi-fluid material, such as exudates, discharges, etc., for purposes of bacterial examiua-
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tion is to twist a small wad of absorbent cotton on to the end of an iron or steel wire

about five inches long, put this, swab end foremost, into the tube (Fig. 83), plug the

mouth with cotton, and sterilize the whole in a dry oven for an hour at 1(50" C.

Several of these cotton swabs may be prepared at once and kept on hand. The

swab, carefully removed and saturated with the material to be examined, is at once re-

turned to the tube ;
this is plugged, and may be thus safely transported.

l

II. Yeasts.

These micro-organisms larger than bacteria and mostly saprophytes
consist of oval or spheroidal cells with granular protoplasm and a thin

membrane. They multiply by sprouts or buds from

the parent cell (Fig. 84). The new individuals may
separate from the old, or may cling to them so that

chain-like combinations may occur. They sometimes

form endogenous spores, known as ascospores. Some

FIG 84 -YEAST-SEC
8Pecies develop bright colors in their growth.

charomyces. There are many forms of yeasts which are concerned

in various phases of fermentation. Some of these,' al-

coholic fermentation for example, are of great economic importance."
Certain forms of yeasts nourish in the stomach during digestive disorders

and in the bladder in diabetes, without the incitement of lesions. Sev-

eral forms of yeast have been proven to be pathogenic in lower animals

and in man. In 1894 Gilchrist
3

reported a case of blastomycetic derma-

titis in man. Since that time other cases have been observed.
4

III. Moulds.

The moulds are considerably more complex in structure than either

the bacteria or the yeasts. Some of the forms are very common and uni-

versally known. In general, it may be said that the moulds consist of

a series of delicate, translucent, branching jointed threads mycelium

usually giving rise to hyphce from which, either directly or in more com-

plex form through the intervention of a special structure, the sporangium,
the spores are developed (Fig. 85). The moulds which are apt to occur

in the human body may be of the former more simple, or of the latter,

more complex type.
5

Among the simpler forms of moulds which occur

in the body may be mentioned the Achorion Schonleiuii, Microsporon

1 For further suggestions for the collection and examination of specimens for micro-

organisms, and for references to studies on the bacteria of the human body, see p. 260.
2 For a consideration of the relationship of micro organisms to various forms of fer-

mentation, with bibliography, consult Jorgemon, "Micro-organisms and Fermentation,"

Eng. translation, 1900.
3
Gilchrist, Johns Hopkins' Hospital Reports, vol. i., p. 269.

4 For a resume of the subject of pathogenic blastomycetes with experiments and

bibliography, see Foulerton, Journal of Pathology and Bacteriology, vol. vi., p. 37,

1900; and Sternberg, Ziegl. Beitr., Bd. xxxii., 1902, p. 1; also Rtcketts,
"
Blastomycosis

of Skin," Jour. Med. Res., vol. vi., 1901, p. 377; also Otis and Scans, Jour. Am. Med.
Assn., October 31st, 1903.

5 See Efnon, "fitude sur 1'aspergillose chez les animaux et chez 1'homme," Paris,

1897; also Leopold and Levi, Gaz. cles Hopitaux, June 26th, 1897, Bibl.; also Pierson
and Kai-enel, University Med. Mag., August, 1900; also Sayer,

"
Pueumonomykosis

aspergillina," Jena, 1900.
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FIG. 85. ASPERGILLUS GLAUCUS.

Showing mycelium, from which arise the spore-

bearing structures, the sporangia borne upon the by-

phae.

furfur, Trickophyton tonsuraiis. There is a close morphological resem-

blance between these forms.

Achorion Schonleinii, the favus fungus, is formed of a much-branching
mycelium from which the spores are directly developed (Fig. 86). It

grows readily on artificial cul-

ture media, such as nutrient agar
and gelatin, at the temperature
of the body. This fungus is most

apt to grow upon the hairy part
of the head, where it forms small

surface crusts and grows into the

shafts and root sheaths of the

hair, exciting inflammation in the

adjacent tissue. Trichophyton ton-

surans develops in the form of a

moderately branching mycelium,

forming comparatively few spores.

It grows in the skin, either about

or apart from the hairs, or in the

nails, inducing the lesions of vari-

ous phases of herpes, wrhich differ

considerably, depending upon the

particular structures involved.

At body temperature it grows readily on artificial culture media, differ-

ing markedly in appearance from Achoriou.

Microsporon furfur, the mould fungus causing pityriasis versicolor, is

more prone than the Achorion to the development of many spores, but

otherwise considerably resembles it morphologically. It has not yet been

cultivated on artificial media. By its infiltration of the epidermis, espe-

cially of the body and upper extremities,

it causes larger and smaller yellowish or

brownish patches.

The more complex types of moulds are

only occasional dwellers in the human

body and appear to be but rarely the

cause of disease, passing, rather, a sapro-

phytic existence on dead material in parts
of the body which are in communication

with the air. Thus they may be found

growing on accumulations in the external

auditory canal, in dead tissue in the

lungs, on walls of cavities, dilated bron-

chi, etc. Many cases have been reported,

however, in which the moulds, especially

aspergillus, have been the apparent excitants of serious lesions in men
and animals.

A lowly form of micro-organism frequently found growing in the

PIG. 86.-ACHORION SCHdNLEINII FAVCS.

From a culture.



PLANT PARASITES. 161

mouth and fauces and oesophagus of children, in the form, of a whitish

pellicle aphthre is the so-called Oidium albicans, which consists of

branching, jointed threads and spores which penetrate between the epi-

thelial cells. This fungus may assume considerable importance, when
in very feeble children it blocks the oesophagus, or when, as is rarely the

case, from the surface of ulcers it penetrates the blood-vessels and gives
rise to visceral metastasis. The exact relationship of this fungus to the

moulds is not yet very clear. It is often grouped with the yeasts.
'

Methods of Studying Yeasts and Moulds.

The yeast organisms are in general stained and cultivated by the same methods as

those used in studying the bacteria. By treating unstained sections of tissue contain-

ing them with solution of caustic potash the organisms may often be readily demon-
strated.

The moulds may be simply teased and studied in glycerin or in glycerin and water.

They may be stained with alkaline-methylene blue solution (Loffler's solution, see page
154). When spores have formed in considerable numbers on the more complex forms
of moulds these are not easily wetted by the usual staining fluids, because the air clings
so closely among the spore masses. In a mixture of four parts of alcohol and one of

aqueous solution of ammonia they are instantly wetted, and may then, with or without

staining, be teased and mounted in glycerin. In studying the fungus masses in the

above -described skin diseases it is well, when crust-like masses are to be teased apart,
to allow them first to soak for a few moments in a five-per-cent solution of caustic

potash. In this solution they may be studied, or they may be teased and mounted in

glycerin for preservation. Most of the more common moulds are readily grown on the

ordinary culture media.

1 For resume and bibliography of relationship of yeasts and moulds to human dis-

eases consult Kicker, Lubarsch, and Ostertag's
"
Ergebnisse der allg. Aetiologie der

Menschen u. Thierkrankheiteh," Abth. i., 1896, p. 892. See also Hektoen, Journal of

Experimental Medicine, vol. v., p. 77, 1900.

11



CHAPTER VII.

THE RELATIONS OF MICRO-ORGANISMS TO DISEASE-
INFECTION AND IMMUNITY.

The Occurrence of Bacteria and Other Micro-organisms in

the Body : its Protective Mechanism.

BACTERIA are invariably present in greater or less numbers in the

mouth, nose, upper air passages, gastro-intestinal and genito-urinary
tracts of men and animals.

'

Into these places they are more or less con-

stantly brought by the respired air,
2

by food and drink, and in other

ways. But common and often abundant as are these germs upon the

external and internal surfaces of the body, they do not often pass through
the healthy mucous or cutaneous surfaces, so that under normal condi-

tions the tissues, the viscera, and the circulating fluids are germ-free.
3

Except for certain pathogenic forms which may, under unsanitary

conditions, have been set free and transported from men or animals

suffering from infectious disease, the bacteria upon the cutaneous or

mucous surfaces of the body are for the most part harmless ; while cer-

tain intestinal forms may even be useful in promoting digestion.

Certain bacteria which do not often and some which never induce

disease, find in or upon the human body such favorable conditions for

their existence that they are commonly present there.

The body is guarded in various ways from the incursions of patho-

genic and other bacteria, which may be commonly present or only occa-

sionally lodged upon its surfaces. Among the protective agencies of the

body may be mentioned the firm, dense skin which while intact protects
the interior from the entrance of almost all known micro-organisms ;

the

epithelial investment of the mucous membranes in several places swept
by cilia

; the protected situation of most of the mucous surfaces, the ger-

micidal qualities of some of the secretions, such as the gastric juice,

mucus, etc.
4

1 For a summary of facts concerning the bacterial flora of the body surfaces consult

Welc7i, "Surgical Bacteriology," "System of Surgery by American Authors,
" Dennis.

See also Ford, "The Bacteriology of Healthy Organs," Trans. Assoc. Amer. Phys., vol.

xv., p. 389, 1900, Bibl.
2 For a resume of micro-organism in the air see Gottstein, Lubarsch and Ostertag's

"Ergebnisse," Jahrgang iv., pp. 87 et seq., 1897; also Firth, "Studies from the Depart-
ment of Pathology," Col. Phys. and Surg., Columbia University, vol. vii.

3 It should be remembered that the gastro-intestinal canal, the lungs, and other
viscera which are in communication with the exterior, although within the limits of the

body, still form, strictly speaking, its outside, in distinction from the intimate recesses
of the tissues in which the life processes go on.

4 For a resume of the protective action of the skin, mucous membranes, etc., see

MetscJmikoff, "Immunity in Infectious Disease's," Trans., 1904.
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But notwithstanding the safeguards of the body against the access of

micro-organisms, these do frequently enter; this may occur in severe in-

juries to the skin or mucous membranes or through very slight and un-

noticed abrasions or other solutions of continuity. Entrance may be

gained to the tissues through the minute ducts of the sebaceous or sweat

glands ; from the mouth, tonsils, gastro-intestinal canal 1 and the respi-

ratory passages and surfaces, either with or without obvious injuries to

the investing epithelia. The role of insects in the conveyance of infec-

tious agents is of great importance.
11

Micro-organisms may enter the

body during intrauterine life.
3

When in one way or another bacteria or other germs have entered

the tissues, they may encounter a series of obstacles to their spread or

continuance as well as to their proliferation there, even should the gen-
eral nutritive conditions be favorable. In the first place the lymph-
nodes frequently filter out of the tissue fluids micro-organisms which
have entered them, holding them back from the general circulation or

destroying them. 4 The power of certain of the body fluids and of living
cells under favorable conditions to kill and dispose of germs, should

these gain entrance through injuries or other structural lesions or func-

tional disturbance in the barriers, is of great importance and will be re-

ferred to again. The elimination of micro-organisms from the body
through its secretions,

5 such as urine, bile, milk, sweat, saliva, etc., is a

matter of great significance, but one upon which the scope of this book
does not permit us to enter.

6

The view has been recently advanced that with no apparent lesion or

1 For bibliography concerning the permeability of the gastro-intestinal canal for

bacteria refer to p. 560.

*Nuttall, Johns Hopkins Hospital Reports, vol. viii., p. 1, 1900. For studies of
flies as carriers of typhoid see Hamilton, Jour. Am. Med. Assn., vol. xl., February 28th,
1903, p. 576 \

f
also Martin, Public Health, August, 1903.

3 For a resume of studies on the congenital transmission of infectious agents see
"Wassermann

,
in Kolle and "Wassermann's "Handbuch der Mikroorganismen," Bd. i., p.

380, Bibl.
4
Manfredi, Virch. Arch., Bd. civ., p. 335, 1899, for a study of the germicidal and

other action of lymph-nodes; also Bezanfon and Labbe, Arch, de Med. expe"rimentale et

d'Anat. path., t. x., p. 389, 1898.
6 Consult Sherrington, "Experiments on the Escape of Bacteria with Secretions,"

Journal of Pathology and Bacteriology, vol. i., p. 258, 1893; Biedl and Kraus, Arch. f.

exp. Path., Bd. xxxvii., p. 1, 1895, Bibl.; Hintze and Liibarsch, "Ergebnisse der allg.

Aetiologie der Meuschen- und Thierkrankheiten," 1896, p. 287. For study of disap-
pearance of bacteria from the body, see Pawloimky, Zeits. f. Hygiene und Infect. Krank-
heiten, Bd. 33, p. 261 ; see also ref. to Asch, p. 624.

6 For a suggestive summary of the various factors which are or may be concerned
in the protection of the body against the invasion and action of micro-organisms, see

Meltzer, "Physiological Methods of Protection of the Body against Bacteria," Trans, of
the Congress of American Physicians and Surgeons, vol. v., p. 12, 1900; see also ref.

to Wassermann above.
See also for the importance of a lesion in animal tissues for the lodgment and mul-

tiplication of bacteria within it, C/teesman and Meltzer, Jour. Exp. Med., vol. iii., p.
533 ; also on the significance of granulation tissue in wound infection, Afanassieff, Zieg-
ler's Beitrage, Bd. xxii., p. 11, 1897; also Cobbelt and Melsome, Centralbl. f. Path., Bd.

ix., p. 827, 1898, Bibl. ; also Jurgelunas, Ziegler's Beitrage, Bd. xxix., p. 92, 1901, Bibl.

For the role of the spleen in infection and intoxication, see Courmont and Duffan, Arch,
de Med. exp., May, 1898, p. 431, and Nicolas and Bean, Jour, de Phys. et Path, gen.,
t. iii., 1901, p. 68.
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with but very slight lesions of the intestinal mucosa, bacteria in large
numbers may gain access through this to the liver, where they may be

destroyed or under certain conditions eliminated, either through the bile

or into the body at large.
'

Action of Bacteria and their Products in the Body.

When bacteria do enter and grow in the body, the cells and tissues

near them may show very marked alterations, due to their influence.

The cells may be swollen, or their nuclei may disappear, and the proto-

plasm may be converted into a mass of shining or coarsely granular

particles, or may completely disintegrate. The intercellular substance

near the bacteria may also soften and disintegrate. In a word, the

tissue in their immediate vicinity is often found in a condition of necro-

sis of one kind or another. The walls of blood-vessels near which they
lie may be damaged and the blood which these carry may form thrombi.

The bacteria may themselves enter the vessels and proliferate in the

blood
; they may be swept away as emboli to remote parts of the body

(Fig. 41, page 113), and establish new foci of bacterial proliferation and
tissue necrosis septicaemia.

Some bacteria, instead of inducing a simple necrosis, incite at the

same time, as we have already seen, a more or less intense inflammation

(Fig. 42, page 114). This inflammation may be of a simple productive

form, similar in its effects to that incited by the presence of any irri-

tating foreign body ;
or it may be active, progressive, and exudative in

character; or the bacteria may determine, in some way as yet unknown
to us, very peculiar and characteristic inflammatory changes, which re-

sult in the formation of new tissues of various kinds (see Tuberculosis).

Some forms of bacteria find in the blood, others in the tissue spaces and

lymph-vessels, the conditions most favorable for their proliferation.

But the presence of micro-organisms themselves is not indispen-
sable for the incitement of either local or general pathological processes.

These may be induced by various chemical products eliminated or stored

up in their protoplasm by the metabolism of the germs. These delete-

rious bacterial products may, as we have already seen, be those alkaloidal

substances called poisonous ptomains or toxins, or they may be albumi-

noid substances toxdfbumins or toxalbumoses* Stored up in the proto-

plasm of the germs themselves, this poisonous material has been called

bacteria-protein.

Some of the poisons act locally at or near the seat of their manufac-
ture by the growing germs. Others gain access to the body at large and
are widely distributed, inducing wrhat may be called the phenomena of

septic intoxication toxasmia.

1 Adami, on "Latent Infection and Subinfection," etc., Journ. of the Amer. Med.
Association, December 16th and 23rd, 18U9.

9 Much of the literature on this subject has been brought together by Vaughan and

Novy, "Cellular Toxins." The general chemical relationship of bacterial products to

other organic compounds is set forth in Halliburton's "Text-Book of Chemical Physi-

ology and Pathology
"

;
see also Oppenheimer on "

Bacterial Poisons "
in Kolle and Was-

sermann's "Handbuch der Mikroorganismen," Bd. i., p. 844.
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The phenomena of septic intoxication may be induced by the prod-
ucts of bacteria] growth outside of the body when these in considerable

quantity are in any way taken into it. This is true not only of poisons
elaborated outside the body by pathogenic bacteria, but also of many
forms of bacteria usually harmless. Thus are caused many forms of

food poisoning which simulate but are not actually infectious diseases,

because there is no development within the body of the disease-inciting

germs.
Similar local and general effects may be induced in the body by other

poisons than those of bacterial origin. Ricin and abrin, for example,
well-known vegetable poisons, and the venom of scorpions and of certain

snakes are closely similar in their action to the toxins which the bacteria

form either within or without the body.
It should be remembered in this connection that effects closely resem-

bling those due to bacterial or allied poison may be induced by toxic

agents developed within the body as a result of defective elimination or

faulty cell metabolism auto-intoxication (see p. 358).
Thus the deleterious effects of pathogenic bacteria upon the body are

but in small measure simply mechanical. Local necrosis
l and inflam-

mation, albuminous degeneration of cells, leucocytosis and other altera-

tions of the blood, fever, structural lesions and functional disturbances

in the nervous system, irregularities in the circulatory and respiratory

mechanisms, etc., may follow the distribution in the body of bacterial

toxins.

Proofs of the Infective Nature of Bacteria Found in the

Body.

It will be seen, from what has now been said of the bacteria, that in

different parts of the system in health, and in a large number of abnor-

mal conditions, various forms of bacteria occur ; but it is quite evident

that the significance which we must - attach to their mere presence varies

greatly. In a large number of cases, especially when on parts exposed
to the air or in the gastro- intestinal canal, they are evidently of no more

importance than so much inorganic dust. When, however, special forms

of bacteria are uniformly present in connection with well-defined dis-

eases, or in their lesions, and especially if these largely preponderate,
the conjecture is certainly justified that the micro-organisms may have

something to do with their incitement. Yet in all such cases we have to

consider the possibility that it is the abnormal state of the body or the

character of a lesion, brought about perhaps in other ways, which affords

conditions suitable for the growth of this form of bacteria, and that these

may consequently be present in considerable numbers, while in the ab-

sence of such conditions they would be unable to develop. Even the

constant occurrence in the body, in certain diseases, of bacteria which

evidently produce well-marked local effects, either inflammatory or de-

1 Sec Flej:ner, "The Pathology of Toxalbuiniu Intoxication," Johns Hopkins Hos-

pital Reports, vol. vi., p. 259, 1897.
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generative, does not absolutely prove their etiological relationship to the

disease, although it renders it in a high degree probable.

It is desirable in every case in which the evidence of the etiological

relationship of a specific micro-organism to a disease is to be set forth,

that we should be able to demonstrate the constant presence in the body
of the special form of micro-organism during some period of the disease

;

obtain this by culture in a pure condition unmixed with any other living

thing or with any chemical substance not belonging to it, and finally, by
the introduction of the purified organisms into a healthy animal, be able

to produce the disease in some definite form. When all this is done, and
not before, can we assert that the evidence establishing the causative

relationship between a given form of bacteria and any special infectious

disease, is entirely at our command.
But the fulfilment of these strict logical requirements is very difficult

in many cases, and in some, apparently, almost if not quite impossible ;

for we must remember, in the first place, that the lower animals, upon
which alone, for the most part, inoculation experiments are practicable,

are apparently not subject to certain important diseases of man
; and,

second, that they present among themselves the most marked differ-

ences in the degree and manner in which they are affected by inocula-

tion with pathogenic bacteria. Desirable as is the complete fulfilment

of the above requirements in every case, it must be admitted that a rea-

sonable certainty regarding the bacterial origin of a given disease may
sometimes be arrived at without positive results from the inoculation of

the bacteria associated with its lesions. The agglutination test applied
under proper conditions may afford valuable evidence of the nature of

an infection (see p. 190).
The complete demonstration which is desirable has as yet been fur-

nished in but a moderate number of diseases. In many others, however,

enough has been done in the way of study and experimentation to render

it altogether certain that they are infectious and to establish beyond
reasonable doubt the identity of the micro-organism or micro-organisms
involved.

Conditions Influencing the Occurrence of Infectious

Diseases.

It has been learned, as the result of a great deal of observation and

experiment, that although certain diseases are always associated with the

presence and growth in- the body of particular species of micro-organ-

isms, there are still various other accessory factors which have an im-

portant bearing upon the inception and course of the diseases. Thus,
while the presence in the body of a particular species of micro-organism
is the most significant and fundamental of the determining agencies in the

infectious diseases, the numbers in which they are present i.e., the size

of the dose and the varying virulence which the same species under
different conditions possesses, as well as the varying capacity of resist-
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ance to the incursions of the germs which the body cells at different times

and under differing conditions exhibit, are all factors of the greatest

moment.

Malnutrition, mental or physical overwork, injuries, bad hygienic

surroundings, the abuse of alcohol and other forms of intemperance, as

well as many other conditions which lead to deterioration in the general

health, are often decisive factors in determining the intensity or even

the occurrence of the diseases due to bacterial incitement. It is thus

clear that the action of a given germ in the living body depends only in

part upon its intrinsic capacities which in themselves are very variable

but also and in marked degree upon the capacities, also variable,

which exist at the moment in the body cells among which the lot of the

germs is cast.

It should be always borne in mind that the human body is a great

aggregate of groups of co-ordinated cells which, under normal conditions,

all act in harmony for the maintenance of the life and functions of the

individual. The cells and cell communities in health not only do this,

but they have the power of resisting and to a certain extent overcoming
various deleterious agencies to which the body is more or less constantly
liable.

What we call hereditary or acquired predisposition to an infectious

disease, such as tuberculosis for example, is simply a lack of the usual

capacity of the cells of the body whether through a structural or physi-

ological fault we do not yet know to cope with the destructive tenden-

cies of the living micro-organisms when once these gain a foothold in the

body.
We thus see that, in studying the conditions under which infectious

diseases occur, the work is by no means complete when the bacterial

species which incites the disease has been discovered, but that then the

more obscure determining and influencing agencies must be worked out

in each case.

Infection and Immunity.

INFECTIOUS DISEASE AND THE NATURE OF INFECTION.

Infectious diseases are those which are incited by the entrance into the

body and proliferation there of pathogenic micro-organisms. Infection is

the act or process by which such diseases are incited.

In the more exact usage of the words infectious and infection which
our new knowledge demands, it is customary and convenient to limit the

term micro-organism to the fungi bacteria, yeasts, and moulds and to

the protozoa representing the animal kingdom, excluding altogether the

eutozoa and other animal parasites.
'

1 For a resume of the nature and conditions of infection, see Wassermann, Kolle and
Wassermann's "Handbuch der Mikroorganismen,"-Bd. i., p. 223, Bibl.

;
for a study of

the general reaction of the body in infection see Blumenthal, ibid., p. 326.
'
2 With this somewhat arbitrary limitation, neither trichinosis nor scabies, for exam-

ple, would be considered an infectious disease, although they are often, for the lack of

a distinctive word, thus designated.
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The modern conception of infection implies the presence in the body
of the living micro-organisms themselves, that is, of something capable of

multiplication, or at least of reproduction and development, and not alone

of the poisons which they may and usually do produce. It is customary
to look upon the effects of the absorbed poison which micro-organisms
furnish as intoxications, whether these poisons be formed inside the body
in infectious diseases and in other conditions, or outside of it and subse-

quently introduced. That condition in which there is evidence of wide

distribution of pathogenic micro-organisms and their products in the

blood is called septiccemia (see p. 202).

It is evident from what has been said that infectious disease cannot

exist without the presence in the body of micro-organisms. But, on the

other hand, micro-organisms can and do frequently exist in the body
without the incitement of infectious disease. Whether a micro-organ-
ism be pathogenic or not depends upon the variable susceptibilities of

the host as well as upon its own also variable nature and qualities.

No micro-organism is intrinsically pathogenic ;
the very conception im-

plies a relationship. This obvious fact is overlooked by those who see in

the micro-organisms alone the essential specific features of infectious

diseases
;
who would classify these diseases exclusively by the nature of

their excitants, and who look upon the latter as the true "causes" of the

phenomena through which disease is manifested (see p. 67).

FORMS OF INFECTION.

Mixed or Concurrent Infection. It should be borne in mind that the

body which is already the seat of an infectious disease is usually espe-

cially susceptible to the action of other pathogenic germs, should these

once gain entrance
;
and also that the lesions which are associated with

many of the infectious maladies afford portals of entry through the skin

or mucous membranes to other micro-organisms, against the entrance of

which the healthy body opposes most efficient barriers. In fact, we now
know that the action of two or more pathogenic micro-organisms in the

body at the same time is of very frequent occurrence, many of the so-

called complications of the infectious diseases being due to secondary
infection with a new germ species. Numerous examples of this "mixed "

or, better, "concurrent," infection are noticed in other parts of this

book. '

Many important facts have been revealed by the study of bacterial

association in cultures as well as in infectious diseases of men and ani-

mals which cannot here be considered.
2

It may be said in general that

in animals as in man concurrent infection with a second micro-organism
increases the gravity of the original situation. On the other hand, cer-

tain experiments seem to indicate that sometimes the concurrent action

'For bibliography of mixed infection see Bernheim and timber, Lubarsch and

Ostertag's "Ergebnisse," Jahrg. 2, for 1895, p. I; also Wasxermann, in Kolle and Was-
sermann's "Handbuch der Mikroorganismen," Bd. i., p. 307.

* Consult Tli. Smith, Trans. Association American Physicians, vol. ix., p. 85, 1894.
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of a second germ streptococcus, for example, with the anthrax bacillus

may render a virulent organism comparatively innocuous. But the con-

ditions of the experiments are in either case so complex that the full sig-

nificance of many curious phenomena is not yet apparent.

Congenital Infection. Infection of the foatus through such lesions of

the placenta as permit of the passage of pathogenic micro-organisms from
the blood of the mother to that of the child is of occasional, but not fre-

quent, occurrence. While the barriers against such transmissions are,

under normal conditions, effective, disturbance in the placental circula-

tion, lesions of the vessel walls or of the tissues and covering of the

choriouic villi favor it. But infection may occur without demonstrable

evidence of such lesions. Thus fostal infection is known to have occurred

in various phases of suppurative inflammation, in tuberculosis, typhoid

fever, anthrax, syphilis, the exanthematous fevers, etc. There is con-

siderable evidence that rarely the tubercle bacillus may be transmitted

from mother to offspring, and remaining for a time inactive may later

induce the characteristic lesions.
1

Terminal Infection. The victims of chronic disease of the heart, blood-

vessels, kidneys, liver, etc., are particularly susceptible to the incursions

of pathogenic micro-organisms and to infectious diseases of one kind or

another. Such persons, with or without definite lesions, are in fact liable

finally to succumb to the complicating disease. The phrase "terminal

infection
" has been applied by Osier and others to this concurrence of

diseases of such different nature, in which the chance infection of a vul-

nerable organism is so apt to prove fatal.
2

Great care is, however, necessary in determining the significance of

the various forms of bacteria which may be present in the body after

death. Not only may bacteria develop to a considerable extent in the

body during the hours which precede death when the natural protective

agencies are halting or abeyant, but this may occur without such a re-

action on the part of the body cells as is necessary to constitute an actual

infection. Furthermore, multiplication and distribution of bacteria in

the body after death is of frequent occurrence and must in every case be

taken account of in weighing the evidence for terminal infection.
3

COMMUNICABILITY OF INFECTIOUS DISEASES.

It is important in practical dealings with the infectious diseases to

consider them in the light of the relative liability of transmission of the

actually known or assumed micro-organisms from diseased to healthy
individuals.

In the first place, it should be borne in mind that the lower animals

1 For bibliography and summary of foetal infection see Lubarsch, "Ergebnisse der

allg. Aetiologie der Menschen- und Thierkrankheiten," Jahrg. i., p. 427, 1895; also

Fixchl, Grancher, Comby, and Marfan's "Traite des Maladies de 1'Enfance," t. i., p.

454, bibliography.
2 For a study of this class of cases see Flexncr, Transactions Association American

Physicians, vol. xi., p. 229, 1896.
3 Consult Achard and Phitlpin, Arch, de Med. experimentale, vol. vii., p. 25, 1895.
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are insusceptible to the ravages of some of the micro-organisms which

readily incite infectious disease in man. Thus the lower animals are,

so far as we know, naturally immune to syphilis. To certain diseases of

the lower animals, on the other hand, man is not subject. But to certain

other infectious diseases, tuberculosis for example, both men and lower

animals are susceptible, and both are, in fact, under the prevailing con-

ditions of modern life, frequent victims.

So far as the liability to the transmission of the infectious agents from

man to man is concerned, there is a very marked and significant differ-

ence between the infectious diseases. It is common usage to speak of the

transmission or communication of disease, as if disease were a self-exist-

ent thing. This usage fosters much loose thinking. What we call dis-

ease is a process involving a departure from, failure in, or perversion
of normal physiological action, either in the material constitution or in

the functional integrity of the living organism. When, therefore, we
speak of the transmission or communication of disease, what we really
mean is not that the disease, but the agent capable under suitable condi-

tions of inciting the disease is transmitted or communicated. If we hold

this obvious implication in mind, it is useful to group the infectious dis-

eases of man into two great primary classes: 1st, Those which under the

usual conditions of life are not readily communicable. 2d, Those which
under the usual conditions of life are readily communicable.

But while, for convenience, we may speak of non-communicable and
communicable diseases, we should remember that these two classes merge
into one another, and that in fact the agents of infection may at least

artificially in all cases be conveyed from one individual to another. It

is only when the conveyance under natural conditions occurs in a round-

about way, or through intermediary agencies, such as the mosquito for

example, in malaria or yellow fever, that one may advisedly speak of

non-communicable infectious diseases.

Among the communicable infectious diseases there exists the widest

difference in the liability to transmission under ordinary circumstances.

Thus the infectious agents in smallpox and scarlatina are given off from
the body under such conditions as render possible and frequent their

direct transmission through the air to another individual. In syphilis,

tetanus, and rabies, on the other hand, transmission of the infectious

material is rare or impossible without a direct inoculation.

Between these extremes the widest diversity exists in the liability to

transmission of the infectious agents of the diseases of this class. In

fact the liability to infection on the part of a healthy individual in the

presence of a victim of infectious disease is largely dependent upon the

intelligent care which is exercised in the disposition of the material con-

taining the pathogenic micro-organism which in one way or another the

infected body sets free.

So that while it may be useful to arrange the communicable infectious

diseases in groups, or in such serial order as may indicate the degree of

commuuicability of each under the ordinary conditions of life, it should
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always be borne in mind that this classification is not fundamental as is

that by which the infectious diseases as a whole are set apart from other

diseases, but is closely dependent upon the sanitary conditions under

which each case may be placed. Thus tuberculosis, or diphtheria, or

pneumonia may be high on the list as readily communicable, if the pa-

tient be housed in a crowded tenement with ignorant or careless attend-

ance, while if subjected to the intelligent ministry of sanitary science

these diseases may be accounted as relatively slightly communicable. '

IMMUNITY.

NATURE AND FOEMS OF IMMUNITY.

We have seen that an infectious disease is one incited by the entrance into

the body and proliferation there of pathogenic micro-organisms, and that in-

fection is the act or process by which such a disease is incited.

The fact that all animals are not equally susceptible to the ravages of

pathogenic micro-organisms, and that in man an individual and often a

changing predisposition or invulnerability to the incursions of these or-

ganisms exists ; the further observation that one attack of an infectious

disease often protects the victim for a longer or shorter time against a

recurrence; finally, the fact that recovery is ever possible when once

self-multiplying disease-producing germs have obtained a foothold in the

body all these facts and observations are of such singular import and
interest that, especially of late years, much study has been expended on

the nature of the agencies which the body brings into play in establish-

ing immunity in the face of microbic invasion, and in coping with the

various deleterious factors at work when once a foothold is obtained.

The scope of this book does not permit us to enter in detail into this most

fascinating and important field. We can give only a brief summary of

some of the more important features.

Immunity is insusceptibility, or capacityfor resistance on the part of the

body to disease, or in the more limited sense to infection or intoxication or their

effects.

If we recall the ways in which bacteria damage the organism, it will

be evident that immunity may be due to the fact that the micro-organ-
isms in question simply do not proliferate in the body, failing, even
should they gain entrance, to find the necessary conditions.

2 On the

1 Before the knowledge of pathogenic micro-organisms had become precise, readily
communicable diseases were called contagious in a rather loose and ill-defined way, and
the unknown excitant was called the contagium. The word contagious is still used, in
various senses, to the detriment of science. We can get along well enough without it

by the use of the word communicable as above indicated. But if it must still be cher-
ished it might be wisely limited to the exanthemata, whose inciting agents are more
readily and commonly transmitted through the air from the body of the patient than
are those of any of the other infectious maladies.

2 For a most suggestive and valuable paper on the adaptation of pathogenic bac-

teria to different species of animals see Theobald Smith, Philadelphia Medical Journal,

May 5th, 1900.
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other hand, though the conditions be in general favorable, substances

may exist or be formed in the body which destroy the invading germs.
In other words these may at once or soon be disposed of by germicidal

substances, either in cells or in solution in the body fluids.

Or, the toxic substances which micro-organisms set free, as in the

process of their nutrition they decompose organic ingredients of the tis-

sues or body fluids, may be rendered inert by further decomposition or

combination with substances present or formed in the tissue fluids. Or,

furthermore, the cells which are susceptible to the presence of the toxins

may become less vulnerable by adaptation to the deleterious effects of

the latter. Thus by a total unsuitability of the tissues or of the general
conditions to bacterial growth; by destruction of the invading germs;

by neutralization or destruction of toxins
; or, finally, by a capacity of

resistance or tolerance won through adaptation to a new and intrinsically

harmful environment, we may conceive of conditions w^hich in a measure

account for the known phenomena of immunity.

Immunity from an infectious disease may be natural or hereditary.
'

The absolute or relative insusceptibility of turtles and fishes for tet-

anus, of rats for anthrax, and of the lower animals for syphilis and for

scarlatina, are examples of hereditary or natural immunity which we
need not further consider here. Immunity is variable and rarely abso-

lute, and is subject to individual as well as racial variation.

On the other hand, immunity may be acquired. Acquired immunity
may be secured by an attack of the disease from which the individual

has recovered natural immunization. Or, immunity may be acquired by
the introduction into the body of some material which gradually dimin-

ishes susceptibility without inducing distinct disease artificial im-

munization. Acquired immunity may be transmitted from parent to

offspring.

Most of the infectious diseases appear to confer a certain degree of

insusceptibility to subsequent attacks of the same disease, though this

may be partial and temporary. But the exanthemata afford the most

striking examples of acquired immunity after an attack of infectious

disease.

Let us now look more closely at some of the ways in which the body
may thus protect itself from the consequences of infection.

It is well known that bacteria artificially introduced into the blood

of animals may, after a short time, wholly disappear from the circulat-

ing fluid, and be found in large numbers in leucocytes and other cells.

We have already seen in the study of inflammation (see p. 116) that cer-

tain cells of the body are capable not only of taking up micro-organisms
which enter the tissues, into their protoplasm, but may there kill and

destroy them (Fig. 86). This mode of destruction of micro-organisms,

largely by leucocytes, but also by other inesodermal cells, which when

1 For a study of the theories of natural immunity see Midler, Cbl. f. Bak., Abth. I.,

Bd. xxxiv., 1903, pp. 458, 550, 700. Fora study with bibliography of the protective
processes in natural immunity see Kisskalt, Zeits. f. Hyg. u. Infkr., Bd. Ixiv., 1903, p. 1.
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thus engaged are called phagocytes, plays a most important part in the

establishment of immunity. On the other hand, certain ingredients of

the body fluids, formerly called alexins or "defensive proteids," acting
outside of cells, have been shown to possess marked germicidal powers.
While thus it might appear that two fairly distinct agencies are of im-

portance in enabling the body to resist the incursions of pathogenic

germs cellular or "
phagocytic,

" and what maybe called the "humoral "

or chemical it is obvious that ultimately wrhatever destructive power

In fluid froua the peritoneal cavity of an immunized guinea-pig a few hours after the introduction of the
hacilli of typhoid fever. Degenerative changes are seen in many of the bacteria within the cells.

the body possesses toward micro-organisms must be due, directly or in-

directly, to cell activities. This phase of immunity has been character-

ized as anti-microbic, anti-bacterial, or bacteriolytic immunity, because it is

a mode of protection in which bacteria are destroyed or their growth in

the body is limited or prevented.
Xot less important is another phase of immunity antitoxic immunity

by which the body protects itself against the toxic substances through
which, in many instances, the most serious manifestations of infection

occur.

These two forms of immunity antitoxic and auti-bacterial or bac-

teriolytic will be considered in detail in a following section.

Furthermore, the microbic toxins which are set free by the micro-

organisms, like other poisons may be eliminated together with the waste

products of body metabolism through the kidneys, skin, etc.

ARTIFICIAL IMMUNIZATION.

General Methods and Principles of Artificial Immunization. It was not

possible to gain a clear conception of the factors entering into the com-

plex problems of immunity until animal experimentation had revealed a

host of significant facts bearing directly upon questions which. for a long
time had seemed insoluble. It has been found as the result of experi-
mental researches, that artificial immunity can be secured by gradually

rendering the body tolerant to the presence of the infective or toxic

agencies without actually inciting the characteristic specific disease.

I. In one class of procedures artificial immunity is secured directly or in-

directly through the action in the body of bacteria or other microbes or microbic
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poisons whose virulence has been in one way or another reduced but not

rendered altogether inert ; or by the action on relatively insusceptible animals

of microbes or microbic poisons of unimpaired virulence. Immunity induced

in this way as the result of direct adaptation of the body cells to the new con-

ditions is called ACTIVE IMMUNITY.

1. Insusceptibility to particular forms of infectious disease may be conferred by
inoculation with cultures of the germ inciting the infection whose virulence has been artifi-

cially reduced. This reduction of virulence of the micro-organisms may be accomplished
in various ways by cultivation at temperatures above their optimum; by successive

inoculations into insusceptible animals; by prolonged artificial cultivation in the pres-

ence of oxygen ; by exposure to certain inorganic chemical substances, as the diphtheria
bacillus to trichlorid of iodin, anthrax to bichromate of potash, etc. ; by exposure of

cultures to organic extracts or products of animal or vegetable cell metabolism ; by
drying (hydrophobia), or by exposure to sunlight ;

and in other ways.
With the virulence of the micro-organisms reduced in varying degrees in one or

other of the ways just mentioned, the gradual habituation of the bodies of animals to

the presence of pathogenic germs may be pursued until cultures of full virulence are

tolerated.

2. Immunity may be conferred by the injection, in gradually increasing doses, of

the metabolic products of bacterial growth, either with or without the dead bodies of the

germs themselves the bacilli of typhoid fever for example. The primary virulence of

these usually toxic products of microbic growth may be in various ways diminished,

by heating, by mixing with organic extracts such as that of the thymus gland, or with

an inorganic chemical substance such as trichlorid of iodin, or by small doses of the

already prepared antitoxin see below.

3. Immunity may be secured in some cases by the inoculation of animals, which
are but moderately susceptible to the species employed, with small but increasing quan-
tities of germs having unimpaired virulence. Under these conditions the animal becomes
less and less responsive to the germ, until finally it may display no reaction after a

quantity of the virulent culture which at first would have been inevitably fatal.

Immunization in man by the direct use of microbes or microbic poisons or virus of

diminished virulence has been largely practised in typhoid fever, cholera, and hydro-

phobia.

In active immunity the protective material is elaborated by the im-

munized individual, the process requires considerable time, and the eft'ect

lasts for a considerable period.

II. In a second class of procedures artificial immunity is secured by the

direct mingling of the body fluids from an individual already immunized in

some of the above ways with those of the individual to be protected. Immunity
secured in this way in which the immunizing substance used has been elaborated

by another individual is called PASSIVE IMMUNITY.

1. Extracts of various organs and tissues of animals suffering from infectious disease

rendered germ-free and injected into healthy animals, have been found in some cases to

confer a certain degree of immunity.
2. The blood serum of animals naturally immune to a particular infectious disease

has been found on injection into those which are susceptible to the same disease to im-

part in some cases a certain degree of insusceptibility.

3. The blood serum finally of animals which have been rendered in one way or

another artificially immune to certain diseases, if introduced under proper conditions

into another susceptible animal, has been found not only to confer a temporary immu-

nity, but if administered to an already stricken individual to aid him in the most marked

and efficient way to overcome the deleterious agencies at work.
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The use of blood serum of artificially immunized animals for this purpose is of far

greater practical importance than either of the methods 1 or 2.

In passive immunity the protective material is furnished ready made,
the effect is secured at once and is temporary.

Antitoxic Immunity.

It appears from a study of the results of artificial immunization, as

well as of the immunity which is involved in the natural recovery from
infectious disease, that one of the ways in which immunity is secured is

by the formation of substances in the body fluids which in some way
neutralize or suspend the action of toxins antitoxic immunity.

Thus in diphtheria and tetanus the antitoxic substances are largely

developed, while in many other infectious diseases, such as cholera and

typhoid fever, it appears to be, in part at least, through the bacterio-

lytic substances that protection is secured. While in many instances

both of these types of protective substances may be formed during im-'

munization, one or the other is usually preponderant.
'

The antitoxic substances are most closely related to the globulins,

but beyond this their chemical nature has not been definitely ascertained.
2

The effect of antitoxin in the blood in rendering harmless the toxic

substances which they form apparently is accomplished, not by the de-

struction of the toxins, but by a chemical union of toxin with antitoxin,

whereby the former is deprived of its capacity to injure cells.

The knowledge of this antitoxic immunizing action of specially en-

dowed blood serum has been most fully developed in diphtheria and
tetanus.

During the growth of the diphtheria bacillus in nutrient broth a toxic

substance is developed which mingles with the broth. This is called

diphtheria toxin, and subcutaneous injections of this toxin in animals

guinea-pigs, for example prove fatal, in appropriate dosage, with

symptoms and lesions similar to those caused by inoculation with the

living germ. It has been found that by repeated injections of the diph-
theria toxins in susceptible animals, at first with small, then with gradu-

ally increasing doses, the animal may at length become so insusceptible
to the action of the poison that many times the usually fatal dose is

borne without sensible reaction. Similar immunity can be conferred in

certain animals by the use of the living cultures of the diphtheria bacil-

lus either fully virulent or with reduced virulence (see p. 174), adminis-

tered at first in small doses which are gradually increased.

In whichever way immunity be conferred, it has been found that the

1 The damage or destruction of bacteria by anti-bacterial, bactericidal, or bacteriolytic
substances naturally limits or prevents the formation of toxic materials by the micro-

organisms, although the cells of the body may be very susceptible to the action of these.

So that the absence of evidence of the establishment of antitoxic immunity in an infec-

tious disease may mean, not that the body is incapable of this, but only that no oppor-
tunity is offered for its development.

2 See Hiss and Atkinson, Journal of Experimental Medicine, vol. v., p. 47, 1900.
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blood of the artificially immunized animal contains a substance, or sub-

stances, called diphtheria antitoxin, which, on being introduced with the

blood serum into other susceptible animals, may not only confer a quickly
established immunity passive immunity but, without destroying the

diphtheria germ, may protect against its toxic effects when the disease is

already under way. Thus through the artificial immunization of horses

and the hypodermatic use of the serum of their blood in man the so-called

"serum therapy" has assumed a very important and beneficent role in

the prevention and treatment of diphtheria.
'

Besults similar to those obtained in the study of diphtheria antitoxin

have been realized in the investigations of tetanus. But the practical

value of the tetanus antitoxin as a therapeutic agent is less obvious. It

has been shown further that antitoxic sera may be developed in the body
during immunization to snake venom, vegetable poisons, such as ricin,

and to other albuminous animal and vegetable materials. Thus, also,

through experimental adaptation, the living body cells may elaborate and

set free into the serum substances which suspend the action of ferments,

like rennet, pancreatin, fibrin ferment, etc.

Not all toxic substances, however, are capable of inciting the living

body to the formation of antitoxic substances
;
nor are these apparently

formed in such considerable amount in most of the infectious diseases,

as is the case in diphtheria and tetanus.

The action of these antitoxic substances is, within certain limits, spe-

cific; that is, the antitoxin of diphtheria protects against diphtheria,
that of tetanus against tetanus, etc.

2

EHRLICH'S "SIDE-CHAIN" HYPOTHESIS.

We have seen that a most remarkable series of facts is developed by our studies of

infectious diseases illuminated by the results of animal experimentation. When the

living body is invaded by a certain toxic complex organic material, not always of mi-

crobic origin, the body adapts itself to the new conditions by the elaboration of sub-

stances which protect it from the action of that poison. Each new protective substance

is effective against the particular poison which induced its formation. Not only this,

but if the blood serum containing these new protective substances be transferred to

another individual they protect him also passive immunity against the special poison
which called them forth in the body of the first.

How are we to conceive of this wonderful adaptive power of the living body under

conditions which seem to be wholly new in the life of the individual; a power which
at first appears to transcend the known capacities of the body cells?

1 The antitoxic value or power of each specimen of antitoxic serum is experimentally
determined by finding the amount of the serum required to protect the test animal

against the action of a definite amount of toxin of known strength. Various standards
have been adopted, the value of the serum being expressed in terms of the "anti-

toxin unit." For example, in the determination of antitoxin value made use of by the

Department of Health of the City of New York, an antitoxin unit is the amount of

antitoxic serum required to protect a guinea-pig weighing 250 grammes from death,
when one hundred times the fatal dose of diphtheria toxin is mixed with the serum and
the mixture injected subcutaneously into the animal. The usual dose for human ad-

ministration may contain from three hundred to six thousand units.
2 For a detailed consideration of the specificity of infectious agents see Kolle in

Kolle and Wassermann's "Handbuch der Mikroorganismen," Bd. i., p. 288.
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This singular capacity of the body cells to develop in emergencies apparently new
substances has naturally given rise to much study and to many speculations and hy-

potheses. The scope of this book does not permit even an enumeration of these. But
it is necessary to bring forward at least in outline the so-called

"
side chain "

hypothesis
of Ehrlich, by which he strove to account for the phenomena of antitoxic immunity as

exemplified with especial clearness in diphtheria and tetanus. Without this hypothesis
we are to-day still practically at sea in our views of the nature of antitoxic immunity,
while tin's remarkable capacity of the body to manufacture the greatest variety of

potent specific antidotes to the most subtle and virulent poisons becomes, for the first

time, comprehensible in the light of this ingenious conception. It is now several years
since Ehrlich's hypothesis was enunciated, and whatever may be its merit as a direct

contribution to science, there can be no doubt that it has been, in a remarkable degree,
an inspiration to the most fruitful research. It is practical!}' impossible to follow the

recent work on immunity without a knowledge of this hypothesis and familiarity with

the nomenclature to which it has given rise.

In order to comprehend the hypothesis of Ehrlich regarding the origin and nature

of antitoxin, it is necessary for us to form with him a clear conception of cell assimila-

tion.

We conceive of the cell as a mechanism for the storage of energy derived from

without and for its release under definite conditions. This storage of energ3
r is possible

through the assimilation and building up by the cell of complex molecular combina-

tions. These, owing to their instability, are readily resolved into less complex and

more stable combinations with the release of the stored-up energy. Thus is the life of

the cell manifested.

This broad conception of the cell is a purely intellectual one, however, for the de-

tails of cell metabolism still elude the keenest scrutiny of the chemist. He cannot for-

mulate protoplasm nor express its chemical changes by proportionate symbols.

Now, accepting this condition of affairs as for the moment inevitable, Ehrlich

seeks to express his view of the character of the cell's performances in general terms,

disregarding its morphological peculiarities, somewhat as follows: We may conceive of

the cell as consisting of a central group of very complex molecular combinations which

maintains the characteristics and special capacities of the cell as an organism under all

the vicissitudes of its existence. Associated with this central organic group are many
and varied subsidiary atom-complexes which by means of their unsatisfied affinities

bring the central group into relationship with food material through those chemical

combinations which in living protoplasm characterize assimilation.

These unsatisfied affinities by which assimilable material is fixed or united to the

cell have been called "side chains," a term adopted from the chemist. Not to press too

closely, however, the analogy between the chemical processes in lifeless substances and

assimilation in living matter, these affinities or "
side chains

" of protoplasm are now

commonly called receptors.

If we seek to illustrate Ehrlich's conception we shall be obliged to use graphic

figures of extreme crudity. If the arc of a circle in Fig. 87 represents a portion of the

periphery of a cell, we may indicate the side chains or affinities or receptors by projec-

tions whose special shape shall indicate their special capacity to combine with any
substance coming in contact with them under favorable conditions. Suppose in this

figure we let a represent a nutrient molecule which is capable of combining with the

receptor b, belonging to the cell A Through its union with b, and only through this,

is it capable of entering into the metabolism of the cell. This moleculfe a cannot unite

with the receptor c or d, but only with such receptors to use the crude expression
which our illustration requires as it fits. Through the receptors c and d other forms

of food molecules may enter into the metabolism of the cell.

Thus it is in Ehrlich's conception, which after all is only a graphic way of illustrat-

ing the preliminary phases of assimilation by living protoplasm, that the cell is capable
of selecting or "

fixing
" out of the host of various substances with which it comes in

contact, just those and only those to which its receptors bear a definite chemical rela-

tionship
12
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The same thing is true of toxic as of nutrient substances. In order to be toxic to

the cell they must enter into chemical combination with a suitable receptor of the cell.

Then only can they lead to the forms of damage which we are here considering.
1

As the result of many studies on the nature and effects of toxins, Ehrlich is led to

FIG. 87. DIAGRAM ILLUSTRATING THE ACTION OF RECEPTORS IN THK NUTRITION OF THE CELL.

A, Portion of cell body ; a, food molecule ; >, c, d, receptors.

---a,

u

believe that the toxin molecule consists of two forms of affinities: one through which
the chemical union with the cell is effected called the haptophorus group ; and the

other called the toxophorous group by which the damage
to the cell is brought about when once the toxin molecule is

anchored to it.

This conception may be illustrated as in Fig. 88, in

which the toxophorous group a of the toxin molecule can be

effective in damaging the cell only when united to the latter

by the haptophorus group b.
'

2

Having now conceived of the living cell as consisting of

a central essential complex molecular group, brought into re-

lationship with its food materials by means of a great number
of the most varied receptors, through which, under normal

conditions, assimilation is secured, let us see what may hap-

pen if toxins come in contact with living cells which are fur-

nished with receptors capable of uniting with them.

The union of the toxin molecule with the living cell being
effected, the cell is more or less damaged. If the damage be sufficient, the cell dies.

1 It is evident from what has been said about the conditions under which substances

can be toxic that the natural immunity of one animal to a given agent which is toxic

in another may be simply due to the fact that the cells of the former have no receptors
with which this agent can unite, or if this union does take place that the cell is not

thereby damaged. This consideration has an important bearing upon our conception
of natural immunity.

2 Ehrlich was led to this belief in the complex nature of the toxin molecule through
the curious fact that diphtheria toxin may under a variety of conditions lose its toxicity
but still retain its capacity of neutralizing antitoxin and also of uniting with cells, and
thus inducing the formation of antitoxin in the animal body. Such toxin molecules

deprived of the toxophorous group are called toxoids.

FIG. 88. DIAGRAM ILLUS-
TRATING SUPPOSED CHAR-
ACTER OK THE TOXIN
MOLECULE.

A, Toxophorous group ;

b, haptophorous group.
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But suppose the damage to be but slight, as may be the case in artificial immuniza-

tion or in early stages of an infection. The cell is at least deprived of the useful offices

of the receptor to which the toxin molecule is now united. This is in itself a loss to the

cell, and through the regenerative impulses common to all living cells it proceeds to

regenerate the lost parts, which in this case are the receptors. But as more receptors

are thrown out of function by the continued action of the toxin, the necessity for com-

pensation continues.

Now it is a fact long known to pathologists, and especially emphasized by Weigert,
that the regenerative impulse is apt to be in excess of the obvious requirements and

leads to overproduction of new cells, tissues, chemical substances, etc. This is what
now happens to the cells, some of whose receptors have been rendered useless by com-

bination with the toxin. New receptors are formed, more than the cell requires; so

numerous may these become that many are at last cast off into the blood. Here is the

point at last. These receptors or substances, normal and useful to the body, but nowformed
in excess through over-compensation, and set freefrom tlie cells into the body fluids, are the

antitoxin.

For, set free in the body fluids, these superfluous receptors still retain their com-

bining power for the free toxin molecules, which, also, are in solution in the body fluids,

and unite with them. This union having been effected, the toxin molecules are no

longer a menace to the cell, because the affinities are now satisfied through which they

joined the receptors while these were still a part of the cell, and in this way became
harmful. This now inert combination of toxin molecules and detached receptors is

physiologically indifferent stuff, and may be removed from the body by the usual proc-

esses of excretion.

But the antitoxin which has not united with toxin in the body of the animal

which produced it is still available on the transference of the serum to another in

dividual whose blood contains diphtheria toxin, and who may thus secure passive

immunity.
If we have recourse again to the graphic method, the hyperproduction of recep-

tors by the damaged cell, their separation, and their action as antitoxin, may be indi-

cated, as in Fig. 89. Let A represent a portion of a cell body. The toxic molecules

a, uniting with the receptors b, lead through the injury to the cell, as well as by its

deprivation of the normal use of b, to the production, and at length to the overproduc-
tion of new receptors of the same kind. These superfluous receptors c are now set free

into the body fluids,
1 where, as at x, they may freely unite with the toxin molecules,

forming harmless compounds and preventing further access of the toxin to the cell,

where alone the damage can be done. Or, when free, as at y, the receptors may be

transferred in the serum, becoming effective as antitoxin in another individual.

It is well to note that so long as the receptor maintains its connection with the cell

it is not antitoxin, but an element of vulnerability to the cell. It is only when the

receptor has been set free from the cell that it is antitoxin.

The antitoxic substance which neutralizes the action of the toxin molecule of diph-
theria is not effective for the poison of tetanus, for example, simply because it does not

combine with the molecule of tetanus toxin. It is specific for diphtheria, because it

was the diphtheria toxin which excited its overproduction through a chemical union

identical in character, whether this union takes place while the receptor is a part of the

cell, in which case the toxin becomes harmful, or when the receptor is detached from

the cell, in which case the combination is harmless.

In the light of this hypothesis the specific character of the antitdxic substances

appears to be but the result of adaptation to unusual conditions of cell capacities evolved

and fostered for the every-day maintenance of life. The specific relationship between

the toxin and the antitoxin is not developed during immunization, but existed before-

hand as a necessary condition of toxic action.

This hypothesis not only accounts for the formation, protective action, and speci-

1 These receptors of various kinds, cast off into the body fluids under the most di-

verse conditions, Ehrlich has called "haptines."
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ficity of antitoxin, but reveals, also, a special significance in the incubation period, dur-

ing which the conservative forces are mustering. We can realize, furthermore, in the

light of this hypothesis, how it is that the protection secured in active immunization is

less immediate and also why it is more prolonged than in the passive, since in the latter

the available antitoxin is limited to the dosage and is not replenished as in active im-

munity by the continued cell activities of the affected individual himself.

The conception of Ehrlich as to the nature of antitoxin is that of the chemist, and
carries over to the performances of protoplasm the presumptions upon which chemical

reactions in general are conceived and formulated. But this is not an easy matter, since

FIG. 89. DIAGRAM ILLUSTRATING THK FORMATION* AND ACTION OF ANTITOXIN IN ACCORDANCE: WITH
EHRLICH'S "SIDE-CHAIN" HYPOTHESIS.

A, Portion of cell body ; b, receptors combined with cell protoplasm ; c, receptors separated from
cell; a, toxin molecules ; ;/, free receptors antitoxin.

our knowledge of the ultimate phases of protoplasmic metabolism is very incomplete.
The physiological chemist presents to us as his final achievement in analysis an ex-

tremely elaborate complex which he calls the proteid molecule. This he does not yet
venture to formulate. Thus it is that when we attempt to illustrate in graphic fashion

our conception of the performances of proteid molecules, either in normal metabolism

or in poisoning, we are forced to use the crudest of symbols. The use of such symbols
is not without hazard, for these toxins and these receptors are in truth not histological

structures, but molecular groups; they are not alone upon the surfaces but through
all the mass of the protoplasm. They do not "break "

off from the cell, but are set free

as are other chemical substances which result from molecular transformations. Thus
if one cannot at last translate these uncouth symbols into the nice conceptions of the

chemist they will prove but stumbling blocks.

There has been much discussion of Ehrlich 's hypothesis, and it has withstood many
assaults, mostly inspired by misconceptions of the fundamental claims. The scope of
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this book does not permit us to consider the many and ingenious experiments by which

this view of antitoxic immunity has been sustained, nor is it practicable now to call

attention to many of the phenomena not yet accounted for or seemingly inconsistent

with the interpretations here set forth

It is a working hypothesis which no doubt indicates but crudely the nature of the

subtle processes concerned, as must indeed be the case while our knowledge of the

phases of energy which sway and determine life are still very meagre, but it has

already inspired much fruitful research which is an important feature of working hy-

potheses in whatever tield, and whatever their ultimate fate.

Bactericidal or Anti-bacterial Immunity (Bacteriolytic

Immunity).

An extended series of studies on artificial immunization has shown,
as we have seen, that in relatively few instances, notably in diphtheria
and tetanus, is the protection secured by the formation of antitoxic sub-

stances. Nevertheless, when in some of the ways detailed above (p. 174)
an animal has been gradually adapted to cultures of pathogenic bacteria

either living or dead, or to their products, it has been found that the

body fluids contain protective substances. The protective action in these

instances in some cases has been shown to be associated with the induc-

tion of morphological changes in bacteria which indicate their damage
or destruction bacteriolysis. Active immunization in man wdth the

dead bodies of their respective bacteria has been widely practiced in ty-

phoid fever, Asiatic cholera, and plague, with apparently favorable re-

sults, while the use of the serum of immunized animals, in these and cer-

tain other diseases, has not been thus far very encouraging in conferring

passive immunity.
While, therefore, the data at hand, in those artificial immunizations

which are not antitoxic, point to the germicidal and bacteriolytic action

of substances developed in the body as the important, if not the domi-

nant protective factors, there may be many other processes contributing
to the same end, which are as yet not clearly defined. Thus, there may
be increased phagocytosis ;

vulnerable body cells may become less suscep-

tible, the growth of bacteria may be inhibited though they be not

destroyed, etc. But these possibilities cannot be discussed here.

Furthermore, it should not be forgotten that the antitoxic action of

protective sera may often be associated with those agents which directly

damage the infecting organism.
As regards the destruction of bacteria in the body, we have seen that

this may take place directly through the action of phagocytes or by the

action of the body fluids. But the details and exact nature of this de-

structive process have been extremely difficult of study, owing to their

complexity and the minuteness of the micro-organisms. Quite recently,

however, a series of remarkable studies in a related field have led to a

clearer conception of the ways in wrhich bacteria and many other alien

organic substances are destroyed in the body, under ordinary circum-

stances as well as under the special conditions which infection involves.
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Several years ago, Pfeiffer showed that the blood serum of a guinea-

pig, artificially immunized against the cholera vibrio, was capable, under

certain conditions, of not only immobilizing and killing cholera germs in

a short time, but also of causing their disintegration and destruction,

This significant capacity of immune serum was, after a long series of ex-

periments, finally found to be due to two distinct substances. One of

these appeared to be formed in the body, as the result of the gradual

adaptation of the animal to the cholera microbe, and was called the im-

mune substance. The other seemed to be normally present in the serum

of the warm-blooded animals, and to be identical with the substance

which had long been regarded as in itself germicidal, and which had
been called by Buechner alexin. It was presently found that lysis of the

cholera microbe occurred only when these two substances act together,

neither of them when separate having lytic power. If the two substances,

the immune substance and the alexiu, lytic when together, are heated to

56 C., the lytic capacity is lost. But if a small amount of fresh blood

serum containing alexin be now added, the lytic power is at once re

stored. These curious facts, set forth in part by Pfeiffer and further

developed by Bordet and Metschuikoff, obviously have an important

bearing upon our conception of the processes by which those phases of

immunity are secured in which the destruction of micro-organisms plays

an important part.

But the study of the effects of lytic sera upon bacteria is one of great
technical difficulty, so that it is only since an important series of obser

rations were made upon the lytic action of the body fluids on other and

more easily studied forms of cells, that our conception of the nature of

bacteriolysis has become at all clear.

It is therefore necessary for us to look briefly at a new line of research

bearing upon bacteriolytic immunity which has already led to most

significant results and opened biological fields of great scope and com-

plexity.

Cytolysis. It has been known for some time that the blood serum of

one animal species, when injected into the vessels of another, may do

serious damage and even kill the latter through a rapid separation of

the haemoglobin from the red blood-corpuscles. This dangerous effect

brought to a speedy end attempts which were at one time made to sustain

the ebbing forces of life by the transfusion of alien blood, But the sig

nificauce of this so-called "laking" of the blood by mixture with alien

sera was overlooked.

Bordet, however, was recently led to inquire whether if the animal

body be capable of adapting itself to toxic substances and to bacteria in

such a way as to neutralize the effects of toxins and to destroy bacteria,

as had been shown by earlier experiments, it may not respond similarly

to the introduction of other foreign substances, such as alien red blood

cells, for example.
The blood serum of the guinea-pig is not normally lytic for the red

blood cells of the rabbit ; that is, it does not cause the separation of the
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haemoglobin from the stromata, with a partial destruction of the latter. l

Now Bordet injected a few cubic centimetres of the whipped blood of

the rabbit, containing the serum and red blood cells, into the subcutane-

ous tissue or peritoneal cavity of normal guinea-pigs. This operation,

which does not markedly interfere with the well-being of guinea-pigs,

was repeated five or six times with intervals of a few days. When now
blood was drawn from the treated pig, allowed to clot, and the clear

serum secured, it was found to have become markedly lytic for rabbit

corpuscles. A very small proportion, mixed with rabbit's blood diluted

with physiological salt solution, in a short time brought the haemoglobin
into a clear ruby solution in which the stromata or "ghosts" of the cor-

puscles floated as a pale and scarcely visible cloud. This process is called

haemolysis : serum possessing this capacity is called hcemolytic or hcemotoxic

serum.

This adaptation of one animal to the red blood cells of another species

may be accomplished without difficulty with a great variety of animals.

But a most remarkable thing about this newly acquired lytic capacity
of the serum is that it is limited to the red corpuscles of the species of

animal whose blood was used for the injection in Bordet's experiment
to the corpuscles of the rabbit. Eed blood cells of the dog, cat, sheep,

bovines, fowl, etc., are no more affected by this serum of a guinea-pig
which has been adapted to the blood of the rabbit than they were before.

In other words, the adaptation to foreign corpuscles is specific.

The statement that this adaptation to alien blood is specific that is

to say, that the serum becomes active only for the corpuscles of the spe-

cies injected, should be so qualified as to recognize the curious fact that

a slight degree of lysis may often be induced in corpuscles of species of

animals very closely related to those from which the injected blood is

derived. For example, if a rabbit be adapted to human blood by iutra-

peritoueal injections, the serum of this rabbit, now strongly lytic for the

corpuscles of man, may be slightly lytic for the corpuscles of monkeys.

Similarly, serum artificially lytic for the red cells of goats may be slightly

lytic for those of sheep, but not for the corpuscles of cats, dogs, man, etc.

This form of test, delicate beyond anything hitherto known in physi-

ological chemistry, may thus prove of value in defining the relationships
and limitations of animal species.

This preliminary observation of Bordet was followed by a series of

studies upon artificial haemolysis, the results of which we can only

briefly summarize. In the first place, to what is this remarkable acquired

lytic capacity of the serum due ? Bordet heated for half an hour to 56 C.

some of the lytic serum secured by adapting the guinea-pig through sub-

cutaneous injections to the red blood cells of the rabbit. He found that

it had completely lost its new lytic power. But when he now added to

1 While the serum of the guinea-pig i

rabbit, the serum of the rabbit is lytic for

normal rabbit serum is not lytic for the beef

coipuscles of rabbits and guinea-pigs.
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this inert serum a little fresh blood serum from a normal guinea-pig,

which is not in itself lytic (see p. 182) the original dissolving power of

the heated serum for rabbit corpuscles was at once restored. The infer-

ence from this experiment is obvious. The dissolving capacity of this

artificially lytic serum is due to two distinct substances. One of these,

that one which results from the adaptation of the animal to the alien

blood, is stable at 56 C. ; the other, which is present in normal serum, is

rendered inert at 56 C. ;
that is, it is very labile. These two substances

were named early and have been often renamed. For the present we

may speak of the stable substance resulting from the adaptation to the

alien blood as the immune substance or immune body, and of the other,

more sensitive to heat and present in normal serum, as alexin, a name
which was long ago applied by Buchuer to a substance or substances in

normal serum, to which its germicidal capacity, first clearly demonstrated

by Xuttall, was attributed.

There now followed a series of important studies by Ehrlich and his

associates which throw still further light upon these curious lytic agents.

We have seen that in order to secure the immune substance free from

the alexin one has only to heat the lytic serum to 56 C., for half an

hour, when the alexiu is destroyed. If one wishes to secure the alexiii

apart from the immune substance he makes use of a very curious prop-

erty of the latter; namely, its capacity of uniting with the cellular ele-

ment under whose influence it was elaborated. For example, if one

places a small portion of the serum of a rabbit which has been adapted
to beef blood in contact with beef corpuscles at a low temperature

' for a

few hours, he will find that the immune substance has formed so stable

a combination with the corpuscles that on their separation from the fluid

by centrifugation, none of the immune substance, but all of the alexin,

will be left in the fluid.

That the corpuscles under these conditions actually contain the im-

mune substance is readily shown by adding to them a little normal serum

containing alexiu but no immune substance whereupon the lysis will

at once take place, as shown by the red color of the fluid. This union of

the immune substance with corpuscles is specific, occurring only with the

corpuscles of the animal species used in the adaptation.

Many other points of extreme interest and significance have been re-

vealed in these studies on artificial haemolysis which the scope of this

book does not permit us to touch upon.
The question of a multiplicity of immune substances and of alexins

has been brought forward, and it seems probable, especially from the

researches of Ehrlich, that in adaptation of each animal species to a

single form of cell several immune bodies may be developed. It is not

unlikely, furthermore, that more than one alexin may be normally pres-

ent in the blood serum of each animal species, and that a single immune

body may be capable of uniting with several forms of alexin.

1 It is necessary to reduce the temperature in this experiment in order to inhibit the

action of the lytic agencies.
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It has been found that the haemolytic capacity of the normal blood

serum, vhich in many animals, as we have seen, is very marked for the

corpuscles of alien blood, is also due to two substances which in charac-

ter and* action are similar to those which have been so carefully studied

in the lytic sera of artificially adapted animals.

It is evident that this artificial haemolysis, secured by the adaptation
of one species of animal to the red blood cells of another, is quite analo-

gous to the process by which immunity is secured against pathogenic
bacteria cholera, for example and which is called bacteriolysis. Both

are specific examples of the general process called cytolysis, meaning cell

destruction. But this reaction of haemolysis is not only one of extraordi-

nary delicacy, but is easily observed under conditions quite within our

control, and permitting such elaborations and variations as involve great
technical difficulties when we are directly engaged with the phenomena
of bacteriolysis.

Thus these studies of haemolysis have a practical significance in their

bearing upon our conceptions of bacteriolytic immunity quite apart from
the interesting general biological field into which they have led the way.

The development of cytolytic capacities in the blood serum of the

living animal as the result of adaptation to bacteria and to alien red

blood cells being known, it was natural to extend the method to other

cells. Thus it has been found that in the adaptation of one animal to

the spermatozoa of another species by iutraperitoueal injections, a serum
is obtained which quickly brings to an end the movements of fresh sper-

matozoa of the species used spermolytic serum.

Similarly, specific leucolytic sera have been procured by intraperito-

neal injections of emulsions of lymph nodes, spleen, and bone marrow.

Such lencolytic sera may not only destroy the leucocytes outside of the

body, but they are extremely toxic when introduced into the living spe-

cies from which the tissues originated. The effects of these leucolytic

leucotoxic sera in the body are most pronounced in the blood-form-

ing organs. Here, as the studies of Flexner '

show, a very significant

impulse to new cell formation may be associated with the action of the

leucotoxic sera.

Emulsions of kidney cells of one species injected into the peritoneum
of another have led to the development of nephrolytic serum

; that is, se-

rum which on injection into the body of an animal of the same species as

that furnishing the kidney cells induces noteworthy degenerative changes
in the kidney. Thus, also, hepatolytic,

2

pancreolyiic, thyreolytic, neurolytic,

and other analogous cytolytic substances have been developed.
So far as they have been studied, the nature of the active agents in

1

Flexner, Bull. Univ. Penna, vol. xv., 1902, p. 287; also Bunting, ibid., vol. xvi.,

1903, p. 200.

-For a study of nephrotoxins, see Pearce, Bull. Univ. Penna., July and August,
1903 The studies of Pearce recorded in a paper read before the American Association
of Pathologists and Bacteriologists in April, 1904, and unpublished at the date of this

writing, indicate that in the adaptation of animals to many alien parenchyma cells the
new-formed substances are less specific than has been commonly assumed.
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these various cytolytic sera aud their mode of action is analogous with

those in hsemolytic sera. Here, as there, the action is due to two groups
of substances: one, the "immune body," stable and increased by the

adaptive process ;
the other, the alexin, occurring normally in the body,

not increased in adaptation, and readily destroyed or rendered inactive

by heat.

All of these last-mentioned forms of cytolytic sera require more ex-

tended study before far-reaching conclusions should be drawn from them.

But it is now evident that the different functional types of cells in one

animal are capable in the adaptation to the economy of another of incit-

ing more or less definitely specific responses, as shown by the various

types of cytolytic sera which are formed.

When one musters all the possible combinations in this form of adap-
tation and considers the probability that multiple immune bodies may
develop in each instance, and that these furthermore may correspond to

multiple alexins, the complexity of artificial cytolysis becomes evident.

But now still another phase of this subject demands a word. These

cytolytic or, as some prefer to call them, cytotoxic sera, when introduced

into the living bodies of the species from which the cells inciting their

formation are derived, act as toxins to which the organism responds,
each after its kind, by the development of antitoxic substances. These

are called anticytolysins or anticytotoxins.

Let us look at an illustration of this interesting point. The blood

serum of the normal guinea-pig has, as we have seen, no lytic action on

the red blood cells of the rabbit, but after the adaptation of the guinea-

pig to the blood of the rabbit by repeated iutraperitoneal injections, the

guinea-pig serum is strongly lytic for the rabbit corpuscles in test tubes

outside the body. But this lytic serum is not less toxic when introduced

into the body of the rabbit. Under these conditions the rabbit produces
an antitoxin, an antihsemolytic substance, which is in solution in his

serum. If a little of this antihsemolytic serum be mixed with some of

the lytic serum from the adapted guinea-pig, it will be found, on the

addition of rabbit corpuscles, that the lytic serum has lost its power, just
as diphtheria toxin loses its harmful properties on mixture with diph-
theria antitoxin. Thus may be formed a great variety of specific "anti-

bodies" anticytolysius from sera which are normally lytic or have

become so through experimental adaptations.
In view of the remarkable results of the adaptation of the body to

alien cells from different animal species which we have reviewed, it was

natural to ask how an animal would respond to the introduction into the

recesses of his body of cells red blood corpuscles, for example from

another individual of the same species. It was found, in fact, that

under these circumstances lytic substances are sometimes, though not

uniformly, developed. The possibility of the formation of isolytic sub-

stances was thus established. But if this be possible, why, it was asked,

may not autolytic substances be formed by the adaptation of an animal

to his own cells experimentally displaced? Such substances have, how-
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ever, not been found under the experimental conditions thus far ob-

served.
'

Still it is well known that cells and tissues worn out from use, or

dead as the result of injury, inflammatory exudates, etc., are constantly
removed from the living body by processes apparently analogous, if not

identical with those which can be experimentally evoked. So that auto-

lysis in some form seems to be an important factor in the maintenance

of the integrity of the body.
2

Just what the agencies are under which
normal living tissue cells are protected from the action of autocytolytic
substances is not yet clear. But the multiplicity of known "antibodies "

justifies the conjecture that such substances anticytolytic may be con-

stantly formed and act as safeguards to living and useful cells.

The Application of Ehrlich's Hypothesis to Cytolysis. If now we turn to

the various hypotheses which have been advanced to account for the formation and

action of these cytolytic substances, we find that an elaboration of Ehrlich's views as

applied to antitoxin is here a source of great illumination. It is evident at once, how
ever, that the matter is not so simple as in the case of antitoxin, because we have here

two substances at work, the immune body and the alexin. Neither the immune body
nor the alexin alone induces cytolysis. They must act together.

The phenomena are, in the main, accounted for if we assume that it is the alexin

which, when the necessary conditions are fulfilled, exerts the destructive action upon the

bacterial or animal cell. But the alexin cannot enter under ordinary conditions into

direct chemical combination with the cell receptors. The union is effected only by the

intervention of the substance which is increased in amount in the process of adaptation ;

namely, the immune body.
A long series of experiments has led to the belief that the immune body has two

free atom complexes which enable it to form chemical unions Through one of these

atom complexes it unites with the cell to be destroyed , through the other it is joined
to the alexin. Then, and not until then, is the alexin so linked to the cell that its toxic

or destructive action upon the cell occurs.

This conception may be illustrated, as in the case of antitoxin, by crude figures.

Here it should be remembered we are illustrating not the production of the cytoly
tic substances, which we shall speak of later, but the action of them upon the cells to

be destroyed.
Let a Fig. 90, A be the cell which is to be destroyed with one of its receptors in-

dicated at d. Let b represent the immune body with one atom complex e capable of

uniting with the cell receptor d, and with another (/) capable of uniting with the alexin

c through g. Now the alexin which appears to be the effective agent in the destruction

cannot unite directly with the cell receptor. When, however, it becomes linked to the

cell by means of the immune body, b, its destructive capacity can come into play.
In a similar way one may indicate the action of anticytolytic substances which may

be effective through union either with the alexin or with the immune body, as shown
in Fig 90, B and C. In B the "antibody

" h prevents the linking of the alexin c to the

immune body b by itself uniting with the former. It then acts as an. autialexin. In

C the "antibody
"

i prevents the linking of the immune body b to the cell receptor d,

and hence acts as an anti immune body. We shall see in a moment why at present the

substance here spoken of as antialexiu is usually called the anticomplement.
The experimental evidence that the auticytolytic substances may be thus due to

1 Some observations are recorded in which, after profuse internal hemorrhage,
haematuria has developed, indicating the possibility of autohaemolysis under special
conditions.

2 See reference to autolj-sis. foot note, p. 92.
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the formation of adaptive substances of two classes, anti immune substances and anti

complements, cannot be entered upon here.

In view of the rationale of cytolysis, as just set forth, we may consider the immune
substance to be an intermediarj' between the alexin and the cell to be destroyed ; or, on
the other hand, we may consider the alexin as the complement to the immune substance,

since only through their union is the toxic action possible.

In fact, following Ehrlich, one sometimes speaks of the immune body as the inter

mediary body, or intermediary substance, but since it is furnished with two combining
affinities, it is now usually called the amboceptor. Furthermore, since the experimental

analysis of the lytic process by the new technique has shown that the germicidal and

FIG. 90. DIAGRAM ILLUSTRATING CYTOLYSIS IN ACCORDANCE WITH EHRLICH'S HYPOTHESIS.

A a, Cell; h, immune substance (amboceptor) : c, alexin (complement) : d, ceil receptor: e, atom

complex of the amboceptor capable of uniting with the receptor d; f, atom complex of the amboceptor
capable of uniting with the haptophorous group, y, of the complement, c.

B ft, Cell; h, immune substance (amboceptor.: c, alexin (complement); d, cell receptor- h. anti-

alexin (anticomplement).
C a, Cell; h, immune substance (amboceptor); c, alexin (complement); d, cell receptor

1

i, anti-

immune substance (anti-amboceptor)

destructive action of blood serum, formerly supposed to be due to a single substance

called alexin, is really due to the combined action of two substances, the use of the

word alexin for one of them is misleading and has now been largely given up. The
substance present in the serum of both normal and adapted animal through which lysis

is effected when it is linked to the cell by the amboceptor is called the complement.
Other names have been applied to these hypothetical complexes or substances which
we cannot consider here.

It was natural in the early studies on bacteriolysis, which were incidental to re-

searches on immunity, that the new substance which was found in the serum as the re-

sult of the immunizing process should be called the immune substance or immune body.
It was natural also, although less appropriate, to apply the same term, immune sub-

stances, to the analogous substances which appeared in the serum as the result of the

injection in the same fashion of cells and other materials which were not infectious, not



BACTERICIDAL OR ANTI-BACTERIAL IMMUNITY. 189

disease producing, and against which, therefore, the body is not, in the old sense,

immunized.
But these new uses of the word are, I think, unfortunate because the word immu

nity lias come to have a special and useful significance in relation to infection, intoxica-

tion, and other conditions of natural or acquired tolerance to obviously and seriously

harmful agents. The process in both instances is, indeed, one of adaptation, and the

newly acquired capacities of the serum are due to substances resulting from this adap-
tation. They arise from a functional modification of parts of the body, and hence may
be appropriately called adaptive substances. It seems to the writer that it would be

better to consider immunization as a special phase of adaptation, and so limit the appli-

cation of the word that it shall still connote infection and intoxication in the traditional

sense.

This, then, is the rationale in accordance with Ehrlich's hypothesis of the action of

these cytolytic or cytotoxic substances, either existing naturally, as they do in some

animals, or being called forth in larger quantities in the process of adaptation to the

cells which they destroy. This view lias been most fully tested upon haemolytic sera,

since here the reaction is most easily studied. But so far as one can see, it applies as

well to the phenomena of baceriolysis, whose direct study is much more difficult. It

should, however, be borne in mind that the erythrocytes are very delicate and very

peculiarly constituted cells, and it is possible that inferences drawn from haemolysis are

not applicable without qualification to other and less vulnerable cell types.

The origin of the amboceptors of these cytotoxic substances is accounted for in the

same way as in the case of antitoxin. The cells or substances which are introduced

into the animal, and to which it proceeds to adapt itself, lead, through union with such

body cell receptors as may be fitted to them, to the overproduction of these special com-

plex receptors. These are presently cast off as superfluous to the body cell producing
them, and are then free as amboceptors in the body fluids.

As in the case of antitoxin formation, it is probable that the cell receptors which

are thus increased are normally concerned in cell assimilation, and it is not unlikely that

their complex character may have some relationship with the complexities of the

"giant" albuminous molecules, which must suffer initial changes before becoming fit

for assimilation. At any rate this hypothesis assumes that in the process of adaptation
either to toxic substances or to foreign cells or other albuminous material, the body
develops no new capacities, but only an exaggeration of those already existing.

As to the exact source of the amboceptors in artificially immunized animals we can

not yet speak with certainty.

The Action of Phagocytes in Cytolysis. It was inevitable that the remark-

able studies just summarized on cytolytic sera should have led to a clearer conception
of the manner in which phagocytes destroy bacteria and other organic substances. It

is no longer permissible to hold as distinct and unrelated processes the action of phago-

cytes and the action of the body fluids in the destruction of foreign substances in the body.

Metschnikoff, the learned and able advocate of the importance of phagocytosis in

the protection of the body against micro-organisms, now recognizes the importance of

the adaptive substances, some of which may be largely increased in amount in the proc-
esses of immunization More strenuously than other observers, however, he insists

upon the phagocytic cells, especially the leucocytes, as the originators of the substances

concerned in cytolysis, arid holds that under ordinary conditions it is only within these

cells that these substances are effective. In artificially immunized animals, however,
the intermediary substances, it is conceded by Metschuikoff

, may be set free from the

cells which produce them and mingle with the body fluids. The complement, on the

other hand, which he, in common with others of the French school, calls cytase, in recog-
nition of its ferment-like characters, Metschnikoff does not believe to be set free in the

body fluids except through some damage to the leucocytes in which it is formed. Such
a damage, for example, as befalls the leucocytes in the clotting of the blood : for in this

process it is assumed that the setting free of the fibrin ferment involves the destruction

phagolysis of the leucocytes.
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The views advanced by Bordet and others of the French school regarding the union

of the amboceptors with the cells to be destroyed are less precise than those of Ehrlich.

Both, however, recognize the importance of an association of the aniboceptor as a con-

dition for the effective action of the complement (cytase). It is for this reason that the

amboceptor is called by Bordet, Metschnikoff, and others the sensibilizing substance

(substance sensibilisatnct) or the fixative (flxuteur).

Finally, a long and ingenious series of experiments has led Metschnikoff and his

associates to believe that there are two forms of cytase, one called macrocytase, formed

by the macrocytes (large lymphocytes derived from the spleen, lymph-nodes, and cer-

tain endothelial and connective-tissue cells) and concerned in the destruction of animal

cells, such as red blood-cells, leucocytes, spermatozoa, various parenchyma cells, etc. ;

and microcyto.se derived from the microcytes (polymorphonuclear leucocytes), which is

active in the destruction of bacteria.

The greatest, diversity of view concerning the cytolytic process between Metschni

koff and his followers and the observers of the Ehrlich school relates to the question
whether the complement (cytase) does or does not exist free in the blood plasma, for

upon the answer to this question depends largely our belief as to the relative signifi-

cance of intra- and extracellular cytolysis. This is one of the points concerning which

more data are urgently needed.. But even now the views of Metschnikoff are not incon-

sistent with the hypothesis of Ehrlich.

Agglutinative Substances. But there are important adaptive resources

of the living body when called upon to deal with foreign material of spe-

cial character introduced in unusual ways into its recesses in addition to

those just considered.

The phenomenon of agglutination has been widely known for several

years, especially on account of its practical application in diagnosis.

The general fact is that as an individual adapts himself that is, be-

comes immunized to a special bacterium or its toxic products, either in

the course of an infectious disease or as the result of artificial processes,

his serum, if placed under suitable conditions in contact with cultures of

this special micro-organism, may speedily immobilize the organism if it

be motile, and, whether motile or not, lead to its clumping into irregular
masses. This reaction has been used, not only as a clinical test of spe-

cial infections,
' but also as a means of differentiating species or varie-

ties of bacteria.

But recent studies have emphasized the fact that agglutination is a

much more general phenomenon than has been commonly supposed, and

is by no means limited to the sera of animals immunized against bacteria

and bacterial products.
For example, in the adaptation of one animal to the red blood-cells

of another species, the serum of the adapted animal may become not only

lytic but agglutinative also for the corpuscles used for the injections.

This is true not only in adaptation to red blood corpuscles but to other

cells as well. We have then to add agglutinative substances or aggluti-

nins to the list of those which are developed in the body in this form of

adaptation. (See Table, page 193.) These also, within the limits already
set forth, are specific.

Just as the specific red blood-cells are capable of fixing the immune
'For details of application of the agglutination test see Wood's "Chemical and

Microscopical Diagnosis," or other works on clinical pathology.
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substance iii lytic serum, so also the agglutinating substance may be

fixed and removed from serum by placing in contact with the serum

some of the corpuscles of the particular animal species or some of the

bacteria under whose influence the agglutinative substances were formed.

While.agglutinative substances are developed in the process of im-

munization, they are not, so far as we know, directly protective, though

by the grouping of micro-organisms the action of phagocytes may be

favored. The virulence of pathogenic bacteria is not reduced by agglu-
tination.

The agglutinative seem to differ in many ways from lytic substances.

Thus their activities are not suspended by a temperature of 56 C. They
become inert, however, at a higher temperature 70 .to 78 C. and

their agglutinating capacity is not restored by the addition of normal

serum. It is inferred from this fact that the receptors concerned in

agglutination are of simpler character than those through which lysis

is secured.

The normal blood serum of some animals contains substances which

are agglutinative for the red cells of other species. Thus normal beef

serum is agglutinative for the corpuscles of the cat and rabbit. This

capacity of the normal serum sometimes is, sometimes is not, associated

with marked lytic capacity.

The mode of action of these so-called agglutiuins is not yet very

clearly understood, but a great many interesting facts have been devel-

oped in the studies on the general phenomena of agglutination which we
cannot mention here.

1

Precipitating Substances, There is still another way in which the

body reveals adaptive alterations in the presence of foreign proteid sub-

stances. If a few cubic centimetres of the blood-serum or exudate con-

taining globulin from one animal be injected into the subcutaneous tissue

or peritoneal cavity of another species in repeated doses, it is found that,

on adding a little of the blood-serum of the adapted animal to a dilution

of the fluid injected, a precipitate is formed. This reaction is also spe-

cific, save that in some instances body fluids from closely related species,

such as man and monkey, fowl and pigeon, sheep and goat, horse and

ass, dog and fox, may both afford a pecipitate. But this precipitate is

invariably much more marked in the fluid used for adaptation than in

the similar fluid from the related species.

This reaction is extremely delicate, it having been possible to recog-
nize human blood in a dilution of 1 : 50,000.

By the use of this test Euttall, who has made very extensive observa-

tions, has been able to demonstrate in a most striking fashion phyloge-
netic relationships between animal species and groups of species, both

warm- and cold-blooded, which have an important bearing upon classi-

fication.
2

The use of this precipitation test has been urged in forensic medicine

1 For reference to bibliography of Agglutination, see page 237.
8 See Nuttall, "Blood Immunity and Blood Relationship," 1904.
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to reinforce the present unsatisfactory methods of distinguishing between

human and other blood. For if one have a rabbit or other animal artifi-

cially adapted to human blood from which fresh serum can be secured

(even the dissolved dried serum will answer), he has only to dissolve in

a little salt solution a suspected blood clot, and, mixing the two, observe

the result. If under suitable conditions of dilution cloudiness develops
within a short time or if a precipitate be formed, it is claimed that the

suspected material could have been derived from no other animal than

man. Since, however, it has been found that the blood not only of

monkeys but of some other of the lower animals may give slight precipi-

tates under these conditions, and since other human fluids containing
albuminous substances, such as saliva, pus, inflammatory exudates, etc.,

may also give precipitates, it is evident that the result of this test should

be interpreted with great caution.
1

The white of a hen's egg injected into the peritoneum of rabbits after

a time gives rise to substances in the rabbits' serum which induces a pre-

cipitate in fresh solutions of hens' egg albumen. Xo precipitate is pro-
duced by this serum in albumen solutions from the blood of the mam-
malia, and only a slight precipitate is formed in the egg albumen of

related fowls, such as the duck, for example.
It has been stated that by the adaptation of the living animal to ex-

tracts of muscle tissue from another species, precipitating substances

may be formed in the serum which are specific for the muscle used in the

injection.

Milk of one animal thus introduced into the body of another gives
rise to a substance in the adapted animal which causes a precipitate in

the diluted milk used for injection, but not in the milk of another species,

save sometimes in slight degree in milk from closely allied animals.

This reaction is also applicable to plant albumens. Thus, if an ani-

mal be adapted to a given species of bacteria, its blood-serum, on being
added to the clear filtrate of the pure culture, throws down a precipitate

which is in some instances light, in others voluminous. This reaction is

again specific, except within the group limits of related species. Thus,

as Morris has shown,
2

precipitating substances which are developed by
the adaptation of the rabbit to the typhoid bacillus induce a slight pre-

cipitate in the culture filtrate of the colon bacillus, but not in the filtrate

of B. prodigiosus, for example.
Numerous experiments have shown that other vegetable albumens call

forth specific adaptive precipitius.

This precipitation test is so delicate that it appears possible not only
to distinguish the albumens from different animal and vegetable species,

but to differentiate also some at least of the various albuminous sub-

stances in the individual.

1 For a study of the precipitation test for blood, with bibliography, see Graham-
Smith, Jour, of Hygiene, vol. iii., pp. 258 and 354; also String and Straits*, Med. News,
November 7th and November 14th, 1903, bibl. ; also Robin, N. Y. Med. Jour, and
Pliila. Med. Jour., March 5th and 12th, 1904; also Nuttall's book, ref. above.

2
florris, Jour, of Infect. Dis., 19l)4.
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Finally, it is worthy of note that it has been possible, by the adapta-

tion of a fresh animal of the appropriate species to these precipitating

sera, to obtain "antibodies"; in the case of milk adaptation, for exam-

ple, by the use of the so-called lacto-serum, to secure an antilacto-serum

capable when added to the test fluids of preventing the formation of the

specific precipitate.

A great deal of most careful research has been devoted to the nature

of the precipitating substances which the scope of this book does not

permit us to touch upon. But it should be said that in their resistance

to heat and in other ways the precipitating substances appear to be more

closely related to agglutinating than to lytic Substances.
1

Although we have considered separately the development in the body
of cytolytic, agglutinating, and precipitating substances, it should be

remembered that these may be formed together in the same animal.

The effects of foreign cells and their derivatives upon whatever body
cells produce the lytic, agglutinating, and precipitating substances are

apparently not lasting, since if the injections be suspended they gradually

disappear from the serum. The time of their disappearance, however,
like that of appearance, is not regularly the same, even in the same
animal.

The Bearing of the New Studies on Serum. Therapy. We have seen in an

earlier section that the use of the blood-serum of animals immunized against pathogenic

micro-organisms for protective purposes in man lias been of practical value in but few

instances, and these mainly in cases in which the protective action was antitoxic. Pro-

tective sera for pneumonia and typhoid, streptococcus septicaemia, plague, tuberculo-

sis, cholera, and many other infectious diseases have been persistently tested and found

to be for the most part of doubtful value in man.
But in the light of the new knowledge of cytolytic sera, and the conditions under

TABLE (AFTER ASCHOFF) SHOWING VARIOUS FORMS OF ADAPI
RELATIONSHIPS AND SYNONYMS.

PRODUCTS, WITH THEIR

I Antitoxins,
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wbich these may be effective, the promise of serum therapy, so long limited to antitoxic

immunity, seems now to be more encouraging.
It is possible that the reason why the serum of an animal immunized against a

given pathogenic micro-organism is not protective is that neither this serum nor the

body fluids of the individual into whom it is injected for protective ends contains suffi-

cient or suitable complements.
We have seen in our review of hesmolysis that htemolytic serum heated to 56

C
C.

loses its lytic power owing to the destruction of the very labile complements. We have
seen further that this power is restored by the addition of a littls fresh serum from a

normal animal ;
that is, serum containing complement. Now it has been found that this

"reactivation" of the serum, as it is called, can often be brought about by the sera of

various animals. Thus, for example, the serum of the guinea-pig adapted to the ery-

throcytes of the rabbit is lytic for these cells of the rabbit. If such sera be heated to

56 C. it is no longer lytic, the activities of the complement are destroyed ;
but the

serum can be reactivated by a little fresh serum not only from a normal rabbit, but

from the goat and the rat. The serum of many other animals, however, is ineffective

under these conditions. The reason for this, of course, in accordance with Ehrlich's

hypothesis, is that the complements of the reactivating sera have combining capacity
with the special amboceptors, and so can become effective, while in other sera, the link-

ing of the complement to the red cells through the amboceptors being impossible, there

can be no restoration of the lytic action.

It is not difficult to secure immune substances (amboceptors) by the adaptation of

animals to various kinds of pathogenic bacteria. These may be formed in such abun-

dance as to be out of proportion to the complements. But unless these immune sub-

tances, when injected into the body for protective purposes, either carry with them or

find in the new environment an abundance and appropriate forms of complements,

they are not wholly available in destroying bacteria. One of the great problems of the

immediate future, then, so far as serum therapy is concerned, seems to be to secure

suitable complements to act with immune substances if the former do not exist in the

human fluids, or to reinforce these substances from the sera of suitable animals if the

human stock be scanty. There is, however, much ground for believing that in order

to be most effective the complements with which we may seek to reinforce the potency
of bacteriolytic sera in man should come from species closely allied to him.

If the securing of an appropriate complement is thus of such importance in the

attempt to prepare bacteriolytic sera for therapeutic purposes, the maintenance of suffi-

cient complements in the human body must be of the utmost significance in its intrinsic

protective mechanism against infection. That this consideration is no-t without support
in fact is shown by the studies of Abbott, Longcope, and others,

1 who have found that

after the continuous administration of alcohol and in various chronic as well as acute

diseases, the amount of complement in the blood may be notably reduced. We have
thus a definite contribution to our knowledge of one of those factors in predisposition
to infection which, in a general way, are so fully recognized, but which are, for the

most part, but ill-defined and little understood.

The Specific Character of Artificial Immunization. It is not yet possi-

ble to say in many cases to what extent the immunization effected in any
of the various ways indicated above is specific. In some cases it appears
to be so. That is to say, the protection which is afforded, for example,

by an attack of diphtheria or by the gradually increased administration

of the diphtheria toxin, or by the use of the immunizing serum, is limited

to this particular disease, and is not to be secured, at least in such marked

degree, by the use of other bacteria or bacterial products. In some in-

stances, on the other hand, immunization against one micro-organism or

1 For a study of this subject see Longcope, Jour, of Hygiene, vol. iii., 1903, p. 28.
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its toxins, or against special toxic substances, affords protection against
infection or intoxication by entirely different agents. Thus animals

may be immunized against anthrax by inoculation with bacillus pyo-

cyaneus.
It should be borne in mind, however much importance we may attach

to the formation and action of the antitoxic substances, that these are

not necessarily always present either in natural or acquired immuuitj^ to

bacteria or their toxins. Tolerance to bacterial toxins may be estab-

lished, as may tolerance to other kinds of poisons, without the interven-

tion of antitoxic or other chemical agents.

The Complexity of the Processes Involved in Immunization. It thus

appears that while we know a great deal about the ability of the living

body to protect itself against the incursions of micro-organisms and the

ravages of their poisons; while a field is opened for the study of artificial

immunization which is of the highest promise, both for the advancement

of science and for practical benefit to the victims of infectious disease
;

while illuminating and far-reaching hypotheses are current which account

for many of the complex phenomena, we are yet very far from compre-

hending many of the details of the processes by which immunization is

secured.

We do not know why the cells of certain animals or why different

kinds of cells in the same animal are more susceptible than others to the

presence of particular poisons ; why, for example, the rabbit is less sus-

ceptible than man to morphiu ; why strychnin should affect the nerves

while curare acts upon the muscles
; why the common fowl should be

extremely insusceptible to the tetanus toxin so powerful in many other

animals. We are even ignorant as yet in most cases of either the chemi-

cal or structural changes in cells by which the deleterious action of poisons
is effected. This is indeed not surprising when we reflect that the proc-
esses which are involved are of the most subtle and complex nature and
that our knowledge of cell metabolism even under normal conditions is

most crude and fragmentary, consisting largely in rather gross determi-

nations of end-products and leaving out of the account the numberless

molecular transformations and combinations through which the life proc-

esses of the cell are carried on.

The living body cell is very nicely adapted to its normal environ-

ment
;
the living bacterium is almost equally sensitive to the conditions

under which its metabolism takes place. Thus it is that when these

subtle organisms react upon each other, we are wholly unable with our

present knowledge to follow the steps by which the mor^ gross mani-

festations of disturbance which we call disease are reached.

But there seems to be abundant ground for the belief that the pro-

tective agencies which are evoked in both natural and artificial immuni-

zation are simply those which the body makes use of in its normal metab-

olism, exaggerated and diverted to different ends, it is true, in the face

of emergencies and the establishment of new-cell environments, but giving
evidence of the birth of no new physiological capacities.
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The hypothesis of Ehrlich, which so closely correlates the action of toxins with the

assimilation of nutrient stuff, has led to new conceptions of the details of the relation-

ship of foods transformed by the preliminary digestive process to the material which is

finally placed at the disposal of the cells. It seems not unlikely that through the action

of the cell receptors the food material which arrives in the body fluids may not only be

adapted to the specific uses of the cells, but that by the formation of countless varieties

of substances analogous to the so-called "antibodies" of immunization, the cells are

protected against equally various toxic substances. If this be true, the hope seems

justified that following the lines of research suggested by this new technique we may
be able ultimately to understand more clearly the details of the so-called internal secre-

tion and those disturbances of chemical adjustment which give rise to many important
phases of auto-intoxication.

Bibliography of Recent Studies on Immunity.

For an admirable resume of immunity, consult article by \Veigert, Lubarsch and

Ostertag's
"
Ergebnisse

"
for 1897, p. 107 ; see also Metschnikoff,

"
Immunity in Infectious

Diseases." Transl., 1904, in which much lore is gathered and many ingenious points of

view of the author are set forth. Kolle and Wasserma nil's "Haudbuch der Microorgan-
ismen " contains excellent summaries of various phases of immunity.

The records of the recent researches just summarized in cytolysis and the applica-
tion of Ehrlich's "side-chain" hypothesis are widely scattered through the German,
French, and English technical periodicals. The most important of the studies of

Ehrlich and his associates in this field are collected in the "Gesammelte Arbeiten zur

Immunitatsforschung," Ehrlich, 1904.

The summary of Aschoff ("Ehrlich's Seitenketteutheorie und ihre Anwendung auf

die ktinstliche Immunizierungsprozesse, "Zeitschrift fiir allgemeine Physiologic, Bd. i.,

Heft 3, 1902) is most complete and contains a full bibliography. The monograph of

v. Duiigcrn ("Die Antikorper," 1903) contains much valuable material.

In English, the recent Huxley Lecture by Welch ("Recent Studies of Immunity,"
reprinted in the Medical News, October 18th, 1902 ; and in Science, November 21st and

28th, 1902) is admirable, and deals with especial fulness with toxins and their relation-

ship to various important pathological processes.

Ritchie's discussion of the subject (The Journal of Hygiene, vol. ii., Nos. 2, 3, and

4, 1902) treats in a clear and philosophical fashion the facts and hypotheses involved,

and contains many valuable suggestions for further research. The excellent summary
of Ernst, "Modern Theories of Bacterial Immunity," 1903, contains original suggestions
for the graphic representation of the reactions.

The English translation of Wassermann's re'sume, "Immune Sera," etc., 1904, is

excellent. See also NuttalVs book, "Blood Immunity and Blood Relationship," 1904.



CHAPTER VIII.

THE INFECTIOUS DISEASES.

General Considerations.

IN the study of the infectious diseases it is especially important to

bear in mind that the abnormal processes through which the disturbances

incited by micro-organisms are manifested are processes of the body cells

and not processes of the micro-organisms. The micro-organisms do

indeed incite the train of phenomena by which the disease is mani-

fested and the nature or "species" of the micro-organism may largely
influence the character of the phenomena, but the stored-up energy
which is released in this manifestation is body-cell energy and not

that of microbic metabolism. The microbes are excitants of disease,

but the disease is a performance of the body cells. If these obvious

considerations be held in view, it will be convenient in considering
certain of the infectious diseases to use the familiar and much abused

term "specific" as indicative of those phases of abnormal body-cell

performance which are apt to occur in characteristic ways in response
to special forms of microbic stimulus. Thus the poisonous subtances

which the tubercle bacillus builds up out of the organic material

upon which it feeds are in part such as exert a peculiar influence upon
connective-tissue cells, leading to their proliferation and the temporary
formation of new tissue the tubercle. This, together with associated

action of the same or other metabolic products of the living bacillus,

forms a group of lesions and disturbances which is characteristic of the

action of the tubercle bacillus in the body. In this sense tuberculosis

is a "specific" disease. On the other hand, the poisons eliminated by
the tubercle bacillus may incite responses on the part of the body cells

which are practically identical with those which many other toxic sub-

stances, both of bacterial and of other origin induce, fever, degeneration,
etc. These manifestations of the action of the tubercle bacillus upon the

living body cells are not "specific."

In our study of the individual infectious diseases we shall encounter

many examples of this variety in the effects which pathogenic bacteria

induce the more characteristic on the one hand, and on the other the

more general responses which the body cells make to deleterious agents.

Classification of the Infectious Diseases. It is common to group dis-

eases either from the clinical or the morphological or the etiological

standpoint. But a complete rational classification of disease is not at

present possible, because in very few diseases have we even an approxi-

mately complete knowledge of either the symptoms, the excitants, or

the morphology of the lesions.
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In the infectious diseases as we now define them, the excitant is

definite and in many cases known, but a classification based upon the

character of the excitants alone would be, as Martins has urged, a classi-

fication of the micro-organisms and not a classification of the diseases.

If every micro-organism capable of exciting disease always met in the

body a similar response, the matter would be comparatively simple.
But the fact that the responses of the body cells to bacterial invasion are

exceedingly varied, and that dissimilar organisms may evoke similar

responses renders a simple etiological classification even of the infections

diseases unsatisfactory if not impracticable. Thus it is that it is con-

venient to consider the infectious diseases in part together, in part in

connection with the special organs in which their more common and
characteristic lesions are manifested. Such a classification of the in-

fectious diseases as is here made is based in part upon similarity of

lesions, in part upon the relationships of the micro-organisms concerned,
and may wisely be regarded only as a convenient form of catalogue.

Groups of Bacterial Disease-Excitants. One of the interesting results

of the later studies of bacteria and their associations with the infectious

diseases is the discovery that many micro-organisms which have been

proved to be excitants of disease in men or in lower animals are closely

related to forms which are not pathogenic. So that we now recog-
nize many bacterial groups which we are wont to characterize by the

name of the pathogenic representative. Thus there are staphylococ-
cus and streptococcus groups of closely similar organisms, most of them
harmless to man. There is the colon bacillus group, embracing many
closely related forms difficult to identify. The tubercle bacillus group,
the diphtheria bacillus group, the actinomyces or streptothrix group, are

other examples of this relationship.
J The more these related forms are

studied, the more evident it becomes that in very slight physiological
variations may lie the difference between pathogenic and non-pathogenic

forms, and that equally slight variations in the susceptibility of the host

may be of corresponding significance.

In the arrangement and associations of the infectious diseases consid-

ered in this section, the existence of these bacterial groups will be fre-

quently recognized.

SUPPTJBATIVE AND ALLIED FORMS OF INFLAMMATION.

\Ve have seen in an earlier part of this book that in various kinds of

injury to the living tissues there may be a series of responses on the part
of the body cells which constitute or give rise to the phenomena and
lesions of inflammation. One of these forms of tissue response to injury
is called suppuration or suppurative inflammation.

We have seen that the characteristic feature of suppurative inflam-

mation is the collection at or near the seat of injury of leucocytes, mostly

1 This grouping of related forms, frequently with special reference to the qualities
of particular species as excitants of disease, has been specially worked out by Kruse.
See Flugge's

"
Mikroorganismen,

"
Bel. ii.
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of the polymorphoiiuclear type. These leucocytes, attracted through
chemotaxis, emigrate from the smaller vessels and gather iu the tissues.

Here they may proliferate ; through their phagocytic powers they may
directly or indirectly destroy living micro-organisms; by lytic sub-

stances which they elaborate, they may soften and remove dead tissues ;

or they may themselves succumb to the action of poisons or other local

conditions inimical to their life. While, to a limited extent, a suppura-
tive inflammation can be incited by chemical agents, such as ammonia,

turpentine, etc., in most cases it is incited and sustained by micro-organ-
isms or by poisons which these micro-organisms set free as the result of

their own metabolism or by the decomposition of substances in the tis-

sues or the tissue fluids.

Before considering in detail the characteristics of the various forms

of micro-organisms which may act as excitants of suppurative inflam-

mation, it is necessary for us to survey the various phases which this

process presents under different conditions.

In the first place while the emigration, proliferation, and gathering
of leucocytes is the most characteristic feature in this form of inflam-

mation, these are always associated with the accumulation of more
or less fluid transudate from the blood-vessels and often with the for-

mation of fibrin. These, the leucocytes, the serum, and the fibrin,

constitute the exudate. Furthermore, associated with the accumulation

of the exudate there may be albuminous degeneration and necrosis of

cells and tissue of the affected part or of the formed elements of the

exudate itself. Finally, a proliferation of the fixed cells of the

affected region frequently accompanies the exudative phases of inflam-

mation and may dominate the processes when regeneration and repair
are under way.

Although the processes involved are esentially the same, it has been

found convenient to attach special names to various topographic forms
of suppurative inflammation, the differences depending largely upon the

origin, situation, extent, and complications of the primary lesion, some-

what, however, upon the qualities fixed or variable of the infecting mi-

cro-organism. Thus a suppurative inflammation involving the serous

surfaces and resulting in the accumulation of a purulent exudate in the

serous cavities, such as the pleural and the pericardial, is called empyema.
An exudative inflammation of the mucous membranes with a marked

emigration of leucocytes from the vessels of the submucosa is called a

purulent catarrh or blennorrhrea.

Pustules are superficial collections of purulent exudate in the skin.

The result of a localized suppurative and uecrotic inflammation starting

usually in the hair follicles of the skin is called a furuncle or carbuncle,

depending upon the extent of the lesion. Ulcers in whatever way
originating (see p. 91) may be the seat of suppuration, the exudate

passing off upon the free surfaces.

A diffuse infiltration of the subcutaneous or deep fibrous tissue or of

the interstitial tissue of the viscera with exudate is called phlegmon. If
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'

FIG. 91. PCS CELLS IN SUPPURATIVE IN-

FLAMMATION.

Some of the cells show the marks of ne-

crosis and disintegration with fragmenta-
tion of the nuclei, etc.

in this pklegmonous inflammation there be much serous fluid associated

with the cell accumulation, as is commonly the case in the earlier stages

of the process, the condition is 'often

named purulent oedema. When, on the

other hand, there is a more or less

circumscribed collection of purulent
exudate in the depth of the tissues or

organs, associated with necrosis and flu-

idification of the tissues involved, it is

customary to call the result of the proc-

ess an abscess.

In some phases of exudative inflam-

mation, particularly those involving the

serous surfaces, the exudates often occur

together in the most variable propor-

tions; they are formed under the in-

fluence of the same agents and frequently an exudate at first simply serous

in character becomes fibrinous or purulent or both together.

It will thus be seen that the exudate which is formed in suppurative
inflammation varies considerably in its composition and structure.

Primarily, pus consists of an albuminous fluid containing leucocytes,

some monouuclears, most of them

polymorphonuclears (Fig. 9 i ) .

While the exudate is in the tissue

and the conditions are favorable, these

cells may be alive and without struc-

tural abnormalities. But often, and

especially in accumulations, they pre-

sent various phases of degeneration
albuminous or fatty or of necrosis

and disintegration. It is on account

of their relative frequency and abun-

dance in purulent exudates that the

leucocytes are regarded par excellence

as pus cells. But other cells may be

present in pus, thus in inflammation

of the serous membranes, such as the

peritoneum, pleura, etc., the exfoli-

ated and proliferated mesothelial cells

may furnish no small part of the cel-

lular content of the exudate. In in-

flammation of the mucous membranes also, the epithelial cells, either

new-formed or simply exfoliated, may be abundant. Furthermore, gus
may contain a variety of chemical substances and formed elements de-

pending upon the place of its formation or accumulation. Thus mucus,

fibrin, cell and tissue detritus, fat, and micro-organisms may be inter-

mingled with the pus cells.

.

FIG. 92. STAPHYLOCOCCUS PYOGEXES Au-
REUS, IN AND AMONG THE PUS CELLS, FROM
AN ABSCESS OF THE KIDNEY.
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The bacteria which are found in the various phases of suppurative
inflammation may lie free in the interstices of the tissue with the exu-

date, or they may be in part within the cells which have gathered
about them (Fig. 92). Both within and without the cells the bacteria

may present those structural alterations which denote their death and

degeneration in the struggle for existence to which the two forms of liv-

ing beings, the microbes and the body cells, are subjected under the

conditions which mark infection. The local and systemic reaction, on
the other hand, and the cell necrosis which so frequently follows the

growth of microbes in the body are expressions of an unfavorable envi-

ronment to which the body cells as individuals and the body as a com-

posite organism are subjected, and to which they may successfully react

or under unfavorable conditions may succumb. 1

In the softening of tissue involved in the development of abscesses

as well as in the removal of exudates by absorption it is probable that

the solution of the formed elements of the tissues is accomplished by the

development of lytic autolytic substances (see page 187).
a

Toxaemia. While the various forms of exudative inflammation are

more or less circumscribed, the soluble toxins 3 which are formed at the

seat of local bacterial growth may, without the dispersion of the germs
themselves, be diffused through the blood and the other fluids of the

body, giving rise to the symptoms and lesions of toxcemia fever and

various other forms of functional disturbance, albuminous degeneration
of the viscera, focal necroses, petechial haemorrhages, haemolysis,

4 throm-

bosis, leucocytosis, chromatolysis of the ganglion cells, etc.

Of these alterations in the body which are of frequent occurrence in

many forms of toxaemia, whether induced by bacterial or other kinds of

poisons,
6 the only one which demands special notice here are the focal

necroses. These usually small, often sharply circumscribed areas of

dead tissue may be present in any of the viscera, but are often most

abundant and conspicuous in the liver.
8

They vary considerably in ap-

pearance, depending upon the stage of the tissue involvement. The cells

in the affected area may be swollen, the cytoplasm more transparent than

normal, while the nuclei may remain unstained with the usual dyes or

show various phases of fragmentation or disintegration; or they may
disappear altogether. Again, the cells in the involved areas may become

more coarsely granular than is normal, may undergo a change similar to

that seen in coagulation necrosis and with destruction of the nucleus may
1 For an exhaustive review of suppurative inflammation from the modern standpoint

with bibliography consult Janowski, Ziegler's "Beitrage zur path. Anatomic," etc., Bd.

xv., p. 128, 1894.
2 For fuller reference to removal of exudates by autolysis, see footnote, page 116.
3 See reference to Oppenheimer, page 164.
4 For a summary of facts relating to the hsemolytic power of various species of bac-

teria see Welch, "Huxley Lecture on Immunity," Med. News, October 18th, 1902, p.
730.

5 See for effects of abrin and ricin intoxication Flexner, Journal of Exp. Med., vol.

ii,, p. 197. 1897; also Matter, Ziegler's "Beitriige," Bd. xxvii., p. 331, 1900, Bibl.
6 It seems probable that this marked localization of the action of a soluble poison in

the tissue fluids may be due to some local vulnerability or susceptibility induced per-

haps by limited vascular disturbance or by nutritional defects otherwise induced.
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form deeply staining, irregular clumps or masses, or may disintegrate

(Fig. 93).

Associated with or following these changes there may be a gathering
of leucocytes about and within these necrotic areas, so that the foci may
present the appearance of little abscesses or masses of lymphoid tissue.

Finally, these necrotic areas may undergo repair and be replaced by
small, spheroidal, young connective-tissue cells, granulation tissue, or

finally by small masses of cicatricial tissue.
1

Septicaemia and Pyaemia. Bacteria as well as their toxins may be

distributed from a local portal of entry or an infected region throughout
the body, not only inciting general functional and structural changes,

I. .

-....-
-

...
~

FIG. 93. FOCAL NECROSIS IN THE LIVER INDUCED BY Toxic MATERIAL OF BACTERIAL ORIGIN.

but when the bacteria lodge in various situations giving rise by new local

proliferation to fresh foci of inflammation.

It is customary to designate the condition in which bacteria as well

as their toxins are distributed through the body by the blood and lymph
channels as xrptjcamia. Wtie.n fregh supp_uratiye

foci develop as the re-

sult f this distribution, the condition is called gy&wia.
The terms septicaemia and pyaemia are survivals of a nomenclature

adapted to the period before the nature of the excitants of infectious

disease was definitely known. The manifestations of septicaemia were

then attributed to the presence of putrid material in the blood. Pyaemia

expressed the belief that the lesions characterizing this condition were
due to the presence of pus in the blood. The term bactericemia is some-

times and more correctly used to indicate the presence of bacteria in the

blood, but the old words with their new implications and limitations are

still commonly employed.
2

1 For a comprehensive study of focal necrosis and other associated lesions in certain

forms of toxremia, consult the excellent study of Flexner, "The Pathology of Toxalbu-
min Intoxication," Johns Hopkins Hospital Reports, vol. vi., p. 259, 1897, Bibl.

2 It has long been known that persons who have received injuries or wounds may
suffer from constitutional symptoms, among the most marked of which may be fever,

and develop local or disseminated lesions. To designate the condition of these patients
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The term pyaemia, as will be seen, indicates a clinical and anatomical

phase of septicaemia.

The new foci of suppuration in pyaemia are called metastatic abscesses,

and in distribution these may bear an obvious relationship to the seat of

the primary lesion. Thus, in suppurative processes in the intestinal

tract, metastatic abscesses are liable to occur in the liver. From sup-

purations in the skin, bones, muscles, etc., infectious emboli maybe
transmitted to the lungs and lead to infarctions and abscess

; or, passing
these organs, the germs may induce multiple abscesses in the kidneys
and in other viscera.

It should be remembered that the point of introduction into the body
of the offending germs may be wholly concealed and not associated with

FIG. 94. MICROCOCCI IN MASSES IN THE FIBRINOUS EXUDATION OF PY^EMIC PLEURISY.

any form of demonstrable external lesion. This is often called crypto-

genetic pyaemia or septico-pyaemia.
After death from septicaemia and pyaemia there is a considerable

variety in the post-mortem appearances.
There are cases in which there are no recognizable gross lesions.

There are cases characterized by early post-mortem decomposition ;

post-mortem staining of the tissues
; congestion of the lungs, stomach,

intestines, and kidneys; extravasations of blood in the serous mem-
branes; swelling of the solitary and agminated lymph-nodules in the

small intestine
; swelling of the spleen and albuminous degeneration of

the liver and kidneys ; chromatolysis of the ganglion cells of the brain

and cord.

There may be localized inflammations. The joints and the tissue

about them, the pleura, the pericardium, the endocardium, the peritoneum,

the terms pyaemia, septicaemia, septico-pysemia, pyo-septicaemia, ichoraemia, inflamma-

tory fever, surgical fever, traumatic fever, suppurative fever, puerperal fever, and
purulent infection have been used.
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the pia mater, and the connective tissue in different parts of the body
may be inflamed. These local inflammations are usually purulent, ex-

cept in the serous membranes, where the principal inflammatory product

may be fibrin (Fig. 89). The veins in the neighborhood of the wound
may contain softened, purulent thrombi, without infarctions in the vis-

cera while there may be inflammation of the joints and serous membranes.
On the other hand, with the venous thrombosis there may be infarctions

and abscesses in the viscera; local inflammations of the joints and serous

membranes may be present or absent. While thrombi are often formed
in the veins near the wound, they may be situated in A

Teius at a distance,

and sometimes, although infarctions and abscesses be present, no thrombus
can be discovered. The veins may be distended by the thrombi or contain

only small coagula. The different kinds of thrombi, and the varieties

of emboli and infarctions which they produce, are described in the section

on Thrombosis, p. 72. Leucocytosis usually accompanies pyaemhi and

septicaemia as well as the suppurative process with which they are asso-

ciated. Studies of the blood in various forms of septicaemia are numerous
and instructive, but we cannot consider them here.

'

Various lines of research on minute changes in cells which bacterial

and other poisons may induce justify the expectation that more and

more we shall be able to associate characteristic groups of symptoms in

toxaemia and septicaemia for which there is now no morphological basis,

with well-defined cell alterations. Among the most striking of the toxic

cell lesions thus far studied in septicaemia and bacterial toxaemia are those

involving the cytoplasm of the ganglion cells (see Xervous System).

THE PYOGENIC BACTERIA.

While many species of microbes are capable under favorable condi-

tions of inciting suppuration and other forms of exudative inflamma-

tion and may when they or their toxins are disseminated in the body

give rise to toxaemia, septicaemia, and pyamia, there are two forms

which, on account of their early discovery and their relative frequency,
are commonly considered as par excellence "

pyogenic
" bacteria. These,

which are called StapJtylococcus and Streptococcus, we shall consider first.

CHARACTERS OF STAPHYLOCOCCUS PYOGENES.

The Staphylococcm pyoyenes aureus (Micrococcus pyogenes aureus) (Fig. 95) is a

relatively small coccus, the individuals varying, however, considerably in size (0.7 to

1.2 n in diameter). In its growth it does not show a characteristic grouping, but grows
in irregular masses and heaps (the somewhat crude resemblance, when studied under

a cover glass, to a bunch of grapes gave rise to the generic name) ; sometimes, however,

pairs and groups of four or short rows of the cocci are seen. The germ is readily stained

by the anilin dyes, and does not lose its color in Gram's method of staining. It does

1 Consult White, Journal of Experimental Medicine, vol. iv., p. 425, 1899; also:

Adami, Journal of the American Medical Association, December 16th and 23d, 1899.

Both have bibliography.
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not show spontaneous movement, and, like other spheroidal forms, does not appear to

develop spores. It is quite tenacious of vitality, surviving long drying and degrees of

heut and cold and an exposure to chemical bactericides to which many pathogenic germs

readily succumb. It grows well at ordinary room temperature in such artificial culture

medi? as nutrient-gelatin, agar, beef tea, and milk, and on potatoes, forming somewhat
voluminous masses of culture. It rapidly fluidifies gelatin,

coagulates milk, and in the various media develops a yellow-
ish-white or a deep golden-yellow color, whence its specific

name, aureus, and its common name, "golden coccus." Its

color-producing capacity is subject to wide variation.

FIG. 95. STAPHYLOCOCCUS
PYOGENES ACREUS. Effects of Staphylococcus Pyogenes m the Body.

From a beef-tea culture. The virulence of cultures of Staphylococcus pyo-

genes obtained from different sources varies con-

siderably, but in general, suppuration is not readily induced in the

lower animals by its subcutaneous injection. Liability to suppuration
is greatly increased by mechanical or chemical injury to the tissues with

which the germ is brought in contact. Injection of a virulent culture

into the ear vein of the rabbit is usually followed by multiple abscesses

in the kidneys and muscles, by suppuration of joints, etc.

In man this coccus grows readily and rapidly, and may induce necro-

sis and exudative inflammation, especially the suppurative phases (Fig.

FIG. 96. MASSES or MICROCOCCI IN A BLOOD-VESSEL OF THE KIDNEY, INDUCING A SMALL ABSCESS.

From a case of pyaemia.

Around the dilated and partially necrotic blood-vessel in which the bacteria lie is an area of necrotic

tissue and a small-celled infiltration or zone of pus.

96). The lesions which it induces are apt to be circumscribed. It may
induce pustules, boils, and abscesses, and A'arious suppurative inflamma-

tions of the viscera and serous membranes, joints, bones, endocardium.
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etc. These effects may be induced by the staphylococcus alone or by
it in association with other species of germs.

Staphylococcus pyogenes aureus incites these changes iii the body in

virtue of certain toxins or toxalbumins which are produced as the re-

sult of its metabolism, and which are either at once set free or stored up
in the body of the germs until their release by disintegration after the

death of the germs. The special power of the staphylococcus to cause

the gathering of leucocytes is apparently due to the marked chemotactic

powers of some of the proteid substances in its protoplasm.
It may enter the body through wounds, small or large, of the skin

or mucous membranes, and sometimes through uninjured surfaces. In

many cases its mode of access is not evident. ' While usually this germ
soon dies in the body, it may remain for a long time alive.

It is widespread in inhabited regions, especially in towns, being fre-

quently found on the surface of the body, and in the saliva, particularly
of those with acute or chronic catarrh of the upper air passages. As the

result of the filthy habit of indiscriminate public spitting, it is common
in the dust of hospitals, houses, towns, public conveyances, and places
of public assembly.

2

Other Forms of Staphylococcus.

Staphylococcus pyogenes albus. This appears to be a variety of the Staphylococcus

pyogenes which does not develop the yellow color in cultures. It is of frequent oc-

currence both in connection with the aureus and alone. Its action on the body is similar,

but it has seemed to many observers to be in general less virulent.

Staphylococcus epidermidis albus. This coccus has been described by Welch as of

frequent occurrence in the epidermis, and although of rather feeble pyogenic power,

yet seems frequently to cause small stitch-abscesses and moderate suppuration along

drainage tubes. Welch regards it as possibly a variety of Staphylococcus pyogenes
albus.

Other forms of staphylococcus have been described S. salivarius pyogenes, S.

cereus albus and flavus but they are apparently of little pathological significance.

CHARACTERS OF THE STREPTOCOCCUS PYOGENES.

The Streptococcus pyogenes (Micrococcus pyogenes) is distinguished morphologically
from the cocci just described by the marked tendency which the individuals exhibit,

when growing, to hang together in longer or shorter chains (Fig. 97). It is like the

Staphylococcus pyogenes, immobile, and stains easily in the same way. By a special

method Hiss has demonstrated a capsule on streptococci.
3

It grows readily, but more slowly than Staphylococcus pyogenes, on the ordinary
culture media. It does not fluidify gelatin, on which it grows as small, inconspicuous,

grayish-white colonies. On the surface of agar plates kept in the thermostat at 37 C.

for twenty-four hours, the small grayish colonies usually show, under the microscope,

loops and fringes of the chain-like cocci extending off from the borders. The growth on

potatoes is inconspicuous. In nutrient broth it usually forms delicate, flocculent masses,

which cling to the sides of the tubes, leaving the fluid clear. Occasionally the masses

1 For a resume of the role of S. pyogenes aureus in the skin disease, with bibliogra-

phy, see White, Boston Medical and Surgical Journal, vol. cxli., p. 235, 1899.
2 For bibliography of S. pyogenes aureus, consult article by Neisser and Lipstein in

Kolle and Wasserman'n's "Handbuch der Mikroorganismen," Bd. ii., p. 105.
3
Hiss, Science, March 7th, 1902, p. 367, preliminary communication.
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of streptococci are dense and compact. Not infrequently the growth is diffused through
the nutrient broth, rendering it turbid. When in vigorous growth it coagulates milk.

Streptococcus, as well as Staphylococcus pyogenes aureus, develops haemolytic sub-

stances in its growth.
1

There is considerable difference in the tenacity with which, in broth cultures of

streptococci from different sources, the individual cocci cling together, so that in one set

of cultures the chains may be very long, in another short. It has been thought by some
observers that this difference is so constant as to justify special names for these growth
variants of the streptococcus, a*nd they have been called respectively Streptococcus longus
and Streptococcus brevis. The growth in small dense masses has given rise to the name

Streptococcus conglomeratus. It is doubtful whether these names indicate more than

f\. * *"t<^ rather inconstant growth varieties depending upon

t* ? *5V^***3* variations in the culture media.

* ^Qa&A/y.i Effects of Streptococcus Pyogenes in the

Body. Streptococci which give evidence of

little virulence in animal inoculation are very
common in the mouths of healthy persons.

The significance of these germs in healthy
mouths is not yet clear.

FIG. 97. STREPTOCOCCUS PTOGEXES.
From a broth culture. The results of animal inoculation with the

Streptococcus pyogenes are in general simi-

lar to those with the Staphylococcus pyogeues aureus. The strepto-

coccus is very frequently associated with the Staphylococcus both in its

distribution outside the body, in healthy persons, and in disease. In

general it may be said that the streptococcus incites those forms of sup-

puration and fibriuo-purulent inflammation which tend to spread both

locally and through metastasis.

Streptococcus pyogeues has been found either alone or in association

with Staphylococcus in a large number of suppurative processes in vari-

ous parts of the body, the condition in some cases receiving special names,
in others not. Thus in boils and carbuncles, in abscesses and phlegmons,
in herpes, impetigo and panaritium, in phlebitis and lymphangitis, in

erysipelas, in suppurative inflammation of various mucous and serous

membranes, and in some forms of pneumonia, one or other or both of

these germs are frequently concerned.
2

One of the most important features of the relationship of Streptococ-

cus pyogenes to man is the frequency with which it enters as a concur-

rent pathogenic agent in already established infectious diseases due to

other forms of micro-organisms. Thus some of the most serious com-

plications to which the victims of scarlatina, diphtheria, typhoid fever, ,

and pulmonary tuberculosis are liable are due to the action of the strep-

tococcus in the body rendered unusually vulnerable by the existence of

another form of infection. The serum of individuals adapted (immu-
nized) to streptococci may agglutinate the micro-organisms.

3

Streptococci which upon their isolation from the body in suppurative or other in-

fectious processes are very virulent, usually, and sometimes very quickly, partially or

1 For haemolysis of streptococcus, see Schelsinger, Zeit. f. Hyg. u. Infkr., Bd xliv.,

1903, p. 428.
- Anaerobic streptococci have been found by various observers in abscesses and

other forms of suppuration of which they are apparently the excitants.
3 For a study of agglutination of streptococci see Jfoser and Clemens, Centrbl. f. Bak.,

Abth. I., 1903, pp. 560 and 714; also SenfeM, Zeitsch. f. Hyg. u. Infkr., Bd. xliv.,

1903, p. 161; also, Weaver, Jour, of Inf. Dis., vol. i., 1903, p. 91. *
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wholly lose this virulence under artificial cultivation. On the other hand, cultures of

streptococci which have largely lost virulence under artificial cultivation, or whose
initial virulence was slight, may experience a great exaltation of virulence by a long
succession of inoculations from animal to animal. 1

The metabolic products formed by virulent streptococci growing in nutrient

broth, when freed from the germs by filtration, have been found to induce in animals

the symptoms of toxaemia. The results of preliminary experiments on immunization
with these toxic products of S. pyogenes and the use of the blood serum of the immune
animal for therapeutic purposes appear to be promising. But the practical value of

the so-called streptococcus antitoxin is at this date not fully determined.

ERYSIPELAS.

Erysipelas is a diffuse inflammation of the skin and subcutaneous

tissue which tends to spread, and is characterized locally by swelling of

the tissue and a bright-red color of the integument. It is usually accoin-

FIG. 98. ERYSIPELAS OF THE SKIX.

Showing streptococci in the lymph spaces.

panied by constitutional disturbances, the most marked of which is fever.

The morphological changes at the seat of lesion, as we see them after

death, vary considerably in different cases and in different stages of the

disease. The redness of the skin usually disappears after death. But

the tissues may be swollen by the accumulation of serous fluid. This

fluid may be nearly transparent, or turbid from admixture with pus cells

(Fig. 98) . Pus cells may infiltrate the tissues either sparsely or in dense

masses. Fibrin may be present, abscesses may form. Sometimes vesi-

cles or scabs are found on the surface, or the affected region may become

gangrenous. Aside from the local lesions, there may be toxaemia marked

by petechice in the serous membranes, swelling of the spleen, focal necro-

ses, and albuminous degeneration in the kidneys and liver.

The most common excitant of erysipelas is Streptococcus pyogenes.
8

1 For bibliography of streptococcus consult the article by v. Lingelsheim, in Kolle

and Wassermann's "Handbuch der Mikroorganismen," Bd. ii., p. 303; for a study of

the action of streptococcus toxin on various parts of the body see llomen and others,

Ziegler's ''Beitrage," Bd. xxv., p. 159, 1899.
'* In the early days of modern bacteriology the "chain " coccus which was discov-

ered in the exudate of erysipelas was thought to bear a peculiar relationship to this

clinical form of phlegmonous inflammation and was called by Fehleisen Streptococcus
erysipelatis, but it has now been definitely identified with the S. pyogenes.
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This organism may be present in large numbers in the lymph-vessels,

especially in the borders of the inflamed region. The reasons for the

clinical peculiarities of this phase of inflammation are not yet very clear.

INFECTIOUS PSEUDO-MEMBRANOUS INFLAMMATION OF MUCOUS
MEMBRANES. (Pseudo-Diphtheria ; Diphtheroid-Angina ;

Membranous

Angina.)

Under a variety of conditions, as during scarlatina and measles,

whooping-cough, typhoid fever, etc., or entirely apart from any compli-

cating disorder, an acute exudative inflammation of the mucous mem-
branes, especially of the upper air passages, occurs, which is associated

with and is apparently induced by the growth of Streptococcus pyo-

genes. There may be much or little fibriuous exudate
;
there may in

&?^ :

-.'.

FIG. 99. PSEUDO-MEMBRANOUS INFLAMMATION OF TRACHEA.

In this case there is purulent infiltration of the mucosa and submucosa, and of portions of the mucous
glands, fl, False membrane ; b, portion of intact epithelium ; c, infiltration of the mucosa with fibrin ; cf,

portion of mucous gland infiltrated with pus.

early stages, or even throughout, be none at all. The pellicle when
formed may be loose or adherent, sharply circumscribed or tending to

spread. The submucous tissue may show little change, or may be con-

gested and redematous, or may be the seat of suppurative inflammation

(see Fig. 99), necrosis, or gangrene. The process may be confined to

the tonsils. While under these varying conditions the inflammatory

process is usually a local one and runs its course with or without the

symptoms of septicaemia, occasionally the streptococcus which enters

the blood may induce the lesions of pyremia. On the other hand, it

may by aspiration gain access to the lungs and induce varying phases
of complicating broncho-pneumonia. The Staphylococcus pyogenes is

not infrequently associated with the streptococcus in these lesions, but is

not apparently of primary significance. Simulating very closely, as it

14
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does in many cases, both the local and general phenomena of diphtheria,

this disorder has formerly been confounded with it, and has been only

recently recognized as a distinct phase of disease. It is now most fre-

quently called pseudo-diphtheria. It seems in part to cover the condi-

tion formerly known as croup, in part those cases formerly thought to be

mild diphtheria. In many phases of acute angina, and in many cases of

follicular tonsillitis, streptococci have been found in large numbers.

Other bacteria, either alone or in association with the pyogenic cocci,

may be excitants of pseudo-membranous as well as simple angina.

OTHER BACTERIA WHICH ARE FREQUENT EXCITANTS OF
SUPPURATION.

While the Staphylococcus pyogenes and Streptococcus pyogenes are

the most common excitants of local suppuration with and without toxaemia

and septicaemia, such conditions, as we have seen, are not infrequently due

to other micro-organisms. Among these we may mention here as the

more common and important : Micrococcus lanceolatus, the gonococcus,

Micrococcus'tetragenus, Bacillus pyocyaneus, the colon and the typhoid

bacillus, the bacillus of glanders, the tubercle bacillus, the pueumo-
bacillus of Friedlauder, the diplococcus of cerebro-spinal meningitis,
Bacillus pyogeues fostidus, and Actinomyces with its related forms.

In some of these organisms the pyogeuic qualities in their relation-

ships to human infections are most conspicuous ;
in others, the reaction

of the body to their presence is such as to justify a special name. The
latter is particularly noteworthy in the case of the pneumococcus, the

gonococcus, glanders, typhoid, and tubercle bacilli, diplococcus meniu-

gitidis, and actinomyces.

Many other micro-organisms may be excitants of suppurative inflam-

mation in man as well as in the lower animals under experimental

conditions, but this exceptional reaction of living tissues does not fall

within the scope of this work, which deals primarily with such tissue re-

actions as may occur under the natural conditions of life.

THE BACILLUS COLI COMMUNIS AND THE COLON GROUP.

The bacillus coli communis is an organism so frequently present in the

intestines under normal conditions as to be commonly called the " colon

bacillus." It is motile, facultative aerobic, asporogenous, considerably

resembling in general form the typhoid bacillus (see p. 227). It has

been repeatedly found under such conditions in connection with suppura-
tive processes as to justify the belief that it is often their excitant,

It has been found in various forms of peritoneal suppuration, both

with and without such lesions of the intestine as would obviously permit
of its egress; in appendicitis ;

in suppuration about the gall-ducts ;
inhrem-

orrhagic pancreatitis ;
in inflammatory processes in the genito-urinary

apparatus ;
in the pericardium and pleura. Although a usual inhabitant

of the intestinal canal, the Bacillus coli is often extremely virulent when
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once it gains access to the tissues of the body, especially if these be

otherwise injured beforehand. Local infection with this organism is

often associated with serious toxaemia and septicaemia. Intravascular

injections of virulent cultures in rabbits are usually followed by symp-
toms and lesions of septicaemia. Introduced subcutaueously and intca-

peritoneally, it may excite local suppuration or sero-fibriuous inflamma-

tion, often haemorrhagic in character, terminating fatally.
1

There are so many organisms so closely resembling the colon bacillus

in their morphological and biological characters that it has been found

convenient to consider them as possible variations of one form and to

speak of them collectively as the "colon group." The differentiation

between the individual members of this group and between these and the

typhoid bacillus has presented many difficulties to bacteriologists and

given rise to much technical finesse. It is now possible to differentiate

between the members of the colon group and the typhoid bacillus and
to separate them in pure cultures (see p. 237).

THE BACILLUS PYOCYANEUS.

This has been known for several years as an organism occasionally

found in pus to which in its growth it imparted a greenish color.

Charriu in 1889 established the significance of the organism as an exci-

tant of suppurative inflammation and various manifestations of septi-

caemia to which he gave the name " Maladie pyocyanique.
" Since this time

many cases have been reported in which the Bacillus pyocyaneus, either

alone or in association with other organisms, has been found
;
for ex-

ample, in purulent otitis media, angina, endocarditis and pericarditis,

suppurative inflammation of the urinary tract, meningitis, broncho-pneu-

monia, gastro-iutestiual disturbances in infants and adults, and in lesions

of the skin as well as in systemic infections arising from primary local

suppurative inflammation. The green color is not always present in the

lesions, being first developed in the cultures or in experimental animals.

The occurrence of the organism is on the whole infrequent. It was
found by Jadowski twice in systematic cultures of the exudate from two
hundred cases of suppurating wounds. Barker found it in eleven out of

eight hundred cases in which systematic cultures from autopsies were

made. It was found in three out of one hundred cases examined by
Lartigau. Among the more marked lesions which may be present in

cases of pyocyaneus infection, we may mention albuminous degeneration
in the viscera, focal necroses, haemorrhages, local hyperplasire v Oertel's

lesion) in the lymph-nodes and nodules throughout the body, and espe-

cially superficial, circumscribed or diffuse necrosis and ulceratiou in the

intestinal mucous membrane. 2

1 For details concerning B. coli, with bibliography, see Lartiga^l, "Studies from the

Dept. of Path., Col. of Pliys. and Surg., Columbia University, vol. viii., 1902; also con-
sult Mace, "Traitede Bacteriologie," 1901; also Eaclie.nch and Pfaundler in Kolle and
Wassermann's "Handbuch der Mikroorganismen," Bd. ii., p. 334.

'-For a critical summary of the cases with original studies and bibliography consult

Lartigau, Philadelphia Medical Journal, September 17tb, 1898; also Journal of Experi
mental Medicine, vol. iii., p. 595, 1898.
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Characters of the Organism.

This organism is from 1.5 to 2 n long, sometimes grows in short chains, is motile,

and decolorizes by Gram's method. It grows readily on artificial media, usually devel-

oping a greenish pigment. It liquefies gelatin. Subcutaneous injection of cultures in

rabbits may be followed by local suppuration, by hsemorrhagic oedema, and by septi-

caemia.

BACILLUS PNEUMONIA (FRIEDLANDER).

In a small proportion of cases of lobar and lobular pneumonia, and
in a few cases of exudative inflammation of the pleura, pericardium,

meninges, and middle ear, this bacillus has been found. It is sometimes

found alone, but in pneumonia is frequently associated either with the

Micrococcus lanceolatus or with the pyogenic cocci. It has been found
in the nasal secretion and mouths of healthy persons. "While belonging

definitely among the bacilli, it so frequently occurs in the form of very
short rods or ovals or short chains that it was formerly thought to belong

among the cocci.

. It seems highly probable rather than proven that it may be at least

partially responsible for the lesions with which it is infrequently asso-

ciated in man. This germ was formerly believed to be of great impor-
tance in connection with acute lobar pneumonia, and for a time was

generally spoken of as the pneumococcus of Friedlander. It is now
known not to be a coccus, and is certainly of subordinate if at all of

serious importance in the induction of inflammation of the lungs.
1

MICROCOCCUS TETRAGENUS.

This organism has been many times found about the mouth and re-

spiratory tract, especially in connection with suppurative processes. It

has been found also in metastatic abscesses. While not very virulent it

is apparently an occasional excitant, either alone or with other organ-

isms, of suppuration.
2

Characters of the Organism.

It is a coccus about 1
fj.

in diameter, usually occurring in groups of four. These

tetrad groups may be encapsulated. It stains by Gram's method, and is readily culti-

vated on artificial media. It forms a dense whitish growth on gelatin which it does

not fluidify. Septicaemic lesions with local suppuration may be induced in guinea-pigs

by subcutaneous injection with cultures.

THE PROTEUS GROUP OF BACILLI.

This is a large and in the economy of nature an important group of

bacilli much concerned with the putrefactive processes.

1 Howard, Philadelphia Medical Journal, vol. i., p. 336, 1898; Leon, "Le bacille de

Friedlander," These, Paris, 1897.
For a study of this and related organisms, see Strong, Journal Boston Society, voL

iii., p. 185.

''For resume of the significance of M. tetragemis and for bibliography, consult

Lariigau, Philadelphia Medical Journal, April 22d, 1899.
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Characters of the Group.

The bacilli of this group may be ae"robes or facultative anaerobes. They are of

medium size, asporogenous, and while staining readily with ordinary dyes are apt to be

decolorized by the Gram method. While the organisms of this group are bacilli, they
often present considerable variation in form as they grow, sometimes being very short

so as to resemble cocci, sometimes forming threads which may be so bent as to suggest

spirals. Their growth on solid media is especially characterized by the tendency to

send runners from the central growth out into the surrounding media, thus establishing

secondary growth centres. They are particularly sensitive to environment, so that

physiological as well as morphological variations are frequent. It is for these reasons

that the name Proteus has been given to the group and to various species. The limiu-

tions of the named species are, however, in many cases quite ill defined.

One of the most common forms has been called Proteus vulgaris.

While this bacillus is very widespread, it is only occasionally the exci-

tant of pathological processes in man, and then almost always in concur-

rence with other organisms, usually the pyogenic cocci. Under these

conditions a suppurative inflammation with foul exudate is apt to de-

velop. Thus it has been found in purulent peritonitis and endometritis,

in pleurisy and in phlegniouous inflammation in various parts of the

body. Although this bacillus is not apt to grow in the human body,

except in association with other micro-organisms which may damage the

tissues or in tissues already vulnerable from injury, it may in the blad-

der independently incite an exudative inflammation. In animals, sub-

cutaneous injection of the pure culture in considerable quantity may
lead to abscess, while the soluble products of broth culture may induce

toxaemia.

Several other forms of Proteus, as well as closely related species,

have been found in human lesions for the most part suppurative and
necrotic in character and these, in some cases, have been conclusively
shown to be the excitants of the pathological processes, but the scope of

this work does not permit further details.
'

Among the other bacteria which commonly induce local suppuration,
with or without toxaemia and septicaemia, some are of frequent occur-

rence as excitants of such well-marked and more or less characteristic

forms of disease as have long been recognized clinically and have re-

ceived special names, such as pneumonia, gonorrhoaa, cerebrospinal men-

ingitis, etc. These will be in part considered in the section dealing with

the organs in which their more characteristic lesions are manifested.

ACUTE LOBAR PNEUMONIA AND OTHER INFECTIOUS DISEASES
INDUCED BY THE MICROCOCCUS LANCEOLATUS (Diplococcus

Pneumonias).

Micrococcus lanceolatus is frequently spoken of as the "
pneumococcus

of Frankel,
" because its significance and life history in connection with

1 These may be found in Kruse's article on "The Bacilli
"
in Flilgge's "Mikroorga-

aismen." last edition.
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acute lobar pneumonia were first demonstrated by him. '

It is commonly
called simply the "

pueumococcus.
"

Characters of the Micrococcus Lanceolatus.

During their development these germs are distinctly spheroidal ;
but in their ma-

ture condition they are apt to become slightly elongated or oval and are often a little

broader at one end than at the other, assuming a lanceolate form. They are very apt

to occur in pairs, and frequently are seen in short chains, rarely in long chains. Very

frequently, when growing in the living animals, the pneumococcus is surrounded by
a distinct, homogeneous capsule of varying thickness (see Fig. 100). This capsule does

not, as a rule, develop in artificial cultures. The coccus itself is readily stained by the

FIG. 100. MICROCOCCUS LANCEOLATUS (Pneumococcus). Showing capsules.

anilin dyes and retains the stain by Gram's method; tne capsule is not easily demon-

strated except by special staining methods.

The pneumococcus has no spontaneous movement and grows but feebly at ordinary

room temperature. It grows much better at blood heat, forming on the surface of blood-

serum or on very slightly alkaline glycerin-agar plates faint grayish, dewdrop-like,

inconspicuous colonies, somewhat similar to those of Streptococcus pyogenes, but usu-

ally more delicate. In beef tea it forms at body temperature a faint whitish sediment

with slight turbidity of the fluid. As a rule, the cultures are prone to lose soon their

virulence and to die off early, but the virulence may be maintained by successive inocu-

lations in the rabbit. The organism may remain alive for a long time dried in the spu-

tum, in one set of experiments for more than seventy days.
The serum of persons suffering from acute lobar pneumonia, as well as the serum of

lower animals artificially immunized to the Micrococcus lanceolatus, induces agglutina-
tion of the organism in broth cultures. Wadsworth has recently shown that by the

1 It was discovered by Sternberg in saliva, and its pathogenic power demonstrated
some years before its full significance in connection with pneumonia was understood.



THE INFECTIOUS DISEASES. 215

use of centrifugated cultures of the organism, the reaction of agglutination can be ob-

tained ill much greater dilution than by the usual method. 1

Cultures which have been reduced in virulence, so as not to cause early death by
septicaemia, may, when introduced into the trachea of rabbits, induce circumscribed

pneumonic lesions, especially if these animals are made vulnerable by cold or by other

agencies which impair the integrity of the blood or other tissues. Wadsworth has

shown that by partially immunizing rabbits to the pneumococcus, so that they do not

speedily die from septicaemia, and then introducing the virulent organism into the lungs

through the trachea, diffuse pneumonic lesions comparable to the lobar pneumonias of

man may be induced. 2 Different animal species vary in vulnerability to the pneu-
mococcus.

This germ is the exclusive inciter of typical acute lobar pneumonia in

man. It appears to act, in part at least, by the development of an albu-

minous poison which has been tentatively called pneumotoxin.
3

It would
seem to be the pueuinotoxin which induces the symptoms in acute lobar

pneumonia indicative of systemic poisoning.
For a more detailed description of these lesions of pneumonia, and an

account of other bacteria which may be present, see p. 489.

In addition to its more common effect in inducing lobar pneumonia,
the pneumococcus is frequently the excitant of exudative inflammation in

other parts of the body, either in connection with or without a primary
lobar pneumonia. Thus it has been repeatedly found in pleuritis, otitis,

meningitis, empyema, pericarditis, endocarditis, and in peritonitis. It

has also been found in abscesses of the viscera and in exudative inflam-

mation of the joints. It may induce pseudomembranous inflammation

of the mucous membranes. 4

Leucocytosis usually accompanies infection

with the pueumococcas.
It is a frequent inhabitant of the mouth, even in health. It has

been found in the mouths of about twenty per cent of healthy^persons
examined. It is thrown off in the sputum in lobar pneumonia, and no

doubt from these sources in the dried condition, as dust, furnishes the

infectious agent which in favoring conditions of the body lights up the

inflammatory process in the lungs.
5

For staining the pneumococcus with its capsule the following method of Hiss 6
gives

the best results. Mix the exudate or culture containing the organism on the cover-

glass with a drop of blood-serum spread thin, dry and fix by heat. Add a few drops
of the following stain: Five or ten per cent solution of gentian violet (5 c.c. saturated

alcoholic solution of gentian violet, plus 95 c.c. distilled water). Heat gently until steam

1 For details of this method seeWadsicortft, Journal of Medical Research, vol. x., p.
228.

2 See references to experimental pneumonia, p. 500.
3 The observations of the Klemperers and others suggest the possibility that at a

certain period of the disease the blood or body juices are capable of developing a sub-
stance antidotal to this pneumotoxin, the potency of the former being signalized by the

so-called "crisis." Satisfactory applications of this alleged "pneumonia antitoxin" in

therapeutics have not yet been made.
4 See Carey and Lyon, Trans. Assn. Amer. Phys., vol. xvi., p. 379, Bibl.
5
Ottolenghi, Centralbl. f. Bakteriologie, Abth. I., Bd. xxv., p. 120, 1899. Fora full

resume of the studies on the Diplococcus pneumonia? see Weic/iselbaum in Kolle and
Wassermann's "Handbuch der Mikroorganismen," Bd. ii., p. 189.

6 See Hiss, preliminary communication, Science, March 7th, 1902, p. 367.
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rises. Wash off the stain with a twenty-per-cent solution of cupric sulphate. Dry and

mount in balsam.

If the material containing the organisms already contain serum, the preliminary

mixing with this is unnecessary. Pneumococci in sputum which without the addition

of serum are often stained, with it not infrequently give better results.

The method of Welch '

gives good results, but annoying precipitates often form.

After drying and fixing the specimen upon the cover-glass in the usual way, it is treated

with glacial acetic acid, which is at once drained off and replaced by anilin-gentian-

violet solution (p. 153), this being drained off and renewed several times until the acetic

acid is displaced. The specimen is now washed with a two-per-oent solution of sodium

chlorid, in which it may be covered and studied. The pneumoeoccus may be stained

in sections by Weigert's modification of Gram's method with preliminary contrast stain

(see p. 154). By this method the fibrin in pneumonic exudate is also stained.

GONOB.RHO3A AND OTHER INFLAMMATORY LESIONS INDUCED BY
THE MICBOCOCCUS GONOBRHO3JE (GONOCOCCUS).

The Micrococcus gonorrhoea (gonococcus) is most commonly found in

the exudate of gonorrhoeal inflammation of the mucous membranes, es-

pecially of the urethra. It may be free or enclosed in leucocytes or

other cells (Fig. 101), within or between the epithelial cells. The organ-
ism may be distributed from the seat of primary lesion, giving rise to

gonorrhceal arthritis, to malignant endocarditis, to exudative inflamma-
tion of the pleura, and to inflammatory processes in other parts of the

body.'
The gonococcus may in the primary as well as in the secondary lesions

be associated with the "pyogeuic cocci," the colon bacilli, or other micro-

organisms. These associations have been observed in cases of pyaemia
following gonococcal infection. The gonococcus is usually most abun-
dant in the urethra during the acute stage of the inflammation. But

long after the organisms have disap-

peared from the urethral discharge

,

'

*

they may be present in small num-

u
/ ,. ,v,

bers in the deeper portions of the ure-
v

"",.,

'

thra or in the prostatic secretions

&>/** ,* 0ii
whence under favoring conditions a

^ v,
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'

/ v. '!,
fresh infection may arise. In the
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'

(

"

l female the inflammation, through the

transportation of the gonococci, may
/'." -'';,
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extend to the vagina and uterus and
\

f
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into the Fallopian tubes. The germs
may enter the peritoneum, inducing

FIG. 101 -MICROCOCCUS GOHORBHOC* IN CELLS.
^oAti^ inflammation. Hyperplasia

SPECIMEN FROM THE URETHKA. and suppuration of lymph nodes near

the inflammatory region may occur.

Gonorrho3al conjunctivitis is similar in origin and character to the in-

flammation of the urethra.

1

Welch, Johns Hopkins Hospital Bulletin, vol. iii., p. 128, 1892.
2
Consult, for cases and bibliography, Young,

" Welch Anniversary Contributions
to the Science of Medicine," p. 677, 1900; also, Elting, Albany Medical Aimals, March.
1900, BibK
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Characters of the Gonococcus.

The gonococcus is apt to occur in pairs, the apposed sides being more or less dis-

tinctly flattened (Fig. 102). It stains readily with the anilin dyes, and differs from most

known cocci which might be mistaken for it in that it is decolorized by the iodin solu

tion in the Gram method of staining. It is well after the decolorization by this

method, and before mounting in balsam, to make a contrast stain with a dilute aqueous
solution of Bismarck brown. Then the gonococci will be of light-brown color, while

most other germs will retain the violet color.

The gonococcus does not grow at ordinary room temperatures nor on the ordinary
solid or fluid culture media. It may, however, be cultivated at the temperature of the

body on human blood serum or on a combination of this with agar. Heiman has found

that it grows readily on the clear exudate or transudate

from the pleural cavities in man when this is mixed ^ * % * \
with peptonized agar.

' *
In this "chest-serum agar" the surface growth of * , _

the gonococcus is in the form of small circular, sharp- ' i * % '*^
edged, slightly raised, nearly transparent colonies, **

coarsely mottled in the central portion, finely granular
toward* the borders. The life of the colonies under arti- FIG. 102.-MicRococcrs GOXOR-

ficial culture is short, but by frequent transference to

fresh media it may be maintained indefinitely and grad-
From culture,

ually adapts itself to the artificial environment. It is

probable that the organism has no natural habitat outside the bodies of human beings.
The lower animals are not, as a rule, susceptible to inoculations of the mucous mem-
branes with the gonococcus, but suppurative inflammation has been induced in mice

and guinea-pigs by intraperitoneal injections.

Inoculations of pure cultures of the gonococcus upon the urethral

mucous membranes of man have been repeatedly made and were fol-

lowed by a characteristic catarrhal inflammation. Thus the evidence is

complete that the gonococcus is an excitant of the inflammation with

which it is so constantly associated. But in what measure this germ, in

what measure others are responsible for the complicating inflammations

when both germs occur together, is yet to be determined.

Inasmuch as one or more forms of cocci and diplococci occurring in

the normal and in the inflamed urethra are morphologically similar to

the gouococcus, great caution should be exercised in doubtful cases in

deciding upon the nature of suspicious micro-organisms in urethral dis-

charges or other exudates. But the pronounced tendency of the gono-
coccus to gather within cells ; the sometimes conspicuous but often ill-

defined flattening of the apposed sides of the gonococci ; the decolorization

by Gram's method, which leaves most other germs apt to be associated

with the gonococcus still stained, and whenever practicable" the artificial

culture characters these all should be considered in the summary of

evidence.
*

1 Heiman, Medical Record, June 22d, 1895, bibl.
2 Von Hibler, Centralbl. f. Bakteriologie, etc., Bd. xix., p. 120, 1896. For sum-

mary of studies on the gonococcus with bibliography consult Jfeitser and W. Scholtz in

Kolle and Wassermann's "Handbuch der Mikroorgauismen,'' Bd. ii., p. 148.

A comprehensive biblioeraphv may be found in an article by Elting, Albany
Medical Annals, March. 1900.
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ACUTE CEREBRO-SPINAL MENINGITIS.

This is ari acute infectious disease of which the characteristic lesion

is an exudative inflammation of the pia mater of the brain and cord.

As a rule the inflammation of the pia niater results in a large pro-
duction of serum, fibrin, and pus, which infiltrate the pia mater and ac-

cumulate in the ventricles, so that the gross appearance of the brain is

characteristic. The exudation is especially abundant at the base of the

brain and over the posterior surfaces of the cord. In children the dis-

teution of the lateral ventricles with purulent serum may be a marked

feature, while in adults the quantity of serum is apt to be small.
'

While the above are the characteristic lesions of this disease, there

are a number of secondary or associated septicaemic or toxaemic lesions

in different parts of the body. There may be subserous punctate haem-

orrhages in the endocardium ; petechiae in the skin
; hyaliii and granular

degeneration in the voluntary striated muscle
; occasional multiple ab-

scesses in various parts of the body ; suppurative inflammation of the

joints; albuminous degeneration of the heart, liver, and kidneys; and

hyperplasia of the gastro-intestinal lymphatic apparatus and of the

spleen.

Cerebro-spinal meningitis may occur by itself or in connection with

some other acute infectious disease, such as acute lobar pneumonia,

mycotic ulcerative endocarditis, pyaemia, multiple suppurative arthritis,

otitis media, puerperal fever, typhoid fever, etc.

It may be epidemic, the lesions, however, being essentially similar to

those in the sporadic form.

Bacterial Excitants. In sporadic cerebro-spinal meningitis the strepto-

coccus and staphylococcus pyogenes, micrococcus lanceolatus," the in-

fluenza bacillus, the typhoid bacillus, and the gonococcus have been

repeatedly found in the exudate. Other bacteria have been described.

In epidemic cerebro-spinal meningitis, a micro-organism has been re-

peatedly found, called by Weichselbaum the Diplococcus intracellularis

meningitidis, which is clearly one of the chief if not the sole inciting factor

in the disease. It is found in the purulent exudate of the meninges in

large numbers, and is usually within the leucocytes or pus cells.
3

Characters of Diplococcus Intracellularis Meningitidis.

It is an oval diplococcus not staining by Gram's method. Its growth on artificial

media is meagre. It forms small transparent colonies on glycerin-agar at 37 C. which
soon die out without frequent transplanting to fresh media. It does not grow at room

temperature. Animal experiments are on the whole confirmatory of the belief in its

pathogenic activity.

1 For further details of the lesions in exudative meninigitis see Nervous System.
2 For bibliography of pneumococcus meningitis see article by Weichselbaum in Kolle

and Wasserniann's "Handbuch der Mikroorganismen," Bd. ii., p. 256.
3 For a study of occurrence of D. intracellularis meningitidis in the nose see Lord,

Centralbl. f. Bakteriologie, Abth. I., Bd. xxiv., 1903, p. 641.
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This organism closely resembles the gonococcus in morphology and

considerably so in culture, and they are evidently closely related.
1

GLANDERS.

Glanders is an infectious disease incited by the presence and growth
in the body of the Bacillus mallei.

It is most common in the horse, affecting the mucous membrane of

the nose (when involving the skin the disease has been called fare?/), and
can be communicated to man and to certain other of the domestic ani-

mals by direct or accidental inoculations.

The disease in man is most frequent in those who come much into

direct contact with horses. The seat of primary local infection is most

often the skin, more rarely the mucous membranes about the nose and
mouth.

The local lesions are similar in man and the lower animals. In the

presence of the Bacillus mallei there is usually a circumscribed or more

rarely a diffuse infiltration of the tissue with leucocytes and young con-

nective-tissue cells. These whitish foci of cell accumulation may be

small and to the naked eye resemble miliary tubercles ; or, they may be

larger and nodular. The tissues about them may be infiltrated with

blood. But the accumulated cells are apt in the presence of the bacilli

to become uecrotic and disintegrate and thus lead to smaller and larger

abscesses, or, if near the surfaces, to ulcers. If they occur on mucous
membranes these lesions are often accompanied by intense diffuse catar-

rhal inflammation.

As the glanders nodules soften, the bacilli are apt to diminish in

number or in the capacity to stain, so that it may be possible to detect

their presence only by inoculation or culture methods.

The^diseasejmay^begin at a single point, so that it may be mistaken

for a carbuncle or gangrenous erysipelas. But the infection is apt not

toTemain locaTpthe^rjacilli, todnfg^TEerr way along the lymph channels

into various parts of the body, set up fresh foci of inflammation and
necrosis. Then the skin may be covered with a pustular eruption;

fjiruncles^carbuucles, and abscesses may form beneath the skin and in

the muscles] Sodules~lire~ found in the nasal mucous membrane, the

lungs, kidneys, testes, spleen, and liver. The joints may be inflamed,

and there may be osteomyelitis. Leucocytosis may accompany infection

with the B. mallei.
-~ The glanders infection may, however, pursue a more chronic course,

with hard, persistent nodules and sluggish ulcers. Under these condi-

tions the detection of the bacillus in the tissue by a simple morphologi-
cal examination may be difficult.

1 For a study of cases, with bibliography, consult Flexner and Barker, American
Journal of the Medical Sciences, vol. cvii., "pp. 155 and 259, 1894; also Councilman,
M<tU.:iry. aml Wfif/ht, "Special Report of the State Board of Health of Massachusetts,"
1898. For agglutinative reaction see Jaeger, Zeitsch. f. Hygiene u. Infkr., Bd. xliv.,

1903, p. 225.
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While some forms of glanders nodules somewhat resemble in gross

and microscopic appearance certain forms of miliary tubercles, the ab-

sence in the former of coagulation necrosis and of giant cells, and the

tendency to rapid disintegration and softening in the latter will usually
suffice for the distinction between the two sets of lesions. But the

demonstration of the bacilli characteristic of each is in all cases decisive.

Characters of the Bacillus Mallei.

The Bacillus mallei is a slender bacillus proportionately thicker than the tubercle

bacillus, with rounded ends, occurring singly or in pairs (Fig. 103). It stains easily

with the auilin dyes, but readily gives up the color in presence of even feeble decoloriz-

ing agents such as dilute alcohol or acids. It is left decolorized by
Gram's method. When stained, uncolored areas are apt to remain

in the body of the germ. Whether these are spores or not is not

yet definitely determined.

In the tissues the bacilli may be stained with Loffler's alkaline

methylene blue.

FIG. 1(8. BACILLUS The glanders bacillus grows readily on almost all of the ordi-

MALLEI.
nary artificial culture media, and best at blood heat. The growths
on solid media are apt to be viscid. On potatoes it forms in two

or three days an abundant yellowish pellicle which in a few days darkens and finally
becomes brown in color. It gradually loses its virulence in successive generations of

artificial cultures. The germ is easily killed by moist heat, but may remain alive in

a dried state for months. Field mice and guinea-pigs are very susceptible to infection

with the Bacillus mallei, and after inoculation develop highly characteristic local and

general lesions.

In cases in which an early diagnosis is imperative it is wT

ell, in addition to the mor-

phological examination and cultures of the suspected exudate, to inject a small amount
into the peritoneal cavity of a male guinea-pig. If the virulent glanders bacilli be

present, within two or three days the testicles will swell and develop an intense sup-

purative inflammation.

As the glanders bacillus grows in nutrient broth a proteid substance or substances

develops, which when concentrated by evaporation of the broth is called mallein.

This substance prepared a_nd administered to horses suffering from glanders, as tuber-

culin is prepared and administered to tuberculous cattle (see page 225), gives a similar

temperature reaction, and is thus an important diagnostic agent.
1

Other Bacilli Belated to Bacillus Mallei.

Several bacilli, apparently related to the B. mallei, have been found in various

lesions in men and lower animals. Thus an organism called Bacillus pseudotuberculosis

has been found in certain nodular lesions somewhat resembling tubercles which are

especially frequent in rodents. B. pseudotuberculosis liquefaciens has been described in

a series of cheesy nodules of the peritoneum, pancreas, and liver in man. In this group
also belong organisms which have been found in noma.

Chancroid.

In the lesion of
"
soft chancre "

(chancroid) and the discharge from it a small oval

bacillus ("Ducrey's bacillus") has been frequently found either clustered or in chains.

It stains icadily with methylene blue, although it easily loses the color. It usually

occurs with other micro-organisms, and has been found, though not usually, in the

buboes, often occurring with the sore. It has been obtained in pure culture, in rabbit

'For a resume of characters of the glanders bacillus see Wladimiroff'in Kolle and
Wassermann's "Handbuch dcr Mikroorganismen," Bd. ii., p. 706.
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blood agar and in human blood, and inoculation experiments in man and in monkeys
indicate its pathogenicity.

1

ANTHRAX. (Splenic Fever; Malignant Pustule; Charbon
; Carbuncle.)

This disease, which is much more common in the lower animals,

especially the herbivora, than in man, is widely prevalent in Europe.
It is comparatively rare in the United States, but in certain regions is

more common than formerly.
It is induced in man by accidental inoculation with the Bacillus an-

thracis, which also incites the disease in the lower animals. Inoculation

FIG. 104 ANTHRAX MALIGNANT PUSTULE OF THE SKIN.

From a man who had been handling foreign hides in New York. Bacilli stained,

may occur through the skin by the agency of flies and other insects

which have been feeding on animals infected with this disease, through
abrasions or slight wounds on the hands of those handling their carcasses

or hides, or in other ways. Following this skin inoculation a pustule is

apt to develop "malignant pustule" and varying phases of an acute

exudative inflammation, which may be hsemorrhagic, sero-fibrinous,

purulent, or necrotic, accompany the local proliferation of the germs

(Fig. 104). Anthrax bacilli in large numbers may be present in the local

lesion. From this local source a general infection may ensue. General

infection may occur without evident external lesion.

Infection with anthrax may occur through the lungs, most often

among those who handle infected wool or hides, the dust from which is

inhaled (
u wool -sorter's disease"). Under these conditions there may

be O3dema, lobular pneumonia with involvement of the pleura, media-

stinum, and other adjacent structures. Infection through the gastro-
intestinal canal takes place by the ingestion of food containing anthrax

spores, and is apt to be accompanied with inflammatory and necrotic

changes, which are described in detail among lesions of the intestine.

When general anthrax infection occurs the post-mortem appearances

vary. Decomposition, as in other acute infections, generally sets in early.

The blood is frequently not much coagulated and dark in color. Haem-

orrhages and ecchymoses are frequently found in the serous and mucous
membranes and in various other parts of the body.

1 See Dams, Journal of Medical Research, vol. ix., 1903, p. 401, bibl.
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The lungs may show small haemorrhages aiid cedema, and the bronchi

may be deeply congested. The plenral cavities may contain serum.

The intestines may exhibit the lesions of the so-called intestinal mycosis.

FIG. 105. BACILLUS ANTHRACIS GROWING IN THE BLOOD-VESSELS OF THE LIVER OF A MOUSE INOCU-

LATED WITH A PURE CULTURE OF THE BACILLUS.

The bronchial and other lymph-nodes may be swollen. The spleen may
be swollen, very dark in color, and soft, sometimes almost diffluent.

The bacillus may be found, usually in large numbers, in the spleen
and in the capillary blood-vessels, especially in the liver (see Fig. 105),

lungs, kidneys, and intestine. !

Characters of the Bacillus Anthracis.

The Bacillus authracis is from 5 to 20
fj. long and about 1

fj. broad, capsulated, and

is often uneven along the sides. The ends of the bacilli are square or slightly con-

cave, and the bacilli often hang together end to end, forming thread-like structures

(Fig. 106). While the bacilli in the vegetative condition are easily- killed, they de-

velop spores outside of the body only, and these are very invulnerable to the action of

the ordinary germicidal agents and to heat, resisting often for many days the action of

from two to five-per-cent carbolic acid and defying for

some minutes the action of live steam. Anthrax bacilli

are immobile, sometimes capsulated, and are easily

stained by the auilin dyes. They grow readily on arti-

ficial culture media at ordinary room temperatures, fluid-

ifying gelatin and usually growing out, before they do

so, in a network of delicate filaments into the solid me-

dium.

Subcutaneous inoculation of cultures of the anthrax

bacillus into various species of animals induces charac-

teristic lesions. White mice and guinea-pigs are espe-

cially susceptible, usually succumbing to the anthrax

septicaemia in from two to four days. Serous exuda-

tions, often bloody and with many bacilli, develop at the seat of inoculation, while in the

blood multitudes of the bacilli are found.

1 For bibliography and resume of Anthrax see Sobernheim, Kolle and Wassermann's
"Eandbuch der Mikrborganismen," Bd. ii , p. 1

FIG. 106. BACILLUS ANTHRACIS
CONTAINING SPORKS.

From a culture.
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If cultures of tbe anthrax bacillus be made at a temperature of about 42 C.

growth occurs, but it is meagre. Spores are not formed as they are at body tem-

perature, and the virulence of the germ diminishes day by day, so that at last the

most susceptible animals are not affected by large inoculations of the living organ-
isms. If fresh cultures of these organisms be made in various stages of their

diminishing virulence and maintained at their optimum temperature, spores will

again form, the growth will become vigorous, and in morphology quite character-

istic; but the physiological qualities which determine virulence will remain more
or less in abeyance.

By inoculation of animals with anthrax cultures, beginning with those which had
been maintained at 42 C. for from fifteen to twenty days, and thus possessed but feeble

virulence, and passing to those cultivated at 42 C. for a shorter time and which were
therefore more virulent, Pasteur was able to secure immunity from anthrax in a series

of the lower animals (see page 174). Based upon these experiments a method of pro-
tective inoculation has been practised on a large scale among sheep and other animals
in some parts of Europe which has been of great economic value. According to some
authorities the death rate from anthrax has under these preventive inoculations been
reduced in sheep from ten per cent to about nine-tenths of one per cent, and in cattle

from five per cent to less than four-tenths of one per cent.

ACTINOMYCOSIS.

This disease, which is of occasional occurrence in man, but is more

common in the domestic animals, especially in cattle and in horses, is

most frequently characterized by a slow suppurative and proliferative

process, often leading to the formation of large fungous masses which

may become calcareous.

In cattle the new-formed tissue, which develops with especial fre-

quency in the jaw, is apt to extend beyond the original site and to

slough, so that not only may the tissues of the tongue, pharynx, larynx,

etc., be involved, but secondary nodules of similar character may form

in the lungs, gastro-iutestiual tract, and skin.

In man suppuration with necrosis and the formation of abscesses,

ulcers, and fistulse, are the most marked lesions in parts near the surface

of the body. In the lungs the lesions may be essentially those of an

acute general bronchitis or in the form of broncho-pneumonia (Fig.

107), with the formation of new tissue.
1

Abscesses and cavities may form which extend into adjacent parts.

In intestinal actinomycosis nodular masses of new tissue with ulceratioii

may develop in the mucosa and submucosa. Metastases have been de-

scribed. The excitant of this disease now most commonly called Strep-

tothrix actinomyces or. Actiuoinyces bovis is a micro-organism which

seems to be more closely related to the moulds than to the bacteria. It

is, however, considered here because its botanical position is not yet

clearly established, and it is still commonly regarded as one of the so-

called pleomorphous or "higher bacteria" (see page 145).

The organism often grows in the tissues in the form of little rounded

masses from a size so small as to be invisible to that of a pin's head.

They may be transparent or grayish-white or yellow or dark in color.

1 For a detailed description of the lung lesions in actinomycosis, with general bib-

liography, see Hodenpyl,
"
Actinomyosis of the Lung," New York Medical Record, De-

cember 13th. 1890.
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Under the microscope these masses often appear in the form of a dense

group of radiating filaments with more or less bulbous ends ;
hence the

common name "ray fungus."

FIG. 107. ACTINOMYCF.S G ROWING IN HUMAN BRONCHUS. (The bulbed ends of the fllaments are seen in

the borders of the colony. The bronchus, cut lengthwise, contains purulent exudate and its wall is becoming
involved.)

Characters of Actinomyces.
The organism is readily cultivated at body temperature. It grows in delicate

branching threads which later show segments resembling bacilli and cocci besides bulb-

ous or club-shaped forms, probably resulting from degeneration ("involution forms").
Successful inoculations of cultures have been made in animals.

The organism is usually conveyed from one animal to another by inoculation or by
contact of the growth with a wound or an abrasion of the mucous membrane. 1

In the examination of sputum, faeces, pus, etc.
,
for the presence of actinomyces,

the naked-eye appearances maybe of value, since the yellowish-white granules are often

quite visible, especially on a black background. Suspicious masses may be teased and
studied unstained, or stained by Grain's method. Sections of tissue may be hardened
in alcohol, and sections stained by Grain's method with contrast eosin stain.

Other Organisms Resembling Actinomyces.

Many forms of micro-organisms of similar general characters to the Streptothrix

actinomyces have been described, some occurring in connection with infective processes

in men and the lower animals of which they seem to be the excitants, others living as

saprophytes in various situations. Among the apparently pathogenic forms we may
mention the following:

Streptothrix Madura which is found in connection with a disease commonly called

mycetoma or "Madura foot," frequent in the tropics and characterized by new nodular

growths associated with suppuration and necrosis most often affecting the foot. 2

1 For recent bibliography of actinomycosis see ScJdeyel in Lubarsch and Ostertag's

"Ergebnisse," Jahrg. 5 for 1898, p. 403.
* Consult Wright, Jouru. Exp. Med., vol. iii., p. 421, Bibl.
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Another form has been described in connection with a peculiar form of erysipela-
tous inflammation of the skin; another in the so-called farcin de bceuf, a disease of cat-

tle in Guadeloupe.
Several times organisms of this general character, but differing considerably from

S. actinomyces, have been found in inflammatory and necrotic lesions of the lungs.
Whether these are variants of that species or independent species, and how many such

there are it is impossible at present to say.
*

Pharyngo-Mycosis Leptothrica.

Certain filamentous micro-organisms called Leptothrix, whose botanical affiliations

are not yet clear, are of common occurrence in the mouths of healthy persons. Occa-

sionally, however, a persistently recurrent attack of "sore throat," with local tenderness

and sometimes cough and fever, is associated with the growth of masses of leptothrix
in the crypts of the tonsils, at the base of the tongue, on the walls of the pharynx, or

in the nose or superior portion of the oesophagus. The leptothrix masses or colonies

form thick whitish pellicles or patches which may be superficial, or in the tonsils may
extend deep into the crypts. These masses are usually firmly adherent, often leave

bleeding surfaces when removed, and the growth is apt persistently to recur.

Microscopic examination of removed portions of the growth show tufts and bun-

dles of the thread-like micro-organisms, growing among or directly out from flat epi-

thelial cell masses and mingled with various other forms of micro-organisms, mostly
cocci and short bacilli. There may be overgrowth of epithelium and collections of leu-

cocytes in and about the leptothrix masses. In sections of the tissue or in teased frag-

ments treated with iodin (Lugol's solution) the leptothrix threads are readily differen

tiated from the tissue elements and from other micro-organisms, by their dark color.
1

INFLUENZA. (Epidemic Catarrhal Fever
;
La Grippe.)

This is an infectious disease characterized by fever, physical and

mental prostration, and exudative inflammations in different parts of the

body. Thus there may be exudative inflammation in the respiratory,

digestive, and nervous systems, either singly or together. Sometimes,

however, these local inflammations may be absent when the disease may
be marked by the characteristic prostration and symptoms of toxaemia.

TsTone of the lesions appear to be characteristic. The lesion of the

lungs is usually of the broncho-pneumonic type and is apt to involve the

interstitial tissue. The cut surface is smooth, the exudate soft and

contains relatively little fibrin. The lung resembles that of "
purulent

infiltration."

The numerous bacterial studies which up to 1892 had been made on

epidemic influenza had failed to reveal any micro-organism which could

fairly be regarded as of etiological significance, although some of the

complicating inflammations of the lungs had been shown to be very fre-

quently associated with the pyogenic cocci Staphylococcus pyogenes
and Streptococcus pyogenes and the Diplococcus pneumonise.

1 For a description of two such cases, with a selected bibliography, see Iforris and
Larkin, Journal of Experimental Medicine, vol. v., p. 155, 1900.

For a critical summary of this group of organisms, with a full bibliography, see

monograph by Lachner-Sundoml, "Ueber Strahleiipilze," Strasburg, 1898; see also

Petruzchky, Kolle and Wassermann's "HaudbuchderMikroorganismt-n,"Bd. ii., p. 832.

For full treatment and bibliography consult the monograph on "
Aktinomykose

by JSchlegel in Kolle and Wassermann's " llandbuch der Mikroorganismen," Bd. ii., p. 861 ;

see also Musser, Penrce and Giryn, Trans. Assn. Am. Phys., vol. xvi., p. 208, 1901.
8 For further detai's and bibliography consult Campbell, Medical News, April 4th,

896; also Pearce, Bull Univ. Peiin., vol. xiv., 1902, p. 217.

15
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Early in 1892 Pfeiffer, Kitasato, arid Canon described the occurrence

in the bronchial exudate and in the blood of influenza patients of a very
small bacillus, hitherto unknown or possibly noted earlier by Babes.

This bacillus B. influenzas was sometimes present in the bronchial exu-

date in enormous numbers, and often with little or no contamination

with other germs. It was found at the seat of other local lesions, and the

pus cells often contained many bacilli. In the blood it was occasionally

present. It has been found to persist in the body long after the active

Characters of the Influenza Bacillus.

The influenza bacillus stains with some difficulty with the simple anilin dyes; but

by Ziehl's solution (page 247), or by warmed Loffler's methylene blue (page 154), it is

readily colored. It does not retain the stain well by Gram's method. The bacilli are

slender and short (one to one and a half times as long as broad) with rounded ends,

sometimes lie singly, sometimes in pairs or short chains or heaps, do not fonn spores
and are not motile. The organism apparently dies after a few hours' drying in the air

and soon in water. ,

This bacillus grows best at body temperature, on glycerin-agar whose surface has

been smeared with blood human, rabbit, or pigeon. It forms very small, scarcely vis-

ble dewdrop-like colonies, which, although growing close together, do not tend to coal-

esce, as many micro-organisms do. It does not grow at a temperature at which the

nutrient gelatin remains solid. In beef tea it forms a scanty, cloudy growth. It has

been cultivated through several generations, but usually dies soon. Animal inoculations

have given diverse and not very marked results. The earlier observations have been in

general confirmed by later studies of others, but the frequency of its occurrence in the

blood has been questioned.

The evidence that the organism described above is the excitant of

influenza rests largely upon its apparently constant presence, especially
in the exudates. Its effects in the body are most commonly induced

through its toxins. That the organism should have been occasionally
found under other conditions 11 does not at all militate against its signifi-

cance in inciting the manifestations of influenza, since many parallel in-

stances are known in other infectious diseases. The frequent discrep-

ancy between the clinical and bacterial diagnosis in influenza is largely
due to its varying and often obscure clinical manifestations which render

possible and convenient the use of the name for many phases of catarrhal

and other forms of inflammation.

Other Organisms of the Influenza Bacillus Group.

There are several organisms in the influenza bacillus group which considerably re-

semble it, some of which appear to be pathogenic, others not so. Thus several ob-

servers have found in exudates from various sources, but especially in the respiratory

passages, small immobile asporogenous bacilli growing best under conditions similar

to those favorable to the influenza germ, the colonies being similar. They are some-

1 For a full resume of the characters of the influenza bacillus and its relation to

various forms of the disease, with bibliography, see the articles by Beck in Kolle and
Wassermann's "Handbuch der Mikroorganismen," Bd. ii., p. 359.

* See Park, "Bacteriology in Medicine and Surgery," p. 326.
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what larger than the influenza bacillus, and tend to form threads. This organism has

been called the pseudo-influenza bacillus B. pseudo-influenza. Its pathogenic capaci-

ties are not clear, but it evidently differs in this respect from the genuine influenza ba-

cillus. In stained specimens of exudate the pseudo-bacillus may be mistaken for its

relative.

Another bacillus of this group, B. conjunctivitidis, has been found in conjunctival
catarrh by several observers in various countries.

TYPHOID FEVER.

Typhoid fever is an acute infectious disease incited by the Bacillus

typhosus. The reaction of the body to this bacillus is usually mani-

fested by characteristic lesions, especially by hyperplasia and necrosis

in the lymphatic structures of the intestines and the mesenteric lymph
nodes, and in the spleen, as well as by the more general alterations inci-

dent to toxaemia and septicaemia ;
but the infection is occasionally of the

septieaemic type without characteristic local lesions either in the intes-

tines, or meseuteric nodes, or other viscera.

THE BACILLUS OF TYPHOID FEVEE.

The presence of a bacillus, called Bacillus typhosus, in various parts

of the body in typhoid fever, in a considerable proportion of the cases

examined, has been well established by a large number of observers.

This bacillus does not occur in the body, so far as is known, except in

connection with this disease.

Characters of the Bacillus Typhosus.

The typhoid bacillus is usually about three times as long as broad, being about one-

third as long as the diameter of .a red blood cell. It is rounded at the ends, motile,

aerobic, facultative anaerobic, and asporogenous. It grows readily at room tempera-
ture on the ordinary media. In cultures the bacilli often

cling together end to end, forming threads (Fig. 108).

During artificial culture in nutrient broth a poisonous
albuminoid product or products are formed which have

been named typhotoxin. Injection of this into the rabbit

may in addition to general toxic symptoms induce hyper-

plasia of the intestinal lymph nodes.

Inoculations of the typhoid bacillus into animals,
F,G. i08.-BACiu.rs TYPHOSUS. , wh .

le not ^^fog a ftm&se fa all respects like that in

the human subject, may cause death with symptoms and lesions as closely resembling
those in man as we are often able to produce in animal experimentation. Although
similar effects may be induced in animals by inoculation with other germs, the evi-

dence that typhoid fever in man is produced by the typhoid bacillus, and by this alone,

is altogether so strong as practically to amount to a demonstration.

It is probable that the more characteristic symptoms and lesions of

typhoid fever are largely due to the absorption of toxic substances which

are produced as the result of the life processes of the bacteria at the

point of their greatest accumulation and activity. It should, however,
be borne in mind that the typhoid bacillus, as is the case with many
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other bacteria, may induce local changes by means of its proteid constit-

uents which are set free as the organisms disintegrate after their death

in the body.
'

PRIMARY CHARACTERISTIC LESIONS.

We shall first consider the lesions which are most common and char-

acteristic of typhoid fever.

The
Intestine^.

The lesions of the intestines consjgt of an inflnnjup-
torv enlargement ( hyperplasia) of the solitary lymph-nodules and of the

agminated Jymph-iio(Tulos*(Peyer's_patc]ie>^
>

. ^Necrosis'" of* the nodules

with ulcer^ion frequently I < >1 iows tne
fryperplasia.

The process appeal's to beghi^vith a catarrhal inflammation of the

mucous membrane, accompanied or immediately followed by changes in

the lymph-nodules. The lesions in the lymph-nodules begin early ; they
have been observed in persons who have died forty-seven hours after the

commencement of the disease. The increase in size of the agminated and

solitary nodules may be rapid or gradual. The nodules may be only

slightly enlarged, or may project far into the lumen of the intestine.

The enlargement is usually more marked in the agmiuated than in the

solitary nodules. Usually the whole of a Peyer's patch is enlarged, but

sometimes only a part of it. If the enlargement be gradual the different

nodules wrhich make up a Peyer's patch may enlarge, while the septa
between them remain but little changed, thus giving the patch an uneven

appearance-
The patches which are only moderately enlarged are of reddish or

Fir,. 109.- HYPERPLASIA OK PKYER'S PATCHES ix TYPHOID FEVER.

reddish-gray color, are soft and spongy, and their edges blend gradually
with the adjoining mucous membrane. The patches which are more

markedly affected are of grayish color, of firm consistence, and rise

abruptly from the surrounding mucous membrane (Fig. 109) or even

overhang it like a mushroom. The largest patches are snipfttjjyaiR more
than three-eighths of an inch thick.

1 For a study of the typhoid bacillus with reference to the pathology, diagnosis,
and hygiene of the disease, see llisx, Mcd. News, May llth, 1901.
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The enlargement and infiltration may spread from tlie patches to

the surrounding mucous membrane, so that the patches appear very

large ;
a number of them may become fused together, and there may even

be an annular infiltration entirely around the lower end of the ileuin.

The infiltration, limited at first to Peyer's patches, may extend outward

into the muscular coat, and appear in the peritoneal coat as small, gray,
rounded nodules. This condition is usually found only with a few

patches in the lower end of the ileuin; sometimes in the caecum and

appendix vermiformis.

The solitary nodules are affected in the same way as Peyer's patches.

They may be hardly enlarged at all, or be quite prominent, or may be

affected over a larger portion of the intestine than are the patches.

Very rarely the solitary nodules are enlarged, while the patches are not

at all or but slightly affected.

The inflammation and enlargement of the agminated and solitary

nodules may be followed by a healing process. The character of this

process varies according to the intensity of the previous inflammation.

If the reaction be slight and the enlargement of the nodules moderate,
the enlargement gradually disappears, and they resume their normal

appearance (resolution). In moderate enlargements of Peyer's patches
resolution proceeds first in the nodules, leaving the septa between Them
for a time still swollen and prominent. This gives to the surface of a

patch a reticulated appearance. After a time, however, the entire patch
becomes flattened and uniform. On the other hand, the solitary nodules

or the separate nodules of a patch may soften, break down, and their

contents are discharged with some attendant haemorrhage. This leaves

a bluish-gray pigmentation, due to altered haemoglobin, in the situation

of each nodule, and this may remain for years.

In more severe tvpes^of the disease the enlargement of the nodules and

Peyer's patches ends in ulceration. This takes place in two ways:

(a^" The enlarged nodules or patches become necrotic, soften, break

down, and discharge, into the intestine.
t

In this way are formed small

ulcers (Fig. 110). These ulcers in-

crease in size by the same softening

process, which gradually extends at

their edges, and in this way ulcers of

large size may be formed. 1 The
ulcers may extend outward to the

muscularis or to the peritoneal coat,

or they may involve* the peritoneal

FIG. UO.~HYPERPI.ASIA OF PETER'S PATCH IN coat also aud perforate.
TYPHOID FKVER WITH SMALL ULCERS. (&) In the Severest forms of the

The separate small ulcers are extending and disease Considerable portions'of the
have in part coalesced. 7 ^ ^. -^ ^

enlarged patches may slough and
become detached, leaving large ulcers^

with
thick,^ overhanging edges

1

Owing to the frequent involvement of Peyer's patches, the larger intestinal ulcers
in typhoid fever are apt to have their longest diameter lengthwise of the gut in con-
trast to spreading tuberculous ulcers, which, owing to the extension of the local inflam-
mation along the encircling lymph channels, are apt to have the longest diameter
crossing the gut. But exceptions to this general rule are common.
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(Fig. 111). Tb^ slough may involve oiily the nodules, or it may involve

also the muscular and peritoneal coats and perforation may occur.

These ulcers also may afterward increase in size, and several of them

may be joined together. When the ulceration leads to perforation, peri-

tonitis and death are the usual result. In rare cases, however, the

patient recovers and the perforation is closed by adhesions.

If the patient recover, the ulcers are covered by granulation tissue,

their edges become flattened, the granulation tissue becomes firmer and

FIG. 111. ULCERATIOX OF PEYER'S PATCHES AND SOLITARY LYMPH NODULES ix TYPHOID FEVER.

The swollen patches and nodules are necrotic except at their edges, the central portions forming a

ragged slough.

denser, and this new connective tissue is gradually covered with cylin-
drical epithelium.

The minute changes which take place in the development of the in-

testinal lesion are as follows:

At first the blood-vessels around the yodujes are dila^gd and con-

gestedj
while the

nodu^rs are swollen and the epithelium may fall off,

TJjgn the nodules increase in
size^ largely f^om a growtL) of new

<^ttg.~""

This cell growth is essentially aiihyperplasia of normal elements of

the lymphatic tissue, namely, the lymph cells and the endothelium of the

trabeculse and sinuses. There are thus two main types among the new-

formed cells, first, small cells w^ith relatively large and deeply staining

nuclei; and second, larger polyhedral or rounded cells with more or

less vesicular nuclei. The larger cells may contain foreign substances,

such as red blood cells or leucocytes (Fig. 112). The occurrence of

mitotic figures in the endothelial cells while these are in situ, and the

position and grouping of the large cells appear to prove their endothelial

origin. The production of new cells is not confined to the nodules, but

extends also to the adjacent mucous membrane. In many cases also little

foci of similar new-formed cells are found in the muscular, subserous, and
serous coats.

In this stage resolution may take place ; then the new-formed cells

degenerate and gradually disappear. In severer forms of the disease

uecrotic changes are apt to supervene, leading to the larger and small

ulcers above described. The factors which determine the death of the

hyperplastic tissues are not yet fully understood. It is believed by some
to be directly due to toxic substances formed by the typhoid bacilli which
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kill the tissue cells ;
others are inclined to attribute it to the pressure

which the new-formed cells exert on the nutritive blood-vessels. The

conclusions on this point which Mallory draws from a long and interest-

ing series of studies would indicate that a proliferation of the endothe-

lial cells of the blood-vessels may lead to their occlusion. This observer

describes the formation of occluding thrombi in the lymph vessels and

smaller veins. These are composed of the proliferated endothelial cells

FIG. 112. EXDOTHELIAL CELLS IX HYPERPLASIA OF PETER'S PATCH IX TYPHOID FETER.

These exfoliated and newly formed cells contain various foreign substances leucocytes, red blood cells,

fragments of nuclei, etc. Some of them are necrotic and are degenerating. A mitotic figure is seen in one.

which have degenerated, together with 'fibrin whose formation these

degenerating cells induce. The accumulation of serous and fibriuous

exudate about these thrombi and the necrosis of tissue which may now

ensue, may soon be followed by necrosis of the superficial epithelium
and the development of ulcers. The accumulation of polyniorpho-
nuclear leucocytes may, according to Mallory, now occur, and, in cases

which go on to recovery, healing follows by the formation in the usual

way of granulation tissue with the ultimate restitution of the surface

epithelium. Mallory lays great stress upon the phagocytic nature of

the new-formed cells of the veins and lymph vessels. For the signifi-

cance of this process and other interesting details we refer to the original

paper.
l

The lesions which we have described are found most frequently and
are most pronounced in the lower part of the ileum. .They are not

always, however, confined to this situation. Enlarged and ulcerated

nodules may be found over the entire length of the ileum and even in

the jejunum. They may also extend downward and be found in the

colon, even as far down as the rectum. Similar changes may take place
in the appendix vermiformis.

Mesenteric Lymph-Nodes. The mesenteric nodes undergo changes sinii-

1

Mallory, Journal of Experimental Medicine, vol. iii., p. 611, 1898.
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lfl.r to those
iu^

the nodule^ of the intestines, and are usually affected in

a degree corresponding to the intensity of the intestinal lesion.

The podges are at firjjt congested and succijh^nt ; then there is a pn>
duction of lymphQid c^lls and large

cells as in the intestinal nodules, and

thenojfe becomes enlarged. When the enlargement has reached its full

extent, congestion diminishes, and the cells begin to degenerate. The

degeneration may tak^place slowly, and then the node gradually re-

turns to its normal condition ;
or mojve rapidly, and then little

jx>ci_
of

neerotjc, purulent material are fornied. If the patient recover the snia^l

fo.ci are absorbed, leaving a fibrous cifiafcrix ; the larger foci may become-

dry, necrotic, and enclosed in a fibrous capsule. Intense exudative in-

nimimatiojPmay
occur

in_
the nodes, wliicir~may be^ densely infilt_rated

with serum^, fibrin, and pus.

The
Sple^.

In nearly every c^se of tvpjioyl feyer^ the spleen is en;
This ejilargenient begins, as a rule, sooji after the commence-

of the dj^ase, increases rapidly until the third^ week, remains

stationary for a few da^, and then diminishes. The organ is congested,
of

(iarj^ed^fifllo^,
and of firm consistence whQe it is increasing -in size.

After^has readied its maximum size, its consistence becomes soft^
a~nT

there is a considerable deposit of In-own pjigment. The enlargement ap-

pears to l>e duetto congestion and hyperplasia.

Mallory describes proliferation or endothelial cells, especially in the

blood-vessels and pulp spaces, and the formation of venous thrombi.

In rare cases the softened spleen ruptures, with an extravasation of

blood into the peritoneal cavity. There may be infarctions of the spleen,
which sometimes soften and may apparently lead to peritonitis.

The Liver. The Uver may present jtp apparent lesion. It is, how-

ever, frequently large, j>al^,
and flabby, and in tljis condition the

livery
cells may ^ the seat of simple a^-

imnrinouji degeneration.
"

;\ . ','***,*/

Less frequently there are present /!', .-',

*
/ , '-.

'

, \ ',

in the j^ver \^ery small, soft, gjray- ,, ;* -
'

'i;X*v;-*x '*
* *^'

ishjiodules (Fig. 113). These focal *VV^tf^^i^^i' \f^
lesions are sometimes too small to ^ V ''$'<?> :*'*:.r^^i&fV ',*";lesions are sometimes too small to

be distinguished by the naked eye.

p

n
$

They may be situated about the

branches of the portal vein or within

the lobule. Some of these nodules

consist of masses of small spheroidal
*
-'^-ff.

v

:"/! i'.'.^*.*.* * *>,/. V *:

cells, which may form a diffuse in- FIG. 113.-FOCAL AREA OF EXDOTHELIAL-CELL

filtration along the small veins. ^'R
FERATION IN THE LIVER I!f TPHOID

Mallory distinguishes two distinct

varieties of these focal lesions: one formed in the lymph spaces and

vessels in the capsule of Glisson by a proliferation of the endothelium

(Fig. 114) ;
the other due to obstruction of liver capillaries, in part by

the proliferation of endothelium on the spot, in part by emboli of

eudothelial cell origin, which are derived through the portal circulation
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from the vessels of the spleen and intestine. Necrotic changes may
develop in and about these focal cell accumulations.

Simple focal necroses of the livy and of other viscera, due to the

action of toxic substances in the body fluids, may occur in typhoid fever

as in many other iiifeclius diseases.
^

FIG. 114. HYPEIIPLASIA OK ENDOTHF.LIUM ;N THE LIVER IN TYPHOID FEVER.

This cut shows a more highly magnified portion of the focal lesion in Fig. 108.

While small foci of cell proliferation may be present .in the

as well as other viscera, their occurrence is neither so frequent nor so~

characteristic as in the liver.

In typhoid fever as in other infections diseases toxaemia may be mani^
fested by disturbance

iu^
the

circulatory, respiratory, and heat-retrulatiiig
mechanism, and in general metabolism as well as by manifest lesion_s.

siich as albuminous or other degeneration of parenchyma cells through-
out the body, and alteration leading to leucocytosis.

SECONDARY LESJOJ^.

In addition to the more characteristic lesions of typhoid fever which
we have described, there are several of secondary or complicating nature.

These are of sufficiently frequent occurrence in the disease to require
brief mention. They are in part due to the direct action of the typhoid

hppil1i|f| flr its soluble poisons : in
part^ however, are brought about by*

secondary bacterial infections";* but between these it is often, with our

present knowledge^ impossible to distinguish."
The Digestive Organs. In the intestine there may be gangrene, some-

times involviugthe tissues abpj^t the ulcers^ sometimes apart from

1 For fuller details of studies on these focal lesions in typhoid and other infectious

diseases, consult Mallory, loc. cit. Reed, Johns Hopkins Hospital Reports, vol. v., 1893.

Flexner, ibid., vol. vi., p. 259, 1897.
'
2 For bibliography of the extra-intestinal lesions induced by the typhoid bacillus

see Howard, Philadelphia Monthly Med. Jour., vol. i., IMo. 7, p. 402, 1899.
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these. There
inq-y

be croupous inflammation of the intestinal mucous

membrami of either the larjj^
or small intestine. A

sligjit
peritonitis

sometimes accompanies the intestinal lesion. Severe peritonitis is

usually jiue to perforation, less frequently to ulcers which reach the serous

coal, but do not perforate. When there is infiltration of the serous coat

with the new cell growth, described above, peritonitis may be asso-

ciated with a production of little gray nodules of the same character

throughout the peritoneum. LufarctiojlS of, the spleen^ inflammation^ of

the ovarj^s, and perforation of the gall-bladil^r are sometimes the incit-

ing^ factoj in peritouit^.

Haemorrhage from the intestines, may be slight and due to the inflam-

matory swelling and congest^ of the mucous membrane ; orjt may be^

duetto the ulceration of the follicles and openingof the bipods-vessels,

and is then often profugg.
There may be

hvperplasig,
of the tonsil^ and of the lymphojd tissue at

the base of the tongue. Gangrenous ulcers of the sid^> and floor^of
the

mouth may be present. Catarrha^ and croupous inflammation of the

pharyiixjnay be associated with superficial or deep ulceration. Inflam-

matlo^i
of the pgrofj^leading to suppuration is not infrequent. The ^ub-

maxiHarii al.nnJ1
L may be

similarly affected. Enlargement and induration

of the salivary gjatuh and of the pancreas in typhoid feve^ have been de-

scribed and are believed to be due to hyperplasia of the gland cells with

accumulation of their secret^!. ^This may be followed by degeneration.
The Circulatory Organs. The heart in many cases is the seat of albu^

minous, fat^,
or hyalin degeneration, or of pigmentation. Mvocarditis

:

endocardjjj^.
and pericarditis are of occasTonal occurrence. Thrombi

may form upon the valves or in the heart cavities, and detadied fr_ag-

meuts of these may be lodged as emboli in vaious parts of the body^
The

arterif^jnav
be the seat of acute inflammation.^ Jf this involve the

intima^
an occluding thrombus may be formed which may lead to gan-

^grene^of the part supplied By the
vgSSfiJ- Tnrombosig of the veins

Js,

common, and especially frequent in the femoral vein late in the disease.

The Respiratory Organs. The Larynx is frequently the seat of catarrliaT

inflammation, with or without superficial erosions
:

Less frequently there

is croupou^ inflammation, followed in some cases by destructiv^ ulcer-

atiojj ; fTpdein^.
of the gloTtis occasionaTly occurs.

The Lung&. Catarrhal inflammation of the large bronchi is very com-

n. Bonmon. Bfon^ljo-pneinnoiiia occurs in two fonos. There may be a sever

jnflammation^pf mos^ of the Jhronchi of both lungs, with cellulaj infiltra^

tirn^ of the walls of the bronchi and zones
jof peribronchitic pneumoni^;

or there is an intebsy general bronchitis, with loonies of the lung corre-

spopdi^P- to obstructed
bronchi^

either collapsed or inflamed, or both.

From the long-continued recumbent position of the patients, the pos-

terior portions of the lungs become congested, dense, and Tinaerated.

Sometimes, i^T addition to This, irregular porTions of l^e Jungs become

hepati/ed^
Less frefpuently there is acute lobar pneumonia^ Infarctions

are np^uncommon, and gangrene occasionally occurs, either associated
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with lobjil^r pneumonia or with infarctions, or as an independent condi-

tion. Fibrinous pleurisy and empyema are not infrequent.
The Genito-TJrinary Organs. The kidneys are occasionally the seat ofJ ", *- *7 **

iy
an acute inflammation. ( artarrhaT and croupous and nodular inflam-

mation o^the bladder may occur, "haemorrhage and gangrenous inflam-

matioiTin the ovajies have been recorded; the uteru^may be involved.
'

Orchitis^iiul epididymiiis may develop during convalescence.
2

The Nervous System. In addition to chromatolytic changes in the gan-

glion celjs which are commqn^to many infectious diseases, 'TheTe may~be
thrombosis of the venous sinuses and obliterating endarteritis. Acute

meningitis is rare.
4

Degeneration and inflammation of flie peripheral

nerves^niay occur.

Suppurating Inflammation may occur, in almost^auj part of the b_odv

in typlioid^fever. This may be in the form of boils or of jieep abscesses.

Post -

pharyngea^ suppuration is often^ one^ of the most serious of these

complication^ Post-typhoid bone lesions are often important.'

SEPTICLEMIC FORMS OF TYPHOID FEVER WITHOUT CHARACTERISTIC
LOCAL LESIONS.

Typhoid^fever^ may^ occur jvithout the characteristic intestinal and

associated lesions. In this septicaemictype of the disease there may be

no demonstrable^ lesions otngr than those which are due to the toxae-

mia^ On the other hand, inflammatory processes in the viscera lungs,"

kidney, spleen^etc. may be dependent on the presence of the typhoid

bacilluS|
The lesions in such cases are not, so far as we yet know, char-

acteristic, and the post-mortem diagnosis depends largely upon the iden-

tification of the bacillus.
'

1

Lartiqau, New York Med. Journal, June 16th, 1900, bibliography.
"See Kinnieutt, Trans. Assn. Amer. Phys., vol. xvi., p. 145.
3 For a study of ganglion cells in cases of typhoid fever see KicJioh, Jour, of Exp.

Med., vol. iv., p. 189, 1899, bibliography. See also Ewing, "Studies on Ganglion
Cells," Archives of Neurology and Psychopathology, vol. i., p. 263, 1898.

4 For bibliography of typhoid meningitis see Wenticorth, Trans. Amer. Pediatrio

Soc., vol. xi., p. 145, '899.
8
Parsons, Johns Hopkins Hospital Reports, vol. v., p. 417, 1895.

6 Consult in this connection for cases and bibliography, Chiari, Zeitschrift f. Heil-

kundo, 1897; Lartigaii, New York Med. Journal, vol. Ixx., p. 158, 1899: also Johns

Hopkins Hospital Bulletin, April, 1899; Ophuls, N. Y. Med. Jour., May 12th, 1900.
1 For summary of studies on the typhoid bacillus and typhoid fever, with bibliog

raphy, consult Duitbar, "Ergebnisse der allg. Aetiologie der Menscheu- w. Thierkrank-

heiten," Jahgr. I., Abth. 1, p. 605, 1896.
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DISTRIBUTION OF THE TYPHOID BACILLUS IN THE BODY IN TYPHOID
FEVER.

In the early stages of the disease the bacillus may be found in the

'latic structures of the intestines and in the mesenteric lymph-nodes
and hie spleen. It may be present Jii

lesions involving the bone marrow^ kid-

lungs, pleura, uterus, testicle.

and
skiiij

1 as well as in the blood.
2

Typhoid bacilli have been repeatedly
found in the urine and in the bile, and

-

^^^ ^ ^^~^ -^. -^^^^

may persist here long after the establish
-

menjj^of convalescen
ce^.

a

They may be

found, though not in such abundance as

was formerly assumed, in^the intestinal

contents, aftgrjthe disease has become wq]|

establisjj^d. Their abundance here ap-

pears to depend somewhat upon the de-
no. 115.-Cu:sTicR OF TYPHOID BA- ,. . 7" , T -,

, ,,

CILLI IN THE SPLEEN. gree of intestinal ulceratioir. In the vis^
cera they are apt to occur in larger and

smaller masses or clusters (see Fig. 115). TlTe typhoid bacillus may
be traiismitted~fhrough the placenta to the

foetug.
4

"

Typhoid bacilli mav be present alone, or in association with other*^^ * I ' ^p ^^.^^ ^^^ -^^^
germs iu_the foci of suppuration which so frequently complicate typhoid

fever, also in the exudate in inflammations of the serous membranes and

in the ejjxjocardial vegetations.
5

Some of the infla.Tnmit^prv complications which occur in typhoid fever

are due^ojhe growth of the bacillus in unusual places in the body ;
but

many of them are due to a secono|ar^j^fection with otherjeering, notably
with the pyogenic cocci^

6
also with the colon bacillus and the pueumo-

coccus. 7

MODES OF iNFJ.riTTQN WITH THE TYPHOID BACILLUS.

Infection with the typhoid bacillus seems usually to occur through
the gastro-intestinal

canal.^
In a large proportion of cases tEe bacilir

by rnftans of
food^

and especially of milk and drinking-

See Pratt, Jour. Boston Soc. Med. Sciences, vol. iii., p. 170, 1899.
2 See Auerbach, Deutsche med. Wochenschr. , December 6th, 1900, bibliography;

also Hewlett, N. Y. Med. Rec., vol. lx., 1901, p. 849.
3 Gwyn, Johns Hopkins Hosp. Bull., vol. x., p. 109, 1899; also Curschmann, on

typhoid cystitis, Munchener med. Wochenschr., October 16th, 1900.
4 Kef. Lartigau, New York Med. Jour., June 16th, 1900.
5 See Flexner, Journal of Pathology and Bacteriology, vol. iii., p. 202, 1895, and

Johns Hopkins Hospital Reports, vol. v., p. 343; also Mace, "Traite de Bacte"riologie,"
1901.

6 For full consideration of the pyogenic powers of the typhoid bacillus, consult

Dmochowski and Janowski, Ziegler's Beitr. /. path. Anat., etc., Bd. xvii., p. 221, 1895.
7
Keen,

" The Surgical Complications of Typhoid Fever," 1898. Ha,re,
" The Medi-

cal Complications of Typhoid Fever," 1899.



THE INFECTIOUS DISEASES. 23?

water, which have been polluted with the excretions faeces and
urin<^

of persons suffering from the disease. Many serious epidemics of typhoid
fever have been traced to pollutions^ milk and drinking-water from
such sources.

1

O
ystptrs^

wh ich have been taken from
grossly polluted wntpr^ as near

sewen oppningp. have been the means of conveying the germs.
" There

is abundant evidence that flies convey the infectious material from undis-^

i 1 1 feet ed < lisHmrpvs,;' -^

lu milk the typhoid bacillus not only remains alive for long periods,

but undergoes n^fivAjnultiplication. It may remain long alive hi Avater,

and even for a time multiply. In the soil
^and when dried it may remain

alive for months. Frozen in icejt has been found alive after more than

three^months.
It is readily killed bv exposure-to strong sunlight.

Preventive Inoculations.

Preventive iiioculatiotis have been practised on a large scale in man by the method
of Haffkiue with apparently favorable results. In this method cultures of the bacillus

are killed by heat and the emulsion is injected subcutaueously.

Agglutination.

We have seen in an earlier section of this book (p. 190) that in the adaptation of a

living body to certain alien organic substances, among which are bacteria and their

toxins, the serum of the adapted or in the case of micro-organisms, of the immunized
individual may contain substances which are agglutinative for the particular species

of micro-organism involved. By the use of this phenomenon of agglutination, a method
of clinical diagnosis of considerable value has been devised and much employed espe-

cially in typhoid fever.

The nature of this agglutination, which may occur with dead bacilli also, is cot

yet understood, nor is the reaction altogether limited to the bacterial species which in-

duces the tolerance. Furthermore, it appears that agglutination may be induced by
various organic and inorganic chemical substances.

Agglutination has been used as a means of diagnosis in other infectious diseases.

It has been found useful also in the identification of species in various forms of bacteria. 4

The Typhoid and Colon Bacillus.

Much difficulty has been encountered in distinguishing between the typhoid ba-

cillus ana various lorms of the colon bacillusTwhjen they occur together, as may be the

ease in
(outain7hated__\vater

or
ni_tlHvjleje<-t<ijjf persons suiYering t'rom_tvj)hoid fever..

As a result of this difficulty a very close relationship lias been assumedJbetween tvjhojd

1 Freeman, New York Medical Record, March 28th, 1896, bibliography; also

Vaugkc.n, Jour. Amer. Med. Assn., April 19th, 1902, p. 979.

'Freeman, Albany Med. Annals, vol. xviii., 1897, bibliography; Mostly, Revue
d'Hygi&ne, t. xxii., pp. 12, 102, 193, 1900; Herdman and Boyce, Thompson Yates Labo-

ratory Report, vol. ii. . supplement, 1899.
3 See reference, p. 163; also report on typhoid fever in U. S. Military Camps during

Spanish War of 189S, by Reed, Vaughun, and Shakespeare, 1900; also experimental
study by Ficker, Arch. f. Hygiene, Bd. xlvi., 1903, p. 274.

4 For further details of agglutination we refer to the special bibliography on the

subject, which may be found in Mace's "Bacteriologie." 1901, and to works on clinical

pathology, and for a comprehensive bibliography to Kohler, Klinisches Jahrbuch, Bd.
viii., 1901, p. 35.
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and colon bacilli. This assumption is not wholly justified by the facts, since many of

the biological -as well as some of the morphological characters of the two are quite dis-

similar.

The difficulty in distinction is largely limited to the identification of colonies on the

common media usually employed in the gelatin and agar plates. Hiss has shown how

by a slight modification of the common methods the growth of each form is quite char-

acteristic, so much so that pure cultures may be made from the first mixed plates with-

out difficulty.
1 When once the two forms are separated, distinguishing characters are

readily demonstrable.'2

Methods of Staining the Typhoid Bacillus.

The bacilli from artificial cultures stain readily with the ordinary anilin dyes, such

as fuchsin and methyleue blue. In sections, however, they do not stain so readily.

They are decolorized by Gram. They may be stained by ZiehVn solution (see p. 223).

Stain for half an hour, decolorize in alcohol, clear in oil of cedar, mount in balsam.

The decolorization in alcohol should be carefully done to avoid the removal of too

much color. Flexner recommends the staining in Loffler's methylene blue solution for

two hours; then put in acetic acid solution 1:1, 000 for several minutes; dehydrate in

absolute alcohol ; clear and differentiate in oil of cloves ; mount in balsam. The aim in

both of these methods is to leave the nuclei faintly colored, but not so much so as to

conceal the clusters of more deeply stained bacilli.

Bibliography of Typhoid. For a resume of the studies on the typhoid bacillus

and its relationship to this disease see Xeufeld, Kolle and Wassermann's "Handbuch der

Mikroorganismen," Bd. ii., p. 204. For studies on various phases of typhoid infection

see Johns Hopkins Hospital Reports, vol. viii., 1900.

Paratyphoid.

Recently a group of cases of continued fever has been recognized which give the

general clinical picture of typhoid fever, but in which the serum does not agglutinate
the typhoid bacillus, and cultures reveal a bacillus in some respects resembling but not

identical with the typhoid bacillus, and apparently intermediate between this and the

B. coli communis. This bacillus has been called the paratyphoid bacillus, and it is

agglutinated by the serum of the cases in which it occurs. The intestinal and other

lesions of this disease, which is called paratyphoid, so far as they are known, are not

those characteristic of typhoid fever. 3 The limitations of this book do not permit us to

enter into detail into the subject of paratyphoid and its bacillus, in which considerable

uncertainty still prevails.
4

Regarding the value and significance of the agglutination
test the reader should consult works on clinical diagnosis.

ASIATIC CHOLERA.

Asiatic cholera is a disease incited by the growth and proliferation in

the intestines of a slightly curved or spiral-shaped bacterium, which is

called the cholera spirillum Spirillum cholerce Asiaticce (Vibrio cholerse

Asiatics). This organism in the early and active stages of the disease

may be present in enormous numbers in the contents of the small intes-

tine, often penetrating the mucosa. It is usually confined to this situ-

ation. Its deleterious effects upon the body appear to be largely due to

the production of toxic substances, which in addition to serious intestinal

1

Hiss, Jour. Exp. Med., vol. ii., p. 677. 1897; Jour. Med. Research., vol. viii., 1902,

p. 148 ; also Hiss and Russell, Med. News, February 14th, 1903.
3 For a study of agglutinativ-e reactions of the colon-typhoid group, see Bruns

andKayser, Zeitsch. f. Hyg. u. Infkr., vol. xliii., 1903, p. 401, bibl.
s See Wells and Scott, Jour, of Infec. Dis., vol. i., 1903, p. 72.
4 For a resume of this subject, with bibliography, see Libman, Journal of Medical

Research, vol. viii., 1902, p. 168.
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irritation or lesioii may on absorption incite those systemic disturbances

which characterize profound toxaemia.

LESIONS OF ASIATIC CHOLERA.

In some cases of cholera there are no marked changes to be found
after death, and in no case are the lesions distinctive of this disease.

If death occur during the invasion of the disease or in the stage of

collapse, the appearances in the more marked cases may be summarized
as follows:

The bodies may remain warm for some time, and the temperature

may rise for a short time after death. The rigor mortis usually begins

early and lasts for an exceptionally long time. The muscles sometimes

exhibit a peculiar spasmodic twitching before the rigor mortis sets in,

especially the muscles of the hand and arm.

The Skin is of a dusky gray color ; the lips, eyelids, fingers, and toes

are of a livid purple. The ends of the fingers are shrivelled, and the

cheeks and eyes sunken.

The Brain. The sinuses of the dura mater are filled with dark, thick

blood. The pia mater may be normal, or oedematous, or ecchymotic,
or infiltrated with fibrin. The brain is usually normal, but may be dry
and firmer than usual.

The Lungs are retracted and anaemic, the pleura may be dry or coated

with fibrin. The Heart is normal. The Peritoneum may be dry or coated

with a layer of fibrin. -

The Stomach is usually unchanged, but may be the seat of catarrhal

inflammation. The Small Intestine. There may be ecchymoses in the

mucous membrane ; the mucous membrane may be soft and oedematous ;

there may be general congestion, or the congestion may be confined to

the peripheries of the solitary and agmiuated nodules, and these nodules

may be swollen ;
or there may be croupous inflammation and superficial

necrosis. All these changes are usually most marked at the lower end

of the small intestine. There is apt to be post-mortem desquamation of

the epithelium. The characteristic rice-water fluid may be found in the

intestines after death, or instead of this dark-colored, bloody fluid. The

Large Intestine is usually normal, but in some epidemics croupous inflam-

mation occurs in a considerable number of cases.

The Spleen may be soft. The Liver may show small areas of granular
or fatty or hyalin degeneration.

The Kidneys are often increased in size, with white and thickened cor-

tex and congested pyramids. The epithelium of the cortical tubes may
contain coarse granules and fat globules, or be necrotic. The tubes

may contain casts and disintegrated epithelium. The Uterus and Ovaries

may be congested and contain extravasated blood.

If the patient do not die until the stage of reaction, the body does not

present the same collapsed appearance, and there are often inflammatory

changes in different parts of the body, especially in the larynx, the lungs,

the stomach, and the intestines.
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Characters of the Cholera Spirillum.

The cholera spirillum, which was discovered by Koch in 1883, is a curved rod with

rounded ends from, 0.8 to 2.0 // long, asporogenous, aerobic, and motile. When growing
under suitable conditions these rods are apt to cling together by their ends, forming S-

shaped structures or spirils, often of considerable length (Fig. 116.) The organism stains

readily and grows abundantly on the ordinary culture media. The life period is short

and various degenerative
" involution " forms are apt to be present in old cultures. It

grows best at about blood heat; growth ceases at about 16 C., but may survive a re-

duction of the temperature to 10 C. It is quickly killed

by drying or by the temperature of boiling water. Acids

are inimical to its growth. It may retain its vitality for

a considerable time in water. On moist surfaces, such as

damp linen, earth, vegetables, or in milk, it may rapidly

proliferate.

The results of animal experiments with the cholera

germ are not in themselves decisive in determining its
FIG. 116.~SiMRii.LUM CHOLERA

reiat ionshjp to this disease, since animals do not react in

its presence as man does. However, the constant occur-

rence of this organism in Asiatic cholera, its absence from
the body under other conditions, and the accidental labo-

ratory infections which have several times occurred in men handling pure cultures of

the germ, leave no doubt as to its significance as the excitant of this disease.

The infectious organism is usually conveyed from one person to another by the

pollution of food or drink with the discharges which contain the virulent germs.
It is often of the highest importance to determine, at the earliest possible moment,

whether or not a suspected case be one of Asiatic cholera or some other form of acute

intestinal disorder, so that in the former case the proper measures may be instituted to

prevent the spread of the disease. The characters which are developed in cultures of

the cholera bacillus enable an expert bacteriologist to distinguish this organism from

all other known forms. But the scope of this work does not permit a detailed descrip-
tion of the cultural peculiarities of the germ. Nor should the responsibility of such de-

terminations be assumed without adequate preliminary laboratory experience. By
taking together the morphological and biological characters, it is possible, usually on the

second or third day, to determine whether the intestinal contents of a suspected case do

or do not contain the bacillus of Asiatic cholera. 1

Preventive Inoculation, Antitoxic Cholera Serum and its Lysogenic Action.

A large amount of work has been done, looking toward artificial immunization of

man against Asiatic cholera in the East and preventive inoculation practised by the

method of Haffkine appears to have given encouraging results. This method consists

in the subcutaneous injection of cultures of the cholera bacillus; first, those whose viru-

lence has been diminished, and then, those in which the virulence lias been exalted by
artificial means.

Pfeiffer has shown that the spirillum of Asiatic cholera, put into the peritoneal

cavity of an artificially immunized guinea-pig, is quickly immobilized, swells, and be-

comes granular and soon disappears. A similar effect can be secured in tubes by a

mixture of the antitoxic serum and fresh serum to which the spirilla are added. This

lytic effect of the antitoxic serum upon the bacteria has been proposed as a test, on the

one hand, of the specific character of a suspected spirillum; and, on the other, with a

definitely known spirillum to employ the lytic action of the serum in a suspected case

of disease as a diagnostic test.

1 For summary of characters of the cholera organism, methods of diagnosis, etc.. see

Kolle, in Kolleand WassermannVIIandbuch der Mikroorganismen," Bd. iii., S. i., 1903.
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This bacteriolytic action of specific sera is not peculiar to the so-called anti-cholera

serum, but has been observed in other cases for example, in typhoid serum with the

typhoid bacillus. Its nature and its bearing on immunity have been considered in an

earlier section of this book (see p. 181).

Other Spirilla Resembling the Cholera Spirillum.

There are several fairly distinct forms of spirilla, some of which appear to be re-

lated to the cholera organism, which have been occasionally found in various situations.

One of these is the so-called Vibrio proteus or spirillum of Finkler and Prior. This

organism was found by these observers in the dejecta of persons suffering from cholera

nostras, shortly after the discovery by Koch of the cholera spirillum, which at first it

was thought closely to resemble. The cultural characters, however, abundantly suffice

to differentiate the organisms. The Vibrio proteus is slightly pathogenic for certain

lower animals, but not for man.
Several forms of spirilla of somewhat similar general characters have been found in

various situations; thus in cheese, by Denecke, 8. tyrogenum ; in a chicken epidemic
and in sewage, by Gamaleia and by Pfuhl, Vibrio Metschnikoti ; in the dejecta during
a cholera epidemic at Massawah, Vibrio Massawah, etc. Spirillum sputigenum, of fre-

quent occurrence about the teeth and in the saliva of healthy persons, is not pathogenic.

TUBERCULOSIS.

Tuberculosis is an infectious disease characterized by inflammatory
and necrotic processes in the body and incited by the presence and

growth of the Bacillus tuberculosis (tubercle bacillus). The most dis-

tinctive morphological feature of tuberculosis is the development under

the influence of the tubercle bacillus of larger and smaller gray or white

or yellow, firm or friable masses of tissue called tubercles.

The effect on the body cells of the presence and growth of the tubercle

bacillus varies considerably, depending upon -the number and virulence

of the germs present, the character of the tissue in which they lodge, and
the vulnerability of the individual. In general, it may be said that

tubercle bacilli may stimulate the connective-tissue cells in their vicinity
to proliferation ;

or they may excite emigration of leucocytes from blood-

vessels and lead to the production of other exudates ; or they may cause

death of tissue. Thus the phases of inflammation which are excited by
the tubercle bacillus are productive, exudative, and necrotic. The tuber-

cle bacillus may incite these changes separately or simultaneously, in

the sequence just indicated or in some other; and now one, now another

of them may preponderate.

MORPHOLOGY OF THE LESIONS OF TUBERCULOSIS.

Tuberculosis manifests itself most often in the form of afu inflamma-

tion affecting some one part of the body, as the lungs and bronchial

lymph-nodes (the parts most frequently involved in adults), the gastro-

intestinal tract or the skin "localized tuberculosis." In a considerable

proportion of cases the local lesions induced by the tubercle bacillus

are in the form of circumscribed nodules or masses of new-formed cells

or tissue which are called tubercles, or if small miliary tubercles.
l

1 The term miliary tubercle, which arose from the coincidence in size between small
foci of tuberculous inflammation and some forms of millet seed, is now very liberally

16
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Such a localized tuberculosis may retain throughout the characters

of a local inflammation, or it may be accompanied by the clinical

evidences of systemic infection. It may give rise through metastasis

to the successive development of tuberculous inflammations in other

parts of the body, or to a sudden development of small foci of tubercu-

lous inflammation in many parts of the body at the same time general

miliary tuberculosis.

A general infection may occur by the diffusion through the body of

bacilli derived from a local tuberculosis, such as tuberculous phlebitis or

arteritis, tuberculous inflammation of the thoracic duct, or from the

breaking into a vessel of a tuberculous lymph node. It is probably
seldom that a sufficient number of tubercle bacilli enter the blood chan-

nels at once to account for the enormous number of tubercles which are

sometimes found in acute general miliary tuberculosis
;
but it is not un-

likely that from the earliest formed tubercles which develop in the walls

of the smaller blood-vessels new distributions of bacilli may speedily
take place.'

In many cases, however, the lesion is not focal or circumscribed but

diffuse, and more or less widely infiltrates or replaces the tissues in-

volved. This is called diffuse tuberculous inflammation.

Miliary Tubercles, Miliary tubercles are small nodules of irregular

shapes (Plates IV., VI.
,
and VII.), the smallest hardly visible to the

naked eye. The smaller tubercles are gray and translucent
;
the larger

are usually, especially in the central parts, opaque and white or yellow
on account of the necrosis which is apt to commence here.

In studying the reaction of the living tissues to the tubercle bacillus

it should be always borne in mind that while, as a whole, the lesions

produced are quite characteristic, there is still no one structural feature

or combination of features of tubercles or tuberculous inflammation which

is absolutely distinctive of the action of this bacillus. In doubtful cases

the demonstration of the presence of the germ itself may be necessary for

the establishment of the character of the lesion.
2

The experimental studies in animals, as well as the morphological
data gathered from the examination of tuberculosis in man, show that

applied to tubercles which are very much larger as well as to those which are very
much smaller than millet seeds. It is convenient, to designate a small mass of new
tissue formed under the influence of the tubercle bacillus, whatever its minute struc-

ture, as a tubercle granulum (see Fig. 112). Very frequently two or more tubercle

granula are joined together by a more diffuse formation of tubercle tissue to form larger
or smaller miliary tubercles conglomerate tubercles (see Fig. 113).

1 It is well in the endeavor to understand the occurrence of general miliary tuber-
culosis or of the less striking instances of distribution of the bacilli that two varying
factors are constantly active and significant ; first, the virulence of the bacilli, which may
be slight or extreme; and, second, the vulnerability of the infected individual i.e., his
"
predisposition

" which also may be slight or extreme. Thus the distribution of

bacilli, be these few or many, from an infective focus, may be in different individuals
or at different times in the same individual of quite different significance.

For a critical resume of the etiology and mode of origin of miliary tubercles, with

bibliography, see Senda, in Lubarsch and Ostertag's "Ergebnisse," Jahrgang v., p. 447.
2 The term tubercle tissue, which is in common use, indicates a tissue formed under

the influence of the tubercle bacillus rather than a tissue which is morphologically chra-

acteristic of tuberculosis in distinction from other forms of new tissue.
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when tubercle bacilli in moderate numbers lodge and develop in the liv-

ing body one of the early local effects is a proliferation of the connective-

tissue and endothelial cells.
1 These

. become larger and polyhedral, with

,

'"

s
'V * ". *\. conspicuous nuclei (Fig. 117).

( \'\
A new reticulum or stroma may

form hand-in-hand with the growth of

these new cells, or the old stroma may
persist, adapting itself in form and

arrangement to the new conditions.

Either after the connective-tissue

cell proliferation or hand-in-haud with

it," or preceding it, or altogether inde-

pendently of it, emigration of leuco-

cytes and extravasation of serum may
take place from blood-vessels in the

vicinity of the germs. During the

more or less active cell proliferation

which occurs under the influence of

the tubercle bacillus multinuclear cells

giant cells may be formed (Fig. 118), either by persistent nuclear

division in growing protoplasmic masses which do not divide into sepa-

rate cells, or by the coalescence of the bodies of cells already formed.

FIG. 117. A SMALL MILIARY TUBERCLE.

This is growing in the liver ; is composed

mostly of new-formed polyhedral cells closely

packed with little intercellular stroma. At

the centre coagulation necrosis is commenc-

ing.

FIG. 118. A MILIARY TUBERCLE WITH GIANT CELLS.

Tnis tubercle is of the conglomerate type, made up of four granula, the larger one showing coagulation
necrosis in the central portion. From the peritoneum.

More or less new tissue with numerous small spheroidal monouuclear

cells and little stroma may form in and about the tuberculous foci.

1 The studies of Wechsberg indicate that in some cases at least the first effect of the
tubercle bacillus upon the living tissue is destructive, so that the characteristic cell pro-
liferation which follows may not be altogether due to a direct formative stimulus to cell

proliferation furnished by the bacillus. See Wechsberg,
"
BeitrRge zur Lehr. v. d. primaren

Einwirkung des Tuberkelbacillus," Ziegler's Beitrage zur path. Anat., Bd. xxix., 1901.

See further Herxheimer, Ziegler's Beitr., Bd. xxxiii., p. 363, Bibl.
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Blood-vessels are not apt to develop under the influence of the tubercle

bacillus. Old blood-vessels are, ou the other hand, usually obliterated

as the new tissue forms.

Sooner or later, under the influence of the tubercle bacillus, there is

usually a damage of cell and tissue, which may lead to coagulation necro-

sis in the new-formed as well as in the old tissue of the infected region.

This necrosis is more apt at first to manifest itself in the central portions
of the tuberculous foci (Fig. 119) and may progress outward; the nuclei

become fragmented or disappear, or fail to stain in the usual way, the

Fro. 119. A MILIARY TUBERCLE IN THE LUNG.

Showing polyhedral cells, small spheroidal cells, and giant cells, with coagulation necrosis at the centre.

protoplasm becomes more homogeneous, and cells and stroma form at

last an irregularly granular mass of tissue detritus which tends to disin-

tegrate (coagulation necrosis, cheesy degeneration, caseation), forming
cavities or, if on free surfaces, ulcers.

As coagulation necrosis progresses, the tubercle masses lose the gray
translucent appearance which in their early stages they are apt to pre-
sent to the naked eye and become more opaque and of yellowish-white

appearance at the centres.

Finally dense fibrous tissue may form in and about foci of tuberculous

inflammation, encapsulating or sometimes entirely replacing the more
characteristic new-formed structures. It is in this way by the forma-

tion of connective tissue that such repair as is possible after local tuber-

culous inflammation, is brought about (Fig. 289, p. 508).
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Before the discovery of the tubercle bacillus and while knowledge of

the lesions of tuberculosis was largely limited to their morphology, it

was natural that much stress should be laid upon the variety in structure

which the nodular growths called tubercles present, and that elaborate

classifications and groupings of tubercles were often deemed important.
With an exact knowledge of the excitant of the,new growths and of

the varying phases of their development in the body, the morphological

peculiarities of tubercles are not now to be regarded as of such extreme

significance, since they for the most part indicate simply variations in the

local effect of a definite poison. These variations are due as we have

seen to differences in the amount and intensity of the poison, to the degree
of susceptibility of the individual, to the structure of the particular tissue

or organ involved, and to the extent and variety of local complications
caused by other agencies.

It is, however, usually convenient and sometimes important to recog-
nize structural types in miliary tubercles. Thus they may be composed
wholly of small spheroidal cells "tymphoid tubercles," or of larger poly-
hedral cells

1 "
polyhedral-celled tubercles," or of both forms of cells together

and with or without a new-formed stroma; or of any of these combina-

tions with giant cells. Then coagulation necrosis, which may occur in

tubercles of any type ; development of new dense connective tissue ; as-

sociation with various phases of simple exudative inflammation all of

these contribute to the variety in the structural types of miliary tuber-

cles.

Diffuse Tuberculous Inflammation (Diffuse Tubercle). 1. If the infec-

tion with tubercle bacilli be extensive, or if step by step the bacilli are

distributed in the tissues about the primary seat of infection, consider-

able amounts of tubercle tissue of one or other form may develop and

pass into the condition of coagulation necrosis, so that at length large

necrotic masses, with a comparatively small amount of well-defined

tubercle tissue, either diffuse or in the form of grauula, may alone re-

main to indicate the character of old and slowly progressive local infec-

tion. This form of lesion is found in the large tuberculous masses in the

brain, in the mucous membrane of the bronchi, in large flat masses on the

serous membranes, and in the diffuse, cheesy infiltration of the lymph
nodes, kidneys, ureters, bladder, prostate, testicle, and uterus.

These large areas of tuberculous inflammation are apt to be white or

yellow in the central and necrotic portions, which are sometimes dense,

compact, and hard, sometimes soft and friable. These areas are not in-

frequently surrounded by an irregular gray zone of tubercle tissue or by
a dense fibrous-tissue capsule.

2. In marked contrast with the phase of diffuse tuberculous inflam-

mation just described, though often associated with it, is that in which

the formation of inflammatory exudates is a prominent feature. This

exudative form of tuberculous inflammation is best exemplified in the

1 Some of these larger cells are regarded by many as so-called
"
plasma cells

"
(see

p. 103).
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lungs by some of the forms of acute phthisis (see page 513). The tuber-

cle bacillus is under certain conditions markedly pyogenic, and when it

rapidly develops in the air spaces of the lungs or suddenly gains access

to them in large quantities pus, serum, fibrin, and exfoliated or prolifer-

ated epithelial cells may collect in and largely fill the air spaces, and then

the whole new exudate and the old lung tissue may, over larger or smaller

areas, rapidly undergo coagulation necrosis. (Plates VIII. and X.)
Thus in one phase of tuberculous inflammation the intensity and

rapidity of the local poisoning by the bacillus do not permit of the

formation of organized new tissue at all, but only of exudative products

FIG. 120. EXUDATIVE FORM OF TUBERCULOUS INFLAMMATION SHOWING TUBERCLE BACILLI.

From the lung of a child. The size of the bacilli has been slightly exaggerated in the cut.

which are apt soon to become necrotic (Fig. 120). Less intense degrees
of exudative inflammation are liable to develop in the vicinity of niiliary

tubercles anywhere in the body.

Characters of the Tubercle Bacillus.

The bacillus tuberculosis is a long, slender bacterium varying in length from 3 to

4
fj. (from one-quarter to one-half the diameter of a red blood cell) and in breadth from

0.2 to 0.5 p. It is frequently more or less curved, and the individual bacilli may cling

together end to end, forming threads or chains. It may occur in branching forms. '

The bacillus (Fig. 121) is stained with difficulty by the anilin dyes (see below), and

1

Branching forms of the tubercle bacillus have been frequently seen, and while
their significance is not yet altogether clear, the tendency at this time is to separate this

organism with the diphtheria bacillus and the so-called streptothrix or actinomyces
forms into a group apart from the bacilli. Whether, as many think, they are more
closely allied to the moulds than to the bacteria, or whether they should be considered
in a class by themselves are problems still unsolved. For the present, we may wisely
consider the tubercle bacillus as one of the bacteria.

For studies and bibliography on this subject, consult Schulze, Zeitschrift f. Infec-

tions-Krankheiten, Bd. xxxi., p. 153, 1899; and Lubarsch, ibid., p. 187.
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FIG. 121. TUBERCLE BACILLI IN SPUTUM FROM A
CASK OF PULMONARY TUBERCULOSIS.

Showing the bacilli stained with fuchsin and pus cells

stained for contrast with methylene blue.

when stained often presents an irregular beaded or knobbed appearance, due to an un-
evenness in the coloring of the protoplasm, or to involution changes. It is immobile
and spores have not been demonstrated
in it,

At the temperature of the body it

can be grown on many of the artificial

culture media.

The growth of the tubercle bacillus

in cultures is very slow in comparison
with that of most of the pathogenic
micro-organisms. After several weeks'

growth it forms dry, scaly masses or

thin, wrinkled pellicles on the surface

of the media (Figs. 122 and 123). It

requires a certain amount of oxygen for

its growth, and thrives best in the dark.

It is killed by an exposure of a few
hours to direct sunlight, or if moist is

killed by an exposure of from ten to

fifteen minutes to 70 C. On the other

hand, it may long retain its vitality in

the dried condition.

Cultures can be continued indefi-

nitely from generation to generation with

a slowly diminishing virulence which

finally is largely lost. Under certain conditions the virulence may be restored or en-

hanced by successive inoculations into susceptible animals.

The tubercle bacillus does not, so far as we know, grow in nature outside of the

bodies of men and certain warm-blooded animals. It is thus apparently strictly parasitic.

Methods of Staining the Tubercle Bacillus.

IN FLUIDS. For the examination of fluids, such as sputum,
1

etc., the material

should be spread in a thin layer on a cover glass, dried in the air, and then passed thrice

through the flame (see page 153).

While, as has been said above, the tubercle bacillus is stained much less easily with

the anilin dyes than are most bacteria, it can be deeply colored by the use of accessory

agents which intensify the stains or render the protoplasm of the bacilli more accessible

to them. But when once stained the tubercle bacillus clings with great tenacity to its

color in the presence of the usual decolorizing agents.
A variety of methods are in vogue for staining the tubercle bacillus, most of them

being more or less unessential modifications of the original process formulated by Koch
and Ehrlich. Ziehl's solution is among the most useful. This is made by adding to a

five-per-cent aqueous solution of carbolic acid about one-tenth its volume of saturated

alcoholic solution of fuchsin. This carbolic fuchsin will keep unchanged for a long time.

The prepared cover glass is floated in a watch glass or porcelain capsule specimen
side down on this coloring fluid, and gently heated almost to boiling for from three to

five minutes.

The entire specimen is thus completely stained, tubercle bacilli, tissue elements, and

other bacteria which may be present, all in the same way. The next step is to remove
the color with acid from all the structures which may be intermingled with the tubercle

bacilli ; the latter, owing to the tenacity with which they retain the color, being but

slightly affected. This is done by dipping the cover glass into an aqueous or alcoholic

solution of five-per-cent sulphuric acid, and shaking it about -for a few seconds. Under

1 It is well in obtaining sputum for examination in cases of suspected pulmonary
tuberculosis to secure that which has been raised during several hours, including the

early morning discharge.
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the influence of the acid the specimen on the cover glass loses its red color and becomes

gray or colorless. It is then thoroughly rinsed in three or four successive portions of

alcohol, and finally in water. By this manipulation the red color may be to a slight

extent restored.

Care should be taken not to expose the specimen too long to the action of the acid,

because then the bacilli may be also partially or completely decolorized. A little ex-

perience will enable the experimenter to judge of the proper time for the action of the

FIG. 122.

FIG. 122. CULTURE OF TUBERCLE BACILLUS ON GLYCERIN AGAR. From tuberculosis in man.
FIG. 123. CULTURE OF TUBERCLE BACILLUS ON GLYCERIN AGAK. From tuberculosis in the bird.

acid. The specimens may be studied in -water with the use of an oil immersion lens

and the Abbe condenser, or thty may be dried in the air and mounted in balsam before

examination.

Inasmuch as not infrequently some other bacteria besides the tubercle bacilli retain

a slight red color, it is well, after the specimen is rinsed in water, to float the cover

glass for a few minutes in a dilute aqueous solution of methylene blue, which will re-

place the red color in all of the bacteria except the tubercle bacilli and which might be

mistaken for it, forming a marked color contrast between them. The contrast stain

should not be intense.

IN SECTIONS. Thin sections of tuberculous tissue which has been hardened in alco-

hol are stained in the same way, except that instead of drying and fixation by heat the

sections should be fixed to the cover glass by means of the albumin fixative (see page
ol), and then cover glass and section are manipulated together.

When differentiation is complete the section is cleared in oil of origanum and
mounted in balsam.



THE INFECTIOUS DISEASES. 249

For purposes of simple recognition of the bacilli in sections it seems to the writer

usually better to have no color in the preparation other than that which the tubercle

bacilli possess. But it is often convenient to demonstrate the nuclei of the cells at the

same time, and this may be accomplished by staining lightly afterward with a dilute

solution of some color which will contrast with that of the bacilli, such as methylene
blue.

In the examination of urine for the presence of the tubercle bacillus it is well to

collect the sediment by means of a centrifugal machine. In the examination of milk,
or other fat-containing fluids for tubercle bacilli, it is well, after the film has been

formed upon the cover glass and before staining, to rinse with chloroform followed by
alcohol, and this by water.

Occasionally one finds in urine acicular crystalline bodies considerably resembling
the tubercle bacillus in size and shape, and retaining a red color after the decolorization

of the specimen. A careful study of the form, however, will suffice to prevent mistakes.

The only other bacilli which are liable to be mistaken for the tubercle bacilli are

the bacillus of leprosy and the so-called smegma bacillus which sometimes occurs be-

neath the prepuce. The lepra bacillus may be distinguished from the tubercle bacillus

by the following differential staining process: If the lepra bacillus be stained for ten

minutes in a dilute alcoholic solution of fuchsin (five drops of saturated alcoholic solu-

tion of fuchsin to 3 c.c. of water), and then rinsed fora few seconds in a solution of

nitric acid (one part) in alcohol (ten parts), it will retain a red color, while under the

same treatment the tubercle bacillus remains uncolored. For differential stains for the

smegma bacillus see page 253.

Varieties of Tubercle Bacilli.

While many of the lower mammalia are susceptible to inoculations with tubercle

bacilli derived from man, the bacilli obtained from spontaneous tuberculous lesions in

the lower animals may present noteworthy variations in form and growth from the

human type. Thus Theobald Smith and others ' have pointed out marked peculiarities

of the bovine bacillus which would lead to the conjecture that though not a separate

species it is probably a distinct variety of the organism.
Still more marked are the differences between mammalian and avian or bird tuber-

cle bacilli. Whether in this case also the differences are to be regarded as specific or

within the limits of variational sway is not yet clear. Although the subject is impor-
tant from the standpoint'of prophylaxis and interesting from the point of view of the

variations of bacteria under changes of environment, the attempts by experimental
means to convert one form into the other have thus far been too few to lead to definite

conclusions.
Tuberculin.

When the tubercle bacillus is grown on glycerinated nutrient broth certain meta-

bolic products are formed and pass into solution in the fluids. If after some weeks of

vigorous growth the germs are separated by filtration and the broth is concentrated by
evaporation, a dark-brown fluid results which is called tuberculin. This substance at

one time believed by many, and still by a few observers, to possess distinct curative

properties in certain forms of tuberculosis has assumed great economic importance on

account of its value as a diagnostic agent in bovine tuberculosis. For if administered

subcutaneously in small quantity to cattle , a marked temperature reaction follows in

tuberculous animals, while those which are sound are unaffected. The existence of

even very slight lesions may be detected in this way. In man also tuberculin has proved
of value in cases in which the efforts to establish a diagnosis by the usual method have

failed.

ACTION OF DEAD TUBERCLE BACILLI.

It has been found that tubercle bacilli which have been killed by

boiling or otherwise, when introduced into the body of the rabbit either

beneath the skin, or into the serous cavities, or into the blood-vessels and

'See Walbach and Ernst, Jour, of Med. Research, vol. x., 1903, p. 313, bibl. ; also

Ravenel, Medicine, July and August, 1902; see also reference to Raveuel, p. 252.
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the air spaces of the lungs, are capable, as they slowly disintegrate, of

stimulating the cells of the tissues where they lodge to proliferation,

and to the production of new tissue morphologically similar to tubercle

tissue in its various phases
'

(Fig. 124). Necrosis of the new-formed

FIG. 124. INFLAMMATORY NODULE (PSEUDO-TUBERCLE) IN THE LIVER OF THE RABBIT INDUCED BY
THE INTRAVENOUS INJECTION OF DEAD TUBERCLE BACILLI.

Most of the dead bacilli have disintegrated, setting free the bacterial proteid which has stimulated the new
cell growth. A few fragments of the bacilli, however, still remain.

cells may occur, but this differs in some respects from the coagulation
necrosis induced under the usual conditions. Dead tubercle bacilli are

also markedly chemotactic and capable of causing local suppuration and

It would seem probable then that while the power of the tubercle

bacillus to induce necrosis and the fever which in many cases indicates a

systemic intoxication may be due to metabolic products of the living

germ, the local lesions characteristic of exudative and productive inflam-

mation may be due to a peculiar bacterial proteid which is set free by the

disintegration of the bacilli in the tissues.

Complex Factors in the Tuberculous Process.

It is well in studying the characters of tuberculous inflammation to remember that

in its progressive phases there are two factors at work : first, those which lead to cell

proliferation and new tissue formation, which is apparently a reparative and conserva-

tive process ; second, those which are inhibitory or damaging or destructive ; and, finally,

that both sets of factors are commonly active together. It may still be considered doubt-

Ziegler's Beitr., Bd. xxxiii., p
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ful whether the tubercle bacillus furnishes a direct formative stimulus, or whether such

is furnished by damaged cells, or whether the cell proliferation may not be an expression
of reparative activity in the presence of damaged tissue made possible by disturbed

organic control, see page 302. In any event the new tissue which forms under the in-

fluence of the tubercle bacillus apparently owes its morphological as well as biological
characteristics to impulses toward tissue formation which are exerted in the presence of

agencies doubtless poisons restraining within narrow bounds the new connective-

tissue growth, no matter how extensive or persistent this may be, and tending con-

stantly to its destruction.

It is interesting in this connection to note that when lesions in many respects simi-

lar to those of the ordinary tuberculosis are induced experimentally in animals with

dead tubercle bacilli (see above), the poisonous substances leading to necrosis are not

produced continually and for indefinite periods, as is the case in infection with living

bacilli, but are soon exhausted, so that after a certain amount of initial necrosis the new
tissues go on to develop in the usual reparative way, blood-vessels are formed, and heal-

ing by a cicatrix under favorable conditions regularly takes place. It is probable that

effective healing in tuberculosis in man takes place only after the local production of

destructive poison ceases through the death or diminished virulence of the tubercle

bacilli present.

THE NUMBER OF TUBERCLE BACILLI IN LESIONS.

The number of bacilli which are present in the lesions of tuberculosis

is subject to great variation. They are usually abundant in the walls

and contents of phthisical cavities, and in tubercle tissue which is under-

going cheesy degeneration and disintegration. In these situations they

may be found in myriads, forming sometimes a large part of the disin-

tegrated mass. They are found in cells and scattered among them.

Sometimes they are present in considerable numbers in the giant cells of

miliary tubercles. In the acute general tuberculosis of children they
are often present in large numbers, particularly in the lungs (Fig. 120).

They may be found in tuberculous inflammation in any part of the body,
and have been seen in the blood. The bacilli are almost constantly dis-

charged in the sputa of patients suffering from pulmonary tuberculosis,

often in enormous numbers from one to four billion in twenty-four hours,

according to Nuttall's estimate and their presence sometimes affords

valuable diagnostic aid in early stages of obscure forms of the disease.

Under a variety of conditions, especially in the older tuberculous

lesions, the bacilli may not be demonstrable. This apparent occasional

absence of the bacilli is probably due either to their disappearance as

the process grows older, or to some unknown changes which interfere

with the ordinary staining procedures.

FREQUENCY OF TUBERCULOSIS IN MAN AND THE LOWER ANIMALS.

Tuberculosis is a very common disease not only of man 1 but also of

many of the lower animals,
2

especially of cattle, and inasmuch as the

1

Carefully prepared statistics show that tuberculous lesions are present in the body
in more than ninety per cent of the cases examined at autopsies. See for a thorough
and suggestive analysis of five hundred autopsies Naegeli, Virchow's Archiv, Bd. clx.,

p. 426, 1900.
2 For bibliography of animal tuberculosis see Eber, Lubarsch and Ostertag's "Ergeb-

nisse," Jahrg. iv. for 1897, p. 859
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victims of this disease, both men and auimals, are apt, as stated above,

to throw off enormous numbers of the bacilli in the sputum and other

excreta, the germ is widely dispersed in inhabited regions, especially in

buildings frequented by uncleanly tuberculous persons or by infected

cattle.

Among the lower animals, guinea-pigs, rabbits, monkeys in cor.fine

merit, and cattle are particularly susceptible to the action of the tubercle

bacillus. Although tuberculosis is widespread in man, he is not, as com-

pared with some of the lower animals, particularly susceptible. While
the tuberculous process presents some special differences in different

animal species in rate of development, amount of necrosis, tendency to

softening, calcification, etc., the fundamental effects are similar in man
and in the lower animals.

SOURCES OF THE TUBERCLE BACILLI, PORTALS OF ENTRY, AND
DISTRIBUTION OF LESIONS.

Congenital tuberculosis has been observed, but it is apparently quite

infrequent.
' Tubercle bacilli are most frequently transmitted to the well

from the victims of tuberculosis by means of the sputum which is cast

off, allowed to dry, and becomes pulverized and is then inhaled as dust.

Many observations on the occurrence of tuberculous bronchial lymph-
nodes in persons exhibiting no appreciable tuberculous lesions elsewhere

would indicate the probability of access of the bacilli to the lymph chan-

nels without primary lesion at the portal of entry. A considerable per-

centage of persons dying from other diseases have been found to have
tuberculous lesions often healed in the lungs or bronchial lymph-nodes.

2

In adults the lungs, in children the bronchial lymph-nodes are the most

frequent seat of tuberculous lesion.
3

While the inhalation of dust containing dried tuberculous sputum is

the chief means of infection under the ordinary conditions of modern

life, other modes of conveyance of the infective bacilli are of importance.
4

It has been shown that pathogenic bacteria, and among these the tubercle

bacilli, may enter the lymphatics through the intestinal mucosa without

demonstrable lesions in the latter. There is no doubt that the bacilli

may be introduced into the alimentary canal by contaminated milk and
meat of tuberculous cattle.

5

For a study of placcntal and congenital tuberculosis see Warthin atd Coicic, Jour,
of Infec. Dis., vol. i., 1903. p. 140.

'2 See reference, Naegeli, p. 251.
3 See reference, Northrnp and Bmaird, p. 398. For a study of the distribution and

origin of tuberculosis in children see Guthrie, Lancet, February 4th, 1899, p. 286; also

Hand, Proc. Path. Soc. Phila., March, 1903.
4 For a study of tubercle bacilli on books, see Mitulescu, Zeitschr. f. Hygiene u.

Infkr., Bd. xliv., p. 397, 1903.
5 See Kober, Amer. Jour. Med. Sc., vol. cxxvi., 1903, p. 684, Bibl. For the intercom-

municability of human and bovine tuberculosis, see Havenel, Proc. Path. Soc. Phila-

delphia, May, 1902.

Consult for his views on the intestine as portal of entry for the tubercle bacillus,

Behring, Deutsch. med. Wochenschr., September 24th, 1903; summary in British Med.
Jour., October 17th, 1903, p. 993. For reference to primary tuberculous enteritis see

footnote, p. 553.
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CONCURRENT INFECTION IN TUBERCULOSIS.

A concurrent infection with the tubercle bacillus and the pyogenic

micro-organisms is of extreme significance in that phase of tuberculous

inflammation of the lungs commonly called phthisis.' While the so-

called cold abscesses may be caused by the tubercle bacillus alone, this

germ is not infrequently found under these conditions to be associated

with other pyogenic micro-organisms, especially the streptococcus and

staphylococcus.

Bacteria Resembling the Tubercle Bacillus.

There are several species of bacteria which after deep staining resist the decolorizing
action of dilute acids. These have been called, collectively, "acid-resisting" or acid-

proof bacteria.'2 We shall consider only two of these.

THE SMEGMA BACILLUS. This organism is often present and sometimes in large
numbers in the preputial smegma and elsewhere about the external genitals. It so

closely resembles the tubercle bacillus in size, shape, and staining reactions that it is

liable by morphological examinations alone to be mistaken for it. It has been culti-

vated on artificial media and is not pathogenic. The smegma bacillus, when stained as

above recommended for the tubercle bacillus, resists the decolorizing action of the acid
;

but it is usually decolorized by alcohol, thus differing from either the tubercle bacillus

or the leprosy bacillus. But this color reaction is not certain
;
individual bacilli not in-

frequently remain unstained. Various special methods for differentiation have been

suggested, but none of them is wholly satisfactory.
3 In doubtful cases, therefore,' and

when serious operative procedures are dependent upon the bacterial diagnosis, recourse

should be had to animal inoculations.

THE "HAY BACILLUS." This resembles the tubercle and smegma bacilli in form
and staining peculiarities. It is called the "hay bacillus" or "grass bacillus" because

oi' its common occurrence upon grass heads in the fields. It is not pathogenic and is

readily cultivated.

Lupus and Other Forms of Tuberculosis of the Skin.

Local tuberculous inflammation of the skin may occur in the form of small nodules

or wart-like thickenings, as the result of accidental inoculation. Local skin infection

may occur about the orifices of the body in tuberculous persons from contact \vith secre-

tions or excretions containing the tubercle bacilli, or about sinuses leading to tubercu-

lous abscesses, joints, etc., or in the vicinity of tuberculous lymph-nodes.
A chronic form of tuberculous inflammation which presents special clinical features

has long been known under the name of lupus.

Lupus. This form of inflammation most frequently occurs in the skin of the face,

but also in the mucous membrane of the mouth, pharynx, conjunctiva, vulva, and

vagina. The lesion consists of small, multiple nodules of new-formed tissue, in the cutis

or mucosa and submucosa. By the formation of new nodules and a more diffuse cellu-

lar infiltration of the tissue between them, the lesion tends to spread, and by the conflu-

ence of the infiltrated portions a dense and more or less extensive area of nodular in-

1 See Spengler, Zeitschr. f. Hygiene, etc., Bel. xviii., p. 342, 1894, bibliography. See
reference to Prudden, p. 478.

'
2 See for resume and bibliography, Abbott and Gildersleeve, Trans. Assn. Amer.

Phys., vol. xvii., p. 37; also lloseiiberger, Proc. Path. Soc. of Phila., January, 1904.
;i Critical review, with bibl., Dahms, Jour. Am. Med. Assn., vol. xxxiv., pp. 983

and 1045, 1900. Consult also Come, Jour. Exp. Med., vol. v., p. 205, 1900.
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filtration may be formed. There may be an excessive production and exfoliation of

epidermis over the infiltrated area, or an ulceration of the new tissue.

Microscopical examination shows the lesion to consist of small spheroidal cells in-

termingled with variable numbers of larger, polyhedral cells and cell masses, and in

many cases giant cells (Fig. 125). In some cases a well-marked reticulum is present
between the new cells, and these are often grouped in masses around the blood-vessels.

In some cases there is, without previous ulceration, a formation of new connective tis-

sue in the diseased area, and a well-marked cicatrization ; in other cases the cells and
intercellular substance undergo a disintegration which leads to ulceration. Tubercle

bacilli in small numbers may be found in these lesions. In the clinical group of diseases

called lupus there are other forms of lesion which are not incited by the tubercle

bacillus.

Bibliography of Tuberculosis.

The announcement of the discovery of the bacillus tuberculosis by Koch was made
in the Berliner klin. Wochenschrift, 1882, No. 15. A most elaborate and valuable article

on the same subject by Koch is contained in the "
Mittheilungen aus dem Kaiserlichen

Gesundheitsamte," vol. ii.

The abundant literature on the subject of the tubercle bacillus which has accumu-
lated since 1882 is for the most part scattered througli the German, English, and French

journals.
An excellent critical resume of the subject by Lartigau, with selected bibliography,

may be found in the "Twentieth Century Practice," vol. xx.

FIG. 125. LUPUS OF FACE.

In the large work of Straus, "La Tuberculose,
"
1895, the experimental aspects of

the subject are fully considered.

In the work of Cornet, "Die Tuberculose," 1899, together with the general and

clinical consideration of the disease, the modes of infection and prophylaxis are set

forth, with bibliography. See also Cornel and Meyer, Kolle and Wassermann's " Hand-
buch der Mikroorganismen," Bd. ii., p. 78, 1902.
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LEPRA (LEPROSY).

Leprosy is characterized by the development of nodular and some-

times diffuse masses of tissue, consisting of larger and smaller cells of

various shapes spheroidal, fusiform, and branched, with a fibrous

stroma the whole somewhat resembling granulation tissue. The new
tissue is most frequently formed in exposed parts of the skin, as the

face, hands, and feet, but it may occur in the skin of any part of

the body. It is formed more rarely in the subcutaneous connective tis-

sue, in intrafascicular connective tissue of nerves, in the viscera, and in

the mucous membranes. The mucoasjnembranes most frequently af-

fected are those^of the eye^nose, mouth, and larynx.~~~The nodules may
be very smalTor as large, as li walnutTand maylSe single or^joined to-

gether in groups or masses. Thelissue of the part in which th~e~Tiew

formation occurs may be atrophied and replaced by, or may remain in-

termingled with, the leprous tissue, or it may be hyperplastic. The
nodules may persist for a long time without undergoing any apparent

change, or they may_soften and break_ down, forming ulcers
;
but ulcer-

ation, except inlhlfmucous membranes, is said usually to occur as the

result of injury or unusual exposure. The leprous tissue may change
without ulceration into cicatricial tissue, or cicatrization may__follow
ulcergiion.

Various secondary lesions and disturbances of nerve function are

associated with the formation of leprous tissue in the nerves and central

nervous system, but these we cannot consider here.

In all the primary lesions of leprosy, bacilli are said to be present,

mostly in the cells, and particularly in the larger transparent spheroidal

forms, but sometimes free in the intercellular substance. The bacilli

have been found in the skin, mucous
membrane of the mouth and larynx,
in peripheral nerves, in the cornea,

in cartilage, in the testicles, and in

lymph-nodes. Sometimes the cells

contain but few bacilli, but they
are frequently crowded with them.

Characters of the Lepra Bacilli.

The bacilli are from 4 to 6
/J. long and

very slender. They are sometimes pointed
at the ends and sometimes present spher-

oidal swellings (Fig. 126). In their com-

portment toward staining agents, as well

as in general morphological characters,

they considerably resemble the Bacillus

tuberculosis, but they are more readily stained. They may be stained with fuschsin

or gentian violet by the ordinary method, or by the method employed for staining

the tubercle bacillus (see page 247).

FIG. 126. THE BACILLI OF LEPROSY.

From a nodule in the skin, showing the bacilli free

and within cells.
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Various reports of success in the artificial cultivation of the lepra bacillus have not

yet received the seal of experimental confirmation.

The lepra bacillus may be conveyed from man to man by direct inoculation ; but

under proper sanitary conditions the disease is rarely initiated in this way. In a few

cases animal inoculations have been made with what appear to be positive results. 1

The structure of the new tissue growth, the absence of coagulation

necrosis, and the peculiar grouping of the bacilli in the large transparent
cells are characters which usually clearly distinguish the lesions caused

by the leprosy bacillus from those of tuberculosis.

Leprosy is common in India and in other hot countries. It is infre-

quent in America, but in the Gulf States, in Mexico, among the Norwe-

gians in the Northwest, and in the eastern British provinces a considerable

number of cases are grouped. Isolated cases are, however, encountered

now and then in various parts of the United States.

SYPHILIS.

The characteristic lesions of syphilis consist in a more or less circum-

scribed formation of new tissue. This may be made up largely of small

spheroidal cells or of these with polyhedral cells (Fig. 127), and of occa-

sional giant cells. The new tissue, which may be diffuse or in more or

less clearly circumscribed masses, contains, as a rule, few blood-vessels,

and is prone to undergo coagu-
lation necrosis. This tendency
is most pronounced in the cir

cumscribed masses.

The endothelial cells of the

blood-vessels in and near the

illflammat
.

ry foci in this form
of inflammation are not infre-

quently swollen and may pro-
liferate (Figs. 127 and 128, B\
The vessels may otherwise un-

dergo extensive changes.
In the primary lesion, which

is called chancre, there may be

obliterating endarteritis, a

small spheroidal -cell infiltra-

tion of the connective tissue,

proliferation of connective-tissue cells, especially near the blood-vessels

(Fig. 129), swelling of the vascular endothelium, and an occasional de-

velopment of giant cells. This new tissue may become fibrous or ne-

crotic and may ulcerate.

Following the primary lesion there may be inflammation of the lymph
nodes, of the skin and mucous membranes, of the bones and viscera.

1 For bibliography of leprosy consult Morrow, "Twentieth Century Practice," vol.
xviii.

FIG. 127. NEW-FORMED TISSUE IN SYPHILITIC INFLAM-
MATION.

Fi-om a "hard chancre," showing swollen endothelium in

a small blood-vessel.
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One of the most characteristic phases of the secondary inflammations

of syphilis results in the formation in the periosteum or the viscera of

masses of new tissue called gummata.
The smaller gummata consist of a mass of small spheroidal and epi-

thelioid cells (see Fig. 130). As these cell masses grow larger they are

apt to become necrotic and caseous at the centre, and we may then have,

as seen by the naked eye, a grayish-white, usually firm mass, with a more
or less dense and irregular granular centre and a translucent, often

radially striated border of dense fibrous tissue (see Fig. 131).
A bacillus closely resembling the tubercle bacillus in form and size

has been described by Lustgarteu and others as occurring in small num-
bers in the lesions of syphilis. It appears not to be constantly present,

however ;
a distinctly characteristic mode of staining is not known, and

it has never been cultivated on artificial media
;
so that the evidence that

this bacillus is the excitant of syphilitic inflammation is not convincing.
Several other organisms have been described as occurring in syphilitic

lesions, but in no case has satisfactory evidence of their significance as

excitants of the disease been furnished.

The nodular lesions of syphilis are in many respects structurally

similar to those of tuberculosis, so that it is sometimes difficult to distin-

"" '"
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FIR. 128. SECTION OF A PORTION OF A SYPHILITIC CONDYLOMA OF THE Mucous MEMBRANE.

A, CEdematous papilla ; B, swollen endothelial cells In small blood-vessels of a papilla; C, pus cells In

the submucous connective tissue ; D, pus cells in the epithelium ; E, disintegration of the epithelium in the

superflcial portion of the mucous membrane.
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FIG. 139. SECTION FROM A PRIMARY SYPHILITIC NODULE or THE Mucous MEMBRANE OF THE MOUTH.

Showing collections of cells about the blood-vessels in the submucous tissue.

FIG. iao.-8MALL NODULE OF SYPHILITIC INFLAM- FIG. ISI.-SYPHILITIC GUMMA IN THE LIVKR.
MATION (MILIARY GUMMA) IN THE LITER. gnowing necrotjc ^eo

the new-formed cellular and flbrous tissue in the

periphery. This gumma was much larger and is

much less magnified in the cut than Fig. 130.
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guish them oil mophological examination alone. But the greater variety
in the developmental stages of the tuberculous foci which may be found in

a single individual
; the grouping of the lesions in a manner indicative of

local infectious, and in the last resort the demonstrtatiou of the presence
of the tubercle bacillus, will usually suffice to distinguish the tuberculous

from the syphilitic lesion, even without recourse to the clinical history.
'

For further details regarding syphilitic lesions of the viscera see Part

III.

Rhinoscleroma.

This disease, which occurs especially in eastern Europe and occasionally in other

parts of the world, is a chronic inflammation of the nasal, pharyngeal, and laryngeal
mucous membrane. In this inflammation a diffuse or nodular formation of new tissue,

somewhat resembling granulation tissue, occurs, which tends to assume a dense cicatri-

cial character.

Constantly associated, it is said, with this lesion is a bacillus called Bacillus rhino

scleromatis. This bacillus in most of its morphological and biological characters closely
resembles the pneumobacillus of Friedlander, growing readily on the common culture

media and developing a capsule, and it may be identical with it.

The relationship of this bacillus to the lesions of rhinoscleroma does not appear to

be as yet definitely established, since inoculations in men and animals have not given

positive results.

DIPHTHERIA.

Diphtheria is an acute infectious disease incited by the Bacillus diph-

theria (Loffler), and usually characterized by a pseudo-membranous iii-

riammatiou on some of the mucous membranes or occasionally on the

surface of wounds, and by immediate or remote effects of absorbed toxic

substances. The mucous membranes which are the most frequently
affected in diphtheria are those of the tonsils,

pharynx, soft palate, uares, larynx and tra- JS^i^^^SS."^^^
chea: less frequently those of the mouth, &&& iffSSSSHvjucaj

j
icTi^o a.jmuu*7.uui v uuviac v/ LUC u-iv/iiiiij

gums, conjunctiva, ossophagus, and stomach.

MORPHOLOGY OF THE LESIONS.

The local lesions in mucous membranes

may present various phases, which represent
clinical types of the disease. Thus there

may be a simple redness of the affected sur-
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thick or thin pellicle on the affected surfaces (see Fig. 99, p. 209). This

pellicle may undergo coagulation necrosis (Fig. 132), and haud-in-hand

with this there may be superficial or deep necrosis of the mucous mem-
brane. The jalse membrane in diphtheria is thus formed by aj3ombina-
tion of inflammatory products and necrotic tissue, the extent of the

necrosis and the amount of inflammatory products varying in different

cases. The membrane may disintegrate or exfoliate, with or without

loss of tissuejn^the underlying mucous membrane. Phlegmon, abscess,

and oedema are liable to occur aslocal complications.

FIG. 133. DIPHTHERITIC INFLAMMATION OF THE TONSIL.

Showing Loffler's bacilli in the pseudo-membrane.

and distant lymph-nodes are jipt to be swollen, and often

show, on microscopical examination, endothelial-cell hyperplasia with

small foci of cell necrosis and disintegration.
1 Similar foci of cell

hyperplasia with necrosis with small spheroidal -cell accumulation and

fatty degeneration may~T)e found in the_lddney, spleen, and liver. Al-

buminous degeneration in the kidney- and acute nephritis are not infre-

quent! .SmaJLhaBnxorrhagic foci may be present iiitne liver and kidneys.

Degeneration of the heart muscle may ogpur." The exact nature of the

nerve lesions which may be associated with the late paralyses of diph-
theria is not yet clear, but degeneration of the peripheral nerves and

chromatolysis of the ganglion cells occur, indicating the action of an

absorbed toxic substance in the body fluids. Leucocytosis may be pres-

ent.

1 Consult Waschkewitsch, Virch. Archiv, Bd. clix., p. 137, 1900.
* For studies of the lesions of the myocardium in diphtheria consult Scagliosi, Vir-

chow's Arch., Bd. cxlvi., p. 115, 1896; also TJwmas and Hibbard, Reports of Boston

City Hospital, 1900, p. 204, bibl. ;
for a study of nerve lesions with bibl. see Batten,

Pediatrics, vol. vii., p. 97, 1899; also Rainy, Jour. Path, and Bact., vol. vi., p. 435,
1900. For a comprehensive study of the bacteriology and pathology of two hundred
and twenty fatal cases of diphtheria see Councilman, Mallory, and Pearce, Jour. Boston
Soc. Med. Science, vol. v., p. 139, 1900.
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Catarrhal bronchitis and broncho-pneumonia or simple lobular pneu-
monia frequently complicate diphtheritic lesions of the upper air passages
and fauces.

BACTERIOLOGY OF THE DISEASE.

Although bacteria of various forms are commonly present in the false

membrane, and some of them penetrate deeply into the underlying tissue,

the primary aud specific excitant of this disease is the Bacillus diphtherias
of Loffler.

In man the dipjitheria bacilli are largely confined to the seat of local

lesion, and sometimes occur here in enormous numbers, especially in the

older layers of the pseudo-membrane (see Fig. 133). But they may
become widely distributed through the body. This appears to be espe-

jnally
the case when the pyogenic cocci are associated with the diphtheria

bacillus. at the^seat of local_ lesion. The systemic effects in diphtheria

appear to be largely due to the absorption into the body of toxic material

elaborated locally by ,the germs. Septicaemia or acute visceral inflam-

mations, particularly of the kidney, may occur without evidence of an
external local lesion or of the portal of entry of the bacillus.

'

CONCURRENT INFECTIONS.

The very frequent association of the pyogenic cocci and other bacteria

with the diphtheria bacillus gives rise to a series of changes which make
the clinical picture and the lesions of diphtheria sometimes very com-

plex. Thus the complicating bronchitis and broncho-pneumonia, as well

as pyseniic symptoms and lesions, may be due to

the diphtheria bacillus alone. But these sec-

ondary lesions may be due to the presence in

the pseudo-membrane, and the entrance into

the deeper air passages and the blood, of Strep-
tococcus pyogenes, Staphylococcus pyogenes,

Diplococcus lanceolatus, Bacillus coli com-

munis, and other bacteria, or of these together FlG . m _ BACILLUS DIPHTHB-

with the diphtheria bacillus.
2 RLE -

From exudate in the throat of a

Characters of the Diphtheria Bacillus. ~^SES
This organism, first described and definitely associ-

and size and coloratlon -

ated with this disease by Loffler, is a slender rod, in

general about 3 ft long, but sometimes shorter and sometimes growing into threads.

It occasionally grows in branching forms,
3 and is characterized morphologically by

1 For a resume and bibliography of studies relating to diphtheritic septicaemia see

Brown and Thiry, Gazette des Hopitaux, May 3d, 4th, and 9th, 1899.
8 For a study of the presence and action of the diphtheria bacilli in the lungs see

Flexner and Anderzon, Johns Hopkins Hospital Bulletin, vol. ix., p. 72, 1898.

For a summary of the association of diphtheria and tuberculosis see Councilman,
Mallory, and Pearct, reference above.

3 The branching forms which are occasionally observed in the diphtheria as well as

in the tubercle bacillus, together with certain other characters, have led some observers
to che belief that these organisms are related to streptothrix and to the moulds rather
than to the bacteria. But, for the present at least, it seems wiser to consider it in its

more generally acknowledged relationships.
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marked irregularities in its form (Fig. 134). While tbe typical form is that of a

round-ended, straight, or slightly curved bacillus, it is very apt perhaps as a re-

sult of degeneration to appear club-shaped or pointed at the ends, irregularly seg-

mented, and to develop at the ends or elsewhere a strongly refractile material which
stains more deeply than the rest of the protoplasm.

The diphtheria bacillus is immobile, asporogenous, grows best at blood heat, and
thrives on most of the artificial culture media. In fluids it may be killed by an expos-
ure of ten minutes to a temperature of 58 C. ; but it may remain alive for weeks, or

even months, in fragments of dried membrane. It may be stained with Loffler's alka-

line methylene-blue solution or by Gram's method.

It is subject to extreme variations in virulence, forms occurring which with all the

usual cultural characteristics are not at all virulent.'

Action of the Bacillus in Animals.

inoculations of virulent cultures subcutaneously in guinea-pigs are followed by a

localized hemorrhagic osdema with a variable amount of whitish exudate. Death usu-

ally occurs in from two to five days. In addition to the local lesions there may be but
this is not constant swelling of the adjacent and of the abdominal lymph-nodes, serous

effusions into the pericardial, pleural, and peritoneal sacs; swollen spleen, albuminous
and fatty degeneration in the liver, kidney, and heart muscles; congestion and some-

times hemorrhage of the suprarenals. Microscopical examination shows, in a consider-

able proportion of cases, fragmentation of nuclei and other evidences of cell death at the

seat of inoculation and in the viscera, as well as chromatolysis of ganglion cells in the

anterior horn. Animals which survive the inoculations may later develop paralysis,

and a similar result may follow the injection into rabbits of culture fluids. The bacilli

do not usually gain access to the body at large, but may be found at the seat of inocula-

tions. Inoculation into the mucous membranes of rabbits, pigeons, and certain other

animals may result in the development of a pseudo-membrane somewhat resembling
that of the disease in man.

Diphtheria Toxin and Antitoxin and Diagnosis.

We have already considered the action of antitoxin on page 175 and need not dwell

upon it here. POT methods of the manufacture and tests of antitoxin, consult Park,

"Bacteriology in Medicine and Surgery."
For details of bacterial diagnosis consult works on bacteriology or clinical path-

ology.
The agglutinative reaction of the diphtheria bacillus is not sufficiently definite to

permit of its use in diagnosis.

It is important from the prophylactic standpoint to remember that the Bacillus

diphtheria? may remain alive in the mouth of the human subject for many weeks after

recovery from the local lesions of the disease, and also that healthy persons when the

disease is prevalent may harbor the virulent bacilli in their mouths. 2

1 For a study of varieties of the B. diphtheria?, see Williams, Jour. Med. Research,
vol. viii., 1902, p. 83; see also for full summary of studies on the diphtheria bacillus

and its toxins, Beck, Kolle and Wassermann's "Handbuch der Mikroorganismen," Bd.

ii., p. 754.
* See for a study of the diphtheria bacillus in the mouths of health}' persons and

those exposed to the disease Graham-Smith, Jour, of Hygiene, vol. iii., p.' 216, bibl.
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Other Bacteria of the Diphtheria Bacillus Group.

While the diphtheria bacillus varies greatly in the physiological capacities which
determine its virulence, its general morphological and cultural characteristics are fairly
constant. There are, however, non-virulent bacilli occurring on mucous membranes
under normal as well as abnormal conditions which considerably resemble this, but
which differ somewhat in both morphological and biological characters from the true

diphtheria bacillus and its variants. Such organisms have been called pseudo-diphthma,
bacilli. These non-virulent forms may be regarded as attenuated varieties of the diph-
theria bacillus.

The so-called Xerosis bacillus, which has been repeatedly found in xerosis conjunc-
tivae, is apparently a member of the diphtheria bacillus group.

TETANUS. (Lockjaw.)

This disease, which is especially marked clinically by muscular spasni^

is due to infection by the jjacillus tetani. This organism is rather wide-

spread and in some places very abundant, occurring with other germs in

the soil, especially in manured soil, and gaining entrance to the body
through wounds, which are often very slight. The soil in certain regions

appears to harbor in especial abundance the tetanus organism or its

spores. Thus in certain districts on Long Island and in New Jersey

slight injuries are frequently followed by tetanus. The liability to in-

fection from the spores is greatly enhanced by their association with

other organisms or with dirt, splinters, etc., in the wound.

THE LESIONS OP THE DISEASE.

The local lesion in tetanus is usually slight and not characteristic,

often consisting only in a slight suppuration.
The morphology of the lesions of the nervous system to the existence

of which the symptoms of tetanus so directly point is yet obscure. Over-

filling of the blood-vessels, cellular exudate into the perivascular spaces,

chroniatolysis of the ganglion cells of the spinal cord are common. The

T5acillus remains for the ^most part at the seat of.local lesion and induces

its effects by the elaboration of a most intense poison or toxin, called

M no-toxin. The action of this toxic substance appears sometimes to

continue in the body after the death of the organisms which have elabor-

ated it. This infectious disease affords a most typical example QJL.

toxaemia.

Characters of the Bacillus Tetani.

It is rather long, slender, and motile, often growing in pairs or threads and prone
to develop a spore in one end (Fig. 135), in which condition the bacillus is larger at this

end, being club- or racKet-shaped. It is readily stained. At the room temperature it

grows on artificial culture media, and is strictly anaerobic, flourishing in an atmosphere
of hydrogen. It fluidifies gelatin after sending out into it irregular-shaped, ray-like

outgrowths.
The spores of the tetanus bacillus are very resistant to drying, to heat, and to vari-

ous chemical disinfectants.
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Characteristic tetanic symptoms followed by death may be induced in mice, guinea-

pigs, and rabbits by subcutaneous inoculation of cultures. Man and the horse are

markedly susceptible to tetanus ; birds are as a rule insusceptible. If the tetanus ba-

cillus be grown in nutrient broth at blood heat out of contact with oxygen the toxin is

developed and mingles with the fluid. This toxin when freed from living germs is

capable of inducing the symptoms of the disease. Broth cultures may after some

weeks have acquired such an extreme intensity that the dried poisonous material, sep-

arated from the inert fluids and partially purified, may be fatal to a mouse weighing 15

gm. in a dose of 0.00000005 gm. Estimating according to the relative weights of the

subjects, the minimal fatal human dose would be about 0.00023 gm. This toxin is ren

dered inert by a temperature above 65 C. and by light.

TETANUS ANTITOXIN.

By procedures similar to those described in diphtheria immunization

(p. 175), the tetanus toxin has been used to secure artificial immunity in

dogs, goats, and horses, and here also the blood serum of the immunized

animals has been prepared and employed in man
for therapeutic purposes with some degree of suc-

cess. The theoretical promise of the tetanus an-

titoxin for therapeutic purposes in man is, how-

ever, in practice rendered in large measure futile,

because the existence of the disease is not recog-

FIG i&5 -BACILLUS TETANI.
nizable until the toxseniia is sufficiently marked to

Fromacuiture; showingciub^ Produce the nervous symptoms, at which time an

shaped ends with spores. enormous and not easily determined dosage is re-

quired to neutralize or counteract the effects of

the already elaborated poison. Statistics are as yet too meagre to jus-

tify a final opinion as to the practical value of serum therapy in

tetanus, but it appears to be definitely useful.
'

Diagnosis.

For purposes of diagnosis it may be necessary to inoculate a white mouse at the

base of the tail with suspicious material at the same time that morphological examina-

tion and anaerobic cultures are made. Should tetanus develop in the mouse within a

few days control cultures may be made from the exudate at the seat of inoculation. 2

Other Bacilli of the Tetanus Group.

Several bacterial species are already known which may be classed in the tetanus

group. While varying in size, these bacilli are in general rather large ; spores form in

their thickened ends; they are facultative anaerobes; some do, others do not fluidify

gelatin, and they retain the stain b}' Gram's method. They are mostly saprophytes
and have been found in milk and milk products, in excrement and sewage, etc. None
are known to be pathogenic in man. The most noteworthy among these is Bacillus

pseudo-tetamcus, Sanfelice, which in morphology and growth characters resembles the

Bacillus tetani, but it does not form the toxin.

1 For a critical resume of tetanus and its treatment with the antitoxic serum, with

bibliography, see Moschmwitz, Annals of Surgery, vol. xxxii., p. 219, 1900.
2 For resume of characters of the tetanus bacillus and its toxin see von Lingelshfim,

Kolle and Wassermann's "Handbuch der Mikroorganismen," Bd. ii., p. 566.
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RELAPSING FEVER. (Typhus Recurrens
;
Famine Fever

; Spirillum
Fever

;
Seven Day Fever.)

The lesions which may be present in this disease are not distinctive.

It is characterized, apart from symptoms, by the presence in the blood

at certain periods of a spiral bacterium discovered by Obermeier in 1873.

THE LESIONS OF THE DISEASE.

There may be albuminous degeneration in the viscera, leucocytosis,
catarrhal or croupous inflammation of the mucous membranes of the res-

piratory and digestive organs, ecchymoses in th'e skin and in the mucous
and serous membranes. There may be pneumonia and pleurisy, degen-
eration of the cardiac muscle, hyperplasia of the mesenteric lymph-nodes.

The Spleen may be large and flabby, this change being so extreme that

rupture has occurred during life
;

it may also be the seat of infarctions,

and these have given rise to peritonitis.

Characters of the Spirochsete Obermeieri.

In the blood of all parts of the body during the febrile attacks may be found, ID

very large numbers, a long, slender spirillum called from its discoverer SpirocTwete Ober

meieri (Fig. 136). The organisms disappear from the blood

during the afebrile intervals, and it has been shown that

at this time they accumulate in the spleen, where they are

destroyed in large numbers, apparently through the action

of phagocytic cells. The organism is from 14 to 40 n in

length, and performs rapid, undulating movements.

The inoculation of healthy men and of mon-

keys with the blood of relapsing-fever patients
which contains the bacteria, induces a similar

FIG- ia6'~s ^ ITE '

disease. Pure cultures have not as yet been

made of these bacteria, but for the reasons indicated, and since the or-

ganism has never been found except in connection with the disease, there

is every reason for believing that the Spirochaete Obermeieri is the exci-

tant of relapsing fever. '

Malta Fever.

This disease, which has been most frequently observed along the shores of the

Mediterranean and in India, is characterized by prolonged pyrexia with irregular re-

missions. In the rather rare fatal cases there may be considerable enlargement of the

spleen, albuminous degeneration in the liver and kidneys. Acute nephritis may occur.

It is said that there are constantly present in the spleen in this disease small cocci

stained by Gram, readily cultivated on artificial media. The result of inoculations of

pure culture into monkeys and other animals tends to confirm the pathogenic signifi-

cance of the organism, which has been called Micrococcm melitenMs. *

1 For resume and bibl. see Wladimiroff in Kolle and Wassermann's "Handbuch der

Mikroorganismen," Bd. iii., p. 75, 1903.
2 Consult Birtand Lamb, Lancet, 1899, ii., p. 701, bibl.
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BUBONIC PLAGUE. (Oriental Plague ;
Black Death.)

Types of the Disease. This disease presents three main types the bu-

bonic, pulmonary, and gft^ti^mife
The mosTcommon is the Bubonic, which is characterized by an intense

mflanjniQ,tory hyperplasia of the lymph-nodes, most frequently the
iu_-

guinal or..axillary. Hie surrounding tissue may be involved; haemor-

rhage, necrosis, or suppuration in the nodes may occur. Coincident with

these local reactions there may be albuminous degeneration, focal necro-

sis, and leucocytosis from toxaemia, or secondary foci of inflammation in

the spleen or lungs or liver. A second type of the infection is the pul-

monary, in which larger -or smaller areas of the lungs are involved iu

broncho-pneumonia with associated secondary involvement of the bron-

chial lymph-nodes. In the septiccemic type of bubonic plague there may
be a general involvement of the lymph-nodes and nodules of the body
with the marks of toxaemia, without an indication of the point of primary
infection. *

In all these various phases of the disease the plague bacillus may be

present often in enormous numbers in the primary buboes and in the

secondary lesions and in the viscera ;
in the consolidated areas and in the

sputum in the pulmonary type, and in the septica3inic phases, in the blood.

Characters of the Plague Bacillus.

The plague bacillus was discovered in 1894 by Kitasato and Yersin, and its role as

the excitant of the disease was soon established. It is a short, thick, motile, round-ended

bacillus, often staining more deeply at the ends than in the middle. It sometimes

grows in chains and may be capsulated, not forming spores; it is decolorized by Grain's

method. It grows readily though not voluminously on the ordinary culture media at

blood heat. a This organism is killed by drying for a few days and by exposure to sun-

light for a few hours. Subcutaneous inoculation in guinea-pigs and rabbits is followed

by local hemorrhagic and serous inflammation with typical involvement of the regional

lymph-nodes and by septicaemia. Death may follow in from one to five or six days
with albuminous degeneration of the viscera, hyperplasia of the spleen, and petechial

hemorrhages.

Portals of Entry. The chief portals of entry in man are abrasions

or wounds of the skin, the lungs, and the intestines. The spread of the

infectious material in overcrowded and unsanitary districts may readily
take place by rats, which are very susceptible to the disease and may be

infected by feeding. Through mosquitoes and flies also the bacilli may
be conveyed from man to man or from dead rats or their dejecta to man.

Preventive Inoculation has been largely practised in the East by. the

Haffkine method. This consists in the subcutaneous injection of beef-

tea cultures of the plague bacillus, which have been killed by heating.

Moderate local inflammatory reaction and slight fever may follow the

1 For a resume of lesions of plague, sec Flexner, Trans. Assn. Am. Phys., vol. xvi.,

p. 481.
* See article by Dieudonne in Kolle and Wassermann's "Handbuch der Mikroor-

ganismen," Bd. ii., p. 475.
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injection. The statistics seem to indicate that among exposed persons
the mortality may be considerably reduced by this preventive inoculation.

'

An anti-plague serum, prepared by the immunization of horses, ha*

been used by Yersin with at least promising results.
'

HJEMORRHAGIC SEPTICAEMIA.

There are several bacilli which may be classed, as is done by Hueppe, Kruse, and others,

with the plague bacillus under the designation, the liamorrhagic septic&mia group. These
are mostly small, short, sporeless forms growing readily on the ordinary media as facul-

tative anaerobes, not fluidifying gelatin and decolorizing by Gram. Some of these are

motile, others not. Among these may be mentioned the bacillus of mouse typhus (B.

typhi murium), the bacillus of hog cholera (B. suipestifer), the bacillus of chicken

cholera (B. cholerae gallinarum), the bacillus of swine plague (B. suisepticus). Several

species related to these and to the plague bacillus are pathogenic in man ; thus the

B. hcemon-hagicus septicus of Babes, the B. Iwemorrhagicus of Kolb, the B. lusmorrliagicu*

velenoxus of Tizzoni and Giovanni.

The recognition of these and related species may be of especial significance in con-

nection with the diagnosis of bubonic plague by cultures and animal inoculations.
3

BACILLUS AEEOGENES CAPSULATUS (BACILLUS WELCHII, GAS

BACILLUS).

This bacillus was described in 1891-92 by Welch and Nuttall. Later

studies of Welch and Flexner and many others have confirmed the orig-

inal belief that the bacillus is a frequent excitant in man of a serious in-

fectious disease, characterized by a local or widespread serous and em-

physematous phlegmouous inflammation, frequently associated with

gangrene and general symptoms of a profound toxaemia.

The Bacillus aerogenes is rather large, on certain media spore form-

ing, is often capsulated, and occasionally forms chains. It retains the

stain by Gram's method. It is anaerobic, growing readily in a variety
of artificial culture media.

Babbits are not susceptible to even large intravenous injections of

pure cultures. But if they be killed soon after such inoculation, within

a few hours, at room temperatures, an abundant development of gas
occurs throughout the body. On the other hand, the subcutaneous in-

jection of a very small quantity of the fresh oedeniatous exudate is fol-

lowed by the typical local and general marks of infection. Guinea-pigs
are more susceptible than rabbits to inoculation, either with cultures or

fresh material, and develop characteristic lesions.

While infection may occur without gas, in most cases before death

and especially after, there is an abundant formation of gas in the tis-

sues. This is largely hydrogen formed through the splitting by the

bacillus of either sugar or proteids. While the gas may be present in

1 For summary of result of the Haffkine method see Forsyth, Lancet, December
12th, 1903; also Slaughter, Johns Hopkins Hospital Bull., vobxiv., 1903, p. 307.

2 Critical summary and bibl., Netter, Arch, de Med. exp., t. xii., p. 86, 1900.
3 For studies on various forms of haemorrhagic infection see Babes, Verh. d. deutschen

path. Gesellschaft, Bd. ii., p. 262, 1900; also Kitt, Kolle and Wassermann's "Handbuch
der Mikroorganismen," Bd. ii., p. 559.
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any of the tissues, in the body cavities, and in the blood-vessels, it is

especially in the liver after death that the marks of gas accumulation

are most striking. This organ may be riddled with small holes, present-

ing an appearance which has been characterized as "foamy liver" (Fig.

371, page 608).
Infection may occur through wounds or injuries in any part of the

"body. It has been frequently observed in pregnant and puerperal
women. Ulcers of the stomach and intestine, or the urinary tract, may
be portals of entry. One of the more common forms of local infection

is the so-called gaseous phlegmon or emphysematous gangrene. Pul-

monary and pleural lesions, appendicitis, and peritonitis are described

as well as gaseous abscesses and purulent meningitis. While the usual

action upon the tissues is the induction of bloody oedema and necrosis,

this bacillus is also occasionally pyogenic.
The natural habitat of the organism is the soil and the intestinal canal.

This accounts for the relative frequency of infection through the intes-

tinal and genito-uriuary tracts and through wounds contaminated with

dirt.

Infection, especially from the intestinal canal, may apparently occur

during the later hours of life, with or without symptoms and with a post-

mortem formation of gas. It is often difficult to determine, since gas
formation occurs so early and so extensively after death, whether the

entrance has or has not been effected during life. It seems fair to infer,

as the result of animal experiments, that when the gas formation, even

after death, is widespread, ante-mortem infection had occurred.

Concurrent infection with other organisms, especially the pyogenic

cocci, is frequent.

Welch and Nuttall early called attention to the importance of recog-

nizing the possibility of infection with this bacillus in judging of a cer-

tain class of cases of alleged air embolism.

It is probable that the Bacillus aerogenes capsulatus is identical with

forms which have been described under various names in connection with

cases of gaseous phlegmon, or so-called malignant oedema. 1

Bacillus CEdematis Maligni.

The bacillus of malignant oedema, which is frequently present in dust, in putrefy-

ing substances, and in soil, considerably resembles the Bacillus aerogenes capsulatus both

in its morphological and biological characters. It is, however, more slender, and more

apt to form threads ; spore formation occurs readily in the ordinary media. It decol-

orizes partially by Gram's method. Other differential characters are to be made out in

cultures. It is an excitant of hsemorrhagic oedema in animals, but with slight if any
development of gas.

Other Bacteria which May Induce Hsemorrhagic Septicaemia.

Nearly related to the Bacillus aerogenes capsulatus and to the bacillus of malignant
oedema are several other spore- forming anaerobic bacilli occurring especially in the

earth, in excrement, and in various rotting substances. Some of these appear to be of

1 For an excellent critical resume of this subject, with bibliography, see Welch,
Bulletin of the Johns Hopkins Hospital, vol. xi., p. 185, 1900.
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pathogenic significance in the lower animals under both natural and experimental con-

ditions.

Thus the Quarter-evil (Rauschbrand ;
charbon symptomatique), especially in Europe,

is a serious infectious disease of sheep, goats, and cattle. At the seat of infection, often

in the legs, there is a hsemorrhagic oedema with gas formation, the involved region often

becoming much swollen and black in color (" black leg "). The bacillus which is the

excitant of this disease is known, and preventive inoculation has been practised.

Howard has described a group of cases of hcemoi-rhagic septiccemia characterized by
haemorrhages into the skin, serous membranes, and viscera, in which capsulated bacilli

apparently related to the above-described bacillus of Friedlander (page 189) have been

found. For the details of these cases and their relationship to other forms of septicaemia

we refer to the original paper.
1

HYDROPHOBIA. (Babies.)

MORPHOLOGY OF THE LESIONS.

This is an infectious disease occurring most frequently in the carni-

vora, and especially common in dogs and wolves.

The lesions are not constant nor are they characteristic. Though
well marked in some cases, in others they are but very slightly developed.

FIG. 137. HYDROPHOBIA, TRANSVERSE SECTION OF SMALL BLOOD-VESSELS IN THE SPINAL CORD.

Showing accumulation of leucocytes and proliferation of connective-tissue cells in the adventitia of the

Changes, when present, are apt to be most pronounced in the medulla

oblougata and pons, but they may be present in the spinal cord. They
consist of small haemorrhages, accumulation of leucocytes in the peri-

vascular lymph spaces about the blood-vessels (Fig. 137) and around

the ganglion cells, of thrombi in the smaller blood-vessels, and finally of

chromatolysis of the ganglion cells.

1

Howard, Journal of Experimental Medicine, vol. iv., p. 149, 1899; see also Blumer
and Laird, Johns Hopkins Hospital Bull., vol. xii., 1901, p. 45.
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Recently changes have been described in the intervertebral ganglia

and in the plexiform ganglia of the pneumogastric nerve, which, al-

though not limited to rabies, are yet so frequently present as to be ap-

parently of value in diagnosis. The lesions consist in degeneration or

atrophy or destruction of the ganglion cells with a proliferation of the

endothelial cells lining the capsule.'

THE EXCITANT OF THE DISEASE.

While there is reason for believing that hydrophobia is due to the

introduction into the body of some special form of micro-organism, and

while the recent researches of Pasteur and others have brought to light

many interesting and important facts regarding the general nature and

distribution in the body of the infectious agent, nothing is yet definitely

known about the particular organism which induces the disease.

It is known that the infectious agent is in the saliva and salivary

glands of rabid animals, and that it may be present in the saliva of the

dog from three to five days before the symptoms of the disease appear.
It is not present in the blood, but seems to be especially concentrated in

the central nervous system and particularly in the medulla oblongata. It

is readily rendered inert by corrosive sublimate and other germicides.

It resists cold even to 20 C. but loses virulence after one hour's ex-

posure to 50 C.

PREVENTIVE INOCULATION.

Notwithstanding the total ignorance of the micro-organism concerned

in inciting hydrophobia, his genius in wise experiment enabled Pasteur

to establish a method for artificial immunization against the disease

which has proved most beneficent.

After obtaining a virus of high and definite intensity, which was ac-

complished by a series of inoculations beneath the dura mater in rabbits of

portions of the spinal cords of rabid animals, it was found that by dry-

ing in the air, spinal cords of rabbits having definite and high virulence,

with due protection against aerial contamination, the virulence dimin-

ished day by day. With virus thus obtained of virulence ranging from

that which is practically inert to that of the utmost potency, it has been

found possible safely to accustom both animals and men to the presence
of amounts of hydrophobia virus contained in the spinal cord emulsion,

which under ordinary conditions would prove speedily fatal. In other

words, it has been found possible to confer artificial inimunitj against

the disease.

This process occupies several days, and immunization must be com-

pleted before the disease has begun to manifest itself
;
but as the incuba-

tion period in hydrophobia is a long one the average is about forty days
it has been possible, in a large and increasing number of cases, to save

the lives of persons bitten by rabid animals.

1 See Rmenel and McCarthy, University Medical Magazine, vol. xiii. p. 766, 1901.
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DIAGNOSIS.

In view of the importance of diagnosis, in animals which have died

or have been killed under suspicion of rabies, the spinal cord, medulla,
and ganglia should be saved. Portions of the fresh medulla in watery
emulsion should, if possible, be inoculated beneath the dura mater of three

healthy rabbits, and the development of rabic paralysis and other symp-
toms awaited. This operation for diagnostic purposes should be done

only by one experienced in this subject. Other portions of the medulla

and cord and the ganglia should be hardened in Orth's fluid and alcohol,

and carefully examined for ganglion-cell lesions, for small perivascular
accumulations of leucocytes, and for changes in the spinal ganglia. The
existence of these in the medulla and cord of an animal suspected of rabies

will go far toward confirming the suspicion.

It is always wise not to kill suspected animals, but to keep them un-

der observation in confinement. Babies being always fatal, recovery
from a suspicious disease excludes it, so that further protective meas-

ures may be clearly unnecessary. On the other hand, the carefully ob-

served symptoms of a suspected animal may even in the event of a fatal

termination afford valuable evidence. If the laboratory for diagnosis be

accessible, it is well, if the suspected animal should die or be killed, to

send the whole animal or the head cut off low down, packed in ice. Cold

does not rapidly diminish the virulence of the rabic virus. If the mate-

rial is to be transmitted for a long distance, the brain of the animal with

the medulla, carefully removed to avoid contamination, may be sent in a

sterilized bottle containing a mixture of equal parts of glycerin and water,

which has been sterilized by boiling and cooled. *

TYPHUS FEVER. (Hospital Fever
; Spotted Fever

;
Jail Fever

; Ship
Fever; etc.)

This highly contagious, infectious disease has not, so far as we know,

any characteristic lesion save the petechial skin eruption ;
but after death

the body may present lesions common to many of the infectious diseases.

The body has a tendency to rapid putrefaction, and the blood is often

darker and more fluid than is usual in other diseases.

The voluntary muscles may be the seat of waxy and albuminous de-

generation. The brain and its membranes may be congested ; the mucous

membrane of the pharynx and larynx may be the seat of catarrhal or croup-
ous inflammation. There may be bronchitis, broncho-pneumonia, or

hypostatic congestion of the lungs. The walls of the Jieart may be soft

and flabby.

The agminated nodules of the ileum, and the mesenteric nodes may be

swollen. The spleen is often large and soft from hyperplasia. The kid-

neys and liver are frequently large and pale, and the seat of albuminous
1 For an estimate of the frequency of rabies in the United States see Salmon, 16th

Annual Report of the Bureau of Animal Industry, 1900, p. 122.
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degeneration. The nature of the infective agent in typhus is unknown.
Several observers have recorded the finding of micro-organisms of one

kind or another in the body during life and after death, but proof that

any of these are excitants of the disease has not yet been furnished.

YELLOW FEVER.

LESIONS OF THE DISEASE.

This infectious disease is without characteristic lesions save for the

haemorrhages and pigmentation in the skin. Such other lesions as com-

monly exist are those common to toxaemia. The following conditions

are, however, frequently present after death :

Eigor mortis is marked and occurs early.

The brain and its meninges are usually congested. The skin is of a

yellow color from the presence of bile pigment, and may be mottled by

ecchymoses.
The heart is of a pale or brownish-yellow color. Its muscular fibres

may be the seat of fatty degeneration. The lungs may be congested.

The Stomach often contains a characteristic dark fluid, due to altered

blood pigment, similar to that which is vomited during life black vomit.

Its mucous membrane may be congested, softened, and is sometimes

eroded. The intestines are dark-colored, often distended with gas, and

sometimes contain blood. The liver in the earlier stages of the disease

may be intensely congested. More frequently it contains but little blood,

is of a light-yellow color, and the hepatic cells show the changes of an in-

tense albuminous degeneration, often much more marked than are found

in any other disease except acute yellow atrophy of the liver. Areas of

focal necrosis may be present. The gall bladder is apt to be contracted.

The spleen shows no marked changes. The kidneys present an in-

tense albuminous degeneration. The tubules usually contain masses of

hyalin material.

THE EXCITANT OF THE DISEASE.

While its mode of occurrence and the characters of its symptoms and

lesions afford a strong presumption that yellow fever is an acute infec-

tious disease, none of the various studies which have been made upon its

etiology have as yet revealed the presence of any micro-organism which

can be confidently accepted as its excitant.
'

THE MODE OF INFECTION.

It has been shown by Eeed and his colleagues, Carroll and Agramonte,
that the infectious agent in yellow fever may be transmitted by the sub-

1 The various studies of Sternberg, who isolated a bacillus which he called
"
Bacillus

x," and of Sanarelli, who found a bacillus which he named Bacillus icteroides, are the
most noteworthy earlier contributions to the subject. A later study and references to
the bibliography of this subject may be found in an article by Heed and Carroll, Jour.

Exp. Med., vol. v., p. 215, 1900.
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cutr.neous injection into a healthy individual of a small quantity of blood

drawn from a patient in the early stage of the disease. It has further-

more been shown by repeated and abundantly confirmed experiments
that yellow fever may be induced in a non-immune individual by the

bite of the mosquito Stegomyia which has previously bitten a patient
in an early stage of the disease. Practical sanitary procedures based

upon the hypothesis that this mosquito acts as an intermediate host in

which the (unknown) yellow-fever parasite passes one of its develop-
mental cycles, have furnished strong evidence that it is through the inter-

vention of this mosquito, and thus only, that the disease is conveyed.
For it has been possible, by the prevention of access of this mosquito to

yellow-fever patients through the use of netting and other precautionary

measures, practically to suppress the disease in Havana, where it was

formerly endemic, and to stifle epidemics elsewhere.
'

It has been further

demonstrated in the most conclusive way that the infectious agent in

yellow fever is not conveyed directly through the air or by fomites.
2

VARIOLA. (Smallpox.)

Smallpox is an acute, readily communicable, infectious disease, es-

pecially characterized anatomically by an inflammation of the skin which

passes through a series of more or less distinctive phases of papule, vesi-
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FIG. 1S8. A SMALLPOX VESICLE OF THE SKIN.

cle, pustule, with a final drying of the exudate and necrotic tissue con-

stituting the crust.

Various phases of the exanthem are used to designate forms of the

disease.

1 For a summary of observations relating to the mosquito as an intermediary host
of the infectious organism in yellow fever, see Reed. Carroll, and Ayrqmonte, Phila,

Med. Jour., October 27th, 1900; also Jour Am. Med. Assn., February 16th, 1901;
Amer. Med., July 6th, 1901; Gmterus, Amer. Med., November 23d. 1901; Dvrfuim,
Thompson Yates' Laboratories Report, vol. iv.. 1901, p. 485; Reed and Carroll. Am.
Med., February 22d, 1902; also Carroll, Jour. Am. Med. Assn., May 23d. 1903.

9 For a brief resume of the reasons for the belief that the mosquito is the sole agen'
in the conveyance of the infectious agent in yellow fever, see Carter. Bull of the Yel
low Fever Institute, No. 10, July, 1902, Bureau of Public Health and Marine Hospital
Service, U. S. A. For a description of the mosquito Stegomyia fasciata and modes of

prevention in yellow fever, see Reed and Carroll. Med. Rec.,' October 26th, 1901. For
the bearing of this subject upon quarantine regulations, see Doty, Med. Rec., October
26th, 1901.
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Secondary lesions are diffuse suppurative inflammation of the skin,

congestion, inflammation and ulceratiou of the mucous membranes,

haemorrhages in various parts of the body, swelling and ulceration of the

lymphatic tissues, albuminous degeneration of the kidney, liver, and

spleen, and leucocytosis.

The skin lesion shows in general at first circumscribed areas of in-

flammation above the ends of the papillae, with the development of a

fluid-filled reticulum, so that vesicles more or less umbilicated are formed

(Fig. 138). These at first contain a clear fluid, but by the gathering of

pus cells the fluid becomes turbid and accumulates to form a pustule.

Haud-in-hand with these changes the papillee and adjacent layers of the

coriurn may become infiltrated with cells. The contents of the pustules
and the necrotic tissue above dry and form the crusts. When the changes
are largely confined to the epidermis the lesion may leave no deformity.
But if the changes in the cutis are considerable, cicatricial tissue may
form, leaving scars. The association of local haemorrhage with the above

changes gives rise to the hsemorrhagic form of exantl^ein.

ARTIFICIAL IMMUNIZATION IN SMALLPOX.

Smallpox affords one of the most striking examples of positive and

prolonged acquired immunity conferred by a successfully weathered

attack of an infectious disease.

In the early days attempts were made to mitigate the virulence of

smallpox acquired by exposure in the usual ways by artificial inoculation

of material virus taken from a smallpox pustule. The usually rela-

tively mild form of the disease induced in this way also conferred immu-

nity. But the individual was during his immunization a source of danger
to others. The great discovery of Jenner that by inoculation with virus

from cowpox immunity was secured against smallpox, need not be con-

sidered in detail here. The immunity secured in this way, while not

absolute, is usually effective and involves as a rule but slight indisposi-

tion. By revacciuation after an interval of a few years practical protec-

tion is secured, so that the occurrence of smallpox epidemics to-day is

possible only through neglect of simple and positive protective measures.

The more recent view of the immunity conferred by vaccination

against smallpox is based upon the demonstration that the disease variola

in man and the disease vaccinia in the bovine species are of the same
nature and not different, as was formerly believed. This has been estab-

lished by numerous inoculation experiments. The disease in the cow is

a modified form of the human disease. The effect of the passage of the

unknown micro-organisms through the insusceptible bovine thus runs

the rationale in the new light is so to diminish the virulence of the

germ that by its subsequent inoculation in man immunity is secured with-

out the profound disturbance which infection with a germ of unmitigated
virulence would involve.

'

l ln diphtheria the perfection of the process of artificial immunization and the estab-
lishment of a precise and successful curative method are the direct results of a long, pa-
tient, logical series of animal experiments with a definite end in view, and by the use
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THE EXCITANT OF SMALLPOX.

Bacteria. The large number of studies which have been made of the

skin lesions of smallpox and of vaccine lymph have shown that bacteria

of various kinds are frequently present.
1

Streptococci and staphylococci
are especially common in the pustules and may be present in the blood

in later stages of severe or fatal cases.
2

It is probable that the pyogenic
cocci are of great importance as complicating factors in the disease.

But there is no evidence at hand that these or any other bacteria are its

primary excitants.

Protozoa. While it was natural that the most painstaking search

should be made for bacteria in the lesions of smallpox, there have been

from the first many obvious reasons for the conjecture that this disease

as well as the other exanthemata might be incited by organisms of a

different nature. In fact, as early as 1886 and 1887 bodies were found

in the pustules by Van der Loeff and L. Pfeiffer, which they conjectured
to be protozoa. It was not until 1892, however, when Guarnieri under-

took a series of noteworthy experiments in animals, that the nature of

the suspected structures in vaccine lymph became clearer. Guarnieri

inoculated vaccine lymph into the cornea of rabbits and noted the ap-

pearance after a few days in increasing numbers in the epithelial cells

of the structures which had been previously discovered in the contents

of smallpox pustules. In some of these bodies he believed that he saw

amoeboid movements. These bodies, which were called " vaccine bodies,
"

he regarded as protozoa and named the species Cytoryctes vacdnce.
3

These observations of Guarnieri on the vaccine bodies found in the

lesions of both vaccinia and variola were confirmed by Wasielewski * and

many other observers.

The vaccine bodies of Guarnieri are spheroidal, oval, or irregular
structures from one micron to four or even eight microns in diameter,

staining readily with various dyes, the central portion giving in general
the staining characters of nuclear substance, a peripheral zone being
sometimes differentiated by cytoplasmic stains. The bodies often lie

close upon the border of the nucleus of the epithelial cells, sometimes

lying in a depression of the nuclear border. They may, however, lie in

of the absolutely identified and well-known germ which induces the disease. On the
other hand, it is not a little curious that in smallpox and in hydrophobia effective meth-
ods of immunization should have been perfected without precise knowledge of the

micro-organisms which incite the diseases, and yet by procedures which though some-
what empirically hit upon, are nevertheless in close accord with those which the most
recent studies on immunity in general have shown to be effective. Thus in both small-

pox and hydrophobia the material used for protective inoculation is that which has
been artificially reduced in virulence; in the one case smallpox by its passage
through the body of a relatively insusceptible animal; in the other hyd'rophobia by
drying in the air.

1 See Huguenin, Lubarsch and Ostertag's
"
Ergebnisse,

"
Jahrg. iv., p. 387, bibl.

2 See report by Eicing, Trans. Assn. Am. Phys., vol. xvii., 1902, p. 213; also Perkins
and Fay, Jour. Med. Res., vol. x., 1903, p. 180.

3 This name was given because the bodies frequently lay in small spaces in the cell

protoplasm, which he assumed to have been formed by the destructive action of the

parasite.
4
Consult, for a most admirable summary of the subject with original studies, pho-

tographs, and bibliography, Wasielewski, Zeitsch. f. Hygiene, Bd. xxxviii., 1901, p. 212.
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other parts of the epithelial cytoplasm. They are frequently surrounded

by a clear space, which may become of considerable size. They have

not been found in the nucleus.

Hand-iu-haud with the increase of these bodies there are progressive

degenerative processes in the epithelium of the inoculated region, with

the formation of various structures characteristic of the degeneration of

protoplasm under a great variety of conditions.

While many observers following Guarnieri have felt justified, largely
on morphological evidence, in the belief that the vaccine bodies are pro-

tozoa, others have been led to the conclusion that many if not all the

appearances presented can be accounted for by protoplasmic degenera-
tions induced by other agencies. Several experimenters, indeed, by the

introduction into the rabbit's cornea of chemical and other substances

not at all related to the vaccine virus, have been able to induce degenera-
tive protoplasmic structures resembling the vaccine bodies.

l

It is evident that the proof on morphological grounds alone of the

protozoan nature of such minute structures is a task of extreme difficulty,

associated as they frequently are with the readily stained products of

protoplasmic degeneration.
In April, 1903, Councilman announced the results of a long series of

studies by himself and his associates, Magrath, Briukerhoff, and Tyzzer,
on the excitant of smallpox.

* The observations of Guaruieri, Wasielewski,
and others, on the vaccine body, were in the main confirmed. These

observers find the vaccine bodies in the lower layers of skin epithelium
before the production of the vesicles and in the advancing edges of the

young vesicles. They find morphological evidence of the segmentation
of the bodies and the formation of round, spore-like structures about one

micron in diameter. Councilman further announced the discovery of

other bodies, not before described, within the nucleus of the epithelial

cells in the infected region in man. These intranuclear structures are

circular, ring-like, with a central dot, and may be seen singly or in clusters.

They are from one to one and one-half microns in diameter. These intra-

nuclear bodies Councilman regards as a further stage and as representing
a second complex cycle of development of the smallpox parasite. The
intranuclear structures he believes to be developed from the spore-like

bodies resulting from the segmentation of the iutracellular vaccine body
which penetrate the nucleus. Councilman finds the vaccine bodies both

in the epithelial cells of the smallpox lesion in man and in the lesion in-

duced by vaccination of the rabbit and calf. But the intranuclear forms

have not been found in the latter animals. After inoculation of the

monkey with the contents of smallpox pustules, both the iutracellular

and the intranuclear forms were found. He believes it to be probable
that in smallpox the parasite undergoes complete development, passing

through two cycles, an iutracellular and an intranuclear, while in vaccinia

only one, the primary, cycle is achieved.

'See Huckel, Ziegler's Beitr., Suppl. Heft, 1898; also Busing, Traus. N. Y. Path.

Soc., January, 1904.
2 "Studies on the Pathology and on the Etiology of Variola and Vaccinia," Jour, of

Med. Res., vol. xi., 1904.
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Calkins, from an independent study of the material furnished by
Councilman, is convinced of the protozoan nature of the organisms in

question and has formulated the stages of a complex life cycle.
1

It is clear that final judgment upon the nature and significance of

these minute structures must be suspended until further experiments

upon suitable animals shall have furnished fuller biological data than are

yet at hand, which may sustain the evidence, still largely morphological,
on which these suggestive conclusions are based.

2

SCARLET FEVER. (Scarlatina.)

This is an infectious, readily communicable disease characterized by
a diffuse skin eruption, and frequently accompanied by inflammation,

either catarrhal. or croupous, or gangrenous, of the tonsils, pharynx, and

hirynx. Focal jiecroses.
albuminous degeneration in the viscera, and

leucocytosis may occur.

There m^y be acute hyperplasia or suppuration of the cervical lyniph-

nodes. There is very frequently an acute exjulative or an acute diffuse

nephritis. The snleen niay^be eiilarged. Broncho-pneumonia,, endocar-

ditis, and pericarditis may complicate the disease..

The exanthem or skin eruption in scarlatina ^ a simple dermatitis

as the result of which the papmse and subpapillary stratum become infil-

trated with t^uid or leucocytes, or both, the leucocytes being gathered

especially about the blood-vessels. There may be small haemorrhages,

and the acute phase of the iiiflajjimatiou is followed by an increased pro-

duction of epithelium .and an exfoliation of the superficial layprg. These

lesions of the skin may be, excepting the haemorrhages, very slightly

marked after deat^T
That the disease is _dne to some form of micro-organism there can be

no doubt. The exact nature of this organism is not yet known. The
acute nephritis and the marks of degeneration and focal necrosis so

often present appear to be due to some poison formed in the body during
the disease.

Mallory
3 has described bodies in and between the epithelial cells of

the epidermis and free in the superficial lymph vessels and spaces of the

corium in scarlet fever which he believes to be protozoa and to bear an

etiological relationship to the disease. Most of these bodies are from

two to seven microns in diameter and stain with methylene blue. A
series of forms are found, including rosettes, which are said

(

to resemble

the series in the asexual development of the malarial parasite. Further

studies will be required to establish the protozoan nature as well as the

significance of these structures.

One of the most marked features of the disease is the predisposition

1

Calkins, "Life History of Cytoryctes Varioloe," ref above, p. 136
2 Consult for general bibliography Freeman, article on vaccination in "Cyclopedia

of the Diseases of Children," vol. v., suppl,. p. 263; or Moore, in "Twentieth Century
Practice," vol. xiii.

3
Mallory, Jour, of Med. Res., vol. x. 1904, p. 483.
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which it entails to the incursions of pathogenic germs other than that

which we believe to be its excitant. Thus an infectious croupous in-

flammation of the mouth, tonsils, pharynx, larynx, and trachea, due to a

streptococcus (see page 209), is a frequent complication. True diph-
theria due to the Loffler bacillus is also prone to establish itself upon the

vulnerable inflamed mucous membranes. So also the frequently asso-

ciated pneumonia, the inflammatory hyperplasia and suppuration of the

lymph-nodes, suppurations in various parts of thel>ody, the endocarditis

and pericarditis which are not uncommon, may all be due to a secondary
infection with the pyogenic cocci.

*

MEASLES.

A readily communicable infectious disease, the most prominent feat-

jires^of
which are an intense hypersemia with inflammation of the ski%

associated with catarrhal infljyniaaiion of the mucous membrane of the

air passages. The inflammation of the skin isjinatomically of the same
general type asjbhat in scarlatina, Albuminous degeneration of the kid_-

ney^ or acute_exudatiye nephritis may occur. FocaJ necroses, in the liver

and kidneys have been described by Freeman. 4

The more common secondary lesions are broncho -

pneumonia^ pseudp-
membranous inflg.Tnma.ti 91^

of the pharynx and larynx, suppuratiye in-

flammation in various parts of the bodyTand diphtheria.
These compli-

rations^ as in scarlatina, are doubtless, in part at least, dii-to secondary
infection with other germs than those causing the disease itself.

The ^xcit^nt of measles is not definitely known.

Canon and Pielicke in 1892 3 recorded the discovery in the blood in fourteen cases

of measles of very small bacilli, about as long as the radius of a red blood cell,

but varying considerably in size. These bacilli were sometimes abundant, sometimes

scanty in the blood, lying singly or in heaps. Meagre cultures were obtained in three

cases in beef tea. They did not seem to grow on the ordinary solid media. Bacilli

similar in form were found in the exudate from inflamed mucous membranes in measles.

The observations of these writers are interesting and suggestive, but until they shall

have been confirmed by others and greatly extended nothing can be assumed as estab-

lished regarding the etiological significance of the germs.

WHOOPING-COUGH. (Pertussis.)

Whooping- Cough is an infectious disease, often epidemic, without

characteristic lesions. There may be an associated bronchitis or bron-

cho-pneumonia. Several observers have isolated bacilli from the sputum
in whooping-cough many of them closely resemble the influenza bacillus

in form and culture but the proof that these are the excitants of the

disease has not been furnished.
4

1 Consult for a study and bibliography Pearce,
"
Scarlet Fever, its Bacteriology and

Gross and Minute Anatomy," Med. and Surg. Reports of the Boston City Hospital,
1898 and 1899

;
also Weaver, American Medicine, April 18th, 1903.

2
Freeman, Arch, of Pediatrics, February, 1900.

3 Berliner klin. Wochenschr., April 18th, 1892.

*Koplik; Centralblatt flir Bakteriologie, etc., Abth. I., Bd. xxii., p. 222, 1897;

Walnh, "Contributions from the William Pepper Laboratory of Clinical Medicine," 1900,

p. 450, bibl. ; Jochmann, Zeitschr. f. Hygiene u. Infkr., Bd. xliv., 1903, p. 498, bibl.



THE INFECTIOUS DISEASES. 279

BERI-BERI.

Beri~beri is a disease of warm climates, believed by some observers to be infectious

in character, by others to be due to unsuitable diet. The lesions are often not well de-

fined. There are in some cases subcutaneous oedema and dropsy. There is often de-

generation of the peripheral nerves and of the heart and voluntary muscle. The bac-

terial studies which have been made upon beri-beri have not led to definite results. '

ACUTE RHEUMATISM.

While the excitant of acute rheumatism is unknown there is much
reason to believe that it is an infectious disease. There are no charac-

teristic lesions; but various joints are frequently the seat of slight exu-

dative inflammation, serous or fibrinous in character. Albuminous de-

generation of the visceral cells with hyperplasia of the spleen has been

noted. The disease is not infrequently complicated by endocarditis or

pericarditis, by exudative inflammation of the lungs or pleura. Various

micro-organisms have been found in the body in acute rheumatism
;
of

these the pyogenic cocci have been most frequently isolated, but these

are probably to be regarded only as excitants of the suppurative or

other complications. It is possible that more than one form of infection

is embraced under the designation rheumatism. 8

MALARIA.

THE EXCITANT OF THE DISEASE.

The excitant of the disease long known clinically as malaria is a small

animal parasite, the Plasmodium malaria, which enters the red corpuscles
of the blood and in the course of its development destroys them. The
destruction of each cell is coincident with the maturation of its contained

parasite, which segments into a variable number of spores, or, more

properly, merozoites, a phenomenon which is also coincident with the

clinical appearance of the chill and its accompanying rise of temperature.
These parasites of the red cell are protozoa belonging to a special

sub-group, the hcemosporidia. For purposes of description these hsemo-

sporidia of human malaria may be classified into three species or types,

each of which incites a different clinical form of, -ddseaseVand each of

which also differs from the other types in its morphology/ These types
are the tertian, the quartan, and the sestivo-autiimnal parfsites.

Tertian and Quartan Types. If the blood of a patient suffering from
tertian fever be examined shortly after a chill, a number of the red

cells will be found to contain small, highly refractile, actively amoe-

boid bodies which are the early forms of the plasmodia or merozoites.

1 For bibliography of beri-beri see Sodre, "Twentieth Century Practice," Bd. xiii.

2 For summary of the bacteriology of Rheumatism see Poynton and Payne, The
Lancet, Sept., 1900, pp. 861 and 832; also Poynton, Practitioner, vol. Ixv., p. 22, Jan.,
1901.
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The latter often take the form of small rings surrounding a central clear

space. This is especially well seen in stained specimens (Plate I., Figs.

1-4). If the blood be again examined some hours later, these very small

forms will have grown to a considerable extent, and small brown or black

granules will be noted in the body of the plasmodium. This pigment has

a very rapid motion inside the body of the parasite. If the blood be ex-

amined at intervals for forty-eight hours the organism may be seen to

have grown so large as to occupy nearly the whole of the red cell (Plate

I., Figs. 5-12), which becomes somewhat swollen and pale, the latter effect

being due to the destruction of the haemoglobin of the cell by the para-

site, which thus produces the pigment granules of melanin with which it

is filled. At the end of forty-eight hours the pigment has collected in

the centre of the organism, which has ceased its active amoeboid motion.

Now small pale spots, which are the nuclei of the segmenting mature

form, become easily visible (Plate I., Fig. 16), and finally the red cell

bursts, and the small rnerozoites, each containing a nucleus, are set free

to enter other red cells and to repeat the cycle in another period of forty-

eight hours. A certain portion of the free merozoites are destroyed by
the phagocytic leucocytes and other cells. The free pigment left after

the segmentation of the mature forms is also collected by these phago-

cytes. Thus after severe and prolonged attacks of malaria the leucocytes
are frequently filled wTith pigment.

The quartan organism goes through a cycle similar to that of the ter-

tian, except that the time required is seventy-two instead of forty -eight
hours. There are also a few minor differences in the morphological ap-

pearance of the two organisms. Thus the small early amoeboid forms

of the plasmodium are much more active in their movements in the ter-

tian than in the quartan. The pigment in the tertian is very fine ;
in

the quartan it is often in small blocks or rods and is much coarser

(Plate I., Figs. 22-25). The mass of segmenting merozoites in the tertian

organism is quite irregular in shape and contains from fifteen to twenty
individuals, while that of the quartan is a regular rosette in shape and
the merozoites average from six to twelve (Plate I., Figs. 26-28).

JEstivo-Autumnal Type. The parasite of the restive-autumnal fever

develops in the blood in much the same way as the other forms, with the

exception that the amoeboid rings are, as a rule, smaller. The signet-

ring shape is more marked, and the pigment is less abundant (Plate L,

Figs. 31-34). Another peculiarity of this organism is that the develop-
ment of the larger amoeboid forms takes place chiefly in the bone marrow
and the spleen, while that of the tertian and quartan is to be seen in the

blood. Thus as soon as the plasmodium of the sestivo-autumnal type has

grown sufficiently to occupy about one-fourth of the red cell, it disap-

pears from the peripheral blood and can be found developing in the blood

obtained by puncture of the spleen, or in fatal cases, from the bone mar-

row (Plate I., Figs. 35, 36). In such preparations the mature plasmodia

may be found and the segmenting process followed (Plate I., Figs. 37-

39). The organism is not as large as the tertian, as the segmenting form

usually only occupies about one-half of the somewhat shrunken red cor-
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puscle. The number of merozoites formed is about fifteen. The time

of the developmental cycle in the blood is forty-eight hours.

In the blood of a patient infected with the aestivo-autumnal parasite,

there are always found within a few days after the beginning of the dis-

ease a moderate number of crescent-shaped bodies with pigmented centres

and the remnant of a red cell about them (Plate L, Figs. 43, 44). They
are devoid of amoeboid motion. The exact nature of these crescentic

bodies was quite unknown until very recently, when it was discovered

that they are cells with sexual capabilities, whose function seems to be

the prolongation of the species in a cycle outside of the human body. It

had long been known that certain of the large mature amoeboid forms of

the tertian and quartan organisms and the crescents of the sestivo-autum-

nal species did not undergo segmentation into merozoites, but remained

circulating in the blood. When, however, the blood containing these

forms was examined in a fresh condition on a slide, and especially if the

blood before being covered was allowed to remain in a moist chamber for

a few minutes, changes could be seen to take place which had not been ob-

served in perfectly fresh preparations. Certain 6f the mature organisms
set free long, actively motile flagella which entered other mature forms.

In stained preparations it could be seen that each flagellum contained

some of the nuclear chromatin of the organism from which it arose, and
that this flagellar chromatin united with the chromatiu of the body which
the flagellum entered. The cresceutic forms under suitable conditions

go through the same process, the male crescent giving off flagella, one of

which in turn fertilizes another crescent of slightly different morphology.

Evidently this is a sexual process, and its occurrence only in blood

which has been drawn from the body suggested the probability that under

ordinary circumstances it takes place outside the human host. The truth

of this conjecture has recently been established, and the process of fertil-

ization and maturation of the fertilized organism has been found to occur

in the stomach of a particular genus of mosquito, the Anopheles. No
other species of mosquito is capable, according to our present knowledge,
of acting as host to the plasmodium of human malaria, though the organ-
ism which induces malaria in birds can develop in a mosquito of the

genus Culex. Whether the plasmodium can carry out its sexual cycle
under other conditions than in the stomach of the Anopheles is as yet
unknown. If an Anopheles bites a patient with malaria, the blood with

its contained organisms is drawn into the stomach of the mosquito, the

flagella are given off from the gametes and enter other mature forms and

fertilize them. The fertilized organism goes through a complicated

development, and the resulting sporozoite finds its way in the course of

a few weeks to the salivary glands of the mosquito host, to be injected
into the blood of the next person bitten. The sporozoites enter the red

cells, becoming the small amoeboid forms or merozoites already described.
'

'For details of the process see Schaudin, "Arbeiten aus dem Kais. Gesundheits-

amte," 1902, p. 169.



DESCRIPTION OF PLATE I.

Heematozoa of Tertian Malaria.

FIGS. 1 to 4. . .Small ring-shaped merozoites of tertian malaria; 2 and 3, multiple in-

vasion of a single red cell.

" 5 to 12 . .Amoeboid forms of gradually increasing size.

FIG. 13 Large amoeboid form in which the pigment is beginning to collect as a

preliminary to segmentation.
" 14 Pigment still more clumped, and the pale areas representing nuclei be-

gin to be marked.
" 15 Segmenting form with an irregular mass of merozoites.

" 16 More symmetrical type of segmentation with central block of pigment.
" 17 Free merozoites after leaving the red cell.

" 18 Gamete.
" 19 Microgametocyte with flagella or microgametes.

Haematozoa of Quartan Malaria.

FIGS. 20 and 21 . . Small ring form of merozoites.

" 22 to 25. ... Amoeboid forms with coarse pigment.
" 26 " 28 Segmenting forms.

" 29 Gamete.
" 30 Microgametocyte with microgametes in the process of formation.

Haematozoa of -SSstivo-Autumnal Malaria.

FIGS. 31 to 34 . . Small ring forms, some of them on the surface of the corpuscle ; 32 and

33, multiple invasion of the red cell.

" 35 and 36, Amoeboid forms found in the peripheral circulation.

" 37 to 39 . . Large amoeboid forms and segmenting parasites found only very rarely
in the peripheral circulation, but abundantly in the spleen and bone
marrow.

- 40 " 42 .. Young crescentic forms not found in the peripheral circulation, but

chiefly in the bone marrow.
" 43 and 44, Adult crescents or gametes, found abundantly in the peripheral blood.
" 45 "

46, Microgametocytes becoming oval and preparing to give off microga-
metes.

FIG. 47 Microgametocyte giving off microgametes.
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The details of the process of fertilization and the formation of the

sexual cells which are capable of carrying on the cycle in the mosquito
have been best observed in the aestivo-autumnal fevers, so that the stages

will be here described in connection with the development of the crescent

gametes. These crescents are formed chiefly in the bone marrow from

the small ovoid, intracellular bodies, which can early in their develop-
ment be distinguished from the ordinary amoeboid forms by their more
abundant coarse pigment and oval outline.

The adult crescents are quite constantly present in well-developed

cases, and are often found in the blood after treatment with quinine has

caused the disappearance of the amoeboid bodies, the power of resisting

the action of drugs being much more marked in the crescents than in any
other form of the plasmodium. Two types may be distinguished, both

of which begin as small amoeboid forms and gradually mature into oval

or cresceutic organisms. One of these, the microgametocytes, or the cells

producing the male elements, develops and gives off the flagelluni

(niicrogarnetes) ;
the other, the macroganietes (female elements), neither

form nor give off flagella. According to Marchiafava and Biguaini
'

the

microgametocytes are distinguished from the macrogametes by the fact

that in the former (the male form) the pigment is gathered in a fairly

compact mass in the middle of the crescent, the chromatin is more abun-

dant, and the entire body stains faintly ;
while in the female form, the pig-

ment surrounds the rather scanty nuclear chromatin in a ring form, the

cell body stains deeply, and no flagella are given off. The crescents in

the fresh blood show no amoeboid motion, and even the pigment is mo-
tionless. They are either crescentic in form with the pigment collected

at the centre, or they may be spindle-shaped with somewhat scattered

pigment, or finally short, thick ovoid bodies with pigment irregularly
scattered or more frequently gathered into a ring about the nucleus.

They are all contained in red blood cells (eudoglobular), the faint rem-

nant of the red cell often being seen as a delicate line stretching between

the two horns of the crescent.

The formation of flagella (microgametes) -does not take place in

the circulating blood ; it begins only after the blood has remained on a

slide for a few minutes or has remained for some time in the stomach of

the mosquito. These flagella, usually about four in number, bud out

from the periphery of one of the microgametocytes, which has assumed
a spherical instead of a crescent shape, and grow to a length of three to

five times the diameter of the red cell. They are either pointed or bul-

bous at their extremities, or they present swellings at irregular intervals.

Their motion in warm-stage preparation is rather rapid, and they finally

become detached and move about free in the serum (Plate L, Figs. 45,

46, 47). The pigment during this process usually remains at the centre

of the spherical microgametocyte and is actively motile, but in prepara-
tions stained to show the nuclear chromatiu, the latter may be seen to

1 Other observers claim that the pigment in the male forms is scattered throughout
the plasmodium.



284 THE INFECTIOUS DISEASES.

penetrate the flagella iu the form of long thin rods which remain after

the flagella become detached. The shell of the red cell in which the

crescent has developed can rarely be seen in fresh preparations of the

flagellate forms. These flagella penetrate the body of one of the macro-

gametes present in the slide and fertilize it.

This process, which we have followed in an artificial preparation, seems

necessary for the continuance of the race, and is normally carried out in

the middle intestine of the mosquito of the genus Anopheles. The
actual entry of the microgamete (spermatozoon) into the macrogamete
has been observed by MacCallum ' and others in fresh blood prepara-
tions.

If a patient in whose blood mature crescents are present is bitten by
the mosquito, the parasites develop in the intestine of the insect, and at

the end of two days the fertilized forms may be found adherent to the

wall of the intestine as small pigmented oval bodies quite similar to the

early forms of the crescents developing in the human bone marrow. Two
days later, the parasites or oocysts are much larger and have a distinct

capsule, while by the sixth day they may measure from 60 to 80 // in diam-

eter. They contain numerous small particles which are nuclei due to

the frequent division of the original nuclear material, and the capsule is

much thicker. At the end of a week the parasite contains a large num-
ber of slender thread-like rods with pointed extremities, each one of these

rods having nuclear chromatin. The parasite or oocyst projects through
the wall of the intestine into the coeloni cavity of the mosquito host,

and when it ruptures these minute rods or sporozoites are carried by the

lymph currents to the salivary glands from which they may be injected
with the saliva when the female Anopheles bites another subject.

The sporozoites, after entering the circulation of man, attack the

red cells, and become the small amreboid forms described above. In

two to three weeks the formation of the gametes takes place, and the

crescent forms appear in the blood.

That the infection of man in this way is possible has been abundantly

proven by allowing mosquitoes infected with sestivo-autumual organisms
to bite healthy persons, who, after a period of Incubation of about ten

days, are seized with an sestivo-autumual type of fever, and the character-

istic organisms, though not present previously, are now to be found in

the blood. The mature forms or gametes of the tertian and quartan fevers

undergo a course of development very similar to that of the sestivo-autum-

nal fever, and are derived from the blood of the infected patient by the

female of the same genus of mosquito, the Anopheles (Plate I., Figs. 19

and 30). The sporozoites find their way to the salivary glands of the

mosquito and enter the blood of the person infected while the Anopheles
is biting. These sporozoites then enter the red cells as the small amoe-

boid forms and carry on the sexual cycle in the blood until either the

1 MacCallum, "On the Haematozoan Infections of Birds/' Jour, of Exp. Med., vol.

iii., 1898, p. 117.
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tissues of the body finally overcome the parasite, or treatment with qui-

nine destroys the merozoites by means of its toxic action ou these imma-

ture forms.

THE LESIONS OF MALARIA.

The characteristic lesions of acute malarial infection are found in the

blood, the liver, spleen, kidneys, and brain.

The alterations in the blood are chiefly confined to the diminution in

number of the red corpuscles, due to their destruction by the parasites

developing in them and to a reduction in the haemoglobin content of

those which do not contain parasites. These changes are apparently due

to some toxic agent, for which there is additional evidence in the poly-

chromatophilia and granular degeneration of the body of the red cell so

often present in severe malarial infectious. The evidence of some poison

acting on the protoplasm of the red cell is found, not only in those cells

in which the organism is developing, but is more abundant in those cells

in which no plasmodia are present.

The leucocytes show slight qualitative changes, there being usually

present a relative increase in the large mouonuclear cells. Pigmented

leucocytes are often seen, and in very severe infectious large inacrophages
loaded with pigment may be seen in the circulating blood. In severe

cases the pigment, which is derived from the haemoglobin of the blood

corpuscle and forms the granules in the body of the parasite, may be

found free in the general circulation, but is usually soon removed by
the leucocytes and the phagocytic cells of the liver, spleen, and bone
marrow. The brain in cases of pernicious aestivo-autumual fever is often

much congested, and the smaller capillaries may be filled with enormous
numbers of the plasmodia in various phases of development ;

there may
also be small punctate haemorrhages in the wrhite matter. The deposition
of the malarial pigment in the cortex may give to the latter a dark red-

dish-brown color, or it may be almost black. The spinal cord shows
similar changes.

The liver in acute cases may show focal necroses resembling those

present in other infectious diseases. The ejidothelium of the
livei^capil-

laries may contain much pigment (see Fig. 359, p. 592), while thelumlna
of the Capillaries may be stuffed" with plasmodia in various stages of de-

velopment. The kidneys may show albuminous degeneration, and while

the intertubular capillaries may be filled with pigmented leucocytes
there is not, as a rule, a great accumulation of plasmodia in the vessels.

A moderate diffuse nepjirjtis. is occasionally seen. The
capjllariespf

the

mucosa of thlTstomocA and the intestines may be filled with parasites in

cases~with choleraic symptoms, and" there may be^i colasiderablelunouut

of necrosis in the epithelium of the mucosa of the intestines. The bone

marrow usually contanTs largo numbers of the plasmodia, chiefly seg-

menting forms. A good deal of pigmentation is present, and an active,

phagocytosisjs carried on, mainly by the giant-cell inacrophages present
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in the__marrow. Crescentic organisms may be present in the marrow
even if these have not beerrpresent in the blood during life.

The spleen is increased in size, the pulp is softened and very dark,
the Malpighian bodies are not well marked. Microscopically, the organ
is greatly congested ; many of the red cells^are invaded by the plasmodia
which are often in the segmenting stage. There is a very activejjhago-

cytosisjjy the macrophages present, often so extensive as to includetne"

reef cells with tBerFconfained parasites.

In the chronic cases, the patient may become extremely anaemic with

nucleated red rails in the blood and a great reduction in the number of

^rythroblatg. The spleen~Is greatly enlarged, the capsule thickened and
adherent to the surrounding tissues. The cut section of the organ_is^of
a dark brown or slaty black from the deposit of pigment. The Mal-

pighian bodies arc well marked. The fibrous-tissue trabeculae are

as is the reticulum of the pulp ;
the pulp cells are pigmented.

shows a marked pigmentation, especially in the eudothelium

of the capillaries and in the so-called perivascular cells described by
Kupffer, while occasionally there is a moderate amount of new connec-

Jiye tissue, which, however, does not follow, as a rule, the anatomical^

distribution of the connective tissue in the usual atrophic cirrhosis. In

chronic poisoning the kidneys may show a chronic diffuse nephritis. The

Qjone marrowfrnay remain fairly normal except for the deposition of pig-

ment, or there may be seen ajqarked hyperplasia with replacement~Vf
the^normal fatty marrow of the shafts of the long bones with red marrow

containing normoblasts or even megaloblasts, if the disease has been long-
continued and severe. '

Methods of Examination of the Blood in Malaria.

There are two methods of examining the blood for plasmodia, in fresh preparations
and in stained smears. Both require considerable training, as the artefacts produced by
imperfect technique have often been mistaken for organisms.

THE EXAMINATION OF FRESH BLOOD. To examine the fresh blood, a puncture is

made in the pulp of the finger and a perfectly clean cover-glass just touched to the top
of the drop of blood which exudes from the puncture. The cover is then dropped
without pressure on a clean slide. The diameter of the drop on the cover-glass should

never exceed 2 mm., because if more be taken the corpuscles cannot spread out in a per-

fectly thin layer, but will overlap each other and the preparation will be useless. The
search for the organism should be made with a one-twelfth oil-immersion lens and a

moderate illumination. The organisms are best recognized by the actively motile pig-
ment in the clear, highly refractile cell body.

THE EXAMINATION OF BLOOD AFTER FIXATION. If the examination cannot be

made at once, stained preparations may be made. The smear should be made on a slide

or large cover-glass. It is best fixed in a mixture of formalin and strong alcohol for

1 A general bibliography of malaria to 1895 is contained in the excellent monograph
of TJiayer and Hewetson, "The Malarial Fevers of Baltimore," Johns Hopkins Hospital
Reports, vol. v., 1895. The more recent literature, especially that relating to the de-

velopment of the organisms in the mosquito, is in Marchiafata and Bignami, article

"Malaria" in "Twentieth Century Practice," New York, 1900, and also LilJie, "Neuere
Sporozoenforschung," Centralbl. f. Bakt., Bd. xxvii, and xxviii., 1900. For a study of

structure and biology of Anopheles, see Nuttall and Shipley, Jour, of Hygiene, vol. i.,

1902. For practical directions for the study of mosquitoes, see Berkeley,
"
Laboratory

Work with Mosquitos," 1902.
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one minute. The proportions are 2 c.c. of a ten-per-cent solution of formalin to 100 c.c.

of strong ethyl alcohol. The organisms are most easily found and studied in prepara-
tions colored with thionin. The formula for the stain is 20 c.c. of a saturated solu-

tion of thionin in fifty-per-cent alcohol, added to 100 c.c. of two-per-cent aqueous
solution of carbolic acid. The stain requires several days to ripen and then keeps indefi-

nitely. Its action is rapid, requiring only about fifteen seconds to color the malarial

organisms deeply.
In order to demonstrate the nuclear chromatin of the malarial parasites it is neces-

sary to use special stains, the most useful being a modification of that originally devised

by Romanowski for this purpose and improved by Giemsa. 1 Two substances are neces-

sary; first, an aqueous solution of "methlyene azure II., Grubler," 8 dgm. to the

litre, and second, an aqueous solution of eosin,
" extra water-soluble, HOchst. " These

two stock solutions are permanent if kept in dark-colored bottles. The smears to

be stained are fixed in methyl alcohol for about ten minutes. The staining mixture
is prepared by adding 1 c.c. of the methylene azure II. to 10 c.c. of the eosin solution.

The staining mixture is poured into a Petri dish and the slide immersed in the fluid

with the blood side down. The process is complete in from fifteen to thirty minutes
The slide is washed off for about ten seconds with a strong stream of distilled water,
dried in the air without heat, and embedded in dammar dissolved in xylol. A simpler
method has recently been published,

2 which is better adapted for clinical work. The
smear is fixed for two minutes or more in methyl alcohol, then stained for ten seconds

with a 1:1,000 aqueous eosin solution, the latter allowed to run off the slide, and the

smear again covered with a few drops of a one-fourth-per-cent solution of methylene
azure II. In about from fifteen to thirty seconds the staining is complete. The slide

should be washed in distilled water, dried, and examined directly with an oil-immersion

lens, no cover-glass being necessary.

INFECTIOUS DISEASES OF UNKNOWN ORIGIN.

Notwithstanding the great increase in our knowledge of the infectious diseases made

possible within the past few years by the new methods of cultivation of micro-organisms
and by animal experimentation, there are still several diseases obviously of this class

whose inciting factors are wholly unknown to us. We are now beginning to realize

that we must not confine our search in this class of diseases to the bacteria alone ; but

that among the protozoa may be found most important infective agents. In this latter

group of organisms the culture methods applicable to the bacteria do not furnish the

necessary data for the establishment of etiological relationships. While the significance

of the malarial protozoan has been determined without cultures, the desirability of arti-

ficial culture methods in the study of protozoa is daily becoming clearer.

In the search for the inciting agents of infectious diseases which have as yet baffled

investigation, it should be borne in mind that it is quite possible that bacterial and
other micro-organisms may exist which are ultra-microscopic ; that is, so small as to be

invisible with such microscopic resources as we at present possess. In one instance, the

infectious peripneumonia of cattle, Nocard and Roux by a special technique have

been able to isolate an organism so small that its morphological characters could not be

learned even with the highest available magnification. Experiments with the filtration

of infectious material, especially from certain communicable diseases of animals,

through porcelain filters whose pores are so fine as to retain ordinary bacteria, have

shown that the infective agent may pass these filters and though revealing no morpho-
logical elements is still virulent. The possibility of the existence. of ultramicroscopic

organisms must then be held in mind in our summaries of infectious diseases whose in-

citing factors, though persistently sought, are still unknown. 3

Cent. f. Bakt., vol. xxxii., 1902, p. 307.
*
Wood, Medical News, August 8th, 1903, p. 248.

3 For a most interesting and suggestive summary of recent investigations on infec-

tious diseases of unknown origin, see Ilektoen, Jour. Am. Med. Assn., August 15th and

22d, 1903; see also Roux,
" '

Invisible
'

Microbes," Bull, de 1'Inst. Pasteur, tome i., 1903,

pp. 7 and 49, bibl.
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THE INFECTIOUS DISEASES OF ANIMALS.

The study of comparative pathology is of great and increasing importance, and

already much light has been thrown on the nature of human diseases by the study of

the diseases of the lower animals.

While this is true of pathology in general, it is of especial significance in the study
of the infectious diseases of the lower animals, not only as they occur spontaneously,
but also in fields of experimental research.

The scope of this book does not permit of a more than occasional reference to ani-

mal diseases, but the reader may consult: Nocard and Ledainche, "Les Maladies Micro-

biennes des Animaux," Paris, 1898, and Frieberger and Prohner, "Lehrbuch der speci-

ellen Pathologic und Therapie der Hausthiere," 1896.

Consult also the files of Lubarsch and Ostertag, "Ergebnisse der allgemeiuen Aeti-

ologie der Menschen- und Thierkrankheiten."

BIBLIOGRAPHY OF THE INFECTIOUS DISEASES.

For a fuller treatment of the themes considered in this chapter the reader may con-

sult among the larger works:

Kolle and Wasaermnnn, "Handbuch der Mikroorganismen," 1902-04.

Fliigc/e, "Die Mikroorganismen," 1896. This is in many respects the best general
work.

Mace,
"
Bacteriologie,

"
1901. Has recent bibliography, especially the French.

Among the smaller works may be mentioned :

Muir and Ritchie, "Manual of Bacteriology," 1903. This is an excellent epitome.

Abbott, "Principles of Bacteriology." Especially good as a working laboratory

manual.

Park,
"
Bacteriology in Medicine and Surgery," 1899. Presents certain hygienic

and public-health aspects of the subject.

Wiiriz,
" Precis de Bacteriologie clinique." Summarizes the micro-organisms wind

have been found in various lesions.

Ilueppe, "Principles of Bacteriology." English translation by Jordan, 1899, is an

admirable general treatment of the subject, based upon a scientific rather than upon
the traditional conceptions of the relationships of bacteria to disease.

Lubarsch and Ostertag's
"
Ergebuisse der allg. Aetiologie der Menschen- u. Thiei

krankheiten " contains valuable resumes and bibliography, issued yearly.

A large part of the record of recent study is widely scattered in monographs anc

journals.



CHAPTER IX.

TUMORS.

The Nature and Characters of Tumors in General.

THE word tumor, which was originally applied to any swelling, has

become more and more strictly limited in meaning until it is now com-

monly used to designate certain more or less circumscribed new tissue

growths or neoplasms. But the formation of new cells and new tissues

is of such common occurrence under normal as well as under various ab-

normal conditions that it is desirable for us to fix if possible upon some
features by which the tissue growths called tumors may be distinguished
from other normal or abnormal new-formed tissues. In the first place

tumors, like all tissues formed in the body after embryonic life, are pro-
duced by the proliferation of cells of normal types, each of its kind.

It would be well in this connection to remember that a given cell of

whatever type, be it of connective tissue, muscle, gland, or nerve, can

fully maintain the characters of its type only so long as the conditions

of its life do not greatly differ from those under which by adaptation to

environment the type was finally fixed. The characters of cells are

largely shaped by heredity, and these characters are maintained with

great tenacity, but both in form and function cells may be largely swayed
by external influences. The marks of departure from the type in cells

subjected to an unusual environment may be evident when expressed in

form or structure, and sometimes in function, but it is well not to forget
that even our most refined methods of study of cells leave by far the

greater part of their metabolic performances wholly in the dark, while

we seem as yet to be only 011 the threshold of knowledge of their structu-

ral details.

These considerations are especially important in the study of tumors

as of all new tissue formations, because the key to our understanding of

these lies largely in the appreciation of the fact that every cell in the

differentiated tissues comes from a cell of the same type. But this,

which is sometimes called the principle of legitimate succession in cells,

assumes that the conditions under which the life of the new cell is main-

tained shall not depart too widely from the normal, that is, the'usual.

The bearing of this limitation will be evident as we proceed in our study
of tumors.

The capacity for cell proliferation is most marked in the embryo and

during the earlier periods of individual life. When the body attains its

development, the power of cell reproduction, as we have seen see Re-

generation, p. 94 is largely limited to special forms of tissues, such as

connective tissue, the blood, and certain kinds of epithelium. This

19
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constant normal regeneration makes good the wear and tear of normal

cell life. But here the capacity for multiplication in the cells is closely

confined to the requirements of the body. A definite physiological con-

trol is evident, similar in character to that under which in normal devel-

opment the amount of new tissue is limited and its adaptation to the

organism as a whole secured.

Under normal conditions, furthermore, there may be a very large

new formation of tissue under special physiological excitation, as in the

mammary gland and the uterus in pregnancy. But here also the charac-

ter and amount and the functional capacity of the new tissue are strictly

limited and subservient to the welfare of the individual.

Let us now turn from these normal new tissues to those which are

abnormal. We have already seen, especially in our study of inflamma-

tion, that new tissues may form even in considerable amount under

abnormal conditions, such as injury with subsequent repair; excessive

functional activity as in various hyperplasise ;
and under circumstances

which involve a special and little understood persistent stimulus, as in

interstitial inflammations. But under these various conditions also the

tissue growth is local, typical in structure, usually limited in amount,
and in most cases appears measurably to accord in nature and distribu-

tion with the maintenance of the structural integrity and general welfare

of the individual. The new tissue, in other words, maintains under all

these varied conditions a definitely co-ordinated relationship to the body
as a whole.

While it is as yet impossible to define tumors in such a way as abso-

lutely to distinguish them from such other new tissue formations as we
have just cited, they are in general characterized by such irregularity in

growth both in structure and extent ; by such a lack of relationship to

the functional requirements of the individual,
'

by such an independence
of that subtle physiological restraint which limits cell growth and pro-
liferation in the normal body, that their distinguishing character is per-

haps best indicated by the word autonomy, or by the more striking sug-

gestions of the term cell-anarchy. The autonomous or independent
character of tumors, as has been very clearly formulated by Thoma, is

especially manifested in the distinct limitation of the growth at the start
;

in the tendency to variation in the structural type ;
in various functional

aberrations of the new cells ;
in their interference by compression or

otherwise with adjacent parts ;
in their proneuess to multiply through

local or distant transplantation of cells ;
and finally, in their liability to

various forms of degeneration and necrosis.

The reason why we cannot more accurately characterize tumors in

distinction from other new tissue formations is chiefly because we do not

yet know what are their immediate excitants. To this subject we shall

presently return, but we must first look at the general characters of

tumors.

1 An example of a certain physiological independence in tumors is seen in lipomata,
in which a large amount of fat tissue may persist in an ill-nourished individual whose
fat has otherwise almost wholly disappeared ;

or in myomata of an extremely atrophied
uterus.
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Tissue Types in Tumors. Tumors, as we have seen, are composed of the

same types of tissue as those normally existing in the body, and from
the latter they are derived by a proliferation of pre-existing cells. Thus
tumors of the connective-tissue type originate in connective-tissue cells,

of the epithelial-tissue type in epithelium, of muscle in muscle, etc.

Tumors are not only analogous to the normal tissues of the body in

structure, but their life history is manifested under the same general
laws of nutrition, growth, reproduction, etc. They are supplied with

blood-vessels which grow into them from adjacent healthy parts, just as

these do, for example, into granulation tissue, so that they may finally

possess a more or less independent vascular system of arteries, capil-

laries, and veins. They have lymph-vessels and some of them nerves.
*

While the cell divisions by which tumors grow exhibit in general the

same minute phenomena as does cell division in normal tissues (see page

95), abnormal mitosis is frequent. Thus it may be multipolar; the

chromatic substance may present great irregularity in form and amount

(Fig. 30, page 97) ;
there may be incomplete nuclear division, or the new

nuclei may vary in size and form. While all these abnormalities may
occur in the new tissue formations and may be experimentally incited,

they are unusually frequent in certain tumors and mark one of the ways
in which the lawlessness of tumor growths is manifested.

Degenerative and Destructive Processes in Tumors. Tumor tissues are

subject to the same degenerative changes as other tissues; they may
become fatty or calcified, ulcerated, gangrenous, pigmented, etc. By
necrosis a tumor may be largely destroyed, though complete obliteration

rarely occurs in this way. They are liable to undergo the ordinary in-

flammatory changes, granulation tissue may form in them, and abscesses

and cicatrices.

The rapidity of growth of tumors varies greatly ; some grow very

slowly indeed and may change but imperceptibly in size and appearance
for years, while others grow so fast that they do not acquire solidity, and
their elements remain in an incompletely developed condition and are

thus more liable to destructive changes than are normal tissues. In

healthy tissues the blood-vessels are supported by surrounding elements,

which aid them in sustaining the blood pressure from within. In rap-

idly growing tumors this external support is often lacking, and, as the

walls of the blood-vessels are themselves often badly formed, the result

is that the walls are apt to become pouched or aueurismal, and they often

burst, giving rise to larger or smaller interstitial hemorrhages.

Shape, Size, and Modes of Extension of Tumors. Tumors have various

shapes: nodular, tuberous, fungoid, polypoid, papillary, dendritic, lobu-

lated, etc. (see Figs. 139, 140, 141).

Tumors may occur singly or in greater or less numbers in the same or

in different parts of the body. If they be multiple they may have oc-

curred simultaneously or at different times as independent structures.

Or, multiple tumors may occur as the result of the dissemination in the

body, from a primary tumor, of cells which form a starting-point for

1 For a study of iierves in tumors see Youny, Jour. Exper. Med., vol. ii., p. 1, 1897,

bibliography.
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new tumors. Many tumors are sharply circumscribed, may be even en-

capsulated, and influence surrounding parts only by the pressure which

they exert upon them. In this way they may cause displacement, atro-

phy, or necrosis ; they may, by pressure on neighboring vessels, induce

oedema, thrombosis, etc. ;

they may in the same way
lead to dislocation and ca-

ries of bones.

Tumors may grow largely

by increase of elements with-

in them, thus simply expand-

ing; this is called central

growth. They may grow in

part or largely at the sur-

face peripheral growth. In

this case the growth may be

a direct, continuous enlarge-
FIG. 139. MULTIPLE NODULAR SARCOMATA OF THE SKIN. llieilt of the mass at or near

the periphery, or it may be

by the formation of secondary nodules near the primary growth, which,

gradually enlarging, finaly coalesce with the latter, forming a part of

the nodular tumor. This mode of enlargement is called discontinuous

FIG. 140. SARCOMA OF THE FOREAUM. A tumor of the tabulated type.

peripheral groicth, and is due to the dissemination of cells from the mother
tumor into the adjacent tissue through the blood or lymph channels, and
their proliferation at the points of lodgment. This dissemination may
occur by the agency of blood or lymph currents or by the amoeboid move-
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ments of the cells. Those new cells formed in tumors which are char-

acteristic of the growth are all descendants of the cells in which the

neoplasm starts and maintain their general type. But the old tissue of

the part in which the tumor grows may remain with its vessels and form

a matrix whose interstices are filled with the new tumor tissue; or the old

tissue may furnish the starting-point for a new growth of a fibrous and

vascular nutrient and sustaining
stroma.

Metastasis of Tumors. All tu-

mors are not limited, as we have

seen, to that part or region of the

body in which they first occur.

Sooner or later secondary nodules

resembling the first may be found

in distant parts of the body, some-

times singly, sometimes in great
numbers. These may grow like

the parent tumor, and them-

selves form foci for new dis-

seminations.

This dissemination of tumors

is one of the most important
elements of malignancy, and is

called metastasis, the secondary
tumors being called metastatic

tumors. This occurs by the trans-

portation of tumor cells through
the blood or lymph channels

(Fig. 142). Since the tumor it-

self may contain new and badly
formed blood and lymph vessels,

and its structures be in close con-

tact with the vessels of the tissue

in which it grows, the cells of

the primary tumor may, by ul-

ceration through or by atrophy
of the walls, readily find their

way into the lumen of the vessels and be swept away by currents as

emboli, and, finding lodgment, proliferate and grow, forming secondary
tumors; or the proliferation may occur in the vascular endothelium

itself, when the formation of emboli is easy to understand. When carried

through the lymph vessels the tumor cells may for some time be kept
from the larger channels and from general dissemination by lodgment
in the lymph-nodes, where they may establish independent tumors.

The tumors in which metastasis is most apt to occur are, as a rule,

those which grow rapidly, are vascular and succulent, and contain many
cells. The Darts of the body in which metastatic tumors are most apt to

FIG. 141. A nodular polypoid tumor fibroma hanging
, from the vulva.
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form depend, of course, upon the situation of the primary tumor and the

distribution of the vascular channels through which dissemination occurs.

Metastasis affords one of the most

noteworthy examples of the great prolif-

erative capacity of the cells of malig-
nant tumors. For in the metastasis of

normal tissue cells, such as not infre-

quently occurs after injuries to the bones

or the liver, for example the so-called

parenchyma cell emboli the transported
cells invariably soon die and are disposed
of as foreign bodies. But the exalted

proliferative capacity of detached tumor

no. I.-A tumor-ceii emboiu* growing
cells enables them in spite of adverse

conditions to establish and maintain fresh

foci of vigorous tissue growth.
The Malignancy of Tumors. Not less variable than the size, mode of

growth, and structure of tumors is their significance in the organism.
It is customary to classify tumors, for practical purposes, as malignant

and benign, and for a long time malignant tumor and cancer or carcinoma

were synonymous terms. Now wre know that other tumors as well as car-

cmomata are malignant, and, furthermore, contrary to the former belief,

that malignancy does not depend upon any specific extracellular agent in

the tumor. By the malignancy of a tumor is not meant merely the grav-

ity of its presence, for a simple fat tumor, by pressing on the trachea,

may lead to suffocation, and any tumor may secondarily cause death by
haemorrhage. The real elements of malignancy in a tumor are: 1.

Invasion of adjacent tissues by eccentric or peripheral growth. 2. The

tendency to local recurrence after removal. 3. The formation of metas-

tases. 4. An interference with the nutrition and general well being
of the body, which may give rise to a condition known as cachexia.

The modes of invasion of surrounding tissues and the formation of me-

tastases have been considered above. The tendency to local recurrence

after removal is probably, in most cases, due to the incomplete removal

of the peripheral infiltrating cells. These may be very few in number
and lacking in characteristic structural features, but are none the less

endowed with the capacity of proliferation and development into a new
and similar tumor at or near the seat of the one extirpated. The infil-

trating peripheral cells may remain dormant for a long time after an

operation, or may immediately commence to grow. But the mere fact

that a second tumor develops in the place of one removed does not imply

malignancy, since this may result from a continuance of the conditions

which induced the first.

The drain upon the system by the rapid growth of a tumor, together
with the absorption from it into the body of deleterious putrefactive ma-

terials, from sloughing, ulceration, and degeneration, or the occurrence

in it of local infection with various micro-organisms may give rise to

fever and other constitutional disturbances. Or, the tumor may induce
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feebleness, anaemia, and that general impairment of the nutritive func-

tions of the body known as cachexia. This condition is frequently ren-

dered worse by the mental status of the patient in the presence of such

a traditional object of alarm.

It should be remembered, however, that so long as they are localized

and have not undergone degenerative changes, even the most malignant
tumors do not usually give rise to a cachexia, since the drain upon gen-
eral nutrition by their simple growth is not, under ordinary conditions,

very great. When the system is deteriorated by the absorption of septic

materials from tissue degeneration, however, this may become a very

important factor.

This condition of cachexia, so evidently secondary to the growth and

degeneration of the tumor, was formerly termed a dyscrasia or diathesis,

and was supposed to precede and induce the growth of malignant tumors,

particularly cancers.

It is further to be noted that the fragments of tumors which have
found access to the vessels may act as simple emboli leading to immediate

death, or, if infected, may incite nietastatic abscesses.

It was formerly supposed that the cells of malignant tumors, particu-

larly of careiuomata, had a characteristic structure and appearance, and

that by the examination of single or of a few separated cells the nature

of the tumor could be determined. From the above considerations it

will be evident, since all tumor cells have their prototypes in the normal

body, that there is nothing pathognoinonic in the appearances of single

cells. It is by a study of the general structure and of the topography
of tumors, as well as of the characters of the individual cells, that we are

enabled to determine their nature. And even then we must often bring
to our aid the clinical history and gross appearances of the growth be-

fore a definite conclusion can be reached. We may indeed sometimes,
aided by the clinical history or gross appearances, be able, by the micro-

scopical examination of scrapings from a tumor or of fluids from an

internal cavity in which it is growing, to form a reasonable conjecture

regarding its nature. As a rule, the peripheral portions of the more

rapidly growing tumors are best adapted for microscopical examination,
because here secondary degenerative changes are less likely to have oc-

curred than in the central parts.

The Transplantation of Tumors. In view of the frequency with which

fresh foci of tumor cell growth are established in the same individual by
metastasis, by transplantation over serous surfaces, or on apposed mucous

membranes, and stimulated by the few recorded cases in which tumors

seem to have been incited in another individual through transference of

the cells by contact, it is not surprising that a great deal of experimental
work has been done upon the artificial transference of tumors by various

forms of grafts or transplantations from man to the lower animals and

from animal to animal both within and without the limits of species.

The scope of this work does not permit a review of these interesting

researches. But it may be said in general that they have been almost
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always unsuccessful save in a very few instances, within the limits of the

same animal species, and even here the new growths at the seat of trans-

plantation have been usually transitory or of doubtful character. The
transferred tumor tissue is usually absorbed as foreign bodies commonly
are, and the new tissue growths which have been not infrequently de-

scribed are apparently for the most part of inflammatory nature.

We are forced in all these experiments to recognize subtle physiologi-
cal conditions peculiar to even closely related species of animals without

which their cells cannot flourish or long exist. Grafts of healthy tissue

from individuals of the same species, especially of epithelium, may in-

deed, as is well known, grow for a time and form foci of abundant new
cell production ; but in such cases the new tissue is strictly subordinated

to the physiological requirements of the host and does not assume the

characters of an autonomous neoplasm.
'

The Etiology of Tumors.

The etiology of tumors is one of the most complex and in many ways
difficult subjects in general pathology, and with the limitations which

the character of this work imposes we can touch only briefly upon some
of its more important aspects, referring to more extended works and to

monographs for a vast amount of statistical and experimental data, as

well as for the many more or less plausible hypotheses which have been

framed in the attempts to comprehend these anomalous manifestations

of cell energy.
General Conditions. We shall first consider some of the general con-

ditions which seem to have a bearing upon the occurrence of tumors.

Age. While it may be said in general that tumors are most frequent
in adult and advanced life, it is noteworthy that tumors of the connective-

tissue type are apt to develop earlier, while the epithelial tumors are

more frequent in the later periods. Thus, in one thousand and sixty-

three cases of epithelial tumors analyzed by Gallard, only six occurred

in the first ten years of life. The most common situation of tumors dif-

fers also in the young and in the old. Thus, in the .earlier vjars, as

statistics show, the most frequent seat of tumors is the eyes and their

adnexa, the kidneys, bones, and testicles ; whereas in adults and the aged,

the stomach, uterus, liver, and mamma are most commonly involved.

Sex. ^ex is also a significant factor in the development of tumors,

especially of those which are malignant. Thus, in general, it may be

said that the statistics indicate malignant tumors to be about twicft as

frequent in females as in males. This proportion, however, does not hold

1 The results of experimental transplantation of tumors have been well summarized
with bibliography by Menetrier in Bouchard's "Traite de Pathologie generale," vol.

iii., Partii., p. 752; also by Sailer, Am. Jour. Med. Sciences, vol. cxx., p. 190, 1900, bibl.

See further Nichols, Jour. Boston Soc. Med. Sciences, vol. v., p. 34, 1900. Consult also

for the results of the transplantation of embryonal cells in the adult animal's body,

Birch-Hirschfeld and Garten, Ziegler's BeitrUge, Bd. xxvi., p. 132, 1899, bibliography;
see Loeb, Jour. Med. Research, vol. vi., p. 28; also resume by Loeb, with bibl., Jour.

Am. Med. Assn., April llth, 1903; also Futterer, Medicine, March, 1902.
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good for tumors of the individual organs. For e^mplejjzumors of the

stomach and of the tongue and lips are more frequentj" mftn than in

women. On the other hand, tumors of the breast arc far more common
in women than in men.

Heredity. While the influence of heredity is difficult to estimate ac-

curately, there are a few well-authenticated instances of the remarkable

prevalence of malignant tumors in families within a few generations.

The general facts, however, are not so striking. The statistics of Wil-

liams showed that in two hundred and thirty-five cases of carcinoma of

the uterus or breast, about nine per cent, gave a history of carcinoma in

father or mother, while in nearly twenty per cent, there was evidence of

carcinoma in the family. In the estimates of other observers, the hered-

itary influence seemed evident in about one-third or one-fourth of the

cases. It is, however, instructive in this connection to note that in a

study by Snow, of seventy-eight healthy persons there was evidence of

carcinoma in the family in about one-fifth of the cases.

It is clear, therefore, that while such statistics are suggestive and on

the whole indicate that an hereditary predisposition to the development
of tumors may exist, this does not in any way account for the immediate

incitement of the growth of tumors, and is indeed, as Meuetrier has urged,
but one of many examples of hereditary predisposition which is observed

in many forms of disease, such as infectious, cerebral apoplexy, etc.

The influence of climate, food, race, and social condition has been in-

voked as bearing upon predisposition to the growth of tumors
; but the

evidence is not convincing that these are very significant in etiology.

Local Predisposing Factors. When we turn from the general to the local

conditions bearing upon the origin of tumors, we find an imposing array
of instances in which tumors, and especially malignant tumors, follow

local injuries, either mechanical or toxic, or are associated with chronic

inflammatory processes. Bruises or contusions, particularly those in-

volving the bones, are not infrequently followed by malignant tumors,
and it is noteworthy that these tumors are most apt to be of the connec-

tive-tissue type sarcoma, osteo-sarcoma, chondroma, etc. Epithelial

tumors, on the other hand, are more frequently developed at the seat of

repeated injury or long-continued irritation. Thus, epitheliomata are

common in the mouth, near a rough ulcerated tooth, on the lips of pipe

smokers, at the edges of chronic ulcers, on the skin of workers exposed
to various chemical or mechanical irritants ;

in cicatrices ; at the orifices

of the stomach and at the anus. Finally, the frequent occurrence of car-

cinoma of the liver with cirrhosis, though less easy of interpretation than

many instances of the association of tumors with chronic inflammation,
is worthy of notice in this connection.

Before concluding this brief survey of the relationships of tumors to

trauma, prolonged irritation, and chronic inflammation,
'

it may be wise

to remind the reader that undue significance should not be attached to

1 For an interesting study of the relationship of trauma to malignant tumor forma-
tion see Brosch, Virchow's Arch., Bd. clxii., p. 32, 1900, bibliography.
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(is occasional association, since in the great majority of cases these

conditions are not followed by tumors, nor, furthermore, has it ever been

possible to induce genuine tumors experimentally under these readily
secured conditions in animals. The bearing of trauma upon the origin
of tumors is to be held in mind in estimating the influence of sex, since

males are in general more liable to injuries than females.

The relatively common development of tumors in pigmented and
other nsevi of the skin illustrates the significance of local malformations
as predisposing factors in the origin of tumors. '

Several cases have been recorded in which through injury there has

been a mechanical displacement of cells heterotopla from which in

their new situation tumors have developed. These cases, which have

been in a measure paralleled by experiments in animals, illustrate an

important class of congenital tumors, often cystic in character, which

arise from embryonal cell displacement, or, as is the case in many of the

tumors of the neck at the site of the branchial clefts, from an imperfect
closure of embryonal openings.
We have seen that such evident malformation as the nsevi of the skin

may form the starting-point of malignant tumors. We know that in

many cases cells or tissues or parts of organs displaced during embryonal
life, as in the branchial clefts or in the kidney, may later develop into

tumors. Cohuheim has gone further than this and framed an hypothesis
to the effect that all true tumors are due to faulty embryonal develop-
ment. In accordance with this hypothesis, cells which in the course of

the development of the body may be displaced or become superfluous or

do not undergo the usual changes, may remain for long periods unaltered

but liable in later life, from whatever reason, to commence growing with

all the potencies of lowly organized cells in the midst of the mature tis-

sues. The noteworthy influence of heredity in the occurrence of some

tumors, the congenital nature and early development of others, their

atypical structure in general, and the tendency of many forms to occur

in situations in which during the development of the embryo consider-

able complexity exists, as well as their frequent primary multiplicity
all of these characters of tumors lend considerable plausibility to Cohn-

iieim's hypothesis, and it appears to be applicable in certain cases. But

it still lacks a morphological basis, since no one has seen the postulated,

strayed, or dormant embryonic cells ; again, it by no means follows be-

cause tumors often develop at the seat of malformations or may arise in

embryonal heterotopias that all tumors are thus associated ;
and finally,

the frequent origin of epitheliomata in cells which have been formed in

adult life, in cicatrices, for example, is evidence that this hypothesis is

'not in any event of universal application.

1 It should be remembered that many of the complex tissue growths often reckoned

among tumors and called teratomata are really embryonic rudiments of another indi-

vidual. While such rudimentary embryos may be large and present such diversity and

gement of tissue as to render the character of the growth obvio
the other hand, be very simple in character, as in some of the so-called dermoid cysts
arrangement of tissue as to render the character of the growth obvious, they may, on
the other hand, be very simple in character, as in some of the so-called der

These are all to be regarded rather as malformations than as genuine tumors.
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We have now reviewed a
:
series of conditions which appear more or

less directly to bear upon the origin of tumors
; general conditions, such

as age, sex, hereditary influences, etc. ;
local conditions, such as congen-

ital or acquired malformations, injuries, long continued irritation, or

inflammatory processes. But when all these are taken into the account,

we do not appear to have gained a definite clew to the immediate actual

excitant of the new growths. Given any or all of the varied predispo-

nants, why do the cells, which under any of these favoring conditions

may have remained long inactive, and indeed usually do so, presently

begin to proliferate and continue this new activity beyond the limita-

tions of structural types or physiological correlation? It would appear
that either there are external excitants of cell growth, as yet unknown to

us, which suddenly become active, or else we are face to face with the

fundamental problem as to the nature of the normal physiological im-

pulses to cell growth and proliferation
1 and the restraining influences to

which these are subject.

Micro-organisms as Excitants of Tumors. It is not surprising that

micro-organisms should have been thought of as possibly direct excitants

of tumors, especially in view of a certain crude analogy between some

phases of tumor growth and metastasis and some forms of infection with

metastasis. Bacteria of many kinds have in fact been frequently found

in tumors of many sorts
;
but there is, in the opinion of the writer, no

conclusive reason at hand for the belief that they are ever of any signifi-

cance save as chance contaminations of vulnerable tissues or as incitauts

of secondary and complicating lesions.

A great deal has recently been written about certain structures which

are not infrequently found in or between tumor cells, especially in the

carcinomata, and have been hastily assumed to be parasites. These cell

"inclusions" are for the most part larger or smaller rounded bodies (Fig.

134); with or without nuclei; sometimes with double contours, some-

times not ; usually sharply outlined against the cell protoplasm in which

they lie
;

often crowding the nucleus to one side, often situated within

the nucleus, or apparently replacing it. Some of them are invaginated

epithelial or other cells, or cell nuclei which have undergone various

degenerative metamorphoses, fragmentation, etc. ;
some of the question-

able structures appear to be the metamorphosed nuclei of the tumor cells

themselves. They may be single or there may be several in a cell.

Similar objects are to be found in other than tumor tissues. They are

readily stained, with varying degrees of intensity, by hpemotoxyliu, eosin,

safranin, or fuchsiu. There is in the writers' opinion no evidence either

that these are living organisms or that they have anything to do with the

origin of tumors.

While coccidia or allied organisms with which these bodies have been

compared are capable of inciting the growth of a small amount of new
connective tissue and sometimes of epithelium, such growths are appar-

ently inflammatory in character as are those other new tissue formations

1 Consult the section on Regeneration, p. 94
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incited by the tubercle bacillus, the lepra bacillus, etc., which have
sometimes been classed with tumors and called infectious granulomata.
The reader is referred to the sections dealing with the nature of the

inflammatory process in general, page 123, and to the introductory section

in the present chapter for a review of the differences in the conception
of the inflammatory processes and tumor formation.

Attention has recently been called, in connection with tumors, to cer-

tain forms of yeasts or blastomycetes as excitants of new tissue growths,
but these also appear to be inflammatory. The cultivation of yeasts from
the tissues of malignant or other tumors is of no more significance than

the cultivation of bacteria under similar conditions.

The nearly uniform failure in the attempts to transplant tumors from
one species of animal to another, and the absolute failure to cultivate,

FIG. 143. EPITHELIAL-CELL "INCLUSIONS" IN TUMORS.

Showing various forms. From carcinoma.

either directly or by inoculation, any constant organisms from them
which are capable of inducing experimental tumor growths, speak with

much force against the notion of the parasitic origin of malignant tumors.

Moreover, the great diversity in character and in the inconstancy of oc-

currence of the objects which have been regarded as of possible signifi-

cance in tumors, greatly diminishes the plausibility of the claims which

have been made for them.

It is much to be regretted that most of those who advocate the para-

sitic nature of tumor excitants should be so engrossed with the alleged

parasites that they largely ignore the dominant characters and the life

history of the tumors themselves, especially of malignant forms, and the

fundamental distinctions between these and such inflammatory growths
as may superficially resemble tumors and which are undoubtedly often

incited by various kinds of micro-organisms.
We do not of course assert that tumors cannot be incited by parasites,
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but at present it seems to us that no adequate ground exists for believing
that they are.

1

It is indeed not improbable that a local predisposition to tumor
formation akin in nature to that which now and then is attributable to

trauma may be occasionally induced by micro-organisms. But this it

remains for future researches to demonstrate.

The Complexity of the Problem of the Etiology of Tumors. It seems to

the writer that to seek for a single external excitant or group of ex-

citants for the aberrant tissue growths which we call tumors is to ignore
the many still obscure influences which are at work in all tissue growth,

especially those physiological agencies which foster cell proliferation and

tend, under the influence of heredity, to specialization in form or func-

tion. On the other hand, not to be ignored are those influences, whether

of nutrition or pressure or exposure, which mould the cell growth under

normal conditions into fixed and useful forms. It is rather a matter for

surprise that ever-changing, self-regenerating living tissue does not

ofteuer go astray in its activities than that it should only now and then

do so. This latter somewhat inverted point of view may be useful in

calling away the attention, in discussing the etiology of tumors, from a

too close regard to extraneous factors, and directing it to the many still

unexplored fields in cell physiology with which we must perhaps become
familiar before we can with fair hope of success attack the serious prob-
lems of both the excitation and the prevention of tumors.

Xo adequate conception can be gained of the complexity of the prob-
lem involved in the origin of tumors or of the directions in which the

highest promise of experimental research lies without a recognition of the

new cell lore derived from a study of the lower and simpler forms of life.
2

The more commonly accepted and time-honored view of the imme-

diate excitation of tumors is that they are due to some stimulus "forma-

tive stimulus "
by which the proliferative capacity of the cells is in-

creased. "SVhat the nature of this postulated stimulus may be and how
it is brought to bear upon the transformations of energy which through
the subtle mechanism of the cell is manifested in proliferation, is in

nowise clear, nor does it seem likely to become so until we gain a deeper

insight into the life processes of the cell in general. It is possible that

recent experiments (referred to on page 106) on the artificial excitation

by chemical substances of cell proliferation and the development of the

embryo in certain of the lower animals may lead to a wider conception
of the nature of the conditions under which tumors are formed.

There are obvious alterations in the character of the cell growth in

tumors in which they deviate often widely from the norm. It has been

1 For bibliography relating to the alleged parasitic excitants of tumors, consult

Gilchrist, Johns Hopkins Hospital Reports, vol. i., p. 332, 1896; also- Park, American
Journal of the Medical Sciences, vol. cxv., p. 516, 1898. For an interesting resume of

the factors involved in the origin of tumors see Adami, vol. vii., pp. 309 and 343, 1901,
or Brit. Med. Jour., March 16th, 1901.

'2 For a clear and comprehensive summary of the new lines of research in cytology,
see Wilson, "Some Aspects of Biological Research," The International Monthly, July,
1900.
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suggested by Hansemann ' and others that these alterations may be due
to a loss of differentiation in the tumor cells and the assumption of a
more independent existence. This condition has been called Anaplasia,
and while the term characterizes an important series of facts, it leaves

them unexplained.
Thus it is still uncertain whether the removal of mechanical or other

restraints to cell growth and proliferation ; or the acquirement of new
capacities through retrograde differentiation or reversion ; or the action

of some as yet unknown "formative stimulus," are, either individually or

collectively, and if so in what degree, concerned in the origin of tumors. 5

A more subtle and perhaps more comprehensive view of the agencies which must
be taken into the account in the excitation of tumors is that especially advocated by
Weigert

3 and Ribbert. 4 These observers and those in sympathy with their views do
not admit a new formative stimulus into their conception of the origin of tumors, but

regard the usual potencies of the cells in this respect to be sufficient if the natural re-

straints to over proliferation be in any way diminished.

Ribbert has perhaps more definitely than any other framed a working hypothesis

along these lines which is at least suggestive. He lays stress in his conception of the

origin of tumors upon the intimate associations of the cells of the normal body as parts
of an organism, whose varied capacities are normally held in some fashion under mutual
restraint in subservience to their common welfare. This mutual relationship, hosvever,
once destroyed, for example, by the separation of cells or cell groups from their organic
associations, they assume less highly differentiated characters, their physiological capac-
ities are no longer held in leash, and these, if the nutritive and other conditions be

favorable, may express themselves in exaggerated fashion by excessive growth and

proliferation.

Ribbert explains the way in which he conceives that the process of cell disassocia-

tion and release from restraint may occur. Since he does not admit a primary increase

in the inherent proliferative capabilities of the cells, he cannot assume, as is commonly
done, that the process is initiated, in carcinoma for example, by the epithelial cells.

He assumes that the process may start in the connective tissue, which is liable to in-

crease in amount in response to a variety of influences, notably those which involve

trauma, or simple inflammation, or replacement hyperplasia. In the starting of carci

noma of the stomach or intestine, for example, Ribbert asserts that, in many cases at

least, the new- formed connective tissue cuts off cells or cell groups from their organic

connections, and claims that in this way alone we may account for the required release

from the restraints of the organic association and the exuberant aberrant growth which
follows.

This view is interesting in connection with the frequent association of carcinoma

with chronic inflammation, which has been already noted. While obviously vague and

open to many objections, and apparently applicable to but a small group of tumors,
and while not yet confirmed by experimental results, this view, nevertheless, perhaps
indicates the lines along which fruitful research may be expected.

1 Hansemann, "Die mikroscopische Diagnose d. bosartigen Geschwulste," Berlin,

1897, see also resume and bibliography by Aschoff, Lubarsch and Ostertag's "Ergeb
nisse," Jahrg. v., 1898, p. 22.

2 For a resume of some recent studies on atypical mitosis in tumors see Farmer,
Nature, Feb. 4th, 1904; also Bashford and Murray, Proc. Roy. Soc., January 21st, 1904.

3
Weigert, "Neue Fragestellungen in path. Anat.," Deut. med. Wochenschr., 1896,

p. 635.
4
Ribbert, Deut. med. Wochenschr., 1895, Nos. 1, 2, 3, and 4, bibl. ; also ibid., 1896,

No. 30; also "Das patholog. Wachsthum der Gewebe," Bonn, 1896. See for opposing
views the monograph by Lubarsch, "Zur Lehre v. d. Geschwillsten u, Infectionskrank-

heiten," Wiesbaden, 1899, p. 306, bibl. ; also Ziegler, Munch, med. Wochen., March 8tb,

1898, p. 312. See also bibliography of cell regeneration in Fuerst, Ziegler's Beitrage,

etc., Bd. xxiv., p. 454, 1898, and reference to Aachoff above.
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Classification of Tumors.

It is. not possible to-day to make a satisfactory scientific classification

of tumors ;
but the fact that they are composed of structures which re-

semble the various morphological types of tissue found in the normal

body suggests a grouping of the various forms which may be regarded
as a useful and suggestive catalogue.

It should be remembered that the usual separation of the normal tis-

sues into groups is useful, rather because it facilitates their study than

because it expresses absolute and fundamental distinctions
;
and the same

may be said of all the classifications of tumors. An increase of our

knowledge concerning their structure and genesis will doubtless lead to

a more accurate grouping of tumors
;
but for the present such an arrange-

ment as that indicated below will be found of practical value for the pur-

poses of study.
'

CONNECTIVE-TISSUE TYPE.

Normal Tissue. Tumors.

Fibrillav connective tissue. Fibroma. ^ ^

Mucous tissue. Myxoma.^ *

Embryonal connective tissue. Sarcoma. *^ -

Endothelial cells. Endothelioma. "

Fat tissue. Lipoma.K^"

Cartilage. Chondroma. *-

Bone. Osteoma. """'

Neuroglia.
2 Glioma. ^

MUSCLE-TISSUE TYPE-MYOMATA.
Normal Tissue. Tumors.

Smooth muscle tissue. Leiomyoma. ^
Striated muscle tissue. Rhabdomyoma. ^

1 The attempt has often been made to classify tumors with reference to the develop-
mental history of the tissues represented, and it has been generally believed that cells

once differentiated in the primary embryonic layers cannot again be merged in type.
While this principle holds good in general, especially for highly differentiated forms,
certain recent studies have seemed to indicate that even this distinction may not be
inflexible. However this may be, it is certain that the cells derived from one embry-
onic layer may under special conditions come so closely to resemble in morphology those
of another layer, that a structural differentiation, with our present resources at least,

is not always possible. While, therefore, this, which is called the histogenetic principle

of dassifiation, is most suggestive and may be useful in connection with other data in

the study of tumors, it seems to the writer that it is wiser for the present not to base our
classification loo largely upon embryological data in several particulars still subject to

controversy.
Consult in this connection the resume of Marcliand on "The Relationship between

Pathological Anatomy and Embryology," Verh. d. deutschen path. Gesellschaft, Bd. ii.,

See also the admirable address by Minot on " The Embryological Basis of Pathology,
"

Science, March 29th, 1901. In this paper, p. 487, the tissues are classified in accordance
with their genetic relationships.

2 The neuroglia, as well as the tumors derived from it, presents marked peculiari-
ties in structure. While the neuroglia is closely related in genesis to the nervous sys-
tem, being of ectodermal origin, its structural and functional alliance with the connec-
tive tissues of the mesoderm seems to the writers to justify for the present purpose its

grouping among the latter.
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NERVE-TISSUE TYPE NEUROMATA.

VASCULAR-TISSUE TYPE ANGIOMATA.

Normal Tissue. Tumors.

Blood-vessels. Angioma. ^
Lymph- vessels. Lymphangioma.

EPITHELIAL-TISSUE TYPE.

Normal Tissue. Tumors.

Glands. Adenoma. S
Various forms of epithelial cells Carcinoma, ^

and associated tissues.

Tumors Formed by Various Combinations of Tissue Types
Mixed Tumors.

In a considerable proportion of tumors more than one type of tissue

is present, and it is customary to indicate this by compound names, such

as osteo-sarcoma, adeno-carcinoma, etc. Discrimination is necessary in the

use of such names, however, and one should be clear as to what he

wishes to express in this way. All tumors have a certain amount of

fibrous stroina which carries the blood-vessels and forms a sustaining
framework. In the early stages of tumor growth this matrix may be the

tissue in which the tumor starts, which is either not increased in amount
or is hyperplastic. Thus in carcinoma of the stomach, the stroma may
be fibrous in the mucosa or composed of smooth muscle if the stomach

wall be involved
;
but such growths would not be called either fibro-

carciuoma or myo-carciuoma. It is only when the new tissue assumes

the characters of an independent growth that it can be justly indicated

in the compound name. This may not be easy or always possible to de-

termine, but the desirability of doing so should be held constantly in

mind. Unfortunately the compound name is by some writers used to

indicate simply the seat of a tumor growth ;
in this sense osteo-sarcoma

means simply sarcoma of the bone and not an association of osteoma and

sarcoma.

It should also be remembered in this connection that a tumor of

mixed type does not always, perhaps not often, start as such, but may
assume this character by metaplasia within the limits of a tissue group.
Thus the establishment in fibroma of bone or cartilage growth and the

assumption by the adenomata of the carcinomatous type are common.

Furthermore, although these mixed forms of tumors may arise second-

arily by metaplasia, the more or less distinct forms of tissue may finally

become so independent of one another that some of the metastases from

such a mixed tumor may show only one tissue type. The possibilities

in tissue metaplasia should be taken into the account before assuming,
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as is too often done, that the multiplicity of related tissue forms in a

tumor point toward embryonal origin.

Complex Congenital Growths Teratoma.

These are tumors which frequently contain a great number of differ-

ent forms of tissue, such as various forms of fibrillar connective tissue,

cartilage, bone, teeth, hair, skin, muscle, and glands. These are most

frequently found at the lower end of the spine,
1 about the head and

neck, or in the generative organs. Some of them probably arise by an

inclusion of portions of another fostus, and are thus rather malformations

than tumors in the limited technical sense. Among these are sometimes

classed other and simpler congenital malformations, such as dermoid

cysts, congenital angiomata, and the so-called pigrnented nsevi or moles.

Special Tumor Types.

There are types of tumors which are not readily brought into the

usual general classifications, since they are formed of special kinds of

tissue. These have received distinctive names. Thus there are peculiar

tumors formed of placental tissue called deciduoma ; of tissue resembling
the adrenals, hyper-nephroma, etc.

Lubarsch's Grouping of Tumors for Practical Purposes.

Lubarsch has suggested the following grouping of tumors, for practical purposes,
without special reference either to their histogenetic or histological characters:

1. Tumors which, although differing from the tissues in which they originate in the

arrangement of their elements, usually increase in size but slightly or temporarily. In

this group are the teratoid growths and those originating in embryonic displacements,
such as congenital nsevi, certain gland-like tumors, myoma, fibroma, liporna, chondroma,
and osteoma. Such tumors are usually of little practical importance.

2. Tumors which, although conforming in general to the normal tissue type in

growth and structure, still reveal a considerable independence of their surroundings;
such are larger myomata, adenomata, angiomata, lipomata, which may grow slowly
and with interruptions, and may when growth ceases through degenerative processes ol

necrosis undergo retrogression or even disappear altogether.
3. Tumors which seem to be largely emancipated from the usual physiological con-

trol of normal tissues, both in the rapidity and extent of growth and in the fixity of the

cell type in form and function. In this class are the tumors which are destructive and
invasive in their growth, especially the sarcomata and carcinomata.

These three classes may in reality be considered to represent only stages in the

growth of tumors in general ; since the more destructive forms may in early stages con-

form to the characters of the other groups, while, on the other hand, tumors of the less

aggressive types may assume the autonomy and significance of the malignant forms.

These classes of tumors are not of course distinct, and many intermediate types may
occur, but this grouping seems to the writer fairly to indicate a real difference in char-

acter and significance in tumors as a whole which it is of practical advantage to recog-

nize, and which is often lost sight of in the more technical classifications.

1 For a critical summary, with bibliography, of tumors of the sacral region, see Borst,
Centralbl. f. Pathologic, Bd. ix., p. 449, 1898.

20
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Cysts.

These structures, for the sake of convenience, are often classed among
the tumors, although in general characters, structure, and genesis they
are usually of entirely different nature.

They may be divided into two classes:

I. Cysts which develop from pre-existing cavities.

II. Cysts which originate independently as the result of pathological

changes.

I. CYSTS WHICH DEVELOP FROM PRE-EXISTING CAVITIES.

1. Retention Cysts. These are chiefly formed by the accumulation in

glands or their excretory ducts of the more or less altered secretion of

the gland. They usually occur as the result of a hindrance to the nor-

mal discharge, as from inflammatory contractions, pressure, etc. The
contents of such cysts are usually mucous, sebaceous, serous, or of a

mixed character. Their walls are the more or less altered walls of the

original structure. To this class belong comedones, milium, atheroma,

chalazion, rauula, the ovula Nabothi, milk cysts, and certain serous cysts
of the ovaries, Fallopian tubes, gall ducts, and uriniferous tubules.

2. Transudation Cysts. These arise usually, though not always, as

the result of a chronic inflammatory process in lymph spaces or serous

sacs, and among them are to be classed the so-called ganglia, hydrocele,
etc. Certain of the so-called hsematoceles, in which blood is extrava-

sated into closed cavities, form a variety of the cysts of this group.

II. CYSTS WHICH ORIGINATE INDEPENDENTLY AS THE RESULT
OF PATHOLOGICAL CHANGES.

1. Cysts Formed by the Softening and Disintegration of Tissue. Such

cysts may at first be small and have very meagre contents and no well-

defined wall. A wall may finally be present either as an entirely new-

formed structure, or the more or less modified capsule of the organ in

which they occur may partly or entirely form the wall. The contents of

such cysts are usually the more or less altered detritus of the tissue by
whose disintegration they are formed. Such cysts are very apt to occur

within true tumors, particularly those which are succulent and of rapid

growth, since these, as above stated, are very liable to degeneration. Old

abscesses may change into well-defined cysts of this kind.

2. Cysts Formed around Foreign Bodies. The inflammatory reaction in-

duced by the presence of foreign bodies of various kinds, parasites,

masses of extravasated blood, etc., frequently results in the formation of

well-defined encapsulated cysts.

3. Cysts Formed by a New Growth of Tissues in whose Spaces Various

Kinds of Fluid Accumulate. These spaces may or may not be lined with

epithelium and have something of the glandular character. Such forms
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are exemplified in some of the compound ovarian cysts the so-called

ovarian cystomata ;
but these are really adenomata.

4. Congenital Cysts. These are of various forms, and their mode of

origin is in most cases but imperfectly understood. Some of them are

properly grouped among the teratomata. The so-called dermoid cysts of

the subcutaneous tissue (Fig. 144) and ovary are marked examples of

this class. Certain congenital cysts of the kidney and other internal

FIG. 144. DERMOID CYST OF THE SKIN.

This small cyst beneath the skin above the eyebrow is lined with epithelial cells, in places cuboidal in

form but mostly merged into an irregular cell mass. The flbrous-walled cyst contained a clear fluid and a
little granular cell detritus.

organs are conveniently grouped here, although it is quite probable that

some of them at least originate during fostal life in one or other of the

above-described ways, and hence are not essentially different in nature

from some of the cysts of other classes. For the mode of formation of

certain cysts of the neck see page 526.
'

Various Lesions Sometimes Described as Tumors.

There are certain enlargements of the lymph-nodes which are in reality hyper-

plasias, sometimes inflammatory in character and sometimes not, and which are often

grouped among the tumors as lymphomata. They are not true tumors, and will be con-

sidered under the lesions of the lymph-nodes. In the same group are often classed the

enlargements of the lymph-nodes in leukaemia and in other general diseases, which are

considered in another part of this book.

Another group of tumors sometimes called lymphomata are in reality sarcomata,
and these will be described under the latter heading.

There is also a group of nodular new formations, the so-called infectivegranulomata,
which in earlier days were classed among the tumors. These are found in tuberculosis,

lupus, leprosy, syphilis, glanders, and actinomycosis. They are, however, inflamma-

tory new formations, and, as our knowledge regarding them has increased, many of

them have been proven to be inci ted by plant parasites (see section devoted to Infectious

Diseases). In the case of syphilis the absolute proof is still lacking.

1 Consult for consideration of ciliated and other cysts, Hess, Ziegler's Beitr. zur path.
Anat., Bd. viii., p. 98, 1890; also Zahn, Virchow's Archiv, Bd. cxliii., p. 170, 1896. For
later general bibliography of cysts see Asckoff, Lubarsch and Ostertag's

"
Ergebnisse,

"

Jalirg. ii. for 1895, p. 456.
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Technique of Fixation and Hardening.

In general, tumors, like all tissues for microscopical study, should be cut into small

pieces before immersing them in the preservative fluids, and the sooner they can be

placed in these after removal the better will be the preservation. In some cases much
may be learned from large sections of tumors together with their surrounding tissues.

In this case the suitable portion of the tumor must be preserved whole, and is best har-

dened in strong alcohol.

It is often important in the study of tumors to examine not only the fully devel-

oped or mature tumor structures, but also those portions in which the new growth is

forming and in which it is encroaching on adjacent parts.

So that in selecting portions of tumors for preservation and study, it is not wise to

snip off a small piece at random, but a careful selection should be made, liberal por-

tions being saved, from the centre, from the periphery, and from such surrounding
tissues as are available. For the ordinary routine hardening of tumors, Orth's fluid

followed by alcohol may be recommended.

Special Forms of Tumors.

FIBROMA.

The fibromata are composed of fibrillar connective tissue, which, as

in the physiological type, is sometimes dense and firm, Fibroma durum.

and sometimes loose in texture and soft, Fibroinajawlle. They are usu-

ally sharply circumscribed and are frequently encapsulated, but they

may^be ^Iffn"* and merge Imperceptibly into the surrounding tissue.

They are frequently small and insignificant, but occasionally grow to an

enormous size. Some fibromata consist almost entirely of intercellular

substance, containing but fewilattenedor spindle-shaped cells (Fig. 1-45) ;

others contain very many variously shaped cells (Fig. 146). The cells

are often more abundant in one part of the tumor than in another. The
denser varieties usually contain but few blood-

^_

vessels, although they are occasionally quite
vascular. Many of the softer varieties are

very vascular. Nerves are occasionally pres-

eut. ' The course and arrangement of the '-:-;:
fibres in these tumors are usually irregular, --'/ ; " '

often crossing and interlacing in a most com- j'J"~ ':'-.

"

plex manner. The ^bromata_ are usually of ^'^^
slow growth, but exceptionally they grow ^e^"*
rapidlyT-^hey are benign tumors, but by ^ 145._DENSE FIBROMA OF

pressure on important organs, by ulceration, ABDOMINAL WALL -FIB ROM A

or by changing into other varieties of tissue,
DURIIM -

they may become of serious import. Pure ^f
fibromata, do- not form metastases, but they are cut lengthwise.

are often multiple, and when so are fre-

quently congenital. They may recur when not fully removed.

It seems probable that in the multiple fibromata of the skin (Fibroma

1 For a study of elastic and reticular tissue in tumors see Baldwin,
"
Vaughan Anni-

versary Contributions," 1903, p. 495.
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moUwcum) the new growths occur in some special form of connective

tissue, as that of the nerves, blood-vessels, or glands. Some of them are

congenital. There is often a growth of very cellular tissue just beneath

the epithelium. Such tumors resemble sarcoma. '

While the fibromata are commonly nodular in form, when they de-

velop on the skin or mucous membranes they frequently form papillary

outgrowths covered more or less thickly with epithelium, and are then

called papillomata (Fig. 147). Common warts of the skin are papillomata
with excessive production of surface epithelium. To the papillomata
also belong some ol' the so-called coudylomata.

The so-called Cheloid, composed of very dense fibrous tissue with few

cells, often develops rapidly in old cicatrices, or elsewhere, in the skin,

?S
i'S3S-ri:

rfc\- r\/>x\ .
-. // 7 ' v -i.tr-

' A

FIG. 146. FIBROMA MOLLE; KROM THE SUBCUTANEOUS TISSUE.

The stroma is oedematous, and in gross appearance the tumor resembled myxoma.

forming flat or slightly lobulated tumors. It is not in all cases clear

whether cheloids should be regarded as tumors or as inflammatory new
formations.

Fibromata are frequently combined with other kinds of tissue to form

complex tumors. The looser, softer varieties not infrequently become

redematous, when they may closely resemble myxomata (Fig. 146).

Fibromata are liable to calcification and to fatty and mucous degenera-
tion. By metaplasia they may partially change to form fibro-chondroma,

fibro-lipoma, fibro-sarcoma, or fibro-osteoma. The latter transformation

frequently occurs when they form in the periosteum.

Developing, as they do, in the connective tissue, fibromata occur in

the various parts of the body : in the skin and subcutaneous tissue
;

in

intermuscular tissue and fasciae
;
in periosteum ;

in the nerve sheaths and

intrafascicular connective tissue ;
in the dura mater, the interstitial tissue

of organs, and in the mucous membranes. Some of the so-called polypi

'See Gilchrist, Johns Hopkins Hospital Reports, vol. i., p. 349, 1896.
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o the mucous membranes (see Fig. 148) and some psammomata are forms
of fibroma, the former are often soft and oedematous.

FIG. 147. SMALL PAPILLOMA OF THE SKIN.

Occasionally, in the ducts of glands, fibrous polypi grow to an enor-
mous extent, their epithelial covering keeping pace in growth with their

FIG. 148.-Mucous POLYP OF THE NOSE.

The section shows the epithelial covering of the new growth, as well as its numerous blood-vessels and a
few mucous glands.
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development, until they form very large, irregular, loose-textured tumors,

which often finally ulcerate. Such forms are seen in the mammary
gland, where they are sometimes mistaken for carcinomata. They are

called Intracanalicular Fibromata (see Fig. 463, page 707).

It is often difficult to distinguish between genuine fibromata and in-

flammatory or other connective-tissue hyperplasias, such as elephantiasis ;

and perhaps the fuller knowledge of the future will show that the dis-

tinctions are not as definite as our classifications indicate.

MYXOMA.

MuOjia7tissue is essentially an embryonic tissue, for in the normal

adult it is present only in a very imperfect jiud atypical form in the

FIG. 149. MYXOMA OF THE LARYNX.

Showing the diffuse staining of the mucin-containing stroma with haematoxylin.

vitreous of the eye, and perhaps exceptionally in small amount about

the heart, kidneys, and medulla of bone.

The myxomata are thus essentially embryonic-tissue tumors. These

tumors consist, in their most typical forms, of a homogeneous or finely

fibrillated, soft, gelatinous basement substance, in which are embedded a

variable number of spheroidal, fusiform, branching, and often anas-

tomosing cells (Fig. 149). They may contain few or many blood-vessels

and sometimes nerves. By the addition of acetic acid, muciu may be

precipitated from the basement substance. In sections it is usually
stained with hsematoxyliu. The very soft forms which contain compara-

tively few cells and much translucent basement substance are called

Myxoma gelatinosum or M. molle. The presence of many cells renders

them more consistent and gives them a whiter and more opaque appear-
ance

; such forms are called M. medullare.

Pure myxomata are not commojjj,. The myxomata are very apt to be

combined with fibrillar connective tissue as fibro-myxoma ; or with fat
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tissue,Jigo-w^wowwi; and they very frequently become sarcomatous, or

take part in the formation of very complex tumors. They may be dif-

fuse or encapsulated with fibrillar connective tissue ; they are frequently

very large, and may be multiple. Owing to the character of the base-

ment substance, the blood-vessels not infrequently rupture, giving rise

to larger or smaller hemorrhages within the tumor, or to the formation

of cysts. The cells are liable to undergo fatty degeneration.

In the fibrous tissue of many tumors, in chronic inflammation of the mucous mem-
branes, variously shaped small cells occur whose bodies contain few or many well-

defined basophile granules which are not infrequently mistaken for cocci. Such cells,

called "mast cells," occur in various parts of the normal body. The nature of the

granules has not been definitely determined.

Composed, as they are, of a type of tissue from which fat tissue is

developed in the embryo, the relations of myxomata to fat tissue are

very intimate. They are most frequently developed in, and probably

directly from, fat tissue. They are also found in the subcutaneous, sub-

mucous, and subserous tissue, in the marrow and periosteum ;
in the

brain and cord
;

in the sheaths and intrafascicular tissue of peripheral
nerves

;
in intermuscular septa ;

and in the interstitial tissue of glands,

such as the mamma and parotid.

The myxomata are in general benign; yet they are very prone, espe-

cially the lipomatous forms, to local recurrence. They sometimes grow
very rapidly, and sometimes, though very rarely, form metastases. In

the not infrequent combination with sarcoma they may exhibit the most

marked malignancy. Some of the polypi of mucous membranes are

apparently myxomata or fibro-myxomata. On the other hand, many of

the so-called mucous polyps, those of the nose for example, are simply
oedematous hyperplasia3 of the mucosa. '

CEdernatous, loose, and cellular forms of fibrillar connective tissue

so closely resemble some of the forms of mucous tissue that certain

observers consider them identical. So prone are many tumors to un-

dergo mucous degeneration, and so frequent are the combinations of the

myxomata with other forms of tumors, that it is often difficult, some-

times impossible, to say whether the mucous tissue in a given composite
tumor is primary or secondary.

SARCOMA.

These tumors are formed on the type of connective tissue, but they

are, as a rule, largely composed of cells
;
the basement substance, though

a constant and important factor, being much less conspicuous than in

adult connective tissue. They more closely resemble, in general, the

developing connective tissue of the embryo or the granulation tissue of

inflammation.

The cells of the sarcomata are most varied in size.

See reference to Wright, p. 467.
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may be flat, fusiform, spheroidal, or branched, and even

cvTmdricaA ; they may^hf. ninltimiclear and very large, or they may be

very small and spheroidal, resembling leucocytes. The fibrillar base-

ment substance may be present in such small quantity as entirely to es-

cape a superficial observation, covered as it may be by the abundant

cells ;
or it may be so abundant as to give the tumor the general appear-

ance of a fibroma. It may be intimately intermingled with the cells in

fascicles, or it may be in large open-meshed networks, giving to the

tumor an alveolar appearance. The cells, however, always stand in an

intimate relationship to the basement substance, which they sometimes

reveal by fibrillar processes continuous with it. Blood-vessels also form

a constant and important structural element in these tumors, being in

some of them so predominating a factor that they give structural outline

and general character to the growth. They, too, as in the normal con-

nective tissue, are intimately associated with the basement substance and
with the tumor cells.

Sarcomata are most frequently found in the skin, subcutaneous tis-

sue, fascia-, subserous connective tissue, the marrow or periosteum, and

in the choroid. They may also occur, though more rarely, in the dura

mater; brain and cord
; lymph-nodes; in the adventitia of blood-vessels,

and in nerve sheaths ;
in subuiucous tissue ;

in the uterus and ovary,
and~in the kidney. In the liver and lungs and heart they may occur by
metastasis.

They are most common early in life. The cellular character, the

rapid growth, the vascularity and succulence of many forms, the marked

tendency to local recurrence, and the formation of metastases, stamp the

sarcomata, as malignant tumors. But in this they vary greatly ;
while

some of the forms belong in every sense to the most malignant of tumors,

others grow slowly, are very dense, and may remain localized and harm-

less for years. Their tendencies in this respect will be mentioned under

the special forms.

Intimately related as they are to the blood-vessels, metastasis is more

apt to occur through the blood than through the lymph channels, and

consequently adjacent lymph-nodes are much less apt to be involved than

in some other forms of tumor, notably the carcinomata. The richly cel-

lular and vascular forms of sarcoma are especially prone to haemorrhages,

degeneration, and ulceration.

A single form of cells is often so predominant as to furnish a suitable

qualifying name for the tumor, but in many cases the cell form varies

greatly in the same growth. It may be said, in general, that there is a

tendency to reproduce in these tumors some of the special characteristics

of the tissues in which they originate. Thus, sarcomata of the bones are

apt to be osteo-sarcomata ; those of pigmented tissue, like the choroid,

are apt to be pigmented sarcomata. It will be more convenient for our

present purpose to describe briefly the more common forms one after

another than to attempt any systematic classification of them. It should

be remembered, however, that the various forms are not sharply defined,
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but are apt to merge into one another and to intermingle in various

ways.

Spindle-celled Sarcoma. The cells in these tumors may be large large

spindle-celled S. (Fig. 150) ;
or they may be small small spindle-celled 8.

(Fig. 151). They may consist largely of cells, or may contain so much
intercellular fibrous tissue as to be appropriately called fibro-sarcoma.

The cells are frequently arranged in fascicles, which surround the blood-

vessels, and these fascicles may cross and interlace. These tumors, espe-

cially the small-celled forms, are, as a rule, denser and firmer and less

malignant than other forms of sarcoma, but to this there are many ex-

ceptions. They may be encapsulated or infiltrating. To this class be-

long the growths formerly described as fibro-plastic tumors and recurrent

fibroids. They frequently occur

in the periosteum, subcutaneous

tissue, and muscle
;
in the uterus,

and in various glands, notably in

the mamma, testicle, thyroid, etc.

These forms are among the most

frequent of the sarcomata.

Round-celled Sarcoma. Of
these there are two classes 1,

small round-celled sarcomata and,

2, large round-celled sarcomata.

1. The small round-celled sar-

comata consist of cells of about

the size and appearance of monouuclear leucocytes (Fig. 152), and may
have much or little intercellular substance, which maybe irregularly dis-

FIG. 151. SMALL SPINDLE-CELLED SARCOMA OF
FOREARM.
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posed or arranged in large meshes resembling alveoli. In many cases, so

small is the quantity of intercellular substances that it is difficult of detec-

tion without special modes of preparation. These tumors often contain

FIG. 152. SMALL ROUND-CELLED SARCOMA.
From a raetastatic tumor in the lungs.

many blood-vessels, and may be very soft and succulent. Their growth
is sometimes rapid and they are oftenverv jjufl.lipna.Trf-..
~~

Titey most frequently occur in the connective, tissue of the muscles

and fasXiai, in bouepand" in lymph -nodes (Jympho-sarcoma). They also

occur in the internal organs, not infrequently in the brain, associated

with glioma as glio-sarcoma.

2. In the large round-celled sarcomata (Fig. 154) the cells vary in

size, but are usually very much larger than in the last variety. Their

nuclei are usually large and contain prominent nucleoli. They, too, are

often very vascular, and contain a variable quantity of basement sub-

FIG. 153. MELANO-SARCOMA OF THE SKIN, FUNGOID IN SHAPE.

A small nodule showing local extension is seen in the subcutaneous tissue beneath.

stance. They are occasionally alveolar in character. They are, as a

rule, less soft and malignant than the small-celled varieties.

Melano-Sarcoma. These tumors consist most frequently of polyhedral
cells of various sizes. They are characterized by the presence in the

cells, and less frequently in the intercellular substance, of larger and
smaller particles of brown or black pjgoufint (Fig. 155). The pigment
is usually quite irregularly distributed~m patches or streaks. They arise

most frequently in the skin (Fig. 153) and in the choroid. Pigmented
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moles of the skin often form the*** Rtorfcmg-pAintfL
1

They belong ^n tha

most malignant of tumors. They very readily form metastatic tumors in

various parts of the body, which are, like the parent tumor, pigmented.
Various forms of tumors may contain brownish pigment deposited in

m
&

FIG. 154. LARGE ROUND-CELLED SARCOMA.
A tumor of the mamma. Mltotic figures in some of the cells.

them by the degeneration of the haemoglobin from extravasated blood
;

tEeSershrrnWriobt be mistaken for melanotic sarcomata. 3

Myeloid or Giant-celled Sarcoma. Tumors of this class are usually
formed chiefly of spheroidal or fusiform cells of variable size, but their

characteristic feature is the presence of larger and smaller multiuuclear

cells, called giant cells. These are closely intermingled with the other

FIG. 155 MELANO-SARCOMA.
Tumor from submaxillary region.

cells, and may be very abundant or very few in number (Fig. 15G).

Giant cells may occasionally occur in other tumors, but are most abun-

dant and characteristic in these. These tumors are chiefly formed in

connection with bone, and may originate in the marrow or in the peri-

osteum. They are sometimes very soft and vascular, and subject to

1 For bibl. of multiple melano-sarcomata of the skin, see Wilson and Kalteyer, Am.
Jour. Med. Sci., vol. cxxvi., 1903, p. 751.

2 On the occurrence of melanuria in cases of melano-sarcoma consult Thacher,

Transactions New York Pathological Society. 1893, p. 105.
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interstitial haemorrhages. Some of these vascular sarcomata were for-

v

Tnef1y~"cIassed together with other kinds of vascular tumors as fungus

hseniatodes. Some of the forms of epulls are giant-celled sarcomata.

FIG. 156. GIANT-CELLED SARCOMA OF BONE.

When these tumors originate in the marrow of the long bones, which

is a favorite place for them, they are apt to cause resorption of the bone ;

and although the tumor may be for a long time enclosed by a shell of

'

x**%>.
&SSa>>

FIG. 157. OSTEO-SARCOMA.

new-formed bone, which enlarges with the enlarging tumor, it usually,

sooner or later, breaks through this and infiltrates adjacent tissues.

They are liable to form metastases and frequently grow to a very great

size. The periosteal forms are apt to be firmer in texture, and are prone
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to the development of irregular masses of new bone within them, thus

forming one of the varieties of osteo-sarcoma.

^v-^Osteo-Sarcoma. These are spindle or round-celled tumors, usually,
but not always, connected with bone, in which irregular masses of bone

.
-,

U

FJG. 158. ANGIO-SARCOMA.
Tumor from the arm. Sometimes called perithelial sarcoma.

tissue are present. The bone is usually of irregular atypical structure,

the regular lamellation and typical Haversiau canals being usually ab-

sent (Fig. 157). They may form metastases which present similar char-

acters.

x^^Angio-Sarcoma. In many of the sarcomata in various parts of the

body the blood -vessels form so prominent and important a feature as to

give special character to the growth, not alone by their size and general

FIG. 159. ANGIO-SARCOMA.
One of the blood-vessels with its cellular sheath from the tumor shown in Fig. 158.

prominence (Fig. 158), but sometimes by the peculiar arrangement which

their presence gives to the cells. While in most of the sarcomata the

blood-vessels have a very important influence in determining the topog-

raphy of the tumor, in most of the denser and in many of the softer

varieties this influence is not easily traced. In many forms, however,

particularly those which are soft and very cellular, the cells are closely

grouped around the vessels, developing in their adventitise and forming
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sheaths around them (Fig. 158 and Fig. 159). The masses of cells thus

formed, with a blood vessel for a centre, may be closely packed together
in long strings with more or less frequent anastomoses or they may be

arranged in rounded groups, giving to the tumor an alveolar appearance

(Fig. 160). Such tumors are called angio-sarcomata. Simple vascular-
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FIG. 160. ANGIO-SARCOMA. ENDOTHELIOMA ?

Tumor of lymph-node.

ity, although this be extreme, does not make of a tumor an angio-
sarcoma.

Alveolar Sarcoma. Sometimes, as above stated, the basement sub-

stance of the sarcomata, particularly in some of the round-celled varie-

ties, is quite abundant and arranged in a wide^meshed net, in the meshes
of which the cells lie. These spaces are called alveoli, and this variety
of structure has acquired importance from the general resemblance which

these tumors have to the well-defined and characteristic alveolar structure

which many of the carcinomata exhibit. It is true that occasionally the

resemblance is very close indeed, but usually the sarcomata present a

more or less intimate relation between the cells and basement substance.

The cells usually do not simply lie in the cavities, but are often attached

to the intercellular substance, which not seldom sends finer trabecula3

into the alveoli between the cells. Sometimes a careful shaking of sec-

tions in water is necessary to reveal the characters of the reticulum.

The cells, moreover, are usually, though not always, distinctive in char-

acter. This form of tumor is, in some cases at least, determined, as

above stated, by the new formation and peculiar arrangement of the

blood-vessels. Tumors of this kind are not common, but may occur in

the skin, lymph-nodes, bones, and pia mater. They are usually very

malignant. Many of these tumors are doubtless more properly classed

among the eudotheliomata.

Mixed Forms of Sarcoma. In addition to the above mqre or less well-

defined forms of sarcoma, there exist various modifications which have

received special names. The sarcomata in which cysts form, either by
the softening of tissue by degeneration, or by the dilatation of gland
ducts by pressure, or by the new formation of tissue in gland ducts or

alveoli which dilate with the growth of the tumor, have received the

name of cysto-sarcomata.
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Mucous degeneration is frequent in the various forms of sarcoma. A
combination of myxoma and sarcoma myxo-sarcoma is common (see

Fig. 161).
Combinations of sarcoma with fat tissue, lipo-sarcoma ; with glandu-

.' - Ti5
,/

FIG. 161. MYXO-SARCOMA OF THE PAROTID.

lar structure, adeno-sarcoma (Fig. 162) ;
with cartilage, chondro-sarcoma ;

with muscle tissue, myo-sarcoma ; and with various other tissues, are of

frequent occurrence. Some forms of psammoma, or "brain sand," found

chiefly in the dura mater, are Jibro-sarcomata which have undergone cal-

cification, the lime being deposited in lainellated masses of various shapes
within them.

Some of the soft papillomata and warts, and occasionally the polypi

FIG. 162. ADENO-SARCOMA OF PAROTID.

of the mucous membranes, belong to the type of sarcoma or myxo-
sarcoma.

The so-called chloromata, which have been found in a variety of places
in the body, but are rare, are apparently forms of sarcoma. Chlor-
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oma is characterized by a greenish color, the nature of which is not

known. '

ENDOTHELIOMA. (Endothelial Sarcoma.)

Under the name endothelial sarcomata or endotheliomata are grouped a

FIG. 163. ENDOTHELIOMA OF THE PAROTID GI.AND.

Showing an early phase of cell proliferation in the lymph-spaces.

FIG. ItU. ENDOTHELIOMA OF UPPER JAW.

Showing dense connective tissue surrounding the blood-vessels between the reticular endothelial cell

masses.

number of tumors which on the one hand are closely related to the sar-

comata in genesis, and in some cases in appearance, while on the other

1 For the relationship of cliloroma to leukaemia see Dock, American Journal of the

Medical Sciences, August, 1893, bibliography.
21
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hand some of them so closely resemble some forms of carcinoma as to be

with difficulty distinguished from them. The endotheliomata originate

in that form of connective-tissue cells called endothelium, lining blood

and lymph vessels or lymph spaces, and develop by a proliferation of

FIG. 165. ENDOTHELIOMA OF ANTRUM.

This complex form of endothelioma, resembling types of adenoma, not infrequently occurs in the ovary.

these cells (Figs. 163 and 164). Sometimes the cells of the endotheliomata

resemble closely the normal endothelium ; sometimes, however, they differ

considerably from them, being occasionally very large, often thick and

irregular in shape, and even nearly cylindrical or cuboidal like certain

forms of epithelium (Fig. 165). They are associated with a more or less

abundant vascular stroma,
which may be alveolar in

formation. In this case, as

in alveolar sarcoma, it may
often be seen that the cells

have an intimate relationship
to the trabeculae of the stroma.

Developing from the eu-

dothelium of the vessels or

lymph spaces, these tumors

sometimes exhibit a structure

closely simulating that of

tubular glands lined with

more or less cuboidal epithe-

lium or papillary augio-sar-
comata (Fig. 166). It is in many cases difficult to decide from the

structure in the fully developed parts of a tumor whether it is an en-

dothelioma, an adenoma, or a carcinoma. In such cases a careful study of

FIG. 106. ENDOTHELIOMA OF HUMERUS.

Tj^pc resembling angio-sarcoma.
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the peripheral portions of the tumor and parts into which it is extending

may reveal early phases of proliferation in the- endothelium of lymph

FIG. 167. EXDOTHELIOMA (ENDOTHELIAL SARCOMA) OF DURA MATER.

FIG. 168. ENDOTHKLIOMA OK PLEURA.

Showing the formation of mucus within the endothelial cell masses ; the mucus is stained with haematoxylin.
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vessels or spaces. In this case its genetic relationship may throw light

on the nature of the tumor, however similar it may be in morphology to

carcinoma.

Sometimes the cells of the endotheliomata are packed together in

dense concentric masses (Fig. 167), which may have a glistening appear-

ance, and such tumors are sometimes called cholesteatotiiata. Although,
for the most part, the peculiar glistening appearance of these tumors is

due to the closely packed thin cells which compose them, they not infre-

quently contain crystals of cholesterin, which may share in producing

FIG. 169. ENDOTHELIOMA OF UPPER JAW.

Showing formation of mucus in the gland-like endothelial cell masses. This form of tumor is often called
"
cylindroma."

this characteristic appearance. But the cholesterin may be absent, or

present in small amount.

The stroma of the endotheliomata may undergo various forms of

alteration, developing hyaliu, myxomatous, or cartilaginous or very
dense fibrous characters (Fig. 164) ;

or it may atrophy, leaving the pro-

liferated endothelium and the blood-vessels as the chief structural ele-

ments. On the other hand, hyalin and mucous degeneration of the endo-

thelial cells may occur (Fig. 168), and considerable collections of these

materials, free from the cells but
surrounded by the cell masses, may

give a cyStic character or lend a glandular appearance to the growth.
Such tumors in which homogeneous or striated cylinders of hyalin

or mucoid material (Fig. 169), often closely surrounded by layers of

cuboidal or flattened cells (Fig. 165), form a striking feature have

sometimes been called cylindromata. The stroma of the eudothelionia
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may become sarcomatous and thus a mixed tumor a sarcomatous eudo-

thelioma may be formed.

The eiidotheliomata may be single, nodular, and of considerable size
;

or they may be multiple, numerous small tumors being scattered over

the surface of the part in which they grow. They may even form a

thick or thin pellicle over surfaces, or cause adhesions between adjacent

organs. They may form metastases. They occur in the dura mater and

pia mater, in the pleura and peritoneum, and have been described in the

skin, bone, gums, lymph-nodes, ovary, liver, brain, testicle, glandula

carotica, and salivary glands.'

It is possible that as our knowledge of these tumors widens we may
be able to differentiate a group formed from the cells lining the great

body cavities peritoneum, pleura, and pericardium which are usually
called endotheliuin, but might, as is urged by Miuot, on account of their

origin and in distinction from the endothelium of the blood and lymph
vessels, etc., be more appropriately designated mesotheliuin.

8

LIPOMA.

Lipomata are tumors formed of fat tissue. The fat tissue occurs in

lobules and is similar to normal fat, except that the cells and lobules are

usually larger and less regularly arranged. There may be little connec-

tive tissue in the tumors, when they are very soft, almost fluctuating

Hpoma molle or there may be so much as to give the tumor considerable

firmness -fibro-lipoma. They may be in part transformed into mucous
tissue myxo-lipoma. Cartilage not infrequently develops in them, or

they may undergo partial calcification.

Occasionally the blood-vessels are very abundant and dilated angio-

lipoma. They are usually sharply circumscribed, but may infiltrate sur-

rounding tissues. They are not infrequently pediculated. They some-

times grow to enormous size and may ulcerate.

They are usually, isolated, but may be multiple. They are common
tumors, occurring usually in the subcutaneous or other fat tissue. They
may occur in the mucous membrane of the gastro-intestinal canal, in the

peritoneum, more rarely tn the dura mater, kidney, liver, and lungs.

They are benign tumors, not forming metastases; but they may be dele-

terious by ulceration or gangrene, and when not fully removed may ex-

hibit local recurrence. They may become sarcomatous.

1 For a discussion of the endotheliomata consult :

v. Volkmann,
" Ueber endotheliale Geschwiilste." Deutsch. Zeits. f. Chirurgie, Bd.

xli., p. 1.

Lnbarscli, "Ergebnisse d. allg. Path.," Jahrg. i., Abth. 2, p.-366; also "Endothe-
liom.," ibid., Jahrg. ii., p. 592.

For embryological considerations bearing on the subject see :

Glockner, Zeits. f. Heilkunde, Bd. xviii., p. 209, 1897.

Marchand, Verh. der deutschen path. Gesellschaft, Bd. ii., p. 38, 1900.

On the occurrence of giant cells and cells with very large nuclei in endothelioma, see

Glockner, Ziegler's Beitr., Bd. xxvi., p. 73, 1900.
- For a consideration of the relationship between endothelium and mesothelium see

Minot, Science, March 29th, 1901, p. 489.
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CHONDROMA.

These tumors, composed of either of the forms of cartilage, are usually

hard, but sometimes quite soft. The cells do not present the same uni-

formity in size, shape, number, and relative position that they do in nor-

mal cartilage (Fig. 170). Sometimes they are very large, spheroidal, and

grouped in masses, and again small and far apart. They are frequently
fusiform or branching. Fibrillar connective tissue in varying quantity

FIG. 170. CHOXDROMA OF FEMUR.

is usually present in the chondroniata, either as a capsule or running in

bands between the nodules of cartilage, or passing in fascicles into them.

The cartilage may change to mucous tissue, forming myxochondroma,
the cells may undergo fatty degeneration or they may calcify or ossify.

Chondroniata frequently form a part of mixed and complex tumors.

Metaplasia plays an important part in the development of cartilage

tumors of mixed type.

They may form in connection with bone or cartilage, and are often

traceable to irregularities in foetal development. Or they may occur in

soft parts where cartilage is not normally present, as in the parotid, tes-

ticle, mamma, and ovaries, where they are apt to be mixed with other

tissue ;
or in subcutaneous connective tissue and fasciae.

They are in general benign tumors, but metastases sometimes occur,
'

most frequently in the lungs, sometimes in the heart.

Small hyperplastic growths on the surfaces of cartilages are called

ecchondroses.

OSTEOMA.

The formation of .bone in the body in abnormal places occurs quite

frequently and under a great variety of conditions. It is on this account

not easy to define the term osteoma, and it is frequently difficult to de-

cide whether or not a given mass of new-formed bone should be thus

1 For a study of metastases in chondroma see Ernst, Ziegler's Beitr., Bd. xxviii., p
255, 1900, bibl.
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designated. Bone tissue often occurs in tumors of the connective-tissue

group as a secondary or complicating structure osteo -fibroma, osteo-chon-

droma, osteo-sarcoma, etc. It may occur in muscles as a result of certain

exercises, or as a result of a peculiar inflammatory process, or it may
occur in connection with chronic inflammation in a variety of tissues. A
circumscribed mass of abnormal bone, not of inflammatory origin, may
be called an osteoma. Small masses of new-formed bone of various

shape, projecting from a bony surface and frequently of inflammatory

origin, are usually called osteophytes. Bony tumors projecting from the

surface of bones are frequently called exostoses.

An osteoma may be loose in texture, consisting of bone tissue similar

to cancellous tissue
;
or it may be very hard and dense like ivory, so-

called ivory exostoses. The difference between these forms lies chiefly

in the varying number and size of the vascular and medullary spaces
which they contain. The growth of the osteomata is, as a rule, slow.

They are benign tumors, and are not infrequently multiple.
Osteomata may develop in connection with the bone or periosteum,

which is most frequently the case, or, independently of bone, in soft

parts.

New-formed bone has been found in the soft parts of the body ;
in the

brain substance, dura mater, and pia mater
;

in the pleura, diaphragm,
and pericardium; in the skin, choroid, air passages, lungs, and penis,

and in other places. To what extent some of these bone formations may
have been due to inflammatory action it is not possible to say.

Odontoma. Tumors are sometimes formed from the pulp during the

development of the teeth. When these contain dentin they are called

odontoinata.

GLIOMA.

The gliomata are developed from the characteristic framework of

nerve tissue, the neuroglia, which in structure many, though usually not

all, of its cells closely resemble.

Small cells with inconspicuous
bodies and numerous delicate

branching processes are most
characteristic

;
but in connection

with these there is usually a

greater or less number of small

spheroidal cells with proportion-

ally large nuclei (Fig. 171). It

is usually necessary to shake sec-

tions in water or carefully tease FIG . IH.-GLIOMA OF BRAIN.

fragments of the tumor in order

to see the characteristic neuroglia or so-called "spider" cells (Fig. 172).

These tumors may contain very numerous and frequently dilated thin-

walled blood-vessels. They may be very soft or moderately hard ; and,

especially when occurring in the substance of the brain, are frequently
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FIG. 172. NECROGLIA OR "SPIDER" CELLS FROM
GLIOMA OF THE BRAIN.

not sharply outlined against the adjacent normal tissue. They usually

occur singly, and are comparatively slow in growth.

They are frequently associated with other tumor tissue, forming glio-

myxoma, glio-sarcoma, etc. Owing to the abundance of thin-walled blood-

vessels and the softness of the

growth, they are liable to inter-

stitial haemorrhages, and may
then, when occurring in the

brain, readily be mistaken for

ordinary apoplectic clots. They
are liable to fatty degeneration.

They usually occur in the brain,

spinal cord, and in the optic and

other cerebral nerves. The so-

called gliomata of the retina are

usually small spheroidal-celled

sarcomata.

Pure gliomata are benign

Teased specimen. tumors, though in their most

common combination with sar-

coma they may be very malignant. Their usual situation, however, is

such as to make them almost always significant, although technically they
are benign tumors. '

MYOMA.

Tumors composed of muscle tissue are of two kinds, following the

two normal types of muscle, the non-striated and the striated.

I. Leiomyoma, Myoma Levicellulare. The characteristic elements of

these tumors are fusiform, smooth muscle cells, with elongated or rod-

shaped nuclei. These are packed closely together, frequently interlacing

and ranning in various directions, and are intermingled with a variable

quantity of more or less vascular fibrillar connective tissue (Fig. 173).

When, as is not infrequently the case, the connective-tissue elements are

present in large amount, the tumor is called fibro-myoma (Fig. 174). It

is not always easy in sections to distinguish between these tumors and

certain cellular fibromata, but the characteristic shape of the isolated

cells and their nuclei, together with their uniformity in size, will usually
suffice. These tumors are frequently infiltrated with lime salts, and,

owing to their density and lack of blood-vessels, they not infrequently

degenerate, forming cysts or becoming gangrenous. They may occur

singly or be multiple, are usually of slow growth, may be large or small,

and are benign. They may occur wherever smooth muscle tissue exists.

They are most frequently found in the uterus, where they are often mui-

1 Our knowledge of the normal neuroglia is still too meagre to permit us to under-
stand very thoroughly this class of tumors, and to separate it as precisely as could be
wished from certain of its allies among the abnormal connective-tissue growths. See
foot-note, p. 303.
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tiple. They may occur in the wall of the gastro-intestinal canal, and

have been seen in the kidney, in the bladder, and in the skin. The so-

FIG. 173. MYOMA OF THE UTERUS.

This is of the smooth muscle type leiomyoma and shows one bundle of muscle cells cut lengthwise, others
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called hypertrophies of the prostate, so frequent in advanced life, are

sometimes considered leiomyomata of the interstitial muscle tissue of that

gland.
II. Myoma Striocellulare, or Ehabdomyoma. In these rare tumors

striated muscle fibres are the characteristic elements. They very rarely

compose a great part of the tumor,
but are intermingled with other ele-

ments, fibrillar connective tissue,

spindle-shaped and spheroidal cells of

various forms, which often appear to

l>e incompletely developed muscle

cells. They are not infrequently
associated with sarcomatous tissue.

Blood-vessels and sometimes nerves

are also present. The muscle fibres

differ, as a rule, from normal striated

muscle fibres in their arrangement,
which is usually quite irregular, and
also in size, being in general smaller

than normal fibres, although varying

greatly. The sarcolemma is either

absent or incompletely developed.
These tumors are usually small or

of moderate size, and are supposed to

originate from' inclusions of cells

destined to form muscle tissue in

places where they do not belong.
In the heart and certain other muscular parts small circumscribed

masses of striated muscle tissue have been described, and are sometimes

FIG. 174. FIBRO-MYOMA or UTEIHS.

The muscle cells are crowded apart by dense

fibrous tissue.
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called homologous rhabdomyomata. But genuine Tieterologous rhabdomyo-

mata are, in almost all cases thus far recorded, confined to the genito-

urinary organs, kidney, ovary, and testicles. The writer has described

an exceptional case of rhabdomyoma occurring in the parotid gland.
'

These tumors, when not associated with other and malignant tumors,

are benign and are of much greater theoretical than practical interest.

NEUROMA.

FIG. 175. NEUROMA GANGLIONIFORME.

Section from a tumor of the adrenal.

A true neuroma is a tumor containing new-formed nerve tissue. Such

tumors are comparatively rare. Tumors developed in the connective

tissue of nerves and composedV usually of fibrous or mucous
tissue are common, and are fre-

quently called neuromata, but

they should be called fibromata

orrnyomata, etc., of the nerves,

or false neuromata. The true

neuromata are of two kinds,

ganglionic or cellular neuromata

and fibrillar neuromata, depend-

ing upon the character of nerve

tissue which they contain.

The gangliouic neuromata

neuroma ganglioniforme in

which new-formed nerve cells are present (Fig. 175), are found asso-

ciated with other structures in certain of the teratomata in the ovaries,

testicles, and in the sacral region ; they also occur in the gray matter of

the brain. They have been found in the adrenals.

The fibrillar neuromata are, according to Virchow, of two kinds, mye-
linic and amyelinic, depending upon whether the nerve fibres which they
contain are medullated or not. The neuroma myelinicum is the more com-

mon and the best understood. The medullated nerve fibres in these

tumors are associated with fibrillar connective tissue, and are usually

curled and intertwined in a most intricate manner. They are either sin-

gle or multiple on the peripheral nerves. They may occur in consider-

able numbers as nodular tumors on the branches of a single nerve trunk,

or they may form an irregular, diffuse, nodulated enlargement of the

nerve branches plexiform neuroma. These neuromata may or may not

be painful. They not infrequently form at the cut ends of the nerves

in amputation stumps. They are benign tumors, never forming metas-

The false neuromata are myxomata, or fibromata (Fig. 176), or some-

times myxo-sarcomata of the nerve sheaths or intrafascicular connective

tissue, and may be single or multiple. In the latter case they may affect

th? branches of a single nerve trunk (Fig. 177), or they may be found

'American Journal of the Medical Sciences, vol. Ixxxv., p. 438, 1883. For later

bibliography consult lldbinrj, Centralbl. f. Path., Bd. ix., p. 433, 1898.
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on nearly all the cerebro-spinal peripheral nerves. The writer has de-

scribed a case (Figs. 177 and 178), in which more than eleven hundred

>x\fc=-\ i{?rtL*-.' r =b*>* fci^Sis

FIG. 176.-FALSE NEUROMA-FIBROMA OF LUMBAR NERTE.

The fibrous tissue is loose in texture and in places oedematous, so that many of the nerve fibres pass through
the tumor with little structural alteration.

and eighty-two distinct tumors were found distributed over nearly all

the peripheral nerves of the body.
l

The nerve fibres in these tumors may be crowded apart by the new

growth and considerably atrophied ; or, in casqs in which the tumor is

composed of soft tissue, as in myxoma or the soft fibroma, they may

FIG. 177. MULTIPLE FIBROMATA (FALSE NEUROMATA) OF PNEUMOGASTRIC NERVE. One-quarter natural

size.

From the same case as that from which the photographic reproduction of Fig. 178 is made.

pass through or around the tumor entirely unchanged. The multiple
false neuromata are in many cases congenital.*

ANGIOMA.

Angiomata are tumors consisting in large part or entirely of new-

formed blood- or lymph-vessels or cavities. In many tumors of various

kinds the new-formed or the old blood- and lymph-vessels may be very
abundant or prominent by reason of their dilatations; the vessels of

otherwise normal tissues may also be largely dilated, thus simulating
1

P)-udden, American Journal of the Medical Sciences, vol. Ixxx., p 134, 1880.

Consult also Preble and Hektoen, Trans. Assn. Am. Phys., vol. xv., p. 470, 1900. bibl.
2 For association of these tumors with sarcoma see Larkin, Jour. Med. Research,

vol. ix.. 1903.



332 TUMORS.

FIG. 178. MULTIPLE FIBROMATA FALSE NEUROMATA OF THE PERIPHERAL NERVES OF THE ARM AND
LEG.

A, Nerves of the right arm; B, the left sciatic with its branches; C, the left anterior crural with its

branches. From the same case as Fig. 177. The nerves of the other extremities were similarly involved.
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vascular tumors. These are, however, not true angiomata, although
sometimes reckoned among them, and in many cases closely allied to

them. Such are the so-called arterial varix, or cirsoid aneurisms, and

FIG. 179. ANGIOMA TELANGIECTOIDES FROM THE SKIN.

This section is from a vascular naevus, "strawberry mark," of the skin.

haemorrhoids, and various lymphectasiae. True augiomata are of two

kinds I. Ha?mangioma, and II. Lymphaugioma.
1. Hsemangioma. These tumors are of two types: 1. Those formed

largely of capillary blood-vessels with either thin or thickened walls,

embedded in a more or less abundant connective-tissue stroma. These

are called simple angiomata or angioma telangiectoides (Fig. 179). The
walls of the vessels in these

tumors are frequently dilated

or pouched, and usually form

a tangle of curled and inter-

twined vessels. They occur

most frequently in the skin

or subcutaneous tissues, usu-

ally about the face, and may
project above the general sur-

face or be on a level with it.

Such are the so-called vascu-

lar na>vi, or strawberry marks,

which are usually congenital.

They are sometimes sharply

Circumscribed, and sometimes FIG. ISO.-ANGIOMA CATER*OSCM OF LITER.

merge imperceptibly into the Tnis section shows the entire small tumor.

surrounding skin. They
sometimes occur iu the mucous membranes, in the mamma, bones, and
brain. They are benign tumors, never forming metastases, but may be

associated writh sarcomata.

2. The second form of hsernangioma, called angioma cavernosum (Fig.
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180), consists largely of a series of intercommunicating, irregular-shaped

larger and smaller blood spaces lined with eudothelium, and surrounded

by a variable quantity of nbrillar connective tissue, which may contain

smooth muscle cells. They resemble the erectile tissue of the corpora
cavernosa of the penis and clitoris. They are apparently formed by a

dilatation of old and new-formed capillaries and veins. They are some-

times erectile and sometimes pulsating, and are not infrequently multi-

ple. They may be seated in the skin and subcutaneous tissue forming
the so-called projecting naevi, or in internal organs. They are often

FIG. 181. CONGENITAL LTMPHANGIOMA FROM ARM OF CHILD.

found in the liver and less frequently in bone, the brain, spleen, uterus,

kidney, intestines, bladder, and muscles. They are usually of little sig-

nificance, though they may give rise to hemorrhages.
II. Lymphangioma. These tumors consist of dilated lymph channels,

which either preserve approximately the general shape of the original

lymph-vessels, or are distinctly cavernous in character (Fig. 181) or even

cystic. They probably originate in part in new-formed, in part in old

lymph channels. A strict distinction between tumors formed by a dila-

tation of pre-formed and new-formed lymph channels is not possible,

owing to the very primitive character of some of the ultimate lymph
spaces and our lack of knowledge of their exact relations to adjacent

parts.

In the lymphangiomata there may be much or little connective tissue

between the dilated channels, which are usually filled with a translucent

or milky fluid resembling normal lymph. These tumors are usually con-

genital, but are sometimes acquired. They usually occur in the skin as

soft, sometimes considerably, sometimes but slightly elevated growths,
and may occur in the tongue some forms of so-called macroglossia.

They are benign tumors, but may rupture, giving rise to serious lym-

phorrhosa.
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Tumors in Which Epithelial Cells are Predominant or Char-
acteristic Elements Epithelial Tumors.

I. ADENOMA. II. CARCINOMA.

General Considerations Regarding Epithelial- Cell Tumors.

While iu the main, in the normal body, the general distinctions

between epithelial and other tissues are fairly well marked, there are

instances, especially those in which epithelial tissues are in process of

physiological growth or rejuvenation, in which the distinctions are quite
ill-defined. When we remember the rapid growth of many tumors, the

tendency to incomplete formation of their cells, their diverse seats, and
the various complicating conditions under which they originate and de-

velop, it does not seem strange that the exact limitations of this class of

tumors are not easy to fix, nor that they seem sometimes to merge into

one another and into tumor tissues belonging to other classes. If epi-

thelial cells, under all circumstances, had a definite and characteristic

structure, or if, on the other hand, we could always know whether a
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FIG. 182. CARCINOMA OF THE STOMACH MEDULLARY CARCINOMA OR CARCINOMA MOLLE.

given cell group originated in epithelium or not, the matter of distin-

guishing between tumors of this and other classes would be simple and

easy enough. As it is, iu some cases both morphological and histogenetic
criteria fail us, and the clinical history and gross appearance are not

characteristic. Such instances which are indeed rare suggest the

possibility that the facts at our command do not justify such definite

distinctions between epithelial and certain other tumors as on both the-

oretical and practical grounds we should like to command. While
these difficulties in special cases must be acknowledged, the distinctions

are in the main definite enough, and very useful both for clinical and

scientific purposes.
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Epithelial tumors always contain, in addition to the more or less

characteristic cellular elements, a connective-tissue stroma which gives

them support and carries the vessels (Fig. 182). This stroma may be

sparse or abundant, may contain few or many cells, is sometimes ar-

ranged in irregular fascicles or bands, and very frequently forms the

walls of well-defined, variously shaped spaces or cavities called alveoli,

in which the epithelial cells lie. The epithelial cells, in most cases, lie

along the walls of the alveoli without an intimate connection with them.

They are, moreover, packed together without more intercellular substance

than the usual cementing material common to epithelial cell masses. In

FIG. 183. ADENOMA OF THE MAMMA.

this lack of fibrillar intercellular substance within the alveoli, and in the

loose relationship between the cells and the alveolar walls, lie in many
cases the chief morphological distinctions between certain carcinomata

and alveolar sarcomata.

In certain of the epithelial tumors there is a reproduction of typical

gland tissue of various kinds, depending upon the seat and conditions of

growth of the tumor. Such tumors are called adenomata (Fig. 183). A
simple hypertrophy of a gland, or an increase in its size by excessive

growth of its interstitial tissue, does not constitute an adenoma. There

must be an actual new formation of more or less typical gland tissue.

This is not always or frequently of exactly the same character as the

gland tissue in which it originates, and always exhibits a certain lack of

conformity to the type in structure and mode of growth. The alveoli

and ducts usually have a lumen and sometimes a membrana propria, but

the cells may differ in shape from one another and from those of the

gland from which they spring.

Epithelial tumors in which there is no close conformity to a glandu-
lar type, but an independent and atypical growth of epithelial cells in

the meshes of an old or new-formed connective-tissue stroma, are called

carcinomata (Fig. 182).
It will readily be seen that there must be a border region between
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the adenomata and carciuomata, where conformity to the glandular type

merges into the lawlessness of growth characteristic of carcinomata. In

this border region a certain degree of individual bias must be permitted
in assigning a name to the new growth. In some cases a sharp distinc-

tion cannot be made
;
or the tumor may share in the characteristics of

both, and then we very properly make use of the term adeno-carcinoma

or carcino-adenoma.

I. ADENOMA.

The structure of the cellular elements of these tumors, and their ar-

rangement into acini and ducts, vary even more than do those of the

normal glands whose types they follow. The acini usually possess a

more or less well-defined lumen and membraua propria (see Fig. 183).

The adenomata sometimes merge into the surrounding tissue, or are con-

tinuous with the gland tissue in which they originate ; sometimes they
are distinct in outline and encapsulated. The interstitial tissue is some-

times abundant, sometimes sparse, and may contain few or many cells.

The irregularities of their growth often lead to the stoppage of the

FIG. 184. ADENOMA OF STOMACH.

A form of tumor which is on the border line of carcinoma and might be called adeno-carcinoma.

lumina of their ducts and the formation of cysts. They may undergo
mucous metamorphosis and may become sarcoinatous.

Adenomata occur in the mamma, ovary, liver, kidney, thyroid, sali-

vary and lachrymal glands, and in the caruncle ;
in the mucous mem-

brane of the nose, pharynx, stomach, intestine, and uterus; and occa-

sionally in the sebaceous and sweat glands of the skin. The so-called

multilocular cystomata of the ovary are among the most important of the

adenomata.

There are numerous papillary and polypoid growths, in gland ducts

and on mucous membranes, in which there is an actual new formation

of gland epithelium ;
but this is usually secondary to a primary growth,

beneath the epithelial layer, of some other tissue, such as fibrous or
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mucous tissue, and the new growth of gland epithelium simply keeps

pace with the growth of the stroma which it covers. Such growths are

sometimes classed among the adenomata, but do not, strictly speaking,

belong there.

Many of the adenomata are benign tumors, being slow of growth
and localized, but there are very important exceptions. Some of the

adenomata of the stomach and intestines belong to the most malignant
of tumors in rapidity of local extension, in the formation of metastases,

and the development of cachexia. Certain of the adenomata of the

uterus, mamma, and thyroid are also very malignant. It should be re-

marked, however, that, as a rule, the malignant adenomata are those

which, in structure, lie close upon the border line between tumors of

this class and carcinomata (see Fig. 184), and by such observers as in-

cline to lay more stress upon clinical than morphological distinctions

they are usually classed among the latter.

II. CARCINOMA.

The tumors of this highly important class are composed, as above

stated, of a connective-tissue stroma, forming more or less well-defined

communicating spaces or alveoli, in which lie variously shaped epithelial

cells arranged in an atypical manner. The stroma, containing few or

many cells, may be, especially in the advancing portions of the tumor,

composed largely of the old connective tissue of the part. It may, how-

ever, be entirely new formed. The cells which lie in the spaces or alve-

oli sometimes bear a very close, but sometimes only a general resem-

blance to epithelium (Fig. 182).
Within the last twenty years the opinion has found general accept-

ance that new epithelial cells in tumors, as well as under other conditions,

normal and pathological, arise after embryonic life exclusively from old

epithelium.
The apparent occurrence of primary epithelial tumors in parts of the

body in which epithelium is not normally present, as in bone and the

lymph-nodes, has been recorded
;
but these may have been metastatic

tumors, in which the primary growth was small and overlooked, or they

may have been displaced embryonic remains, which, according to Cohu-

heim's hypothesis (see page 298), would explain their heterologous oc-

currence. These possibilities of error should be taken into the account

in the apparently exceptional cases, and it is to be remarked that they
are becoming less and less as our knowledge increases and our technical

facilities for research improve.
A considerable number of the tumors formerly described as heterolo-

gous primary carciuomata are now known to be formed by proliferation
of eudothelium, or mesothelium,

* and hence to belong to another class

endothelioma although sometimes considerably resembling the carci-

nomata in structure.
1 See reference Minot, p. 303.
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A great practical difficulty in the description, and, to beginners, in

the recognition, of the carcinoniata and their varieties, lies in the great

diversity in shape which their cells present. It should be always borne

in mind that the shape of cells depends in part upon their inherited ten-

dencies in growth, which we cannot see under the microscope ; but to a

greater degree upon the varying conditions of nutriment and pressure
in which they are placed during life. In llio normal body these coudi-

FIG. 185. CARCINOMA OF THE HAND.

This tumor is of the epitheliomatous type and presents a large, rough, ulcerated surface.

tions conform to a certain standard, so that cells of a given kind at a

given stage of development are approximately similar.

In tumors, however, the lawlessness and lack of fixed conditions in

growth are such that we may have many young and atypical so-called

indifferent forms of cells; while even the adult forms may depart widely
from normal shapes. Thus, in cylindrical-celled carcinoniata there are

many fully developed cells which are never cylindrical ;
there are many

others not fully developed which are quite indifferent/ in form, looking

just like many other young cells. Finally, there may be in such tumors

inflammatory processes through which young connective-tissue cells are

formed, not to be distinguished individually from the atypical forms of

epithelium. Thus it is that there is no morphologically characteristic
(t cancer cell," as was formerly supposed. Some of them are typical and
some not, and the more typical may resemble normal epithelial cells,
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and the atypical may look like young connective-tissue cells or even

lymphocytes. It is in the topography, together with the general charac-

FIG. 186. CANCER CKLLS INFILTRATING THK TISSUE SPACES IN THE VICINITY OF A TUMOR OF THE
MAMMA.

From carcinoma mammae. Somewhat diagrammatic.

ters of the cells and the situation of the growth, that we must seek for

the evidences of the nature of such tumors.

The carciuomata are very prone to local extension, the advancing
tumor cells in the periphery making their way through the lymph spaces
and forming new foci (Fig. 186). Metastasis is of frequent occurrence
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Fro. 187. A GROWTH OF CARCINOMA CELLS IN A LYMPH-VESSF.L NEAR A TUMOR.

Such cell masses are liable to be detached and carried along the vessel, forming metastases.

in some forms, and takes place jhiefly, though not exclusively, through
the lymph-vessels (Fig. 187), frequently involving adjacent or remote

lymph-nodes (Fig. 188). The growth of the tumor cells in the lymph-
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vessels, either in the immediate vicinity of the original tumor or follow-

ing metastasis in a distant part of the body, may distend these so that

FIG. 188. METASTATIC CARCINOMA (EPITHELIOMA) IN A LYMPH-NODE.

The primary tumor was in the vagina. The section shows at the right a small
"
epithelial pearl."

011 free surfaces like the pleura and peritoneum they form a whitish,

elevated network. Transverse sections of such distended lymph-vessels
are shown in Fig. 189. Secondary tumors are in the main similar in

general structure to the primary foci, but may differ from them in vas-

cularity and the abundance of the stroma, or in the shape of the cells.

FIG. 189. MKTASTATIC CARCINOMA IN LYMPH-VKSSELS OF THE PLEURA.

The primary tumor was in the liver. The sub-pleural lymphatics are widely distended with the tumor-cell

masses.
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The carciiiomata are, as a rule, malignant tumors, but the different forms

vary much in this respect.

Carciiiomata are liable to fatty, colloid, mucous, and amyloid degen-
eration, and are especially prone to ulceratiOn (see Fig. 185), to haemor-

rhage and inflammation (Fig. 190). They may become partially calcined,

FIG. 190. EXUDATIVE INFLAMMATION IN CARCINOMA.

Showing leucocytes in the stroma and in the epithelium. The epithelium is disintegrating, and in the

small region shown in the cut the leucocytes are apparently acting as phagocytes in the softening and re-

moval of the disintegrating epithelium.

and are not infrequently combined with other forms of tissue in the

mixed tumors.

They are more frequent in the middle-aged and elderly than in the

young, but they may occur at any age.
1

Multiple primary carciiiomata

have been occasionally reported.
a

FORMS OF CARCINOMA.

In certain carciiiomata of the skin and mucous membranes, the cells,

following the type of epithelium from which they arise, as they grow
older are apt to become flattened or squamous ; these tumors are called

Siuamous or Flat-celled Carcinomata, or simply Epitheliomata. In another

class of tumors, such as frequently occur in the gastro-intestinal canal

and uterus, the cells are more or less cylindrical in shape, forming a

palisade-like lining to the irregular alveoli; such tumors are called

Cylindrical-celled Carcinomata, although here again many of the cells are

not cylindrical at all, but may have a great variety of forms. There is

a third and very common form of tumor, in which the epithelial cells

1 For a statistical summary of carcinoma cases, with bibl., see Riechelmnnn, Bcrl. kl.

TVochenschr., August 4th and llth, 1902.
8 See Warthin, Jour. Am. Med. Assn., May 6th, 1899, bibliography.
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have no constant characteristic shape, but vary as much as do the cell

forms ill the various glands of the body. Such tumors are conveniently
classed together as Carcinoma simplex.

In addition to these forms there are several others which depend for

their characteristics upon various metamorphoses or degenerations, or

upon the preponderance of one or other of the anatomical constituents of

the growth. It will be most convenient to give a brief description of

these various kinds, one after another, with the understanding that they
are not absolute specific forms, but are simply varieties which it is con-

venient to recognize for clinical as well as anatomical purposes.

Epithelioma. These tumors occur in the skin and in the mucous mem-
branes which are covered with squamous epithelium. The cells present
all of the various forms which normally exist in these parts the cuboidal

and polyhedral cells of the rete Malpighii, as well as the more superficial

flattened forms (Fig. 191). Frequently the spiued cells, or so-called

"prickle cells," are largely reproduced. Having to a certain extent the

same life history as the cells in which they originate, many of the tumor

FIG. 191. EPITHELIOMA OF THE NECK.

Shows epithelial pearls, spined cells, and reticular masses of variously shaped epithelial cells.

cells become dry, thin, and horny, like the epidermis. cells, as they grow
older

;
and since their growth and changes often occur within the old

lymph spaces of the affected tissue or in the new-formed alveoli, the

cells are sometimes packed together in spheroidal, concentric masses

called "epithelial pearls" (Figs. 192 and 193), which may sometimes be

seen with the naked eye upon or near the surface of the growth.
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This metastatic tumor was secondary to a large epithelioma of the back of the hand. The small cells

with darker nuclei are the cells of the lymph-node. It shows the epithelial pearls in various stapes of

formation.

The new epithelial cell groups may be large or small, may be sepa-

rated by much or little stroma; often form reticular masses (Fig. 194),

FIG. 193. EPITHELIOMA OF THE SKIN, SHOWING MASSES OF EPITHELIAL PEARLS.

Reproduced from photograph.
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and may infiltrate the tissues deeply or remain near the surface
;
or may

project above the surface, forming wart-like or papillary growths. These

FIG. 194. EPITHELIOMA OF SKIN.

Showing retieular masses of epithelial cells with fibrous stroma.

tumors frequently ulcerate on the surface (Fig. 185), and the skin about

them is apt to become thickened (Fig. 195).

Epitheliomata are most apt to occur in the skin, especially in those

parts in which it becomes continuous with mucous membranes lips, ex-

ternal nasal openings, eyelids,, labia, and glans penis and are frequent
in the mouth, ossophagus, vagina, and about the cervix uteri. They
may develop in congenital nsevi of the skin, such as that shown in Fig.

FIG. 195. EPITHELIOMA OF BACK OF HAND.

The flat tumor occupied nearly the entire back of the hand, and was ulcerating at the surface. The fig-

ure shows the edge of the tumor and a portion of the ulcer. The papillae of the skin over the edge of the

growth are hypertrophied, and the tissue about is infiltrated with small spheroidal cells. Fig. 192 shows a

section from a metastatic tumor of the axillary lymph-node in this case. This tumor presented the gross

appearance shown in the photographic reproduction in Fig. 185.
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196. This occurrence illustrates a congenital local predisposition to tu

mor formation. Simple congenital nsevi are sometimes mistaken for epi-

theliomata because of similarity in the gross appearance of certain forms.

>;^Ka-rfeA
FIG. 196. A PORTION OF A CONGENITAL NJSTUS OF THE SKIN.

Such small na?vi are sometimes mistaken for epitheliomata and occasionally afford a starting-point for the

latter.

There are also carcinoniata of the skin, composed of cuboidal cells ar-

ranged in tubules or masses, which do not follow the type of the epithe-

lium of the skin, but rather that of the sweat glands or sebaceous glands.'

FIG. 197. SMALL EPITIIELIOMA OF THE SKIN OF THE FACE.

These tumors are found most frequently on the nose and eyelids, some
of them resemble eudotheliomata (Figs. 197 and 198).

Sometimes certain of the cells in an epithelioma appear to coalesce,

forming a large multinuclear mass. This variety of epithelioma is some-
times called giant-cell epithelioma.

Flexuer 2 has described a rare tumor arising from the epithelial layers
of the retina, which he calls a neuro-epilheUoma.

Epitheliomata are apt to recur if not thoroughly removed, and may
1 For a study of gland-like epitheliomata of the skin see Krompeclier Zieerler's

Beitr., Bd. xxviii., p. 1, 1900.
2
Flexner, "A Peculiar Glioraa (neuro-epithelioma) of the Retina," Johns Hopkins

Hospital Bulletin, August> 1891.
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form rnetastases, but in general they are the least malignant of the car-

ciuomata. Some of the smaller forms may exist for years with no evi-

dent tendency to growth (Figs. 197 and 198).

Cylindrical-celled Carcinoma. These tumors, closely allied to some
forms of adenoma (see Fig. 184), occur in the stomach, intestines, and
uterus. The cells may be only in part cylindrical, the remainder having
various shapes, and all being loosely or closely packed in larger or smaller
alveoli. They may have much or little stroma. They merge impercept-
ibly into the next class :

Carcinoma Simplex. These, which are by far the most frequent of the

carcinomuta of internal parts, are characterized by the alveolar structure

and by the absence of any special characteristic shape in the cells, which

FKJ. 198.-S

may be spheroidal, polyhedral, fusiform, or cuboidal. They may or

may not resemble the epithelium of the gland in which they originate.

They are usually nodular tumors, and may be hard or soft. If the new-

formed stroma is abundant and der.se, and preponderates over the cellu-

lar elements, the tumor is usually hard and is called scirrhtts or fibro-

carcinoma (Fig. 199). If. on the other hand, the cellular elements largely

preponderate, the tumor is usually soft, and, if it do not contain too

many blood-vessels, may have a general resemblance to brain tissue, and

is then called encephaloid or medullary cancer ; or, better, Carcinoma molle

(Fig. 182). These are among the most malignant of the carciuomata.

FIG. 199. FIBRO-CARCIXOMA OR CARCINOMA DURUM (SCIRRHUS CARCINOMA).

The intercellular tissue in these carcinomata may become so abundant

as nearly to obliterate the cellular elements, but it is doubtful if they
ever undergo spontaneous cure in this way. These tumors may be hard

iu one portion and soft in another. They may contain many blood-

vessels, C. telangiectoides. They occur as primary tumors in the mamma,
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stomach, liver, thyroid, salivary, and prostate glands, in the pancreas,

kidney, testicle, and ovary, and may occur elsewhere.

Gelatinous Carcinoma. The cells of certain carcinomata, especially of

the gastro-intestinal canal, may develop a translucent gelatinous material

whose nature is not well understood, which accumulates within the cells.
'

In some cases this accumulation is moderate when the protoplasm of the

cells may be more or less encroached upon by the translucent droplets of

the gelatinous material
;
but in other cases, over large areas the cells are

partially or entirely destroyed, and replaced by the new material so that

FIG. 200. CARCINOMA GKLATINOSUM "COLLOID CAXCKR."

From a tumor of the stomach.

the alveoli of the tumor are distended by it, and their walls appear very
distinct in the midst of the gelatinous substance (Fig. 200). In such

cases the alveolar structure of the tumor is sometimes very evident to the

naked eye, and these tumors are therefore often called alveolar carcinoma.

Sometimes only a part of the tumor is affected in this way.
Carcinoma Myxomatodes. The cellular elements of carciuomata may

suffer mucous softening, and thus larger and smaller cysts containing a

mucous fluid are sometimes formed. To this type of metamorphosed
tumor the above name is sometimes applied, but it more properly belongs
to carcinomata in which the stroma is composed of mucous tissue (Fig.

201). Such tumors are most fre-

quently found in the gastro-iutesti-

ual canal and nianima.

Melano-Carcinoma. Tumors of

this class are rare, and are character-

ized by the presence of a variable

quantity of black or brown pigment
particles either in the stroma or in

the cells. They are usually soft and

malignant, and most frequently oc-J FIG. SOL-CARCINOMA MYXOMATODES.
cur in the skin.

From a tumor of the mamma.

MOLLUSCUM CONTAGIOSCM is the desig-
nation of small soft multiple growths of the skin, most frequent on the face, arms, and

1 These tumors are often called "colloid cancers," but the material which character-
izes them is not true colloid.
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chest, and en the external genital organs. They are lobulated and contain cells similar

to those of the rete Malpighii. Within the cells and crowding the nucleus to one side,

or free among the cells, are rounded or ovoid bodies which are believed by many to be

protozoan parasites.

ADAMANTINO.MA (Cystadenoma adamantinum; Epithelioma adamantinum). This

group of tumors is of occasional occurrence in the jaws either on the surface beneath

the mucous membrane, or in the depth of the bone. They appear to be derived from

the enamel organs of developing teeth. They are frequently cystic from the softening
and absorption of their tissues and while in general benign may infiltrate the jaw, in-

ducing its atrophy. They are most apt to form during the period of the development
of the teeth. They consist in general of a fibrillar connective-tissue stroma in Avhich

ramify irregular and complex masses of epithelial cells. These epithelial cell masses

are made up of rows of cylindrical cells or of superimposed layers of cylindrical, poly-

hedral, and flattened cells. Frequently these lamella? of epithelial cells enclose a cen-

tral mass of branching cells. The situation of these tumors, their period of formation,

and the resemblance of the structure to that in various phases of the evolution of the

enamel organ, indicate their origin in some abnormality in the development of the teeth,

There is frequently a recurrence after the removal of these tumors and the growth may
become sarcomatous. 1

Bibliography of Tumors.

The most extensive and important work on tumors, containing a vast store of in-

formation, is that of Rudolph Virchow, "Die kraukhaften Geschwiilste." It is not com-

pleted and is somewhat old, but is still invaluable as a work of reference. A valuable

bibliography and digest of recent observations on tumors will be found in Ziegler's

"Lehrbuch der path. Anat.," Bd. i., last edition. An important resume on the malig-
nant tumors in childhood, by Stern, may be found in the Deutsche med. Wochenschrift,

June 2d, 1892, p. 494. "An Introduction to General Pathology," by Sittton, contains

many suggestive facts about tumors drawn from comparative pathology. Current

additions to the subject may be found in the files of Lubarsch and Ostertag's "Ergeb-
nisse,

"
see particularly LubarscJi, Jahrg. 1, p. 289, for a comprehensive summary; also

for newer bibliography to 1899, Aschoff, Jahrg. 5, for 1898, p. 73. Borst's
" Lehre v. d.

Geschwiilsten," 1902, is a valuable work with many excellent illustrations; bibl.

1 See for a resume and bibliography of these tumors, CMbret, Arch, de Med. exp.,
T. vi

, 1894, p. 278; also Borst, Geschwulste, p. 605.



CHAPTER X.

THE LESIONS INDUCED BY POISONS.

Forms of Poisons.

A POISON has been commonly considered to be a substance which
when introduced into the body from without is capable of inducing, by
means other than mechanical, pathological alterations of function or

structure, or both. But this conception of poisons as extraneous pre-

formed substances has recently been greatly modified. For it has been

learned that poisons may be formed within the body, either through the

action of micro-organisms upon its organic constituents or through the

metabolism of the body cells themselves.

It is thus convenient in considering the lesions induced in the body
by poisons toxic lesions to place in one group those due to preformed
extraneous poisons exogenous poisons and in another group those due
to substances formed within the body endogenous poisons.

It has furthermore been found convenient to make three classes of

the endogenous poisons. First, those which are formed under the in-

fluence of micro-organisms in the course of the acute infectious diseases

and whose effects are most appropriately studied in that connection.

These may be called endogenous poisons of infectious origin. Second, those

which are formed under the influence of micro-organisms in the gastro-
intestinal canal or elsewhere and absorbed into the body fluids. Third,

those which are formed by the metabolism of the body cells themselves.

To endogenous poisoning induced by either of the latter two classes

of agents, the term auto-intoxication has been most commonly and most

appropriately applied.
As we have already studied the toxic lesions of the infectious diseases,

we have only to consider here :

First, the lesions induced by preformed or extraneous poison ex-

ogenouspoisom ; and second, those due to the endogenouspoisons which are

concerned in the so-called auto-intoxications.
l

1 The limitation of the term auto-intoxication as it is here used is adopted from Ifar-

tim, who has written most clearly and suggestively upon the subject. See Martins.
'

Pathogenese innerer Krankheiten,
" Heft 1 and 2, 1899-1900.



THE LESIONS INDUCED BY POISONS. 351

The Lesions Induced by Exogenous Poisons. 1

Sulphuric Acid.

The effects of this poison vary with the amount taken and with its strength. Death

usually occurs in from two to twenty-four hours after the ingestion of the concen-

trated acid. A case of death within an hour is recorded. When the poison is less con-

centrated or its effects are less intense, the patient may survive for months.

The skin of the face about the mouth may be blackened and charred by the acid.

The mouth and pharynx are of a grayish or blackish color, or are covered with a

whitish layer, while the deeper tissues are reddened. Sometimes these regions escape
the action of the poison.

The larynx, trachea, and lungs are sometimes softened and blackened by the acci-

dental passage of the acid into them. This may take place even when the acid does

not pass into the oesophagus.
The (esophagus seldom escapes. It is colored grayish or blackish, softened, and the

mucous membrane comes off in shreds. If life is prolonged, cicatrices and strictures

are formed. The stomach may contain a blackish, pulpy fluid, due to the action of the

acid on mucus, blood, etc. It is coated on its internal surface with a black, sticky

layer, beneath which the mucous membrane is reddened. The mucous membrane may
be blackened in patches or stripes. The organ may be contracted and the mucous
membrane corrugated. Sometimes perforation takes place and the acid blackens and

softens the adjoining viscera. In protracted cases cicatrices are formed and the organ
is contracted. If the poison is dilute there may be only the lesions of chronic gastritis.

The blood is sometimes thickened, syrupy, acid, and may form thrombi in the vessels.

Fatty degeneration of the renal epithelium is mentioned by some authors.

The body may be partially preserved from decomposition, owing to the action of

the acid upon the tissues.

The solution of indigo in sulphuric acid, commonly known as sulphate of indigo,

produces the same lesions as sulphuric acid, and also stains the tissues with which it

comes in contact of a dark-blue color. It is stated that an indigo-blue tint is often

found in the mucous membranes after poisoning by pure sulphuric acid.

Nitric Acid.

Death may occur very soon after the taking of the poison, but is not usual until

the lapse of several hours, and may not ensue for several days or weeks.

The surface of the mucous membrane of the mouth, pharynx, and oesophagus is cov-

ered with yellow eschars wherever the acid has touched it. Beneath and around the

eschars the tissues are congested and red. The poison may reach the oesophagus
without acting on the mouth. The stomach contains a viscous, sanguinolent, yellow
or greenish fluid. The mucous membrane is congested, red, swollen, softened, and

ecchymotic. It is rarely perforated. The duodenum may be inflamed, and the inflam-

mation extend to its peritoneal coat. The rest of the intestines usually escapes the

action of the acid.

The larynx is very frequently acted on by the acid. There are yellow eschars,

congestion and swelling of the mucous membrane, sometimes cedema of the glottis.

The trachea may be inflamed and the lungs congested.
If the patient survive the first effects of the poison, chronic inflammation, cicatriza-

tion, and contraction may occur.

The acid nitrate of mercury, if taken in a concentrated form into the stomach, may
induce the same lesions as nitric acid.

1 For special precautions to be taken in the post-mortem examination in cases of

suspected poisoning, see p. 38.
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Hydrochloric Acid.

In fatal cases death occurs on the average in about twenty-four hours. The lesions

are in general similar to those produced by sulphuric and nitric acids, except that the

eschars are usually of a whitish color at first, becoming, after a time, discolored and

disintegrated. It is also more common to find false membranes on the inflamed surfaces.

Oxalic Acid.

In fatal cases death may occur within ten minutes (in one case it occurred in three

minutes) or it may be delayed for two or three weeks. The period of death does not

depend, as do in general the symptoms, upon the amount and concentration of the

poison.
The mucous membrane of the mouth, pharynx, and ossopMgus is usually white and

shrivelled, and easily peeled off, and may be covered with brownish vomit from the

stomach. The oesophagus may be much contracted. The stomach is usually contracted

and contains a dark-brown, acid, mucous fluid. The mucous membrane of the stomach

may be pale, soft, and easily detached, sometimes looking as if it had been boiled in

water. Sometimes it is red and congested; sometimes blackened and gangrenous;
sometimes peeled off in patches. Perforation is of rare occurrence. If life be pro-

longed the whitened condition of the mucous membrane is succeeded by congestion and
inflammation. The small intestines may be inflamed. Inflammation of the pleura and

peritoneum, and congestion of the lungs, are of occasional occurrence. In some cases of

death from oxalic acid there are no well-marked lesions.

Potassium oxalate produces the same lesions as oxalic acid.

Tartaric Acid.

This acid is seldom used as a poison, but in large doses may prove fatal. The
lesions in the cases observed were redness and inflammation of the mucous membrane
of the gastro-intestinal canal.

Potash, Soda, and their Carbonates.

These substances are not commonly used as poisons with suicidal or homicidal in-

tent, but may be taken by mistake. They may cause death in a few hours, or life may
be prolonged for several weeks.

The mucous membrane of the mouth, pharynx, (esophagus, and stomach is softened,

swollen, congested, and inflamed, or may be peeled off. It may be blackened from local

changes in the blood. The mucous membrane of the larynx and trachea, may alsc be

swollen and inflamed.

If life is prolonged for some time, cicatrices and strictures of the oesophagus and
stomach are apt to be produced as a result of the reparative inflammation.

Ammonia.

The vapor of strong ammonia may cause death from inflammation of the larynx
and air passages. The strong solution of ammonia produces lesions similar to those of

potash and soda. The larynx, trachea, and bronchi are frequently inflamed, and may
be covered with false membranes. Fatal inflammation of the rectum and colon has

been produced by an enema of strong solution of ammonia.

Potassium Nitrate.

Accidental poisoning sometimes occurs from large doses of this salt. In the ob

served cases there were intense congestion and inflammation of the stomach and intes

tines, and in one case a small perforation of the stomach existed.
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For the effects of several infrequently employed salts of the alkalies and alkaline

earths, which for the most part produce simple inflammation of the gastro-intestinal

canal, we refer to special works on toxicology.

Phosphorus.

Poisoning by phosphorus is much more common in France and Germany than in

this country. Some of the forms of rat poison, of which this is a frequent ingredient,
and the ends of matches, are common media for its administration. It is more often

used with suicidal than with homicidal intent.

The post-mortem appearances vary according to the length of time which elapses
before death, which may be from a few hours to several months.

If death takes place in a few hours the only lesions may be those produced by the

direct local action of the poison. The mouth, pharynx, and oesophagus usually escape.
The stomach may be only slightly reddened, or there may be patches of inflammation

and erosion. The contents of the stomach are often mixed with blood and may have
the peculiar smell of phosphorus. There may be little bits of wood present when the

poison has been taken from the heads of lucifer matches. It is said that the mucous
membrane of the stomach may emit a phosphorescent light in the dark.

If death does not ensue until after several days the lesions are more marked. The

body is usually jaundiced. There may be ecchymoses beneath the pericardium, pleura,
and peritoneum, in the lungs, the kidneys, the bladder, the uterus, the muscles, and
the subcutaneous connective tissue, and bloody fluid in the visceral cavities.

Ohromatolysis of the ganglion cells may occur.

The heart and voluntary muscles, the walls of the blood-vessels, and the epithelium
of the pulmonary air vesicles may be in the condition of fatty degeneration. The blood

is usually dark and fluid.

The stomach sometimes presents no very striking changes. There may be small

circumscribed spots of inflammation, erosion, or gangrene, and occasionally perforation.

The most constant change is albuminous and fatty degeneration of the cells which line

the gastric follicles. In consequence of this the mucous membrane appears thickened,

opaque, of white, gray, or yellow color. The small intestine appears normal or is con-

gested.
The liver is found in different degrees of albuminous and fatty degeneration, and

is often stained yellow from the jaundice. It is usually increased in size and of a gray-

ish-yellow or light-yellow color, unless stained by the bile. Less frequently the

centres of the acini are congested, or the entire liver is congested, or there are small

haemorrhages in the liver tissue. The liver may be soft, flabby, and smaller than nor-

mal. In the interstitial tissue of the liver and along the branches of the portal vein

there may be marked infiltration with small spheroidal cells.

The kidneys often present albuminous and fatty degeneration of the epithelium.
The mesenteric lymph-nodes may be soft and swollen from hyperplasia.

Arsenic.

This poison is very frequently employed with suicidal intent. Death may occur

in a longer or shorter time from the direct irritative effects of the poison upon the

gastro-intestinal canal, with the symptoms which usually accompany the ingestiou of

irritant poisons ; or it may occur with symptoms of collapse, or coma, or shock ; or the

symptoms may resemble those of cholera. The average time of death in acute fatal

cases is about twenty hours, but death has occurred in twenty minutes and has been

prolonged for two or three weeks.

The mouth, pharynx, and cesophagus may be inflamed, but are more frequently un-

altered. The stomach may be empty or contain mucus mixed with blood. The arsenic,

in substance, may be found adherent to the mucous membrane or mixed with the con-

tents of the organ. It has, in rare cases, been found encysted in the stomach in consid-

erable quantity. When invisible to the naked eve a microscopical examination of the

23
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stomach contents will not infrequently reveal characteristic crystals of arsenious acid

or some of its compounds. The stomach may be contracted and its mucous membrane

corrugated. The entire inner surface may be red and inflamed, or there may be patches
or streaks of inflammation or deep congestion. The inflamed and congested patches

may be thickened and covered with false membrane mixed with larger and smaller

particles or masses of the poison. Ulceratiou, perforation, and gangrene are rare.

Blood may be extravasated into the mucosa and submucosa, and with the congestion

give the mucous membrane a very dark-red or brown appearance. Frequently the

mucous membrane is studded with small petechite. Sometimes the arsenic is converted

in the stomach into the yellow sulphide. There may be acute gastritis, even when the

poison is absorbed by the skin or otherwise and not introduced into the stomach. The

epithelium of the gastric glands may undergo granular and fatty degeneration.
The entire length of the intestine may be congested and inflamed, but the action of

the poison does not usually extend beyond the duodenum. In some cases the solitary
'

lymph nodules, Peyer's patches, and the mesenteric nodes are swollen. Inflammation of the

bladder and peritoneum, and congestion and redema of the brain, have been observed,
but are neither frequent nor in any way characteristic. Fatty degeneration of the

muscles, liver, kidneys, blood-vessels, and vesicular epithelium of the lungs and chromatoly-
sis of the ganglion cells may follow arsenical poisoning.

Alterations in the spinal cord indicative of acute myelitis have been described by
Popon

1 as occurring in dogs poisoned with arsenious acid.

The walls of the stomach and intestines and other parts of the body may be pre-

served from decomposition for a long time after death by arsenical poisoning.
It should always be borne in mind, in examining cases of suspected arsenical poi-

soning, that death may be produced by arsenic and its compounds without any appre-
ciable lesions. While in general it may be said that in the cases in which no lesions

are discovered death has probably occurred soon after the ingestion of the poison, it

should be remembered that death without lesions may exceptionally take place long
after the usual time at which inflammatory changes commence.

Compounds of arsenic, such as the chloride and sulphide, and the arsenite (Scheele's

green, Paris green), are sometimes used for suicidal purposes, and produce lesions simi-

lar to those of arsenious acid. Paris green is a favorite article in New York, particu-

larly among Germans, for suicidal purposes. It is usually taken in considerable quan-

tities, and is often found in the stomach after death. 2

Corrosive Sublimate.

The mucous membrane of the mouth and throat may be swollen, inflamed, or have
a grayish-white appearance. The oesophagus may be swollen and white, or congested,
or unaltered. The mucous membrane of the stomach is usually congested or inflamed,

or there may be patches of softening, ulceration, or gangrene. Perforation is of rare

occurrence. Small ecchymoses in the mucosa are not uncommon. Sometimes there is

little or no change in the stomach. Sometimes the mucous membrane of the stomach
is slate-colored from the deposition of metallic mercury from the decomposed salt. The

1

Popon, "Ueber die Veranderungen im Riickenmarke nach Vergiftung mit Arsen,"
etc., Virch. Arch., Bd. xciii., p. 351.

4 It is advisable, in cases of suspected arsenic poisoning, particularly if the body
has lain for some time, as in exhumations, to preserve not only all of the internal organs
entire for the chemist, but also portions of the muscles (back, thigh, arm, and abdo-

men), and also one of the long bones, preferably the femur, since arsenious acid and
its compounds are quite diffusible, and may be present in proportionately larger quan-
tity in other parts than in the gastro-intestinal canal. It is desirable to save the whole
of the internal organs, and to weigh the muscle and bones as well as the whole body at

the autopsy, in order that the calculations of the chemist, in case arsenic be found, may
rest upon a definite basis, and be as little as possible dependent upon estimates, whose
value may be questioned by lawyers should the case come into the courts.

An interesting article on arsenic as a poison, with various collateral data by Pellew,
will be found in Hamilton's "System of Legal Medicine," vol. i., p. 349.
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intestine* may appear normal, or there may be patches of congestion and ecchymosis.
The larynx ami trachea may be congested. The kidneys may show albuminous and fatty

degeneration of the epithelium.

Lead.

The different preparations of lead may prove fatal either from the immediate effect

of large doses or from the gradual effects of repeated small doses. Although there may
be marked symptoms during life, the post-mortem lesions are few and variable.

There may be chromatolysis of the ganglion cells.

Large doses may produce acute gastritis, and sometimes a whitening of the mucous
membrane. The intestines are generally contracted, and there may be fatty degenera-
tion of the renal epithelium ; very frequently there are no appreciable lesions.

In chronic lead poisoning the intestines may be contracted, the voluntary muscles

flabby and light colored, or partially replaced by connective tissue, and there may be

chronic meningitis.

Copper.

Acute poisoning by salts of copper is not very common, but it is of occasional acci-

dental occurrence, and the salts are infrequently used with suicidal intent. The sul-

phate and acetate are the most important salts in this respect. Soluble salts of copper

may be formed in the use of copper cooking utensils, and accidents most frequently
occur in this way.

The post-mortem appearances are somewhat variable. The pharynx and oesophagus

may be somewhat inflamed or unchanged. The mucous membrane of the stomach and

intestines may be inflamed, ulcerated, or gangrenous, and perforation and peritonitis

may occur. The mucous membrane may have a diffuse greenish color, or particles of

the salt may be found adhering to it.

Tartar Emetic.

This preparation of antimony may prove fatal when administered in a single large
dose or in repeated small doses. The post-mortem lesions are not constant. In cases

of chronic poisoning there are usually no appreciable lesions.

In cases of acute poisoning there may be evidence of acute inflammation of the

oesophagus, stomach, intestines, and peritoneum. Sometimes the stomach exhibits no

lesions, while the intestine is involved. Thelarynx and lungs maybe deeply congested.

Vegetable Irritants.

Aloes, colocynth, gamboge, jalap, scamnwny, savin, croton oil, colchicum, teratria, helle-

bore, elaterium, and turpentine.

All these drugs may produce poisonous effects. The post-mortem lesions are con-

gestion, inflammation, and sometimes ulceration of the gastro-intestinal mucous mem-
brane ; but these lesions are sometimes present and sometimes absent.

Cantharides.

This substance may be given in powder or tincture. The entire length or only a

portion of the alimentary canal may be congested or inflamed. There may be patches
of gangrene of the mucous membrane of the stomach. When the poison has been taken

in substance a microscopical examination of the contents of the alimentary canal or of

the mucous membrane may reveal the glistening green and gold particles of the fly.

The kidneys, ureters, and bladder may be congested and inflamed. There is some-

times congestion of the brain and its membranes.
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Opium and Morphin.

The post-mortem appearances in persons who have died from opium or morphine

poisoning are inconstant and not characteristic. Congestion of the brain and its mem-

branes, with serous effusion in the membranes and ventricles, and congestion of the

lungs, are changes occasionally seen, but they are frequently entirely absent, and when

present are not characteristic of death from this poison.

Poisonous Fungi.

The action of these substances varies greatly, and the post-mortem appearances are

inconstant and not characteristic. In general, when any lesions are present they are

those of gastro-intestinal irritation or of. venous congestion, or both.

Microscopical examination may reveal characteristic fragments of fungi in the con-

tents of the alimentary canal.

Hydrocyanic Acid.

This poison in fatal doses may destroy life in a very short time. The post-mortem

appearances are inconstant and not characteristic. The skin may be livid and the mus-

cles contracted. The stomach may be congested or normal. The most frequent internal

appearances are those of general venous congestion. Under favorable conditions the

odor of prussic acid may be detected in the stomach or blood or brain, or other parts of

the body. It may be absent in the stomach and present in other parts of the body. If

the patient have lived for some time the odor may be absent altogether.

Cyanide ofpotassium may produce the same lesions as hydrocyanic acid, and there

is the same inconstancy in their occurrence.

Nitrobenzol. This substance produces general venous congestion, and the odor of

the oil of bitter almonds may be more or less well marked in the body after death.

Carbolic Acid.

When this poison is taken into the stomach the mucous membrane of the mouth,

oesophagus, and stomach may be white, corrugated, and partially detached in patches, and

the edges of the affected parts may be hyperaemic or there may be patches of extrava-

sation. Browr

nish, shrunken patches may be present about the mouth. The brain and

meninges may be congested. There may be congestion and oedema of the lungs, and

congestion of the liver and spleen. The blood is usually dark and fluid. The urine is

commonly of a dark or greenish color. The odor of the poison may be evident in the

body and in the urine.

Alcohol.

The different preparations of alcohol, when taken in concentrated form or in large

quantities, sometimes produce sudden coma and death in from half an hour to several

hours. In acute poisoning, if death have followed soon after the ingestion of the poison,
the body may resist decomposition for an unusual length of time. The stomach and
tissues may even have a more or less well-marked alcoholic odor. The stomach, and
even the oesophagus and duodenum, may be of a deep-red color. There may be puncti-
form ecchymoses in the gastric mucous membrane. In many cases the stomach is ap-

parently quite normal. There is apt to be venous congestion in some of the internal

organs, but this is not constant. There are frequently congestion, and sometimes extrava-

sation of blood in the brain and its membranes, and oedema of the membranes or of the

brain substance, or both. There may be a serous effusion in the ventricles of the brain,

also chromatolysis of the ganglion cells.

In chronic alcohol poisoning death may ensue from some other disease, or after a

debauch. In the latter case there may be delirium tremens, or the patient dies exhausted

and comatose. Chronic alcoholism is not infrequently mistaken clinically for meningi-
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tis. The post-mortem lesions are sometimes marked, sometimes absent. There may be

chronic pachymeningitis, resulting in thickening of the dura mater and its close adher-

ence to the skull. The pia mater may be thickened and O3dematous. The brain may
be normal or cedematous or atrophied and show chromatolysis of the ganglion cells.

The lungs are frequently congested. The heart may be thickly covered with fat, and
its walls may be flabby and fatty. The stomach frequently presents the lesions of

chronic gastritis. The liter may be cirrhotic, with or without fatty infiltration. The

kidneys may present the lesions of albuminous or fatty degeneration or of chronic dif-

fuse nephritis.

It should always be remembered, however, that all or a part of the above lesions

may be absent in the bodies of drunkards, and, furthermore, that the same lesions may
be due to other causes.

Chloroform.

Chloroform may cause death when it is taken in fluid form into thestoiri&ch or when
inhaled. Death from swallowing liquid chloroform is rare, and its immediate cause is

usually uncertain. The post-mortem changes are variable; sometimes there are no
lesions. In some cases there is simple reddening of the gastric mucous membrane; oc-

casionally there is acute gastritis or ulceration of the mucous membrane. The odor of

chloroform may or may not be evident. Discoloration and softening of the mucous
membrane of the pharynx, resophagus, and duodenum have been observed. There may
be general venous congestion; the heart may be flabby. Bubbles of gas have been

frequently seen in the blood, but this is not characteristic. Death from inhalation of

chloroform is a not infrequent accident in surgical practice. After death from inhala-

tion the results of the examination are usually quite negative.

Ether.

The inhalation of ether occasionally causes death. The post-mortem examina-

tion is negative. The ingestion of fluid ether may induce inflammation of the stomach.

The odor of ether may be perceptible if the autopsy is made soon after death.

Chloral Hydrate.

There are no characteristic post-mortem appearances after death by chloral. Hy-
persemia of the brain, and the odor of the drug, have been noticed.

Strychnin Nux Vomica.

The post-mortem appearances after poisoning by these drugs are not characteristic

and are inconstant. The body if usually relaxed at the time of death, but the rigor

mortis, as a rule, comes on early kud remains long. There may be congestion of the brain

and spinal cord, and sometimes of the lungs and stomach. Chromatolysis of the ganglion
cells is recorded.

Animal Venom, etc.

The poisons which may be introduced into the body through the bites of venomous
snakes and reptiles and the bites of insects cannot be considered in detail here. 1

Abrin and ricin are examples of poisonous substances which induce in the body
lesions similar to those in certain infectious diseases (see page 201).

Carbonic Oxide.

This is one of the gases generated in the burning of charcoal, and forms one of the

ingredients of illuminating gas. The most characteristic post-mortem appearance is

the cherry-red color of the blood, and of the tissues and viscera which contain blood.

'Consult Langmcn, "Poisonous Snakes and Snake Poison," Medical Record, Sep-
tember 15th, 1900; also Brown, "Twentieth Century Practice," vol. xx., bibliography.
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The presence of carbonic acid in the gas may obscure the bright red of the carbonic

oxide by the dark color which it induces in the blood.

Carbonic Acid.

The lesions are essentially those of asphyxia, but the brain is said to be more fre-

quently congested than in asphyxia by simple obstruction of respiration.

Conium, Aconite, Lobelia Inflata, Digitalis, Stramonium.

These vegetable poisons are administered in their natural form of leaves, berries,

and roots, or in tinctures, infusions, and extracts, or in the form of their active alka-

loid principles.

If the leaves, berries, or seeds are given they may be detected in the contents of

the alimentary canal by microscopical examination. Otherwise the results of autopsies

are not characteristic.

The brain and its membranes, and the lungs, may be congested. The stomach may
present patches of congestion, inflammation, and extravasation, or its entire mucous

coat may be inflamed, or it may appear normal.

Ptomains and Other Putrefactive Products.

Poisonous substances of various kinds are often developed in the putrefaction of

organic substances, and certain alkaloidal substances called ptomai'ns form in the de-

composition of proteids without putrefaction. Thus in sausages, some kinds of cheese,

ice-cream, decayed fish and mussels, such substances have caused serious and even fatal

poisoning. There are no characteristic post-mortem changes in poisoning by these sub-

stances. But the lesions of gastro-intestinal inflammation or toxaemia may be present.

These alkaloidal substances may be of extreme importance in certain cases of death

from obscure causes on account of the medico-legal questions which may arise. 1

Bibliography of Endogenous Poisons.

For a more detailed consideration of poisons, their effects, modes of detection, etc.,

consult Taylor on Poisons; Maschka's "Handbuch der gerichtlichen Medicin," Bd. ii.
;

Woodman and Tidy, "Forensic Medicine." Wormley's "Micro-chemistry of Poisons"

contains a series of good plates of the microscopical appearance of various forms of

crystals of poisonous substances.

Lesser's
" Atlas der gerichtlichen Medicin " contains a series of colored plates show-

ing the appearance of the stomach after the action of various poisons. The work of

Guy and Ferrier on "Forensic Medicine," 7th ed., revised by Smith, contains in very

compact and reliable form much information on the general subjects treated in the fore-

going section. Lewiris "Lehrbuch der Toxicologie" contains many valuable and

suggestive general considerations on the action of poisons.

Lesions Induced by Endogenous Poisons Auto-
intoxications.

As we turn now from poisons formed outside of the body to those

formed within it the enSogenous^poisons we encounter at once two

classes: 1. Those poisons which arise from the metabolism of micro-,

organisms. IL~TEose wnicn arisejtrom the normal or"aberrant metabo-

lism of the body cells themselves.

'For chemical aspects of this subject consult Vaughn in Hamilton's "System of

Legal Medicine," vol. i., p. 475, and Vaughn and Novy, "Cellular Toxins "
;
also Vaughn

in " Twentieth Century Practice,
"

vol. xiii.
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I. ENDOGENOUS POISONS FORMED LARGELY UNDER THE IN-
FLUENCE OF MICRO-ORGANISMS. 1

1. Those which are formed in infectious diseases. (See Chapter
VIII., Part II., on Infectious Diseases.)

2. Those formed in the body without infection.

The most common and important metabolic poisons of this class

are those which are formed in the gastro-iutestinal canal through the

action of micro-organisms, mostly bacteria, upon the organic constituents

of the intestinal contents and secretions.
' The new chemical substances

thus formed become deleterious when absorbed into the body fluids, and
this may occur either when they are produced in unusual quantity or

when their elimination with the excreta is interfered with. When ab-

sorbed, some of these poisons may be demonstrable in the urine, and they

may give rise to a variety of symptoms which cannot be considered here,

but which are appropriately designated as marks of Enterogenic auto-intox-

ication. Such are dizziness, headache, some forms of tetany, gastro-

enteritis, etc.

Endogenous poisons analogous in origin with these may be formed in

the bladder, in putrid abscesses, or in uecrotic tissues in various parts
of the body. Structural lesions, if such there be, occurring under these

conditions are as vet but little known.

II. ENDOGENOUS POISONS FORMED BY THE BODY-CELLS-HISTO-
GENIC POISONS.

It is only within the past few years that the studies on cell metabo-

lism have led to the belief that the body cells may not only under occa-

sional abnormal conditions form poisonous chemical compounds, but that

even in the normal processes some of the intermediary metabolic prod-
ucts may be inimical to the welfare of the body, if they be not constantly
rendered inert. This may be effected either by excretion or, as now seems

probable, in part at least through the influence of what have been

called the " internal secretions " of such glands as the thyroid, pancreas,

adrenals, hypophysis, etc. ,
or possibly in ways as yet wholly unknown.

Thus there is a group of auto-intoxications due to the accumulation in

the body of the products of normal metabolism through defects in the

excretory apparatus, for example, uraemia in renal insufficiency or re-

tention of urine
;
cholsemia in retention of bile ; carbonic-acid poisoning

in various forms and grades of asphyxia. Possibly some of the serious

symptoms following extensive burns of the skin and occurring in sun-

stroke and eclampsia are of similar origin. This may be called auto-intoxi-

cation throuc/h retention.

On the other hand, there is a group of auto-intoxications which it is

assumed may in part at least be due to a failure of the organs concerned

Consult in connection with this and the following section Eerter's "Chemical

Pathology."
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with the internal secretions to furnish the necessary link in the chain of

intermediary metabolic products. In this group may be placed cachexia

struinipriva and myxcedema, pancreatic diabetes, Addisou's disease, and

possibly some forms of acute yellow atrophy of the liver.

While the nature and action of the postulated internal secretions is

still obscure, there is much reason to believe that they do indeed exist

and are of extreme importance in the subtle adjustments of individual

cell metabolism to the welfare of the organism as a whole, and that

when this adjustment is disturbed, forms of histogenic auto-intoxication

may arise. At any rate the hypotheses which have been formed in the

new light have contributed largely to our understanding of a series of

important general diseases. These diseases, whether involving or not

internal secretions in accordance with our present conceptions, may be

considered as dyscrasic auto- intoxications.
1

Whether gout, oxaluria, and some- forms of simple diabetes should

be considered as auto-intoxications may be questioned. Probably Base-

dow's disease and some forms of puerperal eclampsia should be regarded
as involving the formation and retention of histogenic poisons.

Of course this grouping of diverse forms of disease should be consid-

ered as only tentative and suggestive. And it may well be doubted

whether analogy may not be often overstrained in regarding as the

effect of poisons what may after all be metabolic aberrancies of far more
subtle character than the word auto-intoxication would imply.

It should be borne in mind that in but a very small proportion of

the abnormal processes which are considered auto-intoxications have the

assumed poisons been actually demonstrated. The assumption rests

largely upon symptoms which are regarded as analogous with those in-

cited by known exogenous poisons. It is wise to remember also that

even in poisoning by well-defined agents whose general effects have long
been known we are almost totally ignorant, except in the case of the so-

called destructive or corrosive poisons, of the exact ways in which they
act. A few induce changes in the blood

; many appear to act upon the

nerve cells ;
but the nature of this action is still unknown. 2

Without insisting upon the advantage of such a grouping as has been

outlined above, and with the full recognition of its incompleteness, the

more important of the so-called "general diseases," some of which may
be regarded as auto-intoxications, will be considered in the next chapter.

1 For a discussion of internal secretions, with bibliography, consult Transactions of

the Congress of American Physicians and Surgeons, vol. iv., 1897.
2 For convenience of reference the grouping of poisons briefly set forth above may

be tabulated as follows :

I. Exogenous poisons Inorganic and organic.

Endogenous poisons
A ' In

II. Endogenous poisons con- formed largely by
^ B Without infec t i o n

cerned in autochthonous or I micro-organisms. ^ely enterogenic'pnrlntrpnin nrnsnmno- auto- I T-.
^ 111 6CV wwgwMw.

1

Endogenous poisons formed under the influence of

or by the body cells histogenic poisom induc-

ing auto-intoxication in the more limited sense.



CHAPTER XI.

GENERAL DISEASES.

CACHEXIA STBUMIPBIVA MYX(EDEMA.

THE thyroid is. one of the so-called ductless glands which are believed

to furnish internal secretions essential to normal metabolism in the body.
Removal or destructive lesions of this gland, both in man and the

lower animals,
'

may be followed by serious and fatal disease character-

ized as Caehexitt xtntmiprim. In man the more common manifestation

of this disease is called MyxcedenwT It occurs most frequently in middle-

aged women.
The skin of the face is apt to be swollen and waxy, giving a peculiar

and rather characteristic appearance to the features. The skin of the

body is apt to be dry and rough, and the hair may fall out. Perspira-
tion is, as a rule, diminished. The mental condition is dull, and loss of

memory and insanity may occur. Bodily movement and speech are apt
to be impaired. The fat tissues may be atrophic, and the subcutaneous

tissue has been shown in some, though not all, of the cases to contain an

unusual amount of mucin. In some cases the fibres of the upper layers
of the corium are crowded apart by fluid.

. The most marked and constant lesion in this disease is an atrophic
condition of the thyroid gland. The parenchyma of the gland is more
or less completely replaced by fibrillar connective tissue and by new-

formed reticular tissue resembling the lymphatic tissue of the lymph
nodes. The general appearance of the atrophied thyroid gland is shown
in Fig. 203.

In addition to the lesion of the thyroid there are apt to be chronic

endarteritis and chronic diffuse nephritis. In some cases there are an

accumulation of small spheroidal cells about the smaller blood-vessels in

various parts of the body, and also petechial haemorrhages.
If the thyroid be completely removed in young animals there is defi-

cient development of the osseous system, while in man the frequent asso-

ciation of cretinism with goitre or other thyroid lesions indicates in

another way the close relationship between the thyroid and cell metab-

olism." The nature of the substances composing the internal secretions

of the thyroid is little understood, but the wonderful therapeutic effects

1 For an extensive critical and experimental study of this subject see C'unninc/fttiiit,

"Experimental Thyroidism," Jour. Exp. Med., vol. iii.. p. 147, 1898, bibliography.
4 Consult Osier,

"
Sporadic Cretinism in America," Trans, of the Congress of Ameri-

can Physicians and Surgeons, vol. iv., p. 169, 1897.
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of the administration of the extract of the gland in cases of myxoedema
and in cretins make clear their great importance. Whether directly

toxic substances are formed in the thyroid or not, it seems proper to con-

sider the cachexia struinipriva as due directly or indirectly to auto-intox-

ication.

EXOPHTHALMIC GOITRE. (Basedow's Disease, Graves' Disease.)

The characteristic lesions of this disease are unilateral or bilateral

enlargement, largely hyperaemic, of the thyroid gland and protrusion of

the eyeballs exophthalmos. These lesions are apt to be associated with

functional disturbance of the heart.
' There is reason to believe that_this

condition may be due to hvpersecretion of the thyroid gland, and that

its functional characteristics may he properly regarded as indications of

an auto-intoxication.
s*

~~

JEA8E.

This name is applied to a disease especially characterized morpholog-

ically by a peculiar pigmentation of the skin and by certain changes,

morphological 07- functional, in the adrenals. The patients suffer from

cerebral symptoms, great prostration, syncope, and derangements of the

functions of the stomach and intestines.

The pigmentation of the skin is the symptom which has especially at-

tracted attention. The change in color usually begins and becomes most

marked in those parts of the skin which are
f

covered by the clothing
of are naturally of darker color. The rest of the skin afterward changes

color, but not uniformly, white patches being left. The color is at first

a light yellow or brown
;
this becomes darker until it is of a dark green-

ish, grayish, or blackish-brown. The mucous membrane of the tongue,

lips, and gums may be similarly piginented.
Under the name of Addison's disease different observers have de-

scribed cases in which the symptoms and bronzedskji^gxisted without

disease of the adrenals
; cases in which the bronzed skin was the only

lesion; and cases in which the adrenals were diseased without symptoms
or bronzed skin.

The Skin. The discoloration of the skin is due to deposit of yellowish
-

brown pigment in the deeper layers of the epidermis, especially in the

layer covering the papilla?, and less constantly in the connective tissue

of the cutis.

The Brain. Pigmentation of the gray matter, acute meningitis.

chronic meningitis, and distentiou of the ventricles with serum have been

observed.

The Sympathetic Nerves, especially those which are in contactLjvithjtiie

admaalvjnay showLajvariety of changesjapparently due to chronic in-

1 On the relationship between the thyroid and Basedow's disease, consult Eulenberg,
Deutsche med. Wochensch., October 4th, 1894; also Edmunds, Jour, of Pathology and

Bacteriology, vol. iii., p. 488, 1896; Farner, Virchow's Archiv, Bd. cxliii., p. 509, 1896,

bibliography.
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Humiliation. Various changes in the nerve cells of the semilunar ganglia
Save "been described.

There may be fatty degeneration of the heart muscle and hyperplasia
of the

Inj-pRtjiial lymph-nodnlfin and splwn
The Adrenals. The most common lesion of these bodies is a Inbercn-

Ions inflammation, and this or "some other lesion has been found in nearly
one-half of the cases. On the other hand, it should be remembered that

similar lesions of the adrenals often occur without other indications of

Addison's disease. Tuberculous adrenals may h^
la,r^e. hard

T
and nodu-

lar
;
less frequently of normal size or smaller than normal. On section

they may contain cheesy masses surrounded by zones of gray, seinitrans-

luceut tissue. Later the cheesy masses may become ^alcified or they may
soften and break down. The grayish zones are composed of tubercle

tissue or denser connective tissue."
1

Other cases have been described in which the adrenals were the seat

of carcinoma or of fatty or waxy degeneration. But these lesions, espe-~

cially carcinoma of the adrenals, may occur without
tlie_manifestations

of Addison's disease. The adrenals in some cases appear normal or they

may be atrophied.

On the whole the clinical, morphological, and experimental data now
available seem to point to lesions of both the

the adrenals as of probable significance in determining this disease.

The hypothesis which is most in favor at present assumes that the

adrenals furnish an internal secretion without which normal metabolism

cannot be effected, and that lesions of the adrenals or of the sympathetic

ganglia and vessels about them, by altering or diminishing this secretion,

may lead to the functional and structural changes characterizing the

disease. The propriety of considering Addison's disease as an example
of auto-intoxication can hardly be decided in the light of the facts yet at

our command. It is clear, however, that the adrenals contain very pow-
erful chemical substances which have a marked effect upon certain tissues

of the body.
2

DIABETES MELLITUS.

This disease involves such defects in nutrition as lead to an abnormal

accumulation of sugar in the blood and its discharge by the urine (glyco-

suria), which is increased in amount.

A great variety of lesions have been found in the body after death

from diabetes, but fewr of them appear to be of well-defined significance
in this special relationship. The general condition of malnutrition and

debility, so often marked in this disease, renders diabetics especially

1 For a studj
r of experimental tuberculosis of the adrenals and its relations to Addi-

son's Disease, see VeccM, Centralbl. f. Path., July 15th, 1901.
2 For a summary of observations on the effects of removal of suprarenal body and

the nature of its "'active principle," consult Abel, "Vaughan Anniversary Contribu-
tions to Medical Research," 1903, p. 139; .bibl.
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vulnerable to slight injuries or infections; gangrene, for example, is

liable to occur either with or without marked injury in cases of diabetes.
'

The Brain may appear to be entirely normal; it may be congested;
there may be an increase of serum

;
the convolutions may be shrunken

;

there may be meningitis-^ there may be dilatation of the blood-vessels,

small extravasations of blood around the vessels, enlargement of the peri-

vascular spaces, and alterations in the perivascular sheaths and nerve tis-

sue bounding the cavities
;
there may be tumors at the base of the brain.

The Spinal Cord may present dilatation of the blood-vessels ; dilatation

of the central canal
; changes in the gray matter of the anterior cornua.

Marks of multiple neuritis and lesions of the sympathetic ganglia may
be present.

The Lungs. There may be the lesions of pleurisy, bronchitis, broncho-

pneumonia, lobar pneumonia, gangrene, tuberculosis.

The Heart may be small or hypertrophied ;
there may be chronic

endocarditis.

The Stomach and Intestines. The stomach may be dilated, its walls

may be thickened, there may be haemorrhagic erosions of _the, mucous
membrane. Tu the intestines there may be tuberculous ulcers or enteritis.

The Liver may be~~~cirrhotic oxJJatty,
or glycogenic infiltration may_

occur.

The Kidneys may be enlarged ; they may be the seat of albuminous

degeneration or diffuse nephritis ;
there may be glycogeuic infiltration

of the epithelium of Henle's loops.

The Blood. In a few cases fat has been found in the blood, and fat

emboli in the vessels of the lungs.
The Pancreas. In a considerable proportion of cases the examination

of the pancreas reveals somejesimj, usually atrophy of the parenchyma,
often with increase of the interstitial tissue. Hyaline degeneration and

interstitial inflammation involving the islands of Laugerhaus are appar-

ently of much significance.
2

Fatty degeneration, tumors, and cysts have

been found. Extirpation of the pancreas in man or dogs may lead to

diabetes. While diabetes may occur without demonstrable lesions of the

pancreas, it is fair to assume that functional lesions of grave importance

may nevertheless be present.

Diabetes mellitus may be associated with hsemachromatosis and cirrho-

sis of the liver so-called "bronzed diabetes."
3

Under the influence of the doctrine of internal secretions it is now

commonly assumed that the pancreas in addition to its intestinal secre-

tion furnishes other substances to the body which are essential in the

metabolic changes to which the carbohydrates and proteids must be sub-

jected in securing normal nutrition. Interference with this internal se-

cretion of the pancreas is thus assumed to be accountable for the faulty
metabolism. 4

1 For bibliography of diabetic gangrene consult Davis, Jour. Am. Med. Assn., July
16th, 1898.

3 For the relationship of diabetes to lesions of the pancreas and particularly to lesions

of the islands of Langerhans, see Opie, "Disease of the Pancreas," 1903.
3 See Opie, loc. cit., p. 281.
4 Other forms of glycosuria are known which are to be otherwise accounted for.
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GOUT.

The characteristic lesion of gout is the presence of an abnormal
amount 6T uric~aci(t~iErthe bloocTaiicrthe deposit of unite of sodium in

the articular cartilages, the ligaments of the joints, the ears, and the

eyelids. Inflammatory changes may be associated with the deposits in

the joints.

The most frequent situation of the gouty deposit is the metatarso-

phalangeal joint of the great toe. The cartilage may be infiltrated or

encrusted with the deposit. These masses of urates, often called "chalk-

stones," may appear upon the surface by the ulceration of the skin.

A very important feature of gout is that patients with the gouty di-

athesis are especially liable to derangements of digestion and to certain

chronic inflammations, such as chronic inflammation of the arteries, the

bronchi, and the kidneys. Cardiac hypertrophy may be associated with

the arterio-sclerosis. The interstitial tissue, especially in the pyramids
of the kidney, may be infiltrated with the urates.

It is not yet clear whether the accumulations of uric acid in the body
in gout is due to faulty elimination or to local alterations wrhich favor its

deposition. Nor is the relationship plain of local inflammatory processes
to the gouty deposits.

SUNSTROKE. (Insolation; Heat Exhaustion.)

Persons exposed while at work or when exhausted to the sun or to

high temperatures are liable, especially if of intemperate habits, to sud-

den prostration, often associated with cardiac failure, asphyxia, convul-

sions, and coma. Death in many cases soon ensues.

After death, decomposition sets in early and progresses rapidly. The
blood usually remains fluid.

The brain and its membranes are in some cases congested, in others

not. There may be an increased amount of serum beneath the pia mater,

or small and thin extravasations of blood beneath the pia mater and be-

tween the pia and dura mater. Chromatolysis of the ganglion cells has

been described by Van Gieson 1 and others. The thoracic and abdominal

viscera may be congested ; albuminous degeneration may be evident iu

the liver and kidneys.
In the cases in which cerebral symptoms are protracted for a number

of days the lesions of meningitis have been found after death.

According to Cramer,
3

persons surviving for some time the first severe

effects of the heat may suffer important alterations in certain nerve fibres

of the brain

They may be associated with lesions of the nervous system or induced by the action of
certain poisons, phloridziu-diabetes for example, or may occur under other conditions.

1 Van Gieson, "Toxic Basis of Neural Diseases," N. Y. State Hospitals Bulletin,
vol. i., p. 407, 1896; also Lambert, Medical News, July 24th, 1897.

*
Cramer, Centralblatt fur allg. Path., etc., Bd. i., p. 185, 1890.
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SCORBUTUS. (Scurvy.)

This disease appeal's to result from imperfect nutrition under condi-

tions which cannot be considered in detail here, but which is usually at-

tributed to insufficient or inappropriate diet. The lesions are variable,

the most prominent being anaemia; extravasation of blood in the skiu
;

subcutaneous tissue and muscles; swelling and ulceratiou and bleeding
of the gums. Small and sometimes extensive haemorrhages are apt to

occur in the mucous membranes and on serous surfaces. Small ulcers

may form in the mucous membranes. Fatty degeneraton of the heart,

liver, and kidneys is not uncommon. The~spleeu may be large and soft.

No constant characteristic changes have been discovered, either in the

blood-vessels or the b.lood, which would satisfactorily account for the ex-

travasations and other lesions.

The body is apt to decompose early. The skin may be mottled with

small and large purple, blue, brown, or blackish spots produced by de-

generative changes in the extravasated blood in the cutis. Sometimes

ulcers are produced by the perforation of effused blood on to the surface.

The joints may be inflamed, may contain serum or blood. Earely the

haemorrhages are followed by destruction of the cartilages and ends of

the bones. Very rarely there is haemorrhage between the periosteum
and bone, and in the bone itself, producing softening and destruction of

the bone, and separation of the epiphyses. The sternal ends of the ribs

are the most frequent seat of this change. Albuminous degeneration of

the heart, liver, or kidneys, and enlargement of the spleen, are common.
Infantile Scorbutus. Infants (under two years) may develop similar

anaemia and tendency to haemorrhages. The most common location of

the haemorrhages is beneath the periosteum of the bones of the lower

extremities, especially of the femora, with separation of the lower epiphy-
ses. There may be haemorrhages in the skin and subcutaneous tissues,

the eyelids, and orbit, and in the internal organs. Haemorrhagic inflam-

mation and ulceration of the gums are usually limited to infants having
teeth and to portions of the jaw in which teeth are apparent or just
about to come into view.

'

That some forms or phases of scorbutus are of infectious nature is

not improbable, but definite data in this direction are wanting.

ACROMEGALIA.

This rare disease is especially marked by an overgrowth of the ter-

minal portions of the extremities and of Jhe^ bones "oT'lne~facer>
BTfl5

1 For a study of scorbutus in infants, "Barlow's Disease," which was first recog-
nized in the United States by Northrup, consult Northrup and Crandall, New York
Med. Jour., May 26th, 1894.

See also The American Pediatric Society's Collective Investigation on Infantile

Scurvy in North America, Trans. Amer. Fed. Soc., vol. x., 1898, p. 5.

For a study of histological changes consult Jacobsthal, Ziegler's Beitr. z. path.
Anat., Bd. xxvii., p. 173, 1900.

2 Several cases have been described in which there was enlargement of the hands
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there may be a general involvement of the skeleton. This excessive

growth is in the diameter rather than in the length of the bones, and is

accompanied by local exostosesv Equally important and common is a

general hyperplasia of the connective tissue of the body. Various lesions

of the thyroid have been described, but they are not constant. The thy-
nius may be persistent ; there may be fibrous-tissue formation in the walls

of the vessels and in the sympathetic ganglia. The skin is often pig-

meuted. Many visceral lesions have been described. The most con-

stant lesion which appears to bear upon the etiology of acromegalia is

that of the pituitary. This in many cases has been found to be the seat

of lesions, most frequently an hyperplasia or adenomatous growth in the

prehypophysis. While sarcoma of the pituitary has been described in

acromegaly, it seems not unlikely that hyperplasia has, in most cases at

least, been mistaken for this tumor. It is believed that the hyperplastic

hypophysis is in some way concerned in inducing the nutritional abnor-

malities
1

leading to the general overgrowth of connective tissue and

bone.
2

PURPURA. (Purpura Haemorrhagica.)

This name is applied to a variety of conditions in which extravasa-

tions of blood are present in Ihe skin or the mucous and serous mem-
branes.

Haemorrhages, particularly from the mucous membranes, jnay__be^

severe and even fatal. This condition is often called purpura hsemor-

rhagica.

The ecchymoses characteristic of purpura may occur as a result of

poisoning with certain drugs, and with snake venom ;
in various cachectic

conditions
;
in diseases of the nervous system ; in rheumatism

;
in gastro-

intestinal disorders, especially of children. The local ecchymoses in

pyaemia are sometimes classed as a form of purpura, and in these bac-

teria, especially the pyogeuic forms, may be demonstrable. 3

LYMPHATIC CONSTITUTION. (Constitutio Lymphatica ; Status

Lymphaticus.)

Attention has been recently called to a series of cases, especially in

the young and in connection with sudden death, in which there was gen-
eral hyperplasia of the lymph-nodes, spleen, and thymus, with liypo-

plasia of the heart and aorta, and often with rickets.

and feet and lower ends of the long bones, without involvement of the bones of the
face. While this condition may follow syphilitic infection, its frequent association with

pulmonary lesions has led to the designation liypertrophic pulmomiTy arthropathy. See

study and bibl. by Th. Janeway, Am. Jour. Med. Sci., vol. cxxvi., 1903, p. 563.
1 Successful extirpation of 'the hypophysis in animals by Friedemann and Maas, re-

cently made, did not lead to acromegaly. See Berliner klin. Wochenschr., December
24th, 1900.

'

2 For an excellent resume of acromegalia, with cases and bibliography, see Brooks,
"Archives of Neurology and Psychopathology, vol. i., p. 485, 1898.

''For a more detailed consideration in the light of recent studies of cases often

grouped under the name "
Hsemorrhagic Infections," consult Honl, Lubarsch and Oster-

tag's "Ergebnisse der allg. Aetiologie," Jahrg. i., AAb. 1, p. 793, bibliography.
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HypojflgMajyf the,Jieart_and aorta is apparently a congenital defect, and
while not limited to well-defined cases of lymphatic constitution, appears
in this connection and when occurring alone to mark a noteworthy lack

of resistance on the part of the organism to various forms of injury, in-

fection, etc.

Lymph-Nodes and Nodules. The pharyngeal, thoracic, and abdominal

lymph-nodes are most frequently involved in hyperplasia, the new cells

FIG. 202. HYPERPLASIA OF LYMPHOID TISSUE OF THE INTESTINE IN THE STATUS LYMPHATICUS.

often infiltrating the surrounding tissue. There may be hyperplasia of

the tonsils, of the cervical, mediastmal, axillary, and abdominal lymph -

nodes, as well as of the lymphatic tissue of the gastro- intestinal canal

(Fig. 202).
The thymn.i may be congested and large and soft from hyperplasia.

It sometimes evidently exerts such pressure on the adjacent bronchi and

large vessels as to lead to death.

The spleen may be moderately enlarged from hyperplasia, especially

of theTymphoid tissue of the Malpighiau bodies, and it may be con-

gested.
'

1 For a study of the lymphatic constitution and its relationship to sudden death,
see Ewing, New York Med. Jour., July 10th, 1897, bibliography.



PART III.

SPECIAL PATHOLOGY.





SPECIAL PATHOLOGY.

General Considerations.

WE have now completed the study of those fundamental processes
and structural alterations which are embraced in general pathology.
These have been considered without reference to special regions or organs
of the body. We now enter upon the study of these pathological proc-
esses and their associated lesions as they are modified by the special con-

ditions and characteristic structure of one and another of the tissues or

organs or regions of the body. It is clear that both the disease processes
and the structural alterations with which these are associated may be

modified by the functional and structural peculiarities of the affected

organ. Thus while degeneration, regeneration, inflammation, etc., may
be fundamentally similar, for example, in liver, kidney, and nerve, they

may present sufficient variation in one or another of these parts to re-

quire a separate consideration and even a special nomenclature. We
shall have occasion to call attention now and then to those functional

and structural characteristics of the organs which often throw much light

upon their mode of response to the various excitants of disease.

It is well, on the other hand, to remember that there are in all the

organs and in most parts of the body certain elementary structures, such

as connective tissue, blood- and lymph-vessels, and nerves, whose lesions

are quite similar wherever they may be. So that many forms of lesion

involving these structures, while of varying significance to the organism,
differ in the various parts of the body chiefly in distribution or topo-

graphy.



CHAPTER I.

THE BLOOD AND THE BLOOD-FORMING ORGANS. 1

Changes in the Composition and Structure of

the Blood.

The Coagulability of the Blood and the characters of the resulting

clot vary widely, depending partly upon the composition of the blood and

partly upon the conditions under which the coagulation occurs. There

may be very little coagulation of the blood in death from suffocatioji^or
from conditions which interfere with the aeration of the blood and per-

mit the accumulation of carbonic acid within it. Thus, in death from

strangulation or drowning, many chronic diseases, scurvy, and under

many conditions which we do not understand, the blood may remain

fluid, or nearly so, after death. On the other hand, in a variety of in-

fectious diseases, such as rheumatism, pneumonia, etc., very voluminous

clots may be formed, although this is by no means constantly the case.

The fact that large clots form after death is not conclusive evidence that

an undue amount of fibrin-forming elements was present in the blood,

nor does the absence of marked coagulation prove a diminution in the

blood of fibrin-forming elements.

The composition of the clot varies with the rapidity of its formation

and with the specific gravity of the plasma. Clots very rapidly formed
in plasma of high specific gravity, or in still slowly circulating blood,

are apt to be dark red, from admixture of red cells and fibrin. After

complete failure of circulation, especially in plasma of low specific grav-

ity, the red cells tend to settle to dependent vessels. Yellowish-white

succulent clots then form in the clear supernatant plasma, while soft

black clots result from the excess of red cells collected in the dependent
vessels. From a clinical point of view it is important to note that in

jaundice_the coagulability of the blood is greatly reduced.

The Alkalinity of the Blood. This varies in health and to a greater

extent in disease, this variation being parallel with the fluctuations in con-

centration and albumen content. Diminution in the alkalinity of the

blood is seen in severe anaemia and in diabetes. Increase has been noted

in catarrhal jaundice. In fever the variations are marked; they may
be above or below normal, but a constant change has not been observed.

Anhydrsemia the condition in which the blood contains an excessive

proportion of albumen, cells, and other solid elements occurs in dis-

eases associated with excessive serous discharges from the intestines. It

is extreme in some cases of cholera, and has been noted in a lesser degree
in other infectious diseases, asjmeumouia and diphtheria.

1 A full discussion of the subjects in this chapter can be found in Ewing, "Clinical

Pathology of the Blood," 1903.
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JEIydrajinia i that condition in which the blood contains a large_amojint
ofjyalsi in proportion ^o the solid ingredients. It occurs in a variety
of diseases of the heart, lungsfliver, and kidneys, and characterizes all

forms of amemia.

Hsemoglobinaemia. Owing to the destruction of red blood cells in some
forms of poisoning, burning, etc., the blood plasma may contain free

haemoglobin,,by which it is discolored (Jt(cmogJobincemia), or it may be
stained from the absorption of Tfl'le pigment.

The blood may be actually increased in volume (plethora), either by
an increase in fluids or in cells, or by simultaneous and proportionate
increase of both fluid and cellular elements.

Ansemia. In general, auiemia means a diminished quantity of blood

or_of red blood cells in the vessels of the whoje_arjiny part of the body. _

"Vyn^^ne^exception^jnJld chlorosis^- itTis invariably characterized by a

reduction in number and change in fornijpf the red cells (oligocythaeniia),
and by diminished alkalinity and coagulability. It is always associated

with a reduction in specific gravity, haemoglobin, and in solid elements.

Hydnemia and an increased tendency toward osmosis are equally con-

stant features of this condition. The albumens remaining in the serum
after coagulation are very slightly diminished in anaemia.

Generally speaking, anaemia is produced by excesive_ iiaematolysis,

or by defective haematogeuesisT or by actual loss of blood, in *bulk (hsem-

orrhage), or in its fluid ingredients (transudation).
Anaemia may be secondary to haemorrhage, to exudative processes, to

prolonged malnutrition, to clironic^organic diseases of many kinds, to_

the action of poisons, to congenital hypoplasia of heart and arteries, to

functional disturbances of an unknown nature in the blood-forming

organs, and to wholly unknown causes. SimpleL_atrQrjhic changes in

many tissues, hypertrophy of the red marrow, lymph-nodes, spleen, liver,

and thymus, fatty degeneration of the liver, kidneys, heart, and blood-

vessels, with capillary haemorrhages and transudations, are frequent ac-

companiments of severe anaemia.

ALTERATIONS IN THE BED BLOOD CELLS.

These may be diminished in number and may undergo various

changes in shape and size and structure.

ALTERATION IN NUMBER OF THE BED BLOOD CELLS.

Oligocythgemia is that condition of the blood in whicli the number of

the red cells is reduced. This reduction in number may be temporary,
as after haemorrhage, or it may be persistent, as in some forms of anae-

mia. The number of red blood cells may in extreme cases of anaemia be

reduced to one-tenth of the normal, or even less ;
that is, from the nor-

mal number, which is between four and five million, there may be a re-

duction to half a million or less.
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A persistent diminution in the number of red cells may be effected

either by ^mcrrafflftd
destruction (hwrnatolysis) or by defective formation

(lunHtttoycHcxix) of these elements, but the relation of the two factors in

the production of the chronic amemias is as yet imperfectly determined.

Jj^XJEESlVE H^MATOLYsis occurs after burns, is the result of

poisoning by arsenic, phosphorus, and chlorates, phenylhydra/in,

uitrobenzol, acetanilid, etc., and may occur in infectious diseases

through the action of bacterial toxins. All stages of a peculiar de-

struction of red blood cells may readily be followed in the blood in

malaria. In chronic infectious diseases, prolonged suppuration, and in

the cachexia attending malignant new growths, destruction of red cells

is probably effected, in part, by toxic agents circulating in the blood.

In pernicious anaemia the condition of the blood may, with considerable

certainty, be referred largely to a destruction of red cells by some un-

identified toxic material in the blood.

In the process of destruction of the red cells, especially if rapid,

haemoglobin may be separated from the cells, dissolved in the plasma

(ha3moglobina3inia), and may then be excreted unchanged in the urine

(hsemoglobinuria).
The gradual and more common form of destruction of red cells is

attended with an alteration of the haemoglobin, effected chiefly in the

liver, and with its deposit in the eudothelial and glandular cells of vari-

ous organs, especially in the
_liyer, spleen, kidneys, Mnf TnflTTfrTrr nnrl

secondarily in apy of the_tissiies^

A~part of the altered haemoglobin is to be found, in the form ofpig;
meiit granules, or as a diffuse deposit, in the cells of the above-named

organs, where its content of iron may or may not be demonstrable by
microchemical tests (hcemosiderin). Another product of the haemoglo-

bin, not containing iron, may be found in the same situations, in the

forms of granules or crystals (hcematoidin). Finally, the derivatives of

haemoglobin are excreted largely in the form of normal or pathological

urinary pigment. The remaining fragments and stroma of the red cells

are soon removed from the circulation largely by leucocytes, and partly

by endothelial cells and giant cells, in the liver, spleen, and marrow.

DEFECTIVE^ H^MA^TOGF.TV^STS must be regarded as a cause of such an-

emias as are associated with pathological changes in the bone marrow

(pernicious anemia), and in the lymph-nodes, spleen, and liver (leukae-

mia). This too is probably the chief cause of the anaemia following

prolonged malnutrition (secondary anaemia). The pathological changes
in the blood-producing organs may sometimes arise as primary diseases

of these organs, or similar changes may be secondary to excessive de-

mands for the regeneration of the blood. In mild grades of anaemia the

regeneration of the blood is attended with an hyperplasia of the red

marrow, which replaces the yellow marrow of the long bones. The chief

defect in the production of red cells may then be a deficiency in haemo-

globin (chlorosis). In severe and prolonged anaemia, under the influ-
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ence of toxic agents in the blood, the reproduction of cells may be in-

sufficient, and these new cells may be more susceptible to the action of

the toxic agent, which is itself the cause of their structural defects. In

such cases the normoblasts of the marrow may be produced in very

large numbers and form red cells of normal or slightly diminished size,

or they may be replaced by very large nucleated red cells (megaloblasts) ;

from these are developed very large red cells which are comparatively

incapable of the functions of the normal cell. The megaloblastic form
of regeneration is confined to the anaemia of a pernicious type, with the

exception of the parasitic anaemias due to the Anchylostoma and Bothrio-

cephalus.

ALTERATIONS IN MORPHOLOGY OF THE BED BLOOD CELLS.

In mild forms of anaemia, the red cells are deficient in haemoglobin, the

blood may be pale or watery in appearance, and the cells appear in the

fresh condition as very pale discs or as slightly refractive rings enclosing
a nearly colorless central mass. In dry preparations stained with eosin,

such cells may show only a narrow red ring surrounding a central por-

tion which is entirely devoid of hemoglobin. In this grade of anaemia

there may be noted moderate differences in size and irregularities in

shape of the red cells. In severe anaemia, under a variety of conditions,

as after certain forms of poisoning, extensive burns, etc., varying imrn-
"
bers of A~ery small red cells are seen, called microcytes. They are sphe-
roidal or irregular in shape, may be excessively minute, and their haemo-

globin is either increased, normal, or diminished. Under similar

conditions, a variety of bizarre forms of red cells are found, called poiki-

locytes. In very severe anaemia very large red cells occur in considerable

numbers. These cells, called niegalqcytes^aTe derived from the large
nucleated red colls of the marn>\\. and their appearance in the blood in-

dicates the early onset or actual establishment of some form of progres-
sive anaemia (see Plate II., Fig. 3).

Amoeboid movement of megalocytes has been observed in specimens
examined on a warm stage from the blood of pernicious anaemia. The

tendency of the red cells to form rouleaux is much diminished or absent

in very grave anaemia.

Xot infrequently a loss of haemoglobin is associated with a change in

the stroma of the cell, so that the mass stains slightly with niethylene
blue. To this change the name of anaemic or polychromatophilic degen-
eration has been given, and it is thought to show a more or less com-

plete coagulation necrosis by which change the protoplasm of the red cell

becomes more basophilic
1 in its staining reaction. Instead of a uniform

loss of haemoglobin this constituent of the cell may be condensed in the

1 It is convenient to classify the dyes used in staining into the acid, the neutral, and
the basic, and to designate cells, in accordance with the relative persistency with which
they hold these dyes, as neutrophile, aciclophile, or basophile.



DESCRIPTION OF PLATE II.

All the Specimens are Stained with Eosin and Methylene-Azure.

FIG. 1. NORMAL BLOOD. The red cells are nearly uniform in size and shape. The haemoglobin is

fairly evenly distributed, but is slightly more dense near the periphery than at the centre, especially in

those cells which have dried slowly. In rapidly dried red cells the stain is even throughout. To the left Is

:i lymphocyte with reddish, deeply stained nucleus iinil ;i pale bluish eell bndy. which is narrow in propor-
tion to the sixe of the nucleus. To the right is a small lymphocyte, smaller than the red cells which sur-

round it, with a deeply stained nucleus and a narrow cell body from which projects a small mass of proto-

plasm. At the upper portion of the figure is a large oval cell which corresponds to the large mononuclear
cell of Ehrlich, but considered by many equivalent to a large lymphocyte. In the centre of the drawing is

a cell with a lobed nucleus and purplish granules by which this basophile cell is distinguished from the neu-

trophile just below it and from the,eosinophije in the right lower quadrant. Two neutrophile cells are

shown, one with abundant tine granules, the other showing a smaller number; both types being abun-

dantly present in normal blood. To thejjglit is a small cluster of blood plates, some of which show darker

staining masses near the centre which are presumed by some observers to be nuclear remains, by others to

be fragments of haemoglobin. The eosinophile cell in the lower right-hand quadrant is distinguished from
the neutropliile by the coarseness of its granules, which are shot-like and quite regular in form, though not

all the granules are of the same size. They often take a much more brilliant red color than the iieutro-

philes.

FIG. 2. CHLOROSIS. The blood was obtained from a young woman of twenty-two years, who had
3,000,000 red cells and 30 per cent of haemoglobin. The red cells are about of the same size as those in nor-

mal blood, but show a greatly diminished amount of haemoglobin to the individual cell as evidenced by the

much fainter staining of a number of cells in the plate which appear merely as remnants. Some of the cells

have assumed irregular shapes and are known as poikilocytes. In the left upper quadrant are three forms
which may be considered as pathological in circulating blood. Below, to the left, is a purplish-red cell

rather deeply stained, showing polychromatophilia. To the right of this cell and separated from it by a
nucleated red cell of normoblastic type is a cell showing granular degeneration.

FIG. 3. SECONDARY ANAEMIA. The blood was obtained from a case of carcinoma of the stomach in

which the red cells were reduced to 1,500,000; the haemoglobin was 25 per cent; the leucocytes, 30,000.

The changes in the red cells are much the same as those noted in the chlorotic plate. There is marked dim-
inution of the haemoglobin of the red cells with poikilocytosis and also granular degeneration and poly-

chromatophilia. Two nucleated red cells are present, one in the upper right, the other in the lower left-

hand quadrant. Both show degenerative changes in the nuclei, which should not be mistaken for mitotic

figures. In secondary anaemia of this type the polynuclear neutrophiles are notably increased.

FIG. 4. PERNICIOUS AN.EMIA. The blood was obtained from a case showing 400,000 red cells, 10 per
cent of haemoglobin, and 3,(KIO leucocytes. The striking features of the blood in this disease are the marked
alterations in size, shape, and staining properties of the red cells. The leucocytes are usually diminished
in number and show no characteristic changes, with the exception of a relative increase in the lympho-
cytes. The various types of deformation of the red cells are very well noted in the various poikiloeytes in

the sketch, some of which contain large quantities of haemoglobin, others a diminished amount. In the red

cells approaching more nearly to the normal form it will be immediately noted that the amount of haemo-

globin present as evidenced by the depth of stain is relatively large. The cell in the centre of the Held, for

example, stains a great deal more deeply than any normal cell. These deeply staining cells are also very

large and often of peculiar oval and irregular form. The so-called megaloblasts are abundantly present in

the blood of pernicious anaemia, in contrast to the inicrocytic type of cell usually found in the secondary
anaemias and in chlorosis. It is this macrocytosis with the consequent increase in the haemoglobin content

of each cell that gives rise to the high relative haemoglobin index of the blood of pernicious anaemia. A
normal-sized cell showing marked polychromatophilia is seen above ; a macrocyte with granular degenera-
tion is seen below it, and a normal-sized red cell with nucleus, or normoblast. In the lower left quadrant
is a large erythrocyte with a large nucleus with fine chromatin network. The cell body takes on a combi-
nation of the blue and pink of the stain; in other words, is polychromatophilic. Below it is a normal

lymphocyte. In the lower right quadrant are two other megaloblasts showing a slightly different morphol-
ogy and with an orthochromatic protoplasm ; that is, the cell body takes the eosin alone. The upper cell

shows a dense nucleus with thick strands of chromatin forming a network. In the lower the chromatin
shows no structure.

FIG. 5. CHRONIC LYMPHATIC LEI-K.EMIA. The blood of this case showed 3,500,000 red cells. 160,000

leucocytes, and 50 per cent of haemoglobin. Of the leucocytes 95 per cent were lymphocytes. It will be

noted from the drawing that the red cells are practically normal in size and shape. The abundance and

variety of the lymphocytes will be noted immediately. In the upper right quadrant is a single normoblast ;

in the lower right quadrant of the upper part is a washed-out cell with irregular outline which is a degen-
erated lymphocyte. In the acute forms of lymphatic leukaemia these cells become exceedingly abundant.

FIG. 6. MYELOGENOCS LEUKEMIA. The blood of this case showed 1,000,000 red cells, 30 per cent

haemoglobin, and 1,200,000 leucocytes, the exact proportions of which could not be determined on account

of the large number of irregular and degenerated forms, but myeini-ytps and basojjliiles were very abun-
dant. In the upper left quadrant can be seen an eosiaonhila myelocyte with a single oval nucleus and

large shot-like granules. Below it are a.
jpripobhist^ with granular degeneration of the protoplasm and a

polymorphonuclear neutrophile with fine granules. In the lower left quadrant can be seen a large degen-
erated neutropliile mjwlopyte in which the granules, have .become scattered over the slide in the process of

spreading the blood. To the right and below the centre are a \iprmoblast with clover-leaf nucleus, a

oolvmornhonuclear neutrophlle and a lymphocyte, and above an eosftlBpClle myelocyte; m the upper ngnr~
quadrant, beginning at the left, can be seen a small basophile cell with faintly staining nucleus: to the

right two myelocytes, one with deeply staining nucleus, the other somewhat fainter, both containing

neutrophile granules. To the right a normoblast with pyknotic nucleus, and still further to the right, a
so-called basket cell or degenerated myelocyte.
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form of small granules occupying the cell body and staining more deeply
with methylene blue than do normal cells (granular degeneration).

It should be remembered that during the manipulations required in

making dried specimens the red cells may suffer a variety of artificial

changes, many of which are very confusing.
Nucleated red blood

cett$
are found in the blood in all forms of anemia,

and their appearance indicates regenerative activityon the part of the

Their presence in the Mood, though at all

periods of extra-uterine life abnormal, may usually be regarded as of

favorable import in disease. Within a few hours after severe hemor-

rhage nucleated red cells may be noted in considerable numbers. ' Dur-

ing the regeneration of the blood in anaemia, the occurrence of nucleated

red cells is nearly constant, but subject to rather sudden periodical vari-

ations sometimes called "blood crises." In favorable cases of anemia
nucleated red cells of normal size only (normoblasts) (Plate II.

, Figs.

2 and 3) are seen, whose compact, darkly staining nucleus may be found

either in the centre of the cell or slightly protruding from the periphery ;

or, nuclei apparently quite extruded from the cell may be found free in

the plasma.
In severe anaemia attended with an abnormal type of blood formation,

very large nucleated red cells (megaloblasts} (Plate II., Fig. 4) appear
in varying numbers. The protoplasm of these cells often shows an ex-

cess of hemoglobin, but frequently the purple stain produced by a com-

bination of the eosin and methylene blue indicates an altered form of

hemoglobin, or very fine basophile granules may be demonstrated by
treatment with methylene blue. The nuclei of the megaloblasts may be

single and compact, or a single large nucleus may show stages of direct

division, or in extremely large cells {gigantoblasts} the nuclei may present

phases of mitosis.

ALTERATIONS IN THE WHITE BLOOD CELLSo

V. -*

THE LEUCOCYTES OF NORMAL BLOOD.

The leucocytes of normal blood may be classified according to their

place of origin, or by the character of their nuclei, or by the reac-

tion of the granules in their protoplasm to certain dyes. The most ser-

viceable classification is that based both upon the character of the nucleus

and upon the reaction of the protoplasm to dyes, according to which we

may distinguish in normal blood the following forms (see Plate II.,

Fig. 1):

1. ^LYMPHOCYTES, smalljeucocyjes of afcont the size of red cells or,

larger] with asingle compact, deeply staimngjmcleus, surrounded bya
1 The appearance of nucleated red cells and abnormal forms has been frequently

noted in those who have recently arrived in mountainous regions, the probable explana-

tion being that the lowered oxygen tension of the rarefied air demands a larger amount

of hemoglobin to supply the wants of the tissues, with the result that for a short time

immature red cells are set free from the bone marrow.
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thinj3HUifcJjflBiogem>ous protoplasm. The cell body usually possesses a

stronger basophUic^reacfelon than The nucleus, so that in staining with

methyleue blue the nucleus shows as a pale spot in the centre of the dark

ring of the cell body. This ring is often ragged in its outline and niay
show distinct projections which are sometimes cast off into the circulating
blood. Large and small lymphocytes may be distinguished (Plate II..

Fig. 5).

2. LARGE MONONUCLEAR LEUCOCYTES, with a single, compact or

vesicular, rather faintly staining nucleus and a relatively large amount
of protoplasm w^hich stains much less strongly than the nucleus, thus

separating this group from the lymphocytes.
3. TRANSITIONAL LEUCOCYTES, of the same size as many of the large

mononuclear leucocytes, with a compact or vesicular, irregular or in-

curved nucleus, and a considerable mass of protoplasm, in which fine

neutrophile granules can occasionally be demonstrated.

4. POLYNUCLEAR NEUTROPHILE LEUCOCYTES, of the same size as

the transitional leucocytes, with a partially or completely divided nu-

cleus, of which the separate portions are either compact or vesicular,

deeply or faintly staining, and with considerable protoplasm in which

distinct granules may be demonstrated by the neutral dyes.

5. EOSINOPHILE CELLS, of the same characters as the ordinary poly-
nuclear leucocytes, but containing in their bodies large refractive gran-
ules wrhich stain deeply with so-called acid dyes such as eosiu.

6. BASOPHILE CELLS, of about the same size as the polynuclear cells,

but containing coarse granulations stained only by basic dyes such as

methyleue blue. The nucleus is small, stains feebly, and is usually
lobular. It is often covered very largely by the granulations.

These various forms of leucocytes occur in normal blood in the fol-

lowing proportions, which represent averages only and are subject to

considerable variations :

Polynuclear neutrophile leucocytes TO to 72 per cent.

/Large mononuclear and transition forms 2 "
4~^

"

( Lymphocytes 22 " 25 <

"

Eosinophiles 2 " 4 J "

Basophile cells less than 0.5
"

In the normal blood of young children the relative proportion of

mononuclear cells is considerably greater than in that of adults.

The numbers and proportions of the polynuclear leucocytes are in

disease subject to very wide variations, and some abnormal forms of

colorless cells make their appearance in the blood.

Leucocytosis is that condition of the blood in which the leucocytes
are temporarily or persistently increased in number. When several

forms of leucocytes are increased in number and the usual proportions
are but partially disturbed, we speak of mixed, leucocytosis. Such a con-
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dition is seen in some forms of anaemia. When the polynuclear neutro-

phile leucocytes alone are increased the condition is termed polynuclear

leucocytosis, or simply leucocytosis. If the inonoimclear cells are chiefly

affected, the condition may be denoted as lymphocytosis. The eosiuophile
cells alone may be increased.

Polynuclear Leucocytosis may be either physiological or pathological.

Physiological Polynuclear Leucocytosis is seen during normal digestion,
in the later months of pregnancy, in the first days of infancy, and is

usually of moderate grade.

Pathological Polynuclear Leucocytosis occurs in many inflammatory and
infectious diseases, and accompanies the various cachexias. Of the in-

fed ions diseases attended with .leucocytosis may be mentioned pneu-

monia, diphtheria, scarlet fever, erysipelas, rheumatism, suppurative

cerebro-spinal meningitis, and any disease associated with a pronounced
exudative or suppurative, lesion. On the other hand, leucocytosis is

absent in uncomplicated typhoid fever, typhus, malaria, measles, and

tuberculosis.

The origin and significance of the leucocytosis of infectious diseases

is imperfectly understood, but may be partially explained by the princi-

ples of chemotaxis and phagocytosis. From experimental evidence and

clinical observation it is known that during the onset of some infectious

diseases the entrance of bacteria or their products into the blood is fol-

lowed by a disappearance from the circulation of many polynuclear leu-

cocytes, which are removed from the larger vessels and lodged in the

capillaries, principally in the lungs and liver. This condition of the

blood, called hypoleucocyjtosis, may be attended with a transient reduction

Tnjffmpft^turejtnd weakening of the heart's action, and is usually suc-

ceeded shortly by the reappearance of polynuclear leucocytes in large

numbers, and by a ri>e of temperature. These leucocytes are apt to

gather in regions in which micro-organisms are abundant, and are be-

lieved to take up and destroy micro-organisms (phagocytosis), and to

prevent their further entrance, and possibly the entrance of their prod-
ucts also into the circulation. Of the place and method of origin of

these new leucocytes very little is definitely known.

fflMTfl flf fofe|niia dfapasp such as pneumonia,

diphtheria, and peritonitis, the initial hypoleucocytosis persists, in which

event the disease usually runs an asthenic and fatal course, with a ten-

dency to low temperature and feeble pulse.

When leucocytosis is established the grade varies frequently with the

extent of the local lesion and the height of the fever associated with

the infectious process, and disappears with, or soon after, the decline of the

disease. In general, accordingJxMmr presen^knowledge, the leucocy-

tosis of infections diseases maybe regarded as the effort of the blood-

producing organs to protect the blood and tissues by means of leucocytes

against the invasion of micro-organisms and against the action of toxins

present in the circulation.

The blood in typhoid fever presents a peculiar variation from that in
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most infectious diseases. In the first weeks of the disease there is usu-

ally a reduction in the number of leucocytes, especially of the polynuclear

forms. In the later weeks the lymphocytes may form eighty per cent

of the leucocytes present in the blood. Each relapse is attended with an

increase of the lymphocytosis, while an increase of polyuuclear leucocytes

usually occurs with complications only.

In the various forms of tuberculosis there is no leucoeytosis unless

the lesion is markedly exudative in character, as in tuberculous menin-

gitis, or is complicated by suppuration or chronic anaemia. In pulmo-

nary tuberculosis with secondary infection by pyogeuic cocci leucocytosis

is apt to develop.

Cachectic Leucocytosis is a feature of altered conditions of the blood,

such as are ajssociated^with the growth of_^alignant^tumors, and with

many diseases_producing secondary anaemia. This increase of poly-

^itrctearTeucocytes ni^^erve~to"dTstiuguisE many forms of secondary
from primary anaemia. The inflammation and toxaemia accompanying

many new growths afford a sufficient reason for the appearance of ca-

chectic leucocytosis, but under many other circumstances its direct cause

is less apparent.
'

Hypoleucocytosis occurs not only in infectious diseases, when the poly-

nuclear cells alone are reduced in numbers, but also from shock, reduc-

tion of body temperature, and exhaustion, when all forms of leucocytes

may be diminished. It is a fairly constant feature of primary pernicious

anaemia.
2

Polynuclear Eosinophile Leucocytosis is found in a number of unrelated

conditions. In brondhiai asthma the eoamofihile cells are considerably

Jyp.frftaflp.dj
often forrning^ten^ to twenty per pent of the total white cells.

Iji_acute_and chronic diseases of gie skmTsuch as pemphigus, prurigor

and
psoriasis,

the eosinophiles are often increased to a marked degree,

but the condition is not constant. j[n trichinosis and helminthiasis the

increase is so constant that it becomes of diagnostic value in these con-

ditions. A post-febrile eosinophilia is frequently observed.

Lymphocytosis, frequently seen in the anaemias, in pertugsjs. and the

acute intestinal disorders of childhood, has also been noted in some
forms of secondary amernia (syphilis), and in an extreme degree as the

chief characteristic of the blood of lymphatic leukaemia.

In joixed leucocytoses a number of types of cells appear which are de.-

rived from thTTjoue_ marrow and differ greatly from the forms already
described. Of these the most importaut~are the myelocytes (Plate II.,

Fig. 6). These are mononuclear cells with an oval, faintly staining

nucleus, and a cell body containing a greater or less number of neutro-

phile granulations. They are usually about twice as large as the red

'For further data concerning Leucocytosis, consult Rieder, "Beitrage zur Kennt-
niss d. Leukocytose," Leipsic, 1892. Turk, "Klin. Untersuchungen u. d. Verlialten d.

Blutes," etc., Wien, 1898.
2 For Hypoleucocytosis, consult Lmcit, "Studien liber Physiol. und Pathol. d.

Blutes u. d. Lymphe," Jena, 1892. Ewing, "Toxic Hypoleucocytosis," New York
Medicnl Journal, March, 1895.
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cells, but may be of practically the same size. Another type possesses

the same characteristics except that the granulations are of the eosinophile

or basophile variety. Finally, there are found under the same conditions

as the myelocytes large mononuclear cells without granulations, the so-

called "irritation forms." The nucleus stains deep blue with the triacid

stain, and the cell body a dark brown. Moderate degrees of mixed

leucocytosis are seen in the severe primary and secondary anaemias, dur-

ing the course and at the end of severe infections, especially in children,

but the most marked example is in the blood of spleno-myelogenous
leukaemia.

Charcot-Leyden crystals are occasionally found, chiefly after death, in

the blood in leukaemia, usually at the same time with an increased num-
ber of eosinophile cells.

Degenerative Changes in the Blood are usually indicated in the leuco-

cytes by variations in the percentage of normal and abnormal varieties,

rather than by alterations in the individual cells, for degenerating leuco-

cytes are usually quickly removed from the circulation. Staining re-

actions of the various granules, by which degenerative changes may be

recognized, have not yet been devised. In leukaemia, pernicious anae-

mia, and diphtheria, a diminished reaction to nuclear dyes has been

observed. In leukaemia, and in the severe infectious diseases, the leuco-

cytes may be extremely cohesive, and it is believed that a large quantity
of bacteria or toxins in the circulation may even effect a complete solu-

tion and destruction of leucocytes (leucocytolysis). Fatty degeneration
of leucocytes has been demonstrated.

Melanaemia.
In^.thig^condition

the blood contains; Ijij^rjmd_smjdle_r_

irregular-shaped parlicles or masses of brown or black pigment. This

condition is most frequently theTlresult of intermittent and remittent

fever, particularly the severer forms. It may be accompanied by anae-

mia and leucocytosis. It does not occur in all cases of the above-named

affections. It may be transient in character. The pigment may be free,

or more usually is enclosed in leucocytes. Under the same conditions

pigment may be deposited in the liver, spleen, lyjnjjhjjiQdes, bone mar-

row, and bloodvessels. Owing tcTthe deposit of pigment in the organs

they may assume a gray or slate_ color? The pjgment developed in

malaria originates in the decomposition of the haemoglobin under the

influence of the plasmodium. Pigment which has been taken into the

lungs from the
jiir,

such as cojl dusL. etc. . majiJind its way into the

blood either before or after deposition in the bronchial or other lymph-
nodes, and may be afterward deposited in the spleen and liver.

1

1 For further details concerning changes in the blood, consult Simon,
"
Clinical Diag-

nosis," 4th ed. Eicing, "Clinical Pathology of the Blood," 1908. Cabot, "Clinical
Examination of the Blood," 1904, or Wood, "Chemical and Microscopical Diagnosis,"
1904.
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Methods of Examination of the Blood.

The blood may be examined fresh on the warm stage without the addition of any
fixative, simply surrounding the cover with oil or vaselin to prevent evaporation.

This method is especially useful in the examination of blood for the plasmodia malarise.

For most purposes, however, the cells should be treated the instant the blood leaves

the vessels in such a way as to retain their normal form. This fixation may be accom-

plished by the use of chemical agents (wet method) or by quick drying on the cover

glass or slide (dry method).
WET METHOD. Among the chemical fixative agents are osmic acid and a solution

of corrosive sublimate. Osmic acid : A drop or two of blood drawn from the cleansed

finger-tip by a needle prick is allowed to fall into a cubic centimetre of from one- to

two-per-cent osmic acid. After an hour the blood cells may be transferred by a pipette

to a solution of acetate of potash, in which they may be preserved.

Sublimate may be used in the form of Hayem's solution, consisting of

Chloride of sodium 1 gm.
Sulphate

" 5
"

Corrosive sublimate 0.5
"

Water, distilled 200 "

The blood is received directly into this solution, in which it is studied. The wet
method of fixation is especially to be recommended for studies on the minute structure

of blood cells.

DRY METHOD. It has been found that if the freshly drawn blood from a finger

prick be immediately dried on a glass in a very thin layer, the cell forms are quite well

preserved and may be exposed to the action of staining agents.
For this purpose square cover-glasses of medium size should be cleaned in strong

nitric acid, rinsed in alcohol and ether, carefully dried, and kept free from dust. A
drop of blood may be expressed by very light pressure only from the finger tip, previ-

ously cleansed with alcohol and ether, and for the best results the drop must be spher-
oidal and about one-sixteenth of an inch in diameter. One cover-glass should be held

in the forceps, or between the fingers if thoroughly dry, and its central point touched

to the drop of blood. After contact with the blood this cover-glass should be instantly
laid upon a second glass so as to cover all but an eighth of an inch along one side, and
as soon as the blood has spread to the edges, the cover-glasses should be quickly sepa-
rated by sliding without pressure and dried in the air. If, instead of drying in the air,

the specimens are rapidly dried high over an alcohol flame, the fixation will be more

successful, and many artificial changes in the red cells will be avoided.

Another method, more successful in many hands, consists in touching the drop
with the smooth edge of a glass slide, applying this edge with its adherent blood

obliquely to a slide, and when the blood has spread along the edge of the slide, drawing
it rapidly across the surface of the second slide.

For the permanent fixation of the cells and to prevent their solution by strong dyes,
one of two methods may be recommended :

1. Heat Fixation. The specimens are heated in a hot-air bath or on a copper plate,

for from five minutes to two hours at a temperature of 110 C. to 120 C.

2. Chemical Fixation. The specimens are placed for from one to thirty minutes in

strong methyl alcohol.

Various staining agents are to be employed according to the object in view. The
triacid mixture of Ehrlich '

gives an excellent stain for the neutrophile and eosinophile

granules, but fails to show basophile granules or parasites, for which reason it is being

supplanted for general work by combinations of methylene blue and eosin. The com-

position of the Ehrlich stain is as follows:

1 Great care must be used in selecting these dyes. Those made by Griibler, of Leip-
sic, are reliable. It is far better to purchase the solution already mixed as sold by Grub-
ler under the name of "triacid mixture for neutrophile granules."
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Saturated aqueous solutions of

Orange G 13 to 14 c.c.

Acid fuclisin 6 " 7 "

Methyl green 12.5

To the mixture of these add
Water 15 c.c.

Absolute alcohol 25 "

Glycerin 10 "

The specimen should be stained in this fluid for three to five minutes, washed in dis-

tilled water, dried, and mounted in dammar dissolved in xylol.

The red cells are then found stained orange-yellow, the nuclei dark-green or blue,

the neutrophile and eosinophile granules dark-red. The mast-cell granules are not

stained.

Rather more uniform results, especially as regards the red cells, may be obtained

by the following method, which also demonstrates the malarial plasmodium and baso-

phile granules, but not the neutrophile granules: Place the specimens for two minutes

in a saturated alcoholic solution of eosiu, wash in water, and counterstain for five

minutes in a one-per-cent watery solution of methylene blue. The red cells and eosino-

phile granules then appear bright-red. The nuclei, basophile granules, and malarial

piasmodia are stained blue.

Recently a stain has been devised by Jenner which bids fair to supplant other

methods on account of its simplicity, rapidity, and ease of application. It consists of a

half-per-cent solution in methyl alcohol of a compound made by mixing a 1.2 per cent

aqueous eosin and a one-per-cent aqueous methylene-blue solution. The precipitate
which forms is filtered off, washed with distilled water, dried, and dissolved in the

methyl alcohol. The blood smears are fixed by this solution in from one to three minutes.

The red cells are of a terra-cotta color, the nuclei blue, the neutrophile and eosinophile

granules red, the mast-cell granules purple; bacteria, malarial organisms, and blood

plaques blue.

For the demonstration offat in blood from a finger prick, cover-glass preparations
dried in the air should be stained for twenty-four hours in one-per-cent aqueous solu-

tion of osmic acid. To avoid numerous sources of error, a control preparation should

be previously placed in chloroform for twenty-four hours to dissolve the fat, and two

specimens carried together through the osmic acid. In the one, black fat droplets will

be seen, which should be entirely absent in the other.

FOREIGN BODIES IN THE BLOOD.

Various bodies which do not belong there, aside from those above

mentioned, may find access to the vessels and mingle with the blood.

Pus cells may get into the blood from the opening of an abscess into a

vessel or from some inflammatory change in its walls. Desquamated
endothelial cells from the vessel walls, either in a condition of fatty de-

generation or in various stages of proliferation, may be mingled with the

normal blood elements ; also tumor cells of various kinds, fragments of

disintegrated thrombi, portions of heart valves, etc. Crystals of bili-

rubin have been found in the blood in icterus.

Fat, in a moderate amount, is a normal ingredient of the blood during

digestion and in lactation. Under pathological conditions it may occur

in larger and smaller droplets.
r
f^sJip^mia occurs as^result of jleficient^

oxidation in diabetes^in drunkards, and in some cases of dyspnoea from
various causes. The droplets are small and liable to escape observation.
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In many cases of injury, particularly in crushing fractures of the

bone, the fat of the marrow finds its way into the blood, and it may col-

lect in large drops in the vessels of the lungs, forming the so-called fat
emboli (Fig. 13, p. 75) ; or it may pass the lungs and form emboli in

other parts, as the brain, kidneys, etc. Fat embolism in eclampsia is of

occasional occurrence.

The fat may be absorbed from the vessels, having produced little or

no disturbance ;
or in some cases it may produce serious results by the

stoppage of a large series of vessels in the lungs, brain, or other parts of

the body.
'

Tissues and organs whose blood-vessels are suspected to contain fat droplets should

be fixed with osmic acid, which stains fat black. Sections without further staining

may be mounted in glycerin.

Air, as a result of an opening in the veins, is of occasional occurrence.

If the amount of air be small, it appears to be readily absorbed, and does

little or no harm. If, on the other hand, a large quantity is admitted to

the veins at once, it collects in the right side of the heart, from which

the contractions of the organ are unable to force it in any considerable

quantity, and, the supply of blood being thus cut off from the lungs,

death very quickly ensues. The blocking of the smaller pulmonary ves-

sels and of the vessels of the heart with air bubbles may also hasten

death. It is especially from wounds of the veins of the neck and thorax

that the accident is most apt to occur. But it may be due to the intro-

duction of air into the uterine veins in intra-uterine injection, or in the

removal of tumors. 2 One should remember in this connection that in-

fection with bacillus aerogenes gives rise to gas bubbles in the blood-ves-

sels, as well as in other tissues (see page 267).
Parasites and Other Foreign Bodies in the Blood. The occurrence of

animal and vegetable parasites is considered more in detail in parts of

this book devoted to these organisms. It will suffice to mention here

that the more important of the animal parasites of the blood are : The
malarial parasite, trypanosomata, and Filaria sanguinis hominis.

The various forms of bacteria which may be found in the blood will

be considered in parts of this book in which these organisms are treated

in detail.
3

Parenchyma-cell emboli are considered on page 76.

1 For resume of this subject with bibliography, consult Welch in article on Embol-
ism in Allbutt's "System of Medicine," vol. vi., p. 258.

*
Welch, ibid., p. 254.

3 For methods and results of bacterial studies of the blood, with bibliography, con-

sult Kuhnau, Zeit. f. Hygiene, Ed. xxv., p. 492, 1897; liosenberger, Am. Jour. Med.
Sciences, 1903, p. 234.

'
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General Diseases Involving the Blood and Blood-Forming
Organs.

1

There is a group of diseases in which the essential lesion seems to be
an alteration in the composition of the blood, although in some members
of the group other lesions are also present. This group embraces Chlor-

osis, Secondary and Pernicious Anaemia, Leukaemia, and Pseudo-

leukamria.

CHLOROSIS.

Chlorosis is a disease of the blood, attended with a diminution in the

haemoglobin, and usually in the number of the red blood cells.

Of the essential element in the incitement of this disease and of the

exact method of its origin we are ignorant. The_ondition has been at-

tribnted to congenital hypoplasia of the heart and blood-vesselsTto pro-

longed malnutrition, to intestinal intoxication, anfl Lo fimi'tloual dljJ-
'

turbanee of an unknown nature in the blood-producing organs.
Tn the mildest grade of chlorosis the only change to be observed is a

diminution of haemoglobin. In severer forms may be added a diminution

in number and moderate variations in size and shape of the red cells. In

very severe and relapsing cases the haemoglobin may be excessively de-

creased ; the red cells may number less thairtvo million per'cubic milli-

'~m^rtTe7-aud~fhiraverage size of the cells be less than n</rihal. Tiie leucocytes

in number. There may be a slight relative increase of

the lymphocytes ; megalocytes, microcytes, and poikilocytes may appear

(see Plate II., Fig. 2).

The specific gravity of the_bloqd is diminished ;
the alkalinity of the

blood and serum is, as a rule, diminished slightly, while the power of

coagulation remains normal. Even in cases of considerable severity the

degenerative changes in the viscera characterizing other forms of anaemia

have been found wanting, although degenerative changes in the red cells

may occur in accordance with the severity of the disease. The liver does

not contain an excess of iron, and the urine is free from pathological

urinary pigments.
The regeneration of the blood in chlorosis under rest and treatment

with iron may usually be rather promptly effected by increased activity

of the red marrow which is probably hyperplastic. This regenerative

process may be indicated in the blood by the periodical appearance of

considerable numbers of normoblasts. The appearance of these nucleated

red cells may be accompanied by a moderate increase of leucocytes, both

mouonuclear and polyuuclear. Myelocytes also may rarely be seen.

1 For a full discussion of the subjects treated in this chapter the reader is referred

to Von Noorden. "Bleichsucht," Nothnagel's
"
Spec. Path. u. Therap."; and to Ehrlieh

and Lazarus, "Die Auaemie," Nothnagel's "Spec. Path. u. Therap."
25
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SECONDARY ANAEMIA.

\Vhile chlorosis may be considered usually a disease of adolescence,

and while its occurrence is almost wholly confined to the female sex,

there is another type of blood change which seems best classified under

the heading of (secondary auaemiaXand which is independent of sex or

age. The determining agents are either of a general nature, such as poor
food and bad air, or they are actual diseases, or they may be intestinal

parasites, or finally chronic poisoning. Among those diseases which are

likely to induce a well-defined anaemia we may mention prolonged sup :

]
>u ration, diseases of the stomach and intestines, malaria, syphilis, and

malignant tumors. The intestinal parasites are chiefly the Ankylostonia
duodenale and the Bothriocephalus latus. The poisons ,are lead,and,

more rarely^arseuic. The alterations which are apparent on examining
thelSIbod are very variable, depending upon the agent. The haemoglobin

is^regularly diminished to a greater per cent than the red cells ; it may
fall as low as l.Vi'o per cent

;
the red cells rarely fall below one million.

Nucleated red cells of the normoblastic type are frequent in the severe

cases ; megaloblasts are not found except in the most advanced cases, and
then in small numbers. As a rule the average diameter of the red cells

is slightly below normal, with a moderate poikilocytosis. Granular de-

generation is present to a variable extent in the red cells except in malaria

and lead poisoning, when it is the rule. In the anaemias produced by
the intestinal worms the blood picture may be that of pernicious anaemia,
with a great increase in the size of the cells and the appearance in the

blood of numerous megaloblasts, thus forming an exception to the general
rule that the blood of secondary anaemia is normoblastic in type. The

leucocytes are increased, as a rule, in cases due to suppuration and to

tumors ;
in other forms there is usually but little change in the number,

though it is impossible to formulate a general rule (Plate II., Fig. 3).

PERNICIOUS ANJEMIA.

Pernicious anaemia is a disease of the blood and blood-forming organs,
characterized by excessive destruction associated with defective produc-
tion of red cells.

The exact relation of the factors concerned in the causation of the

disease has not been determined. It may be said, however, that while

very rapid cases of pernicious anaemia have been observed unaccom-

panied by the usual lesions in the bone marrow associated with defective

haematogeuesis, the disease seems not to exist without excessive haernato-

lysis.

Pernicious ana'inia may probably originate as a primary disease of

the blood or bone marrow, but many cases apparently primary have

been shown at autopsy to be secondary to such conditions as cancfij^

nephritis, tuberculosis, atrophy of the gastric mucosa, or the presence of
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parasites in the-blQQd^orJntestine. The studies of Hunter indicate that

the destruction of the blood may in some cases result principally in the

portal circulation and particularly in the spleen from the action of toxic

substances absorbed from the intestines. Whatever its origin, the dis-

tinguishing teat are of pernicious anaemia is the fact that the anaemia is

entirely disproportionate to any apparent cause, and when once estab-

lished tends to progress to a fatal issue.

The essential lesion is an extreme and progressive diminution in num-
ber and very great variation in si/.e and form of the red blood cells (as

shown in Plate II., Fig. 4). Nearly constant is a widely distributed

lesion of the bone marrow, in which the _nornial nucleated red cells are

partly replaced by an excessive number of larger nucleated corpuscles or

megaloWastsTwith atrophy. of fat cells. Thejestruction of haemoglobin is

followed "by a considerable deposit of iron in the liver, spleen, marrow,
and other organs, and by the appearance of abnormal pigment in the

urine. The prolonged, anaemia may be accompanied by fatty degenera-
tion in the viscera, especially of the liver, kidneys, and heart muscle.

As u combined result of fatty changes in the arterial walls and of the

diminution in albuminous ingredients and in the coagulability of the

blood, h^raiorrhages in various parts of the body, especially the retina,

are of frequent occurrence. Disseminated areas of sclerosis in the spinal
cord have been described and regarded as the result of minute haemor-

rhages in this region.

In the blood the red^cells are usually reduced to less than two million

and often tohalf a million per cubic millimetre. Ofthe remaining cells

a considerable percentage may be abnormally large (megalocytes), or

very small (microcytes). Cells of very irregular shape are often present
in abundance (poikilocytes) (Plate II., Fig. -4). The quantity of

haemoglobin in the majority of the cells is usually increased, but may be

diminished in a certain proportion of cells, which then resemble those

found in chlorosis. The "haemoglobin index" that is, the relation of

the total percentage of haemoglobin to the total number of cells may be
normal when a deficiency of haemoglobin in one cell is counterbalanced

by a proportionate excess in another.

A variety of degenerative changes in the red cells are commonly
present, including especially those alterations in the staining reactions of

the protoplasm known as polychromatophilia and granular degeneration.

In the first the cell stains a more or less uniform blue with methylene
blue

;
in the second the cells contain granules which give a strong baso-

philic staining reaction.

Nucleated red cells of normal size (uormoblasts) are of frequent oc-

currence in the blood of well-established pernicious anaemia. Abnormally
large nuckgated^red^cells. (megaloblasts) are a nearly constant element

and are of great diagnostic importance, as they indicate the presence of

a grave lesioji_jn_the bone marrow. They are^ rather more abundant
than the uormoblasts in well-developed cases.

Megalocytes and megaloblasts usually show an excess of haemoglobin,
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may exhibit amoeboid movement, arid have no tendency toward the

formation of rouleaux. Extremely large nucleated red cells (gigauto-

blasts) are frequently found in advanced cases, and in these cells as well

as in the megaloblasts the nuclei may be rarely seen in various stages of

normal or pathological mitosis. "Blood crises," by which is indicated

the appearance of large numbers of normo- or megaloblasts in the circu-

lation, may occur in pernicious anaemia, but it must be remembered thnt

the blood picture in any severe anemia varies much from day to day
without any marked alteration in the general condition of the patient.

In the absence of complications producing leucocytosis .in pernicious

anaemia, the leucocytes are .usually diminished in number. There is a

relative increase in the number of lymphocytes, and usually a few myelo-

cytes may be found.

A very rare variety of a rapidly fatal form of anaemia has been de-

scribed in which the number of red cells is diminished without the blood

showing the changes characteristic of pernicious anaemia. The bone

marrow in these cases has been found to be fatty instead of hyperplastic
as in the typical marrow of pernicious anaemia. It has been suggested
that the bone marrow for some unknown reason had not responded to the

call made upon it by the rapid haematolysis taking place in the disease,

and therefore did not undergo the megaloblastic changes so character-

istic of the bone marrow in well-marked cases of pernicious anaemia.

LEUKEMIA (LETJCOCYTILffiMIA).

Leukaemia is a disease in which the characteristic changes are an alter-

ation in the relative proportions of the different leucocytes of the blood,

with usually an increase in their number, and the appearance of certain

forms not seen in the circulation under normal conditions. The red cells

are diminished in number and abnormal forms appear in the blood.

Accompanying these alterations in the circulating blood are changes in

the bone marrow; less_ofteu in the spleen and in the lymph -nodes. Its

inciting factors are still unknown. Leukemia may be classed in three

types, which are fairly well defined clinically and morphologically, but

between these there exist many transitional forms, especially from the

point of view of the morphology of the blood. These threeJ:ypes
are the

acute and the chronic lymphatic leukaemia and chronic myelogenous
leukaemia (spleuo-myelogeuous).

'

Acute Lymphatic Leukaemia is a disease resembling clinically an acute

infection, with a rapidly increasing anaemia, enlargement of the lymph-
1 A number of acute cases have been reported, in which, beside the lymphatic forms

prevalent
in the blood, mononuclear cells containing neutrophile granules were present

in moderate numbers, and a claim has been made for a clinical type of acute myeloge-
nous leukiemia, but in view of the fact that the morphology of the blood varies greatly
a few days before death, and, especially as it is a matter of experience that the lympho-
cytes in acute lymphatic leukaemia are often very greatly diminished toward the termi-
nation of the disease, it would seem improper, from our present knowledge, to class

these cases as acute myelogenous leukjiemia. For an excellent discussion of the subject
see Billings and Capps, Am. Jour, of the Med. Sciences, 1903, vol. cxxvi., p. 375.
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nodes as a rule, and a moderate increase in the size of the spleen and

liyer. Cases are on record, however, in which there was no enlargement
of the spleen or lymph-nodes.

' The blood changes are very character-

istic. The red_cells dimmish rapidly in mrmbers, normoblasts are pres-

ent, and the leucocytes~are increased though usually belpw~H)01000. The
forms present are chiefly lymphocytes, either large or small, the large as

a rule predominating. The bone mawwv-is. altered to a tissue showing

large numbers of lymphocytes, the so-called 1ymphoid hyperplasia, which

often extends to the lymphoid tissue in the viscera.

Chronic Lymphatic Leukaemia. The blood shows a jgyere anaemia with

great increase in the lymphocytes. The small forms of the lymphocytes
are most abundant, in contradistinction to the acute type of the disease

in which the large forms are usually in excess. The lyjnph-nodes and

spleen are usually enlarged ; the bone marrow is in a condition of lym-

phoid hyperplasia, and there are lymphoid infiltrations in the various

organs (see Plate II., Fig. 5).

Chronic Myelogenous Leukaemia. The blood shows a severe anaemia,

rarely of a pernicious type, with marked quantitative and qualitative

changes in the leucocytes. The increase in number of white cells may
be to more than one million per cubic millimetre. Myelocytes^ both

ueutrophilTc~aud eosiuophllic, are quite coustantTy^reseiit in considerable

numbers. They may form a large proportion of the leucocytes present.

Basophile cells are very abundant in cases of long duration, especially

the type with polymorphic nuclei, myelocytes with basophilic granula-
tions being rare. Iii_rapidly_aiiyai

i
ciug..cases mitoses may be rarely seen

in the red cells and in the leucocytes (see Plate II., Fig. 5).

The pathological forms of leucocytes in myelogenous and lymphatic
leukaemias have little or no amosboid motion. This explains the inter-

esting fact that the pus from an abscess in a leukaemic subject contains

only the polyuuclear neutrophile cells found in such exudates in persons
with a normal blood condition. In acute infections also, the number of

myelocytes present in the circulation may be greatly reduced and the

blood may even lose the cell forms characteristic of leukaemia, the myelo-

cytes being replaced by the ordinary polynuclear leucocytes of normal

type.

The same condition maybe seen in mild cases, which may under treat-

ment reach a point in which it is difficult to make a diagnosis from the

blood alone.

In this connection, it must be remembered that the blood picture in

pernicious anaemia and the leukaemias is a very variable one. As a rule,

more than one examination is necessary for a certain diagnosis, and it

must not be forgotten that occasionally a case, apparently of pernicious

anaemia, may go on to a typical lymphatic or myelogenous leukaemia.

In myelogeuous leukaemia there is hyperplasia of the bone marrow,

1 See Kelley, University o Pennsylvania Medical Bulletin, 1903, p. 270.
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which usually fills the shafts of the long bones with a firm, pink mass

composed largely of myelocytes. This hyperplasia may involve the

whole bone marrow of all the long bones, or it may be confined to irregu-

lar, scattered areas, so that one should be critical ill accepting reports of

cases of leukaemia without bone-marrow changes. The other organs show

hyperplasia of lymphoid tissue, often especially well marked in the

gastro-intestinal tract, while scattered through the spleen are often seen

numerous small areas containing myelocytes.
There is some reason to think that in the spleen, for instance, some

multiplication of the cells goes on in the so-called "marrow cell or

myeloid metastases." The same change may rarely be seen in the liver

and lymph-nodes. In the blood, spleen, and marro\v, after death, elon-

gated octahedral crystals (called Charcot-Leyden crystals) are occasion-

ally found. Haemorrhages into the serous and mucous membranes and
the retina are quite frequent, especially the latter, and fatty degeneration
of the viscera is a quite constant expression of the impoverished condi-

tion of the blood. For more detail concerning the lesions of the organs,
see chapters on spleen, lymph-nodes, bones, etc.

PSEUDO-LEUKJEMIA. (" Hodgkin's Disease,"
"
Adenie.")

Under this term it has been customary to describe a rather hetero-

geneous group of cases characterized by progressive anaemia, by hyper-

plasia of the lymph-nodes and nodules, with an occasional but by no

means constant involvement of the spleen, liver, and bone marrow, and

by new growths of lymphatic tissues in many parts of the body. While
anaemia of moderate or severe grade is very constantly present in

this disease, the increase of leucocytes characteristic of leukaemia is

wanting.
Of the exact nature of the disease (if it be a single disease) very little

is definitely known. The enlargement of the lymph-nodes is in typical

cases due to simple hyperplasia. The blood changes may present the

type of pernicious anaemia, and in well-authenticated cases the condition

has developed into true leukaemia. Recent evidence favors the belief that

some cases classed under this heading may be of an infectious character,
'

one of the most frequently observed agents being the tubercle bacillus.

Cases of primary sarcoma of the lymph-nodes have been described as

cases of pseudo-leukaemia.
The condition found at autopsy varies greatly according to the distri-

bution and character of the new growths of lymphatic tissue. The lym-

phatic nodules involved may be principally limited to the subcutaneous

connective tissue (dermal type). Or the lymph-nodes of the pharynx
and neck may be chiefly involved (tousillar type). Or the axillary or

inguinal or mediastiual or retroperitoueal groups may be involved. A
1

Flexner, "Multiple Lympho-sarcomata," Johns Hopkins Hospital Reports, vol.

iii., p. 153; also I^ongcope. Bulletin of the Ayer Clinical Laboratory of the Pennsyl-
vania Hospital, No. 1, 1903, p. 4.
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somewhat characteristic condition is produced by hyperplasia, often fol-

lowed by ulceration, of the lymph-nodules of the gastro-intestinal tract

(intestinal type). The hyperplastic lymph-nodes may be isolated, or

they may be joined to form large lobulated masses. The enlarged lymph -

nodules may in the intestine project far into the lumen in spheroidal or

polypoid form, and are sometimes dark in color as the result of the de-

composition of hemoglobin of extravasated blood in the congested
mucous membrane covering the nodules. Hyperplasia of the thymus has

been described in association with the lesions of the lymph-nodes.
' A

distinct sub-variety is that which terminates in leukaemia. In general

any of the lymph-nodes or collections of lymphoid tissue may be in-

volved, and nearly every region has been a site of origin for the new

growths of lymphoid tissue, so that a great variety of combinations may
be seen.

The leucocytes in the blood may be slightly increased or diminished,

and in either case the mououuclear forms are usually in excess. Myelo-

cytes have been observed in moderate percentage, but never in such pro-

portions as in leukaemia.
2

AN-ffiMIA INFANTTJM PSEUDO-LEUK^JMICA (von Jaksch).

This is a somewhat peculiar form of anaemia occurring in children,

and characterized by progressive anaemia, by a considerable increase of

leucocytes, by enlargement of the spleen and liver, and often by hyper-

plasia of the lymph-nodes.

By some authorities it is regarded as an early stage of leukaemia, by
others as a form of secondary anaemia following rachitis, tuberculosis, or

syphilis.

The histological changes in the blood-forming organs are, so far as is

known, very similar to, but less pronounced than, those of leukaemia.

1

Brigidio and Piccoli, Ziegler's Beitr. z. path. Anat., Bd. xvi., p. 388.

F. Ooppert, Vivch. Arch., Bd. cxliv.. 1896. Supplementheft. p. 1.

"Consult Monte and Benjgrun, "Die chronische Anaemic d. Kindesalters," Leipsic,
1892.



CHAPTER II.

THE LYMPH-NODES.

General Characteristics of the Lymph-Nodes.

IT is well, in studying the lesions of the lymph-nodes, to remember that they are

structures so placed in the course of the lymph- vessels that the lymph, in flowing
toward the larger central trunks, passes through them, undergoing a sort, of filtration

as it percolates through the trabecute of the lymph sinuses. If this fact be borne in

mind the lesions of the lymph-nodes, which are in the majority of cases secondary, are

much more readily understood. Particles of pigment, cells from malignant tumors,

fragments of dead or disintegrating cells either free or within phagocytes, red blood

cells, bacteria, etc., which in any way get into the lymph-vessels, are carried along
until a lymph -node is reached, and here they are, in part at least, deposited among the

trabeculse of the sinuses, or are taken up by phagocytic cells, while the lymph passes on

and out of the efferent vessels. Soluble toxic substances also are carried into the lymph
nodes, often inciting marked and significant alterations. 1

What is called lymphatic tissue embraces not only the so-called lymph-glands and

the less complex but still well-defined structures found in the stomach, intestines, ton-

sils, and elsewhere, and called lymph follicles, but als the less well-defined, irregular

masses of tissue resembling that of lymph follicles, which, as Arnold has shown (Vir-

.
chow's Archie, Bd. Ixxx., p. 315; Bd. Ixxxii., p. 394; Bd. Ixxxiii., p. 289; Bd. Ixxxvii.,

p. 114), is widely disseminated in variable amounts in different parts of the body; in

the lungs, beneath the pleura, in the interlobular septa, and elsewhere; in the liver,

kidneys, etc. Although the txact nature of these more diffuse masses of lymphatic
tissue is too little understood, as indeed is that of the lymph follicles and glands them-

selves, there is reason to believe that they are analogous structures and prone to be

affected by similar deleterious agencies. It seems better, in view of the fact that the

so-called lymph-glands are not glands at all, in the ordinary sense of the word, to call

them lymph-nodes, and the smaller masses of lymphatic tissue scattered through various

parts of the body lymph-nodules instead of "lymph follicles."

ATROPHY.

Atrophy is a very regular occurrence in old age. In this condition

the nodes are small, hard, and, unless pigmeuted, light in color. Micro-

scopical examination shows a marked diminution in the number of par-

enchyma cells, while the reticulnm and the capsule and trabeculae may be

thickened. There may be an accumulation of fat around the node in

senile atrophy.
It should be remembered, in this connection, that the lymph -nodes,

as well as the lymphatic tissue in general, in children are more volumi-

nous than in adults.

1 For a study of bacteria in normal lymph-nodes see Kalble, Munch, med. Wochen-
schr., 1899, p. 622.
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DEGENERATION.

Amyloid Degeneration of the blood-vessels and reticulum of the lymph
nodes occurs under the conditions which favor this change in general.

ITmay occur in connection with amyloid degeneration of other parts of

the body, or by itself. It may occur in nodes otherwise normal, or in

those which are the seat of other lesions thus in simple chronic or tuber-

culous inflammation. It is frequently found in the mesentericjyrnph-
nodes, in connection with waxy degeneration of the intestinal mucous
membrane.

Kyalin Degeneration of the external layers of the smaller arteries and
the capillaries and reticulum of the lymph-nodes occurs occasionally in

old age or in connection with wasting diseases.

PIGMENTATION.

The pigment which is very frequently found in lymph-nodes may be

derived from the haemoglobin of the blood, either in the nodes themselves1

or in remote parts, or it may be formed of various materials introduced

FIG. 303. PIGMENTATION OF BRONCHIAL LYMPH-NODE.

The pigment is largely in the lymph sinuses and enclosed in cells. A, Capsule of node ; B, lymph follicle

nodule; C, perifollicular lymph sinuses.

into the body from without, such as the pigments used in tattooing, re-

spired dust particles of various kinds coal, stone, iron, etc. (Fig. 203).
The pigment particles, which usually first lodge in the lymph sinuses,

may collect here in large quantities, either in the reticulum or the cells

lying in its meshes; they may penetrate the follicles and cords and find

permanent lodgment there. They usually induce a greater or less degree
of chronic inflammation, so that in extreme cases, such as are frequently
seen in the bronchial lymph-nodes, nothing is finally left of the node but
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a more or less deeply pigmented mass of dense connective tissue. The
function of the node may be, of course, in this way partially or entirely

destroyed. The pigment in these cases appears to reach the node, in

part by being carried along free in the lymph current, in part through

transportation by leucocytes in which the particles have become enclosed.

Pigmentation of the nodes is most marked in those about the root of the

lungs, which are frequently of a mottled gray or a black color, but it

may occur in the meseuteric and other nodes. Under similar conditions

the diffuse lymphatic structure in the lungs and liver may be pigineiited.

INFLAMMATION.

Acute Inflammation of the lymph-nodes is commonly due to the pres-

ence of pathogenic micro-organisms or of toxic substances, usually bac-

terial in origin, which may be formed in the node or brought to it in the

A -^ZS=
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FIG. 204. ACUTE HYPERPLASTIC INFLAMMATION' OF LYMPH-NODE IN TYPHOID FEVEU.

Showing a portion of one of the mesenteric nodes. A, Capsule ; B, perifollicular space or lymph sinus,

containing in its meshes many large cells ; C, portion of one of the follicles, with large and small cells in

the meshes of its reticulum.

lymph current from the tributary region of the body. Under these con-

ditions the nodes are usually swollen, reddened, and softer than normal,

and are often the seat of small haemorrhages. One or all of the nodes of

a cluster may be affected.

Two forms of the acute inflammatory process may conveniently be

recognized, an HYPERPLASTIC and an EXUDATIVE.
In the HYPERPLASTIC form a microscopical examination shows the

lesion to bejargely due, in addition to the hypersemia and haemorrhage,
to a proliferation of the cells of the node ;

the spheroidal mououuclear
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cells of the nodules (" follicles ") and cords, and especially the eudothelial

cells of the lymph spaces (Fig. 204), which may increase in number and
exfoliate to such an extent as to fill and largely distend the lymph
sinuses. These endothelial cells often contain red blood cells, leucocytes,
and fragments of other cells (Fig. 205). In typhoid fever, as well as in

many other infectious diseases, necrosis of the hyperplastic tissue is com-

mon (see p. 229).
After simple hyperplasia of the lymph-nodes, resolution readily oc-

curs. But if necrosis have taken place, such areas may be replaced by
fibrous tissue.

This form of lesion of the lymph-nodes is common. It may occur in

the cervical nodes with many forms of angina; in the inguinal nodes in

connection with acute infec-

tious processes in the external

genital organs; in the axilla

with infectious processes in the

hand, arm, or breast; in the

mesenteric nodes with infection

or intoxication of intestinal or

other origin. Similar lesions

occur in the solitary lymph
nodules and Peyer's patches of V
the intestine (Fig. 206). $L**

111 EXUDATIVE Or SlUWUra- FlG - 205. ENDOTHELIAL CELLS IN HYPERPLASIA OF

.... ,. r, /
THE LYMPH-NODES.

live forms of inflammation of
,, -. , , . , ,.,. The exfoliated cells contain red blood cells, fat droplets,
the lymph-nodes, 111 addition and masses of blood pigment.

to the simple hyperplastic

changes just described, there are emigration and collection of leucocytes,

with the formation of more or less fibrin in the lymph sinuses as well

as in the interstices of the nodules. The capsule of the nodes may be

infiltrated with exudate. With these changes there may be necrosis and

softening of the tissue of the nodes and the development of abscesses.

Small abscesses may coalesce, and thus a considerable part of the node

is converted into a suppurating necrotic mass bubo. Such a bubo may
open externally or into the surrounding tissue and heal by granulation
tissue and cicatricial tissue

;
its contents may be absorbed or become

dry and dense and calcified, and surrounded by fibrous tissue. Suppu-
rative inflammation of the lymph-nodes often occurs in connection with

suppurative processes elsewhere, in pyaemia, venereal infection, etc.

The lymph-nodes of children are, as a rule, more readily involved in

infectious processes of other parts than are those of adults.

Chronic Inflammation. This is characterized by the increase of the

connective-tissue elements of the node, with a gradual and commensurate

disappearance of the lymphoid cells. The reticulum of the follicles and

sinuses becomes thickened and fibrous, and in the trabeculse and capsule
new connective tissue is formed, until, in advanced cases, the entire node

may be more or less extensively converted into a mass of fibrous tissue.
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This condition is very frequently seen in the lower tracheal and in the

bronchial nodes, apparently as a result of the lodgment in them of re-

spired pigment particles ;
but it may occur in any nodes, either as a result

of repeated moderate degrees of inflammation or from causes which we
do not know. In some cases the nodes are greatly enlarged and the

new tissue contains many large cells, while in other cases the connective

tissue is dense and contains but few cells (Fig. 207 ).'

Tuberculous Inflammation may be local, confined to the nodes, or it

may occur in connection with general acute miliary tuberculosis, or with
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FIG. 206. HYPERPLASIA OF PEYER'S PATCH IN TYPHOID FEVER.

Showing new-formed endothelial cells in the meshes of the reticular tissue between the blood-vessels.

tuberculous inflammation of single organs. It may occur in single nodes,

or in several nodes of the same group, or in groups situated in different

parts of the body. In its simple and acute form there may be no evi-

dent change to the naked eye in the appearance of the nodes, or they may
be besprinkled with small, grayish-white, translucent spots. Under these

conditions the nodes may be reddened and soft, or swollen and denser

than normal. In more advanced forms of the lesion the tubercles coalesce

and undergo 'a greater or less degree of cheesy degeneration. Under
these conditions the cheesy areas are evident to the naked eye as more or

less sharply circumscribed, opaque, whitish or yellowish areas, frequently
surrounded by an irregular, more translucent, grayish zone of tubercle

tissue which merges insensibly into the adjacent tissue. The entire node

may become involved, and more or less completely converted into a

cheesy mass, in the periphery of which a zone of tubercle tissue may or

may not be evident.

Microscopically the small nodules or miliary tubercles are seen to

consist of more or less circumscribed collections of small spheroidal, or

more frequently larger polyhedral cells, with or without well-defined

giant cells. They usually commence to form in the follicles and lymph
cords of the nodes, and from these may spread and involve the entire

surrounding tissue. The cheesy degeneration, which here as elsewhere is

apt first to involve the central portions of the tubercles, presents the

1 Consult Ribbert, "Ueber Regeneration und Entziindung der Lymphdruseu," Zieg-
ler's Beitrage zur path. Anat., Bd. vi., p. 187, 1889.
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usual appearances. Tubercle bacilli may be found in the edges of the

cheesy areas or in the tubercle tissue about them.

Simple inflammatory changes regularly occur in the periphery of the

tubercles. There is an increase of cells in the lymph sinuses and follicles,

and a more or less marked swelling, and apparently a proliferation of the

cells of the reticular tissue of the node. In cases in which the process is

chronic there is often marked increase of the connective tissue of the

nodes, the reticular tissue becomes dense and fibrous, and the trabeculse

and capsule are thickened. The tubercles themselves, instead of under-

going cheesy degeneration, may become fibrous or be converted into a

hyalin material.

The cheesy material may dry and shrink, and become enclosed by a

capsule of dense connective tissue and become calcified
; or it may soften,

and thus cavities be formed iu the nodes, filled with grumous material
;

or inflammatory changes may be induced in the vicinity of the nodes,

leading to abscesses. On the other hand, hyperplastic inflammation iu

FIG. 207. CHRONIC INFLAMMATION OF BRONCHIAL LYMPH-NODE.

Showing obliteration of the lymph sinuses and atrophy of the lymph-nodules by the new-formed connective

tissue.

the periphery of the affected nodes may result iu their becoming bound

together into a dense nodular mass.

SCROFULA. Tuberculous inflammation of the lymph-nodes, especially
in those of the cervical,

1 bronchial (Plates iii. and xi. ), and nieseuteric

groups, often occurs in children, particularly in those who are ill-nour-

ished. Northrup and Bovaird found iu an analysis of 200 cases of tu-

berculosis in children that the lungs and brouchial lymph-nodes were

1 For bibliography of cervical tuberculous Ivmph-nodes see Doicfl, Annals of Sur-

gery, May, 1899.
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involved in 148.
' Such persons, in addition to the lesion of the lymph-

nodes, are very liable to suffer from chronic tuberculous and other in-

flammations of the mucous membranes, skin, periosteum, joints, and the

subcutaneous and other connective tissues. This general condition is

known as scrofula, and the lesion of the nodes is sometimes called scrofu-

lous inflammation.

While in many cases the portal of entry of the tubercle bacilli is not

evident, and the lesions often present the appearance of hyperplasia of

the lymphoid tissue with cheesy degeneration and the formation of more
or less dense fibrous tissue rather than the typical characters of tubercu-

lous tissue, nevertheless, miliary and other forms of tuberculous inflam-

mation are often present in so-called scrofula, and tubercle bacilli, while

sometimes absent, are often present and virulent.
2

The necrotic portions of such cheesy lymph-nodes in scrofula may
soften and break down, and by the establishment of purulent and necrotic

inflammation about them abscesses may form which may open externally.

These abscesses may heal ;
but usually the healing is difficult and slow,

and long-continued suppurations, frequently with the development of

fistulae, are very common. Instead of softening, the cheesy material in

the nodes may become dry and hard and undergo calcification.

GENERALIZED TUBERCULOUS LYMPHADENITIS. Several cases have

been recorded of extensive tuberculous hyperplasia of the lymph-nodes
in various parts of the body, the lesion resembling in its gross characters

that of pseudo-leukemia. While in some of these cases the morphology
of the lesions is characteristic of tuberculosis, in others the new tissue is

diffuse and consists largely of new-formed small spheroidal and poly-
hedral cells with large multimiclear cells and of fibrous tissue. The new-

formed cells may undergo necrosis. Thus the tuberculous nature of the

lesion is not always plain even on microscopic examination. Animal
inoculations are often necessary for the establishment of the nature of

such cases.
3

Syphilitic Inflammation. The lesions of the lymph-nodes which occur

in connection with syphilis vary greatly, depending upon the stage of the

disease. In the primary stage the nodes in the region of the seat of in-

fection are apt to present the lesions of an ordinary acute inflammation,

frequently with suppuration.
In the secondary stage of the disease the nodes of other regions, neck,

elbow, axilla, etc., are often swollen and hard. On microscopic exam-
ination there may be an increase of connective tissue in the capsule and

trabeculse, but the chief change is in the accumulation in the follicles and

lymph sinuses of larger and smaller spheroidal and polyhedral cells.

1 For a consideration of the significance of tuberculous bronchial lymph-nodes in

children, consult Nortlirup, New York Medical Journal, February 21, 1891; also

Bovaird, ibid., July 1, 1899. See further, reference to Marfan, p. 443.
3 For a full bibliography of scrofula see Corn-et, in Nothnagel's

"
Specielle Pathologic

u. Therapie," Bd. xiv., Th. iv. For a study of variations in virulence in tubercle ba-
cilli in scrofulous aad other tuberculous lesions see Lartigau, Jour. Exp. Med., vol. vi.

3 For a study of this form of tuberculosis, consult Crowder, New York Medical
Journal, September 15th and 22d, 1900, bibl.
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The reticular tissue may be thickened and the walls of the blood-vessels

infiltrated with cells. In this condition the nodes may remain for a long

time, not tending to form abscess; or they may undergo resolution

through degeneration and absorption of the cells.

In the tertiary stage of the disease the nodes may be the seat of chronic

inflammation characterized by the formation of guinmata. Under these

conditions they may form large, firm nodular masses from the growing
together by new connective tissue of several altered nodes. The gross and

microscopical characters of gummata of the lymph-nodes are, in the main,
similar to those in other parts of the body.

HYPERPLASIA OF THE LYMPH-NODES. (Lymphoma.)

Iii addition to the considerable enlargements of the lymph-nodes in in-

flammation which have been described above, they become enlarged under
a variety of conditions which we do not understand. This lack of knowl-

edge of the etiology, together with our ignorance of certain functions of

the lymph-nodes, and the morphological similarity, or even identity,

which these enlarged nodes present under various conditions, render it

very difficult to decide upon the exact nature of the change, and in many
cases to distinguish one form of enlargement from another.

In the first place, there is a class of cases in which, sometimes slowly,
sometimes with great rapidity, the lymph-nodes of certain regions, espe-

cially the abdominal, axillary, cervical, and inguinal, enlarge, not in-

frequently to an enormous extent. They may be either hard or soft, even

almost fluctuating ; the individual nodes may be distinct or merged into

one another. Sometimes the nodes in nearly all parts of the body are

affected. Microscopic examination shows, in the soft varieties, a large in-

crease of small spheroidal and polyhedral cells and a growth of the retic-

ular tissue. It is a new formation of lymphatic tissue, but the normal

relations.of follicles, cords, and lymph sinuses are not preserved. In the

harder varieties there is a thickening of the reticular tissue in addition to

an increase of cells. In rare cases portions of the nodes become uecrotic.

Sometimes larger and smaller haemorrhages occur in the nodes, especially
in the softer forms. In addition to these changes in the lymph-nodes
there is, in a considerable proportion of cases, a new formation of lymph-
atic tissue in greater or less quantity in other parts of the body, in the

spleen, in the gastro-intestinal canal, in the marrow of bones, in the liver,

kidneys, etc., and the number of lymphocytes in the blood and in other

parts of the body is increased. This general condition is known as

leukcemia and has been considered above, under diseases of the blood and

blood-forming organs. The enlarged lymph-nodes in this disease may
be called, for convenience, leukcemic lymphomata.

In the second place, there is a form of disease resembling leukaemia

in many respects, particularly in the lesion of the lymph-nodes, usually
with a less prominent involvement of the spleen and other lymphatic
structures, and, which is more striking, no increase in the number of
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leucocytes in the blood. This is called Hodgkin's disease, or pseudo-leu-

Jccvmia, aud the enlarged lymph-nodes may in this case be called psemlo-

leukcemic tymphomata. The lesions of the lymph-nodes are apparently
similar in both diseases, but it is convenient to assign different names to

them because they seem to arise under different conditions and to be

associated with a constant difference in the character of the blood.

There is some reason for the conjecture that Hodgkin's disease may be

infectious in its nature. Whether the pyogenic cocci and the pneumo-
coccus which have been found in the lesions are the excitants or not is

not yet certain.

Le Count has recently described a benign tumor lymphoma in the

groin having the structure of a lymph-node.
1 A form of generalized

tuberculous lymphadenitis which may be mistaken for Hodgkin's dis-

ease is described above.

TUMORS.

Sarcoma occurs in the lymph-nodes as a primary and secondary tumor,
aud may be of various forms: spindle-celled, large and small round-

celled, and augio-sarcoma. It is not easy in many cases to distinguish

morphologically between the small round-celled sarcomata and the above-

described lymphomata, but in general the leuksemic and pseudo-leukaemic

lymphornata remain circumscribed, while the sarcomata tend to break

through the node capsule and invade the surrounding tissues. Fibroma,

myxoma, and chondroma occur in the lymph nodes, but are rare. Endothe-

liomata are described, but are not common. Secondary carcinomata are

of frequent occurrence, the form of the cells and the nature of their

growth depending upon the seat and character of the primary tumors.

PARASITES.

Aside from the various forms of bacteria which are not infrequently
found in the lymph-nodes in infectious diseases, among the animal para-
sites filaria, trichina, and pentastomum have been described.

H^MOLYMPH NODES.

Numerous observers have described the occurrence in man and certain of the lower

animals, under normal as well as pathological conditions, of structures which resemble

lymph-nodes, but are usually smaller and are red or mottled red and white. In man

they are found especially in the prevertebral fat, in the deep cervical region, in the

retroperitoneal region, near the renal vessels, and about the rim of the pelvis. They
are normally present, but they mny be more conspicuous under certain pathologi-
cal conditions pernicious anaemia, acute infections, intoxications, etc. Their color is

due to the presence of blood in the sinuses of the nodes. There are numerous transi-

tional forms between nodes containing lymph sinuses only and those which more nearly
resemble the spleen in character. They become more prominent and are increased in

number after splenectomy in animals.'2 These structures do not appear to be lymph-

1 Jour. Exp. Med., vol. iv., p. 559, bibliography of lymphoma.
2 See Warthin, "Vaughan Anniversary Contributions to Medical Research," 1903,

p. 216.



THE LYMPH-NODES. 401

nodes in which blood has accumulated from hypersemia or haemorrhage, and the sinuses

containing blood may be injected from the blood-vessels. In the most typical forms of

hsemolymph nodes, the cortical and medullary portions are not well denned and the

germinal areas in the lymphoid tissue are less marked than in lymph nodes. Many
large cells, probably proliferated endothelium, containing red blood-cells and blood pig
ment, are usually present in the lymph sinuses. In addition to these, phagocytic cells,

eosinophiles, and mast cells may be present.

In the opinion of Warthin, 1 who has made especially careful studies of these struct-

ures and of others, they are inconstant or variable organs related to but distinct from

lymph-nodes, and having special hsemolytic and possibly other functions. The studies

cf Dayton in general confirm the conclusions of Warthin. 2

1 For a full and excellent summary of this subject, with bibliography, consult War-
fkin, Trans. Chicago Pathological Society, November 12th, 1902. For a study of the

development of hsemolymph nodes in adipose tissue, see Proc. Path. Soc. of Phila.,

December, 1903.
'*

Dayton, Am. Jour. Med. Sciences, vol. cxxvii., p. 448.

26



CHAPTER III.

THE SPLEEN AND THYMIIS.

The Spleen.

General Characteristics of the Spleen.

IN studying the lesions of the spleen it is important to bear in mind the peculiai

relations in which this organ stands to the blood-vessels and to the circulation. After

passing through the various branches of the splenic artery and the limited systems of

capillaries which are associated with it, the blood is not received at once into venous

trunks, as in other parts of the body, but is poured directly into the pulp tissue. In

this it circulates, under conditions which render it liable to stagnation and undue accu-

mulation, before it is taken again into well-defined vessels through the open walls of

the cavernous veins. Moreover, these conditions, naturally unfavorable to undisturbed

and vigorous circulation, are reinforced by the association of the splenic with the slug-

gish and often interrupted portal circulation. Bearing these considerations in mind, it

is in a measure plain why, as is in fact the case, the spleen should be more liable to

alterations in size than any other organ in the body, and why, serving as it does as a

sort of blood filter, it should be especially susceptible to the influence of deleterious

materials of various kinds which in one way or another gain access to the blood. The

relationship between the lymph-vessels and the spleen is also intimate.

Malformations and Displacements.

The spleen may be absent in acephalous monsters, and with defective development
of other abdominal viscera. Absence of the spleen in otherwise normally developed
individuals has been recorded. There may in this condition be a compensatory hyper-

plasia of the lymphatic tissues of the body.
1 Small accessory spleens, from the size of

a hazelnut to that of a walnut, are not infrequent. They usually lie close to the spleen,

but may be at a considerable distance from it ; thus they have been found embedded in

the head of the pancreas.'
2 Two spleens of about equal size have been observed. The

spleen may be made up of several distinct lobes. It may be displaced congenitally or

as the result of disease. It may be on the right side in transposition of the viscera. As
the result of congenital defects in the diaphragm the spleen may be found in the thorax ;

or in deficient closure of the abdominal wall it may, together with other abdominal vis-

cera, be found outside of the body.
The spleen may be pressed downward by any increase in the contents of the thorax.

It may be bound by adhesions to the concave surface of the diaphragm, so that its long
axis is nearly horizontal instead of vertical. It may be displaced by changes in the

contents of the abdominal cavity. If the organ be increased in size it frequently be-

comes tilted, so that its lower border reaches the right iliac region. If the ligaments be

too long congenitally, or if they are lengthened by traction, and if the organ is at the

same time increased in weight, it may become very movable. It may sink downward,
with its hilus turned upward; or it may be rotated on its axis, and, owing to torsion of

the vessels thus produced, the organ may atrophy; or the pressure of the ligaments and

vessels across the duodenum may cause occlusion of the gut.
1 See Hodenpyl, Med. Record, November 12th, 1898, bibl. For a study of the effect

of spleneetomy in animals on the hoemolymph nodes see Warthin,
"
Vaughan Anniver-

sary Contributions to Med. Research," 1903, p. 216.
2
ttemolymph nodes may be mistaken for accessory spleens.
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WOUNDS, RUPTURE, AND HEMORRHAGE.

Wounds of the spleen are usually accompanied by extensive haemor-

rhage and are commonly fatal. Death usually occurs as the result of

this haemorrhage, but it may be due to secondary inflammatory changes.

Healing and recovery may, however, occur.

Rupture of the spleen may be traumatic or spontaneous. In the

former case it may be due to direct violence in the region of the organ
or to injury to the thorax, falls, etc. In certain diseased conditions the

spleen is more liable to rupture than when it is normal. The rupture

usually involves not only the capsule, but a more or less considerable

portion of the parenchyma, and of course leads to haemorrhage. Spon-
taneous rupture is rare, but may occur in excessive enlargement of the

organ, as in typhoid fever, malaria, etc. see below or as the result of

abscess.

Haemorrhage. Aside from the extensive haemorrhages from injury and

rupture, the spleen may be the seat of small circumscribed haemorrhages
in various infectious diseases, although, owing to the peculiar distribu-

tion of the blood, it is often very difficult to distinguish between a mod-

erate interstitial haemorrhage and hyperaeinia. Sacculated aneurism of

the splenic artery has been reported.

ATROPHY.

Atrophy of the spleen may occur in old age ; as a result of prolonged
cachexiae, and in connection with profound and persistent anaemia; or,

more rarely, from unknown causes. The capsule may be wrinkled and

thickened, the color pale, the trabeculae prominent, the consistence in-

creased. The change is largely in the pulp, whose parenchyma cells

are decreased in number.

DEGENERATION.

Amyloid Degeneration. This may affect the glomeruli or the pulp
tissue, or both together. When confined to the glomeruli the spleen may
or may not be enlarged, and the cut surface is more or less abundantly

sprinkled with round or elongated, translucent bodies resembling consid-

erably in general appearance the grains of boiled sago. These are the

waxy glomeruli. Such a spleen is often called "sago spleen" (Fig. 208).

Microscopical examination shows that the degeneration is confined to the

walls of the arteries, capillaries, and reticulum of the glomeruli, with

atrophy and often finally total disappearance of the lymphoid cells.

In other cases, either with or without involvement of the glomeruli,
there is waxy degeneration of the blood-vessels and reticulum of the

pulp, which may occur in patches or be general and more or less ex-

cessive. If the alteration is general and considerable the spleen is en-

larged, its edges are rounded, its consistence is increased. On section it
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appears translucent, and the distribution of the degenerated areas may be

readily seen by holding a thin slice up to the light. The spleen may be

alone affected, or there may be similar degenerations in other organs.

PIGMENTATION.

This may occur as the result of the decomposition of haemoglobin in

the organ or elsewhere, under a great variety of conditions : thus after

hsemorrhagic infarctions, small multiple haemorrhages, acute hyperplastic

spleuitis, and in haemachromatosis, etc. Or the pigment may be anthra-

cotic and be brought to the organs from the lungs or bronchial nodes
;

FIG. 208. AMYLOID DEGENKRATION OF THE GLOMERULI OF THE SPLEEN "SAGO SPLEEN."

bile pigment may also be deposited in the spleen in jaundice. The pig-

ment may lie in the walls of the smaller arteries, in the cells and reticu-

lum of the pulp, or free in the latter tissue, or in the follicles. It is

usually quite unevenly distributed. The pigment may be red, brown,
or black. According to Weigert anthracotic pigment may be sometimes

seen with the naked eye in the periphery of the glomeruli as dark

crescents.

DISTURBANCES OF THE CIRCULATION.

Anaemia, This may be associated with general anaemia, but it is not

always present in this condition. When marked and unassociated with

other lesions the spleen is apt to be diminished in size, the capsule more
or less wrinkled, the cut surface dry and lighter in color than normal,
the trabeculae unduly prominent.

In this, as in other alterations simply of the blood content of the

spleen, neither the gross nor microscopical appearances are constant, be-
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cause of the redistribution of blood which is apt to occur in the viscera

after death.

Hyperaemia. PASSIVE HYPER^EMIA may occur in obstruction to the

portal circulation, most frequently in cirrhosis of the liver, but also

with certain valvular lesions of the heart, emphysema, etc. The spleen

is enlarged, but usually only to a moderate degree. The capsule is apt
to be tense, and on section the pulp is dark-red and may be soft or firm.

The cavernous veins are dilated (Fig. 209). Usually, when the lesion

has existed for some time, there is a thickening of the trabeculse and

reticular framework of the spleen, so that these are prominent on section.

FIG. 209. HYPERjEMIA CONGESTION OF THE SPLEEN.

b, Dilated cavernous veins ; c, trabecula of pulp tissue compressed between dilated cavernous veins ; d,

Klomerulus.

In other words, there is a chronic interstitial splenitis following the

chronic congestion.
ACTIVE HYPERJEMIA of the spleen, which in most cases is scarcely

to be differentiated from some forms of acute inflammation, and probably
in many cases is associated with it, very frequently occurs in a great

variety of acute and infectious diseases, such as typhoid fever, pneu-

monia, diphtheria, pyaemia, the exanthemata, etc. The spleen is en-

larged, the capsule tense ;
on section the pulp is soft, dark-red in color,

often swelling out from the cut surface and concealing the glomeruli and
trabeculse. Under these conditions the cavernous veins are distended

with blood and the interstices of the pulp infiltrated with a variable,

sometimes large quantity of red and white blood cells. Or, in addition

to this, there may be hyperplasia (see below).
Embolism and Infarction of the Spleen. Embolic infarctions of the spleen

are of frequent occurrence. They may be single or multiple, small or

very large, sometimes occupying half of the organ. They are in general

approximately wedge-shaped, corresponding to the area of tissue sup-
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plied by the occluded artery (Fig. 14, p. 76). They may be hsemor-

rhagic, i.e., red, or they may be white. Infarctions, originally red, may
become white after a time from changes in the blood pigment. They may
usually be seen as dark-red, reddish-white, or white, hard, sometimes

slightly projecting areas on the surface of the organ. Not infrequently
the centre of the infarction is light in color, wrhile the peripheral zone is

dark-red. A layer of fresh fibrin is sometimes seen over the surface of

the infarction. The general as well as the microscopical appearances
which they present depend largely upon the age of the infarctions. In

the earlier stages the hsemorrhagic infarctions present little more under

the microscope than a compact mass of red blood cells, among which

may be seen the compressed parenchyma. The wThite infarction may
show at first an outline of the splenic structure, but the entire tissue is

in a condition of coagulation necrosis. The tissue may disintegrate and

soften, and be more or less completely absorbed, with or without fatty

degeneration. A zone of inflammatory tissue may appear around the

infarction and upon the capsule, and this tissue, becoming denser, as-

sumes the characters of a cicatrix and contracts around the uuabsorbed

remnant of the infarction, so that finally nothing may be left but a dense

mass of fibrous tissue, which frequently draws in the surface, causing
more or less distortion of the organ. This cicatrix may be pigrnented or

white.

If the embolus be infective, in addition to its mechanical effects there

may be suppuration, gangrene, and the formation of abscess. There

may be perforation of the capsule and fatal peritonitis. Infarctions of

the spleen may follow thrombosis of the splenic vein.

Thrombosis of the splenic vein is rare as a primary lesion, but it

may be of secondary occurrence in connection with portal or mesenteric

thrombosis, with other lesions of the spleen, or with acute inflammation

of the pancreas. Thrombosis of the splenic vein has been reported fol-

lowing typhoid fever.

INFLAMMATION.

Inflammatory Hyperplasia (Acute Hyperplastic Splenitis, Acute Splenic

Tumor). The conditions under which hyperplasia and acute inflamma-

tion of the spleen occur have already been mentioned under active

hypersemia, with which it is usually associated. It is a frequent though
not a constant accompaniment of the acute infectious diseases. The

spleen is enlarged, sometimes to two or three times its normal size. On
section the pulp is soft, often almost diffluent, and projects upon the cut

surface. The color is sometimes dark-red, sometimes grayish-red, or

mottled red and gray. The trabeculse and glomeruli are usually concealed

by the swollen and softened pulp, but the glomeruli are sometimes

unusually prominent.

Microscopical examination shows the marked increase in size to be

due in part to the hyperaemia ;
in part to a swelling and increase in the

number of cells, sometimes of the pulp, sometimes of the glomeruli, or
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of both. There are multinuclear cells
;
cells resembling the ovoidal and

polyhedral cells of the pulp, but larger -and with evident division of the

nuclei. Cells resembling leucocytes may be present in large numbers,
and larger and smaller cells in a condition of fatty degeneration, or con-

taining pigment, are often seen. The elongated cells lining the cavernous

veins may be swollen or increased in number. Xot infrequently the larger
and smaller cells contain red blood cells or their fragments. In some

cases, particularly in scarlatina, hyperplasia of the glorneruli is a prom-
inent feature : in other cases, particularly in typhus and recurrent fevers,

the cells of the glomeruli undergo marked degenerative changes, so that

they may form small softened areas looking like little abscesses. Focal

necroses and areas of small-celled accumulation or cell proliferation are

common in typhoid fever and other infectious diseases (see page 201).
As the primary disease runs its course the swelling of the spleen sub-

sides, the capsule appears wrinkled, the color becomes lighter, and
sometimes the organ remains for a long time, or permanently, small and
soft.

The lesions of the spleen are in many cases due to the presence of

micro-organisms which are usually present in the spleen in septicaemia,

or they may be due to soluble toxic substances in the blood. l

Suppurative Splenitis (Splenic Abscess}. Small abscesses may be found

in the spleen as the result of minute infectious emboli, and these may
coalesce to form larger abscesses. Sometimes the entire -parenchyma is

converted into a soft, necrotic, purulent mass surrounded by the capsule.

It is rare for simple infarctions to result in abscess. Abscess of the

spleen may occur from the propagation of a suppurative inflammation to

the organ from adjacent parts; from periuephritic abscesses, ulcer and
carcinoma of the stomach, etc. They may open into the peritoneal cav-

ity, inducing fatal peritonitis, or, owing to an adhesive inflammation,

the opening may occur into the post-peritoneal tissue, into the pleural

cavity, lung, stomach, intestines, or it may open on the surface. On the

other hand, the contents of the abscess may dry, shrink, and become

encapsulated and calcified. Abscesses may occur in ulcerative endocar-

ditis, pyseniia, typhoid fever, and more rarely in intermittent fever, and
under a variety of other conditions.

Chronic Indurative Splenitis (Chronic Splenic Tumor}. There maybe,
as we have already seen, a new formation of connective tissue in the

spleen as a result of chronic congestion or infarctions, or about abscesses.

But there is a more diifuse formation of connective tissue, usually in the

nature of an hyperplasia, which occurs under a variety of conditions,

and is now marked and extensive, and again comparatively ill -defined.

It is always associated with more or less extensive changes in the paren-

chyma. In its most marked form it is found in chronic malarial poison-

ing, and under these conditions it may be found not only in persons who
have suffered from repeated attacks of intermittent fever, but also in

1 For a study of the role of the spleen in infections see Courmont and Duffau,
Arch, de Med. Exp., t. x., p. 431, 1898, bibl.
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those who have not thus suffered but have resided in malarial regions.

The enlarged spleen is often called "ague cake." Similar conditions,

though usually less marked, may occur in congenital and acquired syphi-

lis, from prolonged typhoid fever, and as a result of acute hyperplastic

splenitis from various causes, and also in leukaemia and pseudo-leukaemia.
The gross appearance of the spleen in chronic iudurative splenitis

varies greatly, both in the size of the organ and in the appearance of the

section. The spleen may be enormously enlarged or it may be of about

normal size. It is usually, however, enlarged. The capsule is commonly
more or less thickened, frequently unevenly so. The consistence is

as a rule considerably increased, but this is not always the case. The
color and appearance of the cut surface present much variation. It may
be nearly normal or it may be grayish, or

dark brown, or nearly black. The color

may be uniform or the surface may be

mottled. The glomeruli may be scarcely

visible or very prominent ;
the trabeculae

are in some cases nearly concealed by the

pulp ;
in others they are large, prominent,

and abundant, so that the surface is crossed

in all directions by an interlacing network

of broader and narrower irregular bands,

between which the red or brown or black-

ish pulp lies. FIG. 210. CHROXTC IXDCRATITE SPLEN-

Not less varied are the microscopical

appearances of the spleen under these con-

ditions. In one class of cases there is

more or less uniform hyperplasia of both pulp and interstitial tissue.

The parenchyma cells are increased in size and number
;
there may be

swelling and proliferation of the lining cells of the cavernous veins (see

Fig. 210). The reticuluni of the pulp, as well as. that of the glomeruli,

and also the trabeculae, are thickened. In another class of cases the

thickening of the reticular and trabecular tissue, either uniformly or in

patches, is the prominent feature (Fig. 211), while the changes in the

pulp are rather secondary and atrophic. In both forms irregular pig-

mentation is frequent, the pigment particles being deposited either in the

cells of the pulp or glomeruli, or in the new-formed interstitial tissue (Fig.

212). Finally, there are all intermediate forms of induration between

those described, and the changes are by no means uniform in the same

organ. When these spleens are large they are liable to displacement.

Syphilitic Splenitis. This lesion may present itself as an indurative

process due to the formation of new connective tissue, and present no dis-

tinct morphological characteristics. In rare cases, however, gummata
may be present in connection with the new fibrous tissue ;

then the nature

of the lesion is evident.

Tuberculous Splenitis. This lesion is usually secondary to tuberculous

inflammation in some other part of the body, or is the result of the gen-
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eral infection in acute general niiliary tuberculosis. The tubercles may
be very numerous and still invisible to the naked eye, or they may be

just visible, or as large as a pin's head, and very thickly strewn through

i

FIG. 211. CHRONIC INTERSTITIAL SPLENITIS.

a, Thickened capsule; b, thickened trabecule; c, dilated cavernous veins; (?, dense pulp tissue with

obliterated cavernous veins.

the organ or sparsely scattered. In other cases the tubercles are larger,

sometimes as large as a pea, and they are then usually not numerous.

Microscopically they present the usual variety of structure, sometimes

as simple tubercle grauula, sometimes as conglomerate tubercles
; they

may consist simply of a collection of small spheroidal cells, or there may
be larger polyhedral cells and giant cells with a well-defined reticulum.

Cheesy degeneration occurs under the usual

conditions. Tubercle bacilli are usually pres-

ent, particularly in the more acute forms,

sometimes in small, sometimes in enormous
numbers. They seem to be especially abun-

dant in acute general miliary tuberculosis of

children. These tubercles may be formed in

the glomeruli, in the walls of the smaller

arteries, in the pulp tissue, and in the trabec-

ulse and capsule. Owing to the peculiar
character of the spleen tissue the earlier

stages are not readily recognized, since simple
collections of small spheroidal cells are not

distinctly outlined against the normal tissue.

There is frequently a moderate swelling of the spleen, owing to hyper-
?emia and hyperplasia of the parenchyma.

Perisplenitis. ACUTE INFLAMMATION of the capsule of the spleen

may occur as a part of a general or localized peritonitis, or as a result

FIG. 212. MALARIAL SPLEEN*.

Showing thickening of the trabec-

ular network of the pulp, with pig-

mentation of the pulp cells.
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of lesions of the spleen itself, such as infarctions, abscesses, and acute

hyperplastic inflammation. Under these conditions a fibrinous pellicle,

with more or less pus, may be formed on the surface of the organ.
CHRONIC INFLAMMATION, resulting in the production of new connective

tissue, either in patches or as a more or less general thickening of the

capsule, is of frequent occurrence. It may follow acute inflammation of

the capsule, or be a part of general or localized chronic peritonitis. It

is common in connection with chronic iudurative splenitis, and it may
occur from unknown causes. Sometimes the capsule is three or four

millimeters in thickness over a considerable area
; sometimes very small

nodular thickenings or papillary projections occur. As a result of this

process adhesions, sometimes very extensive, may form between the

spleen and adjacent parts. The thickened capsule is sometimes more
or less extensively calcified.

CHRONIC ENDOTHELIAL HYPERPLASIA OF THE SPLEEN.
("Primary Splenomegaly.")

Bovaird has recently described a slowly progressive lesion developing
in early life in which the spleen was greatly enlarged and firm in text-
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FIG. 213. CHRONIC ENDOTHELIAL HYPERPLASIA OF THE SPLEEN.

Showing increase in number and exfoliation of the endothelium of the cavernous veins.

ure, presenting on section numerous irregular white or yellowish areas,

extending from the capsule into the substance of the organ. The splenic

and meseuteric lymph-nodes and the liver were enlarged. On microscopic
examination the spleen lesion was found to consist largely of an excessive

proliferation of the eudothelial cells of the pulp (Fig. 213), in part alone,

in part associated with fibrous hyperplasia. Similar endothelial hyper-

plasia occurred in the splenic and mesenteric lymph-nodes and in the

connective tissue of the liver. There was marked pigmentation of the
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involved lymph-nodes and in the liver lesion. This condition has ap-

parently been several times described, but has been usually regarded as

turner rather than eudothelial hyperplasia.
'

ALTERATIONS OF THE SPLEEN IN LEUKAEMIA AND PSEUDO-
LEUEJEMIA.

The lesions of the spleen are essentially similar in both of these con-

ditions. They consist, in general, of an hyperplasia, sometimes most

marked in one, sometimes in another of the structural elements of the

organ, but they usually all participate in the alterations. The changes
which occur in the earlier stages are but little known. The gross ap-

pearances of the spleen vary. It is as a rule enlarged and sometimes is

ten or fifteen times the normal size. It is commonly hard, but is some-

times of the ordinary consistence, or softer, and the capsule is gener-

ally thickened and rough. The section of the spleen may be of a uni-

form dark-red color, but it is more frequently mottled red and gray.
Sometimes the glomeruli are inconspicuous, but' they are very often

enlarged and prominent. They may be two to four mm. in diameter,

and, owing to an infiltration of the arterial sheaths with lymph cells,

may appear to the naked eye as grayish, round or elongated bodies,

arranged along branching, interrupted, grayish streaks. The trabeculse

may be greatly thickened, as also the reticulum of the pulp, so as to be

evident to the naked eye. Brown or black pigment may be collected

around the glomeruli or in the pulp. Hsemorrhagic infarctions or cir-

cumscribed extravasations of blood may further complicate the picture.

Microscopically the appearances are essentially the same as those

above described in acute hyperplasia and in chronic interstitial splenitis,

depending upon the stage and variety of the disease. Owing to the great
size which some of such spleens attain they are liable to displacement, and

they may interfere by pressure with the functions of neighboring organs.

TUMORS.

Primary tumors of the spleen are rare. Small fibromata, sarcomata,

and cavernous angiomata sometimes occur. Sarcoma and carcinoma may
occur in the spleen secondarily either as metastatic tumors or by exten-

sion from some adjacent part, as the stomach. Dermold cysts are de-

scribed, but are rare. Other larger and smaller cysts, whose mode of

origin is in most cases obscure, not infrequently occur.

PARASITES.

Pentastomum denticulatum is not infrequently found in the spleen,

usually encapsulated and calcified. Cysticercus is rare. Echinococcus is

1 For details of this lesion, \vith bibliography, see Boraird, American Journal of the
Medical Sciences, vol. cxx., p. 377, 1900.
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occasionally found, and, if the cysts are large or numerous, may cause

more or less extensive atrophy of the organ.

Various forms of bacteria have been found in the spleen. The pyo-

genie cocci have been found in pyaemia, small-pox, ulcerative endocardi-

tis, diphtheria, and under other conditions. The Bacillus anthracis oc-

curs here in anthrax ;
the Bacillus tuberculosis in tuberculous inflammation ;

and typhoid bacilli in typhoid fever. Spirochsete Obermeieri may be pres*

ent in relapsing fever.

The Thymus.

MALFORMATION AND HYPERTROPHY.

Small accessory tliymus glands are occasionally found near the thyroid.
It is usual for the development of the thymus to reach its height in the early years

of life. It then undergoes involution or atrophy, losing its epithelial characters and

becoming largely composed of lymphoid cells. It is finally represented in old age by a

small mass of fat tissue. Occasionally, however, the thymus persists until youth or

middle age.
' Furthermore, it may become enlarged so-called hypertropJiy of the thymus.

The enlargement is, however, due to an hyperplasia rather than hypertrophy: the new-

formed tissue may present a more or less marked lobulated or glandular appearance.
This new formed tissue, according to the studies of Sultan and Lochte. may be largely

composed of lymphoid cells, or of larger polyhedral cells, so-called "epithelioid
"

cells. 8

Focal necroses have been recorded in diphtheria.

HAEMORRHAGE.

Small, and sometimes large, haemorrhages are occasionally seen in the

thymus of young children as the result of venous congestion in asphyxia,

poisoning, etc. They may also occur in the haemorrhagic diathesis.

INFLAMMATION.

Suppurative inflammation of the thymus is of occasional occurrence,

and is usually secondary to a similar inflammatory process in some other

part of the body. Tuberculous and syphilitic lesions of the thymus are

described, but are rare.

TUMORS.

Sarcoma is the most common tumor
; Angioma, Endothelioma, and Der-

moid Tumors are recorded.

1 For the significance of a persistent thymus in certain cases of sudden death, see

Norton, Phila. Med. Jour., vol. i., p. 249, 1898, bibl. ; also ref. to Ewino, p. 49. On the

relationship of hyperplasia in a persistent thymus to Hodgkin's disease, consult Brigidi
and Piccoli, Zieg'ler's Beitr. z. path. Anat., etc., Bd. xiv., p. 388.

2 See Lochte, Centbl. f. allg. Path. u. path. Anat., Bd. x., p. 1, bibl



CHAPTER IV.

THE THYROID AND ADRENALS.

The Thyroid.

Malformations .

THE thyroid gland is sometimes very small, either as the result of atrophy (Fig.

214) or as a congenital deficiency. For the relationship of this condition to cretinism

and myxcedema see page 361.

FIG. 214. SECTION' OF THE ATROPHIED THYROID GLAND IN MYX<EDEMA.

a, Interstitial tissue ; b, atrophied lobules with small spheroidal-celled or lymphatic tissue in their peripheries.

The thyroid may be irregularly lobulated. There may be small accessory glands
situated at some distance from the normal position, as in the mediastinum or pleura.

DEGENERATION.

Colloid degeneration of the epithelial cells of the gland, and the filling

of the alveoli with colloid material, are of common occurrence, and when
in moderate degree may be regarded as normal, since a certain amount of

this change is found in many otherwise apparently normal glands. It

may occur, however, to such an extent as to constitute an important
lesion (see below).

Amyloid degeneration, particularly of the blood-vessels, is of infrequent
occurrence.

Hyalin degeneration of the stroma of the thyroid may occur.
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DISTURBANCES OF CIRCULATION.

Hypersemia of the thyroid gland, often accompanied by considerable

enlargement of the organ, may be the result of valvular disease of the

heart
;

it occurs in Basedow's disease ;
it may be temporary or perma-

nent, and in the latter case may be associated with the formation of new
connective tissue. Haemorrhages may occur, leading to pigmentation of

the organ.

INFLAMMATION. (Strumitis.)

Inflammation of the thyroid gland is not very common and may occur

under a variety of conditions. It may result in the formation of larger

and smaller abscesses or in the production of new connective tissue which

may be associated with atrophy of the parenchyma. Tuberculous inflam-

mation, with the formation of miliary tubercles, is of infrequent occur-

rence.
'

Syphilitic inflammation, with the formation of gummata, has been

described, but is rare.
2

STRUMA. (Hyperplasia of the Thyroid; Goitre.)

Among the most important of the lesions of the thyroid is the

enlargement of the organ commonly known as the goitre or struma. The

enlargement of the gland may occur in several ways. Thus, a simple

hypersemia may, as above stated, lead to considerable enlargement of

the organ, and this is sometimes called struma hyperwmica. The true goi-

tre, however
,
consists in the enlargement of the old and the formation

of new gland alveoli, while with these changes there is very frequently

associated a greater or less amount of colloid degeneration. When there,

is new formation of gland tissue the growth has the character of an ade-

noma. The hyperplasia may occur diffusely, so that the whole gland is

more or less enlarged ;
or it may occur in the form of circumscribed nod-

ules. When the colloid degeneration is prominent, so that the tunior

has a gelatinous appearance, it is called colloid struma (Fig. 215).
3 Ac-

cumulations of fluid, blood, colloid, etc., in the old or new-formed alveoli,

may lead to dilatation and atrophy of the walls of the alveoli, so that

cysts, sometimes of large size, are formed. Thus occurs the cystic struma.

Again, the blood-vessels may undergo marked dilatation, so that we may
have a telangiectatic struma; or, cavernous angiomata may form within

goitres. Very frequently all these varieties of lesions are present in the

same goitre. The appearances may be rendered still more complex by
the occurrence of haemorrhages and pigmentation, calcification, purulent

1 See Roger and Gamier, Arch. gen. de Med., t. iii., p. 385, 1900, bibl.
2 For a study of the normal and pathologic histology of the thyroid, with biblio-

graphy, consult Mutter, Ziegler's Beitr. z. path. Anat., etc., Bd. xix., p. 127, 1896;

also Erdheim, Ziegler's Beitr., Bd. xxxiii., 1903, p. 159. For myxcedema and Basedow's

disease, see pp. 331 and 332.
3 For a consideration of the nature of colloid and its formation in struma see Rein-

bach, Ziegler's Beitr. z. path. Anat., etc., Bd. xvi., p. 596, bibl.
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or indurative inflammation (strumitis), and by the not very infrequent
association with carcinoma and sarcoma. The excitants of goitre are not

well understood. The growth is, as a rule, slow, but occasionally a very

rapid enlargement occurs as the result of a sudden increase of the col-

loid degeneration. In many cases even very large goitres give rise to

but moderate inconvenience, but they may assume great significance by

FIG. 215. COLLOID STRCMA GOITRE.

The colloid material filling the alveoli is stained red.

encroaching upon neighboring parts. Thus death may be caused by
pressure on the trachea, oesophagus, or on the large vessels.

TUMORS.

Some of the forms of goitre above described may be regarded as

tumors or may be associated with tumors. Sarcoma and endothelioma are

the most common tumors of the thyroid.

Sarcoma, either spheroidal or spindle-celled, may occur as primary
tumors in the thyroid, either in otherwise normal glands or in connec-

tion with struma. ' Melano-sarcoma has been observed. Secondary sar-

comata are rare.

Primary carcinoma, both glandular and scirrhous, occurs in the thy-

roid, and, particularly in the softer forms, may spread to adjacent parts
and occasionally form distant nietastases. Dermoid cysts are of occa-

sional occurrence."

1 Consult for summary of observations on sarcoma of the thyroid, Morf, Jour. Am.
Med. Ass'n, April 29, 1899, bibl.

2 For a resume of mixed tumors of the thyroid see Leo Loeb, Am. Jour Med. Sci.,

vol. cxxv., 1903.
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PARASITES.

Echinococcus cysts have been found in the thyroid.

Tlie Adrenals (Suprarenal Bodies, Suprarenal Capsules) .

Malformations .

In aceplialic and other monsters the adrenals may be atrophied or entirely absent.

Sometimes in well-formed adults these organs cannot be discovered. There may be lit-

FIG. ~'lfi. FATTY DEGENERATION' OF THE ADRENAL.

tie rounded nodules loosely attached to the surface of the adrenals and having the same
structure. Accessory and misplaced adrenals are not uncommon. A few cases have
been reported of accessory adrenals in the broad ligament.

1

They may be present in

the liver. 2

If one kidney be absent or in an abnormal position its adrenal usually retains its

proper position.
3

ATROPHY AND DEGENERATION.

Atrophy of the adrenals may be extreme.

Fatty degeneration of the cortical portion is the rule in the adult. It

sometimes occurs in nodular areas (Fig. 216). In children under five

years of age it is pathological.

Amyloid degeneration may involve both the cortical and medullary

portions. In the cortex it usually involves only the walls of the blood-

vessels; in the medulla both the blood-vessels and the cells of the paren-

chyma may undergo this degeneration. The organs are usually firm

and have a grayish, semitranslucent appearance.

'See Warthin, American Journal of Obstetrics, vol. xlii., 1900, bibl.
* See Jfoyes, Trans. New York Path. Soc., 1899-1900.
a For consideration of relationship of the adrenals to the nervous system, see Alex-

ander, Ziegler's Beitr. z. path. Anat., Bd. xi., p. 145, bibl.



THE THYROID AND ADRENALS. 417

Pigmentation of the inner cortical zone is frequent iii old persons.

Focal necroses may occur in infectious.

THROMBOSIS AND HAEMORRHAGE.

Venous and capillary thrombosis may occur.

In children, soou after birth, it is not very infrequent to find large

FIG. 217. HEMORRHAGE INTO AND ABOUT THE ADRENAL. (Infant.)

haemorrhages in one of the adrenals, converting it into a cyst filled with

blood (Fig. 217). This lesion has been observed in a few cases in adults.
1

INFLAMMATION.

Suppurative inflammation, with the formation of abscesses, has been

seen in a few cases.

The most frequent lesion of the adrenals is tuberculous inflammation.

They are usually increased in size ; their surfaces are smooth or nodular.

The normal structure of the gland is more or less replaced by tubercle

tissue, which usually undergoes cheesy degeneration and may soften.

Fibrous tissue may form in considerable amount. (See Addisou's Dis-

ease, page 362. )*

Syphilitic inflammation, with and without the development of gum-
mata, is of occasional occurrence.

1 For bibliography see Arnaitd, Arch. gen. de Med., t. iv., p. 5, 1900.
9 For reference to nature of adrenal secretion, etc., see Abel, footnote, page 363.

27
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TUMORS.

Sarcoma, glioma, and endothelioma occur in the adrenals.

Neuroma. Gauglionic neuromata have been described by Weichsel-

baum and Freeman.

Hyperplasia of the gland tissue (adenoma or struma suprarenalis lipo-

matosa), with fatty degeneration in the form of circumscribed nodules,

is of occasional occurrence.

Adenomata of the adrenals, resembling in type the structure of the

cortex, may form as large vascular tumors, often hsemorrhagic, which

may invade the neighboring vessels and form metastases. Some of the

so-called adenomata of the kidney are probably adenomata of displaced

accessory adrenals (see page 644).

Carcinoma is not common, but may be primary or secondary.
'

1 For bibliography of primary malignant tumors of the adrenals, see Ramsay, Johns

Hopkins Hospital Bulletin, vol. x., p. 20, 1899.



CHAPTER V.

THE CIRCULATORY SYSTEM.

The Pericardium.

INJURIES.

THE pericardium maybe injured by penetrating weapons, by gunshot
wounds, and by fragments of bone. It may be ruptured by severe con-

tusions of the thorax, and by rapid extravasation of blood into the peri-

cardial sac. Perforations may occur with empyema, mediastinal abscesses,

abscesses of the chest wall and of the liver, or in connection with aneur-

isms of the aorta and suppurative inflammation of the pericardium.

HEMORRHAGE.

Extravasations of blood into the cavity of the pericardium may fol-

low wounds and rupture of the heart, rupture of the aorta and of aneur-

isms, and may occur with pericarditis. Small extravasations in the

substance of the pericardium are found with scurvy, purpura, and in

infectious diseases.

HYDROPERICARDIUM. (Dropsy.)

At autopsies a few hours after death a few cubic centimetres of clear,

light-yellow serum are usually present in the pericardial sac. If decom-

position have commenced, this may be reddish, or it may be slightly tur-

bid from the falliug-off of the pericardial endothelium.

Large accumulations of clear yellowish serum are often found as part
of general dropsy from heart disease, kidney disease, etc. The amount
is sometimes so great as to interfere with the movement and nutrition of

the heart.

PNEUMOPERICARDIUM.

Air or gas in the pericardium is sometimes present as the result of

post-mortem decomposition and may be accompanied with drying of por-
tions of the pericardium. Wounds or paracentesis of the pericardium ;

the perforation of ulcers of the stomach, cavities of the lungs, and ulcers

of the ossophagus, may admit air into the pericardial cavity. In puru-
lent pericarditis with foul, decomposing exudate, gases may be evolved.
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INFLAMMATION. (Pericarditis.)

Pericarditis is rarely primary, but is usually secondary to infectious

diseases, such as pneumonia, pleurisy, tuberculosis, typhoid fever, endo-

carditis, and pysemia. It may follow injuries and is frequently associ-

FIG. 218. FIBRINOUS PERICARDITIS.

The pericardial sac is laid open and the heart is seen covered with an irregular villous layer of flbrin.

ated with rheumatism or inflammation of the kidneys. It may be exu-

dative or productive in character.

Exudative Pericarditis. It is convenient to distinguish in exudative

pericarditis Skfibrinous, a sero-fibrinous, and a, purulent form.

FIBRINOUS AND SERO-FIBRINOUS PERICARDITIS. In the earlier

stages or lighter forms of fibriuous pericarditis, the whole surface or

portions of the pericardium may be dull or slightly roughened from a

delicate fibriuous pellicle, more or less hypersemic and often studded with

minute petechiae. Later, if the exudate accumulate, the entire surface

of the pericardium may be covered with a net-like layer of thick masses

of fibrin. This may cover both the visceral and parietal surfaces and
is often beset with irregular villosities (Fig. 218). Fibrinous adhesions

may form between the two layers. There is usually some serous fluid

as well as leucocytes mingled with the fibrin.

Serum may accumulate in considerable quantity sero-Jibrinous peri-

carditis. The pericardial sac may be greatly distended with this form of
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exudate so as to displace the heart and compress the larger air passages,
the cesophagus, or the aorta.

PURULENT PERICARDITIS. In this form of exudative pericarditis
there are usually more or less serum and fibrin mingled with pus cells and
often red blood cells. The process may start as a sero-fibrinous inflam-

mation. It is apt to occur as an extension of an infectious process in the

neighborhood or as a part of a general pysemic process. Streptococcus

pyogenes, micrococcus lanceolatus, staphylococcus pyogeues aureus, and
the tubercle bacillus are the bacteria most commonly found in exudative

pericarditis.

Chronic Pericarditis. In exudative pericarditis the mesothelium 1

(en-

dothelium) in the early stages, and later this with the underlying connec-

tive-tissue cells, contribute to the cellular elements in the exudate. In

recovery the exudates degenerate and are gradually absorbed, while from
the blood-vessels and the connective-tissue cells of the pericardium more
or less new fibrous tissue is formed, at first very cellular and vascular,

later dense in character. There may finally be local or general thicken-

FIG. 219. OBLITERATION OF THE PERICARDIAL SAC IN A CHILD, FOLLOWING PERICARDITIS.

Showing blood-vessels growing from the visceral pericardium into the blood clot filling the sac. Trans-

verse section. A, Heart ; B, pericardium ; C, new-formed vascular tissue extending above to the unorgan-
ized clot. A similar layer of new vascular tissue was present over the parietal pericardium, and in places

the two layers had coalesced, obliterating the sac.

ings of the pericardium or adhesions between the visceral and parietal

layers. The new fibrous tissue may extend between the subpericardial

muscle fibres of the heart. Calcification of this new-formed fibrous tissue

may occur.

OBLITERATION OF THE PERICARDIAL SAC. As the result of the for-

mation of vascular new connective tissue between the pericardial walls,

the sac may be partially or wholly obliterated (Fig. 219).

This may be the conclusion of an acute inflammatory process or it

1 See reference to Minot, p. 325.



422 THE CIRCULATORY SYSTEM.

may result from the organization of a blood clot following haemorrhage
into the sac. It may occur as the result of the latter process early in life.

SUPRA-ARTERIAL EPICARDIAL FIBROID NODULES. Small fibrous

nodules are occasionally formed along the branches of the coronary arte-

ries, especially on the surface of the ventricles. According to the studies

of Knox 1

they are frequently associated with lesions of the arteries, lead-

ing to the weakening of their walls at these situations.

Tuberculous Pericarditis. This lesion may occur by itself, but is apt
to be associated with other tuberculous inflammation in the vicinity of

the heart. There may be miliary tubercles scattered diffusely, or limited

to certain regions in the pericardium, which is otherwise little changed.
Not infrequently, however, there is a considerable thickening of the peri-

cardium, either visceral or parietal, or both.

In such cases the new-formed tissue consists of fibrous tissue and of

tubercle tissue which has undergone extensive cheesy degeneration (Fig.

220). The thickened visceral and parietal layers of the pericardium are

often more or less grown together, so that the pericardial sac may be

partially or almost completely obliterated. An inflammatory exudate

often accompanies the tuberculous process.

f ._-._
-
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FIG. 220. TUBERCULOUS PERICARDITIS.

The greatly thickened pericardium shows diffuse tubercle tissue with giant cells and irregular areas of

cheesy degeneration. The free upper surface is covered with a layer of fresh fibrin.

TUMORS.

Fibromata are sometimes developed in the pericardium. They are

often of polypoid form, and from atrophy of the pedicle may become

free in the pericardial sac. Endotheliomata are of occasional occurrence

as primary tumors.

Sarcomata and carcinomata occur as secondary growths either from

continuous infiltration or as metastatic tumors. Primary sarcoma of the

pericardium has been described.
4

1 Knox, Journal of Experimental Medicine, vol. iv.
( p. 245, 1899.

8
Williams, New York Med. Jour., April 14th, 1900, bibl.
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Cysts of the visceral pericardium have been described. We have seen

a pedunculated cyst, containing about 6 c.c. of clear fluid, hanging into

the pericardial sac from its attachment near the pulmonary artery. The

origin of such cysts is obscure.

The Heart.

Malformations and Malpositions.

MALFORMATIONS OF THE HEART. The malformations of the heart are -usually

closely associated with malformations of the aorta and pulmonary artery. They de-

pend on arrest of, or abnormal, development ; on endocarditis, myocarditip, thrombosis,

or mechanical causes.

I. The common arterial trunk is only partially, or not at all, separated into aorta

and pulmonary artery. The divisions between the heart cavities are at the same time

FIG. 231. REPTILIAN HEART.

Shows one auricle and one ventricle. 1

defective, so that there may be one ventricle and no auricles ; one ventricle and one

auricle reptilian heart (Fig. 221) ; or one ventricle and two auricles. *

II. The trunk of the pulmonary artery or of the aorta is stenosed or obliterated, and
from the obstruction to the current of blood there is interference with the development
of the septa between the heart cavities.

1. The aorta, at its origin, or in the ascending portion of the arch, is stenosed or

closed. The pulmonary artery gives off the descending aorta, and supplies the carotids

and subclavians. The foramen ovale remains open, or there is no septum between the

1 For a description of this case see Northrup, Trans. N. Y. Path. Soc., 1888, p. 41.
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auricles. The ventricular septum is also usually defective. The right ventricle is

hypertrophied.
2. The pulmonary artery is stenosed or closed. Its branches are supplied by the

FIG. 222. OPENING IN THE VENTRICULAR SEPTUM OF THE HEART INTERVENTRICULAR FORAMEN.

The opening is about 5 mm. in diameter, and its edges are formed by fibrous tissue.

aorta, through the ductus arteriosus. The ventricular septum is defective, the foramen
ovale is open, or the auricular septum defective.

III. The malformation affects the aorta and pulmonary artery after they are more

fully developed.
1. There is stenosis of the aorta between the left subclavian and ductus arteriosus,

or just at the opening of the ductus arteriosus. The descending aorta is then a con-

tinuation of the pulmonary artery.

2. The aorta gives off all its branches from the arch, but the descending aorta is a

continuation of the pulmonary artery ;
or the carotids may spring from the aorta, the

subclavians from the pulmonary artery.

3. The vessels are transposed; the pulmonary artery arises from the left, the aorta

from the right ventricle; the pulmonary veins empty into the left, the venae cavse into

ihe right auricle; or the veins also may be transposed. The septa are defective.

IV. The aorta and pulmonary artery are normal, but the cardiac septa are defective.

1. The foramen ovale remains partly open. This condition may continue through
life without ill effects. It has been found by some observers in about one-fifth of their

autopsies.

2. The ductus arteriosus may remain open for many years ;
this also may cause no

disturbance.

3. There is a small or large opening in the ventricular septum, usually in its upper



THE CIRCULATORY SYSTEM. 425

part (Fig. 222). This may give rise to no symptoms, unless disease of the heart or

lungs be superadded.
V. Either of the auriculo-ventricular orifices may be entirely closed. The fora-

men ovale remains open, and the ventricular septum is defective. '

VI. The valves of the different orifices of the heart may be absent or defective.

The arteries or the ventricles are usually defective at the same time.

The aortic and pulmonary valves may consist of two large or four small leaves,

FIG. 223. FENESTRATION OF THE SEMILPNAR VALVES.

instead of the usual three. The edges of the semilunar valves maybe fenestrated (Fig.

223). These alterations are usually of no significance.

Generally speaking, the existence of openings between the two auricles or the two

ventricles, admitting some admixture of venous and arterial blood, produces no marked

change in the circulation. If, however, the passage of the current of venous blood into

the right heart is in any way interfered with, the consequences are very serious. Cya-
nosis is produced, the skin is of a bluish color, the small veins and capillaries are dilated,

exudation of serum and hypertrophy of connective tissue take place, especially in the

fingers and toes.

There may be absence of the heart; abnormal septa and chordae tendinese (Fig.

224) in the heart cavities; abnormal shapes of the heart. Very rarely two more or less

perfect hearts are found in the same thorax.

MALPOSITIONS OF THE HEART. (1) There is a smaller or larger defect in the walls

of the thorax, so that the heart projects on the outside of the chest; the pericardium is

usually absent.

(2) The diaphragm is absent, and the heart is in the abdominal cavity.

(3) The heart is in some part of the neck or head ; this occurs only in fretuses very
much malformed.

(4) The heart is transposed, being on the right side.

ABNORMAL SIZE OF THE HEART. (1) The heart may be abnormally large in con-

nection with obstructive anomalies of the great vessels.

(2) The heart may be abnormally small (hypoplasia). This abnormality is apt to

be associated with the so-called status lymphaticus (see page 367).

DISPLACEMENTS OF THE HEART. Changes in the position of the heart are con-

genital or acquired. The congenital malpositions have already been mentioned.

The acquired malpositions may be associated with :

1. Hypertrophy of the heart; its long axis approaching the horizontal position.

2. Changes in the thoracic viscera. Emphysema of both lungs may push the heart

1 Consult for a study of rare forms of cardiac anomalies, Ilektoen, Am. Jour. Med.
Sciences, vol. cxxi., p. 163, 1901, bibl.
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downward. Emphysema, pleurisy with effusion, or pneumothorax of one side pushes
the heart to the other side. Pleurisy or chronic pneumonia, producing retraction of one

side of the thorax, draws the heart to that side. New growths, aneurisms, and curva-

tures of the spine displace the heart in various directions.

3. Changes in the abdomen. Accumulations of fluid and new growths in the ab-

domen, and tympanites, may push the heart upward.

FIG. 224. ABNORMAL CHORDAE TEXDINKJS.

These unite to form a slender band stretching across the cavity of the ventricle.

WOUNDS AND RUPTURES.

Wounds of the heart are most frequently made by penetrating instru-

ments, by bullets, and by fragments of bone. The right ventricle is the

more frequently wounded (Fig. 225) ; next the left ; rarely the auricles.

The wound may penetrate into the cavities of the heart or pass only partly

through its wall, or a bullet or the broken end of a weapon may be em-
bedded in the wall. If the wound penetrate a cavity and be gaping,
death may follow instantly and the pericardium be found filled with
blood. If the wound be small and oblique, the blood may escape grad-

ually and death may not ensue for several days. In rare cases adhesions

are formed with the pericardium and the wound cicatrizes. Wounds
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which do not penetrate may cause death by the inflammation which they
excite, or they may cicatrize.

Bullets and foreign bodies may become encapsulated in the heart wall

and remain so for years.

Rupture of the heart wall occurs in various ways :

1. Severe contusions of the thorax may produce rupture, usually of

one of the auricles.
'

FIG. 225. RUPTURK OF THK HEART.

From contusion.

2. Spontaneous rupture occurs usually in advanced life. Eupture
is most frequent in the left ventricle, and, in a considerable proportion of

cases, near the apex. There is usually one rupture, but sometimes there

are more. The rupture is usually oblique and larger internally than ex-

ternally. The heart wall, near the seat of rupture, may be infiltrated with

blood, or blood may infiltrate the subpericardial fat. The heart wall

maybe of normal thickness, or thin; it is usually soft and in a condition

of fatty infiltration or degeneration. The rupture very frequently takes

place when the patient is quiet. Death may be almost instantaneous or

may not ensue for several hours.

Fatty degeneration leading to rupture of the heart may be general, or

it is frequently circumscribed and due to obliterating endarteritis, athe-

'For bibliography see Newton, Med. Record, June 17th, 1899. Also Hamilton,
Phila. Med. Jour., January 24th, 1903.
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roma, thrombosis, or embolus of one of the coronary arteries, whereby a

portion of the heart wall is deprived of nourishment and degenerates. Or

rupture of a branch of one of the coronary arteries may induce rupture
of the heart wall. Acute and chronic myocarditis, with or without the

formation of abscess or cardiac aneurism, or the presence of tumors in the

heart wall, or hydatids, may lead to rupture.
'

3. In rare cases rupture is associated with stenosis of the aorta and

dilatation of the heart cavities.

4. Eupture of the papillary muscles and tendons may be due to fatty

degeneration or inflammatory or ulcerative processes.

ATROPHY.

Atrophy of the walls of the heart may be accompanied with no change
in the size of its cavities; or with dilatation ("passive dilatation ") ; or,

more frequently, with diminution

in the size of the cavities.

The atrophy involves most

frequently all the cavities of the

heart, but may be confined to one

or more of them.

The muscular tissue appears

normal, or may be brown from the

presence of little granules of pig-

ment in the muscle fibres, which

are sometimes present in large

numbers brown atrophy; or the

muscle fibres may undergo fatty

degeneration ;
or there may be an

abnormal accumulation of fat

beneath the pericardium ;
or there

may be a peculiar gelatinous
material beneath the pericardium

this consists of fat which has undergone mucous degeneration. The
heart may be so much atrophied as to weigh only four ounces.

Atrophy of the heart may be congenital ;
it may be associated with

repeated haemorrhages or wasting diseases, or senility, with chronic peri-

carditis, with effusion, with obstructive lesions of the coronary arteries,

with chronic myocarditis, or mitral stenosis.

Atrophy of the Pericardial Fat Tissue not infrequently occurs in per-
sons emaciated by chronic disease, and then the usual situations of the

fat are occupied by a tissue resembling mucous tissue in its gross charac-

ters. Microscopical examination shows that in this atrophic fat the fat

cells have largely lost their contents, and the whole tissue has undergone
a partial reversion to its embryonic form (see Fig. 226).

'Consult Councilman, "On Sudden Deaths due to the Heart." Boston Med. and
Surg. Journal, November 9th, 1893.

FIG. 228. ATROPHIC PERICARDIAL FAT TISSUE.

From a young person dead of carcinoma of the stom-

ch and peritoneum. Stained with osmic acid and
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HYPERTROPHY.

Hypertrophy may involve the walls of one or more or all the cavities

of the heart. While the wall of a ventricle is thickened, its cavity may
retain its normal size simple hypertrophy ; or be dilated excentrlc hyper-

trophy ; or it may be contracted concentric hypertrophy.

Care should always be exercised in judging of this condition, for a

firmly contracted heart seems to have a small cavity and thick walls.

The existence of such a condition as concentric hypertrophy is denied by
some authors. Excentric hypertrophy is the most common form. Sim-

ple hypertrophy is not common, but may occur in connection with the

atrophied kidneys of chronic diffuse nephritis. The muscle tissue in

hypertrophied hearts is firmer and denser than normal, and is apt to have
a darker color. Fatty degeneration may, however, be associated with

it, giving the walls a lighter appearance. It is probable that the increase

of tissue in the hypertrophied heart wall is the result of increase both in

size and uumber of the muscle fibres.
'

Hypertrophy of both ventricles increases both the length and breadth

of the heart. Hypertrophy of the left ventricle (alone) increases its

length. The apex is then lower and farther to the left than usual. Hy-
pertrophy of the right ventricle (alone) increases the breadth of the

heart toward the right side
;
but sometimes the right edge of the heart

retains its normal situation and the apex is displaced to the left. With

large hypertrophy of both ventricles, the base of the heart may sink, so

that its long axis approaches a horizontal direction.

Hypertrophied hearts may weigh from forty to fifty ounces, or even

more.

Hypertrophy of the heart may depend upon a variety of conditions

which increase its work.

1. Changes in the valves; either insufficiency or stenosis in the

valves leading from a cavity, and insufficiency in valves leading to a

cavity, may induce hypertrophy of its walls.

2. Obstruction to the passage of blood through the arterial system,
as in arterio-sclerosis and other lesions of the arteries; congenital or

acquired stenosis of the aorta or other vessels, pressure of tumors, etc. ,

on vessels. Certain forms of chronic diffuse nephritis, especially atro-

phied kidneys, lead to hypertrophy of the left ventricle, and sometimes

secondarily to hypertrophy of the right ventricle.

3. Obstruction to the passage of blood through the pulmonary artery

by stenosis or by certain diseases of the lungs, particularly emphysema
and chronic phthisis, may lead to hypertrophy of the right ventricle,

and, secondarily, of the right auricle and left ventricle.

4. Any cause, whether muscular or nervous, which increases the ra-

pidity and force of the heart's contractions, may induce hypertrophy.

1 For a suggestive study of cardiac hypertrophy see Welch,
"
Adaptation in Patho-

logical Processes." Trans. Congr. of American Physicians and Surgeons, vol. iv., 1807.
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5. Dilatation of the ventricles, from any cause, is frequently followed

by hypertrophy.
6. Pericarditis may lead to hypertrophy by inducing softening and

dilatation of the ventricles, or by leaving adhesions which obstruct the

heart's action. Chronic myocarditis also may lead to hypertrophy.

Finally, for some cases of hypertrophy no satisfactory cause can be

found. '

It should be borne in mind that an increase in the amount of fat in

and about the heart may make the organ appear larger, when there may
be actually a considerable decrease in the amount of muscle tissue.

DILATATION.

Dilatation may be combined with hypertrophy active dilatation; or

there may be no increase of muscle tissue, but a thinning of the walls

proportionate to the dilatation of the cavity passive dilatation.

Either one or all of the heart cavities may be dilated, the auricles

most frequently ; next the* right ventricle ; least often the left ventricle.

Active dilatation has been considered under hypertrophy.
Passive dilatation may be associated with :

1. Changes in the valves. Mitral or aortic stenosis or insufficiency

may lead to dilatation of the auricles and right ventricle. Pulmonary
stenosis or insufficiency may lead to dilatation of the right auricle and

right ventricle. Aortic insufficiency, with or without stenosis or mitral

insufficiency, may lead to dilatation of the left ventricle. Dilatations

under these conditions are often succeeded and compensated for by
hypertrophy of the heart walls.

2. Changes in the muscle tissue of the heart walls. Serous infiltra-

tion from pericarditis, myocarditis, fatty degeneration and infiltration,

atrophy of the muscle fibres, may all lead to dilatation.

3. A heart which is already hypertrophied may, from degeneration
of the muscle, become dilated.

4. Acute exudative inflammations of the lungs and acute pleuritic

exudations, by rendering a large number of vessels suddenly imperme-
able to the blood current, may produce sudden stasis in the pulmonary
artery and dilatation of the right heart.

5. There are curious and often serious cases of acute and chronic

dilatation of the ventricles for which no mechanical explanation is found.

CHANGES IN THE HEART VALVES.

Fenestration of the valves is usually a change of no practical impor-
tance. It occurs very frequently in the aortic and pulmonary valves. The
valves may be thinner than usual, and close to their free edges are small

slits extending from the centre to the attached edges of a leaf (Fig. 208).
1 Howard's table of 105 cases of cardiac hypertrophy shows its association with

arterio-sclerosis in 59 per cent; with nephritis in 18.4 per cent; with valvular lesion in

12.4 per cent. Johns Hopkins Hospital Reports, vol. iii., p. 265.
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Aneurisms of the valves are formed in two ways:
1. They are the result of endocarditis. One of the lamellae of the

leaf of a valve is destroyed, and the other lamella is converted into a sac

filled with blood. These aneurisms are found in the aortic valve, pro-

jecting into the ventricle
;
and in the mitral valve, projecting into the

auricle. Not infrequently the wall of the aneurism gives way, so that

there is a rupture entirely through the valve.

2. The entire thickness of a leaf of a valve is pouched, forming a sac

filled with blood. This occurs in the aortic, mitral, and tricuspid valves.

Haemorrhage in the substance of the valves is sometimes found in very

young children.

ANEURISM OF THE HEART.

Sacs filled with blood, situated in the walls of the heart and communi-

cating with its cavities, are formed in several different ways.
1. In interstitial myocarditis a small or large portion of the wall may

be replaced by fibrous tissue, and this yielding to the pressure of the

blood from within, may be pressed outward. Such a pouch may be a

circumscribed sac communicating with the heart cavity by a small open-

FIG. 227.
- ANEURISM OF THE HEART OPENING FROM THE LEFT VENTRICLE INTO THE RIGHT AURICLE.

Seen from behind.
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ing, or may be a simple dilatation of part of the ventricle. The wall of

such an aneurism becomes thinner as the sac increases in size. It is com-

posed of the endocardium, new fibrous tissue, visceral pericardium, and
sometimes the adherent parietal pericardium. The walls may calcify, or

rarely they become so thin as to rupture externally or into the right ven-

tricle. The sacs may contain fluid blood or be filled with fibrin.

Such aneurisms are usually situated in the wall of the left ventricle ;

rarely in that of the left auricle. If they are in the septum they may
project into the right ventricle or auricle (Fig. 227). They are usually

single, but sometimes two or three are found in the same heart.

2. Fatty degeneration of the heart wall may reach such a degree that

the wall yields and is pouched out into an aneurismal sac.

3. Endocarditis and myocarditis, or fatty degeneration, may so soften

a portion of the heart wall that the endocardium and part of the muscu-

lar tissue are ruptured and a ragged cavity is formed. This form of an-

eurism usually does not attain a large size, but soon ruptures externally
and causes the death of the patient.

Small aneurisms of the sinus of Valsalva are of occasional occurrence.

THROMBOSIS OF THE HEART.

It is common to find after death, in the heart cavities, yellow, succu-

lent, semi -translucent masses. They are most common and of firmest

texture in persons who die of acute inflammatory diseases. They may
adhere quite firmly to the

walls of the heart, and may
extend in long, branching
cords into the vessels. They
are formed in the last hours

of life and just after death.

They have no clinical or pa-

thological importance.

Coagula of the fibrin of the

blood in the heart do, how-

ever, form during life, and

may exist for years. If the

fibrin adheres to the valves in

small masses these are called

vegetations; if it coagulates
in the heart cavities in larger

bodies they are called thrombi

or heart polypi.

Such thrombi are found

in all the heart cavities.

They form flattened masses
FIG. 338.-POLYPOID

THROMBUS^
THE LEFT AURICLE OP

firmly adherent fa the endo .

The thrombus was dark red in color, with smooth surface. Cardilim ;
Or rounded bodies
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iii the spaces between the trabeculae
;
or have a polypoid shape and are

attached by a narrow pedicle (Fig. 228), or very rarely are globular aiid

free iii the cavity of the auricle (Fig. 229). Cardiac thrombi are most

FIG. 229. LARGE GLOBULAR THROMBUS IN THE RIGHT AURICLE OF THE HEART.

frequent in the auricular appendages and between the columnse carnese

near the apices of the ventricles.

They are usually found in connection with some valvular lesion (Fig.

230), which involves a roughening of the surface, or prevents the free

circulation of blood through the heart.
'

Old cardiac thrombi are firm, dry, and of a whitish color ; they may
soften and break down at their centres, so as to look like cysts filled

with pus, or they may calcify. They are usually entirely unorganized,

consisting simply of fibrin, but may become organized.
Cases are reported of organized thrombi in the auricles, the seat of

tuberculous inflammation. *

1 For a study of cardiac thrombosis see Martin and Rennie, Lancet, 1899, ii., p. 782.

See also Welch in Allbutt's "System of Medicine," vol. vi., p. 182.

*KoUar, Ref. Cbl. f. Bak., Abth. 1, Bd. xv., p. 498, 1894; also Moser, I. c., p. 406.

28
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Sometimes sarcomatous and carcinomatous tumors in different parts

of the body are accompanied by the formation of thrombi in the heart

FIG. 330. THROMBUS FORMED OVER THE ROUGHENED EDGE OK THE MITRAL VALVE.
,

cavities, which are composed partly of coagulated blood, partly of tis-

sue like that of the primary tumor.

DEGENERATION.

Albuminous Degeneration. (Parenchymatous Degeneration.) This le-

sion frequently occurs in diphtheria,
J

typhoid and typhus fever, pyaemia,

erysipelas, and other infectious diseases, as a result of burns, and under a

variety of other conditions. It is characterized by the presence in the

muscle fibres of the heart of greater or less numbers of albuminous gran-
ules of various sizes, most of them very small. They are not as refractile

as fat droplets, and are insoluble in ether, while swelling up and be-

coming almost invisible under

the influence of acetic acid.

Sometimes they are so abun-

dant as to conceal the stria-

tions of the fibres. The de-

generation is usually quite uni-

formly diffused through the

heart, whose walls are softer

than normal and of a grayish
color. This lesion may be as-

sociated with or followed by
fatty degeneration.

Fatty Degeneration of the

Heart Muscle. This consists in the transformation of portions of the mus-

cle fibres of the heart into fat,
" which collects in the fibres in larger and

smaller droplets, sometimes few in number, sometimes so abundant as

FIG. 331. FATTY DEGENERATION OF HEART MUSCLE.

1 See reference, p.
1 See in this connection, p. 80.
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entirely to destroy or conceal the normal striations (Fig. 231). These

droplets are soluble in ether, and remain unchanged on treatment with

acetic acid. This degeneration is sometimes quite universal, but is more

apt to occur in patches, giving the heart muscle a mottled appearance.
This mottling may usually be best seen on the papillary muscles. The

degenerated areas have a pale yellowish color, and the muscle tissue is

soft and flabby ;
but when moderate or slight in degree the gross appear-

ance may be little changed, and the microscopical examination be neces-

sary for its determination. This degeneration may lead to thinning of

the walls, or to rupture of the heart, or to inability to fulfil its functions.

It is not infrequently the cause of sudden death.

Fatty degeneration may be secondary to hypertrophy of the heart, to

inflammation of the heart muscle, or to pericarditis ;
to disturbances of

the circulation in the coronary arteries by inflammation, atheroma, etc.

It may be due to deteriorated conditions of the blood in wasting diseases,

excessive haemorrhages, exhausting fevers, leukaemia, etc., to poisoning
with phosphorus and arsenic, and to the toxins of microbic origin de-

veloped in infectious diseases, such as diphtheria, scarlatina, typhoid

fever, etc.
'

It may occur in otherwise apparently healthy persons.

Fatty Degeneration of the Endocardium, It is not uncommon to find,

especially in elderly persons, fatty degeneration occurring in patches,

especially on the valves, but also on the general endocardium. It may
also occur in ill-nourished and anaemic individuals. Small, or even

considerable, areas of fatty degeneration appear, as a rule, to be of lit-

tle or no clinical significance. They are at least not inconsistent with

perfect health. In these areas of fatty degeneration the connective-

tissue cells are more or less completely filled with larger and smaller fat

droplets.

Amyloid Degeneration of the endocardium or the walls of the blood-

vessels and iutermuscular connective-tissue septa is a not very infre-

quent, but usually not very important lesion.

Hyalin Degeneration sometimes occurs in the blood-vessels and in the

muscle fibres.

There may be calcification of the products of inflammation in pericar-

ditis, or of connective-tissue membranes in chronic pericarditis ;
in the

latter case the heart may be more or less enclosed by a calcareous shell.

The muscle fibres of the heart wall may, though rarely, become densely

infiltrated with salts of lime.

Fatty Infiltration. This lesion, which should be clearly distinguished

from fatty degeneration, consists of an unusual accumulation of fat

about the heart and between its muscle fibres.

The subpericardial fat, which may be present in considerable quantity

under normal conditions, may be so greatly increased in amount as to

form a thick envelope enclosing nearly the entire organ. Sometimes the

accumulation of fat extends into the walls of the heart, between the

muscles, causing atrophy of the latter, frequently to a very great extent

1 Consult Flexner, Johns Hopkins Hospital Bulletin, vol. v., p. 26, 1894.
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(Fig. 232), so that the function of the heart is seriously interfered with.

This occurs sometimes in general obesity, or as a result of chronic peri-

carditis, or in drunkards, or in debilitated or old persons.

4.TION OF THE HEART LlPOMATOSIS.

The lesion is excessive, the heart muscle being to a large extent atrophied. (The fat cells are represented
in the drawing, for the sake of clearness, of relatively too large size.)

SEGMENTATION AND FRAGMENTATION OF THE MYOCARDIUM.

Attention has been called by a number of observers to a condition of

the heart muscle sometimes observed, it is said, in acute infectious dis-

eases, in acute and chronic diseases of the central nervous system, and
in sudden death from a variety of causes. The muscle tissue is soft, fri-

able, opaque, and often yellowish. Examination shows a loosening of

the muscle cells from one another, as if by some change in the cement

substance segmentation or the fibres may be broken across -fragmenta-
tion. The significance of this alteration is not yet fully established, for

though in some cases it is associated with degeneration and other changes
in the heart muscle, in others these are not present and the alteration

may be agoual, or it may in some instances be due to post-mortem

changes.
'

THROMBOSIS AND EMBOLISM OF THE CORONARY ARTERIES.

Thrombosis. This may occur in association with endarteritis of the

coronaries or from their occlusion at their orifices, either by inflammation

of the aorta or by vegetations or clots on the aortic valves. While the

'Consult Hektoen, Am. Jour. Med. Sciences, vol. cxiv., p. 555, 1897, bibliography.
MacCallum, Jour. Exp. Med., vol. iv.. p. 409, 1899, bibliography.
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blocking of one main trunk of the coronary artery may cause sudden
death this is not always the case. The interventricular branch of the

left coronary artery is the most frequent seat of thrombosis, so that in-

farction which usually follows thrombosis is most often situated in the

anterior wall of the left ventricle and the lower portion of the interven-

tricular septum. The characters of such infarctions and the processes
which follow are given below.

Embolism of the coronary arteries is much less common than thrombo-

sis and may be followed by similar lesions of the myocardium. Infec-

tive emboli are frequent excitants of suppurative lesions of the myocar-
dium.

INFLAMMATION.

MYOCARDITIS.

The inflammatory changes in the walls of the heart involve primarily
the interstitial tissue and blood-vessels, the muscle fibres being secon-

darily affected by atrophic and degenerative changes.
Interstitial Myocarditis may be acute and suppurative, or chronic with

the formation of new connective tissue.

Acute Suppurative Myocarditis may be diffuse, infiltrating the wall of

the heart with pus. This may occur as a complication of infectious dis-

C? - ".
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FIG. 233. BACTERIAL EMBOLUS IN HEART MUSCLE.

The bacteria have multiplied since lodgment in the small vessel, so that the latter is widely distended. The

surrounding muscle is necrotic.

eases, such as scarlatina, diphtheria, typhoid fever, gonorrhoea,
: or may

be associated with ulcerative endocarditis.
3

More frequently the suppurative inflammation is circumscribed, re-

sulting in abscesses. These occur with pyremia, mycotic ulcerative endo-

carditis, and other infectious diseases. They are of different sizes and

either single or multiple. They are produced by the lodgment of infec-

1 For a consideration of gonorrhceal myocarditis, consult Councilman, American
Journal of the Medical Sciences, vol. cvi., p. 277, 1893.

- For a special study of this mode of origin see Josserand and Bonnet, Arch, de
Medecine exp. et d. Path, anat., t. xi., p. 570, 1899.
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tious emboli in small vessels. There is at first necrosis of the muscle

fibres near the bacterial mass (Fig. 233), followed by local suppuration
and the formation of abscess. The contents of the abscesses consist of

pus, broken-down muscle tissue, and bacteria.
1 These abscesses may

open into the pericardial sac and set up a purulent pericarditis ;
or into

a heart cavity, giving rise to thrombi in the heart and infective emboli in

different parts of the body ;
or the wall of the heart is weakened by the

abscess so that it ruptures, or an -aneurismal sac is formed
;
or an abscess

in the interventricular septum may establish an opening between the

ventricles ;
or the suppurative process may extend upward and form an

abscess in the connective tissue at the base of the heart. Streptococcus
and staphylococcus pyogenes are the most common excitants.

In rare cases the patients recover, the contents of the abscesses be-

come dry and hard, and enclosed by a wall of fibrous tissue, or the con-

tents may be absorbed and the whole replaced by fibrous tissue.

Chronic Interstitial Myocarditis may be associated with chronic peri-

carditis or endocarditis
;
but in a large proportion of cases it occurs in

connection with lesions of the coronary arteries.

When through obliterating endarteritis, atheroma, thrombosis, or

embolus of a branch of the coronary arteries,
2
the blood supply is cut off

from a circumscribed portion of the heart wall, the tissue in the affected

area may undergo fatty degeneration, leading to rupture.
3

Or, instead

of extensive fatty degeneration, the cutting off of the blood supply from
a limited region may result in necrosis white infarction. These areas,

grayish in color, often slightly projecting from the surface, are fre-

quently surrounded by a red zone of hypera3mia. The nuclei of muscle

and fibrous tissue fail to stain, the muscle cells become necrotic, lose

their striation and degenerate, and may be absorbed or gradually replaced

by fibrous tissue. When larger areas are involved, the muscle fibres

may break down into a granular detritus and the connective tissue about

them suffer degeneration or necrosis, so that the whole affected area may
be soft and yellowish-white or grayish in color. If, as not infrequently

occurs, there is considerable extravasation of blood, the degenerated
area may be of a dark red color.

4 Under these conditions the heart wall

may rupture, or acute inflammatory processes may occur, or the de-

generated tissue may be gradually absorbed and replaced by granula-
tion tissue formed from the surrounding fibrous tissue and blood-vessels.

1 For a detailed consideration of the formation of such embolic abscesses, see p. 113.
2
According to Sternberg, the right coronary artery supplies the following regions

of the heart : most of the right auricle ; the posterior part and most of the anterior part
of the right ventricle ;

most of the interauricular and interventricular septa ;
the pos-

terior part of the left ventricle and the posterior papillary muscles. The remainder of
the heart is supplied by the left coronary artery.

While there are superficial anastomoses between the larger trunks of the coronary
arteries, their branches do not communicate after they enter the heart muscle.

3
Through the Thebesian vessels sufficient nutriment may reach the myocardium to

maintain the muscle for a time, even with considerable lesion of the coronary arteries.

See Pratt, American Journal of Physiology, vol. i., p. 86, 1898. Also Baumgarten,
ibid., vol. ii., p. 243, 1899.

4 This condition of the heart is often called
"
myomalacia.

"
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This gradually grows deiise, shrinks, aud assumes the characters of cica-

tricial tissue.

This may occur in any part of the heart wall or in the papillary mus-

cles, but is most common in the region supplied by the anterior coronary
arteries. When the heart wall is involved the new-formed connective

FIG. 234. CHRONIC INTERSTITIAL MYOCARDITIS (Fibrous Replacement Hyperplasia) .

tissue may yield to the blood pressure from within and aneurism of the

heart be formed.

Impaired nutrition of a portion of the heart wall as the result of nar-

FIG. 235. CHRONIC INTERSTITIAL MYOCARDITIS.

Showing transverse section of a portion of a papillary muscle. The nbrous tissue is dense and the muscle
fibres are atrophied.

rowing or obliteration of the coronary arteries or their branches, whether

it lead to such extreme lesions as those just described, or to fatty degene-

ration, or to atrophy of the muscle cells with a production of new con-
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nective tissue, is of great significance, and it may be the dominant factor

in many cases of sudden death.

Occasionally there is a formation of new connective tissue in the myo-
cardium as well as in the endocardium without evident lesion of the coro-

nary arteries or the above-mentioned conditions. This growth may be

in the form of circumscribed patches, or diffused over a considerable

part of the wall of the heart (Figs. 234 and 235) ;
in both instances with

atrophy of the muscle. Such an interstitial inflammation is often fol-

lowed by dilatation of the cavities of the heart, by the formation of aneur-

isms of the wall of the heart, and of thrombi in the cavities of the heart.

FIG. 236. CHRONIC INTERSTITIAL MYOCARDITIS.

Showing cross section of a papillary muscle The muscle tissue is least involved about the vessels and near
the surface.

It is believed by many observers that the new connective tissue which

develops in the heart in connection with atrophy of the muscle fibres, as

a result of impaired nutrition due to a narrowing of the lumen of the

coronary arteries, is not in the stricter sense inflammatory in its nature,

but is rather a, fibrous hyperplasia, the new-formed connective tissue form-

ing secondarily, to replace the muscle fibres which have atrophied. It is

interesting in this connection to note that under these conditions the mus-

cle fibres immediately beneath the endocardium and close around the

blood-vessels where the nutritive supply is most abundant are often not

atrophied, nor is the growth of connective tissue marked (Fig. 236).

Tuberculous Myocarditis is of occasional occurrence and may be asso-

ciated with tuberculosis of the pericardium or endocardium. '

"Consult Moser, "Tuberculosis of the Heart." Reports of the Boston City Hospital,
eleventh series, p. 194, 1900. Also Anders, Jour. Am. Med. Assn., November 1st, 1902
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Syphilitic Myocarditis is ac-

companied by the growth of con-

nective tissue or granulation tis-

sue in the wall of the heart

between the muscle fibres. The

pericardium and endocardium

may also be thickened, and peri-

cardial adhesions may be formed.

Gummata of the heart are of rare

occurrence.
1

ENDOCARDITIS.

The endocardium is a connec-

tive-tissue membrane containing
but few blood-vessels which lines

the cavities of the heart and
forms its valves. Its inner sur-

face is covered with a layer of

endothelial cells. The connec-

tive-tissue cells and basement

substance are principally con-

cerned in the inflammatory proc-

esses. The new tissue thus pro-
duced is prone to degeneration and calcification.

FIG. 237. ULCERATIVE ENDOCARDITIS.

The valve and adjacent portion of the heart wall are

ulcerated, and a ragged clot has formed upon the rough-
ened surfaces.

The roughening of

FIG. 238. MASSES OF BACTERIA IN VEGETATION ON THE HEART VALVE IN INFECTIVE (MALIGNANT)
ENDOCARDITIS.

the endocardium due to the inflammation often leads to the formation
of fibrin on the affected surface.

'See Loomu, Aim. Jour. Med. Sciences, vol. ex., p. 389, 1895, bibliography. Also
Adler, Trans. Assn. Am. Pliys., vol. xiii., p. 73, 1898, bibliography.
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The endocardium which forms the valves is that which is most fre-

quently involved, but the other portions of it are by no means exempt.
In fostal life it is the endocardium of the right heart, in extra-uterine

life that of the left heart, which is usually affected.

1. Simple Acute Endocarditis. This is frequent with rheumatism, but

may occur under other conditions. It may occur in a heart previously

healthy, or in one already the seat of chronic endocarditis.

In some cases the only lesion is a simple swelling of the valves. These

are thick and succulent, but their surfaces remain smooth. The base-

ment substance is swollen, and there is a

moderate production of new connective-tissue

cells. In other cases the growth of connective-

tissue cells is more marked, the basement sub-

stance is split up, and little cellular fungous
masses of connective tissue, called "vegeta-

tions," project from the free surface of the

endocardium. On these roughened surfaces

the fibrin of the blood is

deposited, and thus vegeta-
tions of considerable size

may be formed (see Fig.

237). In still other cases

the cell growth, while in

some places forming vege-

tations, in other places de-

generates, and thus por-
tions of the valves are

destroyed. This is simple

acute ulcerative endocarditis.

In some cases of this disease the patients
recover and the valves seem to return to a

normal condition; in other cases the valves

are left permanently damaged; and in still

others chronic endocarditis follows the acute

form.

2. Mycotic or Malignant Endocarditis (Ma-

lignant Ulcerative Endocarditis).
The direct excitants of simple acute endocarditis of the forms described

above are unknown, but in a considerable number of cases of acute

endocarditis bacteria have been found in and about the vegetations, and

proved, by careful experiments, to stand in a causative relation to the

lesion.

Those cases of acute endocarditis in which the lesions are induced by
the direct action of bacteria are called mycotic or malignant endocarditis ;

or, since the new-formed as well as the old tissue about the bacteria is

apt to become necrotic and thus lead to larger or smaller losses of sub-

stance, the lesion is often called malignant ulcerative endocarditis.

FIG. 239. CHRONIC ENDOCARDITIS.

Section showing thickening of the

cusp of the aortic valve.
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of multiple aneurism in connection with mycotic endocarditis have been

reported. Various species of bacteria may be excitants of malignant
endocarditis (Fig. 238).

It is most commonly induced by Staphylococcus pyogenes aureus and

FIG. 340. CHRONIC ENDOCARDITIS.

Showing thickening and coalescence of two of the aortic cusps.

Streptococcus pyogenes. Micrococcus lauceolatus, B. typhosus, B. tu-

berculosis, B. anthracis, Micrococcus gonorrho3e,
' and others have been

occasionally found."

1 For references and bibliography of gonorrhosal endocarditis see Lartigau, Am.
Jour. Med. Sciences, vol. cxxi., p. 52, 1901.

9 For a general consideration of the pathology of infective endocarditis see Wasfi-

b&urn and others, Brit. Med. Jour., November 4th, p. 1269, 1899. For a study of the

meningococcus in acute ulcerative endocarditis see Warfield, Bull. Univ. Penna., July-
August, 1903.
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It has furthermore been found that a lesion or injury of the endo-

cardium, either on the heart valves or elsewhere, predisposes to the lodg-
ment and growth upon it of pathogenic bacteria when once they have

gained access to the circulating blood.

Mycotic endocarditis is frequently a secondary complicating lesion,

but may occur as a primary disease. It is most apt to be associated

with the acute infectious diseases, and may be one of the local manifes-

tations of pyaemia.

FIG. 241. CHRONIC ENDOCARDITIS WITH CALCIFICATION OF THE THICKENED VALVES.

In some cases there is a formation of new tissue in the form of organ-
ized vegetations on the valves or general endocardium ;

in other cases

necrosis either of the new-formed or the old tissue is the most marked
feature. Thrombi are apt to form on the affected surfaces and often

largely make up the so-called vegetations. The mitral and aortic valves

are frequently the seat of the lesion, but it may occur elsewhere.

1 For a study of local predisposing factors in malignant endocarditis see Prudden,
Am. Jour. Med. Sciences, vol. xciii., p. 55, 1887.
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Detachment of bacteria containing fragments of the vegetations or

clots may give rise to single or multiple infectious ernboli and abscesses

FIG. 242. STENOSIS OF THE AORTIC VALVES.

In chronic endocarditis.

in various parts of the body, such as the spleen, kidneys, brain, skin,

heart wall, etc. Bacteria similar to those in the heart lesion may be

found in these secondary abscesses.

FIG. 243. VEGETATION ON AORTIC VALVE IN ENDOCARDITIS.

Showing granular thrombus over the surface.

It is probable that abscesses in ulcerative endocarditis do not always
arise from cardiac emboli, but may precede the heart lesion.
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3". Chronic Endocarditis may succeed acute endocarditis, or the inflam-

mation may be chronic from the outset. It affects most frequently the

aortic and mitral valves, and the endocardium of the left auricle and
ventricle

;
similar changes in the right side of the heart being much less

frequent.
There are two main anatomical varieties of chronic endocarditis, which

may occur separately or together.

(1) The endocardium is thick and dense, its surfaces are smooth or

covered with small, hard vegetations or ridges (Figs. 239 and 240), it is

often infiltrated with the salts of lime.

(2) There is a growth of connective-tissue cells in the endocardium,

FIG. 244. CHRONIC ENDOCARDITIS.

Showing fibrous
"
vegetation

" on the mitral valve. With a large blood clot formed upon Jt.

with a splitting-tip of the basement substance. Some of the new cells

continue to live, others degenerate. By the combination of such a cell

growth and destruction the endocardium is in some places destroyed, in

others changed into projecting vegetations (see Fig. 243). Fibrin is

deposited on the roughened surfaces (Fig. 244). After a time the con-

dition may be further complicated by the shrinkage and deposition of

the salts of lime in the new tissue and in the endocardium (Fig. 241).

All these changes may extend to the wall of the heart beneath the endo-

cardium.

The most important result of chronic endocarditis is its effect on

the heart valves, producing insufficiency and stenosis (Fig. 242). The

changes in the valves are followed by changes in the walls and
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cavities of the heart, and disturbances of the circulation throughout"the

body.
4. Chronic Ulcerative Endocarditis. Large ulcers or perforations of

the valves may be formed in chronic endocarditis, upon which clots

may form, so that in gross appearance a great similarity exists between

this and malignant ulcerative endocarditis, particularly if the latter

have been engrafted upon an already chronically diseased endocardium.

The microscopical and biological examinations must usually be resorted

to in order to determine the exact significance of the lesion.

5. Tuberculous Endocarditis may occur in connection with tuberculous

pericarditis or general niiliary tuberculosis. The tubercles may be small

and single, or grouped in masses, and show the usual degenerative

changes.
'

TUMORS.

Primary tumors in the heart are rare, but sarcomata, myxomata.

fibromata, and lipomata may occur. Rhabdomyomata. probably con-

genital, may occur in the heart wall as circumscribed nodular masses."

A cavernous tumor of this kind has been described. Secondary tumors,

as a result of metastasis or of continuous growth from the pleura or other

adjacent parts, are not very infrequent. These are usually carcinomata

or sarcomata. Secondary chondromata have been observed.
3

PARASITES.

Echinococcus sometimes occurs in the heart wall and may perforate
into the cavities. Cysticercus cellulosae has been observed.

The Blood-Vessels.

ATROPHY AND HYPERTROPHY.

Atrophy of the blood-vessels may involve the entire trunk or some of

its elements. It may occur as a part of general malnutrition of the body,
or in connection with atrophy of particular organs, or as an accompani-
ment of various diseases of the vessels themselves.

Hypertrophy, which is especially seen in the arteries, may occur in the

establishment of a collateral circulation upon the closure of arterial

trunks; or it may occur as the result of increased blood pressure, as in

some forms of hypertrophy of the heart.

'See reference, Moser, p. 406. Also fitienm, Arch, de Med. Exp., vol. x., p. 146,
1898.

*Seiffert, Ziegler's Beitr., Bd. xxvii., p. 145, 1900, bibliography.
3 For bibliography of heart tumors consult Berttienson, Arch, de Med. Exp., vol. v.,

p. 386.
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The Arteries.

RUPTURE AND WOUNDS.

The arteries are predisposed to rupture by fatty degeneration, arterio-

sclerosis with atheroma, and in various forms of acute inflammation.

FIG. 245. TRANSVKRSK RUPTURE OF THE AORTA. (Traumatic.)

Stenosis of the aorta may be followed by rupture between the occlusion

and the heart. The rupture may be complete or a dissecting aneurism

may form (see page 457). Eupture of the aorta may lead to sudden

death (Fig. 245). There maybe partial or complete rupture of an artery

from contusions, wrenchings, falls, etc. The injury to an artery from a
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penetrating wound may be fatal if the vessel be large. The wound of a

small artery may close or a false aneurism may develop at its seat.

In the healing of a wounded artery the vessel retracts and contracts,

and a thrombus is formed within it. The contraction alone may be suffi-

cient to close the vessel ; its coats thicken, and the. inner surfaces finally

are fused together ;
or the blood coagulates and forms a thrombus in the

vessel near the wound. This thrombus later becomes organized and the

vessel is converted into a fibrous cord.

DEGENERATION.

Fatty Degeneration. This may occur in the walls of otherwise unal-

tered vessels, or in those which have undergone a variety of inflamma-

tory or degenerative changes. It may occur either in the intima or

media, or both, and may be so extensive as to form a very prominent

gross lesion, or so little developed as to require the microscope for its

recognition. When marked, especially if occurring in the intima of

large vessels, smaller and larger spots or stripes or patches may be seen,

of a yellowish-white color, usually sharply circumscribed, and sometimes

smooth, sometimes roughened on the surface. It is most apt to occur in

the aorta, but may be found in any of the vessels. In moderate degrees
of the lesion we find on section that the cells of the intima contain fat

droplets in greater or less number. When further advanced, not only
are the cells crowded with fat droplets, but the intercellular tissue also

may be more or less densely infiltrated with them. Sometimes the infil-

tration is so dense that the tissue breaks down, and there may be an ero-

sion of the surface, forming a so-called fatty ulcer. When the media is

involved the muscle cells contain fat droplets. It may lead to the for-

mation of aneurism or .to rupture of the vessels.

Amyloid Degeneration, which may affect all the coats of the arteries,

but especially the intima and media, has already been described in gen-
eral (page 82). It will be further considered under the lesions of the

organs in which it most commonly occurs.

Hyaline Degeneration may cause thickening of the intima of the blood-

vessels by its conversion into or infiltration with a homogeneous material

somewhat similar to amyloid (see page 86). Or it may involve the entire

wall of smaller vessels, converting them into irregular lumpy cords.

The lumen of vessels thus changed may be obliterated or occluded by
thrombi.

Calcification usually occurs in vessels otherwise diseased, and may
involve either the intima or media. It consists in the deposition of salts

of lime either in rhe cells or intercellular substance. The lime may be
in the form of larger or smaller granules or in dense translucent plates.

29
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INFLAMMATION.

FIG. 246.-CHROMC ARTERITIS -A RTKRIO-

SCLEROSIS OBLITERATING ENDARTERITIS.

Showing a thickening of the intima in

small artery of the brain.

Acute Arteritis. Acute inflammation of the walls of the arteries is, in

the majority of cases, the result of injury, or of an inflammation in the

vicinity of the vessel, or of the lodg-

^.^1:-^^:, ment within it of some foreign body of

-> /.
'

, . r .- \ an irritating or infectious nature. The

;:--'^x
;

'''

/^^^^ inflammatory process may be largely

confined to the inner coat of the ves-

sels endarteritis ; or it may commence
in the outer coats periarteritis ; or it

may involve the entire wall.

The blood-vessels in the outer coats

may be congested, the tissue oadema-

tous and infiltrated with pus cells, and

the entire wall may become necrotic.

The iutima, if this layer be involved,

loses its natural gloss and looks dull

and is swollen. Under these conditions

thrombi usually form, and in these may
occur the various changes which have

been already described on page 73.

Chronic Arteritis (Arterio-Sclerosis) . Since the publication of the

studies of Gull and Button on arterio-capillary fibrosis, attention has been

every year more and more directed

to chronic pathological changes in

the arteries as of great frequency
and importance. These changes
are productive and degenerative in

character and have an important

bearing upon the circulation and

upon the integrity of the vessel

walls. They are in part primary,
in part secondary, and may involve

single vessels or vascular territories

or may affect the entire vascular

system.
The lesions differ somewhat in

the small and large vessels. In

very small arteries there is a more
or less general though not uniform

thickening of the iutima (Figs. 246

and 247). This is due in part to a

proliferation of the eudothelium, in part to increase in the connective

tissue of the intermediary layer. In this way a considerable amount of

moderately cellular fibrous tissue (Fig. 248) may form within the mem-

FIG. 247. -CHRONIC ARTERITIS ARTERIO-SCLE-
ROSIS OBLITERATING ENDARTERITIS.

The new-formed tissue is most abundant at one
side of the vessel, where the external coats are

pouched. There is degeneration of the new-formed
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brana elastica, and the lumen may be largely or wholly obliterated

obliterating endarteritis. The middle coat as well as the inner may Ve
thickened (Fig. 249).

In larger arteries the new tissue may form beneath the endothelium

diffusely or in circumscribed masses, or may encircle the vessel. The
endothelium over the involved areas

may remain intact or it may prolifer-

ate or become fatty or necrotic. The
new-formed fibrous tissue of the in-

tima, which may contain also new elas-

tic fibres,
'

is usually dense, having few

cells, and is prone to undergo fatty de-

generation, to become uecrotic, and
to disintegrate, and thus larger and
smaller cavities filled with disintegrated tissue, fat, and cholestearin

crystals, may develop in the new-formed tissue (Figs. 247 and 250).
These are called atheromatoits cysts.* They may extend toward the lumen
of the vessels into which they may open, giving rise to emboli and

FIG. 348. roxxKCTivE TISSUE FORMED IN

THE IXTIMA IN ARTERIO-SOLEROSIS.

FIG. 249. CHRONIC ARTERITIS.

Inner and middle coat thickened radial artery.

forming rough-edged ulcers, often with undermined edges. Upon these

thrombi may form. In the new-formed tissue of the intima as well as

'See Jores, Ziegler's Beitr., Ed. xxiv.. p. 458, 1898, bibliography.
* The word atheroma is sometimes applied to the whole process of arterio-sclerosis,

but it would be well to linv> it to the degenerative phases which result in softening of

the tissues.
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in the necrotic foci and in the detritus of the cysts calcification may
occur.

Fatty degeneration, atrophy, and calcification may occur in the nius
cularis and adventitia of the involved vessels.

Similar processes may occur in the aorta, the new tissue growth and

FIG. 250.-CHROXIC ARTERITIS-ARTERIO-SCLEROSIS-CKREBnAL AUTERY.

Inner coat thickened ; degeneration and softening (atheroma) of a part of the thickened area.

the degeneration being less definitely limited to the inner layer of the
wall. The aorta may thus be beset with larger and smaller irregular,
white, hard, elevated thickenings (Fig. 251), often yellowish from fatty
degeneration. Beneath these there may be atheromatous softening, or

FIG. 251.- CHRONIC INFLAMMATION' OF THE AORTA ATHEROMA OF THE AORTA.

Showing on the inner surface patches of new-formed tissue-ulceration and calcification.
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these sclerotic areas may be calcified aud project as hard, often brownish,

plates with smooth or rough edges. The surface of the aorta may be rough

FIG. 252. CHRONIC INFLAMMATION OF THE AORTA ATHEROMA OF THE AORTA.

Section showing involvement of all the layers. The thickening of the intima is irregular and areas of

degeneration are seen in its deeper portion. Patches of flbrous tissue are present in the muscularis. A
small thrombus is formed upon the surface.

from erosion over the degenerated areas, and upon these or elsewhere

parietal thrombi may form (Fig. 252). Such sclerotic areas are often

well marked at the junction of smaller vessels with the aorta.

We have seen that in the smaller vessels arterio-sclerosis may lead to

extreme narrowing or occlusion of the lumen. When this does not occur,

and especially in the medium-sized arteries, since the new tissue is less

elastic than normal and liable to yield to the pressure of the blood, the

lumen may in places be dilated (Fig. 253) or the wall may rupture. In

this way aneurisms may form. This is especially apt to occur when

FIG. 253. CHRONIC ARTERITIS ARTERIO SCLEROSIS.

Showing pouching of the wall of the artery at the side on which is the largest formation of new flbrous

atheromatous degeneration has taken place and the muscularis is either

atrophied or degenerated. In the aorta also dilatation and rupture may
occur.

Arterio-sclerosismay be largely limited to the aorta or to other single

vessels, or it may occur in special vascular tracts, such as those of the

brain or heart.



454 THE CIRCULATORY SYSTEM.

Periarteritis Nodosa.

A few cases have been described in which many of the small arteries in the muscles

and in the viscera were beset with small white knobs projecting from the side or sur-

rounding the vessels. These circumscribed thickenings of the vessel wall are apt to

involve all the layers of the vessel, and may encroach upon the lumen. The thickened

portions are infiltrated with small spheroidal cells. Multiple aneurisms may develop
at the seat of the local thickening.

1

THE CONDITIONS LEADING TO ARTERIO-SCLEROSIS. The lesions of

arterio-sclerosis often occur with gout, syphilis, chronic lead and alcohol

poisoning, overwork and overfeeding. They are usual in senility, and

predisposition to them may be inherited. They may be associated with

cardiac hypertrophy from valvular lesions or with chronic diffuse ne-

phritis or other conditions involving increased arterial tension. They
may occur locally in connection with tumors.

While the mechanical conditions under which arterio-sclerosis devel-

ops are not very fully understood, the studies of Thoma have pointed
the way along which fruitful research may be confidently expected.

In accordance with the results of Thoma's experiments one may re-

gard the primary lesions of arterio-sclerosis as a compensatory hyperpla-
sia of the intima. For example, if for any reason the wall of the artery
in a given region, as is the case in the circumscribed or nodular forms of

arterio-sclerosis, be weakened and yields to the blood pressure, it is at

this point that the new tissue forms in the intima and restores the lumen
to its natural calibre (see Figs. 247 and 253) with restitution of the rate

of blood flow. That this compensation is often incomplete or tempo-

rary, or that it brings with it other and often serious complications, does

not militate against this view of the significance of these blood-vessel le-

sions, and is only one of many examples of imperfect adaptation in path-

ological processes.
2

CLASSIFICATION OF THE FORMS OF ARTERIO-SCLEROSIS. Various

classifications of the lesions of arterio-sclerosis have been made. Thoma3

places in one class the primary and more limited nodular forms of fibrous-

tissue growth, especially in the larger vessels, which he regards as com-

pensatory in the way just indicated; in another the diffuse or secondary
form, which is attributable to an increased resistance to the flow of blood
in peripheral vessels, such as those of the kidney, a weakening of the

muscularis through degeneration, the consequent dilatation, and then
the compensating fibrous-tissue growth in the vessels at large.

Councilman4 has grouped the lesions into three forms: 1st, the nodu-

1 Consult v. KaJMen, Ziegler's Beitrage z. path. Anat, etc., Bd. xv., p. 581. 1894,
also Graf, ibid., Bd. xix., p. 181, 1896.

2 See reference to Welch, p. 127.
3 Thoma, see Virch. Arch., Bd. xciii., p. 443; ibid., Bd. cxvi., p. 1; also Thoma's

"Text-Book of General Pathology," vol. i., Eng. trans.; also reference to Thoma's
works, Arch. f. Entwickl. Mech., Bd. xii., p. 352.

4 For a resume of views based upon Thoma's studies see Councilman, Trans. Assn.
American Physicians, vol. vi., p. 179, 1891.
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ton corresponding with the primary form of Thoma j- 2d, a senile form, in

which there are often great distortion of the vessels, calcification, and fre-

quent thinning of the walls. Atrophic changes in the viscera are apt to

be associated with this form of senile arteritis ; 3d, a diffuse form of

marked obliterating endarteritis with fibrous involvement of the muscu-

lar layer. This is apt to be associated with hypertrophy and often with

dilatation of the heart, and with chronic diffuse nephritis often with atro-

phy. The arterial changes may be marked in the liver as well as in the

kidneys.
Tuberculous Arteritis. Tuberculosis of the arteries is usually second-

ary, the process extending to their walls from an already established

FIG. 354. TUBERCULOUS ARTERITIS IN THE LUNG.

Showing the encroachment of an area of tuberculous inflammation upon the wall of the artery and the

formation of a mass partly occluding the lumen of the vessel. This section shows how the generalization of

the tuberculous inflammation through the body may occur by the sweeping away of the tubercle bacilli by
the blood and the establishment of new foci in various parts of the body.

focus (Fig. 254). Tubercle tissue with necrosis may involve the external

layers, while an obliterating inflammation often closes the lumen. . Thus

it is that in tuberculous cavities of the lungs large arterial trunks may
be laid bare (see Plate X. ) without a distribution of the bacilli through
the body and without haemorrhage. Tuberculosis of the aorta is of occa-

sional occurrence.
'

Syphilitic Arteritis. In the more characteristic forms of this lesion

l
Stroebe, Centralbl. f. Pathologic, Bd. viii., p. 998, 1897, bibliography. Consult

Bltimer, American Jour, of the Med. Sciences, vol. cxvii., p. 19, 1899, bibliography.
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there may be gummata formed in the walls or a diffuse formation of new
cells and new fibrous tissue, especially in the adveutitia of the vessels.

This may extend to the middle and internal layer and lead to narrowing
or closure of the lumen. Such lesions may be circumscribed or extensive,

and may result in aneurism or rupture.
l

ANEURISM.

An aneurism is a dilatation of an artery, either cylindrical, fusiform,

or sacculated, the walls consisting of all or part of the coats of the artery

variously altered.

The conditions which commonly lead to aneurisms are arterio-sclero-

sis, either with or without associated degeneration, or the local weakening
of the walls of the vessels

which often leads to com-

pensatory arterio -
sclerosis,

or the blocking of a vessel

by emboltis. Aneurism may
develop at the point of par
ti.il rupture of the walls of

an artery. Aneurisms may
follow the local necrotic and
ulcerative process in the

walls of the vessels or on the

heart valves incited by in-

fectious agents, which as

emboli or otherwise have
reached these parts.

In cylindrical or fusiform

aneurism there is apt to be

at first a distention of all

the walls of the vessel
; but

this is often irregular, so

that the sac may bulge more
in one place than in another

(Fig. 255). The walls may
become thin or through
new-formed tissue they may
become thickened ; they may
undergo degeneration or cal-

cification. Such aneurisms are most frequent in the aorta, but may oc-

cur in other vessels.

In the sacculated aneurism there is either a dilatation of the entire

circumference of an artery over a short portion of its length ;
or there

may be a dilatation of only a small portion of one side of the wall, so

1 For a careful study of alterations of the blood-vessels in syphilis see Abramow,
Ziegler's Beitr. z. path. Anat., Bd. xxvi., p. 202, 1899, bibliography.

FIG. 255. FCSIFORM ANEURISM OF THE ARCH OF THE AORTA.
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that the aneurism looks like a swelling attached to one side of the artery:

The aneurism may commence as a dilatation of all the coats of the vessel
;

but the middle coat soon atrophies, so that the wall is composed of the

inner and outer coats
;
or the inner coat is destroyed by eudarteritis, so

that the outer coat alone forms the wall of the aneurism
;
or the dilata-

tion may commence at the seat of rupture of one or more coats of the

vessels. As the aneurism increases in size it may press upon and lead to

partial destruction of neighboring tissues and viscera, so that portions of

these tissues and viscera may take the place of the wall of the aneurism.

The cavity of the aneurism is filled with fluid or clotted blood, or with

FIG. 256. ANEURISM OF THE POPLITEAL ARTERY.

Showing lamellated clot.

layers of fibrin (Fig. 256) which adhere closely to its wall. The com-

munication between the aneurism and the artery may be small or large.

If arterial branches are given off from the aneurism they may remain

open or become plugged with fibrin
;
or their walls are thickened and

their cavities narrowed by endarteritis. Death may occur by the press-

ure and interference of the aneurism with the adjoining viscera, or by

rupture.

Dissecting Aneurisms are those in which, owing to a solution of con-

tinuity of the inner layers of the artery, the blood gets between the media
and adventitia, and forces its way for a greater or less distance between
them. Or it may separate the media into two layers.

Spurious or False Aneurisms are most frequently connected with ves-

sels of the extremities. When an artery is wounded the blood escapes
into the surrounding soft parts, and a cavity is formed filled with blood

and broken-down tissue.
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The wound in the artery may heal and the effused blood be absorbed
;

or it may become the seat of secondary inflammatory processes.

Finall;/ a wall of fibrous tissue may be formed, while the wound of

the artery remains open, so that there is an aneurismal sac through
which the blood is constantly pouring. This is called a false aneurism.

Aneurismal Varix : Varicose Aneurism. If an artery be wounded, and

at the same time the vein which accompanies it, we have as the result the

conditions called aneurismal varix and varicose aneurism. In aueurismal

varix the artery and vein become adherent at the seat of injury, so that

the arterial blood passes directly into the vein. There is a smooth,
rounded opening between the two vessels, the vein is dilated into a sac,

and the veins emptying into it are dilated and tortuous. In varicose

aneurism the artery and vein do not communicate directly, but a false

aueurismal sac is formed between the vessels, into which the blood is

poured before passing into the vein. Varicose aneurism may also be

formed by the spontaneous rupture of an aneurism into a vein. The
aneurism presses against the vein, becomes adherent, and finally rup-
tures into it. This condition has been observed between the aorta and

pulmonary artery ; the aorta and inferior and superior vena cava
;
the

popliteal artery and vein; the femoral artery and vein; the splenic

artery and vena azygos ;
the internal carotid and sinus cavernosus.

Cirsoid Aneurism is one formed by the dilatation and lengthening of

large or small arteries or arterial tracts. The walls of the arteries are

thinned, the vessels are tortuous and in places sacculated. These

changes are most frequent in small arteries, especially the temporal and

occipital. They involve the trunk of the vessel and its branches, or

may extend to the capillaries and small veins. They form larger or

smaller tumors beneath the skin.

ANEURISMS OF THE DIFFERENT ARTERIES.

The aorta may be dilated over its entire length, or there may be diffuse

or circumscribed dilatations at any portion of its course
;
or there may

be several aneurisms, situated at different points. The ascending por-
tion of the arch of the aorta may be uniformly dilated in a fusiform

shape (Fig. 255), or there may be circumscribed dilatations on its an-

terior wall, or, more rarely, on its posterior wall. The sacculated aneu-

risms vary in size and may rupture within the pericardium ;
or they may

form a cavity in the upper part of the ventricular septum and commu-
nicate by openings into the pulmonary artery and left ventricle ;

or they

may dilate downward between the visceral and parietal pericardium, in

front of the heart, pushing that organ backward. They may perforate
into the right or left auricle or right ventricle, the superior vena cava,

or the pulmonary artery ;
or they may reach a large size, press on and

erode the right side of the sternum and adjoining ribs, project under the

skin, and even rupture externally.
1

1 For extension of aortic aneurism into the heart and dissecting aneurisms of the
heart see Ilektoen, Trans. Assn. Am. Phys., vol. xvi., p. 127.
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The transverse portion of the arch may be dilated in a fusiform shape,
or there may be sacculated aneurisms at any point in its wall. The sac-

culated aneurisms usually reach a considerable size. They press 011 the

sternum and ribs in front, or on the oasophagus, trachea, and bronchi be-

behind. The large arteries given off from the arch may be occluded.

They cause death by pressure on the air passages, the oesophagus, and
the vena cava ;

or may rupture externally or into the oesophagus, trachea,

bronchi, pulmonary artery, or pleural cavities.

On the abdominal aorta aneurisms are usually sacculated. If they
are situated high up they may project into the pleural cavities; if

lower down, into the abdomen. They may compress and displace the

viscera, vessels, and nerves, and erode the vertebra?. They may rupture
behind the peritoneum, into the peritoneal cavity, the pleural cavities,

the inferior vena cava, the bronchi, the lungs, the duodenum, the colon,

the pelves of the kidney, or the posterior mediastinum. Eupture of the

aorta with the development of a long dissecting aneurism parallel to the

vessel may give rise to a condition simulating a double aorta.
1

The coronary arteries may be dilated throughout, or may be the seat

of small sacculated aneurisms. 11 These may rupture into the pericar-

dium, or may lead to rupture of the heart wall.

The pulmonary arteries are rarely the seat of aneurisms. Diffuse and
circumscribed dilatations, however, sometimes occur on the main trunk

and on the two principal branches of the artery. They do not usually
reach a large size, but may cause death by rupture. General dilatation

of all the branches of the pulmonary artery is more common. It is

found in connection with stenosis of the mitral valves and with compres-
sion or induration of the lung tissue. Small multiple aneurisms miliary

aneurisms may occur in the cerebral arteries; less frequently in the

pulmonary and meseuteric. These are probably due to some congenital

weakness of the walls at the point of formation of the aneurism.

Of the other arteries of the body there is hardly any one which may
not become the seat of an aneurism.'

STENOSIS AND OBLITERATION OF THE AORTA.

This lesion near the entrance of the ductus arteriosus has been observed

in a considerable number of cases. The degree of stenosis varies. The
aorta may be entirely closed and converted into a solid cord for a half an

inch
;
or there may be a constriction through which there is a larger or

smaller opening. The walls of the aorta at this point may be thickened

and sclerosed. The ductus arteriosus may be closed or open. Above
the constriction the aorta is usually dilated ; below it, it is normal, dilated,

or steuosed.

1 See case reported by G. P. Biggs, Trans. New York Path. Soc., 1897-98, p. 109.
2 Consult Capp, Am. Jour. Med. Sciences, vol. cxviii., p. 812, bibliography; also

Griffith, Brit. Med. Jour., February 3d, 1901, p. 266, bibliography.
3 For details concerning form, distribution, and frequency "of aneurisms, see the

larger works on the practice of medicine or surgery.
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Stenosis of the aorta is followed by hypertrophy of the left ventricle,

and, later, of the right ventricle, with venous congestion throughout the

body; or there may be a collateral circulation developed between the

arteries given off above and below the constriction
;
or there may be rup-

ture of the aorta, the right ventricle or auricle.

This condition is found at all ages, but is induced during foetal life

or in the first year of extra-uterine life. It is probable that it may be

caused after birth by an abnormal closure of the ductus arteriosus. This

vessel normally becomes closed without the formation of a thrombus.

If a thrombus be formed it may extend into the aorta and obstruct it
;
or

the ductus arteriosus is filled with a thrombus, but increases for a time

in size ; afterward, as the thrombus is absorbed, the vessel contracts and
draws the walls of the aorta together.

TUMORS OF THE ARTERIES,

Secondary tumors, chiefly carcinomata and sarcomata, may occur in

the walls of the arteries by continuous growth from without, involving
first the external layers. To these layers they are usually confined, for

the density of the inner layers affords such marked resistance to the in-

filtration of the tumor cells that arteries are apt to pass intact through the

tumor, which grows around them. More frequently the arteries become

secondarily involved in the growth of malignant tumors by the occur-

rence within them of emboli formed by larger and smaller masses of

tumor cells. ,

These emboli are usually of small size, and are apt to get into the cir-

culation by growing through the walls of the veins into their lumiua.

Large emboli from tumors are most apt to occur in the branches of the

pulmonary artery. The emboli, formed as they are for the most part by
cells capable of growth and proliferation, are apt soon to form connec-

tion with the walls of the vessels, and, by the growth into them of blood-

vessels from the vasa vasorum to find the conditions necessary for their

development, and they may thus soon involve the entire wall of the ves-

sel and grow out into adjacent parts.

The Veins.

DILATATION. (Phlebectasia.)

Dilatation of the veins, or phlebectasia, presents itself under a vari-

ety of forms.

1. SIMPLE DILATATION. The vein is uniformly dilated in a cylindri-

cal or fusiform shape ;
its length is not increased

;
its walls may be thicker

than normal or thinned ; the valves may be thickened, or are insufficient,

or atrophic, or are torn.

2. CIRSOID DILATATION. The vein is cyliudrically dilated, but is

also increased in length, so that it assumes a very tortuous course. The
walls may be thickened or thinned.
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3. VARICOSE DILATATION. Portions of the wall of the vein undergo
saccnlar dilatation. The wall of the sac is formed of the coats of the

vein, but these may be thickened or thinned; the middle coat may dis-

appear entirely. There may be only one such dilatation, or there may
be a number on the same vein, or a number of veins may be affected at

the same time. The vein may be otherwise normal, or, more frequently,
is more or less uniformly dilated.

4. ANASTOMOSING DILATATION. A number of contiguous and

anastomosing veins are dilated, both in the cirsoid and varicose forms.

The vein then looks like a series of cavities separated by thin partitions.

The dilatations of the same vein become adherent to each other and to

those of the adjoining veins; portions of the walls of the dilated parts

may atrophy so that there may be a number of cavities containing venous

blood and separated from each other by thin partitions.

DISTRIBUTION, CAUSES, AND EFFECTS OF PHLEBECTASIA. Sponta-
neous restitution of dilatations of the veins is not common, and usually
occurs only in the lesser degrees of the lesion. The tendency of the dila-

tation is to increase. Thrombi frequently form in the dilated veins, and
either partially or completely fill them. These thrombi may become

organized, or they may dry and become calcified, forming phlebolitlis, and

by the formation of new connective tissue in the walls they may become
enclosed in a fibrous capsule, with the obliteration of the vessel. The
wall of the dilated sac may become so thin -that it finally ruptures.

Inflammation of the dilated vein may occur, followed by fibrous thick-

ening.

When occurring in mucous membrane, dilated veins are usually asso-

ciated with persistent catarrh. There is hardly one of all the veins of

the body which may not be dilated. The hsemorrhoidal veins forming
"haemorrhoids"; the veins of the leg and thigh; those of the pelvis and

pelvic viscera; those of the spermatic cord, scrotum, and labia; those of

the abdominal wall
;
those of the neck and arms are most frequently

involved.

The immediate cause of dilatation is usually some obstruction to the

passage of the blood through the veins toward the heart ;
but alterations

in the walls of the vessels from degeneration, inflammation, or injury
are often important predisposing factors.

WOUNDS RUPTURE.

Wounds of the veins usually heal by a simple contraction and an

adhesive inflammation of their walls
;
sometimes by the formation of a

thrombus. Rupture of the veins may be produced by severe contusions

and crushings of the body and by violent falls. Perforation of a vein

may be produced by suppuration of the soft parts and the invasion of

the walls of the vessel ; by the pressure of an aneurism or of a new

growth ; by the thinning of the wall of the vein in phlebectasia.
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THROMBOSIS.

Thrombosis of the inferior vena cava has been many times recorded.

It is usually due to pressure on the vessel or may occur as an extension

of thrombi from the contributory veins. 1

Thrombosis of the superior vena cava usually follows pressure from
without by tumors, aneurisms, or enlarged lymph nodes.

Thrombosis of other large venous trunks may occur under various local

and general conditions (see below, thrombosis and phlebitis, and page

72).*

DEGENERATION. '

Fatty degeneration and calcification may occur in the walls of the veins

under conditions similar to those in which these changes take place in

the arteries.

INFLAMMATION. (Phlebitis.)

Inflammation of the veins, phlebitis, may involve chiefly the external

layers periphlebitis ; or the internal endophlebitis ; or, as is very fre-

quently the case, the entire wall may be affected. Phlebitis may be due

to an infectious thrombus, to injuries, or to an infectious inflammation

of the surrounding tissues. Thrombosis of the vein, either primary or

secondary, is a very constant accompaniment of phlebitis. Thrombosis

and phlebitis are not infrequent in association with or following infec-

tious diseases, in cachectic conditions, and with rheumatism and gout.

Acute Infective Phlebitis may follow a suppurative periphlebitis. The
outer layers of the vein wall are congested, swollen, infiltrated with serum
and pus. The inner coats may become infiltrated with pus ; they may
become necrotic and disintegrate. A thrombus is constantly formed under

these conditions, which may for a time stop the circulation and keep
the products of inflammation and degeneration and infectious material

from, mixing with the blood
;
but the thrombus itself is prone to disinte-

gration, and thus the exudates and fragments of disintegrated thrombi or

tissue or bacteria may enter the circulation.

On the other hand, owing to the presence of irritating or infectious

material within the vein and the formation of a thrombus, the inflamma-

tory process may be at the commencement an endophlebitis, but usually,

if the inflammation be at all severe, the entire wall of the vessel is event-

ually involved.

Acute phlebitis may terminate in the absorption of the thrombus and
the return of the vein to its normal condition, or in the obliteration of

the vein. The pyogenic cocci, the typhoid bacillus, the pneumococcus,
and several other micro-organisms have been found in phlebitis. In the

1 For a case of complete fibrous obstruction of superior and inferior vena cavac, see

Meyer, Mt. Sinai Hosp. Reports, vol. iii., 1903, p. 35.
>J For a consideration of peripheral venous thrombosis in heart disease consult Welch,

Trans. Assn. Am. Phys., vol. xv., p. 441, 1900, bibliography.
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phlebitis with thrombosis, which frequently complicates infectious dis

eases such as typhoid fever, pneumonia, etc. ,
the bacteria present are

frequently not those which are the excitants of the primary disease.

The most important results of phlebitis are usually those which

depend upon the introduction into the blood of infectious or other emboli

(see page 76). The relationship between non-infectious thrombi and

phlebitis is in many cases not clear.
1

FIG. 257. TUBERCULOUS PHLEBITIS.-

The section is from one of the pulmonary veins in a child dead of acute general miliary tuberculosis.

Chronic Periphlebitis results in thickening, principally of the outer

coats of the veins, but the inner coats may also be involved. The sur-

rounding tissue may be also thickened and coalesce with the walls of the

vein. There may or may not be thrombosis.

Chronic Endophlebitis is a not very common lesion, of the same general
character as chronic endarteritis, with which it is often associated.

More or less circumscribed patches of new connective tissue are formed
in the inner coats, which may undergo fatty or calcareous degeneration.

Tuberculous Inflammation of the walls of the veins may occur as an

extension of the process from without or from a lodgment of the tubercle

bacilli in the blood current on the intima (Fig. 257). This is not iufre-

quent in the pulmonary veins, and Weigert has called attention to the

fact that in acute miliary tuberculosis the growth of tubercle tissue into

the lumma of these veins from tuberculous lymph-nodes is of frequent
occurrence and readily explains the topography and mode of occurrence

of the general disease. The tubercle bacilli which are present in the

tuberculous tissue growing into the lumen of the veins find thus an easy
distribution.

2

Syphilitic Inflammation may involve the walls of the veins either as

gummy tumors or as more diffuse thickenings.
1 Consult in this connection Welch on Thrombosis, Albutt's "System of Medicine,"

vol. vi., p. 170.
2 Bee references under Miliary Tuberculosis, p. 218.
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TUMORS.

Primary tumors of the veins are rare. Small leiomyomata have been

described in the saphenous and ulnar veins. A myo-sarcoma as large as

a man's fist has been described, situated in the dilated veuacava inferior.

The veins are not infrequently secondarily involved by sarcomata and

carcinomata, and sometimes by chondromata. The thin walls of the veins

offer comparatively little resistance to the encroachment of malignant
tumors, which thus gain access to the circulation and may form metas-

tases in various parts of the body.

PARASITES.

Echinococcus is sometimes found in the veins, having either devel-

oped there or perforated from without.

Two species of distoma (liver fluke} occur in man. D. Jiepaiicum

occurs rarely and, while usually found in the bile ducts, may occur in

the vena cava. I), licematobium is very common in man in Egypt and in

other parts of Africa, and usually occurs in the portal vein or its branches,

and frequently in other veins.

The Capillaries.

The walls of the capillaries are so thin and so intimately connected

with the surrounding tissues that 'their lesions are studied most appro-

priately among the diseases of the several organs. Dilatation of the

new-formed capillaries in tumors, granulation tissue, etc., and fatty and

hyaline degeneration of their walls, may be mentioned here as readily

observed lesions occurring under a variety of conditions.- The changes
which we assume to occur in the walls of the smaller veins and capillaries

in exudative inflammation, by reason of which fluids and blood cells pass

through them, are not yet sufficiently understood to be described with

definiteuess.

The Lymph-Vessels.

General Characters of the Lymph-Vessels.

The smaller lymph-vessels can hadly be treated as independent structures, since

their walls are so closely joined with the tissues through which they pass. It is per-

haps wiser to follow the suggestion of Adler and Meltzer 1 and call the spaces of the con-

nective and other tissues into which transudation from the smaller blood-vessels takes

place, not lymph radicles or "lymph capillaries" as is commonly done, but to consider

them tissue spaces from which the transudates of varying composition are gathered
into the lymph-vessels. But the larger lymph-vessels we find the seat of various more
or less independent lesions.

1 Adler and Meltzer, Jour. Exp. Med., vol. i., p. 482, 1896.
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LYMPHANGIECTASIS.

Dilatation of the lymph-vessels occurs under a variety of conditions.

It may be congenital, or it may be due to some hindrance to the flow of

lymph onward as by pressure from any cause, or from the occlusion of

the vessels by inflammation. If the dilated vessels form a circumscribed

mass, this is often called a lymphangioma (Fig. 181). In certain forms

of elephantiasis and in macroglossia the dilatation of the lymph-vessels is

an important factor. Its occurrence is not infrequent in the labia, pre-

puce, and scrotum. Dilatation of the chyle vessels may occur in the

mucous membrane of the intestine and in the mesentery. Filarial lym-

phatic varix is of occasional occurrence.
'

Obstruction of the Thoracic Duct may be due to tumors,
2 or enlarged

lymph-nodes, or inflammatory processes in the mediastinum
;
to aneur-

ism, to thrombosis of the left innominate vein, to insufficiency of the

tricuspid valve
;
or to inflammatory processes in the wall of the duct. It

may occur under various other conditions. It may be compensated by
collateral lymphatic anastomoses, or it may lead to various lymphangi-
ectasise and to transudation of lymph. Thus chylous ascites may occur.

Congenital doubling or division and other abnormalities of the tho-

racic duct are recorded.
3

INFLAMMATION. (Lymphangitis.)

Acute Infective Lymphangitis. Inflammation of the larger lymph-ves-
sels is usually secondary and often connected with an infected wound or

injury. Owing to the entrance into the lymph trunk of bacteria or other

infectious agents, poison of venomous reptiles, insects, etc., the vessels,

sometimes for a considerable distance away from the wound, become red,

tender, and painful. Under these conditions the appearances which the

vessels present vary. In some cases the redness disappears after death

and we find no appreciable alteration. In other cases, the walls of

the lymph-vessels are more or less densely infiltrated with pus cells,

there is proliferation of the eudothelium, and the lumen may contain

variable quantities of pus and fibrin and desquamated degenerated en-

dothelium. The tissue about the vessels may also be infiltrated with

serum and pus. These lesions may undergo resolution and the vessel be

restored to its normal condition
;

or the vessel wall and surrounding
tissue may die or become involved in abscess ;

or new connective tissue

may form in and about the vessel, sometimes with obliteration of its

lumen. The associated lymph -nodes may participate in the inflammatory

process.

1 See Opie, "Filarial Lymphatic Varix," Trans. Assn. Am. Phys., vol. xvi., p 331.
'2 For bibliography of carcinoma involving the thoracic duct see A. H. Smith, Med.

Record, December 2d, 1899, p. 813.
3
Butler, Jour. Med Res., vol. x., 1903, p. 153 bibliography.
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Tuberculous Lymphangitis. Tuberculous inflammation occurs both in

large and small lymph-vessels. Miliary tubercles and diffuse tubercle

tissue may form in the walls and project into the lumen of the larger
trunks

;
or in the smaller vessels the new growth may entirely fill the

lumen, and grow within it, with more or less involvement of the walls.

This may occur independently, but it is most frequently seen in connec-

tion with tuberculous inflammation of adjacent tissues. Thus from tuber-

culous lymph-nodes in the vicinity of the thoracic duct there may be a

direct extension of the tuberculous inflammation, an involvement of the

walls of the duct, and a growth of tubercle tissue into its lumen. Such

growths in the thoracic duct have been shown by Weigert to occur in acute

general miliary tuberculosis, and satisfactorily explain the dissemination

of the tubercle bacilli. In the vicinity of tuberculous ulcers in the in-

testines, furthermore, we often see the subserous lymph-vessels, which

pass from the vicinity of the ulcers, distended with the products of tu-

berculous inflammation and looking like dense white knobbed cords

(Fig. 329).

Syphilitic Lymphangitis not infrequently occurs in the vicinity of

syphilitic ulcers in the primary stage. In later stages there may be

thickening of the walls of the vessels and the development of gummy
tumors in and about them.

TUMORS.

The relation of the endothelium of the lymph-vessels and spaces to

endotheliomata has been already mentioned in the section on Tumors.

The dissemination of malignant tumors through the lymph channels

is of frequent occurrence, and is particularly marked in the case of car-

cinoma. In the vicinity of carcinomata the lymph-vessels are not infre-

quently crowded with the tumor cells, forming white, irregular cords ;

or small masses of the tumor cells may be found in the lymph- vessels,

either near to or remote from the tumor. White, irregular networks are

often formed in this way beneath the pleura in carcinoma of the lung

(Fig. 300), or beneath the capsule of the liver. Transverse sections of

lymph-vessels thus distended show sometimes swelling and detachment

of the endothelium and a crowding of the lumen with tumor cells.



CHAPTER VI.

THE RESPIRATORY SYSTEM.

The Nose and its Associated Cavities.

THE mucous membrane lining the nose under normal conditions cleanses from dust

the air which impinges upon and sweeps across it in respiration. It is in this way ex

posed to various deleterious agencies. It is subject also to such sudden changes of tern

perature as may involve great and abrupt alterations in the condition of its blood-

vessels.

INFLAMMATION. (Rhinitis.)

Acute Catarrhal Inflammation is common arid often associated with a

similar process in the pharynx and larynx. There is at first a hyperaemie

swelling followed by an increased pro-
duction of mucus and transudatiou of

serum from the blood-vessels
; emigration

of leucocytes and desquamation of epi-

thelium may follow. This and other in-

flammatory processes may extend to the

frontal sinuses and the antrum where the

exudates may collect (Fig. 258). As the

process resolves, the exudation ceases,

the epithelium regenerates, and the mucosa
is restored to its normal condition.

Pseudomembranous Inflammation, either

simple or diphtheritic, may involve the

nasal cavities. Phlegmonous inflamma-

tion involving adjacent parts is of occa-

sional occurrence. Bacteria apparently

play an important part as excitants of

acute catarrhal and pseudomembranous
inflammation. '

Chronic Catarrhal Inflammation may follow the acute form, and is

marked by hyperplasia of the fibrous tissue in the submucosa, often fol-

lowed by atrophy of the mucosa. Ulceration of the mucosa may occur ;

the exiuiate may assume a fetid character. An hyperplasia of the mu-
cosa may lead to the formation of the so-called mucous polyps." These

often contain hyperplastic mucous glands and they are often oedematous.

1 For a study of the bacteriology of nasal inflammation see Howard, Am. Jour. Med.
Sciences, vol. cxv., p. 520, 1898. See also for bacteria of the nose, Neumann, Zeits. f.

Hyg., etc., Bd. xl., p. 33. For a study of the lymph-vessels of the nose and pharynx
see Most, Arch. f. Anat. u. Phys., 1901, p. 75.

3 For a summary of facts concerning the nature of the ordinary nasal polyps see

Wright, New York Med Record, January 26th, 1901, p, 132, bibliography.

FIG. 258.-CATARRHAL INFLAMMATION OF
THE Mucous MEMBRANE OF THE ANTRUM.

Showing migration of leucocytes through
the epithelium.
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Tuberculous and Syphilitic Inflammation with the usual morphological
characters of these processes are common in the nasal cavities.

TUMORS.

Aside from the nasal polyps which may be adeuomatous in character,

the most common tumors are epithelioma and sarcoma.

Dermoid cysts have been described.

The pharynx may be the seat of lesions similar to those just described

as involving the nasal cavities.

The Larynx and Trachea.

Malformations.

The larynx and trachea may be absent. The larynx may be abnormally large or

small ; the epiglottis also may be too large or too small, or may be cleft. There may
be communications between the trachea and the oesophagus, aud then the pharynx gen-

erally ends in a cul-de-sac, and the oesophagus opens into the trachea. There may be

imperfect closure of the original branchial arches, so that there are fissures in the skin

leading into fistula? which open into the pharynx or trachea. The fissure in the skin is

small and is situated about an inch above the sterno-clavicular articulation, usually on

one or both sides, more rarely in the middle line. Individual cartilages, as the epiglot-

tis, or one or more rings of the trachea, may be absent, or there may be supernumerary

rings. The trachea may divide into three main bronchi instead of two, and in that case

two bronchi are given off to the right lung and one to the left. The trachea may be

on the left side of the oesophagus or behind it.

(EDEMA OF THE GLOTTIS.

This is a condition in which there is an accumulation of serous fluid

in the subnmcosa of the upper part of the larynx. This may be due to

simple circulatory disturbances, local or general, or it may be inflamma-

tory in character. The greatest accumulation of fluid is in places in

which the submucous tissue is abundant and loose in texture, as in the

posterior wall of the epiglottis, in the ary-epiglottidean folds, and in the

false vocal cords. The swelling of these parts may be so great as to

occlude the air passage. After death the cedeinatous swelling may
largely disappear, but the mucous membrane may be left unusually
wrinkled and flabby.

(Edema of the glottis is comparatively infrequent in association with

such heart, kidney, and lung lesions as lead to general oedema. It is, on

the contrary, frequent in connection with various forms of laryugeal
inflammation. 4

INFLAMMATION. (Laryngitis.)

Acute Catarrhal Laryngitis. This occurs as an independent process as

a complication of the infectious diseases, or may be induced by the inha-

lation of irritating vapors and of hot steam and smoke. The inflamma-

tion varies in its intensity in different cases. The mucous membrane is

at first congested, swollen, and dry; then the mucous glands become
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more active and an increased quantity of mucus is formed. There is

desquamation of the superficial epithelial cells, while through emigra-
tion leucocytes may infiltrate the submucosa, and together with mucus
and desquamated epithelium form the exudate. There may be oedema

of the glottis.

After death the congestion of the mucous membrane frequently dis-

appears altogether.

Chronic Catarrhal Laryngitis. The surface of the mucous membrane is

dry or coated with muco-pus. The epithelium is thickened in some

places, thinned in others, or in places entirely destroyed. The submu-

cosa may be infiltrated with cells, diffusely thickened, or form little

papillary outgrowths; it may be thinned, or necrotic and ulcerated.

The mucous glands may be swollen and prominent. The inflamma-

tion may extend to the perichondrium of the cartilages, which may
become necrotic. In chronic laryngitis there may be a more or less

diffuse thickening of the epithelium, often associated with an hyperpla-
sia of the submucous tissue. This is called pachydermia diffusa. A sim-

FIG. >'J.-LOCALIZED HYPERPLASIA OF THE EPITHELIUM AND SCBMUCOUS CONNECTIVE TISSUE OF THE
FALSE VOCAL CORDS.

The section shows a portion of a small rough wart-like or papillary growth.

ilar process, if localized, may lead to larger and smaller wart-like

excrescences pachydermia verntcosa (Fig. 259).

Croupous Laryngitis occurs most frequently as the characteristic local

lesion in diphtheria, of which the Bacillus diphtherias is the excitant (see

page 259). It may, however, be incited by the Streptococcus pyogenes
and other bacteria, and not infrequently accompanies other infectious dis-

eases, scarlatina, typhoid fever, and other exanthemata (see page 209).

The false membrane may be continuous with a similar structure in the

pharynx, and it may extend down into the bronchi.

Phlegmonous Laryngitis. Suppurative inflammation involving the

mucosa and submucosa is usually secondary to catarrhal, croupous, tuber-

culous, or syphilitic laryngitis ;
or it may be associated with pyaemia or

erysipelas, or it may follow mechanical injury from a foreign body. It

is not uncommon on the posterior surface of the epiglottis or in the ary-

epiglottidean folds, and may be associated with O2dema of the glottis.
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Abscesses may form which rupture into the larynx, or they may extend

into the neck or the pharynx or ossophagus.
Tuberculous Laryngitis. This lesion is most frequently associated with

pulmonary tuberculosis. Early in the process there is a formation in the

submucosa of miliary tubercles together with more or less new small -

celled tissue ;
with this is a catarrhal inflammation with an exudate of

mucus, pus cells, and desquamated epithelium.

As coagulation necrosis of the subepithelial tubercles occurs, ulcers

are formed, often wdth an increase of the catarrhal exudate. The proc-
ess may extend so as to involve the walls of the larynx, and necrosis of

the cartilages may follow. Adjacent ulcers may become confluent so

that considerable areas of the mucous membrane may be destroyed.

Syphilitic Laryngitis. This form of inflammation may have the ordi-

nary characters of an acute or chronic catarrhal inflammation, or it is pro-
ductive in character with the formation of new tissue in the stroma of

the mucous membrane. This new tissue is principally composed of

small cells, which often degenerate and become necrotic. In this way
the mucous membrane of the larynx and the tissues beneath are thick-

ened in some places and destroyed in others, giving rise to erosions and
ulcers. These changes are especially marked in the upper portion of the

larynx. If the perichondrium be involved there may be necrosis of the

laryngeal cartilages. Owing to the cicatricial contractions of healed

syphilitic ulcers there may be great deformity of the larynx.
Lesions of the trachea are often associated with those of the larynx and

are in general similar in character.

TUMORS OF THE LARYNX AND TRACHEA.

Retention Cysts of the mucous glands of the larynx may form sacs

projecting into its cavity.

Papilloma, single or multiple, is the most common form of benign

tumor of the larynx. It is most frequent upon the vocal cords and is

usually associated with chronic inflammation. Fibroma, lipoma, myxoma,
and angioma are occasionally met with. Chrondromata grow from the

normal cartilages and are usually multiple and sessile. They may pro-

ject into the cavity of the larynx.

Fusiform or spheroidal-celled sarcomata of the larynx have been seen

in a considerable number of cases, both in children and in adults.

Carcinomata, usually the epitheliomatous type, may originate in the

larynx, most commonly upon the false vocal cords. But from adjacent

structures, usually from the oesophagus, cancer may invade the larynx.

In the trachea tumors are of rare occurrence, but occasional examples
of growths similar to those in the larynx have been found. Tuberculous

and otherwise altered bronchial lymph-nodes may by ulcerative processes

enter and obstruct the trachea.

Single or multiple amyloid masses, often associated with cartilage,

have been described in the larynx and trachea.
'

1 See Manage, Virch. Arch., Bd. clix., p. 117, 1900.
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The Pleura.

HYDBOTHOBAX.

Non-inflammatory accumulations of clear serum in the pleural cavi-

ties are of frequent occurrence. They occur under conditions similar

to those which lead to dropsy in other parts of the body lesions of the

heart, liver, and kidneys, and changes in the circulation and in the com-

position of the blood.

.If the amount of serum be large it may compress the lower lobes of

the lungs.

HYDBO-PNEUMOTHOBAX-PYO-PNETJMOTHOBAX.

The presence of air in the pleural cavities is usually associated with

a serous or purulent exudate. It may occur as the result of perforation
of the lung, from rupture, from ulceration of tuberculous lesions at the

pleural surfaces, from injuries to the chest wall, perforation of the dia-

phragm by suppurative or cancerous lesions of the oesophagus, stomach,
or intestine, as well as in a variety of other conditions. Gas may form
in the pleural cavities in infection by the bacillus aerogeues capsulatus.

HEMORRHAGE.

Subpleural ecchymoses may occur in asphyxia or during infectious

diseases or intoxications. More extensive extravasations of blood

haematothorax may be the result of injuries to the wall of the thorax or

the rupture of aneurism.

Haemorrhagic Exudates are usually associated with tuberculous inflam-

mation of the pleura or with infarctions of the lungs, carcinoma, or inju-

ries, infectious diseases, or cirrhosis of the liver.

INFLAMMATION. (Pleuritis, Pleurisy.)

Inflammation of the pleura may occur as an independent lesion, but

it is commonly associated with pathological processes in the lungs, peri-

cardium, abdomen, or chest wall. It may be exudative in character,

usually associated with more or less proliferation of the mesothelial

("endothelial") and connective-tissue cells, or it may be productive
with the formation of new connective tissue. These phases of inflamma-

tion may be associated. Through the production of new connective tis-

sue, repair of the acute inflammatory lesion is commonly effected. In

the exudative forms of pleurisy the exudate may consist of fibrin, or of

serum and fibrin, or of serum with fibrin and pus.

Simple Fibrinous Pleurisy (Dry Pleurisy ;
Pleuritis Sicca). This may

involve circumscribed areas of the costal, mediastiual, diaphragmatic,
or pulmonary pleura, less frequently the entire pleura of one side of the
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chest. The affected portions of pleura are dull and lustreless and coated

with fibrin, opposing surfaces often being joined by bauds of fibrin.

There are swelling, degeneration, proliferation, and exfoliation of the

mesothelium, with swelling and proliferation of the connective-tissue

cells beneath. Exceptionally, there is involvement of the entire pleura
of one side, with the production of such a large amount of fibrin as

seriously to compress the lung.
'

Sero-Fibrinous Pleurisy (Pleurisy with Effusion). This is the most com-

mon form of pleurisy. As a rule, it involves the greater part of the

pleura of one side of the chest. Sometimes, however, the pleura of both

sides of the chest is involved, and then the pericardium also is often

inflamed.

While the inflammation is in progress the surface of the affected pleura
is coated with fibrin, and bauds of fibrin stretch between the parietal and

pulmonary pleura. In the pleural cavity is serum in variable quantity.

This serum is clear, or turbid from the presence of exfoliated mesothe-

lium, leucocytes, and flocculi of fibrin or red blood cells. The lung is

compressed in different degrees and positions, according to the quantity
of the serum and the character of the adhesions. The heart may also be

displaced by the accumulated exudate.

The natural termination of such a pleurisy is the recovery of the

patient, with thickenings of the pleura and adhesions. The irregular

terminations are : The death of the patient, the protracted existence of

the fibrin and serum, and the change of the character of the inflamma-

tion so that pus is produced.
If the patient recover, the serum is absorbed, the fibrin disappears,

and repair is effected, as in simple fibriuous pleurisy, by the formation

of granulation tissue, which gradually becomes dense and cicatricial in

character and may remain as local or general thickenings or firm adhe-

sions of the opposed pleural surfaces. The lung may be distorted by
contraction of the new-formed connective tissue. The exudates in the

sero-fibriuous form of pleurisy do not usually infiltrate the pleura, but

gather upon its surface and in the cavity.

THE EXCITANTS OF SERO-FIBRINOUS PLEURISY. Cultivations from
the exudate give in the larger proportion of cases negative results

;
but

the pneumococcus, Streptococcus pyogenes, Staphylococcus aureus and

albus, and the typhoid bacillus have been isolated. When the inflam-

mation of the pleura is consecutive to acute lobar pneumonia, the

pneumococcus may still not be found in the exudate. The presence
of the streptococcus is frequently followed by the formation of pus.

The organisms named above may be present alone or in various associa-

tious. Many cases with simple sero-fibriuous exudate prove on inocula-

tion to be tuberculous.
2

1 For a study of the origin of fibrin and adhesions of the serous membranes consult

Heinz, Virch. Arch., Bd. clx., p. 365, 1900; also Gaylord, Jour Exp Med., vol. iii., p.

1, bibliography.
8 For a study of the bacteria in exudative pleuritis, with the earlier bibliography,

consult Prudden, New York Medical Journal, June 24th, 1893 For fuller data see

better, Bouchard and Brissaud's "Traite de Medecine," t. vii., p 399, 1901.
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Suppurative Pleurisy (Empyema). Suppurative pleurisy may occur

either with or without the formation of a considerable sero-fibriuous exu-

date. The exudate may be purulent from the beginning, or a sero-fibrin-

ous exudate may assume this character.

The pleural cavity in empyema is partly or completely filled with

purulent fluid, and the lung is either compressed against the vertebral

column or partly adherent to the chest wall. Sometimes, however, the

purulent fluid is shut in by adhesions, either between parts of the lung
and the thoracic wall, or between the lung and the diaphragm, or between
the lung and the pericardium, or between the lobes of the lung.

The fluid in the pleural cavity is usually a thin, purulent serum,

composed of serum, pus cells, mesothelial cells, and flocculi of fibrin ;

but sometimes this fluid is thick and viscid.

While in children the more or less active Suppurative process in the

pleura may continue for a long time without deep involvement of the

pleura, in adults granulation tissue may form upon the pleura, which
thus becomes gradually thickened and may so remain for mouths with

its inner vascular surface covered with pus and fibrin. In such cases as

well as in less chronic forms the fibrin fibrils are often swollen and coa-

lesce to form irregular homogeneous or finely granular masses. Resolu-

tion may occur in one region of the pleura while the exudate in another

may become encapsulated by new-formed connective tissue.

In old cases the thickening of the pleura may be great and it may
become calcified.

1 The perichondriuni of the cartilages and the peri-

osteum of the ribs may become inflamed, with necrosis of the cartilages

and ribs or a production of new bone. Necrosis and gangrene of the

involved pleura may occur and putrefactive process be set up in the exu-

date. The Suppurative process may extend from the pleura involving

adjacent parts, such as the fasciae, the muscles, the skin, the diaphragm,
or the lungs. Thus the pus may find an exit, through the wall of the

thorax, into the peritoneal cavity or into the lungs.

In inflammation of the pleura the process may extend to the lymphat-
ics in the interlobular septa, around the bronchi, and around the blood-

vessels. This interlobular lymphangitis occurs more frequently in chil-

dren than in adults. The lymphatics in the interlobular septa and those

around the bronchi and blood-vessels are distended with pus cells, the

septa are much thickened, and the lobules separated from each other.

Sero-fibrinous pleurisy and empyema may occur as complications of

infectious diseases, such as scarlatina, typhoid fever, and various forms

of septicaemia, or by an extension of an inflammatory process from such

adjacent parts as the pericardium, lungs, mediastinum, etc.
8 The vari-

ous forms of pneumonia are frequently associated with local or general
inflammation of the pleura.

1 For a resume of our knowledge of various calcifications in the lungs, and allied

conditions often called "lung stones," consult Polaillon, "LesPierres du Poumon,"etc.,
Paris, 1891; or Legry, Arch. gen. de Med , March and April, pp. 5537 and 466, 1892.

'

2 For study of relation of cesophageal diverticula to empyema see Starck, Arch. f.

Verdauungskr., Bd. vii., 1901, p. 1
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THE EXCITANTS OF EMPYEMA. Streptococcus pyogenes is the most

frequent excitant of suppurative inflammation of the pleura. Ac-

cording to the statistics of Netter this organism has been found in a

little over forty per cent of the cases examined of all ages. The pneu-
mococcus has been found in over twenty-five per cent of cases examined.

The streptococcus and the pueumococcus are associated in a small pro-

portion of cases. Of less frequent occurrence are Staphylococcus pyo-

genes, Bacillus typhosus,
1

Bacillus coli communis, the gonococcus, the

pneumo-bacillus of Friedlauder, and the influenza bacillus. In empy
ema with fetid exudate, various forms of bacteria may be present.

While in the adult the streptococcus is most often found in the empye-
mic exudate, in young children the pneumococcus is, according to Ket-

ter,
2 most common.
Chronic Pleurisy with Adhesions. This form of pleurisy may follow

one of the varieties of pleurisy just described, it may be associated with

emphysema and chronic phthisis, or it may occur by itself.

After death the pulmonary and costal pleura are found thickened and

joined together by numerous adhesions. These changes may involve

only a part or the whole of the pleura on one or both sides of the chest.

The thickened pleura is covered with mesothelium
;
the new connec-

tive tissue may be very dense and may contain few or many cells.

Blood-vessels may be numerous and irregular in distribution or few in

number.

Tuberculous Pleuritis. Tuberculosis of the pleura is usually secondary
to tuberculous inflammation elsewhere in the body, either in the lungs,

which is most common, or the bronchial lymph-nodes, peritoneum, bones,

etc., or it may be a part of a general miliary tuberculosis.
3 There may

be localized or widely disseminated miliary tubercles upon or beneath the

pleural surfaces, either in direct association with lesions beneath the

pulmonary pleura or apart from these or upon the costal pleura. The
tuberculous foci may be larger and more diffuse. The minute chara ters

of the inflammation are not essentially different from those found in

tuberculosis in connective tissue elsewhere, but the mesothelial cells cov-

ering the pleura may share largely in the early phases of the new growth.
If the process be prolonged, much dense fibrous tissue may be formed

in which are miliary tubercles in various stages of coagulation necrosis

or larger patches of uecrotic tissue surrounded by miliary tubercles or

diffuse tuberculous tissue.

With^all types of tuberculous inflammation of the pleura more or less

exudate may form. This may be sero-fibrinous, often with very little

fibrin, or, as is frequently the case, it is tinged or deeply colored with

1 Consult for cases bibliography Oordinier and Lartigau, Am. Jour. Med. Sciences,
vol. cxxi., p. 43, 1901.

2
Netter, Bouchard and Brissaud's "Traite de Medecine," t. vii., p. 445, 1901. For

a study of the ways of infection of the pleura see Grrober, Deutsches Arch. f. klin. Med.,
Bd. Ixviii., p. 296, 1900, bibliography.

3 For evidence of the frequency of primary tuberculosis of the pleura, consult

Hodenpyl, New York Medical Record, June 24, 1899.
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blood. The exudate may be purulent. The tubercle bacillus may be

associated with other bacteria, most often with the Staphylococcus pyo-

genes in the purulent exudate.

Many cases of pleuritis with a sero-fibrinous exudate giving no growth
of bacteria on the ordinary culture media are found to be tuberculous, by
the inoculation of guinea-pigs with the fluid.

TUMORS.

Fibroma, sarcoma, and endothelioma may occur as primary tumors of

the pleura. Fibroma and lipoma formed in the subpleural tissues may
encroach upon the pleural cavity. Endothelionm usually occurs in the

form of larger and smaller, flat or projecting, irregular nodular masses

FIG. 260. -EXDOTHEUOMA OF THE PLECRA.

The inner surface of a segment of the costal pleura, containing three of the ribs, is shown in the cut.

(Fig. 260), frequently most marked and extensive upon the costal

pleura (Figs. 300 and 301).' This as well as other tumors of the pleura

may be associated with an exudative pleuritis.

Carcinoma, primary in the thyroid, mamma, resophagus, and stomach,

may invade the pleura. Small white, slightly projecting, often pig-
mented elevations of the pleura, either single or multiple, are com-

mon. These were formerly regarded as mostly miliary fibromata. But

Hodenpyl and others have shown that while some may be fibromata or

lymphangiomata or air cysts, they are mostly fibrous masses which replace
or enclose miliary tubercles. Echinococcus and other cysts of the pleura
have been recorded.

2

1 For bibliography of endothelioma of the pleura consult Glockner. Zeits. f. Heil-

kunde, Bd. xviii., p. 209, 1897.
- For a description of ciliated cysts of the pleura see Zahn, Virchow's Arch., Bd.

cxliii., p. 171.
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The Lungs and Bronchi.

The Bronchi.

HEMORRHAGE.

In haemorrhage from the bronchi the source of the blood is often to

be sought in the parenchyma of the lung (see page 445) or in a ruptured
aneurism. But haemorrhage from the bronchial walls may occur in

tuberculous or other forms of ulceration, chronic bronchitis, malignant

tumors, etc.

INFLAMMATION. (Bronchitis.)

Acute Catarrhal Bronchitis. This is frequently associated with a simi-

lar process in the trachea. It is characterized by hypersernia and swelling
of the mucous membrane with the formation of exudate, which usually
consists largely of mucus formed by the hypersecretion of the mucous

glands or degeneration of the epithelial cells. Mingled with this are

exfoliated and more or less degenerated epithelium from the mucous

membrane, leucocytes from the dilated vessels of the subrnucosa, varying
numbers of red blood cells, and bacteria.

The microscopic appearances differ in different parts of the bronchial

tubes in accordance with the differences in structure. Mucous glands,

when these are present, may reveal great functional activity, and their

ducts may be distended with mucus which, often mingled with exfoli-

ated and degenerated cells, streams out upon the surface. Swelling and

proliferation of the connective-tissue cells and endothelium of the vessels

of the submucosa, oedema, and emigration from the dilated vessels are

often marked. The leucocytes may be seen making their way through
the epithelium into the other exudates upon the surface. The epithelium

may be loosened, single or clustered cells falling off here and there, or

shreds of cells may exfoliate together (see Fig. 261). The deeper sphe-
roidal epithelia, the so-called mother cells from which the new ciliated

cells on the surface are formed in both physiological and pathological

regeneration, usually remain in place upon the basal membrane. In the

small bronchi whose walls are thin, little else may be seen than an irreg-

ular exfoliation of the epithelium. On the other hand, the smaller

bronchi may be much involved and their lumina filled with exudate ;

when this, which has been called "capillary bronchitis," occurs, the

inflammatory process usually involves the adjacent and associated terri-

tories of lung tissue, constituting one of the important forms of broncho-

pneumonia. In some forms of bronchitis the exudate may consist

largely of pus.

Atelectasis of corresponding tracts of the lung may follow the occlu-

sion of the bronchi with exudate. As recovery advances, the submu-
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cosa assumes its normal thickness and character and the epithelium is

regenerated from the cells of the deeper layers.

Various forms of bacteria may be associated with acute bronchitis, and

are presumably the excitants under favorable conditions of the lesions
;

the etiological relationship has, however, not yet been experimentally
established. The most common forms of bacteria are Streptococcus pyo-

geues, the pneuniococcus, Staphylococcus aureus, and the influenza

bacillus.
1

Chronic Catarrhal Bronchitis. This form of bronchitis may be the sequel
of one or more attacks of acute bronchitis. More frequently it is associ-

ated with emphysema, heart disease, interstitial pneumonia, phthisis,

FIG. 361. ACUTE CATARRHAL BRONCHITIS.

This section of a small portion of the bronchial wall shows considerable exfoliation of the epithelium,

but many of the deeper so-called
" mother cells

" remain in place. There are swelling of the connective-

tissue cells and congestion of blood-vessels in the submucosa, with oedema and emigration of leucocytes.

Some of the leucocytes are passing through the epithelium to mingle with, the mucous exudate and exfoli-

ated cells in the lumen of the bronchus. Some of the ciliated cells show the
"
beaker "

shape with a homo-

geneous interior indicating the production of mucus within them.

pleuritic adhesions, or the inhalation of irritating substances. There is

in most cases a constant production of mucus, pus, and serum in consid-

erable quantities, and these inflammatory products may have a very foul

odor. Less frequently these products are very scanty dry catarrh.

The epithelium is deformed and desquamating, with a production of new
cells in the deeper layers. There may be epithelial hyperplasia or atro-

phy ;
the mucous glands are large or atrophied ;

there may be hyperpla-
sia or atrophy of the submucosa; the muscularis may be thickened or

atrophied. These changes in the fibrous and muscular elements of the

walls lead to the so-called " trabeculation " of their inner surfaces (Fig.

262). Obliterating arteritis of the associated vessels may occur. These

changes in the walls of the bronchi may lead to bronchiectasia.

1 For a study of the bacteria found in bronchitis see Ritchie, Jour. Path, and Bact,
vol. vii., p. 1, 1900; also reference to bacteria in lungs, p. 459.
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Acute Pseudo-membranous Bronchitis Croupous Bronchitis may occur

with croupous laryngitis, as a lesion of diphtheria, with lobar pneumo-

FIG. 263. CHRONIC BRONCHITIS WITH MODKRATE BROXCHIECTASIA.

This transverse section of a portion of the wall of a dilated bronchus shows atrophy of the epithelium ;

fibrous hyperplasia ot the submucosa with the formation of longitudinal ridges on the interior of the tube

(cut across in this section); thickening of the wall of the bronchus and atrophy of the mucous glands.

nia, and sometimes without these associations. The bronchi are lined or

filled with a mass of fibrin, pus, and desquamated epithelium. Fibrin

and pus may also be found beneath the epithelium and infiltrated in the

stroma.

Chronic Fibrinous Bronchitis is attended with the formation in one or

more bronchi of masses of fibrin which are expectorated by the patient

FIG. 263. CHRONIC FIBRINOUS BRONCHITIS.

Fibrlnous casts of the bronchi, similar to those shown in the photograph, were coughed up at irregular
intervals for several years.

in the form of branching casts of the bronchi (Fig. 263). After death

the bronchi are said to be but little altered from the normal. '

1 For a resume and bibliography see Bettrnani

1902, p. 304.

Am. Jour. Med. Sci., vol. cxxiii.,
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Curschmann has described under the name "bronchiolitis exudativa" a

form of bronchitis in which small threads and bands of gray or yellow,

partly transparent, coagulated material are formed in the small bronchi
" Curschmann's spirals." These sometimes occur in pneumonia. In

different forms of bronchitis, especially in those associated with asthma,
the exudation may contain small, octahedral bodies, probably composed
of muciu. They are accidental formations, probably formed from cells,,

and may be found in the sputa.

BBONCHIECTASIA.

Dilatations of the bronchi may be cylindrical, fusiform, or sacculated.

The sacculated dilatations are usually the larger. These communicate

with one side of the bronchus. The peripheral portion of the bronchus

may be obliterated ; the bronchus leading to the cavity may be of normal

size, or dilated, or stenosed, or even completely obliterated. Such sac-

KIG. 264.-LMuLTiPLE BRONCKIECTASI^E WITH INTERSTITIAL PNEUMONIA.

Portion of anterior free border of lungs. From an adult after unresolved lobar pneumonia.

culated dilatations may reach a very large size and may communicate
with each other. Dilatations are apt to occur under conditions which
interfere with the integrity of the bronchial wall.

In acute general bronchitis and broncho-pneumonia in children, cyl-
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indrical dilatation of a number of the medium-sized bronchi often

occurs.

In the persistent broncho-pneumonia of children such dilatations may
reach a still greater development.

' Chronic bronchitis may lead to cylin-

drical or sacculated dilatations, sometimes of great size.

Occlusion of some of the bronchi, consolidation of portions of the

lung, and extensive pleuritic adhesions may also lead to bronchiectasia

(Fig. 264).
The walls of bronchiectatic cavities may be lined with mucous mem-

brane, which, however, is apt to undergo various changes as the process
advances. Thus the subepithelial layer may be vascular and cellular and
thrown into folds, or it may be thin and dense. The epithelium is often
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FIG. 2&5. PRIMARY ADENOMA OF THE BRONCHI

irregular, sometimes irregularly thickened, sometimes thin, or it may be

largely absent. The glands, muscle, and cartilages of the walls of the

bronchi may disappear through atrophy. The presence of certain forms

of bacteria in the exudate in brouchiectasia may lead to offensive putre-
factive process and even to gangrene.

In acute and chronic phthisis the tuberculous inflammation of the

walls of the bronchi often gives rise to sacculated dilatations, which

expand with time and become still larger by the destruction of the adja-
cent lung tissue tuberculous bronchiectasise.

1 For a study of bronchiectasia in children see Lapin, Arch. f. Kinderheilkunde, Bd.
xxx vii., 1903, p. 406.
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TUMORS.

Primary tumors of the bronchi are rare. Lipoma, chondroma, and

fibroma have seen observed. Sarcoma is rare, but may occur, especially

in spheroidal cell forms, or as an extension of similar growths in the

mediastinum. Adenoma (Fig. 265) and primary carcinoma are rare.

Secondary carcinoma is not uncommon and may also involve the trachea

of the lungs.
In chronic bronchitis, polypoid hyperplasiae, simulating tumors, may

project into the lumen. Ossification of the bronchial walls is of occa-

sional occurrence.

LESIONS OF THE TRACHEAL AND BRONCHIAL LYMPH-NODES.

The tracheal and bronchial lymph-nodes may be the seat of a variety
of lesions which, owing to their situation, as well as for other reasons,

are of considerable practical impor-
tance. They may be enlarged from

hyperplasia in acute infectious dis-

eases ; by the development in them of

tumors; in leukaemia and with es-

pecial frequency in tuberculosis (Plate

III.). They may become pigmented
from inhaled coal or other dust and

may atrophy or become fibrous or

calcified. In cheesy degeneration fol-

lowing tuberculosis (Fig. 266), or in

suppurative inflammation, perfora-

tion may take place into the air

passages, or the pulmonary blood-

vessels, or aorta, or into the pericar-

dial or pleural cavities; in this way
haemorrhage or secondary inflamma-

tory processes or gangrene may occur.

Death may occur from pressure upon
the trachea by tumors of the adja-

cent lymph-nodes. Sudden death

from asphyxia may result from per-

foration into the trachea. Pressure

upon the pulmonary veins may lead

to pulmonary oedema. The bronchial

lymph-nodes are very important as

distributing centres of infectious micro-organisms, and particularly as

31

FIG. 266,-Tu
CHIAL LYMPH-NODES.

The nodes are much enlarged and press upon
the larger bronchi.
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points of lodgment of tubercle bacilli, which have been gathered from
the pulmonary air spaces from the pharynx or elsewhere.

1

The Lungs.

Malformations.

One or both lungs may be wanting or only partially developed. One lung is some-

times converted into a number of sacs formed of dilated bronchi, while the lung paren-

chyma is undeveloped.
The lobes may be subdivided by deep fissures, accessory lobes may be present, or

an accessory lung may be present. An accessory lung in the abdominal cavity has been

described. 2 There may be with absence of part of the wall of the thorax hernia of the

lung. There may be transposition of the lungs, with similar changes in the position of

the heart and the abdominal viscera.

INJURIES PERFORATIONS.

Severe contusions of the thorax may produce rupture of the lungs,
with extravasations of blood into the pleural cavities.

The lungs may be wounded by a fractured rib and by penetrating

weapons and projectiles. Such injuries often lead to bleeding into the

lung tissue followed by inflammatory changes. The lungs, however,
exhibit a considerable degree of tolerance for such injuries.

Collections of pus in the pleural cavities, the mediastinum, the liver,

the spleen, the kidneys, and the peritonal cavity may perforate the lungs.

See also Hydropneumothorax.

DISTURBANCES OF CIRCULATION.

Anaemia. The lungs may be anaemic in connection with a general
anaemia of the body ;

or from compression of a part or a whole organ, as

by pleural exudates, tumors, or new-formed fibrous tissue ; from occlu-

sions of blood-vessels or in atrophy of these in emphysema.

HYPER^MIA AND (EDEMA.

Hyperaemia may occur as the result of the inspiration of irritating

gases ;
from the presence of toxic substances in the blood

;
in early phases

of inflammation, or as the result of such an occlusion of vessels in one

part as causes its accumulation in another.

On the other hand, hyperseinia of the lung is often due either to some

1 Consult for summary of lesions of bronchial lymph-nodes Hall, Philadelphia Medical

Journal, December 1st, 1900, bibliography. See also concerning tuberculosis reference

JSorthrup and Bovaird, p. 398. See also statistics of Hand, Phila. Path. Soc., March,
1903. For an excellent resume concerning normal and pathological tracheal and bron-

chial lymph-nodes, see Mar/an in Bouchard and Brissaud's "Traite de Medecine," t.

vii., p! 525; also Zuber in Graucher, Comby, and Marfan's "Traite des Maladies de

1'Enfance," t. iv., p. 235.
2 Consult Vogel, Virch. Arch., Bd. civ., p. 235, 1899, bibliography.



Pathology Delafield and Prudden. Plate III.

Tuberculous Bronchial Lymph-Nodes.
The nodes are enlarged and caseous, with areas of commencing softening. An isolated

tubercle in the lung tissue above the enlarged nodes indicates a local dispersion of the

tubercle bacilli. The lung was hardened in alcohol.
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hindrance to the exit of blood through the pulmonary vein, such as mi-

tral stenosis or insufficiency, or to enfeeblement of the ventricular con-

tractions, as in fatty degeneration of the heart muscle or interstitial myo-
carditis. In the last hours of life the feeble action of the heart disposes
to pulmonary congestion. The position of the body upon the back in

bed favors an accumulation of blood in the posterior portions of the

lungs hypostatic congestion. Hypersenric lungs are in varying degrees
darker and heavier than normal

;
an unusual amount of blood flows from

the cut surface. CEdeniatous fluid is often also present. Bed blood

cells often pass through the capillary walls in hypersemia and these with

more or less exfoliated epithelium may be found in the air vesicles.

FIG. 267. CHRONIC CONGESTION OF THE LUNG. (BROWN INDURATION.)

Showing dilated capillaries of the walls of the air vesicles and basmatogenous pigment in the exfoliated

epithelial cells of the air vesicles.

Chronic Congestion, In prolonged hypera3mia of the lungs, notably in

connection with lesions of the mitral and aortic valve, or degeneration
or dilatation of the left ventricle, the veins and capillaries, especially
the capillaries, become permanently distended, pouched, and elongated,
so that they often stretch in loops into the air spaces (Fig. 267). Eed
blood cells find their way from the contorted vessels by diapedesis or small

haemorrhages into the air vesicles or interstitial tissue of the lung. Here

decomposition of the haemoglobin leaves brownish pigment particles which

may remain free or be taken into cells. In the air vesicles the epithelial

cells usually desquamate in considerable numbers, and take up the

pigment in varying amount. This pigment gives to the lungs a peculiar
brownish pink or salmon color. The appearance of these lungs may be

modified by hsemorrhagic infarctions, by pre-existing emphysema or

oedema, or by exudative inflammation. Associated with these changes
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there is usually a new formation of fibrous tissue, so that the lung be-

comes indurated, leathery, and dry, and collapses less readily than nor-

mal. This condition is often called brown induration of the lung. This

formation of fibrous tissue is analogous with that which occurs in other

organs, such as the kidney and liver in chronic congestion. Emigration
of leucocytes is not infrequently associated with diapedesis from the

dilated capillaries, and these, with the desquamated epithelium, may
accumulate in the air vesicles.

In oedema of the lungs the vesicles contain a clear, sometimes foamy,

fluid, occasionally tinged with blood, usually mixed with exfoliated ves-

ical epithelium. The cedematous fluid may be present in the bronchi

and in the interstitial tissue of the lungs. (Edema is often associated

with hyperaemia, and like this may vary in different parts of the lung.
On the other hand, there may be extensive oedema without overfilled

blood-vessels; these in excessive oedema may indeed be nearly empty and

compressed. (Edema of the lungs may occur in general infections and

intoxications, or in association with local inflammatory processes. Fatal

oedema of the lungs may be associated with fat embolism.

The studies of Welch ! show that with diminished force exerted by
the left side of the heart, the vigor of the right remaining unimpaired,
oedema of the lungs may follow.

2

HEMORRHAGE AND INFARCTION.

HAEMORRHAGE.

Haemorrhages into the lung tissue and air spaces of the lungs may
occur from trauma, from rupture of aneurism, in acute infectious dis-

eases and intoxications, in scurvy and haematophilia, in asphyxia from
brain lesions or other conditions, from tuberculous ulcerations involving
the blood-vessels. Multiple ecchyuioses may occur in fat embolism.

Haemorrhage is of frequent occurrence in excessive hyperaemia of the

lungs, notably in connection with mitral stenosis and insufficiency. Un-
der these conditions the extravasation of blood may take place by diape-

desis or by rhexis. The accumulations of blood may be single or mul-

tiple, localized or diffuse, dense and firm, or when oedema is present,

soft and fluid in character. During the last hours of life, owing to eu-

feeblement of the heart, extravasation of blood may occur which sinks

to the posterior dependent portions of the lungs.

INFARCTION.

As a result of thrombosis or embolism of the pulmonary artery, dense

collections of extravasated blood may form, called hcemorrhagic infarc-

1

Welch, Virchow's Arcliiv, Bd. Ixxii., p. 375.
2 For a study of the disturbances of circulation in the lungs under various abnormal

conditions see Esser, Centralbl. f. ges. Med., January 26th, 1901, bibliography.



THE RESPIRATORY SYSTEM. 485

These infarctions are often multiple, usually circumscribed, and
rounded or wedge-shaped, from the size of a walnut to that of an orange.

They are of dark-red color, hard and uuaerated, with the air spaces
distended with blood, and are often surrounded by a zone of inflamma-

tory exudate. They may be situated in any part of the lungs, but are

most common in the lower lobes. At the apices of the infarction, the oc-

cluding thrombus or embolus may be discovered. When, as is usually
the case, they are near the surface of the lungs, a circumscribed inflam-

mation of the pleura often occurs.

Such infarctions may be followed by death ; they may become gan-

grenous, or if the emboli or thrombi be not infectious, the blood may
become absorbed, and, especially in the smaller forms which are more
often due to embolism, they may be gradually changed into a smaller

mass of pigmeuted fibrous tissue.

A large part of the lungs may be involved in haemorrhage due to

thrombosis of large trunks of the pulmonary artery. Ha?morrhagic in-

farctions from thrombosis or embolism are most frequent in lungs which

are the seat of chronic congestion. The most common source of the em-

boli of the pulmonary artery is the right heart or peripheral thrombi.
'

ATELECTASIS.

In atelectasis the walls of the air spaces lie together, either because

they are collapsed or compressed, or because, as in congenital atelectasis,

the lungs, or portions of them, have not been expanded in respiration.

In fretal or congenital atelectasis defects in the respiratory mechanism,
or blocking of the air passages, may be responsible for the unaerated

condition which may affect only parts of a lung or a whole organ. The
atelectatic portions of the lungs are dark red in color and of fleshy con-

sistency.
2

Atelectasis may, on the other hand, \>z acquired, either in childhood

or in adult life. In young children collapse of portions of the lung is

of frequent occurrence, through occlusion of bronchi by inflammatory
exudate. The region thus cut off is gradually deprived of air, so that

as the blood continues to circulate, it is dark red and firm in texture.

Compression atelectasis may be due to exudates, tumors, etc., in the pleu-
ral cavities. Under these conditions the portion of lung involved may
be paler than normal from the pressing out of the blood. In adults,

large or small portions of lung tissue may collapse from occlusion of

a bronchus by exudate or stenosis, by paralysis of the vagus, or in long-

continued feebleness of respiration. (Edema may be associated with

collapse.

Atelectasis may resolve by an early admission of air to the collapsed

1 For a fuller consideration of embolism and thrombosis of the pulmonary artery
consult Welch, in Allbutt's "System of Medicine," vol. vi., p. 261.

3
Collapsed lungs from their red color and fleshy consistency are often spoken of as

"'cammed."
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region. On the other hand, if prolonged, fibrous tissue may form and
the involved portion may be finally converted into a cicatricial mass,
sometimes containing bronchiectatic cavities.

EMPHYSEMA.

Vesicular Emphysema. In forcible inspiration or expiration through
obstruction of the air passages, in coughing, or in the use of wind instru-

ments, or with consolidation or compression of portions of the lungs, the

walls of the air spaces of the lungs may be more or less distended, either

in circumscribed regions or over large areas of the lungs. This may de-

FIG. 268. VESICULAR EMPHYSEMA.

Showing enlargement of the air spaces and thinning of their walls.

velop in a short time, and then the condition is designated acute emphy-
sema.

If the conditions which induce emphysema be persistent, as in chronic

bronchitis with difficult respiration and coughing, atrophy of the walls

of the air vesicles and alveolar passages may take place chronic emphy-
sema. The walls become thinner and are often perforated; adjacent air-

spaces coalesce, so that larger and smaller irregular, thin-walled cavities

are formed (Fig. 268). Destruction of the capillary network of the

atrophied walls occurs, and the lung may thus become pale and anaemic.

As a rule, the distention of the air spaces is most marked along the an-

terior margins of the lungs, but it may be more general. Through the

atrophy of the elastic tissue of the lungs, when the lesion is general and

advanced, these organs do not collapse wrhen the chest is opened. They
appear pale, are dry and soft, and pit on pressure by the finger.

The microscopic picture is that of varying degrees of atrophy ;
des-

quamatiou and fatty degeneration of the vesical epithelium are common.
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As already indicated, emphysema of the lungs is often associated with

chronic bronchitis. With this may be more or less hyperplasia of the

interstitial tissue. Dilatation or

hypertrophy of the wall of the

right ventricle is common.
Chronic endarteritis of the pul-

monary vessels may be associated

with emphysema. There may
be chronic venous congestion of

the abdominal viscera and
dropsy. Delafield holds that

the more essential lesion in some

forms of emphysema is the de-

velopment of new connective tis-

sue with which dilatation of the

air vesicles and atrophy of their

walls are in varying degrees as-

sociated.

In old age, atrophic processes

in the lungs may be associated

with dilatation and mergence of

the air spaces. This is called

senile emphysema. Excessive

emphysema, apparently congeni-

tal, may be present in young
children (see Fig. 269).

Interstitial Emphysema.

Eupture of the walls of the air

spaces may permit the escape of

air into the interstitial tissue of

the lungs. Kupture of the pul-

monary pleura may admit air

into the mediastinum and thence FIG. 269.-iNTERLOBULAR EMPHYSEMA OF LUNG.

into the tissues Of the neck. Gas Child two months old. After whooping-cough. 1

may form after death in the in-

terstitial tissue of the lungs from the presence of the Bacillus aerogenes

capsulatus or other putrefactive bacteria.

GANGRENE.

Circumscribed gangrene occurs in the form of one or more rounded

or irregular masses of variable size. The gangrenous portion of lung is

at first brown and dry. The surrounding lung tissue is congested or

oadematous, or infiltrated with blood, or inflamed. If the gangrenous
focus is near the pleura, the latter will be coated with fibrin. Gradually

' For a fuller description of this unusual case see Northrup, Am. Jour. Med. Sci.,

vol. Ixxxvi., 1883, p. 147.
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the gangrenous portion of lung assumes a dirty green color and a putrid
odor. It becomes soft, disintegrated, and separated from the surround-

ing lung. The blood-vessels may be obliterated by thrombi, or eroded,

so that there are profuse haemorrhages.
Such a gangrenous process may extend to the adjacent lung tissue, or

a zone of gray or red hepatizatiou or of connective tissue may be formed.

The fluid from the gangrenous lung may pass into the bronchi and be

expectorated ;
or it may run from one bronchus into another and incite

new gangrenous foci or diffuse gangrene. The pulmonary pleura may be

perforated and a gangrenous pleurisy produced. Gangrene may follow

lobar or broncho-pneumonia, especially such phases of the latter as result

from the inspiration of foreign material containing micro-organisms from
the mouth

;
it may arise from infectious emboli in the lungs, or by an

extension of a gangrenous process from an adjacent part. It may be as-

sociated with oesophageal diverticula.
*

Diffuse gangrene may follow the circumscribed form
; it may compli-

cate lobar pneumonia or occur as an independent condition. A large

part of a lobe or of an entire lung becomes greenish, putrid, and soft,

and the pulmonary pleura is inflamed. There may be haemorrhages from
eroded vessels. There may be general septicaemia.

Various forms of bacteria may be present in gangrenous areas of the

lungs. Among the more common are Streptococcus pyogenes, Staphy-
lococcus pyogeues, pneumococcus, and various saprophytic micro-organ-
isms.

11

INFLAMMATION. (Pneumonia, Pneumonitis.)

General Considerations.

Before commencing the study of inflammation of the lungs it is well to recall some
of those features of structure and function which influence the local manifestations of

disease in these organs and largely determine the special character of its lesions. In

the first place, the lungs, like the gastro-intestinal canal, while in a topographic sense

within the body, are still in open communication with the exterior, and are thus m^rn

directly exposed to various deleterious agencies than are those structures and organs

wholly enclosed by living tissues. Notwithstanding this vulnerability of location, the

recesses of the lungs are guarded by protective mechanisms of great efficiency. Thus
in normal respiration the air, which often bears as dust many organic and inorganic
substances as well as minute living organisms; is largely cleansed by its repeated im-

pingement upon the moist mucous surfaces of the nose, pharynx, larynx, and bronchi.

The ciliated cells of these membranes are constantly sweeping upward such of these

particles as have lodged upon them, while by the lymph channels and the lymph nodes

foreign substances which have escaped the barriers are either removed or stored in the

least harmful situations. Damage to the integrity or efficiency of these protective

agencies is a factor in the origin of pulmonary diseases too often ignored.

The responses of the lung tissues to the excitants of inflammation are not funda-

mentally as distinct nor as variable as the common classifications of pneumonia would

seem to indicate. Exudation from the smaller blood-vessels is one of the most common
features of the acute phases of pulmonary inflammation.

1 See reference to Stnrck, p. 531.
2 See for "acid-proof

"
bacilli in srangrene, Ophuls, Jour. Mecl. Res., vol. viii., p.

242.
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The formation of exudates is favored by the extensive capillary network which is

almost directly exposed to such deleterious agents as may gain access to the air spaces ;

while a great accumulation of exudates is possible owing, to the spongy structure of

the organs.
The transitional character of the epithelium lining the air vesicles predisposes to

cell proliferation and exfoliation, and thus to the formation of exudate.

On the other hand, the abundant blood and lymph channels 1 favor the ppeedy re-

moval from the air spaces in the lungs of large quantities of exudate.

While the abundant lymphatics of the lungs aid in the rapid disposal of exudates,

they, on the other hand, favor the absorption of toxic substances into the body at large
when bacteria, for example, are the excitants of the local inflammation. 2 So that al-

though exudative pneumonia is commonly considered a local disease, it is often rather a

local expression of a general infection or is doubly significant on account of the asso

ciated toxaemia.

In addition to the development and accumulation of exudates, necroses and the

formation of fibrous tissue are the most noteworthy general pathological processes it

the lungs.
While the conspicuous differences in the various forms of pneumonia are largely

due to differences in the nature, virulence, and distribution of their excitants, predis-

posing factors dependent upon age, constitutional condition, and the protective mechan-
ism of the lungs are of great significance.

The common classifications are based partly upon etiology, partly upon morphol-

ogy, and the names used suggest now the topography of the lesions or the character ox

the tissue which is especially affected, and again the species of the bacterial excitant.

Thus the term lobar pneumonia is topographical ;
tuberculous pneumonia emphasizes

the excitant ; while interstitial pneumonia suggests the form of tissue involved.

ACUTE LOBAR PNEUMONIA. (Fibrinous Pneumonia Croupous
Pneumonia. )

This is an infectious disease incited by the Micrococcus lanceolatus

(pueumococcus of Fraenkel).
8

It is especially characterized by an exu-

dative inflammation in which red and white blood cells, serum, and fibrin

accumulate in the air spaces of the lungs, usually involving, especially in

adults, the whole of one lobe or lung or portions of both lungs.* Toxae-

mia from the absorption of poisons formed locally in the lungs is an

important and often most significant factor in the disease. The pnemno-
coccus is occasionally widely disseminated in the blood.

During the first hours of the inflammation the capillaries of the air

spaces are congested, the lung is oedematous, firmer than normal, but not

markedly consolidated. The air spaces contain varying numbers of leu-

cocytes, red blood cells, serum, and fibrin (Fig. 270). The epithelial

1 See Miller, Arch. f. Aaat. und Physiologic, Anat. Abth., 1900, p. 197, bibli-

ography.
2 Note by Councilman, "The Lobule of the Lung and its Relation to the Lym-

phatics," Boston Jour. Med. Sciences, vol. iv., p. 165, 1900.
3 We shall use here as synonymous the names Micrococcus lanceolatus and pneumo-

coccus; when pneumococciis is used the pneumococcus of Fraenkel is referred to. For
a description of this organism see p. 191.

4 The clinical course and the morphological characters of the inflammation of the

lungs associated with the Micrococcus lanceolatus are so typical that we seem justified
in limiting the term lobar or fibrinous pneumonia to this condition, even though inflam-

mations of the lungs due to other excitants are occasionally lobar in extent and may
have a fibriuous exudate, and though exceptionally the pueumococcus inflammation
itself fails to reach lobar proportions.
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cells lining the air vesicles may be swollen, they sometimes proliferate,

and are usually detached in considerable numbers. Catarrhal bronchitis

and pleuritis may at

this time develop.
This is called the

stage of "
conges-

tion" or "
engorge-

ment " and may last

for a few hours or

for several days.
As the process

continues red blood

cells, but especially

polymorphonuclear
leucocytes, and
fibrin accumulate in

the air spaces and
smaller bronchi, so

that the portion of

lung involved be-

comes solid and fri-

able, somewhat re-

sembling the liver

in color and consistency; hence the term "red hepatization" which has
been used to indicate this condition. The cut surface of the consoli-

dated portion is dry and coarsely granular, the granules being plugs or

casts of exudate in the air spaces. A light scraping of the cut sur-

FIG. 270. ACUTE LOBAR PNEUMONIA EARLY STAGE.

This single air vesicle shows congestion of the capillaries in the walls,
and a small amount of exudates, fibrin, leucocytes, red blood cells, and ex-

foliated epithelium.

FIG. 271. ACUTE LOBAR PNEUMONIA-STAGE OF " RED AND GRAY HEPATIZATION."

The air vesicles are filled with exudate consisting largely of leucocytes, fibrin, and serum with a few

epithelial cells.

face of the lung with the knife readily removes these granules or plugs
of exudate, which consist largely of fibrin and leucocytes with red blood
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cells and exfoliated epithelium (Fig. 271). The relative amount of

leucocytes, red blood cells, and fibrin in the air spaces varies greatly,

sometimes one, sometimes the other, preponderating (Fig. 272). The
fibrin fibrils often coalesce or swell, forming homogeneous, irregular
masses. On staining, large numbers of pneumococci may be found min-

gled with the other elements. While the general appearance of the lung

*i%

FIG. 272. ACUTE LOBAR PNEUMONIA.

Showing flbrinous exudale stained by Weigert's method.

in this stage is red, it is often mottled with gray and frequently is not

uniformly solid. Although the capillary blood-vessels are compressed,

they for the most part remain pervious; but thrombosis is not infre-

quent. Fibrinous pleuritis is commonly present and the interstitial tis-

sue of the lung, while usually free from exudate, may be osdematous and

contain a few leucocytes and some fibrin.

The quantity of exudate in the lung is often very large. Hodenpyl
has found it sometimes to be from three to four or even six pounds in

weight.
In the usual course of events the red blood cells now lose their haemo-

globin, the exudate begins to soften, and the lung assumes a grayish
color gray hepatization or commencing resolution. The leucocytes and

exfoliated epithelium undergo granular and fatty degeneration
'

or necro-

sis, and these with the fibrin soften and disintegrate (Fig. 273). The cut

1 See on fatty degefieration of pneumonic exudates, Christian, Jour. Med. Re-

search, vol. x., p. 109, bibliography.
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surface of tlie lung is now moister, less granular, and is often covered

with a grumous fluid. In view of the new studies on cytolysis it seems

probable that here as in the removal of alien and dead organic material

elsewhere in the body the exudate is softened and rendered capable of

solution by an exaggeration of the

normal autolytic processes (see page

187).
' The softened exudate is

gradually absorbed or may be in

part expectorated. The involved

portion of lung again contains air ;

the epithelium of the air spaces is

regenerated.
While it is customary and con-

venient to describe definite stages
of lobar inflammation of the lung
red and gray hepatization and res-

FIG. ^.-EXUDATE FROM THE LUNG IN RESOLV- OllltiOU theSC In fact HOt Only
ING LOBAR PNEUMONIA. merge gradually into each other,

The cells show various phases of granular and fo^ often Coexist ill different parts
fatty degeneration with fragmentation of the nu-

ciei and disintegration of the ceii bodies. of the lung. The process of repara-
tion also usually occurs irregularly,

so that a lung in resolution may show side by side in neighboring air

spaces well-formed cellular and fibrinous exudate, degenerated exudate,
and various phases of epithelial cell repair.

2

Associated Lesions in Other Organs.
3 Fibrinous or sero-fibriuous pleu-

ritis, usually with slight but often with voluminous exudate, commonly
accompanies lobar pneumonia. Catarrhal and fibrinous bronchitis is also

usually associated with the pneumonic process. Pericarditis and endo-

carditis are not infrequent complications ; meningitis occasionally occurs.

The excitant of these complications is usually the pueumococcus.
4

Chromatolysis of the ganglion cells, albuminous degeneration in the

kidney, liver, and heart, hyperplasia of the bronchial lymph-nodes, to-

gether with leucocytosis, fever, and frequent serious enfeeblement of the

heart action are marks of toxseniia. The bronchial Ij'mph-uodes may
contain, especially in the perifollicular sinuses, and often within phago-

cytes, red blood cells, cell detritus, and pneumococci brought from the

lungs ; fibrin is frequently also present.

In lobar pneumonia in young children, in those enfeebled by acute

and chronic disease, and in the aged, the lungs are often less uniformly
1 For a study of the chemistry of resolution of the exudate see Simon, Deut. Arch,

f. kl. Med., Bd. Ixx., 1901, p. 604. See also references to studies on autolysis, Jacoby,
Cbl. f. Path., Bd. xiii., 1902, p. 2.

For a study of the histology of acute lobar pneumonia with bibliography see Pratt,
Contr. to Welch Anniversary Volume, 1900, p. 265, and Johns Hopkins Hospital Re-

ports, vol. ix.
3 See for resume of statistics of complications, Kerr, Trans. Chicago Path. Soc.,

May and June, 1903, p. 274. Also for an analysis of four hundred and eighty-six cases

McCrne, Fysche, and Ainley, Am. Med., January 23d, 1904.
4 For a study of blood cultures in pneumonia see Rosenow, Jour, of Infectious Dis-

eases, vol. i., 1904, p. 280, bibliography.
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consolidated arid less dense and hard than in vigorous adults. When
lobar pneumonia occurs in lungs already the seat of chronic lesions, such

as chronic congestion, emphysema, interstitial pneumonia, or tuberculo-

sis, the gross appearances of the organs maydiffer in various ways from

those of uncomplicated pneumonia.

FIG. 274. "ORGANIZING" PNEUMONIA DELAYED RESOLFTION AFTER LOBAR PNEUMONIA.

Anastomosing fascicles of fusiform connective-tissue cells lie within the air vesicle and are continuous with

similar new formations in adjacent air spaces.

While Micrococcus lauceolatus is the regular excitant of lobar pneu-

monia, other bacteria see below are not infrequently associated with

it, sometimes though by no means always leading to clinical complica-
tions and to modifications of the appearance of the lesion. Predisposi-
tion of the individual is an uncommonly conspicuous and important fac-

tor in the etiology of this as other forms of pneumonia, so that, as is well

known, exposure, fatigue, etc., may induce the favoring bodily condi-

tions under which the pneumococcus becomes harmful. The experiments

upon animals are most conclusive in demonstrating that intrapulnionary

injections of pneumococcus cultures, which may be entirely without ob-

vious effects in a healthy animal, may induce exudative inflammation or

become quickly fatal after such exposure to cold or fatigue or injury or

to the action of drugs, as interferes with the integrity of the blood or

locally damages the pulmonary tissues.
l

Delayed Resolution after Lobar Pneumonia ("Organizing Pneumonia").
Instead of undergoing resolution, the fibrinous and cellular exudate in

the air spaces in lobar pneumonia may persist and by a process similar

to that which is called organization of a thrombus (page 74) may be

gradually replaced by new vascular fibrous tissue. Kew connective-tis-

sue cells grow out from the walls of the air spaces into the exudate
; these

cells become elongated. Intercellular fibrils develop, and long masses

or bands of this new tissue, often containing blood-vessels, may extend

for considerable distances through the air channels of the lung (Fig.

274). These may gradually coalesce with the walls, and together with

an interstitial connective-tissue growth may lead to a fibrous consolida-

tion of the lung.
1 For reference to experimental excitation of pneumonia see p. 499.
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Delafield describes such an mtra-alveolar formation of connective tis-

sue leading to fibrous induration of lobes of the lung and occurring as an

independent lesion apart from the exudative form of lobar pneumonia.

CONCURRENT INFECTION AND SUPPURATIVE INFLAMMATION OF THE
LUNG FOLLOWING LOBAR PNEUMONIA.

Although as stated above Micrococcus lanceolatus usually occurs alone

in typical lobar pneumonia, it may be accompanied by the Streptococcus
and Staphylococcus pyogenes and occasionally by other micro-organisms.
The exact significance of these mixed or concurrent infectious in lobar

pneumonia is not always clear. But instead of the usual resolution there

may be gangrene ;
or suppuration of the interstitial lung tissue with the

formation of abscess may occur. In such cases Streptococcus pyogeues
and Staphylococcus pyogeues aureus or .putrefactive bacteria may be

present with the pueuniococcus in the exudate.

Suppurative inflammation of the interstitial tissue of the lungs may
involve not only the larger fibrous-tissue bands but the walls of the air

vesicles and other air spaces. It is often called "
purulent infiltration."

From the cut surface of the lungs in resolving lobar pneumonia, a gru-
rnous fluid resembling pus often exudes, and this is sometimes mistaken

for a mark of interstitial suppuration of the lung.

Suppurative inflammation of the interstitial tissue of the lung may
occur without association with lobar pneumonia.

LOBULAR PNEUMONIA AND BRONCHO-PNEUMONIA.

In distinction from that common form of pulmonary inflammation

induced by the Micrococcus lauceolatus, which as we have seen is usu-

ally lobar in character, there are exudative inflammations of the lungs,

due to many different excitants, which are "
patchy

" or " lobular " in

extent, the consolidated areas varying in size from such as are scarcely
visible to those several centimetres in diameter.

' These patches of lobu-

lar consolidation often join and merge, so that solidification of whole

lobes or lungs is not uncommon. But the mottled, uneven surface and
color of the lungs on section, and the usual absence of the peculiar granu-

lation, ordinarily suffice for the distinction even to the naked eye of the

lobar from the coalescent lobular forms of exudative pneumonia.
It is convenient to recognize several types of lobular exudative pneu-

monia, although the character of the exudate is not distinctive.

1 The term lobular does not refer exclusively to the anatomical "
lobule

" of the lung,
since the masses or patches of consolidation often embrace several lobules or parts of

these.
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Broncho-Pneumonia. Lobular Pneumonia with Inflammation of the
Smaller Bronchi.

This most important type of lobular pneumonia frequently develops
in connection with and as an extension of that form of inflammation of

the smaller bronchi commonly called "capillary bronchitis." At first

dark red in color, the lobular areas of consolidation in broncho-pneu-
monia become more gray at the centre through degeneration of the ex-

udate, while the advance of the process in the periphery is marked by
a less solid, redder zone. On section of the fresh lung these areas (Fig.

275) usually project somewhat above the general surface and at their cen-

FIG. 275. BRONCHO-PNEUMONIA IN AN ADULT.

Showinp several areas of consolidation with the central bronchus filled with exudate stained dark in the

section from which the photograph was made.

tres the involved bronchi may appear as lighter spots, from which pus

may exude or be easily pressed out. Such areas may coalesce, forming

larger consolidations. The exudate which more or less completely fills

the air spaces (Fig. 276) consists of serum, old and new-formed epithe-

lial cells from the walls of the air spaces, red blood cells, and often fibrin

and polymorphouuclear leucocytes (Fig. 277) with various forms of

micro-organisms. As a rule, however, fibrin and leucocytes are not as

abundant as in the exudate of lobar pneumonia. Mucus and bronchial

epithelium may be aspirated into the air spaces and mingled with the

exudates.

Broncho-pneumonia involves a direct extension of the inflammatory

process from the bronchi to the contiguous lung tissue, so that there is

both an interstitial and exudative pneumonia about the bronchial tubes,

the whole forming the lobular areas of consolidation (Fig. 278). This
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involvement of the bronchial wall in inflammation with a direct exten-

sion of the process to the surrounding lung tissue has been urged espe-

FlG. 276. BROXCHO-PXErMOXIA IX A CHILD.

The section shows a single lobular area of consolidation with its bronchus whose thickened wall merges with

the surrounding zone of exudative pneumonia.

cially by Delafield as the process to which the term broncho-pneumonia
should be par excellence applied.

Between the consolidated areas there may be atelectasis of lung tissue

from the occlusion of the smaller bronchi with exudate. When the con-

solidated areas are situated at the surface of the lungs, fibrinous pleuri-

tis may be present over the affected regions.

This form of broncho-pneumonia is frequent in children, sometimes

as an independent process, but often associated with or following diph-

theria, scarlatina, measles, etc. It oc-

curs also in adults, either as a compli-
cation of infectious diseases such as

typhoid fever, smallpox, influenza, etc.,

or as a primary process. It may occur

in the aged or those enfeebled by chronic

wasting diseases.

Resolution may take place in the

areas of broncho-pneumonia by proc-
esses of cell degeneration and absorp-
tion identical with those through which

restoration is secured in lobar pneumo-
nia. If, however, resolution in broncho-

pneumonia do not presently take place
and the lesion persist, dense connective

tissue is apt to form about the bronchi and in the interstitial tissue of

the lungs, which may lead to induration and distortion of the organs,

atelectasis, chronic bronchitis with dilatation of the bronchi, etc. A

FiG.277. BROXCHO-PNEUMOXIA EXUDATE
IN A SIXGLE Am VESICLE.
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photograph of a section of such a chronic or "persistent" oroncho-

pneunionia is reproduced in Fig. 279.

Other Forms of Lobular and Broncho-Pneumonia. There are forms or

types of lobular pneumonia in which serum and epithelial cells with

more or less fibrin and leucocytes collect in the air spaces of a limited

region without primary bronchitis and without involvement of the walls

of the bronchi and air spaces.

In one type of lobular pneumonia and broncho-pneumonia the exu-

date may consist largely of pus cells which infiltrate the walls of the air

spaces and bronchi as well as fill the air spaces themselves. This type
of inflammation may be induced by the aspiration in feeble persons of

irritating substances or bacteria-containing material of various kinds,

FIG. 278. BRONCHO-PNEUMONIA CHILD.

Showing slight change in the epithelum of the bronchus ; a purulent exudate in the lumen ; thickening of

the wall of the small bronchus, and exudate in the adjacent air vesicles.

particles of food, saliva, etc. This is called aspiration pneumonia and

may result in uecrotic or gangrenous processes in the involved regions
of the bronchi and lungs. Again there may be circumscribed areas of

exudative pneumonia, often suppurative in type and involving the walls

of the air spaces, which originate through the transportation by the

blood-vessels of various forms of bacteria, especially the Streptococcus
and Staphylococcus pyogenes, as in pyaemia ;

this is called lobular pneu-
monia of heematogenous origin or pycemic pneumonia. Thus abscesses of the

lungs may be formed.

In the lobular pneumonia of bubonic plague the exudate is said to

contain few leucocytes and epithelial cells and to consist largely of blood

and plague bacilli.
l

In the aged or those long in bed in an enfeebled condition, hyperse-

1 Consult Flexner, Trans. Assn. Am. Phys., vol. xvi., 1901

32
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mia and oedema with more or less exudate, usually epithelial in charac-

ter, may develop in the dependent posterior portions of the lungs hy-

postatic congestion and hypostatic pneumonia.
There is a peculiar and rare form of broncho-pneumonia associated

with necrosis in which forms of streptothrix have been isolated which
are undoubtedly the excitants of the disease.

1

Actinomyces is also an

occasional excitant of broncho-pneumonia.
In all these forms of lobular pneumonia oedema and atelectasis of

uuinvolved portions of the lung may occur.

It is evident that in lobular pneumonia the infectious agent may reach

the lungs either through the air passages or through the blood or lymph

FIG. 279. PERSISTENT-CHRONIC BROXCHO-PXECMOXIA.

vessels, and that differences in the portals of entry as well as in the

nature and virulence of the excitant and the susceptibility of the indi-

vidual have an important bearing both upon the course of the disease

and the morphology of the lesion.

THE EXCITANTS OF LOBULAR AND BRONCHO-PNEUMONIA. The

excitants of broncho-pneumonia and other types of lobular pneumonia
are most frequently Streptococcus pyogenes (Fig. 251), the pneumo-
coccus, Staphylococcus pyogeues, the typhoid, diphtheria, influenza, and

plague bacilli, the pneumobacillus of Friedlander; the streptothrix

1 Consult Noi-ris and Larkin, Jour, of Exp. Med., vol. v., p. 155, 1900, bibliography.
Also further reference on page 225.



THE EP:SPIRATORY SYSTEM. 499

above mentioned, and other bacteria have been occasionally found.'

Pathogenic moulds may be excitants of acute forms of lobular pulmonary
inflammation.

It will thus be seen that while it is convenient to group the exudative

forms of pulmonary inflammation on the basis of distinctions which are

in part morphological, in part etiological, the types in fact frequently

merge or concur. This should not lead to confusion if we remember
that these are infectious diseases whose most conspicuous lesion is located

in the lungs, and that they are not species in the natural history sense,

for which fixed and definite characters must be established, but that the

groups only indicate various forms and phases of response of a living

organ in various conditions of susceptibility to the damage inflicted by
one or another, and not infrequently by two or more combined forms of

FIG. 280. Am VESICLE IN BRONCHO-PNEUMONIA WITH STREPTOCOCCI.

This specimen is from a case of broncho-pneumonia complicating a pseudo-membranous inflammation

of the larynx in scarlatina. Exfoliated epithelium, leucocytes, and a little fibrin with the streptococci form

the scanty exudate.

micro-organisms. These pneumonias are not considered among the infec-

tious diseases where they logically belong, partly because there are prac-

tical advantages in grouping pulmonary lesions together and partly be-

cause our knowledge of the relative frequency and significance of the

bacterial excitants of the various types is still in many cases too incom-

plete to permit the establishment of a distinctive and clearly defined

form of infection.
2

1 For a study of the bacteriology of lobular pneumonia, especially in adults, see

Blumer, Albany Med. Annals, vol. xxii., August, 1901.
2 For a resume of earlier attempts to induce experimental pneumonia in animals,

consult AufrecM in Nothnagel's "Specielle Pathologic u. Therapie," Bd. xiv., Th. 2, p.

36, bibliography, p. 221.

For a study of bacteria in the lungs and their relationship to pneumonia, consult



500 THE RESPIRATORY SYSTEM.

INTERSTITIAL PNEUMONIA.

This name is given to a chronic productive inflammation, which in-

volves the connective-tissue framework of the lung and the walls of the

air spaces, and results in the formation of new connective tissue and the

obliteration of the air spaces (Fig. 252).
Such an interstitial pneumonia may follow acute lobar pneumonia

with the production of new intra-alveolar connective tissue, broncho-

pneumonia, chronic pleurisy, chronic bronchitis, and atelectasis, or may
be induced by the inhalation of the dust of coal, stone, or other inor-

ganic substances. Diffuse interstitial pneumonia may occur in syphilis.
The topography of the lesion varies considerably in the different con-

ditions under which the new tissue growth occurs. If it follow acute

FIG. 281.CHROXIC INTKRSTITIAL PXKUMOXIA.

lobar pneumonia, one lobe or the whole of one lung may be involved and
covered with pleuritic adhesions. The lobe or the lung is small, smooth
on section, and firm in texture. The air spaces and small bronchi may
be largely obliterated by the new connective tissue. If it follow broncho-

pneumonia, one or more lobes are studded with fibrous nodules, which

correspond to the affected bronchi and the associated lung territory ; or

Klipstein, Zeits. f. klin. Med., Bd. xxxiv., p. 191, 1898; also with special reference to

children, see Diirek, Deut. Arch. f. klin. Med., Bd. Iviii., p. 368, 1897.

For a study of bacteria in the lungs of man and lower animals, see Beco, Arch, de
Med. experimentale, etc., t. xi., p. 318, 1899, and t. xiii., p. 551, 1901.

For a study of experimental cooling of the body which may induce changes in the

blood, predisposing to infection with the pneumococcus, see Reineboth and Kohlhardt,
Deut. Arch. f. klin. Med., Bd. Ixv., p. 192, 1900.

For a study of the effects of cooling in general as a predisponent to infection, see

Lode, Arch. f. Hygiene, Bd. xxviii., 1897, p. 344; also Kisskalt, Ibid., Bd. xxxix., p.

142, 1900, bibliography.
For a study of the portals of entry in lung infection, with special reference to the

pleura, see Grober, Deutsch. Arch. f. klin. Med., Bd. Ixviik, p. 296, 1900, bibliography.
For a recent comprehensive resume of bacteria in the lung, of the predisposing fac-

tors in pneumonia, and a summary with new studies of experimental pneumonia, see

Wadsworlh, Am. Jour. Med. Sci., vol. cxxvii., 1904.

Concerning circulatory changes in the lungs under various pathological conditions,
see reference to Esser, p. 484.
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a large part of a lobe is converted into dense fibrous tissue ; the pleura

may be thickened; there may be chronic bronchitis and bronchiectasia.

If interstitial pneumonia be associated with thickening of the pleura,
bands of connective tissue extend from the pleura into the lung, the

bronchi are inflamed and often dilated. When associated with chronic

bronchitis there are fibrous noduies around the bronchi, with more or

less diffuse connective tissue.

The changes in interstitial pneumonia may occur by a slow hyperpla-
sia of the fibrous tissue or by the formation of granulation tissue which
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FIG. 382. CHRONIC INTERSTITIAL PNEUMONIA. REVERSION OF EPITHELIUM IN ISOLATED AIR VESICLES.

gradually becomes denser with contraction. Although this process is

primary in the interstitial tissue, exudates are often present in the air

spaces ; atelectasis may occur, while emphysema and bronchiectasia are

common.
Sometimes a noteworthy change occurs in the epithelium lining air

vesicles which have been cut off from their neighbors by the new fibrous

tissue. The epithelial cells increase in number, become thicker, and

finally the small or distorted cavities may be lined with a complete in-

vestment of cuboidal cells (Fig. 282). This reversion of the epithelium
of the air vesicles to a less differentiated type occurs in many chronic

processes in the lungs.

Pigmentation of the Lung. The inhalation of dust and smoke is so

continuous among those who live much indoors that the lungs of nearly

FIG. 283.-ANTHRACOTIC PIGMENTATION OF THE LUNG.

Showing pigment beneath the thickened pleura and in the thickened septa of the emphysematous lung.

all persons from the earliest years are more or less pigmeuted. The for-

eign particles which get into the deeper recesses of the lungs are in part



502 THE RESPIRATORY SYSTEM.

taken up by the epithelium of the air spaces, in part are carried by pha-

gocytes or otherwise to the interstitial tissues of the lungs (Fig. 283).

Here, either within cells or without, they are deposited along and withiii

the lymph-channels or in the lymph-nodules of the pleura and interstitial

tissue, or they may be carried to the lymph-nodes at the root of the

lungs. Barely, this inhaled dust passes the tracheal and bronchial

lymph-nodes and may be deposited in the viscera, especially in the liver

and spleen.

Under ordinary conditions a considerable deposit of inhaled pigment

particles in the lungs does not seem to be of great significance, though
there is little doubt that it may predispose to more serious lesions. On
the other hand, miners and others working or confined in smoky air,

stone or metal workers, and the like are liable to excessive pigmentation
and develop interstitial pneumonia, especially marked at first along the

iuterlobular septa and frequently associated with chronic bronchitis,

emphysema, atelectasis, or bronchiectasia. This condition of the lung
when due to the inhalation of coal dust is called anthracosis ; when due to

dust of various minerals, chalicosis ; when due to iron dust, siderosis.
1

The general process has been called pneumokoniosis. The color varies in

these lungs with the character and amount of the deposited material,

which is frequently quite unevenly distributed. The amount of foreign
material in such lungs is sometimes large.

2

TUBERCULOUS PNEUMONIA.

General Considerations. Tuberculous inflammation of the lungs is sim-

ilar in nature to tuberculous inflammation in other parts of the body.
But since the character of the response of a tissue to injury is largely

dependent upon the form and capacities of its cells, it is not surprising
that in such complex organs as the lungs, the lesions of tuberculosis

should present many variations from the usual type elsewhere. The
bronchial passages and the connecting air spaces, the numerous blood-

and lymph-channels especially favor the distribution of the tubercle

bacillus within these organs ; the open texture of the lungs permits, as in

other forms of pneumonia, of great accumulation of exudate, while the

delicacy and thinness of the air chambers favor extensive disintegration
of the old or new-formed tissues or exudates when these have become
necrotic under the influence of the poisons of the tubercle bacilli.

3

Thus the variety of cells and tissues involved and their peculiar rela-

tionships to one another and to the invading organisms render the lesions

of pulmonary tuberculosis more complex in morphology than are tuber-

culous lesions in any other part of the body.
The classification of these lesions is largely based upon topographic
1 For a study of the condition of iron pigment in cells and tissues see Arnold,

Virch. Arch., Bd. clxi., p. 284, 1900.
4 For an analysis of the lungs of a case of extreme anthracosis see Ilodenpyl, Trans

New York Path. Soc., 1899-1900.
3 For further details concerning the lungs in inflammation see p. 4b8.



Pathology Delafield and Prudden. Plate IV.

Miliary Tuberculosis (Acute) of the Lung.

The miliary tubercles, small and irregular in shape, are distributed

throughout the lung more abundantly in the upper and middle thirds.

The blood-vessels are injected with blue gelatin, so that in this

photographic reproduction of the specimen the uninvolved portions of

the lung are dark, while the tubercles in which the blood-vessels are

compressed or obliterated are light.
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considerations and is not to be regarded as indicating fundamental differ-

ences in the reaction of the tissues.

Tubercle bacilli may enter the lungs either through the blood- and

lymph-vessels, being brought from a focus of tuberculous inflammation

in another part of the body ; or, as is more frequently the case, they are

introduced through the air passages by the inhalation of floating dust

particles, among which are living tubercle bacilli. There is evidence

that tubercle bacilli may enter the body through the gastro-intestinal

mucous membrane without the development of a tuberculous lesion at

the point of entry.
'

The introduction of tubercle bacilli into the lungs may induce an
exudative inflammation with the accumulation of fibrin, leucocytes, and
exfoliated epithelium in the air spaces ;

a productive inflammation with

the growth of epithelial cells, or of round-celled tissue, or of a tissue

composed of basement substance, large and small cells, and giant cells

called tubercle tissue (see page 242) ;
or there may be added necrosis of

the new tissue and of portions of the lung. All of these phases of tuber-

culous lesions may and usually do occur together.

The character of the inflammation in each case seems to be governed

by the type of cells especially involved, by the number, virulence, and

proliferative capacity of bacilli which are introduced into the lungs, and
the way in which these enter, as well as by the susceptibility of the indi-

vidual. If a large number of virulent tubercle bacilli be inhaled or

aspirated through the bronchi, or if the bacilli grow with great rapidity,

both productive and exudative inflammations may be set up in a consid-

erable portion of the lungs. If, on the other hand, but few bacilli enter

and their proliferation or virulence be not extreme, or if these find their

way in small numbers into the lungs through the blood-vessels or lym-

phatics, then there may be small foci of productive inflammation with

but little exudation. The tuberculous alterations in the lungs are usually

accompanied or followed by a series of secondary processes which often

complicate the condition of the patient as well as the morphological ap-

pearances of the organs. The obliteration or destruction of the smaller

blood-vessels of the lungs in the tuberculous areas contributes to the

gray or whitish appearance of the lesions, due largely to new-formed tis-

sue or accumulated exudate. The formation of fibrous tissue in the

attempts at repair of the damage wrought by the tubercle bacillus often

dominates the structural picture.

The traditional distinctions between acute and chronic forms of pul-

monary tuberculosis are often morphologically not at all well defined and

are of value chiefly for clinical purposes.
It has been customary to set apart those forms of acute tuberculosis

of the lungs in which the lesions are in the form of small discrete so-

called "
miliary

"
foci, calling the condition Acute Miliary Tuberculosis.

The other tuberculous lesions involving in varying degree the lungs and

the bronchi with associated and often extensive exudative necrotic and

reparative processes have been commonly jumbled together as Acute and
1 For a discussion of the source of the tubercle bacillus in phthisis see Verh. d.

deutschen Path. Qes., iv., September, 1901, p. 73; also references on page 252.



504 THE RESPIRATORY SYSTEM.

Chronic Phthisis, many phases of which have been elaborately described

as if they were the expression of independent processes.
With our present knowledge of the nature and etiology of tuberculosis

it seems better to let the word phthisis fall into disuse as speedily as

possible and to consider under more exact and significant designations
such phases of pulmonary tuberculosis as the morphological characters

of the lesions justify. We shall review the lesions of pulmonary tuber-

culosis then under the following primary headings :

1. Focal or miliary tuberculosis.

2. Tuberculous broncho-pneumonia.
3. Complex forms of nodular and diffuse tuberculosis lesions.

4. The formation of cavities.

5. Secondary lesions in pulmonary tuberculosis.

6. Concurrent infection.

FOCAL TUBERCULOSIS. (Miliary Tuberculosis.')

Acute Miliary Tuberculosis. The rapid and widespread development
of miliary tubercles in the lungs is often a part of general tuberculosis,

although the lesion may be most extensive in the lungs. Both lungs are

apt to be involved, but the distribution, number, size, and character of

the miliary tubercles differ in different cases. The tubercles are found

in the parenchyma of the lung, in the connective tissue forming the

FIG. 284. MILIARY TUBERCLE OF LCXG.

This tubercle has replaced several air vesicles whose^walls are obliterated. In the centre is an area of

coagulation necrosis, outside of this is a zone of organized tubercle tissue ; the surrounding air vesicles

contain a cellular exudate.

septa, along and in the walls of the bronchi and blood-vessels, and in the
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pulmonary pleura. They may be scattered singly through the lungs

(Plate IV.), or aggregated in groups (Plates VI. and VII.). They may
be separated by considerable interspaces, or so close together that the

lung is rendered nearly solid. Some are so small and transparent that

they can hardly be seen with the naked eye ;
others are larger and more

opaque and may have a lighter centre marking the area of necrosis.

In many cases it is evident that the lungs are infected through the

blood-vessels or the lymphatics, for the general tuberculous infection

is secondary to a localized tuberculosis either in the lungs or in some

FIG. 285. A MILIARY TUBERCLK OF THE LUNG.

Involving only two air vesicles, of which the walls are infiltrated and the cavities filled with tubercle

tissue. The blood-vessels of the air vesicles are injected, except where these are obliterated by the tubercu-

lous involvement of their walls.

other part of the body. In a considerable proportion of cases of miliary
tuberculosis of the lungs tuberculous lesions of the bronchial lymph-
nodes or of the lung tissue at the apex of much longer standing indicate

the probable immediate source of origin of the widely distributed tubercle

bacilli. Very often in miliary tuberculosis of the lungs the tubercles in

one part of the lungs are larger and appear to be older than those in

other parts. Thus it is not infrequent to find the tubercles in the upper
portion of the lungs more abundant, larger, and more fibrous than in the
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lower lobes (see Plate VII. ).
It is in fact probable that in many cases

of acute military tuberculosis of the lung, either associated or not with

older local tuberculous lesions from which the distribution of bacilli may
have taken place, the generalization has not occurred at once but by
successive fresh infectious.

'

Miliary tubercles in the lungs are in structure essentially similar to

those formed elsewhere in the body, except that the filling of the air

spaces with exudate makes the lesion somewhat more complex.
The tubercles may be composed of small spheroidal cells or of larger

polyhedral cells with more or less fibrous stroma, or of small and large

cells and stroma. Giant cells may be present ; coagulation necrosis is

usual (Fig. 119, page 244). Such forms of miliary tubercles may be and

commonly are associated with the presence of an exudate in the adjacent

FIG. 286. A MILIARY TUBERCLE OF THE LUNG.

Formed of a number of air vesicles, some containing tubercle tissue, others pus and epithelium. The walls

of the air .vesicles are in part still preserved.

or involved air vesicles (Fig. 284). This exudate may be largely made

up of exfoliated epithelial cells which have proliferated ;
or with these

there may be serum, leucocytes, and fibrin. The blood-vessels within

the tubercles which replace the lung tissue are partially or wholly oblit-

erated (Fig. 285).
But the miliary foci of tuberculous inflammation in the lungs may

consist wholly of inflammatory exudate which early becomes necrotic,

often with necrosis of the walls of the involved airspaces (Fig. 120, page

246). Such tubercles of the exudative type are apt to occur in children

and usually contain large numbers of tubercle bacilli. They may occur

1 For references to the origin of miliary tuberculosis see Benda, Lubarsch and

Ostertag's "Ergebnisse," Jahrg. v., p. 447.



Pathology
-
Delafield and Prudden. Plate V.

Tuberculous Broncho-Pneumonia.

The walls of the smaller bronchi are involved, being thickened and

caseous, while the ulceration of many of them has led to the formation

of numerous small cavities.

The blood-vessels are injected with blue gelatin, so that the less

affected and the intact parts of the lungs are the darker.
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in connection with various other phases of acute and chronic pulmonary
tuberculosis.

When miliary tubercles are situated in the parenchyma of the lung
the walls of the air spaces may be visible in the new growth (Fig. 286)
or they may be largely or wholly obliterated (Fig. 287).

In the obliteration of the walls of the air vesicles, their former situa-

tion may be indicated by structureless bands or streaks of necrotic ma-

terial, or they disappear altogether.

-:-' ,^:;.V"
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FIG. 287.^A MILIARY TUBERCLE OF THE LUNG.

This tubercle is largely caseous, the walls of the involved air vesicles being merely indicated in the dead
mass by slightly stained streaks or bands. There is cellular exudate in the surrounding air vesicles.

Chronic and " Healed "
Miliary Tubercles. The small foci of tubercu-

lous inflammation which are called miliary tubercles may, as we shall

see later, extend and coalesce so that with more or less exudative pneu-
monia large areas of the lung may become consolidated, thus developing
one of the forms of pulmonary tuberculosis called phthisis.

On the other hand, small tuberculous foci in the lungs may with or

without extensive necrosis become surrounded by or converted into

masses of dense fibrous tissue. These fibrous tissue masses, which are

often called "healed tubercles" (Figs. 288 and 289), may contain necrotic

material, are often mottled black from aiithracotic pigment, or they may
be calcified at the centre. Tubercle bacilli may be absent from them or

the bacilli may remain alive within them for a long time quiescent, but,

as Lartigau and others have shown, still virulent. When such circum-

scribed masses of more or less fibrous tubercle tissue are scattered

through the lungs, although the individual masses may be of considerable

size, the process is sometimes called "chronic miliary tuberculosis."

It should be remembered that the new fibrous tissue which forms in

and about miliary tubercles, as well as other tuberculous lesions, is the

result of a distinctly reparative process in which the already formed tu-

bercle tissue or its products apparently act somewhat as foreign bodies

may in inducing fibrous-tissue growth.
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FIG. 288. AN OLD FIBROUS TUBERCLE OF THE LUNG "HEALED TUBERCLE."

The central portion is necrotic and irregularly pigmented. The periphery is composed of dense pigmented
fibrous tissue. There are emphysema and distortion from cicatricial contraction of the fibrous tissue.

PIG. 289. A FIBROUS TUBERCLE "HEALED TUBERCLE" OF THE LUNG.
The centre Is caseous, the fibrous tissue surrounding this is dense, the walls of the surrounding air spaces

are thickened. A giant cell at the right ie calcified.
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TUBERCULOUS BRONCHO-PNEUMONIA.

In another most important phase of tuberculous inflammation of the

lung there is an involvement of the walls of the smaller bronchi and the

associated groups of air spaces. This may occur through inhalation of

bacilli or by their aspiration from an established tuberculous focus, for

example, from a lesion at the apex, or, as is often the case in children,

from tuberculous bronchial lymph-nodes ;
or infection may take place

through the blood- or lymph-vessels. In the early stages of tuberculous

broncho-pneumonia the cut surface of the fresh lung may present small

gray or yellowish-white areas of consolidation with necrosis clustered

about the small or terminal bronchi (Plate V.). The process is at first

FIG. 290. TUBERCULOUS INFLAMMATION OF THE LUXG WITH CHEESY DEGENERATION ABOUT THE
BRONCHI IN A SINGLE LOBULE OF THE LUNG TUBERCULOUS BRONCHO-PNEUMONIA.

largely exudative, involving a catarrhal and necrotic inflammation of the

mucous membrane of the bronchus with more or less exudate which also

may soon become necrotic in the associated groups of air spaces (Fig.

290). Sometimes organized tubercle tissue may form in the walls of

the bronchi with thickening of the walls and obliteration of the blood-

vessels of the adjacent air spaces.

By the extension of the process from one and another affected bron-

chus and the coalescence of these, large areas of the lungs may become
involved. In this more advanced stage of broncho-pneumonia the larger
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I

FIG. 291. TrBERcrLous BRONCHO-PNEUMONIA.

The walls of the bronchi are thickened and caseous and are surrounded by zones of exudative and
caseous pneumonia. This cut shows a small region, more highly magnified, of a lesion similar to that

shown in Plate V.

and smaller consolidated areas may be dark red with firmer gray or yel-

lowish-gray central portions, in which the blood-vessels are obliterated,

or the whole areamay be solid and in the fresh lung grayish-white. This

FIG. ^.-TUBERCULOUS BRONCHO-PNEUMONIA.

The wall of this medium-sized bronchus is caseous, tubercle tissue is formed about it and is extending into

the surrounding lung tissue. A cellular exudate is seen in the contiguous air vesicles.



Pathology Delafield and Prudden. Plate VI.

Miliary Tubercles and Tuberculous Broncho-Pneumonia with

Diffuse (Chronic) Tuberculous Lesions in the Apex.

There is in the apex tuberculous consolidation with coagulation
necrosis (caseation), new fibrous tissue, and a small cavity. The middle
third of the lung contains many small single and clustered miliary tuber-

cles and foci of tuberculous broncho-pneumonia. The lower third con-

tains a few similar small tuberculous foci, also scattered and in clusters.

The appearance of the lung leads to the conjecture that tubercle

bacilli may have been gradually disseminated from the earlier lesion in

the apex. The blood-vessels are injected with blue.
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new-formed tissue may undergo necrosis and ulceration so that with an

advancing consolidation of the lung tissue about the bronchi numerous

larger and smaller, rough, irregular cavities may be formed (Fig. 291).
The walls of the larger bronchi also may become the seat of a tubercu-

lous inflammation with more or less necrosis (Fig. 292). Ulceration

of these necrotic bronchial walls may lead to the formation of ragged
cavities (Plate IX. and Fig. 293).

The secondary development of dense fibrous tissue in connection with

tuberculous broncho-pneumonia is a marked feature of the persistent or

chronic forms. Tuberculous broncho-pneumonia is one of the most im-

FIG. 293. TUBERCULOUS BRONCHO-PNEUMONIA.

Showing the formation of cavities in the lung in acute phthisis. To the right are small, in the centre

large tuberculous bronchiectatic cavities. At the left are areas of tuberculous consolidation with caseation

in their central portions.

portant of that complex of pulmonary lesions called phthisis, and is com-

monly associated with other forms of tuberculous involvement of the

organ miliary tubercles, larger areas of consolidation, etc.

COMPLEX FORMS OF NODULAR AND DIFFUSE TUBERCULOUS LESIONS.

(Phthisis.}

With or without the various well-defined forms of tuberculous bron-

cho-pneumonia and miliary tubercles above described, there may be

more or less circumscribed small or large areas of productive and exuda-

tive tuberculous inflammation of the lung with necrosis, both of the lung

tissue, the new-formed tissue, and the exudate (Plate XII. ). These may
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develop as the result of fresh infections of the lung through the lym-

phatics or otherwise. These areas or nodules may coalesce so that whole

lobes or parts of lobes of the lungs may become consolidated (Plates VII.

and VIII. ). Microscopically, these consolidated areas may be composed
of tubercle tissue more or less necrotic, with partial or total obliteration

of the walls of the air spaces. On the other hand, when the process has

been exudative as well as productive in character, one may see in the solid

FIG. 294.-AN AIR VESICLE FILLED WITH FATTY EPITHELIUM, i\ CHRONIC PULMONARY TUBERCULOSIS.

The wall of the air vesicle is diagrammatic.

areas the outlines of the air vesicles and larger spaces; but these,

together with the enclosed exudate, may be necrotic and granular with

few stained nuclei and fragments of chromatin. Much of the exudate

which fills the air vesicles either within or about these more densely con-

solidated areas may not be caseous or necrotic, but may consist of well-

preserved or fatty epithelial cells (Fig. 294), or of these with varying

quantities of leucocytes and fibrin.

Aside from these complex forms of nodular and diffuse tuberculous

lesions one may recognize a Diffuse Exudative Tuberculous Inflammation of



Pathology Delafield and Prudden. Plate VII.

Diffuse and Focal (Chronic) Pulmonary Tuberculosis
" Chronic Phthisis."

In the upper third of the lung there is tuberculous broncho-pneu-
monia with commencing ulceration of small bronchi : nearly complete
consolidation from the extension and coalescence of small tuberculous

foci and diffuse formation of fibrous tissue.

In the lower third of the lung are irregular, dense, sharply outlined

tuberculous foci (chronic miliary tubercles).
In the middle third there is tuberculous pneumonia of the exudative

type, the incompletely consolidated areas having become, in part, caseous.

The less involved portions of the lung in this, as in the other in-

jected specimens, are the darker.
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the Lungs of Acute and of Chronic Type. Cheesy Pneumonia; Pneumonic

Phthisis.

1. ACUTE TYPE. Sometimes large areas or whole lobes or the whole

lung may be the seat of an exudative process by which the affected region

FIG. 295. ACUTE PULMONARY TUBERCULOSIS EXUDATIVE TYPE (ACUTE PHTHISIS CHEESY PNEUMO-

MIA): WITH EXTENSIVE DISINTEGRATION AND FORMATION OF CAVITIES.

The pleura is much thickened.

becomes solidified, the exudate consisting of epithelium with more or less

fibrin and pus. This exudate, together with the lung tissue, soon under-

goes necrosis, so that the solidified lung becomes dense, mottled, and

gray in color. Extensive disintegration (Fig. 295) of the consolidated

33
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and necrotic portions of the lung may take place with the formation of

large ragged cavities (see Plate X.). In many cases enormous numbers

of tubercle bacilli are present in the exudate of the involved region in

this type of exudative and necrotic pulmonary tuberculosis.

2. CHRONIC TYPE. There may be a more gradual development of

the exudate, involving larger or smaller areas, often with tuberculous

thickening and necrosis of the walls of the air spaces. With this as with

other forms of pulmonary tuberculosis there may be associated a growth
of simple fibrous tissue with the formation of cavities.

Not infrequently the exudate in such forms of diffuse tuberculous in-

flammation of the lung is less cellular and more serous or sero-nbrinous

in character when the appearance of the consolidated region is trans-

lucent and gelatinous.

Obliteration of the larger blood-vessels by thrombosis or inflamma-

tion of the wall often plays an important part in most forms of tubercu-

lous lesions of the lungs. When large trunks are involved, large lung

areas, supplied by the occluded vessels, particularly those in which exu-

date is present, may become necrotic en masse, then often appearing on

section smooth, shining, grayish-white in color, and bloodless.

THE FORMATION OF CAVITIES IN PULMONARY TUBERCULOSIS.

We have seen that in tuberculous broncho-pneumonia ragged cavities

may form by a progressive necrosis and disintegration of the thickened

walls of the affected bronchi and the adjacent lung tissue (Plate IX.

and Fig. 293). Similar destructive alterations may occur in the areas of

tuberculous and necrotic tissue which involve larger and smaller portions,
of whole lobes (Plate XL). This is most often rapid and extensive in

solidified and necrotic areas of the exudative type (Plate X. and Fig.

295). These ragged cavities may communicate with one another as well

as with the bronchi.

While at first without distinct limiting walls, if the necrotic process
be not too active and extensive, new fibrous tissue may gradually form

about tuberculous cavities (Plate XII. and Fig. 296) ;
and these may

become lined with granulation tissue or a layer of new-formed tubercle

tissue. Here an enormous proliferation of tubercle bacilli may occur for

long periods. These may be cast out in the sputum or aspirated into other

parts of the lungs. The old blood-vessels of the involved portion of the

lung may lie upon the walls or stretch across these cavities, sometimes with

obliterated lumina, sometimes still permeable, and from these haemorrhages

may occur. There may be continuous and prolonged suppuration of the

walls of the cavities and putrefactive processes may be incited by the

advent through the air passages of various forms of bacteria. The walls

of cavities may become fibrous with an arrest of the tuberculous process,
and they may become shut off from bronchial communication.



Pathology Delqfield and Prudden, Plate VIII.

Diffuse (Chronic) Pulmonary Tuberculosis " Chronic
Phthisis."

In the upper half of the lung there are scattered miliary tubercles

and irregular areas of consolidation, with a diffuse formation of fibrous

tissue
;
the pleura is thickened. A large portion of the lower lobe is

densely consolidated from tubercle tissue and exudate with coagulation
necrosis of the involved regions. These regions are light in color,

dense, hard, and bloodless. Such dead caseous areas may persist for
some time, or may soften and disintegrate, giving rise to cavities.
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SECONDARY LESIONS IN PULMONARY TUBERCULOSIS.

A variety of secondary processes may be associated with the various

phases of pulmonary tuberculosis which we have briefly reviewed. The
blood-vessels in affected regions may be intact, or, as we have seen, their

walls may be involved in the productive and necrotic processes, with

thrombosis or obliteration of

the lumen
;
or more or less ex-

tensive haemorrhages may oc-

cur. If the consolidation be

not complete, lung tissue, often

in a condition of atelectasis or

emphysema and with more or

less cellular or granular exu-

date, may remain between the

tuberculous areas. Miliary
tubercles may be scattered

among the larger consolidated

masses or in parts of the lung
otherwise free.

In chronic forms of pul-

monary tuberculosis the an-

thracotic pigment is often con-

spicuous, particularly in the

cheesy and fibrous areas, stand-

ing out in masses and streaks

in contrast to the new or dead

tissue. Furthermore, there

may be associated with the

lung lesions acute exudative or

chronic fibrous pleuritis with

adhesions ;
o r tuberculous

pleuritis of varying extent;

empyema and pneumothorax.
There is nearly always more or

less chronic catarrhal bronchitis

or broncho-pneumonia and fre-

quently bronchiectasia.

Tuberculous inflammation

in the bronchial lymph-nodes

frequently accompanies and often precedes the development of pulmo-
nary tuberculosis. In children the tuberculous lymph-nodes often extend
far into the lung and may on softening give rise to cavities at a consider -

able distance from the hilus of the lung.
Tuberculosis in other parts of the body is common in connection with

pulmonary tuberculosis.

FIG. 296. CHRONIC PULMONARY TUBERCULOSIS
(CHRONIC PHTHISIS), WITH CAVITIES.

There is much dense flbrous tissue in the upper lobe

surrounding and between the cavities as well as in the

upper portion of the lower lobe.
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In all these various processes new-formed fibrous tissue, not tubercu-

lous in character, may develop, variously distorting the lungs and

sometimes enclosing the tuberculous areas. There is much reason for

the belief that the characteristic so-called tubercle-tissue formation in all

phases of tuberculosis is a response of the living cells to injury, which as

in other phases of inflammation is fundamentally conservative (see page

126). But whether this be so or not, it is certain that it is through the

development of fibrous tissue, which is so important a feature in persis-

tent phases of pulmonary tuberculosis, that the delimitation or replace-

ment of tuberculous foci, the encapsulation of tuberculous cavities, etc.
,

occurs. While, therefore, fibrous-tissue formation in the lung is fre-

quently associated with the necrotic and other destructive tuberculous

lesions, and is often a very conspicuous factor, it should be remembered
that the healing which takes place in the majority of cases in man after

moderate infection is achieved through its agency.
It is especially upon the presence or absence of fibrous tissue in the

lesions that the distinction between acute and chronic phthisis is based.

It will be seen from this brief outline of various prominent phases
of pulmonary tuberculosis that the gross appearances of the lungs are

most diverse, although the processes by which these changes are induced

are few and comparatively simple. While no two lungs are quite simi-

lar in the complex phases of the lesion, systematic gross and micro-

scopical examinations soon enable the student to recognize the type of

lesion under great complexity of detail.

THE DISTRIBUTION OF THE LESIONS IN PULMONARY TUBERCULOSIS.

Aside from general miliary tuberculosis in which the tubercles are

widely distributed throughout one or both lungs, the most common seat

and starting-point of tuberculous lesions in adults is the apical region or

the depth of the lung, particularly the right, somewhat below the apex.
1

In children, the tuberculous process more frequently commences in the

bronchial lymph-nodes (Plates III. and XI.).
From the apex the tuberculous process may extend downward, and

with various forms of lesions involve more or less of the lungs. It is

common to find at autopsies older fibrous lesions about the apices while
marks of more active processes are to be seen below (Plate XII.), In a

considerable percentage of bodies examined at autopsies, small and often

healed tuberculous foci are found at the apex or in the bronchial lymph-
nodes without evidence of extension of the process.

CONCURRENT INFECTION IN PULMONARY TUBERCULOSIS.

While it has been definitely established that tubercle bacilli are the

excitants of both the productive and exudative forms of tuberculous

inflammation, these bacilli are not infrequently associated in pulmonary
1 For a suggestive consideration of apical vulnerability see Hutchimon, "Studies in

Human and Comparative Pathology," 1901, p. 81.



Pathology Delafield and Prudden. Plate IX.

Tuberculous Bronchiectatic Cavities in Pulmonary
Tuberculosis.

The advancing tuberculous involvement of the walls of the larger
bronchi in the upper lobe is associated with ulceration, so that the bron-
chiectatic cavities gradually become larger. In the upper portion of the

upper lobe there is diffuse consolidation with caseation: the lower

portion of the lobe shows miliary tubercles and partial consolidation of
the lung about them by exudate.

The lower lobe is free save for a few scattered tubercles. The
blood-vessels are injected with blue so that the uninvolved portions of

the lung are dark.
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tuberculosis with other organisms, especially with the Streptococcus and

Staphylococcus pyogenes, with Micrococcus lanceolatus, and the influenza

bacillus.

There is reason to believe that in many cases at least the concurrent

infection of tuberculous lungs with the Streptococcus pyogenes may be an

important factor in the formation of cavities in areas of consolidation

already established.
' The pyogenic cocci apparently play an important

part in the bronchitis which so often accompanies acute and chronic

phthisis.

Artificial Pulmonary Tuberculosis in Animals.

Much light may be gained upon the successive steps in the development of the

lesions of pulmonary tuberculosis as well as upon the rapidity with which in a suscept-

FIG. 297.- EXPERIMENTAL TUBERCULOUS IN-

FLAMMATION (MILIARY) IN THE L-UNG OF A
RABBIT.

The rabbit's lung shows miliary foci of tubercu-

lous inflammation, twenty-two days after the in-

jection through the trachea of a small quantity of

broth culture of the tubercle bacillus.

FIG. 298. EXPERIMENTAL TUBERCULOUS INFLAM-

MATION IN THE LCNG OF A RABBIT.

Large areas of solidiflcation in the lung twenty-

eight days after the injection through the trachea of

a considerable quantity of a pure culture of the tu-

bercle bacillus. The lesions resemble those of

acute phthisis in man.

ible animal the lesion may develop, by the study of the tuberculosis artificially induced

in rabbits with pure cultures.

1 For bibliography of concurrent infection in tuberculosis see Lartigau's article on the

bacteriology, pathology, and etiology of tuberculosis,
" Twentieth Century Practice of

Medicine," vol. xx. ; also, for special bibliography of concurrent infection in pulmonary
tuberculosis, see Marfan, Bouchard and Brissaud's "Traite de Medecine," t. vii., p. 234
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By the injection of tubercle bacilli alone and associated with streptococci into the

lungs of rabbits through the trachea, it has been possible to reproduce very closely the

lesions of pulmonary tuberculosis in man. 1

If a small quantity of a pure culture of the tubercle bacillus in very minute flocculi

be mixed with a considerable quantity of salt solution and introduced into the lungs
of rabbits through the trachea a number of small areas of consolidation are produced

which have the gross appearance of

miliary tubercles (Fig. 297). These

small areas of consolidation are com-

posed of epithelial cells and leuco-

cytes. After the development of

these cell masses, which may occur

within a few hours, they may remain

with little apparent change, or be-

come more or less infiltrated with leu-

cocytes, or become cheesy, or be sur-

rounded by a dense zone of small

spheroidal cells ; or small foci of new
tissue with more or less exudate, and
necrosis may form.

When larger quantities of the

tubercle bacillus are introduced into

the lungs through the trachea large
areas of consolidation are formed

(Fig. 298), which may involve whole

lobes or whole lungs.

Microscopically, these consoli-

dated areas are practically identical

with those which are found in man
in various forms of tuberculous bron-

cho-pneumonia. A later fibrous-tis-

sue development may occur, and
blood-vessels may be obliterated.

In the presence of the tubercle

bacillus alone the consolidated and

caseous areas- rarely soften and break

down so as to form cavities. If, how-

ever, after the tuberculous lesion of

the lung has been induced and allowed
The lung was injected with a considerable quantity of

tubercle-bacillus culture through the trachea, followed

after twenty-eight days by the injection of the broth cul-

ture of the Streptococcus pyogenes. Animal killed seven

days after the streptococcus injection. The specimen
shows large areas of consolidation with cavities. The
lesions resemble those of acute phthisis with cavities in

man.

FIG. 299. EXPERIMENTAL TUBERCULOUS INFLAMMA-
TION IN THE LUNG OF A RABBIT, WITH THE FORMATION
OF CAVITIES.

to continue for a number of days, a

culture of Streptococcus pyogenes be

introduced into the trachea of the rab-

bit, within twenty-four hours the

caseous areas often begin to soften.

The softening may begin at the cen-

tre, or may surround a central por-
tion of the necrotic mass. The softening is soon followed by absorption, and so cavi-

ties are formed of varying sizes and shapes (Fig. 299).

It will thus be seen that in the rabbit a concurrent infection with the tubercle bacil-

lus and the streptococcus has an important bearing upon the breaking down of lung
tissue which leads to the formation of cavities. While it would not be wise to assume
from these experiments on the rabbit that a similar condition is always present when
cavities form in man, we have seen that in fact a similar concurrent infection in man in

acute phthisis actually does often exist.

1

Prudden, New York Medical Journal, July 7th, 1894.



Pathology Delafield and Prudden.

Pulmonary Tuberculosis Exudative Type with Large Cavities.

The entire lung is solid from new-formed tubercle tissue and exudate which are both

largely in a condition of coagulation necrosis.

The thickened trunks of the larger pulmonary vessels are exposed in the depths of
the ragged communicating cavities.

This lung was hardened in alcohol without injection of the blood-vessels.
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SYPHILITIC PNEUMONIA.

Persons suffering from inherited or acquired syphilis sometimes de-

velop inflammations of the lungs which seem to be due to the syphilitic
infection. The lungs may then be affected in several different ways.

There may be well-defined large or small gummata with or without

FIG. 300. ENDOTHELIOMA OF THE PLEURA.

Showing the growth of the tumor along the superficial lymph-vessels.

interstitial and more or less exudative pneumonia. There may be a for-

mation of new fibrous tissue in the walls and lung tissue about the bronchi,

often with ulceratioii of the mucous membrane and distortion of these

structures. There may be, particularly in the new-born, lobular or lobar

hepatization, the affected region appearing reddish or gray or white.

This is due to a growth of new cellular tissue in the walls of the air

FIG. 301.-ENDOTHELIOMA OF THE LUNG.

The growth is in the subpleural lymph-vessels, which seen from the pleural surface in the fresh lung

formed a white raised network over a considerable portion of one lung. The lymph-vessels in the cut are

seen in transverse section.

spaces and to an exudate largely of epithelial cells in the airspaces. In-

farctions of the lung from obliterating endarteritis may be present. It
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is often difficult to determine in many cases of interstitial inflammation

of the lungs whether the lesion be syphilitic or not.
l

TUMORS.

Fibroma and osteoma are rare. Enchondroma may occur as a primary
tumor originating in the cartilages of the bronchi. Sarcoma is not

common and is usually sec-

ondary.
"
Lymphoma

"
may

develop in the lungs in leu-

kaemia and pseudo-leukreniia.
Endothelioma is of occasional

occurrence in the lung and

following the subpleural
lymph-vessels may form a

reticular raised white net-

work on the surface of the

lung (Figs. 300 and 301).

Adenoma as a primary tumor

is rare. Primary carcinoma

of the lung, originating in

the bronchi, is of occasional

occurrence.
2

It may be as-

sociated with exudative
pneumonia and involve large

portions of the lungs as

well as the pleura. Second-

ary carcinoma of the lung
is not infrequent. The

malignant growths in the

lung may occur as circum-

scribed nodular masses, dis-

placing the lung tissue (Fig.

302), or they may infiltrate

the lung, often following the

bronchi and larger blood-

vessels. The cells of such

tumors often grow into and
fill up the air spaces of the

lung, over large areas, without immediate involvement of their walls."

Dermoid cysts have been found in the lung.

1 For recent bibliography of pulmonary syphilis consult Flockemann, Centralbl. f.

Path, und path. Anat., Bd. x., p. 449, 1899.
2 See Passler, Virch. Arch., Bd. cxlv., p. 191, 1896, bibliography.
3 For a consideration of the diagnosis of malignant tumors of the lung consult Adler,

"New York Medical Journal, February 8th and 15th, 1896, bibliography.

FIG. 303. SECONDARY CARCINOMA OF THE LCNG.

The primary tumor involved the gall ducts, liver, and

pancreas. The inetastatic tumors in the lung were in

part white, in part dark red from interstitial haemor-

rhage.



Pathology Delafie/d and Prudden, Plate XI.

Pulmonary Tuberculosis (Chronic), with Large Cavities.

The ragged communicating cavities involve a large part of the lung and are bronchiec-
tatic in origin. The bronchial lymph-nodes are enlarged, tuberculous, and caseous. The
pleura and interlobar septum are thickened by the formation of dense fibrous tissue.





Pathology Delafield and Prudden Plate XII.

Chronic Pulmonary Tuberculosis with a Fibrous-Walled

Cavity at the Apex.

The fibrous wall of the cavity is dense and is continuous with the

greatly thickened pleura and with the diffuse new-formed connective

tissue throughout the upper lobe. The upper lobe is greatly reduced in

size by the cicatricial contraction of the fibrous tissue. The lower lobe

shows two areas of tuberculous consolidation ; both are caseous in the

central portions; the upper shows commencing tuberculous bronchiec-

tasia. The upper part of the fibrous wall of the cavity, firmly adherent
to the thoracic wall, has been cut away.
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The Mediastinum.

INFLAMMATION. Suppurative inflammation may occur either in the anterior or

posterior mediastinum. It may be caused by fractures, caries or necrosis of the ster-

num and vertebra?, by perforation of the oesophagus, by suppuration of the lymph-
nodes, by pleurisy, or may occur without discoverable cause.

The pus may infiltrate the connective tissue, or may form abscesses which may
attain a large size. The inflammation may extend to the pleura or the pericardium,
the abscesses may displace the heart, the lungs, or the sternum ;

or they may perforate

through the skin, into a pleural cavity, the oesophagus, the trachea, or a bronchus. 1

A few cases of chronic inflammation of the tissues of the mediastinum have been

reported chronic mediastinitis. 2

TUMORS. The most common form of new growth in the mediastinum is that

known by the names of lymphoma, lymplw-sarcoma, and lymph-adenoma.
These tumors are confined to the mediastinum, or they are associated with similar

growths in other parts of the body in the disease called "pseudo-leukaemia." Persons

between the ages of twenty and thirty years seem to be the most liable to the growth,
but it is also not uncommon in children.

It begins in the lymph nodes in the mediastinum, and at the root of the lung.
It increases at first slowly, then more rapidly, and gradually infiltrates the adjoining
tissues. In this way the walls of the trachea, bronchi, and aorta, the pericardium, the

pleura, and the lung, become infiltrated with compression of the surrounding organs.
The growth is composed of a fibrous stroma associated with small round cells, the

relative quantity of cells and stroma varying in the different cases.

Besides this form of tumor there may also occur in the mediastinum tumors similai

to those which grow in the pleura and behind the peritoneum tumors which resemble

both the sarcomata and carcinomata, and which it is difficult to classify. Aberrant

thyroid-gland tissue may be found in the mediastinum.

Complex tumors belonging among the fcetal inclusions or teratomata are of occa-

sional occurrence in the anterior mediastinum. 3
They may contain bone, cartilage, con-

nective tissue, muscle, hairs, skin, etc. Cysts sometimes lined with ciliated epithelium

may form in such tumors. 4

1 For tuberculous lesions of the tracheo-bronchial lymph-nodes see reference, p.
442.

~
2

Whipham, Lancet, 1899, vol. i., pp. 882, 947, bibliography.
3 See Mandlebaum. Am. Jour. Med. Sciences, vol. cxx., p. 64, 19C9.
4 Consult Hare, "Tumors of the Mediastinum,

"
Philadelphia, 1889; also Zahn, Vir-

chow's Archiv, Bd. cxliii., pp. 170 and 416, 1896; also LohriscTi, Lubarsch and Oster-

tag's "Ergebnisse," Jahrg. vii., 1900-1901, p. 912, bibliography.



CHAPTER VII.

THE DIGESTIVE SYSTEM.

The Mouth.

Malformations.

MALFORMATIONS of the lips and cheeks are usually associated with defective forma

tion of the bones of the mouth. The entire process is generally due to an arrest of de-

velopment.
1. The lower jaw is absent; the upper jaw and hard palate are small and imper-

fectly formed ; the temporal bones nearly touch in the median line. The lower part of

the face is, therefore, wanting; the mouth is absent, or small and closed posteriorly;

the tongue is absent. Such a malformation is rare
;
the foetus is not viable.

2. The face remains in its early foetal condition of a large cleft ; the mouth and nose

form one cavity ; the orbits may be united in the same cavity. The foetus is not viable.

3. There is a cleft in the upper lip, upper jaw, and hard palate. The cleft corre-

sponds to the point of junction of the processes of the superior maxilla with the inter-

maxillary bone. There may be one cleft or two, one on either side of the intermaxillary
bone. The cleft involves the lip alone, or the lip and superior maxilla, or the lip, max-

illa, and palate. There may be a single or a double cleft in the palate, and the cleft

may involve either the hard or soft palate, or both. If there are two clefts of the lip

and maxilla the portion of lip and bone between them may be small, or entirely absent

so as to leave a large open space. The soft palate may be entirely absent. This is a

common malformation and does not endanger life.

4. Earely we find a cleft involving the middle of the lower lip, and sometimes ex-

tending into the inferior maxilla.

5. Either the inferior, the superior, or both maxillary bones may be abnormally small.

6. The edges of the lips may be partly or completely joined together. The open-

ing of the mouth may be only a round hole.

7. The lips may be absent or imperfectly developed.
8. The corners of the mouth may be prolonged by clefts in the cheeks nearly to the

INFLAMMATION. (Stomatitis.)

Catarrhal Stomatitis is most frequent in children and occurs with a

great variety of local and general disturbances.

During life the congestion and swelling of the mucous membrane inay
be well marked and there are often white patches, produced by the death

of the superficial epithelial cells. There may be an increased production
of mucus, or, instead of this, the entire mucous membrane is unnaturally

dry. In addition to hypersemia and local redema there may be prolifer-

ation, exfoliation, and degeneration of the epithelium.
Extravasated leucocytes may infiltrate to a moderate degree the

stroma of the mucous membrane and appear upon its surface. Small,



THE DIGESTIVE SYSTEM. 523

clear vesicles may form beneath the epithelium from the collection of

serous exudate.

Croupous Stomatitis is incited by local irritants, by local infection, or

by the extension of the same form of inflammation from the pharynx ;
it

frequently occurs with diphtheria and other infectious diseases.

Portions of the mucous membrane are swollen and congested, and
covered with a false membrane. This false membrane is composed of a

thickened layer of epithelium in the condition of coagulation necrosis,

and of fibrin and pus in variable relative quantity. The stroma of the

mucous membrane may be infiltrated with pus and fibrin, and portions
of it may become necrotic.

Aphthous Stomatitis. In this condition small whitish projecting

patches surrounded by a zone of hypersemia may form upon the mucous
membrane. These consist of a more or less fibrinous exudate beneath

the epithelium which may exfoliate, leaving small ulcers.

Ulcerative Stomatitis. This form of stomatitis is apt to occur in ill-

nourished children or in young adults, in scurvy, or in mercurial poison-

ing. It usually begins at the margin of the gums of the lower jaw and
extends to the cheeks and tongue. The affected parts are swollen and
coated with a grayish, soft pellicle composed of bacteria and necrotic tis-

sue. The gums may be destroyed around the teeth, and these may fall

out. The surrounding soft parts are swollen, and there may be necrosis

of the jaws.
In Noma or Gangrenous Stomatitis similar changes may be associated

with extensive gangrenous destruction of the cheeks. This most often

occurs in young children in connection with measles, scarlatina, or ty-

phoid fever. It has been claimed that a special micro-organism is the

excitant of this disease, but this has not yet been proven.
Thrush. (Soor; Parasitic Stomatitis.) In ill-nourished children or in

adults suffering from chronic disease a fungus related to the yeasts
oidium albicans may grow among the epithelial cells of the mouth, form-

ing white membranous patches. These may involve large areas of the

mouth and pharynx and may extend to the esophagus or upper respira-

tory passages.

Phlegmonous Stomatitis. Exudative inflammation of the mouth may
result from infected wounds, in connection with erysipelas or suppura-
tive or other infectious process near the mouth. Various pyogenic bac-

teria may be its excitants.

Chronic Stomatitis. This may follow acute catarrhal or other inflam-

matory processes, and may be due to persistent irritation, for example,
from the use of tobacco. Owing to hyperplasia of the epithelium and
submucous tissue white patches of varying extent may form on the

tongue or elsewhere leucoplakia buccalis. These through excessive in-

crease in the epithelium may project in wart-like form from the surface

ichthyosis.

Tuberculous Stomatitis commences with the formation of miliary
tubercles or of larger tuberculous masses in the stroma of the mucous
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membrane. These masses soon degenerate, soften, and form ragged
ulcers.

Syphilitic Stomatitis. As a result of syphilis there may be produced
either the so-called mucous patches or gummy tumors. In the mucous

patches the epithelial layer is at first thickened and the papillae of the

stroma are swollen and infiltrated with cells (see Fig. 128, page 257 and

Fig. 129, page 258). This may be followed by desquamation of the

epithelium and ulceration.

TUMORS.

Fibroma, lipoma, and enchondroma have been seen in a few cases in the

lips. When they appear in the mouth they usually grow from the bones.

Papilloma occurs most frequently at the edges of the lips, but is

also found on the gums, the floor of the mouth, and the cheeks. They
are formed of hypertrophied papillae, covered with thickened epidermis.

They often ulcerate. Angioma, either congenital or developed after birth,

occurs in the lips. Adenoma may be formed in the mucous membrane

covering the mouth, lips, and soft palate. The tumors are rounded,

usually small, sometimes as large as a hen's egg. They may be situated

in the thickness of the mucous membrane, or project in a polypoid form.

Carcinoma is of frequent occurrence and is usually of the epithelioma-
tous form. Such tumors may form at any part of the mucous membrane
of the mouth, but often begin in the edge of the lower lip as a result of

persistent irritation, as in pipe smokers.

They may originate in an ulcerating papilloma, or as a flat, super-
ficial growth from the deeper layers of the epithelium, or as deep nod-

ules starting in the mucous glands. They are composed of large masses

of epithelial cells, closely packed together, often forming nests, and

arranged in anastomosing tubular masses. The stroma surrounding
these masses is infiltrated with cells. In a few cases the infiltration of

the stroma with small round cells may be very marked, so marked that

the epithelial growth may be obscured. The new growth may increase

in size, ulcerate, infiltrate the adjacent tissues, and may give rise to

metastatic tumors.

Cysts. Dermoid cysts and cysts of the embryonal branchial clefts

may involve the mouth. Simple cysts may form in the jaws from aber-

raucies in the development of the teeth. For a description of the so-

called adamantinoma see page 349.

The Tongue.

Malformations.

Absence of the tongue may be associated with the extreme defects of development
of the face already mentioned.

The anterior portion of the tongue may be absent while its base remains. The

lower jaw is then small.

The tongue may be partly or completely adherent to the floor of the mouth. The
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freuulum may be abnormally short, or may extend to the tip of the tongue. In rare

cases the sides of the tongue are adherent, or its upper surface may be adherent to the

roof of the mouth.

HYPERTROPHY AND INFLAMMATION.

Macroglossia, or hypertrophy of the tongue, is. almost always a con-

genital lesion, and is especially common in cretins. The tongue may be
so large that it protrudes through the lips. The lips may also be simi-

larly enlarged. There is hyperplasia of the fibrous and other tissues of

the tongue, and in addition to this there may be a dilatation of the lym-
phatic vessels.

Inflammations of the tongue may be associated with similar changes in

the niouth, or may occur by themselves.

TUMORS.

Cysts. The most common forms of cysts are the sacs beneath or partly
in the substance of the tongue ranula. They are formed by dilatation

of the ducts of the mucous glands, or of the submaxillary and subliugual

glands. Amyloid tumors of the tongue have been reported.
'

Lipoma and fibroma are rare. They form nodules in the substance

of the tongue or project in a polypoid form. Composite tumors, com-

posed largely of fat, are found on the tongue as a congenital condition.

Angioma. Cavernous vascular tumors are found in the substance of

the tongue and projecting from its surface.

Sarcoma is not common in this situation, but may occur both in chil-

dren and in adults. Carcinoma, usually of the epitheliomatous type, may
originate in the tongue or may extend to it from the adjacent tissues.

MICRO-ORGANISMS IN THE MOUTH.

Micro-organisms of various forms bacteria, moulds, and yeasts are

always present in the mouth, often in enormous numbers. They are for

the most part not of significance save for the putrefactive processes
which they initiate and maintain in mouths not properly cleansed. On
the other hand, Staphylococcus and Streptococcus pyogeues and the piieu-

mococcus are of frequent occurrence in the mouths especially of those

who live in towns and crowded dwellings, and while usually harmless,

they may under favorable conditions become excitants of serious disease.

The tubercle bacillus may be present in the mouth as well as in the

nose of those who care for uncleanly consumptives.
The fungus of aphthae (soor), and leptothrix, which under usual

conditions are not harmful, may incite serious local disease.

'See Schmidt, Virch. Arch., Bd. cxliii., p. 369, 1896, bibliography of amyloid
tumors in general.
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The so-called Mycosis pharyngis is apparently due to the growth in

susceptible persons of a form of leptothrix not yet thoroughly studied,

on account of the technical difficulties in the way of its artificial cultiva-

tion.
'

The Pharynx.

Malformations.

BRANCHIAL FISTULA AND CYSTS. When, as not infrequently occurs, the embry-
onal gill clefts do not properly close, fistulas may remain. These may in rare cases be

complete, so that an opening exists from the pharynx, larynx, or trachea to the side of

the neck. More frequently, however, these fistula? are incomplete and shallow, and

: ,,.-- XV^EH*-,^

FIG. 303.- SECTION OP THE WALL OF A BRANCHIAL CYST OF THE NECK.

Formed from the imperfect closure of an embryonal gill cleft. The cyst is lined with ciliated epithelium
and the wall is largely formed of diffuse lymphoid tissue.

open either inward into one of the above-named organs or outward on to the neck.

Small portions of the gill clefts may persist without external openings, and from these

subcutaneous cysts of the neck are often developed. Or a portion of the cleft may be

cut off, forming a cyst, while the fistula persists with its external opening.
The walls of these fistulae and cysts may be covered with mucous membrane having

cylindrical or flattened or ciliated surface cells. Or, when formed from the outer clef us,

they may be lined with skin.

Not infrequently the walls of these cysts and fistula? are embedded in lymphatic
tissue, which may be diffuse or gathered in nodular form (see Figs. 303 and 304).

2

DIVERTICULA of the pharynx have been observed.

1 For a resume witli bibliography of the bacteria found in the mouth as well as in

other parts of the body under normal and pathological conditions, see Mace,
"
Bacteriol-

ogie," 1901, p. 1140. See also Madzoar, Cbl. f. Bak., May 14th, 1902, p. 489. For bac-
teria in the mouths of nurslings see Lewkowicz, Arch, de Med. Exp., t. xiii., 1901, p. 633.

2 For bibliography of branchial cysts and fistulas see Coplin, Proc. Path. Soc. of

Philadelphia, new series, vol. iv., p. 109, 1901.
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INFLAMMATION. (Pharyngitis.)

Catarrhal Pharyngitis is usually associated with the same forms of

inflammation in the mouth and has similar characters.

In catarrhal inflammation involving the tonsils and those portions of

the pharynx richly supplied with the so-called submucous adenoid

lymphoid tissue, leucocytes may in considerable numbers pass through
the thin epithelial layer and mingle with the exudate upon the exposed
surface.

In chronic inflammation of the pharynx there may be a large and

permanent hyperplasia of the lymphoid tissue, with more or less dense

FIG. 304. SECTION OF THE WALL OF A BRANCHIAL CYST OF THE NECK.

This cyst, like that shown in Fig. 303, has much lymphoid tissue in the wall, but nodular in character ;

while the epithethial lining is squamous in type.

fibrous tissue, leading to diffuse or circumscribed nodular or peduncu-
lated masses of vascular new tissue in the vault or elsewhere in the

pharynx, called "adenoids." '

Phlegmonous Pharyngitis may occur with inflammations of the mucous

membrane, with caries of the cervical vertebrae, with inflammation of

the cervical and parotid glands, with periostitis of the cranial bones, or

it may occur independently. It may result in swelling and oedema, in

induration, or in suppuration. It is most important when it affects the

posterior wall of the pharynx and forms retro-pharyngeal abscesses.

Such abscesses may cause death by suffocation.

Diphtheritic Pharyngitis is that form of pseudo-membranous or croup-
ous inflammation of which the Bacillus diphtheria is the excitant. The

general characters of the diphtheritic infection have been considered in

an earlier part of this book. The local process often affecting the fauces,

1 For a study of the uvula in various abnormal conditions see Hoen, Jour. Exp.
Med., vol. iii., p. 549, 1898.
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pharynx, and tonsils, may involve the mouth as well as the larynx and

trachea. (For details of the local lesion see page 259.)

Tonsillitis. The tonsils may share in the inflammatory processes of the

pharynx or be independently affected. The structural characters of the

tonsils render them liable to infection and involve certain peculiarities in

the lesions.
1

IN FOLLICULAR TONSILLITIS the swollen organ shows upon section an

increase in the number of the lymphoid cells of the nodules and an

hyperplasia of the endothelium of the reticuluin. These new-formed

and often exfoliated endothelial cells are similar to those found in the

lymph-nodes in general in the presence of bacterial or other toxic sub-

stances. There may be an increase in the cells of the stroma of the ton-

sil. The epithelial cells of the surface and the crypts may increase in

number and exfoliate. Epithelial cells and leucocytes and other forms

of exudate may gather in the crypts or over the surface of the tonsil,

forming white plugs or a whitish pellicle.
*

In EXUDATIVE TONSILLITIS (suppurative or phlegmonous tonsillitis,

quinsy) there are in addition to hyperplasia and catarrhal inflammation

oadeniatous swelling and suppuration often leading to abscess.

Acute inflammation of the pharynx and tonsils is usually infectious

in character, and may be due to various forms of pyogeuic and other

organisms. Thus in tonsillitis and other forms of acute angina, the most

common micro-organisms concerned are Streptococcus and Staphylo-
coccus pyogenes, the pneumococcus, and the Micrococcus tetrageuus.

Many other forms have been isolated.
3

In CHRONIC TONSILLITIS (the so-called hypertrophy of the tonsils)

there is hyperplasia of the lymph-nodules with increase in the fibrous

stroma. The mouths of the crypts may be occluded and distended with

exfoliated cells and cell detritus ; these may become calcified.
4

Tuberculous Pharyngitis. Tuberculous inflammation of the pharynx
may be primary or secondary to tuberculous lesions elsewhere ;

ulcers

may form and the tonsils may be involved.

The hyperplasise of the pharyngeal mucosa in children, commonly
called "adenoids," have been found in a considerable number of cases to

be tuberculous. Whether in these instances the lesion is tuberculous in

origin or whether the hyperplastic tissue affords a portal of entry and
local vulnerability to infection by the tubercle bacillus is not yet clear.

B

1 Consult Dobrowolski, "Lymph Nodules of the Larynx, (Esophagus, etc.," Ziegler's

Beitrage z. path. Anat., Bd. xvi., p. 43, 1894.
2 See Hodenpyl, "Anatomy and Physiology of the Faucial Tonsils," Am. Jour. Med.

Sciences, vol. ci., p. 257, 1891; also Packard, Philadelphia Med. Jour., vol. v., 1900,

pp. 914, 957.
3 Consult for bacteriology of angina Lartigau, Philadelphia Med. Journal, vol. iii.,

p. 899, 1899, bibliography; for a study of acute tonsillitis see Goodale, Jour. Boston
Soc. Med. Sciences, vol. hi., p. 63, 1899.

4 For resume of tonsillar calculi with bibliography see Robinson, British Med. Jour.,

1899, vol. i., p. 14.
6 For a study of hyperplasia of the pharyngeal lymphoid tissue (adenoids) with

reference to primary tuberculosis of the pharyngeal tonsil see Lartigau and Nicoll, Am.
Jour. Med. Sc., vol. cxxiii., 1902, p. 1031, bibliography.

Also for a study of the tonsils as portals of entry of tubercle bacilli see v. Scheiber,
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The possibility should be borne in mind that from tuberculous "ade-

noids" tubercle bacilli may pass through the lymph-channels to the

bronchial lymph-nodes, and that the pharynx may thus be a mor^mipor-
taut portal of entry in tuberculosis than has be6u hitherto recognized.

TUMORS.

Fibromata grow from the periosteum of the bones at the base of the

skull, and project into the cavity of the pharynx and posterior uares in

FIG. .305. "ADENOID" POLYP OF PHARYNX.

the form of large polypoid tumors. Soft polypoid tumors, consisting

largely of loose succulent connective tissue and lymphatic tissue and

often called " adenoid polyps" (see Fig. 305), are of frequent occurrence.

They are usually to be regarded rather as hyperplasise than true tumors.

Hairy polyps of the pharynx have been described by Arnold ' and others.

Ziegler's Beitr., Bd. xxvi., p. 611, 1899; also Friedemann, ibid,, Bd. xxviii., p. 66, 1900.

Also bibliography in Wood, Bull. Univ. Penna., vol. xvi., 1903, p. 368. See also ref-

erence to Orober, p. 436.

For general bibliography on the tonsils see Ullman, Medical News, January 26th,

1901, p. 137.
1

Arnold, Virchow's Arch., Bd. cxi., p. 176, bibliography.

34
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The occurrence of cartilage and bone in the tonsil has been described by
Stoeltzner.

Sarcoma, carcinoma,
1 and various tumors of mixed type are of fre-

quent occurrence in the pharynx."

The (Esophagus.

Malformations.

The oesophagus may be entirely absent, or its lower portion may be present and

joined to the pharynx by a solid cord ; or the pharynx, or the lower part of the oesoph-

agus, may be continuous with the trachea; or the entire oesophagus may be represented

by a solid cord. Dilatations of the oesophagus and division of the middle portion of the

oesophagus into two branches have been observed.

PERFORATION AND RUPTURE.

Foreign bodies in the oesophagus may, as already mentioned, perfo-

rate its wall. Perforation of the oesophagus from without may be pro-
duced by inflamed bronchial glands, by the extension of cavities and

gangrene of the lungs, by abscesses in the mediastinum, by abscesses

accompanying caries of the vertebrae, and by aneurisms of the aorta.

Rupture of the wall of the oesophagus by violent coughing and vomiting
has been described, but it seems improbable that this should occur with-

out some previous local lesion.
3 A few cases of perforating ulcer of the

oesophagus have been recorded.

HAEMORRHAGE.

Aside from injuries, ulceration, etc., haemorrhage may take place
from the veins of the oesophagus, which, especially in atrophic cirrhosis,

may be much dilated."

DILATATION.

Simple Cylindrical Dilatations of the oesophagus are usually the result

of long-continued stenosis of the oesophagus or of the cardiac end of the

stomach, although not nearly all the stenoses are followed by dilatation.

These dilatations are formed at first immediately above the stenosis and
then extend upward. Dilatation may occur below the stricture. Only
in rare cases does the dilatation involve the whole length of the tube.

The entire wall of the dilated portion of the oesophagus is thickened, and
there may be polypoid growths from the mucous membrane.

1 For a study of carcinoma originating in the branchial cleft see Powers, Annals of

Surgery, February, 1898.

*For literature of malignant disease of the tonsils consult Newman, Am. Jour. Med.
Sciences, vol. ciii., p. 487, 1892; also Housell, Beitr. zur. klin. Chirurgie, Bd. xiv.

3 For a study of rupture of oesophagus see McWeeney, Lancet, 1900, vol. ii., p. 158,

bibliography.
4 See Preble, Am. Jour. Med. Sciences, vol. cxix., p. 263, 1900.
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In rare cases there is cylindrical dilatation of part or of the whole of

the O3sophagus without a stenosis or any discoverable cause. In these

cases the dilatation is usually greatest near the middle of the oesophagus
and diminishes upward and downward, so that the oesophagus has a fusi-

form shape. The dilatation may reach a very considerable degree, the

walls of the oesophagus are thickened, its mucous membrane may be

covered with papillary outgrowths or ulcerated.

The Sacculated Dilatations of the oesophagus are of two kinds : those

due to pressure, and those due to traction.

The dilatations due to pressure are situated in the posterior wall of

the pharynx, just at its junction with the oesophagus. The smaller sacs

are from the size of a pea to that of a hazeluut ; the larger sacs may
reach a large size and hang down between the oesophagus and the verte-

bral column, the opening into the oesophagus remaining comparatively
small. It is supposed that a limited area of the wall of the oesophagus
loses its power of resistance against the pressure exercised upon it in

each act of swallowing ; it then is forced outward by the pressure, and
so there is formed first a protrusion and then a sac. When a sac is

formed the food enters it, accumulates there, and the sac becomes larger
and larger.

The dilatations due to traction are situated on the anterior wall of

the oesophagus, at a point nearly corresponding to the bifurcation of

the trachea. They are of funnel shape, with the small end outward.

Their length varies from two to twelve millimetres ; the width of the

opening into the oesophagus is from six to eight millimetres.

These dilatations are due to inflammation of the parts adjoining the

oesophagus, especially of the bronchial nodes, followed by adhesions to

some part of the anterior wall of the oesophagus. These adhesions then

contract and draw the wall of the oesophagus outward, and in this way
the dilatations are formed.

At a later time these sacs may perforate into the bronchi, the lungs,

the pleural cavity, the pericardium, the aorta, or pulmonary artery.
'

STENOSIS.

Congenital Stenosis. Besides the defects of development of the oesoph-

agus which are incompatible with life, there may be a congenital stenosis

of some part of it which causes difficulty in swallowing, but yet does not

destroy life.

Compression Stenosis is not uncommon. Tumors of the neck and

mediastinum, and aneurisms of the aorta are the usual causes.

Obstruction Stenosis. Foreign bodies may be lodged in the oesophagus.
Tumors may hang down from the pharynx into the oesophagus, or may
be situated in the wall of the oesophagus. Inflammation of the cesopha-

1 For bibliography of oasophageal diverticula see Brosch, Deutsch. Arch. f. klin.

Med., Bd. Ixvii., p/44, 1900; also Starck, Arch. f. Verdkr., Bd. vii., 1901, p. 1.

For later cases see Pfaff, Trans. Assn. Am. Phys., vol. xvi., 1901, p. 656.
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gus, due to the ingestion of irritating poisons, may induce cicatricial

stenosis. A few cases of stenosis due to syphilitic inflammation have

been reported.

INFLAMMATION. ((Esophagitis.)

Catarrhal (Esophagitis niay be either acute or chronic. The chronic

form may lead to ulceratiou, or relaxation and dilatation of the walls,

or to hypertrophy of the muscular coat.

Pseudo-Membranous (Esophagitis may occur with a similar process in

the pharynx, with the exanthemata and other severe diseases, or under

other conditions. It may be diphtheritic in character or due to other

excitants than the diphtheria bacillus.

Tuberculous (Esophagitis may occur in generalized miliary tuberculosis

or by local infection from tuberculous sputa, either with or without

obvious predisposing local lesion, or through an extension of a tubercu-

lous process from adjacent structures. Ulceratiou is apt to occur.
1

Other Forms of Inflammation of the (Esophagus. Foreign bodies which

are swallowed and become fixed in the oesophagus may incite inflamma-

tion of the mucous membrane and of the adjoining soft parts. Abscesses

may form around the resophagus, or destroy the wall of the canal, and
the foreign body may find its way into the trachea, aorta, or pericardium.

Inflammation of the submucous tissue of the ossophagus, apart from
the cases just mentioned, is not common. It may result in abscess or

the formation of fibrous tissue, causing stenosis.

Irritating and caustic acids and alkalies may destroy larger or smaller

portions of the mucous membrane. The necrosed portions are of a black

or whitish color, surrounded by a zone of intense congestion. If the pa-

tient recover, the patches of membrane which have been destroyed slough
and fall off, leaving a surface covered by granulation tissue. As this

assumes cicatricial characters and contracts, serious stenosis of the

cesophagus may be produced.

TUMORS.

Small Papillomata may occur singly or in considerable numbers

throughout the entire length of the ossophagus. Large papillary tumors

are more rare. Small submucous fibromata and lipomata, and leiomyomata
of considerable size may occur in the oesophagus. Sarcomata are rare.

2

Adenomata have been observed.

Carcinoma may originate at any part of the wall of the pharynx and

oesophagus. The tumor may encircle the tube
;

it may remain as a flat

infiltration (Fig. 306), or project inward in large, fungous masses. In

either case it is prone to ulceration. The growth may extend up and down
the oesophagus, and even involve the pharynx or stomach. The ulcerative

1 For bibliography of tuberculous cesophagitis see Flexner, Johns Hopkins Hospital
Bulletin, vol. iv., p. 4, 1893; and also Cone, ibid., vol. viii., p. 229, 1897.

*
Livingood, Johns Hopkins Hosp. Bull., vol. ix., p. 159, 1898, bibliography.
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process may extend outward so as to lead to perforation into the air

passages, the lungs, pleurae, pericardium, and large blood-vessels. The
new growth may extend outward and infiltrate the surrounding soft parts,

FIG. 30ti. INFILTRATING CARCINOMA OF THE (ESOPHAGUS.

so that the resophagus is surrounded by large, solid, cancerous masses.

Metastatic tumors are also sometimes formed.

Cysts. Small retention cysts of the follicles of the mucous membrane
are sometimes found. Larger cysts of the oesophagus lined with ciliated

epithelium have been described.
'

The Stomach.

Malformations .

Malformations of the stomach are not common. The organ may be entirely want-

ing in acephalous foetuses. It may be of various degrees of smallness, sometimes no

larger than the duodenum. It may be divided into two halves by a deep constriction

in the middle. The pyloric orifice may be stenosed or entirely closed. The stomach

may be outside of the abdominal cavity from a hcrnial protrusion through the dia-

phragm or at some point in the abdominal wall. It is found on the right side, instead

of the left, when the other viscera are transposed, and the position of the cardiac and

pyloric orifices is correspondingly inverted.

Congenital stenosis of the pylorus in infants is of occasional occurrence. It is com-

monly due to fibrous hyperplasia of the submucosa, sometimes involving the internal

muscular layers.
2

1 For recent bibliography of lesions of oesophagus see Thwel, Lubarsch and Oster-

tag's "Ergebnisse," Jahrg. v. for 1898, p. 128.
2 See Meltzer, New York Med. Record, August 20th, 1898, bibliography; also Rol

lesion and Crofton-Alkins, British Med. Jour., 1900, vol. ii., p. 1768.



534 THE DIGESTIVE SYSTEM.

Cadaveric Changes.

The mucous membrane of the stomach is liable to undergo considerable alterations

soon after death owing to changes in the distribution and composition of the blood and
to the action of the digestive fluids. The blood is apt to collect in the small veins,

especially at the fundus, while by diffusion of the coloring matter, red or brown or

black streaks and patches form in the mucous membrane.
Those portions of the mucosa on which the food and digestive fluids collect, usually

at the fundus and on the posterior aspect of the stomach, frequently appear gray, tur-

bid, and are soft, and are easily rubbed off. The epithelium in these regions is unusu-

ally granular or disintegrated, and is often detached. Sometimes this post-mortem

softening involves the entire thickness of the stomach wall, which is converted into a

gray or yellow or brown gelatinous pulp. Thus large or small post-mortem perfora-
tions may occur.

INJURIES.

Perforating wounds of the stomach usually give rise to a fatal perito-

nitis. It is possible, however, for the wound to heal, or a gastric fistula

may be formed.

Eupture of the stomach may be produced by severe blows or falls.

HAEMORRHAGE.

Small extravasations of blood in the wall of the stomach are fre-

quently found in persons who have died from one of the infectious dis-

Hsernorrhage into the cavity of the stomach may occur in a variety

of ways. It may take place from injuries or poisons; from ulcers or

carcinoma ;
from rupture of small aneurisms of the stomach, or from the

rupture into the stomach of aneurisms elsewhere. It may occur in in-

fectious diseases, especially in yellow fever, or in diseases of the blood.

It may be associated with passive congestion of the stomach in hepatic
cirrhosis of the liver, obstruction of the portal vein, chronic disease of

the heart and lung ;
with an enlarged spleen and in chronic gastritis. In

the new-born and young infants haemorrhage into the stomach not infre-

quently occurs without apparent lesions which would account for it
;
or

there may be ulcers of the mucous membranes, or cardiac disturbances,

or infection. While the source of haemorrhage into the stomach is often

evident, in many cases none can be discovered. Considerable bleeding
can evidently take place by diapedesis in congested vessels.

Some cases of chronic gastritis are characterized by general bleeding
from the mucous membranes of the stomach.
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ATROPHY AND DEGENERATION.

Atrophy of the stomach occurs in a variety of cachectic conditions,
in chronic inflammation, and in stenosis of the cardiac orifice.

FIG. 307. FATTY DEGENERATION OF THE EPITHELIUM OF THE GASTRIC TUBULES IN PHOSPHORUS
POISONING.

Albuminous Degeneration of the epithelium may occur in infectious

diseases and in inflammation of the stomach.

Fatty Degeneration is often associated with arsenic and phosphorus
poisoning (Fig. 307).

Amyloid Degeneration of the small vessels is associated with a similar

process in other parts of the body.

INFLAMMATION. (Gastritis.)

Acute Catarrhal Gastritis is usually due to the ingestion of irritating

decomposing or infectious substances and may accompany general infec-

tious diseases.

After death the mucous membrane may be congested and swollen,

or the congestion may have disappeared. The mucous membrane is

coated with an increased amount of mucus, especially at the pyloric end

of the stomach.

The structural changes in the mucous membrane consist chiefly in

swelling and albuminous degeneration, and sometimes exfoliation of the

epithelium with an increase in the production of mucus by the cylindrical

cells (Fig. 308), while the intertubular tissue and the submucosa may be

oedematous and contain a few emigrated leucocytes. The solitary lymph-
nodules may be enlarged from hyperplasia and haemorrhagic erosions

may be present.

Chronic Gastritis. This, with the continuance of the exciting condi-

tions, may follow the acute form. It is often associated with the persis-

tent use of alcohol, with ulcers and carcinoma, with venous congestion
from heart lesions, cirrhosis of the liver, obstruction of the portal vein

or ascending vena cava, or chronic diffuse nephritis. These are doubtless

predisposing conditions rather than actual excitants of the disease.
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The stomach may be normal in size or small or dilated. Its inner

surface is usually covered with tenacious mucus. The mucous mem-
~

^i^a&sSbas
,;. ;',*r/ p. -.,

FIG. 308. ACUTE CATARRHAL GASTRITIS.

Showing the open ends of two gastric tubules. There is a considerable formation of mucus by the

epithelial cells, many of which have the so-called
"
beaker " form. There is exfoliation of epithelium which,

with mucus and a few leucocytes and red blood cells, covers the surface of the mucous membrane.

brane may be congested with minute hemorrhages or erosions or it may
be pale and gray or pigmented from former hemorrhages. It may be

FIG. 309. CHRONIC GASTRITIS.

Showing a small portion of the new-formed tissue between the gastric tubules. There are many large

polyhedral cells in the new tissue.

thickened or thinner than normal. Often, owing to irregular thickening,
it projects in places in the form of minute granules, or it is irregular-

ly roughened etat mamelonneor there may be distinct polypoid out-

growths. These alterations are usually most marked in the pyloric re-
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Fiu. 310. CHUOMC GASTRITIS.

Showing new-formed fibrous tissue betwt

gastric tubules.

gion. Microscopical examination shows alterations varying in different

parts of the organ and in different stages of the disease. The surface

epithelium, may be degenerated and exfoliated. The detached epithelium
with leucocytes may be mingled with

the mucus covering the surface. The

gastric glands may be variously al-

tered. They may be dilated, or elon-

gated and tortuous, or hyperplastic
'

or atrophied; their epithelium may
be flattened, degenerated, or detached.

The interstitial tissue and the sub-

mucosa may be infiltrated with small

spheroidal cells or new-formed larger

polyhedral cells (Fig. 309), and new
fibrous tissue may form (Fig. 310),

thus often greatly thickening the

mucous membrane and causing at-

rophy of the glands. The lymph-
nodules at the base of the glands may
be enlarged from hyperplasia. On
the other hand, the mucous mem-

brane, as contraction takes place in the new-formed interstitial tissue,

may undergo great atrophy (Fig. 311), so that it is pale, thin, often gray
in color, with more or less pigmentation.

The formation of new fibrous tissue may later involve the muscularis

also, leading to various distortions

of the stomach.

Croupous Gastritis (Membranous
or Diphtheritic Gastritis).This
form of gastric inflammation, most

common in children, may be as-

sociated with diphtheria or with

other infectious diseases, but may
occur independently. In adults

it is usually secondary to typhus
fever, pneumonia, pyaemia, ty-

phoid fever, the exanthemata, and

Showing atrophy of the mucous membrane with much Other illfectlonS, and may follow
new-formed fibrous tissue. tlie illgestiou of irritant poisons.

The excitants are thus of the most

varied kinds, as is the case in pseudo-membranous inflammation else-

where in the body. The false membrane may be in small patches or

line a considerable portion of the stomach.

Exudative Gastritis (Suppurative or Phlegmonous Gastritis). This proc-
ess is characterized by the formation of purulent and other exudate in

1 See Cone, "Welch Anniversary Contributions to the Science of Medicine," p. 877,

1900, bibliography.

@Jtm3* .

FIG. 311. CHROXIC GASTRITIS.
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the connective tissue of the inucosa and subniucosa. The exudate may
be diffuse or localized in the form of abscess. As an independent affec-

tion it is rare. It is more frequent in connection with puerperal fever

and other infectious diseases; it has been ascribed to injury.

The accumulation of exudate may be slight, the interglandular and

submucous tissue being osdematous with few pus cells. The mucous
membrane may under these conditions remain intact or show slight ca-

tarrhal lesions. When this relatively slight accumulation of exudate

occurs in the pyloric region it may apparently occasion temporary steno-

sis. On the other hand, a considerable or large amount of exudate may
form, and the process may involve diffusely a large part of the wall of

the stomach; or the process may be circumscribed and abscesses may
form. The suppurative process may extend to the mucous membrane,
or to the serosa, and thus perforations may occur and the incitement of

peritonitis. Little is known of the direct excitants of phlegmonous gas-

tritis.
1

Streptococcus pyogeues has been found in the exudate.
2

Toxic Gastritis. The mineral acids, the caustic alkalies, arsenic,

corrosive sublimate, and the metallic salts, phosphorus, camphor, and

other irritating materials, induce different lesions of the stomach, accord-

ing to their quantity, their strength, and the length of time which has

elapsed before death.

In large quantities they destroy and convert into a soft, blackened

mass both the mucous membrane and the other coats, so that perforation

may take place. In smaller quantities they produce black or white

sloughs of the mucous membrane, surrounded by a zone of intense con-

gestion. If death does not soon ensue, the ulcerative and cicatricial

processes which follow such sloughs may contract and deform the stom-

ach in various ways.
If the poisons are of less strength they may induce a diffuse conges-

tion of the mucous membrane, with catarrhal or croupous exudation on

its surface and serous infiltration of the submucous coat (see chapter on

Poisons).
Tuberculous Gastritis of the stomach is rare and is usually secondary

to tuberculous lesions elsewhere. There may be miliary tubercles or

small or large, single or multiple ulcers involving especially the mucosa
and submucosa.*

Syphilitic Inflammation of the stomach with ulceration has been occa-

sionally observed.
4

1 Reference to the bibliography of micro-organism of the normal stomach may be
found in an article by Weiss on "Bacteria in the Stomach of the Cat," Jour, of Applied
Microscopy, vol. iii., p. 827, 1900; also Coyon, "Flore microbienne de 1'estomac," These
de Paris, 1900, bibliography. For bibliography of phlegmonous gastritis see Leith,

Edinburgh Hospital Reports, vol. iv., p. 51, 1896.
2 See Kinnicutt, Trans. Assn. Am. Phys., vol. xv., p. 127, bibliography. For a

study of lesions of the stomach as portals of entry of bacteria see James, Trans. Assn.
Am. Phys., vol. xvi., p. 72.

3 Consult for bibliography of tuberculosis of stomach Blumer, Albany Medical An-
nals, March, 1898.

4 Consult for bibliography Flexner, American Journal of Medical Sciences, vol.

cxvi., p. 425, 1898.
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ULCERS OF THE STOMACH.

Chronic Perforating Ulcer. This form of ulcer is often seen
; according

to Brinton, in five per cent of persons dying from all causes. It occurs

in females nearly twice as frequently as in males. As regards the age,

Brinton concludes that the liability of an individual to become the sub-

ject of gastric ulcer gradually rises, from what is nearly a zero at the

age of ten to a high rate, which it maintains through the period of mid-

dle life
;
at the end of wrhich period it again ascends, to reach its maxi-

mum at the extreme age of ninety.

The analysis of 793 hospital cases by Welch ' shows that the ulcers

were on the lesser curvature in 288, in the posterior wall in 235, at the

pylorus in 95, on the anterior wall in 69, at the cardia in 50, at the fun-

dus in 29, on the greater curvature in 27.

As regards the number of ulcers, two or more are present in about

twenty-one per cent ; there may be two, three, four, or even five ulcers.

In cases of multiple ulcers these are often developed successively.

In size the ulcers vary from one-quarter of an inch to five or six

inches. They are usually of circular shape, sometimes oval
; sometimes

two or more are fused together.

The ulceration is largest in the mucous membrane (Fig. 312). It

may remain confined to this, or extend outward and involve the connec-

' %

FIG. 312. CHRONIC ULCER OF THE STOMACH.

Showing a section through the stomach wall at the central part of the round ulcer.

tive tissue, muscular and peritoneal coats, its diameter becoming smaller

as it advances. The ulcer looks like a clean hole punched out of the

wall of the stomach (Fig. 313). Its floor may show no active inflamma-

tory changes. Its edges may be in the same condition, or they may be

thickened by the growth of connective tissue and cells. The rest of the

mucous membrane of the stomach is apt to be in a condition of chronic

catarrhal inflammation.

The ulcer may perforate directly through the wall of the stomach, and
the contents of the latter are discharged into the peritoneal cavity ;

or

1
Welch, Pepper's "System of Practical Medicine," vol. ii., p. 504, 1885. Many im-

portant data are to be found in this excellent article.
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adhesions are formed between the wall of the stomach and the neighbor-

ing viscera, so that the bottom of the ulcer is closed
;
or if the liver, the

intestines, or the abdominal wall become adherent, these may be invaded

by the ulcerative process, and cavities or fistulae are formed communicat-

ing with the stomach ; or, if the adhesions are incomplete, a local peri-

tonitis and collections of pus may be developed. Perforation may take

place into the colon or duodenum, or into the pericardium or pleura.

During the progress of the ulcer there may be repeated small haemor-

rhages from the erosion of small blood-vessels, or large haemorrhages
from the erosion of larger arteries.

In many cases these ulcers cicatrize, and such a cicatrization may
produce various deformities of the stomach.

FIG. 313. CHRONIC PERFORATING ULCER OF THE STOMACH.

The origin of such ulcers is often obscure. It seems probable that

the nutrition of a circumscribed part of the wall of the stomach is inter-

fered with, and that this portion is then destroyed by the action of the

gastric juice. But we are in most cases still ignorant of the way in which

the obliteration of the arteries is effected. It has, indeed, been demon-

strated in animals that an artificial embolism of the branches of the gas-

tric arteries may lead to ulcers of the stomach
;
and in the human stom-

ach we occasionally find cases of embolism of the branches of the gastric

artery and ulcers. But the clinical history of most cases of ulcer of the

stomach does not correspond with such a mode of origin. A chronic

obliterating endarteritis would seem to be a more probable cause. The

possibility of a bacterial origin in some cases should not be overlooked.

Follicular Ulcers, similar to those in the small intestine, are of occa-

sional occurrence in the stomach. They are formed by the degenerative

changes and necrosis in the solitary lymph-nodules of the stomach.

For Tuberculous Ulcers, see above.
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Haemorrhagic Erosions occur as rounded spots or narrow streaks,

formed by a loss of substance of the mucous membrane. The mucous
membrane at these points may be congested, soft, and covered by small

blood clots. The destruction of the mucous membrane is usually super-

ficial, but may involve its entire thickness. The internal surface of the

stomach may be studded with these erosions. They give rise to repeated

haemorrhages, and are accompanied by catarrhal inflammation of the rest

of the mucous membrane.

They occur at all periods of life, even in infants. Their usual seat is

the pyloric portion of the stomach. They may occur independently of

other obvious lesions, but are most frequent in connection with chronic

congestion of the mucosa, chronic gastritis, in infectious diseases, and
intoxications.

DILATATION.

Very considerable degrees of dilatation of the stomach are found at

autopsies, without stenosis of the pylorus or other mechanical cause to

account for them. It is usually difficult to determine how long these

dilatations have existed and their influence in the illness or death.

Acute dilatation of the stomach, with vomiting of very large quanti-
ties of thin fluid, has been observed in a few cases, the dilatation being

developed suddenly and without discoverable cause.

Of the mechanical factors which lead to dilatation of the stomach a

stenosis of the pylorus is the most common. Such a stenosis may be

effected by a tumor, by chronic inflammation and thickening, and by the

cicatrization of ulcers. Less frequently obstructions of the small and

large intestines act in the same way.
Some forms of chronic gastritis are attended with dilatation of the

stomach without stenosis.

In rare cases circumscribed, sacculated dilatations are produced by
the presence of foreign bodies portion of wood, metal, etc.

TUMORS.

Papillomata. It has already been mentioned that in some cases of

chronic gastritis there are small, polypoid hypertrophies of the mucous

membrane. Besides these we find polypoid tumors which may reach a

considerable size. They are composed of a connective-tissue stroma ar-

ranged in tufts covered with cylindrical epithelium. In some cases there

are also tubules lined with cylindrical epithelium, so that the tumor has

partly the structure of an adenoma (Fig. 314). Fibromata of small size

are sometimes found in the connective-tissue coat (Fig. 315). Lipomata
are formed in the submucous connective tissue in the shape of rounded

or polypoid tumors. They usually project inward, but sometimes out-

ward beneath the peritoneum. They may also appear in the form of

numerous yellow nodules beneath the mucous membrane.

Myomata occur in the form of rounded tumors which originate in the



542 THE DIGESTIVE SYSTEM.

muscular coat, but may gradually separate themselves from it and pro-

ject inward or outward. The submucous myomata are at first small

FIG. 314. SMALL PAPILLARY ADENOMA OF THE STOMACH.

This is confined to the mucous membrane, forming a small polypoid growth into the cavity. Enlarged about

five diameters.

tumors lying loosely attached in the submucous tissue. As they grow
larger they push the mucous membrane inward and take the shape of

FIG. 315. FIBROMA IN THE WALL OF THE STOMACH OF A CHILD.

There were several of these small tumors in the wall of the stomach.

polypoid tumors. Lymphomata in the wall of the stomach are seen iu

some cases of leukaemia.

Sarcomata of the stomach are rare. In some of the tumors of the wall

of the stomach, which are ordinarily called cancerous, the structure is
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not well defined, and it is possible that some of them are sarcomata.

Sarcomata of the stomach may be round-celled or spindle-celled and
mixed forms occur myxosarcoma, angiosarcoma, etc.

'

Adenoma. It has been already mentioned that in some of the papil-

lary tumors of the mucous membrane there is a considerable growth of

tubules lined with cylindrical epithelium (Fig. 314). Besides these we
find in the submucous coat circumscribed tumors composed of tubules

irregular in form and lined with one or more layers of cylindrical epithe-

FIG. 316. CARCINOMA OF THE STOMACH. (Pyloric Region.)

A large globular tumor mass projects into the cavity.

Hum, like those of the gastric mucous membrane. (See Adeno-carcinonia

below.)
Carcinoma of the stomach is usually primary, but is occasionally sec-

ondary to cancer elsewhere. It is, of relatively common occurrence, the

stomach in Welch's analysis of over 30,000 cases being next to the uterus

the organ most frequently affected.

The situation in Welch's summary of 1,300 cases
2 was: in thepyloric

region, 791; lesser curvature, 148; cardia, 104; posterior wall, 68; in-

volving a greater part of the stomach, 61
; greater curvature, 34 ;

anterior

l See Dock, Trans. Assn. Am. Phys., vol. xv., p. 165, bibliography; also Fenwick,
Lancet, 1901, vol. i., p. 463, bibliography.

*
Welch, Pepper's "System of Practical Medicine," vol. ii., p. 561, 1885.
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wall, 30
; fimdus, 19

; multiple tumors in 45 cases. Carcinoma of the

stomach is rare in childhood. l

Carciiiomata of the stomach occur in various forms. There may be

larger or smaller, flat

or rounded or lobu-

lated growths project-

ing from the inner

surface of the stomach

(Fig. 316). The mu-
cous membrane over

them may be intact

or with a portion of

the tumor may ulcer-

ate. The destructive

process may advance

so that some of the

ragged or smooth-

edged ulcers may
reach a large size.

The wall of the stom-

ach may be involved
;

peritoneal adhesions

may form, or perfora-
tion may occur. On
the other hand, the

carcinoma may grow
in the form of a dif-

fuse infiltration of the

wall of the stomach

(Fig. 317). Such tu-

mors are less liable to

ulcerate. They may
be overlooked or mis-

taken for a chronic in-

flammatory lesion.

Metastatic tumors

in the liver, the lymph-
nodes, and the peri-

toneum are common,
but such metastases

may occur in any part
of the body.

The most common

type of carcinoma of

adeno-carcinoma, in which

FIG. 317. GELATINOUS CARCINOMA OF THE STOMACH.

Showing the infiltrating form of tumor occupying the pyloric end of the
stomach and advancing along the wall.

the stomach is the medullary, or so-called

1 See Osier and McCrae, on "Carcinoma of the Stomach in the Young," New York
Med. Jour., vol. Ixxi., p. 581, 1900.
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often to a considerable extent the glandular type is maintained in many
parts of the growth (Fig. 184, page 337). The cylindrical or poly-

hedral epithelial cells line variously shaped alveoli, which frequently
maintain well-marked lumina. Cystic distention of these may occur.

Fibrous carcinoma, scirrhus, is the next most frequent type, and such

are often the infiltrating forms (Fig. 199, page 347).

The third type, gelatinous carcinoma (Fig.- 200, page 348), often forms

FIG. 318. HAIR BALLS FROM HUMAN STOMACH.

This specimen consists largely of hairs, cotton and woollen threads, straws, etc.

extensive growths and is apt to invade adjacent structures and to estab-

lish metastases.

Stenosis of the pylorus and chronic gastritis, adhesions, fistulas, dis-

tortion of the stomach, perforations, etc., haemorrhage, suppurative in-

flammation, are among the frequent secondary complications of gastric

cancer.

Among the relatively infrequent secondary cancers of the stomach,
those originating in the breast are proportionately large.

1

Cysts of the stomach wall have been recorded.
2

For recent general bibliography of lesions of the stomach, see Thorel, Lubarsch and

Ostertag's "Ergebnisse," Jahrg. v. for 1898, p. 142.

FOREIGN BODIES.

Among the various foreign bodies which by accident or design may
be present in the stomach may be mentioned hairs, thread, string, etc.,

which have been swallowed from time to time, usually by hysterical

women. These may be closely packed together into a large mass nearly

1 For statistics see Welch, reference above.
2 Schultz has seen a large cyst of undetermined origin, Trans. New York Path.

Soc., 1899-1900.

35
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filling the cavity of the stomach, to which in shape it may correspond

(Fig. 318).'

The Intestines.

Malformations .

ATUESIA ANI. Absence of the anal opening is frequent. This may be associated

with partial or complete atresia of the rectum or of the colon which may be represented

by solid cords. Blind terminations of the small intestine may occur, or there may be

complete closure of the gut.

TRANSPOSITION. The position of the intestines may be the opposite to that which

is usually found. The transposition may affect all the abdominal viscera, or only a

single viscus is transposed.

ANOMALOUS POSITIONS OF THE COLON are not infrequent.
2

DIVERTICULA. Intestinal diverticula are most frequent in the lower part of the

ileum. They usually spring from the convex surface of the intestine, more rarely
from its attached border. In the latter case they are

joined to the mesentery by a fold of peritoneum. The
diverticulum forms a pouch from one to six inches

long, of about the same diameter as the intestine, small-

est at its free extremity (Fig. 319).

Such diverticula do not interfere with the func-

tions of the intestines. They occasionally form part
of a hernia. Sometimes the remains of these intestinal

diverticula called Meckel's diverticula form soft,

projecting tumors at the umbilicus 3 in children. Micro-

scopical examination of such tumors often shows the

structure of the intestinal mucosa and muscularis.

If they remain attached by a fibrous cord to the navel,

this cord may be the cause of incarceration of a portion
of the intestines. 4

False Diverticula. Not infrequently one finds at

autopsies either in the 'small or large intestine diver-

ticula or hernioe, which project from the exterior of the

gut, usually near its mesenteric attachment. These

consist of the mucous membrane which has been

crowded through the muscularis and is covered by
serosa. These so-called

"
false diverticula

"
may be

large, but are generally not larger than a pea; they

may be single or numerous (Fig. 320). They as a rule

cause no functional disturbance, but may, through
the accumulation of faecal material within them, be the

seat of perforation.
5

CLOACA:. The rectum may open into the bladder, urethra, or vagina. Thus

'Such a specimen, mentioned by Osier, is in the museum of McGill University;
another, reported by Findler (see Fig. 318), is in the museum of the College of Physi-
cians and Snrgeons, N. Y. See Jacobson, Med. News, Feb. 16th. 1901

;
also Fenwick,

Br. Med. Jour., Nov. 29th, 1902, bibliography.
2 For bibliography of reported cases see Shober, Am. Jour. Med. Sciences, vol.

cxvi., p. 405, 1898.
3 For bibligraphy of umbilical tumors see Giannettasio, Arch. gen. de Med., t. iii.,

p. 65, 1900.
4 For bibliography see Reisman, Proc. Path. Soc. of Philadelphia, new ed., vol. i.,

p. 193, 1898. For case of volvulus of Meckel's diverticulum see Taylor, Johns Hopkins
Hospital Bull., vol. xii., p. 326.

5 Consult Fischer, "False Diverticula of the Intestine," Jour. Exp. Med., vol. v.,

p. 333, 1901, bibliography.

9. DlVKRTlCCLUM OF THE
SMALL INTESTINE.
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cloacae are formed which are often associated with other malformations of the abdom-
inal wall, intestines, and generative organs.

FIG. Sio. MULTIPLE FALSE UIVEKTICUI.A OK THE I.NTKSTINE.

Incarceration.

1. The most common form is that in which a portion of intestine is strangulated by
a fibrous band. Such fibrous bands are the result of peritonitis or may be of fo?tal

origin. They pass from the intestines to the abdominal wall, or from one part of the

intestines to another. The intestine becomes in some way caught under one of these

bands and is compressed by it. The stricture thus produced may lead to a gradual ac-

cumulation of faeces in the intestine above it, and may last for a long time.before death

ensues. In other cases the stricture interferes at once with the circulation of the blood ;

the intestine is intensely congested, becomes gangrenous, and death takes place with

the symptoms of general peritonitis.

2. A portion of intestine becomes caught in some abnormal opening in the mesen-

tery or omeutum, or in the foramen of Winslow, or between the two layers of the

mesentery. We have seen a case in which twelve feet of intestine had passed through
a small opening in the mesentery.

3. A coil of intestine makes a half turn at its base, so that the two sides of the

loops cross at its base. In this way the lumen of the intestine is completely closed and

the vessels are compressed, so that congestion, peritonitis, and gangrene result. This

form of incarceration is most frequent in the ascending colon. In the small intestine it

may occur when the gut is fixed by old adhesions.

4. A portion of the intestine, with its mesentery, makes one or more complete turns

on itself, closing the canal and compressing the vessels.

5. A portion of the intestine makes a half or entire turn about its longer axis.

This is very rare, and only occurs in the colon.

6. The mesentery of a part of the intestine is long and loose, in consequence of a

dragging down of the intestine by a hernia or by habitual constipation. The portion
of intestine thus permitted to hang down is habitually filled with faeces, and by its

pressure on some other part of the intestine produces an incomplete stricture.

Intussusception.

This change of position consists in the invagination of one portion of intestine in

another portion (Fig. 321). Usually this takes place in the direction of the peristaltic

movements, from above downward ; more rarely in the opposite direction.

The parts are found in the following condition : There are three portions of intes-

tine, one within the other. The inner portion is continuous with the intestines above

the intussusception ; its peritoneal coat faces outward. The outer portion is continuous

with the intestine below ; its peritoneal coat also faces outward. The inner portion is
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turned inside out, its mucous membrane is in contact with the mucous membrane of

the outer portion. In rare cases the intussusception is complicated by the invagination
of a second portion of intestine in the inner tube, and even by a third intussusception

into the second one. These changes occur both in the large and small intestine; most

FIG. 321. -INTUSSUSCEPTION.

A portion of the gut Is completely invaginated in the segment below and strangulated.

frequently the lower part of the ileum is invaginated in the colon. The invagiuated

portion may be from a few inches to several feet in length. The lesion is most fre-

quently found in early childhood.

The intussusception, by the dragging and folding of the mesentery which it in-

volves, may lead to intense congestion of the parts, and even to large haemorrhages be-

tween the coats of the intestine. The congestion may induce fatal peritonitis, or gan-

grene of the intestine, or chronic inflammation and adhesions, and the patient may live

FIG. 322.- INTUSSUSCEPTION AGONAL OR POST-MOKTEM IN INTESTINE OF INFANT.

for a considerable time with symptoms of stricture. In other cases the invaginated

portion of intestine sloughs, the outer and inner portions become adherent, and the

patient recovers, with or without stricture.

Besides this grave form of intussusception we often find, especially in children, one

or more small invaginations not attended with congestion or inflammation. These are

agonal or are formed immediately after death (Fig. 322).



THE DIGESTIVE SYSTEM. 549

Hernia.

The dislocation and protrusion of the whole or a part of an internal organ from its

normal position is called hernia. This may occur in various parts of the body, but

most frequently involves the abdominal viscera, especially the intestine or omentum.
lu the most common form of the so-called inguinal hernia, which is of frequent occur-

FIG. 323. INGUINAL HERNIA INTESTINAL. FIG. 324. INGUINAL HERNIA OMKNTAL.

rence in men, there is a descent into the inguinal canal of either a loop of intestine (Fig.

323) or a portion of the omentum (Fig. 324). For a description of the various forma

of hernia we refer to works on surgery.

Dilatation of the Colon.

This may be congenital or acquired and is sometimes excessive. 1

'See Fits, Am. Jour. Med. Sciences, vol. cxviii., p. 125, 1899, bibliography; also

Griffith, Trans. Assn. Am. Phys., vol. xiv., p. 1, 1899.
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WOUNDS-RUPTURES.

Penetrating wounds of the intestine usually prove rapidly fatal, either

from shock or from peritonitis. Sometimes, however, the wound be-

comes closed by the formation of adhesions with the neighboring parts.

Sometimes the wound in the intestines becomes adherent at the position

of the wound in the abdominal wall, and an intestinal fistula is formed.

Eupture of the small intestine is not infrequently produced by severe

blows on the anterior abdominal wall. It is noticeable that such blows

may not produce marks or ecchymoses of the skin. Such ruptures

usually prove fatal very soon, but sometimes the patient lives several

days and the edges of the rupture undergo inflammatory changes.
Strictures of the intestine are sometimes followed by rupture of the

dilated intestine at some point above the stricture.
'

DISTURBANCES OF THE CIRCULATION HAEMORRHAGE.

Hypersemia of the intestine may be inflammatory in character or it

may be associated with disturbance of the portal circulation. Under
both of these conditions ecchymoses may occur. Pigmentation may fol-

low large or small interstitial haemorrhages.
As a result of embolism or thrombosis of the inesenteric vessels haemor-

rhagic infarctions may occur, sometimes involving considerable portion
of the gut.

2

Haemorrhage into the lumen may follow, or gangrene, or

inflammation. The latter processes are readily induced in the injured

regions by the bacteria constantly present in the intestinal contents.

Septic emboli may induce suppurative inflammation in the mesentery and
in the wall of the intestine.

Intestinal haemorrhage may occur in venous congestion, as in certain

forms of cirrhosis of the liver. It may follow ulceration, in typhoid

fever, in chronic colitis, in malignant tumors, etc. ; it may accompany
infarction.

DEGENERATION.

Amyloid Degeneration may be associated with a similar process else-

where in the body. The iodin test may reveal the existence of this

alteration in the villi of the small intestine.

INFLAMMATION.

INFLAMMATION OF THE SMALL INTESTINE. (Enteritis.)

Acute Catarrhal Enteritis. This may occur under conditions similar

to those inciting catarrhal inflammation in the stomach. It may be local

or general and may be associated with similar processes in the stomach
and colon. In ptomam poisoning the lesions are often severe. Coni-

1 See summary of cases by Oallaverdin, Gaz. des Hopitaux, Aug. 24th and 31st, 1901,

bibliography.
2 For a fuller consideration of thrombosis of the mesenteric veins consult Welch, All-

butt's "System of Medicine," vol. vi., p. 218.
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paratively niild forms of the lesion may predispose the intestine to the
incursions of intestinal bacteria and the development of more severe
forms of destructive lesions. The mucosa may be reddened or ecchy-
mosed, and covered with mucus mingled with degenerated epithelium
and leucocytes. The epithelium may be degenerated and peeled off (Fig.

325), and the cylindrical cells may be dis-

tended with mucus formed within them
"beaker cells."

The solitary and agminated lymph-nod-
ules may be swollen from hyperplasia. (See
Lesions of the Lymph-nodes, page 394.)
When this hyperplasia is marked (Fig.

326), the lesion is often called follicular or

nodular enteritis, and erosions and ulceration

may occur (Figs. 333 and 334). For

hyperplasia of the lymphoid tissue of the

intestine in typhoid fever see page 228.

Chronic Catarrhal Enteritis. This may
follow the acute form or occur indepen-

dently. It often accompanies many forms

of chronic disease of the heart, kidneys,

lungs, etc. The mucous membrane may be

covered with mucus; ecchymoses, erosions,

and pigmentation are frequent. There is

hyperplasia of the interglandular tissue of

the mucosa and the subrnucosa. In this

way there may be atrophy of the glands and the mucous membrane

may be thin and fibrous. The muscularis may also be involved and

atrophied. The subniucosa and the muscular layer may on the other

hand be thickened from the new-formed fibrous tissue.

FIG. 325. ACUTE CATARRHAL EN-
TERITIS.

Showing the open end of one of the

tubular glands with exfoliating and

disintegrating epithelium.

FIG. 336. NODULAR ENTERITIS.

From the intestine of a child.

Pseudo-membranous Enteritis may occur in connection with a similar

condition in the colon, in infectious diseases, in chronic diseases of the

liver and kidney ; in cachectic conditions, or as the result of the ingestion
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of irritant poisons. The mucous membrane may be the seat of superficial

necroses, sometimes in patches, and the pellicle may consist largely of

mucus with necrotic epithelium. Fibrin may be present and fibrin and

extravasated leucocytes and serous fluid may infiltrate the submucosa.

Exudative or Suppurative Enteritis is rare. Purulent foci, usually

Ffe. 327. TUBERCULOUS ULCERS OF THE SMALL INTESTINE.

In the larger ulcers the mucous membrane is almost entirely gone, leaving the muscularls exposed at the

bottom.

metastatic in origin, may form in the wall of the intestine. A more dif-

fuse suppuration may follow infection after obstruction or strangulation.
'

Tuberculous Enteritis. The lymph-nodules and Peyer's patches are

often involved in intestinal tuberculosis and often ulcerate (Fig. 327).

Miliary tubercles maybe present with cheesy degeneration (Fig. 328) and

the subperitoneal lymphatic vessels are often involved and may appear
as white, nodular, branching, slightly elevated cords, running around the

FIG. 328. -SECTION OF A TUBERCULOUS ULCER OF THE SMALL INTESTINE.

Showing tubercle tissue with miliary tubercles and caseation at the bottom of the ulcer. There are miliary
tubercles beneath the serosa. (See Fig. 329.)

gut (Fig. 329). Tuberculous ulcers are apt to extend most rapidly in a

direction transverse to the axis of the gut (Fig. 330), differing in this

respect from typhoid ulcers (see page 230). But to this there are fre-

1 For reference to bacterial excitants of enteritis see footnote, p. 560.
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queut exceptions. Tuberculous ulcers rarely perforate. (See for other

forms of tuberculosis of the intestine page 560.')

Syphilitic Ulcers, originating in the lymphatic structures, are sometimes
found in infantile syphilis.

Duodenal Ulcers may be tuberculous or may follow extensive burns.

FIG. 329. SuBSEROfs TUBERCLES FOLLOWING THE LYMPH-VESSELS AT THE BOTTOM OF A TUBERCULOUS
ULCER OF THE SMALL INTESTINE.

In the latter case their mode of origin is obscure. They may occur under

a variety of other conditions.
2

Other Forms of Ulcers. The solitary and agminated lymph-nodules

frequently undergo hyperplasia, in infectious diseases, after extensive

FIG. 330. TUBERCULOUS ULCERS OF THE SMALL INTESTINE.

Showing the extension of the ulcers in a direction transverse to the axis of the gut.

burns, in various forms of inflammation of the intestine. Hyperplasia
of the lymphatic tissue see above with ulceration is especially frequent
in children.

1 For statistics of intestinal tuberculosis see Zahn, Munch, med. Woch., Jan. 14th,

1902; also Nebelthau, ibid., July 1st and 28th, 1903; also Wagener, Munch, med. Woch.,
Nov. 24th and Dec. 1st, 1903. For presence of tubercle bacilli in mesenteric lymph-
nodes see Nacfadyen and Macconkey, Br. Med. Jour., July 18th, 1903.

2 For a study of duodenal ulcers see Weir, Medical Record, May 5th, 1900, bib-

liography.
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Anthrax Infection of the Intestine (Mycosis Intestinalis). The anthrax

bacillus may find lodgment in the intestinal mucous membrane either by
the ingestion of food containing the germ or by metastasis through the

blood from some other seat of infection, especially the skin.

The intestinal lesions are most apt to occur in the small intestines and

in the upper part of the colon. The mucous membrane is studded with

larger and smaller brown or black frequently elevated patches, or areas

of local congestion, or haemorrhage, or necrosis. The mucous membrane
near the inflammatory and necrotic foci may be cedematous. Hyperplasia
of the spleen and lymph-nodes is apt to accompany the intestinal anthrax.

The anthrax bacillus may be found about the seat of local lesion in the

intestine, in the associated lymph-nodes, and when secondary to local

infection elsewhere it may be found in the primary lesion and in the

blood.

It is believed that other forms of bacteria may cause intestinal lesions,

somewhat similar to those of anthrax, but the researches in this direc-

tion are not yet. sufficiently numerous to permit of very definite state-

ments. l

INFLAMMATION OF THE LARGE INTESTINE. (Colitis.)

The mucous membrane of the large intestine is frequently the seat of

acute and chronic inflammatory and necrotic processes known clinically

as dysentery.* The rectum is most often involved, but sometimes the up-

per part of the colon and sometimes the whole colon is affected.

Acute Catarrhal Colitis. This process is frequently limited to the

lower end of the colon and presents several types. There may be an in-

creased production of mucus, which coats the surface of the mucous
membrane and is mixed with exfoliated and fatty or disintegrated epi-

thelium and red blood cells. The surface epithelium may be degenerated
and exfoliate, many "beaker cells" being present, indicating the source

of over-production of mucus (Fig. 330A). The mucous membrane may be

congested and infiltrated with serum and leucocytes. Again, with con-

ditions similar to those just described, there may be a purulent exudate

in the mucous membrane. There is a form of catarrhal colitis in which

there is a more or less extensive formation of new connective tissue be-

tween the glands and in the submucosa. Finally, there may be small or

extensive ulceration in the involved areas of the mucosa.

Acute Infectious Colitis (Tropical Dysentery) is of especially frequent
occurrence in warm countries and is often epidemic. In one group of

cases (a) the disease is probably incited by protozoa amoebae coli
;
while

in the other (6), bacteria, some apparently related to the typhoid-colon
bacillus group, and possibly others, are believed to be the excitants.

1 For references to intestinal bacteria see footnote, p. 560.
2 The classification of these lesions is with our present knowledge unsatisfactory,

and is largely based upon morphology. In some phases of so-called dysentery infec-

tious colitis however, the nature of the excitant is taken into the account. Consult
for a special study of forms of colitis seen in New York Delajield, Am. Jour. Med. Sci-

ences, vol. cxiv., p. 401, 1897.
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(a) AMCEBIC COLITIS. This form of colitis is apparently incited by
the presence in the wall of the intestine of the Amoeba coli.

The anicebae are found in the gelatinous masses which are common in

the stools. They are of rounded shape, and, when alive, change their

position and shoot out and retract little projections (pseudopodia).

FIG. 330A. ACUTE CATARRHAL COLITIS.

The epithelium of the tubular glands, especially near their mouths, is forming an excessive amount of

mucus with destruction and exfoliation of the cells. The tubules are dilated with mucus which covers the

surface. The mucosa at the right is necrotic and forms the edge of an ulcerated area.

Their outer portion is composed of a pale hyaline or homogeneous sub-

stance; the inner contains vacuoles and is more refractive (see page 129).
In the colon the amoebae are found in the connective-tissue coat (Fig.

331 ) and in the floors of the ulcers.

FIG. 331.-AMOCBIC COLITIS.

Showing amoebae in the submucous flbrous
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Amoeba excites at first a moderate exudative and productive inflam-

mation followed by necrosis. Thus ulcers are formed. The ulcers may
be superficial or deep, sometimes extending to the peritoneum ; they en-

large by infiltration and necrosis at their edges, so that extensive destruc-

tion of the mucous membrane may occur. The amoeba may be present
in the connective tissue at the base or sides of the ulcers. Not infre-

quently, owing to bacterial infection from the intestinal contents, vary-

ing degrees of suppurative inflammation may complicate the lesion.

Necrotic and suppurative processes may be set up in the liver (see

page 593) and in the right lung, and in these lesions the amo3ba may be

found.

(6) ACUTE INFECTIOUS COLITIS WITH BACTERIAL EXCITANTS.

The lesions in those forms of infectious colitis which are not associated

with amoeba are varied, and it is not yet possible to give a very precise

morphological characterization of them. In general it may be said that

the lesion when pronounced is pseudo-membranous, exudative, and necro-

tic, with more or less ulceration of the mucosa and subniucosa.

The earlier bacterial studies of the various types of infectious colitis

dysentery tropical, epidemic, sporadic, or pseudo-membranous, gave
little definite data. Many bacteria were found, most of them of species

not infrequently present in the normal intestine. In 1897, however,

Shiga made a careful study of a series of cases in a serious dysentery

epidemic occurring at that time in Japan. Shiga found constantly in

these cases a bacillus Bacillus dysenteries not normally present and

pathogenic for animals, which gave agglutinative reactions with the serum
of the dysentery patients. This bacillus was formerly regarded as simi-

lar to the typhoid bacillus, but can now be readily differentiated from it.
1

Two years later Kruse found a similar bacillus in cases of dysentery oc-

curring in Germany, and Flexner and Strong have found one which they
believe to be identical in the Philippines. It has since been found in nu-

merous instances in the United States.

Considerable doubt has arisen regarding the significance of many of

the later determinations owing to the fact that until recently some of the

distinctive biological characters were not generally known, and that the

agglutination reactions, if not carried out with extreme care, may lead

the observer astray.

We cannot enter here upon the details of the various studies of this

subject. It at present seems likely that the Shiga bacillus is the excitant

of some forms at least of tropical and epidemic or sporadic dysentery.
Whether the occurrence which has been described of this bacillus or va-

riants of it, in other forms of intestinal disorder, such as some types of

infantile diarrhoea, is of significance or not, it is yet too early to say.

While the value of protective serum prepared by animal inoculations

of Shiga's bacillus has been claimed, the evidence is yet too meagre to

permit of final judgment."

J See Hiss and Russell, Med. News, Feb. 14th, 1903.
8 For a general statement of forms and lesions of dysentery and its relationship to
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Bacillus pyocyaneus has been repeatedly found in the discharges in

cases of dysentery as well as in other intestinal disorders under conditions

which justify the conjecture that it is sometimes at least an excitant of

FIG. 332. NODULAR COLITIS FOLLICI'LAR COLITIS.

Showing commencing necrosis of the mucosa over the hyperplastic lymph-nodule.

intestinal inflammation and necrosis.
'

Streptococcus pyogenes has been

repeatedly found in association with colitis.

Nodular Colitis (Follicular Colitis). In many cases of catarrhal and

croupous inflammation of the colon the solitary follicles (lymph-nodules)
become more or less swollen arid necrotic. Besides these cases, however,
there are others in which the changes in the nodules form the principal

FIG. 333. NODULAR COLITIS WITH ULCERATION.

Showing necrosis and ulceration of the lymph-nodule with opening into the lumen of the gut.

part of the lesion, while the catarrhal or croupous inflammation is but

slightly developed. The lesion is similar to that in nodular enteritis.

The nodules are first swollen hyperplastic (Fig. 332), then necrotic,

then slough away and leave little circular ulcers with overhanging edges

micro-organisms see Flexner, Phila. Med. Jour., vol. vi., p. 414, 1900; see also Lentz,
Kolle and Wassermann "Handbuch der Mikroorganismen," Bd. i., p. 309.

1 See Lartigau, Jour. Exp. Med., vol. iii., p. 595, 1898.
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(Fig. 333). These ulcers are usually numerous (Fig. 334) and may be

scattered over a large part of the colon. The ulcers are apt to show but

little disposition to heal, and the acute colitis often becomes chronic.

FIG. 334. NODULAR Conns.

From the intestine of a child showing numerous ulcers involving solitary nodules. (Compare Fig. 326.)

Pseudo-membranous (Croupousj Colitis. This form of inflammation may
involve the rectum alone, or the entire length of the colon, or only its

upper portion. The mucous membrane is congested and swollen, and

coated with a layer of false membrane
;
the connective tissue between and

beneath the gland tubules is infiltrated with fibrin and pus, and in severe

FIG. 335.-PSErDO-MEMBRA.vOfS (CROUPOVS) COLITIS.

cases the inflammation involves the muscular and peritoneal coats also.

The inflammation is usually more intense at some places than at others,

so that the surface of the mucous membrane shows the false membrane
in isolated patches. Less frequently there is a uniform coating with the

false membrane. In mild cases, as the inflammation subsides, the prod-
ucts of inflammation are absorbed and the wall of the intestine returns
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to its normal condition. In more severe cases the quantity of the inflam-

matory products is so great that portions of the wall of the intestine

become necrotic. This necrosis may involve only the glandular coat, or it

may extend deeper into the wall of the intestine. The necrosed tissue after

a time sloughs away, leaving behind ulcers of different sizes and depths.

After this the ulcers may cicatrize, or their floors and walls may remain in

the condition of granulation tissue fqr an indefinite length of time. When
the latter is the case there is added a chronic inflammation of the wall of

FIG. 336. NECROTIC COLITIS.

Circumscribed congestion and necrosis of the glandular and connective-tissue coats.

the intestine between the ulcers, with changes in the mucous membrane
and thickening of the connective -tissue and muscular coats.

Necrotic Colitis. There is a form of inflammation of the colon in

which considerable areas of the connective-tissue coat become necrotic,

leaving the glandular coat undermined and separated from the muscular

coat. In this way large ulcers with overhanging, edges are developed.

This form of colitis is very fatal.

There is another very fatal and obscure form of necrotic colitis which

appears to be septic in character. After death the inner surface of the

colon is found studded with little blackish areas in which the blood-ves-

sels are gorged with blood. The glandular and connective-tissue coats

are infiltrated with pus cells and there is a superficial necrosis (Fig. 336).

Various forms of micro-organisms have been found in connection with
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suppurative and necrotic lesions of the ileum and colon
; Streptococcus

pyogenes, Staphylococcus pyogenes, Bacillus coli commuuis, Bacillus

proteus, Bacillus pyogenes, and others. The significance of these organ-
isms is not yet clear.

'

Mucous Colitis (Membranous Colitis). Under a variety of obscure con-

ditions, probably sometimes inflammatory in character, shreds or sheets

or" even cylindrical casts of the interior of the gut are passed from the

bowels. These consist of dense mucus often mingled with degenerated

epithelium.
2

Chronic Colitis. In prolonged inflammation of the colon marked struc-

tural alterations may take place. The glandular coat may be uniformly

FIG. 337. CHRONIC COLITIS WITH EXTENSIVE ULCKRATION OF THE Mucous MEMBRANE.

in places only a few ragged Islets of mucous membrane are left, the muscularis forming the bottom of the

ulcers.

thickened, or thrown into the form of polypoid tumors, or atrophied, or

destroyed by ulcers of various sizes and shapes (Fig. 337). Small cysts

may form from the retention of mucus in the follicles. The connective-

tissue and muscular coats may be thickened or thinned. Apparently
chronic colitis may follow any of the forms of acute colitis.

Eepair may follow even considerable losses of substance in the intes-

tinal mucous membrane. The new-formed connective tissue may under-

go slight or marked cicatricial contraction. The denuded surfaces may
become covered anew with epithelium derived from the intact cells.

3

1 See Krute and Pnsquale, Zeits. f. Hygiene und Infkr., Bd. xvi., p. 1, 1894; also

Ceremille, Tavel, and others, Ann. Suisses des Sc. Med., ser. ii., p. 531, 1895.

See for consideration of Streptococcus enteritidis in infants, Hirsch, Centralbl. f.

Bak., AbtJi. I., Bd. xxii., p. 369, bibliography.
For a study of intestinal bacteria see Lembke, Arch. f. Hygiene, Bd. xxvi., p. 293,

1896, bibl.
; also Mace's "Bacteriologie," 1901, p. 1140 etseq.; Kohlbrugfje, Centralbl.

f. Bak. (I. Abth.), Bd. xxx., 1901, pp. 10 and 70; Ford, "Studies Royal Victoria Hos-

pital," Montreal, vol. i., 1903, resume and bibl.
* Numerous observations have been made and a large bibliography has been gath-

ered on what is called membranous enteritis or colitis, for which the reader may consult

Butler, New York Medical Journal, December 28th, 1895, or Akerlund, Arch. f. Ver-

dauungskrankheiten, Bd. i., p. 396, 1896.
3 For study of regeneration of intestinal epithelium see Quemt and Branca, Arch. d =

Med. exp., vol. xiv.. 1902, p. 405.
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THE CAECUM.

Catarrhal Inflammation of the caecum is not uucommon. It is usually

produced by an habitual accumulation of faeces in this part of the intes-

tine. The course of the inflammation is usually chronic, but marked by
acute exacerbations. At first the mucous membrane undergoes the ordi-

nary changes of chronic catarrhal inflammation. To this may succeed a

slow suppurative inflammation which extends through the wall of the

intestine and gives rise to ulcers and perforations.

Through these perforations the faeces may pass into the peritoneal

cavity, or the perforations are partly closed by adhesions, and abscesses

are formed, or sinuses into the surrounding soft parts.

Chronic Hyperplastic Tuberculosis of the Heo-caecal Region and Other Parts

of the Intestine. Attention has recently been called to a peculiar form of

tuberculous inflammation of the intestine which is characterized by the

extensive formation of small spheroidal-celled and fibrous tissue, espe-

cially in the submucosa and often involving the muscular wall and the

subserous layer. Miliary tubercles, cheesy degeneration, and ulcera-

tion are not usually conspicuous features of the lesion. The ileo-caecal

region is most often involved, the rectum less frequently, while the lesion

is rarely limited to the ileum. Both the large and small intestine may
be involved together. The new tissue may form a circumscribed annular

thickening of the wall of the gut, or it may occur as a distinct tumor or

as polypoid projections of the mucous membrane. The intestine in the

vicinity of the involved portion may be enclosed in a mass of fibrous fat

tissue. Owing to the thickening of the wall of the intestine the lumen

may be much narrowed or nearly completely stenosed. On section of the

thickened areas, caseous foci may be revealed
; ulcerations, in rare cases,

may be absent ; more often they are moderate or extensive.

The microscopical examination shows that while iniliary tubercles and

cheesy degeneration are commonly to be detected, the new tissue consists

in the main of collections of small spheroidal cells with more or less

fibrous stroma and occasionally giant cells and of moderately cellular or

dense fibrous tissue. The polyhedral cells common in tuberculous in-

flammation are not as a rule conspicuous. The new tissue is usually
most abundant in the submucosa. The mucosa may be similarly thick-

ened, usually in polypoid form, or unchanged ;
it may show simple ca-

tarrhal alterations or may contain miliary tubercles or be ulcerated. The
muscular coat may be also infiltrated and much thickened'by the new-

formed cellular and fibrous tissue and there may be muscular hyper-

trophy. The associated lyniph -nodes maybe involved. Tubercle bacilli

are present in the lesions, sometimes in enormous numbers. The process

appears to be sometimes primary in the intestine ;
sometimes it occurs

with or follows tuberculous lesions of the lungs. Hyperplastic tubercu-

lous lesions limited to the caecum have frequently been operated upon
36
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under the impression that the process was cancerous. Lartigau has sug-

gested that the peculiarities of this process may be due to infection with

an attenuated form of the tubercle bacillus.
'

THE EECTUM.

Besides inflammatory changes similar to those already described as oc-

curring in the colon, we sometimes find a suppurative inflammation of

the connective tissue which surrounds the rectum, either associated with

lesions of the mucous membrane or occurring by itself.

In adults the lower end of the rectum is the part of the intestine

which is the most frequent seat of syphilitic ulceration. Most of these

ulcers seem to be the result of unnatural coitus, or of infection from

specific sores of the vulva
;
but some of them seem to be due to the

softening of gummy tumors. The gonococcus is an occasional excitant

of inflammation of the rectum.

Strictures of the rectum may be due to tumors, to cicatrices following
trauma or inflammation.

2

Haemorrhoids (Piles). Ectasiae of the hsemorrhoidal veins are of fre-

quent occurrence. They are most frequent in adults and are usually due

FIG. 338. HEMORRHOIDS.

Section of an external haeinorrhoid consisting of fibrous tissue and dilated vessels. Covered with epithelium
except at the upper right portion where it was attached.

to venous obstruction in cirrhosis, chronic constipation, pelvic tumors,
chronic inflammation of the rectum, etc. The enlarged veins may be

within or without the sphincter internal or external haemorrhoids. The
dilated veins may have thickened walls and may be surrounded by new-
formed connective tissue. The projecting mass in external haemorrhoids

may consist in part of dilated vessels, in part of fibrous tissue, and is

covered by thickened epithelium (Fig. 338). Considerable haemorrhage

1 For a study and bibl. see Lartigau, Jour. Exp. Mod., vol. vi., 1901, p. 23.
'

2 For bibliography of uon-malignant rectal strictures see Petersen, Jour. Am. Med.
Assn., vol. xxxiv., p. 259, 1900.
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may take place from haemorrhoids, and they may afford a portal of entry
of bacteria leading to local or general infection.

THE APPENDIX VEKMIFORMIS.

Inflammation Appendicitis. Inflammation of the appendix may pre-
sent various phases.

1. The mucous membrane may be the seat of acute catarrhalinflamma-
twn. This is of mild type and short duration, with congestion, swelling,

and an increased production of mucus ;
or it is of severer type, of longer

duration, and the cavity of the appendix is distended by mucus and pus.

2. The entire thickness of the wall of the appendix may be the seat

of an acute exudative inflammation. The appendix is very much increased

FIG. 339. ACUTE SUPPVRATIVK APPENDICITIS.

Appendix removed by operation twelve hours after flrst symptoms. Streptococcus was found in the

exudate. 1, Mucous membrane of the appendix ; 2, lymphatic nodules in the mucous membrane ; 3, sub-

mucosa ; 4, muscularis ; 5, mesentery of the appendix ; 6, pus and nbrin covering the appendix ; 7, dense
infiltration of the wall of the appendix with pus.

in size, sometimes to the size of a man's finger. This increase in size is

due, not to a dilatation of the cavity of the appendix, but to a thicken-

ing of its walls. The walls are congested, swollen, infiltrated with fibrin

and pus, the peritoneal coat is covered with fibrin. There is neither

necrosis nor perforation. If the appendix is behind the caecum, or if

adhesions are formed early, there is only a localized peritonitis. If the

appendix projects freely into the peritoneal cavity and no adhesions are

formed, a general peritonitis may be soon established.

3. At one or more points in the wall of the appendix there is an ex-
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udative inflammation with necrosis. In this way small or large portions of

the wall of the appendix are destroyed, large or small perforations are

formed, and the contents of the appendix escape into the abdominal cav-

ity. In these cases the appendix usually contains a faecal concretion.

Such perforations are usually followed by the collection of pus around

the appendix (Fig. 339). The pus may extend from this abscess-like

collection in any direction and for long distances, so that collections may
be found deep in the pelvic cavity, or under the diaphragm, or abscesses

may form at other remote points.

4. The entire appendix becomes gangrenous within one or two days,

with the formation of an abscess, or general peritonitis. This is the most

fatal form of appendicitis.

5. Inflammation of the appendix may be secondary to catarrlial or

croupous colitis.

6. In typhoid fever there may be changes in the wall of the appendix
of a character similar to those in the wall of the small intestine ;

that is,

hyperplasia of the lymphoid tissue with necrosis.

7. There may be a tuberculous inflammation of the appendix, with the

formation of ulcers.

As the result of chronic inflammation in the appendix, atrophy of the

FIG. 340. CHRONIC APPENDICITIS.

Showing obliteration of the glands and lytnphoid tissue with new flbrous tissue in the nmcosa and
submucosa.

glands and lymphoid tissue with increase of the fibrous tissue (Fig. 340)
and strictures or obliteration of its lumen may occur (Fig. 341).

The lumen of the appendix frequently contains concretions of faecal

material which have often been mistaken for foreign bodies. Foreign

bodies, such as grape and apple seeds, and various small objects whicli

have been swallowed, sometimes, though rarely, find their way into the
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appendix.
' Both the fsecal concretions and the foreign bodies may act

as important predisposing agents of inflammation and perforation of the

appendix, through pressure, erosion, etc., of the mucous membrane, af-

fording portals of entry to various forms of pathogenic micro-organisms.
The bacteria most commonly found associated with the lesions of acute

appendicitis and its accompanying peritonitis are Streptococcus pyo-

FIG. 341. APPENDIX WITH OBLITERATION OF THE LUMEN BY FIBROUS TISSUE.

genes, Staphylococcus pyogenes, the Bacillus coli commums, and Bacillus

protons.
1

TUMORS OF THE INTESTINE. 3

Fibroma and Lipoma may be developed from the submucous coat and

grow inward, or from the subserous coat and project outward into the

peritoneal cavity.

Myoma may originate in the muscular coat and project inward, ob-

structing the intestine. In the duodenum such tumors may obstruct the

common bile duct. Less frequently these tumors project outward into

the peritoneal cavity.

1 For a study of foreign bodies in appendix see Mitchell, Johns Hopkins Hospital
Bulletin, vol. x., p. 35, 1899.

2
Hodenpyl, "Etiology of Appendicitis,"New York MedicalJournal, December 30th,

3. Consult also Kelynack, "Pat
Berry, Jour, of Path, and Bact., vol. iii., p. 160, 1895

Arch., Bd. cxxxii., p. 66.

Ser. 11, 1900, p. 173.

thology of the Vermiform Appendix," London, 1893.

ii., p. 160, 1895 (bibliography). Ribbert, Virch.
For bacterial report see Low, Reports Boston City Hospital,

For a study of congenital tumors of the intestines consult Hueter, Ziegler's Bei-

trage zur path. Auat., Bd. xix., p. 391, 1896.
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Polypoid Growths, projecting into the cavity of the intestine and com-

posed of connective tissue and covered with epithelium, are frequently
found (Fig. 342). They are associated with catarrhal inflammation or

occur by themselves. They are found throughout the intestinal tract and

may be single or multiple. They grow
from the submucous coat and project in-

ward. Some of them are solid connective-

tissue tumors, covered by the mucous mem-
brane which they have pushed inward.

Others are of the same character, but of

large size. In others the connective tissue

is arranged in branching tufts, covered

with cylindrical epithelium; and in these

last tumors there may also be tubules lined

with cylindrical epithelium, giving to the

growth the characters of an adenoma.

Lymphoma. Growths of tissue somewhat

resembling that of the lymphatic tissue of

the lymph-nodes may originate in the soli-

tary and agniiuated nodules, and in the in-

testinal wall in cases of leukaemia and

pseudo-leukemia (Fig. 343).

Similar growths are found as indepen-
dent lesions both in the large and small in-

testines. These are irregular, diffuse growths

infiltrating the wall of the intestine, the mes-

entery, and the neighboring lymph-nodules, and may reach a consider-

able size. They often ulcerate internally and may lead to dilatation or

stenosis of the intestine. The classification of such tumors is difficult

FIG. 342. SMALL POLYP OP
THE Mucous MEMBRANE OF THE
SMALL INTESTINE.

FIG. 343." LYMPHOMATA " OF THE INTESTINE IN PSEUDO-LEUKEMIA HODGKIN'S DISEASE.

The growths are polypoid, many are pigmented, and they were in this case widely distributed over the

intestinal mucosa.

and it is often doubtful whether they should be grouped with the sar-

coma or the so-called lymphoina.
Sarcomata are of occasional occurrence in the intestine. They appear
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to be more frequent in the small intestine and in the rectum than in the

large intestine. While various structural types are recorded, the so-

called lympho-sarcomata are most common. 1

FIG. 344. ADENOMA OF THE RECTUM.

Shows a portion of normal mucous membrane with extension of the adenomatous growth into the

submucosa.

Adenomata are found in the duodenum, colon, and rectum. They
form flat infiltrations of the wall of the intestine (Fig. 344), or project
inward as polypoid tumors. They
are composed of tubular follicles,

like those of the intestinal mucous

membrane, and of a connective-

tissue stroma. In some of these

tumors the tubules have a regular

shape and arrangement; there is

no infiltration of surrounding tis-

sue
;
the tumor is of benign nature.

In other tumors the tubules are ir-

regular in shape and arrangement,
and the growth infiltrates the sur-

rounding parts (Fig. 345). There
is no sharp dividing line between

these tumors and the carcinoniata.

1 For resume and bibliography of sar-

coma of small intestine see Libman, Am.
Jour. Med. Sciences, vol. cxx., p. 309,
1900. For bibliography of sarcoma of

large intestine seeJopson and White, ibid.,

vol. cxxii., p. 807. For a resume with bibli

see Wiener, Ziegler's Beitrage, Bd. xxv., p. 3

FIG. 345. ADENOMA OF THE RECTUM.

The growth has extended through the muscularis

mucosae into the submucosa.

?raphy of melano-sarcoma of the rectum
!, 1899.
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Carcinoma develops most often in the colon and the duodenum. 1 The
forms which have been described in the stomach occur also here, i.e.: 1.

The medullary forms with relatively little stroma, and epithelial cells

either in solid masses within the alveoli
;
or maintaining in a measure the

gland type adeno-carcinoma. 2. Fibrousform scirrhus. 3. Gelatinous

forms, which are more common here than in the stomach. Epithelioma
often involves the anus and rectum.

TUMORS OF THE APPENDIX are rare fibroma, lipoma, myoma, sar-

coma, endothelioma, and carcinoma are recorded.
2

Several cases of pri-

mary carcinoma of the appendix have been observed.
3

INTESTINAL CONCRETIONS. (Enteroliths.)

There are sometimes found in the intestines round, oval, or irregular
masses of firm consistence. They are usually small, but may reach the

size of a man's fist. They are composed of fsecal matter, mucus, bile, the

carbonate and phosphate of lime, and triple phosphate. They may in-

duce inflammations, ulceration, and perforation.
The animal parasites of the gastro-intestiual canal have been already

considered in another part of this book. 4

The Peritoneum.

Malformations.

Arrest in development of the peritoneum may be manifested in fissures in the

mesial line or external to it
;

in absence of the diaphragm ; in fusion with the pleura ;

and in incomplete formation of the mesentery, the omentum, and the other folds of the

peritoneum.
Excess of development occurs in the shape of unusual length of the mesentery, the

omentum, and the other folds of the peritoneum; or of supernumerary folds and

pouches. These are chiefly found in the hypogastric, iliac, and inguinal regions and

near the fundus of the bladder. There may be access to these sacs by a well-defined

fissure or ring, which is frequently surrounded by a tendinous band lying in the dupli-

cature. These may give rise to internal incarceration of the intestines.

ASCITES.

The collection of trausudate in the peritoneal cavity may be the re-

sult of chronic venous congestion, especially in connection with obstruc-

tion of the portal circulation in cirrhosis from thrombi, emboli, etc., or

with chronic heart and kidney diseases. It is often associated with

1 See Rolleston, Lancet, April 20th, 1901.
2 For bibliography of tumors of the appendix see Kelly, Proc. Path. Soc. of Phila-

delphia, n. s., vol. iii., p. 109.
3
Whipham, Lancet, 1901, vol. i., p. !519. Jessup, Med. Rec., August 23d, 1902.

Mosclicowitz, Ann. of Surgery, June, 1903, bibl. Norris, Bull. Univ. Penna., xvi., 1903,

p. 334.
4 For recent bibliography of lesions of the intestines see Thorel, Lubarsch and Oster-

tag's "Ergebnisse," Jahrg. v. for 1898, p. 171.
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similar conditions in the pleura and pericardium. Chylous ascites may
result from a rupture of the thoracic duct or from a transudation from
the chyle vessels.

'

INFLAMMATION. (Peritonitis.)

Acute Peritonitis. Acute inflammation of the peritoneum may occur

as a primary process, but is much more often secondary. In the latter

case it may be associated with wounds and contusions of the wall of the

abdomen; wounds, ulcers, new growths, incarcerations, intussuscep-

tions, ruptures, perforations, and inflammations of the stomach and in-

testines; inflammation of the vermiform appendix ; injuries, ruptures,
and inflammations of the uterus, ovaries, and Fallopian tubes; rupture
and inflammation of the bladder

;
inflammation of and about the kidneys ;

abscesses and hydatid cysts of the liver
;
inflammation of the gall-bladder

and large bile ducts ; thrombosis of the portal vein
; inflammations of the

spleen, pancreas, lymphatic glands, retroperitoueal connective tissue,

vertebrae, ribs, and pelvic bones
; pyaemia and other infectious diseases.

The inflammation is at first either local or general. A local peritonitis

may remain circumscribed, or it may spread and become general.

We may distinguish two anatomical forms of acute peritonitis.

1. CELLULAR PERITONITIS. This form of peritonitis may be in-

duced by any irritant which does not act too energetically. It can be

excited in dogs by intraperitoneal injections of very small quantities

of a solution of chloride of zinc. In the human subject we find it with

perityphlitis, with circumscribed abscesses in the peritoneal cavity, in

puerperal fever, and other infectious diseases with early death.

At the autopsy the entire peritoneum may be congested ; but there

are no exudates and no other lesions visible to the naked eye. Minute

examination, however, shows a very marked change in the mesothelial

(endothelial) cells. These are increased in size and number, and the

new cells coat the surface of the peritoneum and project outward in lit-

tle masses (Fig. 346). This form of inflammation, in many cases at least,

if life be prolonged, passes into the exudative phase, next to be considered.

2. EXUDATIVE PERITONITIS. This which is the common form of

acute peritonitis presents lesions similar to those which have been already
described in pleuritis and pericarditis. Thus there is a form in which

fibrin is the chief exudate with but little serum ;
or the exudate is sero-

fibriuous, or purulent, or hsemorrhagic. When fibrin is present, the in-

testinal coils may be more or less firmly adherent to the abdominal walls

or to each other. If putrefactive bacteria be present, as in peritonitis

from perforation of the intestine, the exudate may be foul.

Tn local inflammation of the peritoneum the position may be indicated

by the name, thus perihepatitis, perisplenitis, perityphlitis, pelvic, sub-

phrenic, etc.

1 For a study of milky fluids in serous cavities consult Skate, Jour. Path and Bact.,
vol. vi., p. 339/1900, bibliography.
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Acute exudative peritonitis may terminate in recovery with absorp-
tion of the exudate, permanent connective-tissue adhesions and thickeu-

nings of the peritoneum often remaining. Chronic peritonitis may follow

the acute phase.
Bacteria are the usual excitants of acute exudative peritonitis. In

FIG. 346.-ACCTE CELLULAR PERITONITIS HUMAN OMENTFM.

There are swelling and proliferation of the mesothelial cells as well as of the cells of the flbrillar tissue form-

ing the omental trabeculae.

primary forms of peritonitis the Streptococcus and Staphylococcus pyo-

geues are the bacteria most frequently present.

In secondary exudative peritonitis the pyogenic cocci and the colon

bacillus have been most frequently found. Of the other bacteria which
have been found in the exudate we may name the pneumococcus, the

gonococcus,
1

B. pyocyaueus, B. proteus, B. aerogenes capsulatus, B.

typhosus.
There is abundant evidence that bacteria can pass from the intes-

tinal cavity through its wall into the peritoneum without perforation,

especially in regions where the integrity of the tissues is impaired by
disturbances in circulation and nutrition or in necrosis, as in strangula-
tion of the gut."

1 See Gushing on Gonococcus peritonitis, Johns Hopkins Hospital Bulletin, vol. x.,

p. 75, 1899.
2 Consult for studies and bibliography of various phases of peritonitis Tavel and

Lam, "Peritonitis," Mitth. a. kl. u. med. Inst. d. Schweiz, 1 Reihe, Heft 1, p. 1, 1898;



THE DIGESTIVE SYSTEM. 571

Chronic Peritonitis may follow the acute exudative form or may occur

independently. The lesions vary. In one group of cases the peritoneum
is beset with minute translucent nodules, sometimes visible, sometimes

invisible to the naked eye. These are apparently formed by a local pro-
liferation of the mesothelial and connective-tissue cells. Associated with

this there may be a general irregular proliferation of the peritoneal meso-

thelium. This has been called chronic cellular peritonitis.

In other cases there are local or general fibrous adhesions, sometimes

firm, sometimes loose, between the intestinal coils or between the intes-

tine and the abdominal wall. In this way sacculated collections of sero-

fibrinous or purulent exudate may form in the abdominal cavity. Finally
chronic peritonitis may result in a dense fibrous thickening of the peri-

toneum, either local or widespread.
In some cases the parietal peritoneum is principally involved; in

others the peritoneum of the stomach, intestines, liver, and spleen. The

thickening of the capsule of the liver may be attended with a diminution

in the size of that viscus. There may or may not be adhesions ; serous

or other exudate may be present. Great distortion of the omentum,

mesentery, and other abdominal viscera may occur.

FIG. 347. MILIARY TUBERCLES OF THE OMENTUM.

Tuberculous Peritonitis may occur in acute general miliary tuberculosis

or it may be secondary to tuberculous inflammation elsewhere, as in the

Silberschmidt, ibid., Heft 5, p. 432; Flexner, Philadelphia Med. Jour., November 12th.

1898; Cullen, Johns Hopkins Hospital Reports, vol. iv., p. 411, 1895; Abramow, Ziegler's
Beitr., Bd. xxiii., p. 1. 1898; Biittner, ibid., Bd. xxv., p. 453, 1899.

For special studies on the entrance of micro-organisms into the body from the

gastro-intestinal canal see Opitz, Zeits. f. Hygiene, Bd. xxix., p. 505, 1898; Eircli-

JlirscJtfeld, Ziegler's Beitr., Bd. xxiv., p. 304, 1898; Buchbinder, Deutsche Zeits. f. Chir.,
Bd. Iv., H. 6 and 7, 1900; Marcus, Zeits. f. Heilkunde, Bd. xx., p. 427, 1899; also

Wiener kliu. Wochenschrift, January 3d, 1901; Ravend, Jour. Med. Kes., vol. x., 1903,

p. 460.
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lungs or genito-urinary organs or intestines
;
or it may be an independent

process. The process may be local or general in the peritoneum. The
lesions may be miliary in character (Fig. 347) or there may be large foci

of new-formed tubercle tissues with considerable necrosis. There may
be more or less serous or sero-fibrinous or purulent or hsemorrhagic ex-

udate. Fibrous adhesions may form between the intestinal coils and the

peritoneal walls with the encapsulation of exudate. Ulceration of the

tubercle tissue may occur, or it may become dense and fibrous and is then

often pigmented. The tuberculous inflammation may be limited to the

vicinity of tuberculous ulcers of the intestine. It may involve the omen-

turn, which is converted into a hard, thick, dense mass at the upper part
of the abdominal cavity.

'

TUMORS.

Fibromata are developed from the subperitoneal connective tissue and

project inward into the peritoneal cavity. They are found beneath the

parietal peritoneum and that covering the intestines. Such tumors may
reach a very considerable size. Papillary fibromata of the peritoneum

(Figs. 348 and 446) may be secondary to papillary fibroma of the ovary.

Lipomata. Circumscribed tumors composed of fat tissue are formed

beneath the intestinal and parietal peritoneum and in the mesentery.
These tumors may become changed into fibrous tissue or calcified. Their

pedicles may become atrophied so that they are left free in the peritoneal

cavity.

When they grow beneath the parietal peritoneum they may form fat

hernise. At the umbilicus, in the inguinal canal, along the vas deferens,

in the crural ring, and in the obturator foramen, fatty tumors may grow,

project outward under the skin like hernise, and, by drawing the perito-

neum after them into a pouch, may open the way for a future intestinal

hernia.

Very large retroperitoneal and perirenal lipomata are of occasional

occurrence.
2

Eetroperitoneal sarcomata are found both in children and adults.

They usually originate behind the peritoneum, covering the posterior

part of the abdominal wall, and may grow between the folds of the

mesentery.

They may be of the small spheroidal -celled type (lympho-sarcoma) or

of the fusiform-celled type. They are often very vascular. At first

they grow slowly inward, pushing forward the peritoneum and abdominal
viscera. After a time they assume a more noxious character, infiltrating

the soft parts with which they come in contact, and forming metastatic

1 For bibliography with reference to operative treatment see Bottomley, Reports
Boston City Hosp., ser. 11, p. 118, 1900. For a full critical summary of the literature
of peritonitis from 1885 to 1900 see Bumm, Centralbl. f. Path., Bel. xii., pp. 1

? 65, 1901.
2 For bibliography of such tumors see Adami, Montreal Med. Jour., vol. xxv., pp.

529, 620, 1897.
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tumors in the omentum, mesentery, intestinal wall, liver, lungs, and in

other viscera.
'

Endotheliomata similar in structure to those originating in the pleura
are of occasional occurrence in the peritoneum. They may form single
well-defined tumors or flattened masses in the thickened peritoneum.
Cuboidal or polyhedral cell masses often grouped along the side of auas-

FIG. 348. PAPILLARY FIBROMA- PAPILLOMA- OF PERITONEUM.

This growth was secondary to a similar tumor originating in the ovary and connected with that or-

gan (see Fig. 446). Detached portions of the original tumor were transplanted to various regions of the

peritoneum.

toniosing channels in the new-formed or old connective-tissue stroma

sometimes lend a glandular appearance to the type of growth.
These tumors apparently originate in the true eudotheliuni of the

subperitoneal lymph channels and not in the flat cells often called endo-

thelial mesothelium lining the peritoneum.
Carcinoma of the peritoneum is usually secondary to this disease in

adjacent regions, stomach, liver, uterus, etc. Its structural characters

correspond with those of the primary growth. It is apt to appear in

the form of numerous larger and smaller whitish nodules, sometimes

local, sometimes widely disseminated over the peritoneal surfaces. Such

tumors, when small and numerous, may readily be mistaken for tubercles.

1 See for bibliography Steele, Am. Jour. Med. Science, vol. cxix., p. 311.
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Gelatinous Carcinoma is not infrequent and sometimes seems to be

primary in the peritoneum. But in such cases the possibility of an origin

in the mucous membrane of the colon, in which such growths are com-

mon, and the extension outward without evidence of growth in the gut
is not improbable. Gelatinous cancer often forms large masses, which

widely involve the peritoneum and distend the cavity.

Various forms of tumors of the umbilicus have been described.
'

CYSTS.

Cysts of the mesentery are of occasional occurrence. 2

They may be

filled with chyle, with blood, or with serous fluid, or may be due to the

echinococcus.

Multiple cysts of the omentum may form by transplantation of papillary

cyst-adenomata from the ovary (see Fig. 349).''

Dermoid cysts may be found in the peritoneal cavity. Eetroperitoneal

cysts have been a few times recorded.

PARASITES.

Echinococci can be formed in their regular way at any part of the

visceral and parietal peritoneum, or be free in the peritoneal cavity.

These cysts may be small, or so large as nearly to fill the abdominal

cavity.

Cysticercus cellulosae may also be developed in the subperitoneal con-

nective tissue.

The Salivary Glands The Parotid, Submaxillary, and
Sublingual.

INFLAMMATION.

Acute Parotitis, occurring as an epidemic disease known as mumps,
is usually confined to the parotid gland of one side

; the submaxillary and

sublingual may be at the same time involved. The gland is swollen and
there is often osdema of the mucous membrane of the mouth and pharynx.

Very little is known of the minute changes which the gland undergoes in

this disease.

Suppurative Parotitis occasionally occurs as a secondary lesion in a

variety of diseases, as in typhoid and scarlet fever, pyaemia, pneumonia,
etc., and by propagation of inflammation from the mouth. Under these

conditions the inflammation is usually suppurative and frequently results

in abscess or sloughing. The interstitial tissue of the gland is more or

less densely infiltrated with pus cells, and the parenchyma cells may un-
1 See Gianwttasio, Arch. gen. de Med.. t. iii., p. 52, 1900.
2 For bibliography of cysts of the mesentery see Dowd, Annals of Surgery, vol.

xxxii., p. 461. 1900.
3 For bibliography of cysts of the omentum see Jacobi, Trans. Assn. Am. Pliys ,

vol. xvi., p. 232.
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dergo fatty degeneration and disintegration. The inflammation may be

confined to the gland or it may spread to adjacent parts, sometimes

causing much destruction of tissue, and may give rise to inflammation of

the brain or of the inner ear, or even to metastatic pyaemic abscesses in

FIG. 349. CYSTIC PAPILLOMA OF THE OMENTUM.

Secondary to papilloma of the ovaries.

different parts of the body. Healing may occur, with the formation of

salivary fistulse.

The submaxillary gland may be involved with the parotid in the sup-

purative inflammation. Acute suppurative inflammation of the connec-

tive tissue about the submaxillary gland is sometimes of serious import.

Sloughing and gangrene may occur and are apt to spread to adjacent
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parts. Septicaemia, oedema of the glottis, or pneumonia may complicate
the process and cause death.

The sublingual gland is not often the seat of inflammation.

Chronic inflammation, leading to the formation of dense interstitial

tissue, sometimes occurs in the salivary glands. This may occur by
itself or follow an acute inflammation. Tuberculous inflammation of the

parotid is not infrequent.
'

The Excretory Ducts of the salivary glands may become inflamed from
the presence of foreign bodies or of concretions formed in them. They
may become occluded from the presence of calculi or as the result of

inflammation, and may thus become widely dilated both in the main
branches and in the finer ramifications. The dilatation of Whartou 's

FIG. 350. ENDOTHELIOMA OF THE PAROTID.

duct to form larger and smaller cysts containing salivary fluid, sometimes

gives rise to very large and troublesome tumors which constitute one of

the forms of ranula.*

TUMORS OF THE SALIVARY GLANDS.

Fibromata are of occasional occurrence in the parotid. Chondromata,

endotheliomata, sarcomata and fibro-sarcomata, and myxomata, or more fre-

quently mixed tumors formed of various combinations of these, are of

frequent occurrence in the parotid and of occasional occurrence in the

submaxillary gland. These complex or mixed tumors are of more fre-

quent occurrence in these glands than in any other part of the body, ex-

cept possibly the ovary. They are sometimes rendered still more com-

plicated in structure by the formation of cysts, and what has been

regarded usually as an atypical glandular growth, lending them an ade-

nomatous character (Fig. 350). Earlier studies upon the mixed tumors
of the salivary glands led to the belief that a large part of these complex
growths are eudotheliomata, which are especially prone in these regions

'Consult Meslay and Parent, Gaz. des Hopitaux, February llth, 1899, bibl. ; also

Wood, Bull. Univ. Penna., vol. xvi., 1903, p. 68.
2 For recent bibliography of lesions of the salivary glands see Thorel, Lubarsch and

Ostertag's "Ergebnisse," Jahrg. v. for 1898, p. 221.
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to uiidergo secondary degenerative or metaplastic changes.
' The mixed

parotid tumors differ in many respects from those elsewhere in the body
and in ways which suggest an origin in congenital malformations. More
recent studies indicate that many cell forms formerly interpreted as en-

dothelial are epithelial."

Fibro-sarcoma and melano-sarcoma have been described.

A case of rhabdomyoma of the parotid gland, with evidences of atypi-

cal development of portions of the gland, has been described.
3

Primary
carcinoma of these glands is rare.

The Pancreas.

Malformations and Displacements.

The pancreas may be entirely absent in acephalous and double monsters. The pan-
creatic duct may be double; it may open into the duodenum at some distance from the

biliary duct, or into the stomach. The head of the pancreas may be unduly developed
and sometimes even completely separated from the rest of the organ, opening into the

duodenum with a duct of its own. Occasionally there is a small accessory pancreas
situated beneath the serosa of the duodenum or stomach.

The pancreas is so firmly bound down that its position is not often changed. Some-

times, however, it is found pressed downward by tight lacing, displaced by aneurisms,

or contained in umbilical and diaphragmatic hernia?.

ATROPHY, DEGENERATION, AND NECROSIS.

Atrophy of the pancreas may occur in old age and as a result of press-

ure from tumors or other adjacent structures, and may be associated with

fatty infiltration. It occurs in a certain proportion of cases of diabetes

mellitus.

Auto-digestion of portions of the pancreas, intra vitam, has been de-

scribed, and may, it is believed, lead to localized formation of fibrous

tissue in the organ.
4

Albuminous Degeneration may occur in acute infectious diseases. The

organ may be red, swollen, and oedematous. The most marked minute

lesions are swelling and albuminous degeneration of the gland epithelium
with hypersemia and interstitial oedema.

Fatty Degeneration may follow albuminous degeneration and is most

common in poisoning, especially by phosphorus.

Fatty Infiltration, which should be distinguished from fatty degenera-

tion, consists in the accumulation of fat in the interstitial tissue of the

gland (Fig. 351). This when excessive may be associated with almost

complete atrophy of the gland structures. Under these conditions the

outline of the organ may be preserved, the fat being enclosed by the

capsule.

1 Volkmann, Deutsche Zeits. f. Chir., Bd. xli., p. 61.
2 For a critical study of the mixed tumors of the salivary gland see Wood, Ann. of

Surgery, vol. xxxix., 1904, p. 57, bibl.
3 Prudden, "Rhabdomyoma of the Parotid Gland," American Journal of the Medi-

cal Sciences, April, 1883.
4
Ohiari, Prager med. Wochenschrift, vol. xxv., No. 14, 1900.

37
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Amyloid Degeneration. This usually occurs in connection with similar

degeneration in other organs, and is confined to the walls of the blood

vessels and the interstitial tissue.

FIG. 351. FATTY INFILTRATION WITH ATROPHY OF THE PANCREAS.

Hyaline degeneration involving and limited to the islands of Langer-
hans has been decribed by Opie and others in diabetes without other

marked lesions of the pancreas.
'

Fat Necrosis. This is a peculiar lesion of the fat tissue, most frequent-

ly seen about the pancreas or between its lobules, but sometimes in fat

tissue in other parts of the body. White or yellowish nodules, varying
1

Opie, Jour. Exp. Med., vol. v., p. 527, 1901 ; also Opie, "Diseases of the Pancreas,"
in which may be found bibliography of structure, function, and lesions of the pancreas.
For a study of the development of the islands of Langerhans in human embryo see

Pearce, Am. Jour. Anat., vol. ii., 1903, p. 445.
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from the size of a pin's head to that of a pea or larger, are seen embedded
in the fat, the central portion being often soft and grumous. They are

sometimes calcified and sometimes surrounded by a connective-tissue

capsule. Microscopical examination shows necrosis, degeneration, and

disintegration of the fat tissue (Fig. 352).
Fat necrosis is usually associated with lesions of the pancreas haBnior-

rhagic infiltration, necrosis, gangrene, and acute and chronic inflamnia-

FIG. 352. FAT NECROSIS IN THE PANCREAS.

tory processes. The lesion has been shown to be due to some substance

in the pancreatic secretion which splits the fat molecule into fatty acids,

which may crystallize, and soluble substances ; calcification is of later

occurrence. Experimental studies have shown that fat necrosis can be

induced by such operative procedures as direct the pancreatic secretion

into fat tissue either immediately about the pancreas or elsewhere.
'

HAEMORRHAGE.

Haemorrhage into the substance of the pancreas may occur as the re-

sult of injury; in the hseniorrhagic diathesis; in connection
1 with valvu-

lar diseases of the heart or interference with the portal circulation ; or

in connection with extensive fatty degeneration, or with local necrosis,

or with fat necrosis of the organ. Such hemorrhages may be minute or

extensive. Several cases of sudden death are recorded in which the only
discoverable lesion was an extensive haemorrhage into the substance of

1 For studies in fat necrosis, with bibliography, see Opie,
" Diseases of the Pan-

creas"; also Wells, Jour. Med. Research, vol. ix., p. 70.



580 THE DIGESTIVE SYSTEM.

the gland and the tissue about it. The haemorrhage may be moderate

arid limited to the pancreas, or it may extend into the subperitoueal tis-

sue for a considerable distance.

Haemorrhage of the pancreas may be associated with acute inflamma-

tory changes and with more or less extensive gangrene of the organ.

INFLAMMATION. (Pancreatitis.)

Hsemorrhagic Pancreatitis. In this form of disease haemorrhage simi-

lar to that above described is associated with suppurative inflammation

or gangrene or both. The gangrenous pancreas may be more or less en-

capsulated ;
it may be surrounded by pus ; it has by an opening through

the intestinal wall entered the gut and been discharged. Haemorrhagic

pancreatitis is often associated with fat necrosis.

The conditions leading to pancreatic haemorrhage and hsemorrhagic

pancreatitis are not yet fully clear, but experimental studies of Flexuer

and Opie indicate that in some cases at least the presence of gastric juice
or of bile or other substances in the pancreatic duct may be of impor-
tance. The frequent association of gall-stones with haemorrhagic pan-
creatitis is significant.

'

Suppurative Pancreatitis is not very common, and may be primary or

due to the extension of a suppurative inflammation from adjacent or dis-

tant parts of the body. There may be a diffuse infiltration of the organ
with pus cells or larger and smaller abscesses. The abscesses may open
into the gastro-intestinal canal or into the peritoneal cavity. The causes

of primary suppurative pancreatitis are often most obscure. It may be

associated with fat necrosis and with haemorrhage and gangrene of the

pancreas.
Various forms of bacteria have been found in the uecrotic, haemor-

rhagic, and inflammatory lesions of the pancreas, but in most cases the

significance of their presence is not clear, since necrotic and haemorrhagic
foci may afford regions favorable to the lodgment and proliferation of

micro-organisms which are secondary invaders and whose lesions, if such

be induced, are complicating and not primary.
3

Chronic Interstitial Pancreatitis. This lesion consists in an increase of

interstitial connective tissue, which may be general or confined to some

particular portion of the gland. The new-formed tissue may be inter-

lobular or interacinar in distribution.

The organ is sometimes enlarged, sometimes smaller than normal. It

1 For a study of the relationships between cholelithiasis and diseases of the pancreas
see Opie,

" Diseases of the Pancreas. "

For a study of experimental pancreatitis see Flexner, University Medical Magazine,
vol. xiii., p. 780, 1901; also Flexner and Pearce, Trans. Assn. Am. Phys., vol. xvi.,

p. 349; also Opie, loc. cit.
2 For a detailed consideration of acute inflammation, haemorrhage, gangrene, and

fat necrosis of the pancreas, with bibliography, consult Fitz, Middleton Goldsmith lec-

ture on "Acute Pancreatitis," Trans. New York Path. Soc., 1889. For later bibli-

ography see Warthin, Philadelphia Medical Journal, November 19th, 1898. and Opie,
"
Diseases of the Pancreas. "
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is usually dense and hard
; secondary atrophy of the parenchyma regu-

larly occurs. It may be associated with chronic inflammatory processes

in the vicinity of the organ, and obstruction of the pancreatic duct.

Tuberculous Inflammation. Larger and smaller tubercles and tuber-

culous cheesy nodules are occasionally found in the pancreas in con-

nection with acute general miliary tuberculosis or with tuberculous in-

flammation in some other organ, particularly with that of adjacent

lymph-nodes, the lungs, and the intestine.

Syphilitic Inflammation. Chronic interstitial pancreatitis is frequently
found in congenital syphilis of the new-born. The fibrous tissue is in-

creased with atrophy of gland parenchyma, but the islands of Langerhans

persist.
'

It is not definitely established whether or not a similar lesion

may be caused by acquired syphilis. Gummata are very rare in the pan-

creas, but have been described in congenital syphilis in very young chil-

dren.

TUMORS.

Carcinoma is the most common and important of the tumors of the

pancreas. It may be primary or secondary. Primary carcinomata are

most frequently found in the head of the organ, but may occur in other

parts.
2 The hard or scirrhous form is most common, but occasionally

soft and succulent and gelatinous forms are found. They are liable to

involve adjacent parts by continuous growth, and may form metastases

in the liver, adjacent lymph-nodes, etc. Secondary carcinoma in the

pancreas may occur in carcinoma of the stomach, duodenum, and of the

gall ducts and gall bladder. As a result of carcinoma of the pancreas,

aside from the extension of the growth, there may be pressure on the

ductus choledochus, with jaundice; or on the pancreatic duct, with cys-

tic dilatation ;
or pressure on the duodenum, with stenosis of the gut ;

or

pressure on the vena cava, or portal vein, or superior mesenteric vein,

etc., with disturbances of the circulation.

Cysts. These are mostly due to dilatation of the pancreatic ducts.

1. The entire duct may undergo a uniform cylindrical dilatation.

With this cylindrical dilatation we sometimes find associated small sac-

culi.

2. There may t>e sacculated dilatations at some points in the ducts.

These dilatations form cysts of large size, as large even as a child's head.

Their walls frequently undergo degeneration and calcification. These

cysts often, become filled with blood, and may then be mistaken for

aneurisms.

3. The small branches of the pancreatic duct may be dilated so as to

form a number of small cysts. These cysts are filled with serum, mucus,

pus, or a thick, cheesy material.

Cysts of the pancreas may result from trauma, inflammatory closure

1 For a study of the pancreas in congenital syphilis see Pearce, Am. Mod., December
26th, 1903.

For recent bibliography of primary carcinoma of the pancreas see Baldwin, Phila-

delphia Med. Journal, December 22d, 1900, bibliography.
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or obstruction of the ducts, from old areas of necrosis or haemorrhage,
and in other ways.

'

Concretions of carbonate and phosphate of lime are frequently found

in the pancreatic ducts. They are usually multiple, small, whitish,

smooth, or of rough and irregular shape. Sometimes, however, they
reach a diameter of more than an inch. They consist chiefly of calcium

phosphate and carbonate. Besides these free concretions the walls of

the ducts are sometimes encrusted with salts of lime. Such concretions

may produce dilatation of the pancreatic ducts and large cysts, or more

rarely abscesses.

Foreign Bodies. Gall stones sometimes find their way into the pancre-
atic duct. Ascarides have been found in the ducts in a considerable

number of cases.

1 Consult Tilger, "Cysts of Pancreas," Virch. Arch., Bd. cxxxvii., 348, bibliography;
also Fitz, Trans. Assn. Am. Phys., vol. xv., p. 254, 1900.



CHAPTER VIII.

THE LIVER.

Malformations.

Congenital malformations of the liver are not common and are of little practical im-

portance. The organ may be entirely wanting ; the lobes may be diminished or in-

creased in number
;

its form may be altered, so that it is rounded, flattened, triangular,
or quadrangular. The gall bladder or gall ducts may be wanting; the ductus choled-

ochus may be double, both ducts emptying into the duodenum, or one emptying into

the duodenum, the other into the stomach. The single ductus choledochus may also

empty into the stomach. Owing to abnormal openings in the diaphragm or the abdomi-

nal parietes, the liver may suffer displacement upward or forward. In congenital

transposition of the viscera the liver is found on the left side, the stomach and spleen
on the right side.

Small, isolated bodies, having the same structure as the liver, have been a few times

found in the suspensory ligament and in the lesser omentum.

Acquired Changes in Size and Position.

As a result of tight lacing very marked changes are sometimes produced in the

shape of the liver. By the narrowing of the base of the thorax the organ is compressed
from side to side, and its convex surface is pressed against the ribs. In consequence
of this there are found ridges and furrows on its convex surface. In consequence also

of the circular constriction, a part of the right, and usually of the left lobe also, be-

comes separated by a depression. Over this depressed and thinned portion of the liver

the capsule is thick and opaque. In extreme cases the depression and thinning reach

such an extent that there is only a loose, ligamentous connection between the separated

portion and the liver.

A series of depressions are sometimes found on the upper surface of the right lobe

of the liver, running from front to back, apparently caused by folds of the organ.
Structural alterations in the liver may induce changes in its size and shape. It

may be increased in size by tumors, hydatid cysts, abscesses, fatty and amyloid degen-
eration, by congestion, and sometimes by cirrhosis, etc.

It may be diminished in size by atrophy, by cirrhosis, by acute parenchymatous
degeneration, etc.

Changes in the position of the liver are produced by alterations in its size, by press-

ure downward from the thoracic cavity and upward from the abdomen, by the con-

striction of tight lacing, by tumors or circumscribed serous exudation between the liver

and diaphragm, by curvature of the spine.
The liver is readily turned, by pressure from above or below, on its transverse axis.

The transverse colon may be fixed above the liver so as to push it backward, downward,
and to the right. There are a few cases recorded of dislocated and movable livers.

These occurred in women who had borne children and whose abdominal walls were lax.

With ascites it is not uncommon to find the liver quite movable. 1

'See Graham, "Displacements of the Liver," Trans. Assn. Am. Phys., vol. x., p.
258, 1895, bibliography.
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WOUNDS, RUPTURE, AND HAEMORRHAGE.

Wounds of the liver may induce haemorrhage, which, if life continue,

is followed by inflammation. Serious wounds of the liver are usually

fatal, but recovery may occur even after the destruction of a consider-

able portion of the organ.

Rupture of the liver may be produced by severe direct contusions or

by falls. It may be produced in children by artificial delivery. The

rupture usually involves both the capsule and a more or less consider-

able portion of the liver tissue. It is commonly accompanied by large

haemorrhage, and is usually fatal.

Haemorrhage. Extravasations of blood in the substance of the liver,

or more frequently beneath the capsule, may be found in new-born chil-

dren after tedious or forcible labors. In adults, haemorrhage, except as

the result of injury, is uncommon. Extravasations of blood are some-

times seen in malignant malarial fevers, especially in tropical climates ;

in scurvy, purpura, and phosphorus poisoning ;
and bleeding may occur

in and about soft tumors, abscesses, and echinococcus cysts. It may
also occur as a result of thrombosis of the hepatic vein.

ANEMIA AND HYPERJEMIA.

Ansemia of the liver may be general or partial. It may be due to

general anaemia or to local disturbances of the circulation, such as swell-

ing of the cells in parenchymatous or other degeneration, pressure of

tumors, etc. The organ appears pale, often of slightly yellowish or

brownish color. It may be harder than usual, and smaller.

Hypersemia of the liver is either an active or a passive process. In

health the amount of blood in the liver varies at different times, being

regularly increased during the processs of digestion. When the diges-

tive process is unduly influenced by the iugestion of spirits, spices, etc.,

the hyperaemia assumes abnormal proportions, and when this is often

repeated it may lead to structural changes in the organ. Severe contu-

sions over the region of the liver sometimes cause a hyperaemia, which

may result in suppurative or in productive inflammation. In hot cli-

mates and in malarious districts active and chronic hyperaemia of the

liver are frequent and often incite structural lesions. In scurvy, also,

the liver is sometimes congested. Cessation and suppression cf the

menses and of haeniorrhoidal bleeding may be followed by hyperaemia of

the liver. In all these varieties of active congestion the liver is enlarged,
of a deep red color, and blood flows freely from its cut surface.

Passive congestion of the liver is produced by an obstruction to the

current of blood in the hepatic veins. Valvular diseases of the heart,

emphysema and fibrous induration of the lungs, large pleuritic effusions,

intrathoracic tumors, angular curvature of the spine, aortic aneurisms

pressing on the vena cava, and constrictions of the vena cava and of the
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hepatic veins, may all lead to a chronic hyperseniia of the liver. In such

cases, since the congestion affects principally the hepatic veins, we find

FIG. 353,-CHRONic CONGESTION OF THE LIVER " NUTMEG LIVER."

The liver cells are completely atrophied except in the peripheries of the lobules. The central portion*
of the lobules which in the fresh organ are darker than the periphery are lighter in the preserved specimen,
from which this section was cut because the haemoglobin has been dissolved out of the red blood cells.

tBe centre of each acinus congested and red while its periphery is lighter

in color. This gives to the liver a mottled or nutmeg appearance (nut-

meg liver} (Fig. 353). The liver cells in the centre of each acinus are

frequently colored by little granules of red or black pigment, and the

FIG. 354. CHRONIC CONGESTION OF THE LIVER.

Showing a single lobule. The capillaries about the central vein are widely distended with blood de-

colorized ; the liver cells on the borders nearest the dilated capillaries show various phases of pressure

atrophy.
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cells at the periphery become fatty, so that the nutmeg appearance is still

more pronounced. A liver in this condition is usually of medium size,

but may be smaller or larger than normal.

When the congestion is long-continued the veins at the centre of each

acinus may become permanently dilated, and the hepatic cells in their

meshes become atrophied (Fig. 354), so that the centre of each acinus

consists only of dilated capillaries or of these and new connective tissue
;

or the dilatation and atrophy of the liver cells may, in circumscribed

portions of the organ, involve the entire acinus. In long-continued

congestion the liver is usually smaller than normal, and may be slightly

roughened or uneven on the surface
; but it is sometimes enlarged. The

peculiar nutmeg appearance may be very well marked, or it may not be

evident, the organ being of a dark-red color.

LESIONS OF THE HEPATIC VESSELS.

THE HEPATIC ARTEEY.

The hepatic artery is in rare cases the seat of aneurisms which may
attain a large size. Such aneurisms may displace the liver tissue, com-

press the bile ducts so as to cause jaundice, and may rupture into the

stomach or abdomen.

Owing to its abundant anastomoses, emboli of the branches of the

hepatic artery usually induce no marked lesions, but they sometimes
result in anaemic and hsemorrhagic infarctions.

'

THE PORTAL VEIN.

Thrombosis, Embolism, and Inflammation. Thrombosis of the branches

of the portal vein may be produced by weakening of the circulation from

general debility marasmatic thrombi; by pressure on the vessel from

without, as in cirrhosis, tumors, gall stones, dilatation of the bile ducts,

etc. ; by injury; by the presence of foreign materials within the vessel;

and as a result of inflammation of its wall, or of embolus. The throm-

bus may form in the vessels in the liver or be propagated into them from

without. It may partially or entirely occlude them. The clot may be-

come organized as a result of endophlebitis, and a permanent occlusion

of the vessel ensue. If the clot be a simple, non-irritating one, leading
to occlusion, the consequences are usually more marked in the abdomi-

nal viscera than in the liver itself. The branches of the hepatic artery

form sufficient anastomoses to nourish the liver tissue and prevent its

necrosis, even in complete occlusion of the portal vein ;
and if occlusion

occur slowly the organ may continue to perform its functions. But this

obliterative form of thrombosis is usually attended by ascites, enlarge-

ment of the spleen, dilatation of the abdominal veins, and sometimes by

hsemorrhage from the stomach and intestines.

1 For a critical summary of recorded cases of anaemic infarcts of the liver see Bald-

win, Jour. Med. Research, vol. viii., 1902, p. 431.
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In another class of cases, in addition to the local and mechanical

effects of a thrombus, the latter may be infectious, then there are ne-

crotic changes and suppurative inflammation in the walls of the ves-

sels or in the liver tissue about them. The thrombi are apt to soften and

break down, and the fragments may be disseminated through the smaller

trunks of the portal vein. In this way, by the distribution through the

smaller vessels of a disintegrated thrombus from a large trunk, or by the

introduction into the branches of the portal vein of purulent or septic

material from some of the abdominal viscera or from wounds, multiple
foci of purulent inflammation in the portal vein, and multiple abscesses

involving the liver tissue, may be produced. In many cases the pres-

ence of bacteria may be detected in the inflammatory foci.

These soft thrombi of the portal vein and the accompanying pyle-

phlebitis and abscess are induced in a variety of ways. Ulceration of

the intestines and stomach, abscesses of the spleen, suppurative inflam-

mation of the mesentery and mesenteric glands, inflammation and ulcer-

ation of the bile ducts from, gall stones, inflammation of the umbilical

vein in infants, may all induce thrombi in their respective veins, which

may be propagated to the portal vein or may give rise to purulent or

septic eniboli. Two cases are recorded in which a fish bone in the por-
tal vein induced suppurative inflammation in that vessel.

Infarction of the liver after embolism is rare owing to the anastomosis

between the branches of the hepatic artery and the capillaries of the lob-

ules. Occasionally atrophy of the parenchyma in circumscribed areas

follows thrombosis or embolism of branches of the portal vein.

In infants inflammation of the umbilical vein may not only induce

inflammation of the portal vein and abscesses in the liver, but multiple
abscesses in various parts of the body, and acute peritonitis may follow.

Rupture of the Portal Vein, with fatty degeneration of its walls, has

occurred in a few instances.

Chronic Endophlebitis, with atheroma and calcification, may occur in

the walls of the portal vein, giving rise to thrombosis.

Dilatation of the Portal Vein, either uniform or varicose, may occur in

various parts of the vessel or its branches. It may be caused by destruc-

tion of the liver capillaries in cirrhosis, or by occlusion of the vein by
thrombi, tumors, etc.

THE HEPATIC VEINS.

The hepatic veins present lesions similar to those of the portal vein and

its branches, but they are much less frequent. The veins may be dilated

by obstruction to the passage of venous blood into the heart. They may
be the seat of acute and chronic inflammation, and soft thrombi and sup-

purative inflammation may be produced by abscesses in the liver. Earely
there is a localized obliterating phlebitis in the hepatic vein followed by
chronic congestion, interstitial inflammation, and thrombosis. '

1 Consult for obliterating phlebitis of the main trunks of the hepatic vein as a cause
of death, Chiari, Ziegler's Beitr., Bd. xxvi., p. 1, 1899, bibliography.
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ATROPHY.

Atrophy of the liver may affect the entire organ or be confined to

some part of it. General atrophy may occur in old age as a senile

change, or may be induced by starvation or chronic exhausting diseases.

The organ is diminished in size, is usually firm, and the acini appear
smaller than usual. Microscopically the change is seen to be due to a

diminution in size of the liver cells, and hand-in-haud with this there

occurs frequently an accumulation of pigment granules within the atro-

phied cells. The cells may entirely disappear over circumscribed areas,

leaving only shrivelled blood-vessels and connective tissue ; or, in some

cases, there may be an increase of connective tissue in connection with

the atrophy of the cells. When much pigment is formed in the cells the

lesion is often called pigment atrophy.

Essentially the same changes may occur in circumscribed portions of

the liver, as the result of pressure from new connective tissue in cirrhosis,

from tumors, hydatids, amyloid degeneration, gall stones, etc. In at-

rophy from pressure the liver cells are apt to become very much flat-

tened and squeezed together as they diminish in size.

DEGENERATION.

Albuminous Degeneration. In the infectious diseases and in certain

cases of acute anaemia and phosphorus poisoning the liver is swollen

and, on section, of a dull yellowish-gray color, looking as if it had been

boiled. It contains less blood than usual, and the outlines of the lobules

are indistinct. Microscopical examination shows the lesion to consist of

a swelling of the liver cells and an accumulation in them of moderately

refractile, finer and coarser albuminous granules. These granules may
disappear and the cells return to their normal condition, or fatty degen-
eration may follow. Fatty and parenchymatous degenerations are often

associated.

Focal necrosis of liver cells occurs in many acute infectious diseases

(see page 201).
Acute Yellow Atrophy (Acute Parenchymatous Degeneration). This rare

disease is characterized anatomically by a rapid diminution in the size

of the liver as the result of a granular and fatty degeneration and disin-

tegration of the liver cells. The liver, sometimes within a few days,

may be reduced to one-half its normal size. On opening the abdominal

cavity the organ may be found lying, concealed by the diaphragm, close

against the vertebral column. The amount of diminution and the gen-
eral appearance of the affected organ depend to a considerable extent

upon its previous condition i.e., whether or not it was the seat of other

1 For a study of necroses of the liver see Mallory, Jour, of Med. Research, vol. vi.,

1901, p. 264.
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lesions as well as upon the degree of degenerative change. In general,

if the lesion is well marked, the liver is small, flabby sometimes almost

fluctuating and the capsule wrinkled. On section the cut surface may
show but little trace of lobular structure, but presents an irregular mot-

tling with gray, ochre-yellow, or red ;
sometimes one, sometimes another

color preponderating.

Microscopical examination shows varying degrees of degeneration and

destruction of the liver cells. Most evidently in those parts which have

a grayish appearance, the

outlines of the cells are

preserved and the proto-

plasm is filled with larger
and smaller granules. In

the yellow portions the out-

lines of the liver cells may
be preserved, and they may
contain varying quantities

of larger and smaller fat

droplets and granules of

yellow pigment. Or the

cells may be necrotic or

disintegrated, and in their

place are irregular collec-

tions of fat droplets, pig-

ment granules, red and yel- FlG . 355.-ACUTE YELLOW ATROPHY OF THE LITER.

low Crystals, and detritus; The liver cells in the periphery of the lobule are little changed :

Only the Connective tissue those toward the centre are largely destroyed.

and blood-vessels of the

original liver tissue remaining (Fig. 355). The red areas may show

nearly complete absence of liver cells and cell detritus, and some-

times irregular rows of cells which are variously interpreted as being
new-formed gall ducts or proliferated liver cells.

1 In these areas it ap-

pears to be, in part at least, the blood contained in the vessels which im-

parts the red color. Sometimes the interstitial tissue is infiltrated with

small spheroidal cells resembling leucocytes. Crystals of leuciu and ty-

rosin are sometimes found intermingled with the cell detritus. In some
cases the liver is not diminished in size.

These lesions of the liver are frequently associated with enlargement
of the spleen and parenchymatous degeneration of the kidney and of the

heart muscle. Multiple haemorrhages may occur in the gastro-intestinal

canal, kidneys, bladder, and lungs. There is usually marked jaundice.
This disease is more common in women than in men and in many cases

has occurred in the puerperal state. Various forms of bacteria found in

the liver are of doubtful significance. The excitant of the disease is un-

known, and it is an open question whether it is a disease primarily of the

liver or an acute infection or intoxication with marked local lesions. It

1 For a study of regenerative changes in the liver after acute yellow atrophy see

MacCallum, Johns Hopkins Hosp. Reports, vol. x., 1902, p. 375.
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is not unlikely that more than one form of lesion is grouped under this

heading.
'

Fatty Infiltration. In the normal human liver there is usually a cer-

tain amount of fat in the liver cells, and
. A this amount varies considerably under

different conditions.

The gross appearance of pathological

fatty livers varies a good deal, depend-

ing upon the amount and distribution

of fat and its association with other

changes. If the lesion is uncomplicated
and considerable the organ is increased

in size, the edges are rounded, the con-

sistence is firm, the color yellowish, and

the cut surface greasy. The lobules are

enlarged and their outlines usually indistinct, and the blood content is di-

FIG. 856. FATTY INFILTRATION OF LIVER
CELLS.

FIG. 357. FATTY INFILTRATION OF LIVER.

Portion of the periphery of a lobule, snowing many liver cells distended with a single large drop of fat,

while between these are liver cells with small fat droplets and others flattened by pressure. In this sec-

tion, hardened by alcohol, the fat has been dissolved, leaving clear spaces.

minished. The liver is increased in weight. The lesion may be uniform

throughout the organ or it may occur in patches. In the latter case the

liver has a mottled appearance, irregular yellowish patches alternating
with the brownish-red, unaffected portions.

Fatty infiltration is often associated with chronic congestion (nutmeg

liver), with cirrhosis and amyloid degeneration; the picture may then

present considerable complexity. Fatty livers may be stained brown or

greenish with bile pigment.

1 For more important bibliography of acute yellow atrophy, see Ziegler's
"
Lehr-

buch der Pathologic," Bd. ii.
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Microscopically the liver cells are seeii to contain larger and smaller

droplets of fat (Fig. 310), and frequently large drops of fat occupy nearly
the entire volume of the cell, so that the protoplasm may be visible only
as a narrow, nucleated crescent at one side, or it may disappear alto-

gether (Fig. 311).

Fatty infiltration of the liver may occur as a result of excessive in-

gestion of oleaginous food
;
in chronic alcohol, phosphorus, and arsenic

poisoning ;
in certain exhausting diseases accompanied by malnutrition,

as in pulmonary phthisis, chronic dysentery, etc. ; and under a variety
of conditions which we do not understand. It is common in children

especially in acute infectious diseases.
'

Fatty Degeneration. In this condition, which In many cases cannot
be morphologically distinguished from fatty infiltration, the fat is be-

lieved to be formed by a transformation of the protoplasm of the liver

cells. The fat droplets are, for the most part, very small and abundant,

though this is not constant. Fatty degeneration of the liver cells fre-

quently follows, and is associated with, cloudy swelling under the vary-

ing conditions in which this occurs, or it may appear in profound anemia
and in acute phosphorus and arsenic poisoning.

Amyloid Degeneration. In the liver amyloid degeneration may be

general or local ; so extensive as to give the organ very characteristic

appearances, or so slight as to be unrecognizable without the aid of the

microscope. It may be associated with other lesions. When the change

FIG. 358. AMYLOID DEGENERATION OF LITER CAPILLARIES.

The capillaries are much enlarged and occluded by the amyloid material ; the liver cells between them are

atrophied.

is extensive and general the liver is enlarged sometimes to more than

twice its normal size ; the edges are thickened and rounded ; the surface

is smooth; the tissue tough, firm, inelastic, more or less translucent, and
of a brownish-yellow color. The lobular structure may be more or less

indistinct, or it may become very evident by an associated fatty degen-
eration of the peripheral or central cells of the lobules. The translu-

'See Freeman, Archives of Pediatrics, vol. xvii., p. 81, 1900.
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cency and peculiar appearance of the tissue may be best seen by slicing

off a thin section and holding it up to the light. When the lesion is less

considerable the liver may be of the usual size, and may feel harder than

normal, and here and there a translucent mottling may be evident, or

the degeneration may be apparent only on the addition of staining

agents. When, as is frequently the case, it is associated with cirrhosis,

the liver may be small and nodular, and the appearance of the cut sur-

face varies, depending upon the character of the cirrhotic change and
the presence or absence of fat.

This degeneration usually commences in the walls of the intralobular

blood-vessels, causing them to become thickened and translucent (Fig.

312). Their lumen may be nearly or entirely occluded. The liver cells

may be squeezed by the thickening of the vessels and may become par-

tially or completely atrophied, or they may be fatty. Amyloid degener-
ation may also involve the iuterlobular vessels, and in advanced stages

larger and smaller areas of liver tissue may be almost completely con-

verted into the dense, refractile substance in which here and there flat-

tened liver cells may be seen.

Amyloid degeneration of the liver is usually associated with a simi-

lar lesion of other organs.

Glycogen Degeneration. This may occur in the liver cells in diabetes.

PIGMENTATION OF THE LIVER.

As a result of severe malarial poisoning a variable amount of brown,

black, or reddish pigment is often found in the blood. This is usually

mostly taken up by the leucocytes and deposited in various parts of the

FIG. 359.-MALARIAL PIGMENTATION OF THE LIVER.

The pigment is largely in the exfoliated endothelium within the capillaries. Pigmented malarial parasites

may be seen in some of the cells.



THE LIVER. 593

body, chiefly in the liver, spleen, and marrow of the bones. In the liver

it is usually found enclosed in the endothelial cells
l

free or in place in the

blood-vessels (see Fig. 359), but sometimes in the tissue between them.
The liver cells frequently contain bile pigment, but usually are free from
the melauotic pigment characteristic of this malarial condition. As the

result of this accumulation of pigment the liver may have a dark reddish-

brown, an olive-brown, or black color (sometimes called bronze liver).

Pigmentation of the liver may be marked in hsemochromatosis (see

p. 88).

Pigment similar in character to that which occurs in the lungs from
the inhalation of coal dust may be found in the connective tissue along
the portal vessels. Inhaled pigment particles may pass the lungs and
bronchial lymph-nodes, and be deposited in the liver as it is in the spleen
and hepatic lymph-nodes.

Pigmentation of the liver cells, which is to a certain extent normal,

may be greatly increased as a result of atrophy, of localized haemorrhage,
and of obstructive jaundice.

CALCIFICATION.

This lesion of the liver is rare. The deposit of lime may be in the

vicinity of the arteries or the veins."

INFLAMMATION. (Hepatitis.)

Acute Exudative Hepatitis (Purulent Hepatitis). Purulent orsuppura-
tive inflammation of the liver may be the result of injury; it may be

secondary -to inflammation of the gall ducts or the branches of the portal

vein. It may occur as the result of the presence of tumors and parasites,

or from propagation of an inflammatory process from without, as in ulcer

of the stomach with adhesions to the liver and secondary involvement of

the latter. It is often directly due to the introduction of bacteria into

the organ, through the blood-vessels or gall ducts or otherwise. Puru-

lent inflammation in the liver almost always results in abscess.

Large abscesses of the liver may be traumatic, but are often due to

unknown causes. They are not infrequently associated with dysentery,
and may then be due to the conveyance of micro-organisms through the

veins, or lymph channels, or peritoneum, or gall ducts from the intestinal

ulcers. Such abscesses may be due to the presence of the amoeba coli.

They occur most frequently in tropical climates hence the name tropical

abscess but are not very uncommon in the temperate zone. They are

usually single, but there may be several of them. They are sometimes
so large as to occupy a large part of the lobe. They are most frequent
in the right lobe, but may occur in any part of the organ. They tend to

1 For a study of the phagocytic powers of the endothelial cells of the blood-vessels
of the liver see Heinz, Arch. f. link. Anat., Bd. Iviii., 1901, p. 576.

2 See Brill and Libman, Jour. Exp. Med., vol. iv., p. 541.

38
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enlarge, and as they do so they approach the surface of the liver. Here
the contents of the abscess may be discharged into the peritoneal cavity.
More frequently, however, as they approach the surface, a localized

adhesive peritonitis ensues, so that the liver becomes bound to adjacent

parts, and thus the abscess may open into the pleural cavity, or, owing
to a secondary pleurisy with adhesions, into the lung tissue. They may
open into the pericardium. They may open externally through the ab-

dominal wall
;
into the stomach, duodenum, colon, or pelvis of the right

kidney ;
into the hepatic veins, portal vein, vena cava, or gall bladder

or gall ducts.

The early stages in the formation of large abscesses of the liver are

but little known. It is probable, however, that in many cases they are

the result of the confluence of smaller abscesses (Fig. 373). Their con-

tents, usually bad-smelling, may be thick and yellow like ordinary pus,
but more commonly they are thin, reddish-brown, or greenish in color

from admixture with the pus of blood, gall pigment, and broken-down
liver tissue. Microscopical examination shows the contents to consist of

fluid with pus cells, more or less degenerated blood, degenerated liver

cells, fragments of blood-vessels, and pigment granules and crystals.

The walls of the abscess are usually ragged, shreds of necrotic liver tissue

hanging from the sides. Microscopical examination of the liver tissue

near the abscess shows infiltration with pus, flattening of the liver cells

from pressure, cloudy swelling, and necrosis of those lying along the

cavity.
'

The amoebic abscesses are usually free from bacteria. Other ab-

scesses may contain the Bacillus coli communis, or the Streptococcus

pyogenes or Staphylococcus pyogenes.
Not infrequently, however, especially in old abscesses, examination

both morphological and cultural fails to reveal the presence of micro-

organisms.
After the discharge of the contents of the abscess or without this, if

it be not very large, granulation tissue may form in the wall of the cav-

ity and a fibrous capsule be produced, enclosing the contents, which be-

come thickened and often calcareous, and in this condition may remain

for a long time. Or the connective-tissue walls may approach one an-

other and join, forming a fibrous cicatrix at the seat of the abscess.

Small multiple metastatic abscesses are not infrequent in pyaemia. In

these abscesses we can readily study the various stages of formation.

Suppurative processes in any part of the body in the head, upper and

lower extremities, etc. may act as distributing centres for micro-organ-

isms.
3

These, entering the circulation, may pass the heart and pulmo-

nary capillaries, with or without inducing lesions in the lungs, and, lodg-

ing in the vessels of the liver, induce circumscribed necrosis of the liver

tissue (see Fig. 41, page 113) and suppurative inflammation. Under

1 See for a study of tropical abscess of the liver Howard and Hooter, Am. Jour.

Med. Sciences, vol. cxiv., pp. 150, 263, 1897, bibliography.
2 Kruse and Pasquale, Zeitschr. f. Hygiene u. Infkr., Bd. xvi., p. 1, 1894.
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these conditions we may find on a section of the liver larger and smaller

yellowish or grayish spots, the larger of which may be soft and present
the usual characters of abscesses. The smaller, which may not be larger

than a pin's head, may present the usual consistence of liver tissue with

the lobular structure still evident ;
others may be softer, more yellow,

and surrounded by a zone of hyperaemic liver tissue. Microscopical ex-

amination of the earlier stages often shows the blood-vessels filled with

bacteria, scattered and in masses. Around these the liver cells are found

in various stages of necrosis
;
in many the nuclei do not stain and the

bodies are very granular, or the entire cell is broken down into a mass

of detritus. About these necrotic islets of liver cells pus cells collect

and often form a zone of dense infiltration (Fig. 42, page 114). Thus,

by the increase of pus cells and the necrosis of liver tissue, small ab-

scesses are formed whose contents are intermingled with greater or less

numbers of bacteria (Fig. 360), which seem to increase in number as the

process goes on. By the confluence of small abscesses larger ones may

v~
:

FIG. 360. SMALL ABSCESSES IN THE LIVER CONTAINING BACILLI.

be formed. Death usually ensues, however, before the abscesses attain

a very large size.

Chronic Interstitial Hepatitis (Cirrhosis). The most marked result of

chronic interstitial hepatitis is the formation of new connective tissue in

the liver. The character, amount, and distribution of the new tissue

vary greatly in different cases. Secondarily there are usually marked

changes in the liver cells and in the blood-vessels and gall ducts. The
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iiew tissue is most commonly formed and most abundant in the periph-

ery of the lobules along the so-called capsule of Glissou, but it may ex-

tend into the lobules between the liver cells. It may surround single

lobules, or more frequently larger and smaller groups of lobules (Fig.

aBB ft

FIG. 361. CHROXIC INTERSTITIAL HKPATITIS CIRRHOSIS.

o. New-formed connective tissue ; 7j, dilated blood-vessels of the new tissue ; c, gall duct.

361). It may occur in broad or narrow, irregular streaks or bands.

It is frequently more abundant in one part of the liver than in another.

The new-formed tissue tends to contract, and thus compromise by press-

ure the enclosed islets of liver tissue, causing them to project, in larger
and smaller nodules, from the surface of the organ. The liver cells may
be flattened or atrophied from pressure ; or, from interference with the

portal circulation, they may atrophy or become fatty ;
or they may be-

come colored with bile pigment. This form of lesion is called atrophic
cirrhosis.

The varied appearances which cirrhotic livers present to the naked

eye depend largely upon the amount and distribution of the new con-

nective tissue and upon the secondary changes in the liver cells. The
surface may be very rough and uneven from the projection of larger

and smaller irregular-shaped nodules of liver tissue (Fig. 362) be-

tween which are the depressed contracted bands of new-formed con-

nective tissue. On the other hand, the surface of the liver may
be smooth, when the new connective-tissue bauds are small, evenly

distributed or little contracted. Again the liver may be greatly

distorted and misshapen by the atrophy of the parenchyma and the

contraction of large and irregular bauds or masses of new con-

nective tissue. In section through cirrhotic livers the new tissue may
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not be visible to the naked eye, or it may appear as grayish, irregu-
lar streaks, or bands, or patches, often sharply outlined against the

dark-red, or brown, or yellow, or greenish-yellow parenchyma. When,
as is often the case, fatty infiltration is associated with atrophic cirrhosis,
the liver may not only not be diminished in size but may be larger than
normal.

On microscopical examination the new connective tissue is found in

FIG. 362. -CHRONIC INTERSTITIAL HEPATITIS CIRRHOSIS.

On account of the rough surface such livers are sometimes called
"
hob-nail livers." This cut is a photo*

graphic reproduction of a cirrhotic liver of a child.

some cases loose in texture and containing many variously shaped cells
;

or it may be dense and contain comparatively few cells
;

it is usually

quite vascular.

The new connective tissue
1

is most abundant between the liver lobules

but it may encroach more or less upon their peripheries. Small gall

ducts, some of them at least apparently new formed, are usually present

in the connective tissue around the islets of parenchyma (Fig. 363).

Some of these may usually be found continuous with the old ducts or

gall capillaries. Sometimes rows of more or less cuboidal cells in the

1 For a study of the character of the new connective tissue in cirrhosis see Flexner,
University Medical Magazine, vol. xiii., p. 613, 1900.
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connective tissue appear to be liver cells which have reverted to a sim-

pler type (Fig. 364).
'

The branches of the hepatic and portal veins, particularly the latter,

often become obliterated by pressure from the new connective tissue or

from chronic thickening of their walls, so as seriously to interfere with

FIG. 363. CHRONIC INTERSTITIAL HEPATITIS.

Showing a portion of the section shown in Fig. 361, but more highly magnified. , Portions of liver

lobules ; b, new-formed connective tissue ; c, gall ducts, apparently new formed ; d, blood-vessels in the

new tissue.

the functions and nutrition of the liver cells. The bile ducts also may
become obliterated, or there may be catarrhal inflammation, especially
of the larger trunks. The branches of the hepatic artery are much less

liable to alterations than the other vessels. The capsule of the liver

is usually thickened, either uniformly or in irregular patches ;
or its sur-

face may be roughened by larger and smaller papillary projections.
The liver is frequently bound to the diaphragm or other adjacent or-

gans by connective-tissue adhesions. Amyloid and fatty degeneration

may be associated with cirrhosis. Cirrhotic livers frequently show an
unusual number of leucocytes in the blood-vessels.

The obstruction to the portal circulation induced by cirrhosis usu-

ally gives rise to a number of secondary lesions, since collateral circu-

lation is rarely established in sufficient degree to afford much relief.

The haemorrhoidal and vesical veins may be greatly enlarged, and also

veins of communication between Glissou's capsule and the diaphrag-
matic veins.

1 For a study of cell regeneration, reversion, etc., see Adami, A. Jacobi's Festschrift,
1900, p. 422.
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:

In rare cases a very peculiar dilatation of the cutaneous veins about

the umbilicus is observed. The enlarged veins form a circular network

around the umbilicus, or a pyramidal
tumor beside it, or all the veins of the

abdominal wall, from the epigastrium
to the inguinal region, are dilated.

This condition is said to be depend-
ent upon the congenital non-closure

and subsequent dilatation of the um-
bilical vein and its anastomoses with

the internal mammary, epigastric, and

cutaneous veins. According to Sap-

pey, it is not the umbilical vein which

is dilated, but a vein which accom-

panies the ligameutuni teres.

There is very frequently also a

dilatation of the veins of the abdomi-

nal wall, which has a diiferent origin.

It is produced by the pressure of the

fluid of ascites on the vena cava, and

is found with ascites from any cause

and with abdominal tumors.

Ascites is the most common sec-

ondary lesion of atrophic cirrhosis.

It usually begins at an early stage of

the disease, and is apt to increase

constantly. It generally precedes oedema of the feet, but both may ap-

pear at the same time. This fluid is of a clear yellow or brown, green
or red ;

it is sometimes mixed with shreds of fibrin, and more rarely
with blood. The peritoneum remains normal, or becomes opaque and

thick, or there may be adhesions between the viscera.

The spleen is very frequently enlarged, and the enlargement may be

considerable. When it is not increased in size this seems usually due

to previous atrophy of the organ, or to fibrous thickening of its capsule,

or to haemorrhages from the stomach and bowels occurring just before

death.

The stomach and intestines are often secondarily affected by the ob-

struction to the portal circulation. Profuse haemorrhage from the stom-

ach and intestines may occur and sometimes cause sudden death. The
mucous membrane is then found pale, or congested, or with haemor-

rhagic erosions. The haemorrhage not infrequently results from rupture
of ossophageal varices which are present, especially in the lower portion,
in a noteworthy proportion of cases of atrophic cirrhosis.

' Sometimes
the blood is infiltrated in the coats of the stomach and intestines.

The mucous membrane of the stomach, and of the entire length of the

intestines, is frequently the seat of chronic catarrhal inflammation, and
1 For a critical summary of gastro-intestinal haemorrhage in cirrhosis with bibliog-

raphy see Preble, Am. Jour. Med. Sciences, vol. cxix., p. 263, 1900.

FIG. 364. NKW-FORMED GALL DUCTS IN CIR-

RHOSIS.

The section shows the projection into the new
connective tissue from the rows of old liver cells,

of cell masses resembling gall-duct epithelium.
This may be interpreted as an example of rever-

sion of the differentiated liver cells to a simpler

type.
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is sometimes uniformly and intensely congested and coated with mucus.

In other cases both the mucous and muscular coats are pale, but very

markedly thickened.

Cirrhosis of the liver is not infrequently accompanied by chronic dif-

fuse nephritis.

Hypertrophic Cirrhosis. There is a form of interstitial hepatitis in

which the growth of new tissue occurs not only between the lobules but

extends into the lobule between the liver cells (Fig. 365). Under these

conditions even in advanced forms of the lesion the liver may be en-

larged, the surface may be smooth or slightly roughened, the parenchyma
is often bile-stained. This form of interstitial hepatitis is called hyper-

trophic cirrhosis. There is a form of interstitial hepatitis, usually of the

hypertrophic type, in which the growth of connective tissue is most

marked in the vicinity of the smaller bile ducts. This often occurs in

connection with obstruction of the bile ducts and the lesion is called bili-

ary cirrhosis. In "biliary cirrhosis" marked jaundice is said to be com-

mon while ascites is moderate or absent. In certain cases there is a

marked difference in the gross and microscopic appearance in atrophic
and hypertrophic cirrhosis, but intermediate forms occur. The difference

in the conditions which lead to these two forms of cirrhosis of the liver,

the atrophic and the hypertrophic, is not yet clear, and the distinctions

which have been made between them, in part clinical, in part morpho-

logical, are often unsatisfactory.

*1S
'

7
'

Fio. 365. HYPERTROPHIC CIRRHOSIS OF THE LITER.

Showing formation of connective tissue between the liver cells.

The causes of cirrhosis are imperfectly understood. It is a disease

of adult life, but exceptionally occurs in children.
'

Congenital cirrhosis

'For a resume of cirrhosis in childhood see Morse, Boston Med. and Surg. Jour.

September llth, 1902.
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with obliteration of the bile duct is of occasional occurrence.
1 In

adults it seems in many cases to be directly dependent upon the contin-

ued ingestion of large quantities of strong alcoholic liquors. It very
rarely occurs as a result of beer drinking. There are many cases of cir-

rhosis for which no cause can be discovered. 8
It is probable that in cer-

tain cases at least a degeneration of circumscribed areas of liver paren-

chyma precedes and probably determines the new formation of connective

tissue
;
the lesion would then be more properly considered a replace-

ment hyperplasia than as strictly inflammatory.
3

Welch 4 has described the occurrence of small circumscribed areas of

FIG. 366. GUMMA OF LIVER.

a. Cheesy centre ; ft, fibrous periphery : c, small-celled peripheral infiltration ; d, portions of live lobules.

The drawing is somewhat schematic.

fibrous tissue in the liver, replacing liver cells and containing coal pig-

ment. This rare lesion he has called cirrhosis hepatis anthracotica.

Syphilitic Hepatitis. Chronic interstitial inflammation of the liver

very frequently results from syphilitic infection, either congenitally or

in the later stages of the acquired form. It may occur in a diffuse man-

ner, new connective tissue being formed either between the lobules, or

within them between the rows of liver cells. The new tissue may be

rich in cells, or dense and firm. This form is frequently seen in chil-

dren, and cannot be distinguished, either macroscopically or micro-

scopically, from similar forms of interstitial hepatitis from other causes.

1 See Rolleston and Jlayne, British Med. Jour., 1901, vol. i., p. 758, bibliography.
2 For a study of experimental cirrhosis of the liver see v. Ileukdom, Ziegler's Beitr.,

Bd. xx., p. 221, 1896, bibliography. Also Wells, Tr. Chicago Path. Soc., March 9th,
1903.

3 For a study of the gennicidal capacities of the liver and the possible relationship of

latent or subinfection to cirrhosis see Adatni, Jour. Am. Med. Assn., December 16th
and 23d, 1899, bibliography.

4 Welch, "Cirrhosis hepatis authracotica," Johns Hopkins Hospital Bulletin, vol.

ii., p. 32, 1891.
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In other cases, particularly in children, there may be numerous
small gummata (so-called miliary gummata) (Fig. 130, page 258) scat-

tered through the liver, together with more or less new connective tis-

sue. In adults gummata are usually larger, varying in size from that of

a pea to a hen's egg, and may be surrounded by larger and smaller irreg-

ular zones of ordinary connective tissue (Fig. 366). In still other cases

in adults there are larger and smaller dense, irregular bands or masses

of connective tissue running through the liver, drawing in the capsule

FIG. 367. SYPHILITIC HEPATITIS.

The liver is greatly deformed by the contraction of new-formed connective tissue. The ragged surface is"

due to the tearing away of adhesions to surrounding parts.

and often causing great deformity of the organ (Fig. 367). These bands
and masses of new tissue may or may not enclose gummata, either large
or small. These deforming cicatrices, either with or without gummata,
are very characteristic of syphilitic inflammation of the liver.

This, like the simple interstitial inflammation of the liver, may be
associated with fatty and waxy degeneration, and with atrophy of the

parenchyma from pressure.
Tuberculous Hepatitis. This lesion, which is usually secondary to
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tuberculous inflammation in some other part of the body, or a part of

acute general miliary tuberculosis, is most frequently characterized by
the formation of larger and smaller miliary tubercles, which may be

either within or between the liver lobules or in the walls of the bile

ducts. Many of the tubercles are too small to be seen with the naked

eye; others may be just visible as grayish points; still others may
be from 1 to 3 mm. in diameter, with distinct yellowish-white cen-

tres. Microscopical examination shows considerable variation in the

structure of the tubercles in different cases, as well as in the same liver.

Some of them, usually the smaller ones, consist simply of more or less
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FIG. 368. A MlI.IARY '1 UBKKCLE OK THE LlTEK.

Shows a cheesy centre and giant cells.

circumscribed collections of small spheroidal cells, which are not mor-

phologically distinguishable, so far as the form and arrangement of the

cells are concerned, from, simple inflammatory foci, or from the diffuse

masses of lymphatic tissue which occur normally in the liver.

In other forms we find a well-marked reticulum with larger and
smaller spheroidal and polyhedral cells, with or without giant cells. In

still other forms there is more or less extensive cheesy degeneration (Fig.

368). The larger forms are conglomerate, being composed of several tu-

bercle grauula joined together to form a single nodular mass. The liver

cells at the seat of the tubercle are destroyed, and the interstitial tissue

and blood-vessels are either destroyed or merged into the tubercle tissue.

In the periphery of the tubercles the liver cells may be in a condition

of coagulation necrosis, and the tissue round about may be infiltrated with

small spheroidal cells. There is in some cases a new formation of gall

ducts or of structures which resemble these, and which in transverse sec-
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tioDS resemble giant cells. Tubercle bacilli, frequently in small numbers,
but often in great abundance, may be found within the tubercles.

Tuberculosis of the liver may be associated with cirrhosis, or waxy
and fatty degeneration.

Much more rarely than the above form there are found in the liver

more or less numerous scattered tuberculous masses from the size of a pea
to that of a walnut or larger, with cheesy centres and usually a new

growth of connective tissue in the periphery. These so-called solitary

tubercles of the liver may be softened at the centres. Tuberculous inflam-

mation of the. gall ducts may give rise to numerous scattered, cheesy

nodules, as large as a pea or larger, which may be softened at the centre

and stained yellow with bile. Small cavities may thus be formed. 1

This lesion is rare and seems to be more frequent in children than in

adults.

Perihepatitis. Acute exudative inflammation of the serous covering of

the liver, with the formation of fibrin, may occur as a part of acute gen-
eral or localized peritonitis, or over the surface of abscesses, tumors,

hydatids, etc.
,
of the organ, when these lie near or approach the surface ;

or it may be secondary to acute pleurisy.

Chronic perihepatitis, resulting in the thickening of and formation of

new connective tissue in and beneath the capsule of the liver, may be

secondary to an acute inflammation of the capsule, or it may be chronic

from the beginning and associated with chronic pleurisy, chronic peri-

tonitis, and cirrhosis. In this way more or less extensive adhesions of

the liver to adjacent structures may be formed ; or, by contraction of the

new-formed connective tissue, considerable deformity of the liver may
be produced. The capsule is sometimes uniformly thickened, sometimes

the new tissue occurs in more or less sharply circumscribed patches. The
surface is sometimes roughened from little, irregular projecting masses

of connective tissue. Microscopically the new-formed tissue is usually
dense and firm, but it may be loose in texture and contain many cells.

Not infrequently bands or masses of connective tissue run inward from

the thickened capsule between the superficial lobules, causing localized

atrophy of the parenchyma.

HYPERPLASIA OF LYMPHATIC TISSUE IN THE LIVER.

In some forms of leukaemia and pseudo-leukaemia the liver is not in-

frequently enlarged and soft and besprinkled with small white spots, or

streaked with narrow whitish, irregular bands, or it may be of a diffuse

grayish color. Microscopical examination shows this change to be due

to an accumulation of cells resembling leucocytes, either along the portal

vein, or diffusely through the liver tissue, or in small circumscribed

masses. The amount of accumulation of these small cells varies much,

but is sometimes so great as seriously to compromise the liver cells. The

origin of these new cells is not yet definitely known. They may be, and
1 See for a study of tuberculous cavities in the liver, Fletcher, Journal of Pathology

and Bacteriology, vol. vi., p. 147, 1900, bibl.
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doubtless in part are, brought to the organ through the portal vein
;
but

they may, in part at least, be formed hi the liver itself, possibly from
the capillary endothelium.

In typhoid fever, smallpox, scarlatina, diphtheria, and measles small

circumscribed masses of spheroidal cells are sometimes found in the

liver. These nodules differ in character, some are due to focal necroses,

such as occur in various toxaemias with a later multiplication of cells or

invasion of leucocytes. In some, as in typhoid fever, there is necrosis

with proliferation of endothelium (see page 232). Finally some of the

small masses of spheroidal cells encountered in the liver in infectious

diseases are doubtless hyperplastic lymph-nodules.
1

TUMORS OF THE LIVER.

Tumors of the liver may be primary or secondary ; the latter are most

common.
Cavernous Angiomata. These tumors, usually small, are most common

in elderly persons and are of no practical significance. They may be

FIG. 369. CAVERNOUS ANGIOMA OK THE LIVER.

situated at the surface (Fig. 369) or embedded in the organ, and are of

a dark-red color; sometimes sharply circumscribed by a connective-

tissue capsule, sometimes merging imperceptibly into the adjacent liver

tissue. Microscopically they consist of a congeries of irregular cavities

(Fig. 180, page 833) filled with blood and frequently communicating

freely with one another. The walls of the cavities consist of connective

tissue, often containing small blood-vessels, and are sometimes thick,

1 For changes in the blood iu diseases of the liver consult Ewing's "Clinical Path-

ology of the Blood."
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sometimes thin. They are believed to be formed by dilatation of the

liver capillaries, with subsequent thickening of their walls and atrophy
of the adjacent liver cells. By the organization of clots within the blood

cavities these tumors may be partially or entirely converted into masses

of dense fibrous tissue.

Small fibromata and lipomata have been described, also fibroneuromata

of the sympathetic.
Adenomata of the liver are of not infrequent occurrence. They are

sometimes small and circumscribed, sometimes very large and multiple.

They present two tolerably distinct types of structure. In one form the

tissue presents essentially the same structure as normal liver tissue, ex-

cept that the arrangement of the cells is less uniform and the cells are

apt to be larger. They look like little islets of liver tissue, sometimes

encapsulated and sometimes not, lying in the liver parenchyma. In the

other form the cells are less like liver cells, are frequently cylindrical,

and are arranged in the form of irregular masses of tubular structures

with more or less well-defined lumina. These tumors are sometimes

large and multiple, and in one case described by Greenfield there were
metastatic tumors in the lungs. These tubular adenomata are in some
cases so closely similar to some of the carcinomata as to be scarcely dis-

tinguishable from them, and seem, indeed, to merge into them. '

Aberrant nodules of adrenal tissue have been found in the liver and

may be mistaken for adenomata. Cysts may develop in adenomata. 2

Carcinomata are the most common and important of the liver tumors,
and may be primary and secondary. Primary carcinomata of the liver are

probably developed from the epithelium of the gall ducts, and in some
cases are arranged along the larger trunks. The cells are usually poly-

hedral, sometimes cylindrical, and may be arranged irregularly in alveoli

or form more or less well-defined tubular structures.

Secondary carcinoma of the liver, which is by far the most common, is

usually due to the dissemination in the organ of tumor cells from carci-

nomata of the stomach, intestines, pancreas, or gall bladder. But it

may be the result of metastases from the mamma, oesophagus, uterus,

and various other parts of the body. In secondary carcinoma the cells

resemble more or less closely the type of those forming the primary tumor.-

The form in which the carcinoma in the liver occurs varies consider-

ably. Sometimes the tumors are single, but more often multiple (Fig.

370) ; they may be very large, or so small as to be scarcely visible to the

naked eye ; very frequently numerous small nodules are grouped in the

periphery of a larger one. They are sometimes deeply embedded in the

liver, sometimes they project from the surface. The liver is frequently
and sometimes enormously enlarged. The nodules are usually whitish or

yellowish or pink in color or bile-stained, and they are often the seat of

haemorrhages, and may become softened at the centre, forming cysts filled

1

Sokoloff has described an adeno-carcinomaof the liver with ciliated cells, Virchow's
Arch., Bd. clxii., p. 1, bibliography of allied tumors. See also Herxheimer, Cbl. f.

Path., Bd. xiii., 1902, p. 705.
s See for cyst formation in the liver Dmochowski and Janoicski,, Ziegler's Beitr. z.

path. Anat., Bd. xvi., p. 102.
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with degenerated tumor tissue often mixed with blood. The nodules are

sometimes hard, sometimes soft and almost diffluent. Fatty degenera-
tion in the tumor is frequent, and may be recognized by yellowish streaks

or patches on the sections. Owing to the degeneration and partial absorp-
tion of the central portions of the tumors, the nodules on the surface of

the liver frequently present a shallow depression at the centre. The
tumors may be sharply outlined against the adjacent liver tissue, or may
merge imperceptibly into it. They may be so large or numerous as to

occupy the greater part of the enlarged organ. The neighboring liver

cells may be flattened and atrophic. The tumors may press upon the

portal vein or its branches, or upon the gall ducts, and thus seriously

interfere with the functions of the organ. Sometimes, however, the

tumors are very large and numerous without apparent interference with

the function of the liver. Melanotic carcinomata sometimes occur in the

liver, most frequently as secondary tumors.

In some cases, instead of forming separate, distinct nodules, the can-

cerous growth develops in the form of a diffuse infiltration of the organ,

so that the often greatly enlarged liver is irregularly mottled with wThite

and reddish-brown masses, and may then somewhat resemble some forms

of chronic interstitial hepatitis.

Sarcomata. Spindle-celled, melanotic, and telangiectatic sarcomata

may occur in the liver as secondary tumors. '

Secondary myxomata and

chondromata have also been described, but they are very rare. Angiosar-
coma may occur as a primary tumor. 2

Cavernous lymphangiomata have been described in a few cases. Cysts,

usually of small size, may be formed by dilatation of the bile ducts. They

FIG. 370.-SECO

The section is through the entire organ, showing careinomatous tumors of various sizes and forms :

some are white, some are dark red from haemorrhage. The larger tumor at the left is softening at the

centre.

may be multiple and contain serum, mucus, and degenerated epithelium.

Single cysts, apparently unconnected with the gall ducts, are occasionally

'See Hektoen and Herrick, Trans. Assn. Am. Phys., vol. xiii., p. 385, 1898.
2
Arnold, Ziegler's Beitr. z. path. Anat., Bd. viii., p. 123.
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found in the connective tissue of the. liver. They may be lined with

ciliated epithelium.
The liver is sometimes the seat of larger and smaller multiple cysts,

varying from microscopical size up to that of a pea, and sometimes larger.

They do not appear to communicate with the gall ducts. They are some-

times associated with multiple cysts of the kidney. Their origin and

'
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FIG. 371. "FOAMY LIVER."

The liver is riddled with small holes formed by the accumulation of gas developed by B. aerogenes capsula-

tus
"
gas bacillus."

nature are not understood, but they are probably congenital. A teratoma

of the liver has been described by Misick.
'

Occasionally the liver is found at the autopsy, even if this be made
but a few hours after death, more or less completely riddled with small,

irregular-shaped cavities, from the size of a pin's head to that of a pea

(Fig. 371). These holes are due to the accumulation of gases in the liver,

formed by the Bacillus aerogenes capsulatus. This is the so-called

"foamy liver" (see page 268).

PARASITES.

Echinococcus. This parasite is the most common and important of

those which occur in the human liver. It forms the so-called Itydatids of

the liver. These represent one of the developmental stages of the small

tapeworm of the dog, Tcenia echinococcus (see page 135). The cysts in

the liver may be very small and multiple, but they may be as large as

a man's head or larger. The liver may be greatly increased in size, and
the tissue about the cysts atrophied. The liver itself furnishes a connec-

tive-tissue capsule, within which is the translucent, lamellated membrane
furnished by the parasite. On the inside of this we may find a layer of

cells, granular matter, and a vascular and muscular system belonging to

the parasite. Projecting from this inner capsule are the brood capsules
and heads or scolices of the immature tapeworm. The scolices may be-

come detached from the wall and lie free in the cavity, which is filled

1

Misick, Jour. Path, and Bact, vol. v., p. 128, 1898.
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with a transparent or turbid fluid. Not infrequently the cysts are

sterile, and are then simply filled with clear or turbid fluid
;
or the em-

bryos may have died and disintegrated, and their detritus, including the

hooklets, may be intermingled with the fluid contents of the cysts. The
contents of the cysts may be mixed with fat, cholesterin crystals, pus,

bile, or blood ;
or form a grumous mass, in which we may or may not

be able to find the hooklets of the scolices or fragments of the lamellated

wall. The connective tissue of the walls of the cysts may be greatly

thickened, or they may be calcified.

In other countries the lesion is much more common and frequently
more formidable than in the United States. The cysts reach an enor-

mous size, the veins of the liver may be compressed and filled with thrombi,
the bile ducts compressed and ulcerated. So much of the liver tissue

may be replaced by the hydatids that the patient may die from this cause

alone. Very frequently there is local peritonitis, and adhesions are

FIG. 372. Ecmxococcrs MCLTILOCULARIS OF THE LITER.

A section of a small portion of the cystic and fibrous growth in the liver. There were no booklet*

within the cysts in this case, but the delicately lamellated character of the lining membrane sufficed for a

formed between the liver and the surrounding parts. In some cases the

cysts rupture, and their contents are emptied into the peritoneal cavity,

the stomach, the intestines, the pleural cavity, or the lung tissue. Some-

times the cysts perforate the bile ducts, the vena cava, or some of the

branches of the portal or hepatic veins
;
or the abdominal wall is perfo-

rated and a fistula formed between the cavity in the liver and the surface.

Echinococcus multilocularis (see page 137), which is apparently an

abortive form of the above species, is very rare in the United States

(Fig. 372).
1

Distoma hepaticum, D. sinense, D. lanceolatum, may occur in the gall

ducts and gall bladder. D. sinense occurs especially in the East, and has

been found in great numbers in the bodies of Chinamen. D. haematobium

^ee Oertel, Yale Medical Journal, vol. v., p. 233, 1899; consult also monograph
by Posselt, 1900.

39
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is very common in Egypt and Abyssinia, occurring in the blood-vessels

of the liver.

Pentastoma denticulatum is the undeveloped form of Pentastoma

teenioides, a parasite which inhabits the nasal cavity of dogs and some
other animals. In the liver of man it usually occurs in the form of

small, rounded, calcified cysts. The cysts may contain fat, calcareous

matter, and the remains of the dead parasite, among which the hooklets

may be found.

Ascaris lumbricoides sometimes finds its way from the intestines into

the bile ducts. It may cause no disturbance here, but in some cases the

worms have been present in large numbers and caused occlusion, dilata-

tion, and ulceration of the biliary passages, and have led to the forma-

tion of abscess of the liver.

Coccidium oviforme, the very common parasite in the rabbit's liver,

has been found a few times in the liver of man.

LESIONS OF THE BILIARY PASSAGES AND THE GALL
BLADDER.

Perforation and rupture of the gall bladder may occur under various

conditions and is usually followed by peritonitis.
'

Catarrhal Inflammation most frequently involves the lower portion of

the common duct and the gall bladder. In the acute form it usually
leaves but few changes appreciable after death. An abnormal coating
of mucus, and sometimes congestion of the blood-vessels, are almost the

only post-mortem lesions. Owing to the swelling of the mucous mem-
brane and the accumulation of mucus iu the lumen, the ducts may be

temporarily occluded, but this occlusion may not be evident after 'death.

If, however, the inflammation becomes chronic, the walls of the bile

ducts may become thickened and their lumina more or less permanently
obstructed. In consequence of this, dilatation or ulceration of the bile

ducts may ensue. Temporary obstruction of the bile ducts may pro-
duce marked pigmentation of the liver, owing to the accumulation of

pigment granules in ths liver cells, particularly in the vicinity of the

capsule of Glissou, and jaundice of the entire body.
The gall bladder may be inflamed by itself cholecystitis or in connec-

tion with inflammation of the biliary passages. If the disease is chronic

the wall of the bladder may be thickened
; polypoid growths may occur

in the nmcosa; the duct may be occluded; dilatation, ulceration, the

formation of gall stones, calcification, and atrophy may ensue.

Inflammation of the stomach and duodenum, hypertemia and inflam-

mation of the liver, concretions, and parasites frequently accompany
catarrhal inflammation of the biliary passages, but it may occur without

these.

Suppurative and Croupous Inflammation of the Bile Ducts (Cholangitis)

1 See Machard, Arch. gen. deMed., t. iv., p. 159, 1900, bibliography.
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and Gall Bladder (Cholecystitis). The walls of the ducts may be covered or

infiltrated with a fibriuous or a purulent exudate; they may ulcerate.

These lesions occur most frequently in connection with obstruction of

the bile ducts by gall stones or otherwise, and in typhoid and typhus

fever, pyaBmia, and cholera
;
or they may be due to the extension of

inflammatory processes from without. They also occur under unknown
conditions.

In many cases of inflammation of the gall ducts, the Bacillus coli

commuuis, in fewer, the pyogenic streptococcus and staphylococcus are

apparently concerned.

Suppurative inflammation may lead to perforations of the ducts or

bladder, with escape of bile and peritonitis; or fistulous openings be-

tween the gall bladder and the duodenum, colon, and stomach, or through

FIG. 373. SCPPCRATIVE INFLAMMATION OF THE GALL DUCTS ix THE LITER CHOLANGITIS.

The suppurative foci are almost coalescent in the infected region. This lesion was secondary to suppura-
tive inflammation in the larger gall passages with the presence of gall stones.

the abdominal wall. Or the inflammation may extend to the liver tissue

and produce abscesses. Under the latter conditions we may find a series

of small abscesses ranged along the walls of the suppurating gall ducts

(Fig. 373). In.more advanced stages the abscesses may bec'ome large
and communicate with with one another, so that a considerable portion
of the liver may be occupied by a series of communicating cavities with

ragged walls, containing pus and detritus of liver tissue more or less

tinged with bile.

Such abscesses may become more or less completely enclosed by con-

nective-tissue walls. The portal vein may also become inflamed, and

perforations may be formed between it and the bile ducts. The excitants
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of these inflammatory processes iu the gall ducts and gall bladder are

probably usually bacteria. Those which have been most frequently
found are the "pyogenic cocci,"

' the colon and typhoid bacilli, and the

pneurnococcus. It should be borne in rniud that post-mortem invasion

of the gall bladder and passages by bacteria may take place early.

Constriction and Occlusion of the Bile Ducts. This may be produced by
inflammation of the ducts themselves, by new growths in their walls, by
calculi or parasites in their luinina, by changes in the hepatic tissue in

chronic and acute hepatitis, by aneurisms, or by pressure on the duct

from without, as by tumors in the head of the pancreas, etc.

The obliteration of the smaller bile ducts produces no marked lesions.

When the ductus communis or the hepatic duct is obstructed, the ducts

throughout the liver are frequently dilated and the liver tissue is bile-

stained. The liver may undergo atrophy and the whole Jbody be in-

tensely jaundiced. When the cystic duct is obstructed the gall bladder

is dilated.

Dilatation of the Bile Ducts is usually produced by strictures in the

ways just mentioned, or by calculi. When calculi have produced the

dilatation this condition may sometimes continue after they have found

their way into the intestines. Sometimes, however, we meet with very
marked dilatation of the bile ducts without being able to make out any
present or past obstruction. The dilatation may affect only the common
and hepatic ducts, or it may extend to the smaller ducts in the liver,

which are then dilated uniformly or in sacculated forms. They may con-

tain bile, mucus, or calculi. The liver is at first enlarged, but may after-

ward atrophy. The gall-bladder may be dilated in consequence of obstruc-

tion of the common or the cystic duct. In the latter case it may reach an

immense size and form a large tumor in the abdominal cavity. The
dilatation is generally uniform, the bladder retaining its normal shape ;

sometimes, however, there are diverticula, which are usually produced

by calculi. If the obstruction to the hepatic duct is incomplete or mov-
able the gall bladder may contain bile, and often calculi. If the obstruc-

tion is complete the contained fluid may gradually lose its biliary char-

acter and become a serous or mucus fluid of a light-yellow color liydrops

cystidis fellece. The walls of the bladder may be of normal thickness, or

thinned, or thickened, or calcified. If the obstruction is due to a cal-

culus, this may pass into the intestine and the gall bladder be suddenly

emptied. Usually the bladder fills again, owing to its loss of contractile

power.

TUMORS OF THE GALL BLADDER AND LARGER GALL DUCTS.

Small fibromata have been described in the gall bladder and in the

common duct, but they are very rare. The most common tumors are

1 For a study of gall-bladder infections consult Gushing, Johns Hopkins Hosp. Bull.,

x., p. 166, 1899, bibliography. Als
Soc. Biol., November 8th, 1902, p. 1189.

,
.

vol. x., p. 166, 1899, bibliography. Also Gilbert and Lippmann, Comptes rend, de la

, 1902,
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carcinomata. These may be primary or secondary, and present the usual

structural variations. The cells may be cylindrical, or polyhedral; or

they may present the characteristics of gelatinous cancer. Primary carci-

nomata and adenocarcinoma of the gall bladder and larger gall ducts are-

not uncommon, and are frequently associated with calculi.
1 Not infre-

quently the pancreatic and common ducts are both involved, and it is

difficult to say whether the tumor is primary in the head of the pancreas
or in the gall duct. The bladder and ducts may also be secondarily in-

FIG. 374. ADENOMA OF THE GALL DUCT.

This section is from a small tumor growing within one of the larger gall ducts in the liver.

volved in carcinomata of the stomach, liver, and duodenum. Adenoma
of the gall ducts is of occasional occurrence (Fig. 374).

BILIARY CALCULI. (Cholelithiasis.)

These bodies are of common occurrence. They are found usually in

the gall bladder, sometimes in the hepatic, cystic, and common ducts
;

less frequently in the small ducts of the liver. In the gall bladder from
1 to 7,800 calculi have been counted. They vary in size from that of a

pin's head to that of a hen's egg, or they may be larger. Single gall
stones are usually spheroidal or ovoidal

;
when multiple they are usually

flattened at the sides or faceted (Fig. 375).

They may be composed :

1. Principally of cholesterin, and may be of pure white color, or

'See Warthin, Philadelphia Med. Journal, vol. vi., pp. 38, 82, and 120, 1900, bib-

liography.
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tinged with various shades of yellow or brown by bile pigment. The
fractured surface shows a radiating crystalline structure.

2. Of cholesterin, bile pigment, and salts of calcium and magnesium.

FIG. 375. BILIARY CALCULI.

The smaller calculi show the faceted character ; the larger, cut across, show the lamellation.

These are usually dark-colored, brown, reddish-black, or green, and may
be spheroidal or faceted, smooth or rough on the surface

;
the fractured

surface is usually radiating crystalline. This is the most common form.

3. Principally of bile pigment. Such calculi are rare, usually small,

very 'dark-colored, and not numerous.

4. Of calcium carbonate. These are rare, have a nodular surface, and
a clear crystalline, not radiating fracture.

Most calculi are formed around a central mass, sometimes called the

nucleus, which may consist of cholesterin, bile pigment, mucus, or epi-

thelium, or more rarely of some foreign body. Thus a dead parasite, a

needle, and fruit seeds may serve as nuclei. The body of the calculus

may be homogeneous, or lamellated, or crystalline.

Biliary calculi in the gall bladder may produce no symptoms and be

discovered only after death. In the hepatic and common ducts they may
obstruct the flow of bile and lead to fatal jaundice; or they may pass
from time to time into the intestine, producing biliary colic. If they
are impacted in the cystic duct they may lead to dilatation of the gall

bladder. They may get into the duodenum by ulceration through the

walls of the ducts or gall bladder, or in the same way into the peritoneal

cavity. Gall stones which get into the intestinal cavity usually pass off

without doing any further injury, but very large calculi may cause oc-

clusion of the gut with fatal results. The role of micro-organisms in the

formation of gall stones has been the subject of significant studies.
1

1 Consult Mignot, Arch. gen. 'de Medecine, 1898, t. ii., pp. 129 and 263: also CmMng,
Johns Hopkins Hosp. Bull., vol. x., p. 166, 1899; also Mieczkowski, Mitth. a d. Greuz-

geb. d. Med. u. Chir., Bd. vi., p. 307, 1900.



CHAPTER IX.

THE URINARY ORGANS.

The Kidneys.

Malformations.

BOTH kidneys may be absent in connection with extensive malformation in foetuses

which are not viable.

Absence of one kidney is not uncommon, the left kidney being more frequently
absent than the right. The absence of the kidney may be complete, the ureter being
also absent; there may be an irregular mass of much-atrophied kidney tissue with con-

nective tissue and fat, or there may be only a little mass of connective tissue and fat

representing the kidney, and a ureter running down to the bladder. The single kidney
Avhich is present is usually much enlarged. It may be in its natural position or dis-

placed downward. When both kidneys are present one of them may be much larger
than the other. One kidney may have two pelves or two ureters.

FIG. 376. HORSESHOE KIDNEY.

A frequent malformation is the so-called horseshoe kidney (Fig. 376). The lower

ends of the kidneys are joined together by a commissure. The commissure is usually

composed of kidney tissue, but sometimes of connective tissue. The two kidneys may
be normal, except for the commissure; or their shape, the arrangement of the vessels

and ureters, and the position may be unnatural. The two kidneys may be united

throughout so as to look like a single misshapen kidney with two or more pelves and
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irregular blood-vessels. The united kidneys may be both situated on one side of the

vertebral column or in the pelvis.

The foetal lobulation of the kidney frequently persists during adult life (Fig. 377).

Changes in Position.

The kidneys may be placed in an abnormal situation, in which they are either fixed

or movable.

The change in position is either lateral or downward. When displaced downward
the kidney may be over the sacrum or below this in the cavity of the pelvis. The

FIG. 377. FCETAL LOBULATION OF KIDNEYS ix ADULT.

The kidneys were of normal size.

vessels also have an irregular origin and distribution. The kidney is firmly attached

in its abnormal position.

Movable or wandering kidneys are found in adult life as a result of tight lacing, of

pregnancy, of overexertion, and of unknown causes. They are more common in

females than in males, and the right kidney is most frequently involved. The blood-

vessels become lengthened and the attachments of the kidney longer and looser.

COMPENSATORY HYPERTROPHY OF THE KIDNEY.

\Yhen one kidney is involved in lesions which seriously interfere with

its function the other organ may increase in functional capacity through
an hypertrophy and hyperplasia of its gland cells. A similar alteration

may take place in the sound parts of an organ partially compromised by
structural lesions.

1

'For a study of this condition see Sacerdotti, Virchow's Arch., Bd. cxlvi., p. 267,

1896, bibliography.
Consult also for general consideration of hypertrophy Thoma, "Text-Book of Gen-

eral Pathology," vol. i., p. 448, English translation.
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DISTURBANCES OF CIRCULATION.

Anaemia of the kidney occurs in general anaemia : it may be associated

with various forms of diffuse nephritis. Local anaemia may be due to

thrombosis or embolism.

Acute Hyperaemia Acute Congestion. This may occur in early phases
of an acute inflammatory process or after the ingestion of irritant poisons.
The kidneys may be swollen, the vessels distended, and bloody fluid ex-

udes from the cut surfaces. There may be extravasation of red blood

cells from diapedesis.

Chronic Hyperaemia Chronic Congestion. This may occur in connec-

tion with a similar condition in the other viscera when the circulation is

impeded through uncompensated lesions of the heart and lungs, such as

chronic endocarditis involving the aortic and mitral valves, cardiac dila-

tation, aortic aneurism, emphysema, large accumulations of fluid in the

pleural cavities
;
or it may be associated with obstruction of the renal

vein or inferior vena cava by thrombosis or pressure from tumors, etc.

The kidneys in this condition are, when typical, slightly or considerably

enlarged, increased in weight, hard, and dark red in color with capsule
not adherent and surface smooth. The congestion is most marked in the

capillaries of the glomeruli which are widely dilated, often with thickened

walls
;
in the interlobular veins, the vasa recta, and the stellate veins of

the cortical surface.

The epithelium of the convoluted tubules may be swollen
;
or it may be

much flattened so that the lumen of the tubule is enlarged. If the con-

gestion persist, there is hyperplasia of the interstitial tissue of the kidney
with degeneration of the epithelium, the formation of casts, atrophy of

the tubules, etc. Chronic congestion may lead to chronic diffuse nephritis.

Embolism, Thrombosis, and Infarction. If the renal artery or one of its

branches be plugged by an embolus or thrombus, an anaemic infarction

of the region is the result. There may be one or several such infarctions

which are usually more or less wedge-shaped, the apex directed inward

corresponding to the vascular territory compromised. They are pale or

yellowish, hard, and as inflammatory reaction sets in may be surrounded

by a red hyperaemic zone.

Within the limits of the infarction, necrosis of epithelium or of the

entire mass of involved tissue may take place with such subsequent
alterations as have been already described on page 76.

The seat of old and healed infarctions may be indicated by small

fibrous cicatrices.
'

Haeniorrhagic infarctions in the kidney are rare. Infarctions may
become the seat of gangrene when putrefactive bacteria gain access to

them ;
or suppurative inflammation with the formation of abscesses may

occur. Embolism of the renal artery may result in necrosis of the entire

1 For a study 01 the regenerative capacity of the renal epithelium in infarctions see

Thorel, Virchow's Arch., Bd. cxlvi., p. 297, 1896, bibliography. Also Thorel, Deutsch.
Arch. f. klin. Mod., Bd. Ixxvii., 1903.
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kidney. Thrombosis of the renal vein may be induced by the pressure

of tumors, either on this vessel or on the vena cava
;
or it may occur in

cachectic conditions.

ALBUMINUBIA AND CASTS.

Albuminuria. Albuminous material or serum not infrequently passes

out of the blood-vessels of the kidneys, either through the glomeruli or

the tubules, and mingles with the excreted substances. While this may
occasionally occur under conditions which cannot be regarded as ab-

normal, it is common in many diseases of the kidney and is frequent
without demonstrable kidney lesions in fevers, infectious diseases, ab-

normal conditions of the blood, various forms of poisoning, disturbances

of the circulation, etc. Albuminous material may also be set free by
abnormal metabolism or disintegration of the renal epithelium.

In albuminuria with pronounced kidney lesions there are usually
well-defined alterations in the capillaries of the tufts and in their epi-

thelial investment. There may be thrombi in the capillaries ;
their walls

may be thickened
;
the flat epithelium covering them may be swollen or

fatty, or may peel off, or it may proliferate. In the kidneys of cases of

pronounced albuminuria, preserved in alcohol or other fixatives which

coagulate albuminous material, this substance may be seen within Bow-
man's capsule or in the lumina of the tubules as fine or coarse granules.

FIG. 378. HYALINE GLOBULES IN URINIFEROUS TUBULE.

There Is also degeneration and disintegration of the epithelium.

Albuminous material in the tubules may form casts (see below) or when
the conditions are favorable fibrillar fibrin may form.

Casts. Albuminous material which under various abnormal condi-

tions has escaped from the blood-vessels in solution may coagulate,

especially in the lumina of the tubules, forming the more or less cylin-

drical or globular structures called casts. These may be homogeneous
in structure hyaline casts

;
or the albuminous material of which they
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are formed may be mingled with the products of degeneration and disin-

tegration of epithelial cells, either from the glomeruli or from the tubules ;

or with red blood cells, or leucocytes, or exfoliated epithelial cells. In

this way granular casts, epithelial casts, blood casts, etc., are formed. The

epithelium of the tubules may peel off in masses, forming cast-like cell

structures. Homogeneous globules of various sizes may be formed in

the tubular epithelium which is yet in place, and as the cells degenerate

FIG. 379. HYALINE CASTS IN URINIFEROCS TUBULE.

The epithelium is flattened in the tubules containing the casts.

and disintegrate, such homogeneous globules may collect in the lumina
of the tubules (Fig. 378) or they may fuse to form hyaline casts (Fig.

379). Homogeneous casts giving the micro-chemical characters of amy-
loid are of occasional occurrence in the tubules.

Casts and cell detritus may form both in the cortical and medullary
tubules and may pass out of the organ with the urine.

DEGENERATION.

Albuminous Degeneration (Parenchymatous Degeneration Acute Degen-

eration). This form of degeneration is most common in the acute infec-

tious diseases, such as diphtheria, scarlatina, measles, typhoid fever, yel-

low fever, and in many forms of septicaemia and toxseniia. It usually

accompanies similar lesions in other viscera. In moderate degrees of

the lesion, the epithelium, particularly of the convoluted tubules, is

swollen and more coarsely granular than normal (Fig. 380). In more

pronounced lesions iu addition to simple albuminous degeneration the

epithelium may become more or less filled with minute fat droplets, or

the cells may disintegrate and peel off, or they may become necrotic and

the nuclei fail to stain. The cell body may then undergo coagulation or

disintegrate.



620 THE URINARY ORGANS.

The gross appearance of the kidneys varies with the degree and ex-

tent of the degeneration. The kidney may be slightly or considerably

enlarged. On section the cortex is usually thickened and pale with ob-

FIG. 380. ALBUMINOUS DEGENERATION OF THE KIDNEY (Acute Parenchymatous Degeneration).

From a case of yellow lever, a. The swollen and granular epithelium peeling off and disintegrating ; ft,

hyaline material in the lumen of the tubule.

literation of the normal cortical markings. The capsule of the kidney
is not abnormally adherent. When there are other associated or an-

tecedent lesions in the kidney, the gross appearance of the organ varies.

Fatty Degeneration. This may occur in those diseases of the blood or

circulatory system in which general nutrition suffers
;
in infectious dis-

eases often associated with or following albuminous degeneration; in

i

'

?,</^
:;-.. ^

FIG. 381. FATTY DEGENERATION OF THE EPITHELIUM IN THE CONVOLUTED TUBULES OF THE KIDNEY.

The fat droplets are stained black by osmic acid.
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various cachexise
;
in acute and chronic forms of kidney disease, and in

poisoning by phosphorus, arsenic, etc.

The degeneration may be diffuse and widespread or it may occur in

patches. If diffuse, the cortex in which it is most marked is usually
more or less thickened, opaque, and yellowish ;

if in patches, there are

opaque yellow streaks or spots in the cortex. But these appearances are

often obscured by various other lesions. If the degeneration be moder-

ate in degree, there are larger and smaller fat droplets, usually most

abundant in the basal portion of the epithelium of the convoluted tubules

(Fig. 381). In more marked degeneration, the cells of the convoluted

FIG. 382. AMYLOID DEGENERATION OF TUFT CAPILLARIES IN THE KIDNEY.

a, The tuft is completely transformed into a waxy mass ; b, portions of tuft waxy ; c, tuft capillaries nor-

mal ; d, convoluted tubule with disintegrating epithelium.

tubules may be filled with fat droplets and may peel off, or they may
disintegrate, setting the fat free in the lumen of the tubules. The de-

generation may involve the tuft and capsule epithelium as well as that

of the collecting tubes, and fat droplets may be found free or in cells in

the interstitial tissue.

Amyloid Degeneration, This is usually associated with, amyloid de-

generation elsewhere in the body and commonly occurs in kidneys which
are already the seat of various forms of chronic lesion. Usually the

kidney is enlarged, the section is shining or translucent, the cortex is

thick and pale, the glomeruli are often unusually plain. The capillaries

of the tufts (Fig. 382) and the vasa recta are most often involved. If the

kidney be otherwise altered, the gross and microscopic appearances vary.

Glycogen Degeneration of the epithelium may take place in diabetes
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FIG. 383. GLYCOGEN DEGENERATION OF THE EPITHELIUM OF
THE KIDNEY IN DIABETES.

niellitus. It is usually most marked in the cells of Henle's locps (Fig.

383).

Calcification may occur in chronic inflammatory lesions or in old in-

farctions ;
in the iutertnbular tissue of the medulla in the aged, or in

casts in the collecting tubes.

INFLAMMATION.

General Considerations.

Many of the alterations in the kidney which are commonly considered inflammatory
are in fact degenerative, and these degenerative changes are often so important and so

conspicuous in the lesions as to

fairly dominate the gross and

microscopic appearances. The

processes in the kidneys which

may be properly considered in-

flammatory are either exudative

or productive, so that the appar-

ently complex series of kidney

changes which are grouped under

the name nephritis, or Bright's

disease, are really phases of exu-

dative or productive inflammation,
or both, associated with degener-

ative processes.

Whether the kidneys be

large or small, Avhite or red or mottled, smooth or rough ; whether the disease be acute

or chronic, it is always these comparatively simple processes, varying in extent, in

duration, in intensity, and in relative predominance, which are to be taken into the ac-

count in the study of inflammation of this organ.

There are perhaps no lesions whose classification has seemed beset with such diffi-

culties as those of the kidneys. This is largely due to a failure to realize that the vari-

ous phases of inflammation and degeneration do not stand apart as independent proc-
esses or lesions, but are closely associated and often merge. It is difficult, perhaps

impossible, to make a classification which shall meet the requirements of the clinic,

the limitations of urinary tests, and at the same time accord with the revelations of the

autopsy and the microscope.
One of the difficulties in framing a classification of kidney lesions is that there are

many and serious abnormalities in the function of the kidney which do not find expres-
sion in such structural changes as we can at present recognize. Our knowledge of such

of the minute structural lesions in the renal epithelium as are not manifested by altera-

tions in the size and form and organic integrity of the cell is, in fact, very meagre.
So that the attempt to classify inflammatory lesions of the kidney upon both clinical

and morphological data often leads to conjecture or confusion, frequently to both.

Considering the scope of this book and our present purpose, it seems wiser to set forth

here as concisely as possible the essential character of the lesions in acute and in chronic

phases of inflammation and degeneration in the kidney based upon morphological rather

than upon clinical data.

It is convenient to divide the acute inflammatory processes of the

kidneys into two forms, Siippurative Nephritis and Acute Diffuse Nephritis.

SUPPURATIVE NEPHRITIS.

Suppurative inflammation of the kidney may follow injury with local

infection. It is, however, most often due to the presence of bacteria,
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commonly the pyogenic cocci, which have been brought through the

blood-vessels from a remote infective focus, as iu ulcerative endocarditis,

septic phlebitis, etc. embolic infection. Or, on the other hand, the bac-

terial excitant may be transmitted to the kidneys through the urinary

passages ascending infection.

Traumatic lesions of the kidney may lead to suppurative nephritis
either through direct infection of the wound or by the establishment of

local vulnerability (see footnote, page 163) to the action of bacteria which

may later gain access to the injured tissue through the circulation.

After infected wounds or injuries of the kidney, large abscesses may
develop, or nearly the whole organ may be converted into a mass of pus,

blood, and disintegrated tissue.

In the embolic type ofsuppurative nephritis, small abscesses are formed
most frequently in the cortex. Whgrft ba.ptpiri a. lodge and grow in the

FIG. 884. ScpprRATiYE NEPHRITIS.

Developed from infection by way of the urinary passages (so-called "surgical kidney").

tissue there is at first circumscribed hypersemia or haemorrhage and

necrosis, with subsequent gathering of leucocytes and finally the disin-

tSgration of tissue and the formation of abscess._ Such kidneys present

to the naked eye on section small spots or in the medulla streaks which

are red or gray or yellow, depending upon the degree of advancement of

the lesion. In such areas the bacteria may be readily demonstrated,

sometimes in early stages in dense masses in the capillaries and other

smaller vessels, or later scattered through the necrotic and disintegrat-

ing tissue (Fig. 96, page 205). Embolic abscesses are commonly devel-

oped in both kidneys and by extensive coalescence may give rise to large
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abscesses. There is reason to believe that in certain forms of septicaemia

bacteria may secure a foothold in the tubules, not as emboli, but through
excretion.

' In such cases the suppurative foci may be at first limited

to the medulla.

Ascending Infection. In suppurative nephritis associated with a sim-

ilar process in the ureter, bladder, etc., the medullary portion of the

kidney is usually earliest involved and then the elongated form of the

suppurative areas (Fig. 384) corresponds to the grouping of the tubules

in this region.
2

Whatever the form in which it may manifest itself, suppurative in-

flammation of the kidney is commonly induced by some one or combi-

nation of the pyogenic micro-organisms which may lodge within it under

favorable conditions. Thus Streptococcus pyogenes, Staphylococcus py-

ogeiies, Bacillus coli comnmnis, Bacillus pyocyaneus, Bacillus proteus ;

the pueumococcus, the typhoid bacillus, and others, may be found in the

suppurative foci. Sometimes, however, especially in the more chronic

processes, micro-organisms are not demonstrable.

ACUTE DIFFUSE NEPHRITIS.

This process may occur in acute infectious diseases
;

it is especially

common in scarlatina and not infrequent in diphtheria, typhoid fever, the

exanthemata, malaria, and
in septicaemia due to vari-

ous bacterial excitants.

Tne lesious of acute dif '

fuse nePnritis vary greatly
iu extent >

in degree, in the

relative involvement of one

or other renal structure,

as well as with the dura-
FIG. 385.-AC.TE DIFFUSE NEPHRITIS. ^ ^^

Showing swelling of the cells covering the capillary tufts and
lining Bowman's capsule. as in other forms of inflam-

mation of the kidney, de-

generation is an important and often predominant factor in the mor-

phology of the lesions.

We shall now consider those lesions which in varying degrees are

characteristic of an early phase of acute diffuse nephritis, such as fre-

quently occurs in the course of the acute infectious diseases. While

changes in the different structural components of the kidney may occur

simultaneously and are intimately related to each other, we shall study
first the lesions of the glomeruli, second those of the tubules, third those

of the interstitial tissue and its vessels.

The Glomeruli. One of the early alterations in the tufts of the glom-
1 For study of excretion of bacteria by kidney see Ascfi, Cbl. f. Kr. d. Ham- u. Sex.-

Org., Bd. xiii., 1902, pp. 249 and 324. Also reference pp. 163 and 626.

For study of elimination of pigment by kidney, see Carter, Jour. Am. Med. Assn.,
November 21st, 1903.

2 For further details concerning suppurative nephritis consecutive to similar proc-
esses in adjacent organs see below.
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eruli is the swelling of the cells which cover the capillaries.
' These cells

which in normal conditions are thin and scarcely visible, save by their

nuclei, now project from the capillary loops, sometimes remaining closely

apposed to the capillary walls, sometimes assuming polypoid shapes

(Fig. 385), sometimes forming a continuous thick covering of cuboidal

cells over the vessels. The nuclei are larger than normal and mitosis

may be evident. Similar changes occur in the epithelium between the

capillary loops. The capillaries are sometimes distended and plugged
with cells ;

some of these are leucocytes ;
others are larger with large

nuclei and may be swollen endothelium. Hyaline thrombi are often

found in these tuft capillaries. The swollen and proliferating tuft epi-

thelia often undergo fatty degeneration and may peel off into the glom-
erular space.

In some cases the proliferation and exfoliation are extensive and

the cells may collect in crescentic masses within Bowman's capsule,

crowding the tuft toward

its hilus. The cells in these

crescentic masses may be

flattened from pressure and
in profile appear fusiform

(Fig. 386). The capsular

epithelium may be swol-

len or remain apparently
intact while there is a large

cell accumulation from the

tuft
;
or it may proliferate

or become fatty or peel off.

Swelling, exfoliation, and

proliferation of the glomer-
ular epithelium in some de-

gree are of frequent occur-

rence in acute nephritis.

They are sometimes so pro-

nounced, especially in acute

nephritis following scarla-

tina, either with or with-

out extensive associated lesions as to have suggested a name for one

phase of the lesion glomerulo-nephritis. There is sometimes a considera-

ble accumulation of albuminous exudate between the tuft and capsule.
Such albuminous material in specimens fixed by alcohol is in the form of

fine granules and may be mingled with exfoliated and often fatty epithe-
lium or cell detritus.

Leucocytes and red blood cells may be present with other exudate
within Bowman's capsule.

1 For a study of the development of the glomeruli and its relation to pathological
changes see Herring, Jour. Path, and Bact., vol. vi., p. 459, 1900.

40

FIG. 386. ACUTE DIFFUSE NEPHRITIS FOLLOWING
SCARLATINA.

Swollen cells are seen upon the capillary tuft and lining
Bowman's capsule. Polyhedral and flattened cells lie in masses

between the capsule and the tuft ; the latter has been pressed

upon by the cells and other exudate within the capsule.
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The Tubules. The lesions of the tubules of the kidney in the early

phases of acute nephritis are largely degenerative ; the epithelium, es-

pecially of the convoluted tubules, is swollen and coarsely granular (Fig.

380), or it may contain few or many fat droplets (Fig. 381) albuminous
and fatty degeneration. The epithelium may become necrotic and may
disintegrate or peel off over larger or smaller areas. Thus the lumina of

the tubules may contain fragments of epithelium or detritus mingled with

albuminous fluid serum red blood cells and leucocytes, or hyaline or

other forms of casts (Fig. 379). Eed blood cells may be extravasated

in considerable numbers and collect in the tubules or pass on with the

FIG. 387. ACUTE DIFHTSE NEPHRITIS.

Showing proliferation of cells on the tuft and lining the capsule of the glomerulus and the formation of new
interstitial tissue with large polyhedral cells glomerular and interstitial type.

exndates. The casts and other exudates may be present in the cortex or

in the collecting tubes of the kidney.
The Interstitial Tissue. This in early phases of acute nephritis may

be oadematous or it may be more or less infiltrated with leucocytes or

fibrinous exudate. Patches of new-formed small spheroidal cells, or

larger cells with conspicuous excentric nuclei may be present either in

the vicinity of the glomeruli (Fig. 387) or near the interlobular veins,

or a general thickening of the interstitial tissue may occur even very

early in some forms of acute diffuse nephritis, particularly in those fol-

lowing scarlatina and diphtheria.
We have thus seen that in the early phases of an acute inflammation
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FIG. 383. ACUTE DIFFUSE NEPHRITIS.

Showing pus cells and grandular exudate in the tu-

bules, with flattening of the epithelium ; also moderate

of the kidneys, such as may occur independently or in connection with

acute infective processes elsewhere, there is an involvement of all the

structural units of the organ, the

glomeruli, the tubular epithelium,

and the interstitial tissue. Such
a process involving the various

kinds of tissue is called diffuse,
'

and the process is therefore desig-

nated Acute Diffuse Nephritis.

While both kidneys are in-

volved in acute diffuse nephritis,

the lesions in each are by no

means uniform either in extent or

advancement and are often patchy
or irregular in distribution.

Variations in Type in Acute

Diffuse Nephritis. There are many oedema of the interstitial tissue-exudative type.

variations in the type of the le-

sions in acute diffuse nephritis, some of which seem to be directly de-

pendent upon the character of the excitant, while in others the varia-

tions cannot as yet be associated with known determining conditions.

If one guard himself against the notion of distinct species in the le-

sions it is convenient to recognize certain structural variants or types.

Thus the changes in the glomerular capillaries and epithelium may,
as above indicated, be prominent glomerular type (so-called glomerulo-

neiyhritis*) (Figs. 386 and 387) ; the degenerative process in the tubular

epithelium may be extreme parenchymatous or degenerative type ; there

may with other lesions be considerable haemorrhage into the glomeruli
tubules and interstitial tissue hcemorrlmgic type. With or without marked
structural involvement of the parenchyma and interstitial tissue there

may be an exudative inflammation in which serum and leucocytes (Fig.

388) and more or less red blood cells may gather in the glomeruli or tu-

bules and with various forms of casts pass off in the urine. This, which

is common, has been called by Delafield the exudative type of acute diffuse

nephritis. Finally, with any one or more of the above types of lesion

there may be early and significant involvement of interstitial tissue of

the kidney, so that new and often very cellular tissue, either in small

patches or through a large portion of the organs, may lead to tubular

atrophy and to serious and permanent structural alterations. This, which

has been called by Delafield the productive type, by others tbe interstitial

type of acute diffuse nephritis (Figs. 387 and 389), is most frequent as a

complication of scarlatina ; it may follow diphtheria, or puerperal infec-

tions, and may occur as an apparently independent process.*
1 It should be understood that the word "

diffuse
"

is not used in the sense of wide-

spread or uniform, but as indicating involvement of the various structural units of the

organ.
'-Consult for an interesting study of "acute interstitial nephritis," Councilman,

Jour. Exp. Med., vol. iii., p. 393, 1898. Councilman regards the new cells in the inter-

stitial tissue as largely
"
plasma cells

" derived from lymphoid cells of the blood.
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Between these types of lesion, largely based, as will be seen, upon the

relative involvement of the structural units of the kidney, are niaiiy in-

termediate forms which the scope of this book does not permit us to

consider.

Kidneys which are the seat of acute diffuse nephritis sometimes ap-

pear almost normal on gross inspection. But in more typical forms they

FIG. 389. ACCTE DIFFUSE NEPHRITIS.

A vertical section of the cortex, showing the wedge-shaped growth of connective tissue with atrophy of

the glomeruli and tubules in the region especially involved, which is the territory of one of the interlobular

arteries. This is acute nephritis of the productive type.

are slightly or considerably enlarged, the capsule is free, the cortex is

thickened, and either reddened or pale or mottled red and gray. When
the interstitial tissue is cedematous the cortex may appear translucent.

The glomeruli may be red or pale and conspicuous or normal in appear-
ance. The pyramids may seem unusually red by contrast with the

thickened pale cortex. In hsemorrhagic forms of acute nephritis in

which blood may collect in the glomeruli in the interstitial tissue and in

the tubules, the cortex may be mottled with red.

In many forms of acute diffuse nephritis, particularly if the inter-

stitial tissue be not considerably involved, resolution may take place.

The Excitants of Acute Diffuse Nephritis. In many cases of acute dif-

fuse nephritis, the process seems to be due to toxic substances which are

formed under the influence of micro-organisms in other parts of the body
and presumably excreted by the kidney with whose cells they come into

intimate contact or in whose metabolism they may share. Acute nephritis
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is also induced by various exogenous poisons, such as corrosive subli-

mate, carbolic acid, cantharides, and many others; it may occur with

extensive lesions of the skin and after exposure to cold. In the acute

nephritis following extensive burns, exposure to cold, etc., it is probable
that the poisonous products of abnormal body -cell metabolism are the

direct excitants.

Bacteria may be eliminated from the body through the kidney some-

times without inducing lesions which are demonstrable with our present

technique.
' The following bacteria have been found by numerous ob-

servers in the kidney and in the urine, in acute diffuse nephritis: the

typhoid bacillus, pneumococcus, streptococcus and staphylococcus, the

colon bacillus, and others. The Plasmodium malarise may be present in

the kidney in large numbers. 2 To what extent the kidney lesions are due

to the presence of these organisms themselves and to what extent to elimi-

nated toxins is not yet clear.

Persistent and Advancing Lesions following
1 Acute Diffuse Nephritis.

If we follow the alterations which the kidney in acute diffuse nephritis may un-

dergo, if resolution do not occur, but the process continues, we find that in each of the

FIG. 390. DIFFUSE NEPHRITIS.

Showing an advancing lesion following an acute type. Note the formation of a patch of dense fibrous tis-

sue, with thickening of the walls of the glomeruli and atrophy of the tubules.

three structural units of the kidney, the glomeruli, the tubules, and the interstitial tissue

with the blood-vessels, important changes take place which often lead to slight or to

'See Biedl and Kram, Arch. f. Exp. Path. u. Phar., Bd. xxxvii., p. 1, 1896, bibli-

ography; also v. Klecki. ibid., Bd. xxxix., p. 178, 1897; also Sittmann, Deut. Arch, t
klin. Med., Bd. liii., p. 328, 1894. See also references pages 163 and 624.

'- For a study of malarial nephritis, see Thayer, Am. Jour. Med. Sciences, vol. cxvi.,

p. 560, 1898.

See for the study of a case of acute malarial nephritis with large numbers of para-
sites in the kidney, Ewing, Trans Assn. Am. Phys., vol. xvi., 1901.
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marked deformities of the organ, and to such minute changes as are in fact charac-

teristic of what we are wont to call chronic diffuse nephritis.

The capillaries of the tufts may become partly or wholly obliterated by a gradual

thickening of their walls and an increase of the connective tissue between them, while

at the 'same time Bowman's capsule is thickened and contracts upon the altered tuft

(Fig. 390) with which it may unite so that the glomerulus may finally be represented

by a small, dense spheroidal mass of fibrous tissue (Fig. 39] ).

The interstitial tissue of the kidney may be increased in patches, most often at first

near the glomeruli or along the interlobular veins. This tissue may at first be quite

cellular, resembling a collection of small spheroidal cells or larger polyhedral cells,

among which new fibrillar stroma may develop ;
or there may be a more diffuse in-

crease of connective-tissue cells and stroma. As this new-formed fibrous tissue grows
less cellular it contracts, the tubules which it encloses are atrophied, the epithelium

may undergo fatty degeneration and peel off or become

flattened, casts may be present in the narrowed lumen
and the tubules may at last be represented by a small

cluster of flattened cells without distinct tubular structure,

or they may disappear altogether (Fig. 390). Such islets

or masses of new-formed fibrous tissue enclosing variously
altered and atrophied remnants of glomeruli and tubules

vary greatly in size and usually merge gradually into less

altered kidney tissue. When they are formed near the

surface of the kidney, the shrinkage of the fibrous tissue,

^-^^ - _ which is continuous with the inner layers of the capsule,

f^>4p<>& ma
.
v draw the surface inward, leaving between the irregu-

lar depressions the areas of less altered, or otherwise al-

FIG. 391. ATROPHIED GLOM- tered, kidney tissue somewhat projecting in irregular
ERUU-S IN CHRONIC NEPHRI- knobs or granules. Thus arise the granular surface and

the adhesion of the capsule which are frequent in some
The tuft is converted into a forms of persistent diffuse nephritis,
dense mass of fibrous tissue. In the partg of the ki(jney jesg jnvolved, or not at all

involved in the production of new fibrous tissue, the tu-

bules may undergo marked alterations. Thus the epithelium may be swollen and

coarsely granular or fatty ;
it may become necrotic so that the nucleus fails to stain

;

it may, when necrotic or degenerated, peel off or disintegrate so that the tubules may
be extensively denuded. On the other hand, the epithelium may remain in position
but be much thinner than normal, while the lumen is largely dilated. This may take

place by the blocking of the tubules below by desquamated cells or by compression
of new-formed interstitial tissue. The whole tubule, not merely the lumen, may be di-

lated and irregular in shape, with well-preserved or fatty or otherwise altered epithe-
lium. Casts of various forms may be present.

CHRONIC DIFFUSE NEPHRITIS.

General Considerations. We have seen that when the inflammatory

process in the kidneys, at first acute, is protracted, both the degenerative
and the productive lesions may become more marked and extensive.

Thus with a preponderance now of the interstitial alterations and again
of the degenerative or other changes in the parenchyma, the kidneys in

a condition of chronic diffuse nephritis may present a considerable va-

riety in gross as well as microscopical appearance. They are sometimes

larger than normal, as is often though not always the case when the par-

enchyma is more conspicuously involved
;
or smaller, as is usual when

the interstitial lesions are widespread or advanced.
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Although there is no sharp line of separation, either clinical or mor-

phological, to be drawn between acute and chronic diffuse nephritis, it

is convenient to group kidney lesions in this way with the understanding
that many intermediate forms exist, as must be the case, since, as we
have seen, acute nephritis may pass gradually into the chronic form.

While acute diffuse nephritis may be followed by the alterations

which have just been summarized and which are characteristic of certain

phases of chronic diffuse nephritis, the latter process, it should be remem-

bered, is by no means always or usually preceded by an acute form of in-

flammation.

In some phases of chronic diffuse nephritis, although interstitial

alterations are present, the lesions of the tubules may be the most prom-
inent feature ;

thus albuminous and fatty degeneration, disintegration,

flattening and peeling of the epithelium, the formation of casts, the dila-

tation of the tubules, etc., may be most conspicuous. In another mor-

phological group of kidneys in chronic diffuse nephritis, while there are

many alterations in the tubules, the most marked change is the increase

in amount and the subsequent contraction of the interstitial fibrous tissue

with atrophy of the tubules and glomeruii and the consequent diminu-

tion in size and alteration in shape and consistence of the organ. Be-

tween these extremes of lesion there are all intermediate forms, in

kidneys which are larger than normal, of normal size, or smaller than

normal.

In endeavoring to classify or group the lesions in chronic diffuse

nephritis, one encounters difficulties similar to those which beset a like

attempt in the acute forms of renal inflammation. But the difficulties are

enhanced in the former case by the fact that the conditions under which

the lesions develop are far more diverse and variable and at the same
time are often much more obscure.

If we leave out of sight for the moment the conditions under which

chronic diffuse nephritis may arise and the direct excitants which with

more or less certainty can be fixed upon as important and confine our

attention to morphology, it is at least convenient to place in one group
as above indicated kidneys in which, while there may be important

changes in the glorneruli and in the interstitial tissue, the most marked
lesions are in the tubular epithelium. This may conveniently be called the

parenchymatous or degenerative type of chronic diffuse nephritis.

On the other hand, there is another large and important class of kid-

neys which are characterized morphologically by a relatively prominent
increase in the amount of interstitial fibrous tissue with associated destruc-

tion by atrophy or otherwise of the tubular structures. This may be

called the interstitial type of chronic diffuse nephritis.

In considering this in many respects artificial grouping of persistent

inflammatory kidney lesions, it should be remembered that while the

parenchymatous and the interstitial types of lesion may originate as such

and so persist, the lesion of the parenchymatous type may, as the disease

progresses, assume the characters of the interstitial form.
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Parenchymatous Type of Chronic Diffuse Nephritis. This may originate

in an acute diffuse nephritis but more frequently develops independently
of this. As in other forms of diffuse nephritis, the tubules, the gloni-

eruli, and the interstitial tissue are more or less involved. The lesions

are most marked in the cortex (Fig. 592), and here the epithelium may

1
'

-4 H

FIG. 392. CHRONIC DIFFUSE NEPHRITIS PARENCHYMATOUS TYPE.

At the left is a band of new-formed flbroiis tissue with atrophy of tubules and swelling and prolifera-

tion of the capsule cells ; in the central portions the tubular epithelium is disintegrating at the edges, while

at the right the lumina of the tubules are dilated, with flattening of the epithelium.

be swollen and coarsely granular or is often fatty. Droplets of clear

fluid may form within the epithelium so-called "vacuoles." The epi-

thelium may be flattened or it may peel off or disintegrate and the cells

and cell detritus together with leucocytes, red blood cells, and casts may
collect in the irregular and often widened lumiua. The casts may be

hyaline or granular or epithelial, or they may be covered with leucocytes
or red blood cells. In the glomeruli, the tuft and capsule cells may
swell and proliferate and peel off (Fig. 393) ;

albuminous fluid which in

specimens hardened in alcohol is represented by a granular precipitate

may be present in the intracapsular space and in the tubules. The in-

terstitial tissue may be increased in amount, usually in circumscribed re-

gions, and here the enclosed tubules are atrophied. Not infrequently,
more or less extensive haemorrhages occur.

If the disease have been of long standing the new-formed interstitial

tissue may be present in considerable amount with much destruction of

the tubules. The glomeruli may be compromised by the thickening of

Bowman's capsule and the obliteration of the capillaries, so that at length
the tuft and capsule may fuse and the glomeruli may be represented by
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dense fibrous nodules (Fig. 391). The growth of interstitial tissue in

patches may, when near the surface of the organ, bind the capsule to the

kidney so that in its removal small masses of the parenchyma may be

stripped off, leaving a rough surface on which grayish depressed areas,

corresponding to the interstitial growth, are intermingled with more pro-

jecting light or yellowish portions, in which albuminous or fatty degen-
eration of the tubular epithelium may be marked and extensive. Very
often the new fibrous tissue develops along the course of the interlobular

vessels so that cylindrical or narrow, wedge-shaped areas are affected, ex-

tending inward from the capsule (Fig. 394). Amyloid degeneration in-

volving the capillary tufts, the vasa recta, and the larger arterial trunk

is common.
Such kidneys as have just been described present varying gross ap-

pearances which are dependent upon the character, extent, and distribu-

FIG. 393. CHRONIC DIFFUSE NTEPHRITIS.

Showing swelling of tuft and capsule epithelium ; flattening of the tubular epithelium and slight increase

in the interstitial tissue.

tlou of the lesions. Some are larger than normal Avith a thickened whit-

ish or yellowish cortex. These are often called large white kidneys. But

kidneys with essentially similar lesions are not always large, are often

nearly normal in appearance, or may be smaller and with a cortex thinner

than normal. If haemorrhage into the tubules or interstitial tissue be a
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marked feature of the lesion, the cortex may be reddish or mottled red

and yellow. Such are the so-called large red kidneys.

Arterio-sclerosis and cardiac hypertrophy frequently accompany this

type of kidney lesion.

Interstitial Type of Chronic Diffuse Nephritis. The type of chronic dif-

fuse nephritis in which the growth of interstitial tissue is conspicuous,
which may be called the interstitial or indurative type, apparently some-

times represents a later phase of the parenchymatous type ;
or it may re-

sult from chronic congestion, or be associated with arterio-sclerosis
;
but

it appears to be more fre-

quently an independent proc-
ess. As the new interstitial

tissue which is formed in

patches or streaks or large
masses gradually becomes less

cellular, more dense, and

shrinks, the kidneys are

usually smaller than normal

and, owing to the uneven dis-

tribution of the lesion, rough
upon the surface when the

thickened and adherent cap-
sule is stripped off. The
areas of the cortex in which
the fibrous tissue is most

abundant (Fig. 395) are

grayish or translucent and de-

pressed, while the parenchy-
ma between, often fatty, pro-

jects as yellowish rounded

knobs or granules. This con-

dition is therefore sometimes

spoken of as "granular atro-

phy," and such kidneys are

often called "granular kid-

neys
" or "

atrophied kid-

neys.
" The tissue is firm and

resistant to the knife
;
and on section the cortex is seen to be in general

thinned, often extremely so, some portions being much more atrophied
than others. Cysts of various sizes may be formed from dilatation and
coalescence of tubules. The cortex is usually more involved than the

medulla. The fat with which the kidney is surrounded is often largely
increased.

On microscopical examination the new-formed interstitial tissue is

sometimes in patches (Fig. 396) or streaks along the course of the in

terlobular vessels, with less affected regions between them. In these

fibrous portions there may be flattening of the epithelium and various de-

FIG. 394. CHRONIC DIFFUSE NEPHRITIS PAREXCHYMA-
TOCS TYPE.

^,

Showing a wedge-shaped mass of new-formed tissue ex-

tending inward from the capsule of the kidney, to which it

is firmly attached. The tubules within the fibrous area are

atrophied, while the tubules elsewhere show various degen-
erative epithelial changes.
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grees of atrophy or complete destruction of the epithelium and the tu-

bules. Between these fibrous regions, little altered tubules may be pres-

ent or those with granular and fatty degeneration, exfoliation, and dis-

integration of the epithelium. Various forms of casts may be present in

the tubules ;
the epithelium may be flattened with enlargement of the

lumen. The glomemli are variously altered ;
thus there may be thicken-

ing of the capillary walls and of Bowman's capsule (Fig. 397), increase

and exfoliation of the tuft and capsular epithelium, or a more or less

complete conversion of the glomerulus into a knob of dense fibrous tissue.

1

FIG. 395. CHRONIC DIFFUSE NEPHRITIS ATROPHIED KIDNEY.

The capsule is thickened and adherent, especially to the dense mass of flbrous tissue at the left of the

section in which the tubules are greatly atrophied. At the right the parenchyma is less atrophied, but here
the lumina of the tubules are dilated, the epithelium is degenerating and flattened.

In advanced phases of the lesion the kidney may be very small
;
then

a large part of the tissue is involved
;
and while the atrophy is always

more marked in some places than in others, it is often difficult to find

any normal structural elements.

Fibrous thickening of the walls of the arteries and veins of the kid-

neys is usual in this type of chronic diffuse nephritis (.Fig. 398).

Amyloid degeneration of the vessels is not infrequent. The heart is

often greatly hypertrophied and general arterio-sclerosis is common.
Variations in Type in Chronic Diffuse Nephritis. There are many vari-

ants in the two types of chronic diffuse nephritis which we have briefly

described. It is possible to indicate in a general way morphological

appearances which are frequently present and more or less character-

istic of each of the variants when the kidney lesions occur in connection
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with either gout or chronic visceral congestion or arterio-sclerosis or

syphilis. But these variations in form cannot be further considered here.

FIG. 396. CHROXIC DIFFUSE NEPHRITIS.

Showing interstitial tissue, dense and fibrous in type, between the tubules. The epithelium is in part flat-

tened ; in places shows albuminous degeneration.

The diverse appearances which the kidneys present in chronic diffuse

nephritis are, as we have seen, largely due to variations in local and gen-
eral tissue vulnerability or to the rapidity and to the stage of develop-
ment of the lesions as well as to the nature of the excitant; .-. But acute

FIG. 397. CHRONIC DIFFUSE NEPHRITIS.

Showing fibrous thickening of the glomerular tuft with a mass of dense fibrous interstitial tissue at one side

(below) of the glomerulus. From an atrophied kidney.
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inflammatory processes not* infrequently supervene in kidneys which are

the seat of slowly developed chronic processes ;
so that lesions typical of

both acute and chronic nephritis are not infrequently associated. Finally
it is evident that the grouping of the kidneys in chronic diffuse nephritis
in accordance with the structural elements of the organ most conspicu-

ously involved is essentially artificial, since this in many cases is simply
an indication of the period of the disease at which the patient died.

The Excitants of Chronic Diffuse Nephritis. The conditions under which
chronic diffuse nephritis occurs are most diverse. Thus, judging from
the clinical history, it may be a primary process ;

it may follow infec-

tious diseases either with or without a previous acute nephritis ;
it is not

infrequently associated with gout and syphilis, with lead poisoning, with

excessive use of alcohol, with arteriosclerosis, with general chronic con-

gestion of the viscera, with chronic

suppurative and tuberculous processes, <=-'
c "r "

*^'

and appears in many cases to develop .,$
"

~- ~~i-^ -^^
under the influence of dietetic excesses ,-'^L' -^ ~' -- *"*

>*v
and protracted gastro-intestinal dis- ,^ // / ;

v
;^vr\ v=

orders. The nature of the excitants '^j

' '

',
f

j(

:

L^----"
V V V

under these various conditions is most ./ .
, *

' '

obscure. Although in gout, lead poison- f^' ^
ing, alcoholism, etc., a fairly definite

'

V' *

inciting toxic agency may be assumed,
"

the exact mode of action of such ex-

trinsic or intrinsic poisons is almost .. ...

wholly unknown. In regard to other

excitants of chronic diffuse nephritis, ^njJ
the prevalent views as to the impor- WITH CH&ONIC DIFFUSE NEPHRITIS.

tance of disturbed metabolism in the

body which may lead to the excretion of abnormal harmful products
favor the conjecture that in many cases at least both the degenerative
and the productive processes may be the marks of a persistent auto-

intoxication.

The relationship between arterio-sclerosis and chronic kidney lesions

is not clear. Nor is it certain, assuming the initial importance of ob-

structive vascular lesions, whether the new formation of fibrous tissue

should be regarded as a primary productive inflammation or as replace-

ment hyperplasia secondary to epithelial degeneration and tubular

atrophy.
It should be remembered that in most cases the lesions of chronic

diffuse nephritis are not independent, but are usually associated with

those of other viscera. The significance of this association varies greatly.

While the kidney lesions may be primary they are very often secondary
to other visceral abnormalities, or the whole series of lesions may be de-

pendent upon a common known or unknown etiological factor. 1

1 For studies bearing on experimental nephritis see Castaigne and Rathony, Sem.
Med., September 23d, 1903. Also TJtorel, D. Arch. f. kl. Med., Bd. Ixxvii., 1903.
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TUBERCULOUS NEPHRITIS.

Miliary tubercles may be present in the kidney in general acute mili-

ary tuberculosis or in a localized tuberculous inflammation which is most

marked elsewhere. Eenal tuberculosis is, however, most often associated

with tuberculous processes in other parts of the geuito-uriuary tract. It

FIG. 399. TUBERCULOUS NEPHRITIS.

is not infrequently primary in the kidney and then is often unilateral. If

only one kidney be involved the other may become the seat of chronic

diffuse nephritis with waxy degeneration of the walls of the arteries.

Tuberculous inflammation may occur in a kidney already the seat of

chronic inflammatory changes.
The process is apt to begin in the mucous membrane of the pelvis and

calyces, and extends from thence first to the pyramidal and afterward to

the cortical portion of the kidney. In the mucous membrane of the

pelvis and calyces there is a growth of new cellular tissue studded with

tubercle granula ; while the epithelial cells proliferate, become deformed,
and desquamate. This process is often soon followed by cheesy degen-
eration of the inflammatory products. Similar changes occur in the

kidney which may become extensively involved and largely destroyed.
The portions of the organ which do not share directly in the tuberculous

process often develop lesions of the interstitial type of chronic diffuse

nephritis or of suppuration. Thus the kidney may become hollowed out

into a series of ragged cavities with caseous and disintegrating walls

(Fig. 399). Sometimes the process comes to a standstill, and then the

caseous portions may be infiltrated with salts of lime.
'

1 For a study of diffuse renal tuberculosis see Heyn, Virch. Arch., Bd.'clxv., p. 42.
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SYPHILITIC INFLAMMATION.

Gummata of the kidney are of occasional occurrence. A close rela-

tionship between syphilitic arteritis and atrophied forms of chronic dif-

fuse nephritis seems probable.
1

STJPPURATIVE PYELITIS AND PYELO-NEPHBITIS.

Suppurative Pyelitis is often associated with suppuration of the kid-

ney substance, more frequently, with a similar process in the bladder or

ureters. But it may occur by itself. It is incited by the same micro-

organisms as are concerned in the induction of the associated lesions in

the kidney and bladder
;
in the latter case, it is most often the Bacillus

coli coniinunis, the Streptococcus pyogenes, and Staphylococcus pyogenes.
The mucous membrane of the pelvis may be congested, thicker and

more opaque than normal, and coated with pus or with patches of fibrin.

The presence of pelvic calculi is to be regarded as a predisposing rather

than as a direct inciting agent in suppurative pyelitis.

Suppurative Ureteritis. The conditions under which suppurative in-

flammation of the ureter occurs are similar, as is the general appearance
of its mucous membrane, to those just indicated in the pelvis.

FIG. 400. CHROXIC PYELO-XKPHKITIS.

Showing dilatation of the pelvis and calyces.

Suppurative Pyelo-Nephritis with Cystitis. In this association of lesions

of the bladder and kidneys, which is usually initiated by the inflamma-

tion of the bladder, the affection of the kidneys is commonly bilateral.

The suppurative areas in the kidney may be in the form of small ab-

scesses scattered through the kidneys, or in the form of elongated whitish

streaks or wedges between the tubules (see Fig. 384). The purulent foci

are often surrounded by a red zone of congestion.
1 For bibliography see Delaware. Gaz. d. Hopitaux. May 12th, 1900.
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The kidney tissue in the vicinity of the abscesses may be necrotic, the

outlines of the cells being preserved but their nuclei absent or not re-

vealed by the usual staining agents.

The infective agent may traverse the ureters in passing from the

inflamed bladder to the kidneys, leaving the mucous membrane of the

ureter intact.

Chronic Pyelo-Nephritis. Chronic cystitis or calculi in the pelvis of

the kidneys may set up a chronic inflammation which involves both the

pelvis and calyces and the kidney tissue. The mucous membrane of the

pelvis and calyces is thick-

ened, the epithelial layer
is changed, there is a

growth of granulation tis-

sue beneath the epitheli-

um, and there may be little

polypoid outgrowths. The
surface of the mucous
membrane is coated with

pus or fibrin, or the cavity
of the pelvis and calyces

are dilated and distended

with purulent serum (Fig.

400).
The kidney itself is the

seat of a chronic inter-

stitial inflammation with

the production of new con-

nective tissue, and some-

times of pus, with oblitera-

tion of the renal tubules.

HYDBONEPHBOSIS.

Dilatation of the pelvis

and calyces of the kidneys

may be congenital and may
be associated with other

malformations. The pel-

ves and calyces of both kidneys, and the ureters, are distended with

urine ; the bladder may be also distended and its wall hypertrophied.
The urethra may be closed, or no obstruction can be demonstrated.

In adults hydrouephrosis may follow mechanical obstruction of the

urethra or ureters (Fig. 401), from inflammation, tumors, or calculi.

According to the position of the obstruction, either one or both kidneys
are involved.

The pelvis and calyces are dilated, sometimes enormously, and filled

with urine alone or urine mixed with pus. The kidney tissue is flat-

tened and thinned over the distended cavities. Its texture may remain

FIG. 401. HYDRONEPHROSIS.

From obstruction of ureter.
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unchanged, or there may be developed suppurative pyelonephritis or

chronic diffuse nephritis.

PERINEPHRITIC SUPPURATION.

t
The loose connective tissue about the kidney may become the seat of

suppurative inflammation. This may follow mechanical injury or may
be secondary to suppurative or other inflammatory processes, such as

carjes of the spine, einpyerna, pelvic cellulitis, puerperal parametritis,

perityphlitls, and suppurative nephritis. It may be associated with

acute infectious diseases in children. The suppuration may extend back-

ward through the muscles ; downward into the iliac fossa, the perineum,
the bladder, the scrotum, or the vagina ; forward into the peritoneal cav-

ity or the colon
;
or upward through the diaphragm.

The kidney itself may be simply compressed by the abscess or be-

come involved in the suppurative process.

CYSTS IN THE KIDNEYS.

Cysts are formed in the kidneys both during intra-uterine and extra-

uterine life.

Congenital Cystic Kidneys are often striking objects. Either one or

both kidneys may be greatly

enlarged and converted into a

mass of cysts (Fig. 402). The

cysts are of various sizes and

are Separated from each other

by fibrous septa or compressed

kidney tissue. They may con-

tain a clear yellow, acid thud

holding in solution the urinary
v% ^^^J^X

*'"*"'

salts ;
or the fluid is turbid and ;1F_- ^ffctv *

brown, and contains blood,

uric-acid crystals, and choles-

terin. The cysts are often

lined with a single layer of flat,

polygonal cells. Some of them
seem to be formed by a dilata-

tion of the tubules and of the

capsules of the Malpighian
bodies. As causes for such

dilatations there may be found

obliteration of the tubes in the

papillae, and stenosis of the

pelvis, ureters, bladder, or ure-

thra. Other congenital mal-

formations are often associated

with this.

Cysts of the Kidney in the
41

FIG. 402. CONGENITAL CYSTIC KIDNKY.

Only very small portions of the kidney tissue remain,

crowded between the cysts.
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Adult may be single aiid occur in otherwise normal organs. There may
be one or more cysts filled with clear or browii serum or gelatinous

material (Fig. 403). These cysts do not appear to interfere with the

function of the kidneys.
In chronic diffuse nephritis, especially in the atrophic form, groups

FIG. 403. SINGLE CYST OF THK KIDNEY.

of tubes may be dilated. Apparently one or more of the larger tubes

in the pyramids is obstructed, and this causes dilatation of a correspond-

ing group of tubes. Such a dilatation may be moderate in size, or it

may form cysts visible to the naked eye. Occasionally both kidneys are

very much enlarged and converted into a mass of cysts containing clear

or colored serum or gelatinous material. The nature of these cysts is

uncertain : they may be congenital. They are sometimes associated with

similar cysts in the liver.
'

Small multiple cysts of the ureter, lined with flattened or cuboidal

epithelium, are of occasional occurrence, and may be associated with sim-

ilar cysts in the pelvis of the kidney. Such cysts in the ureter may be

pedunculated.
2

1 For a study of cystic kidney with extensive bibliography see Ritchie, Laboratory
Reports, Royal College of Physicians, Edinburgh, vol. iv.

'2 For a resume of cysts of the ureter with bibliography see Harris, Am. Med.
, May

3d. 1902.
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RENAL CALCULI.

In the kidneys of new-born children, from the first to the fourteenth

day after birth, the large tubes of the pyramids often contain small,

brownish, rounded bodies composed of the urates of ammonium and so-

dium. Similar masses may also be present in the calyces and pelves.

In still-born children these masses are usually absent. The carbonate

and phosphate of lime may be deposited in the tubes of the pyramids, in

the form of white linear masses, in the kidneys of old persons and of

those who have suffered from destructive diseases of the bones.

Urate of soda in the form of acicular crystals is deposited both in the

tubes and stronia of the kidneys of gouty persons.
Concretions of the urinary salts are often formed in the pelves of the

kidneys. They may remain there as rounded masses, or they may attain

a large size and be moulded into the shape of the pelvis and calyces.

Smaller calculi may pass into the ureter and either become impacted
there or pass through it into the bladder. The most common form of

calculus is that composed of uric acid. But they may also be formed of

uric acid with a shell of oxalate of

lime, or of oxalate of lime alone, or

of the phosphates, or of cystin.

The most serious result of the

presence of these calculi is the oc-

clusion of the ureters or the incite-

ment of pyelo-uephritis.

TUMORS.

Small fibromata, lipomata,
1

myo-

mata, and angiomata may occur in

the kidney and with the exception
of the fibromata are most common
in the cortical portion. Papilloma

may form in the mucous membrane
of the pelvis. Sarcoma, myxosarcoma,
and endothelioma, often of large size,

may develop in the kidney. These

tumors are frequently soft and vas-

cular and are prone to hemorrhage. Primary sarcoma of the kidney is

common in children. Secondary sarcoma of the kidney is not rare.

Adenoma is of frequent occurrence in the kidneys. It usually origi-

nates in the cortex and may be invisible to the naked eye (Fig. 404), or,

in the form of a well-defined, circumscribed nodule (Figs. 405 and 406),
it may invade the medulla or largely replace the kidney. The adeno-

mata are usually light in color save when very vascular with hsemor-

1 See for studies and bibliography of lipoma Ulrich, Ziegler's Beitr. z. path. Anat.,
Bd. xviii., p. 603, 1895; also Miller, Virchow's Arch., Bd. cxlv., p. 339, 1896.

FIG. 404.- SMALL ADENOMA OF KIDNEY.

Situated in the cortex.
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rhage, and they may be separated from the kidney structure by a fibrous

capsule. Such tumors are not rare in children.
1

There are two principal varieties of these tumors, the papillary and
the alveolar, which are, however,

closely related.

1. Papillary Adenoma. There

are cavities of different sizes, from
the walls of which spring branch-

ing tufts covered with cylindrical

or cuboidal epithelium (Fig. 407).
These tufts nearly fill the cavities.

2. Alveolar Adenoma. There is

a connective-tissue framework en-

closing small round, oval, or tubu-

lar alveoli, lined or filled with

cells (Fig. 409). The cells are

usually large and may be cylindri-

cal, cuboidal, or polyhedral, and

may be pigmented in a manner
similar to the cells of the adrenals.

Fatty degeneration of the epi-

thelium may be excessive and

glycogen may form in the cells of

these tumors. The stroma may
be present in considerable quan-

tity, the blood-vessels may form

conspicuous features, or a cystic

distention of the alveoli may
occur. Large areas may become
necrotic. They may form metas-

tases.

Many of these tumors appear
to have developed from adrenal

cells astray in the kidneys, and

are then called hypernephroma (Figs. 405 and 408).
The relationship between true adenoma of the kidney, adenomata

which appear to develop from strayed adrenal elements, and similar

tumors which are regarded by some observers as endotheliomata or endo-

thelial sarcomata, and certain forms of angio-sarcoma, is not yet alto-

gether clear.
2

Primary carcinoma of the kidney is rare, adenoma being frequently

mistaken for it. Secondary carcinoma is not infrequent.
3

1 See Engelken, Ziegler's Beitr., Bd. xxvi., p. 320, 1899, bibliography.
2 For a study of hypernephroma of the kidney see Kelly, Phila. Med. Jour., 1898,

vol. ii., pp. 223, 283, bibl. ; see also summary by Thorndike and Cunningham, Boston
Med. and Surg. Jour., December 3d, 1903.

3 For a careful study of tumors and other growths in the kidney see Kelynack,
"Renal Growths," 1898, bibliography; also references to bibliography, Busse, Vir-

chow's Arch., Bd. clvii., pp. 346, 377, 1898.

FIG. 405. ADENOMA OF THE KIDNEY.

(Hypernephroma.)

A tumor of the kidney formed from aberrant adrenal
tissue.
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ir

FIG. 406. ADENOMA OF THE KIDNEY.

Showing encapsulation of the nodules.

>a

FIG. 407. ADENOMA OF THE KIDNEY.

Papillary variety.



646 THE UEINAEY ORGANS.

FIG. 408. HYPERNEPHROMA.

The cells filling the alveoli are in part transparent, resembling those of the adrenal.
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FIG. 409. ADENOMA OF THE KIDNEY.

Alveolar variety.



THE URINARY ORGANS. 647

PARASITES.

Echinococcus, iii its ordinary form of mother and daughter cysts, is

sometimes found in the kidney. The cysts may open into the pelvis of

the kidney, into the pleura, or through the wall of the abdomen.

Cysticercus cellulosse is of very rare occurrence. Filaria sanguinis homi-

nis is found in the arteries, veins, lymphatics, and stroma, and may
pass into the urine. Strongylus gigas has been found several times in the

pelvis of the kidney.

The Urinary Bladder.

Ma 1formation s .

ABSENCE OP THE BLADDER is of rare occurrence. The bladder may be very small,

the urine passing almost directly into the urethra. The bladder may be separated into

an upper and a lower portion by a circular constriction. It may be completely divided

by a vertical septum into two lateral portions. Diverticula of the wall of the bladdei

are sometimes found in new-born children. Partial or complete closure of the neck of

the bladder may occur. This may lead to hydronephrosis, or the urine may be dis-

charged through the open urachus.

EXSTROVERSION of the bladder is one of the most frequent malformations, and may
occur in either sex. It presents several varieties:

1. The umbilicus is lower down than usual, the pubic bones are not united at the

symphysis, the pelvis is wider and shallower than it should be. Between the umbilicus

and pubes the abdominal wall is wanting. In its place is a projecting, ovoid mass of

mucous membrane, in which may be seen the openings of the ureters. The penis is

usually rudimentary ; the urethra is an open fissure (epispadias) ; the clitoris may be

separated into two halves. The ureters usually open normally ; sometimes their open-

ings are displaced or are multiple. They may be dilated.

2. There may be a fissure in the abdominal wall, filled up by the perfectly formed

bladder.

3. The umbilicus may 'be well formed, and there is a portion of abdominal wall

between it and the exstrophied bladder.

4. The external genitals and urethra may be well formed, and the symphysis pubis

united, while only the bladder is fissured.

5. The genitals, urethra, and symphysis may be well formed, the bladder closed

except at the upper part of its anterior wall. The bladder is entirely or in part inverted

and pushed through the opening in the abdominal wall.

The URACHUS normally remains as a very small canal, 5 to 7 cm. long, with

a small opening into the bladder, or entirely closed at that point. If there is a congen-
ital obstruction to the flow of urine through the urethra, the urachus may remain open
and the urine pass through it. Or the bladder may present, even in the adult, a slender

disteution reaching close to the umbilicus as the result of a persistent urachus.

Changes in Size and Position.

DILATATION. This may be general or partial, leading to the formation of diver-

ticula.

General dilatation of the bladder is produced by the accumulation of urine in con-

sequence of some mechanical obstacle to its escape, or of paralysis of the muscular

walls of the organ. The dilatation is usually uniform and may be very great, so that

the bladder may reach to the umbilicus. If the walls of the bladder are paralyzed, or
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the obstruction occurs suddenly or is complete, the wall of the bladder is thinned.
When an incomplete obstruction exists for some time the walls of the bladder are apt
to hypertrophy, so that, although the bladder is larger than normal, the walls may not

only be of the usual thickness, but even

very much thicker. In the foetus dila-

tation of the bladder may reach such a

size as to interfere with delivery.
The retained urine in dilated blad-

ders is liable to decomposition, from
the presence of bacteria, and this may
lead to inflammation or gangrene of

the mucous membrane.
DIVEUTICULA of the bladder may

be produced by the pouching out of cir-

cumscribed portions of the wall of the

bladder, the wall of the pouch contain-

ing all the layers of the bladder wall.

More frequently, however, they are

produced by a protrusion of the mu-
cous membrane between hypertrophied
bundles of muscle fibre. They may
be very small (Fig. 411), or they may
be as large as a child's head. They
may communicate with the bladder by
a large or small opening. The decom-

position of stagnant urine in diverticu-

la is apt to induce inflammation. Cal-

culi may be formed in them or may
slip into them from the bladder.

HYPERTROPHY of the muscular

coat of the bladder is usually due to

mechanical obstructions to the outflow

of urine, such as stricture of the ure-

thra, enlarged prostate, calculi, new

growths, etc. The muscular coat is

thickened uniformly or assumes a trabeculated appearanee (Fig. 410). The organ re-

tains its normal capacity, or is dilated, or becomes smaller. The mucous membrane is

frequently the seat of chronic or acute inflammation. Dilatation of the ureters and

hydronephrosis frequently accompany this condition.

HERNIA of the bladder sometimes accompany intestinal hernia} through the ingui-
nal and crural canals and the foramen ovale. The changes in position of the bladder,

produced by displacements of the vagina and uterus, will be mentioned with the

lesions of those organs.
In the female the base of the bladder may press downward, causing protrusion of

the vaginal wall (vaginal cystocele) ;
or there may be inversion and prolapse of bladder

through the dilated urethra.

FIG. 410. HYPERTROPHY OF THE WALL OF THE
BLADDER.

WOUNDS RUPTURE PERFORATION.

Penetrating wounds of the bladder may permit escape of urine into

the abdominal cavity, or infiltration into the surrounding connective

tissue or permanent fistulse. Such wounds are always serious and fre-

quently fatal, owing chiefly to the severe and often gangrenous inflam-

mation which decomposing urine sets up in the connective tissue, or to

the peritonitis induced by the same cause. *
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Rupture of the bladder may be produced by severe blows and falls

when the bladder contains urine. More rarely rupture takes place from

overdistention. Death may occur from rupture of the bladder with

escape of urine into the peritoneal cavity, without evidences of perito-

nitis.

Perforations of the bladder may be due to ulceration and gangrene,
to abscesses from without, and to cancerous ulceration from the adjoin -

FIG. 411. DIVERTICULA OF THE BLADDER.

ing organs. Fractures of the pelvic bones may be accompanied by lacera-

tion of the bladder. Perforations of the bladder may lead to the estab-

lishment of fistulae, communicating with the rectum, vagina, uterus, or

opening externally.

DISTURBANCES OF CIRCULATION.

Hyperaemia. Aside from active hyperaemia of the mucous membrane
in acute inflammation, the bladder is not infrequently the seat of chronic

congestion from obstruction to the venous circulation. Under these con-

ditions there may be chronic catarrhal inflammation, or a marked dilata

tion of the veins (vesical haemorrhoids), which may gfve rise to haemor-

rhage or to obstruction of the opening of the ureters.

Haemorrhage. Extensive haemorrhages into the bladder are eommonly
due to injury or to the presence of calculi or tumors. Small hemor-

rhages into the substance of the mucous membrane may accompany in-

flammation, the haemorrhagic diathesis, scurvy, purpura, smallpox, etc.

If the haemorrhage is considerable and occurs rapidly in an empty blad-

der, a clot is apt to form
; but when the blood mixes with urine as it is

extravasated it more commonly remains liquid and is discharged as a

reddish-brown fluid. - *
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INFLAMMATION. (Cystitis.)

Acute Catarrhal and Exudative Cystitis. This may be incited by the

presence of urine which has decomposed under the influence of bacteria ;

by cautharides or other drugs ; by the presence of foreign bodies and
calculi ;

or it may be due to an extension of gonorrhceal urethritis or

vaginitis; or it may occur with acute general infectious diseases. The
mucous membrane is swollen and congested, although these alterations

may not be very evident after death. There may be ecchymosis : the

epithelium is granular and may proliferate and peel off. Leucocytes

may infiltrate the subniucosa and pass out between the epithelial cells

FIG. 412. ACUTE CATARRHAL CYSTITIS.

There are exfoliation of epithelium and emigration of leucocytes from the submucosa.

(Fig. 412). Mixed with the urine there may be shreds of mucus, pus cells,

epithelial cells of various shapes, usually more or less swollen and granu-

lar, or fragments of such cells; red blood cells, bacteria, and various

urinary crystals ; abscess may form in the mucous membrane
;
or there

may be phlegmonous inflammation in the submucosa and muscularis of the

bladder with formation of abscesses. Thus perforations and fistulse may
occur. Eesolution may take place after acute catarrhal and exudative

cystitis, but it very frequently assumes a chronic character.

Chronic Cystitis. In this form the mucous membrane may be swollen,

succulent, grayish, or mottled with spots of congestion or extravasation,

and covered with a layer of mucus and pus. Microscopically the mem-
brane may be more or less infiltrated with* pus cells, and pus may be

constantly produced and thrown off into the urine. Later the mucous
membrane may become thickened either diffusely or in the form of tufts

or polypi. In some cases it becomes atrophied. Owing to decompo-
sition of the hemoglobin in the extravasated blood the mucosa may
become pigmented, brown, or slate-colored. The mucous membrane fre-

quently becomes eroded, especially on the most elevated portions, or

deep ulcerations may occur. The muscular coats may become paralyzed
and the bladder dilated

;
or the submucosa or the muscularis, or both,

may become hypertrophied. The mucous membrane may become en-

crusted with urinary salts.
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In another class of cases the inflammation assumes a necrotic charac-

ter. Larger and smaller shreds and patches of the umcosa die, become
brown or gray in color, loosen or peel off, and become mixed with the

urine and exudations. The gangrenous process may extend to all the

FIG. 413. HYPERPLASIA OF THE BLADDER EPITHELIUM.

The hyperplastic epithelium is transparent and dipping into the submucosa forms gland-like structures.

coats of the bladder, so that perforation and fatal peritonitis may occur.

The gangrenous form of cystitis is more apt to occur in paralytics.

In still another class of cases the inflammation is suppurative. The

submucosa, the intermnscular connective tissue, and the adjacent parts

Fio. 414. HYPKUPLASIA OF THE BLADDER EPITHELIUM.

The epithelium has assumed the squamous type and is exfoliating.

become infiltrated with pus, either diffusely or in the form of larger and

smaller abscesses, which may open externally or internally, forming deep
ulcers. In all these cases the inflammation may extend to the ureters

and kidneys ; it may skip the ureters and involve the kidneys.
The small nodules of lymphoid tissue in the mucous membrane of

the bladder, especially near the neck, may become enlarged and promi-
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nent in cystitis, and may then be mistaken for miliary tubercles (nodular

cystitis).

Hyperplasia of the epithelium of the bladder sometimes occurs in

chronic cystitis and under other conditions. This may be diffuse or cir-

cumscribed and the epithelium may assume an epidermal character. Thus
masses of transparent epidermis-like cells may lie between papillary pro-

jections of the submucosa, forming structures which resemble glands (see

Fig. 413), or layers of flattened epithelium may cover or peel from the

surface (see Fig. 414).

Croupous Cystitis. In connection with any of the above lesions the

mucous membrane of the bladder may be covered, in patches or some-

times over a considerable portion of its surface, with a layer of fibrin,

either granular or fibrillar, enclosing pus and epithelial cells and bac-

teria. The mucosa may be infiltrated with fibrin.

This form of inflammation may occur in connection with severe in-

fectious diseases measles, diphtheria, scarlatina, typhoid fever
;
in con-

nection with similar inflammation of the external genitals, in puerperal

fever, noma, and sometimes in the presence of foreign bodies. It rarely

occurs independently.
In the so-called emphysematous cystitis, due to the presence of Bacillus

aerogenes capsulatus, larger and smaller gas blebs may be present in the

mucosa and underlying tissue.
'

The most common micro-organisms which act as excitants of acute

catarrhal and exudative cystitis are Bacillus coli communis, Streptococ-

cus pyogenes, and Staphylococcus pyogenes, the gouococcus and typhoid

bacillus,
2
Bacillus proteus, and Bacillus aerogenes capsulatus. Many

other forms are of occasional occurrence.
3

Tuberculous Cystitis. There may at first be miliary tubercles formed
in the submucosa. By the coalescence of these and the degeneration of

tissue about them, ulcers' are formed, and it is most frequently in the

ulcerative stage that the lesion is seen. The ulcers, which may be large
or small, are usually most abundant at the base of the organ. Their

edges may be cheesy, and miliary tubercles in greater or smaller num-
bers are usually found in the mucosa about them. Xot infrequently

large shreds of tissue are loosened and cast off. The mucosa about the

ulcers is apt to be infiltrated with small spheroidal cells. Tubercle ba-

cilli are present in many of the tubercles and in the edges and base of

the ulcers, and may be found in the urine. Catarrhal inflammation is

a very constant accompaniment of this lesion. Tuberculous cystitis may
occur in connection with tuberculous inflammation of the lungs, intes-

tines, or of the kidney, uterus, prostate, etc.

1 Sec for bibliography Kedrowsky, Centralbl. f. Path., October 15th, 1898, p. 817.
2 See Cnrschmann, Miinchener med. Wochenschr., October 16th, 1900, bibliography.
3 For a study of bacteria of urinary passages see Faltin, Cbl. f. d. Kr. d. Harn- u.

Sex.-Org., Bd. xiii., 1902, p. 130, bibl.
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TUMORS.

Small nodular fibromata may form in the submucosa.

Aside from the polypoid thickenings of the mucosa occurring in

chronic cystitis, soft vascular papillomata are of frequent occurrence.

These tumors vary in size from that of a pea to that of a pigeon's egg or

larger. They consist of a fibrous, often very vascular stroma, and are

covered on the surface with numerous small, closely set, villous projec-

FIG. 415. PAPILLOMA OF THE BLADDER.

tions, over which are irregular layers of elongated or cylindrical cells

(Fig. 415). These tumors are very liable to bleed, are often accompanied
by vesical catarrh, and may be covered by a precipitate of urinary salts.

The epithelium is liable to peel off from the surface of the villi and ap-

pear in the urine. Sarcoma of the bladder has been described.

Carcinoma. Carcinoma of the bladder is most frequently secondary,
and is then rarely due to metastasis, but to an extension of the growth
from neighboring parts, as the uterus, vagina, or rectum.

Primary carcinoma of the bladder may occur :

1. As a diffuse scirrhous infiltration of the entire wall of the bladder,

usually with ulcerations of its inner surface.

2. As a circumscribed nodule (Fig. 416) which grows inward and out-

ward, ulcerating on its inner surface, and sometimes producing perfora-
tions.

3. As a villous or papillomatous growth. The tumor grows from one or

more points of the inner surface of the bladder. It is formed of tubular

follicles lined with cylindrical epithelium, while on its surface are tufts
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covered with cylindrical epithelium. The new growth may involve the

entire thickness of the wall of the bladder.

4. A few cases of carcinoma have been described in which the stroma

contained a varying quantity of smooth muscle tissue.

FIG. 416. CARCINOMA OF THE BLADDER.

Cysts. Dermoid cysts of the wall of the bladder have been described,

but are rare. Small cysts with serous contents sometimes occur in the

mucous membrane ;
a part of them, at least, are believed to be due to

faulty embryonal development.

PARASITES, FOREIGN BODIES, AND CALCULI.

Among the animal parasites occasionally found in the bladder may
be mentioned Echinococcus, Distoma haematobium, Filaria sanguinis, Ascar-

ides, and Oxyurides.

A great variety of foreign bodies may be found in the bladder, par-

ticularly in the female. If their stay is long they are apt to become
encrusted with urinary salts.

Calculi.

Vesical calculi may occur singly or in great numbers, and vary greatly in size,

ranging from small, sand-like particles up to masses four or five inches in diameter; but
the usual range is from the size of a pea to that of a lien's egg. They are usually oval,

spheroidal, or elongated ; or, when several are present, they are apt to be faceted. The
surface may be smooth or rough. They are usually more or less distinctly lamellated,

and are frequently formed around a central body called a nucleus, which may either be
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formed of urinary salts or some foreign body. Their most common constituents are

phosphates, uric acid, and urates, and calcium oxalate, or various combinations of these.

URIC-ACID CALCULI. These are the most common of vesical calculi. In the form
of small brownish-red, crystalline aggregations they may be passed as "gravel." The

larger uric-acid calculi are not commonly of very great size, are frequently finely nodu-

lated on the surface, but may be smooth. The color varies from light yellow to dark

reddish-brown ; they are usually dense and lemellated.

CALCULI FORMED OF URATES. Calculi composed of pure urates are rare, these

salts being more commonly combined with uric acid and the phosphates to form the

FIG. 417. VESICAL CALCULUS.

Showing lamellations indicating successive depositions of different texture and composition.

complex calculi. Sodium urate, in the form of small spined, more or less globular

crystalline masses, forms one of the varieties of "gravel."
PHOSPIIATIC CALCULI. Pure calcium-phosphate calculi are rarely found as whitish,

usually smooth, and small lamellated concretions.

MIXED OR TRIPLE PHOSPHATE calculi are common, and frequently attain large

size. These calculi are sometimes pure, but the deposit is more frequently associated

with other salts, either as encrusting or intercalated lamellae. Triple-phosphate calculi

are usually rough on the surface, of grayish-white color, lamellated, and frequently

very friable (Fig. 417).

CALCIUM-CARBONATE CALCULI. Small gray or white, hard, and usually smooth

calculi of pure calcium carbonate occur rarely. Calcium carbonate is sometimes passed
as gravel in the form of minute spheroidal bodies, either singly or in clusters.

CALCIUM-OXALATE calculi (mulberry calculi) are comparatively common, either

pure or in combination with uric acid or the phosphates. Calcium oxalate may occur

in the form of very small, hard, smooth concretions, or as larger, heavy, hard, finely or

coarsely nodulated brown or blackish lamellated masses. The nucleus or some of the

lamellae, or both, are often composed of uric acid.

CYSTIN CALCULI are usually ovoidal in shape, of waxy consistence, of clear or

brownish or greenish-yellow color, with mammillated surface and crystalline fracture.

Cystiu may be associated in a variety of ways with other calculi.

XANTHIN CALCULI, which are very rare, are usually of moderate size, smooth, of a
cinnamon or cinnabar-red color, lamellated, and oval or flattened in shape.
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Solid masses of fibrin and blood sometimes occur in the bladder, and may exist as

independent structures, or form nuclei for the deposit of urinary salts.

For a detailed account of calculi, the conditions under which they form, modes of

analysis, etc., we refer to special works on this subject.

The Urethra.

Malformations .

Some of the malformations of the urethra are described with those of the penis.

The urethra may be impervious or may open at the root of the penis. More com-

monly there is partial obliteration or stricture of some part of the canal. The entire

urethra may be dilated into a sac.

There may be a canal on the dorsum of the penis, formed by the fusion of the sper-

matic cords, and opening in the glans above the urethra.

There may be two or more openings of the urethra. The canal may be dislocated

so as to open in the inguinal region.
A number of cases have been reported in which a valve in the urethra has led to

hypertrophy of the bladder, dilatation of the ureters, and hydronephrosis.

Owing to its narrowness, greater length, and peculiar connections with the internal

generative organs, the male urethra is much more liable to disease than the female.

Changes in Size and Position.

DILATATION of the urethra may be produced by strictures, or by calculi or other

bodies fixed in its lumen. The dilatations are fusiform or sacculated in shape, and may
reach the size of an orange or be even larger.

STRICTURES of the urethra are usually due to inflammation of its walls.

The stricture may be temporally, and due to a diffuse inflammatory swelling of the

mucous membrane, or by the raising of the relaxed membrane into a fold or pocket.
Permanent strictures are produced by structural changes in the walls of the urethra.

1. The mucous membrane and submucous tissue become thickened in inflammation

or as the result of injury and the new-formed fibrous tissue which contracts and narrows

the canal.

2. Ulceration of the mucous membrane leaves cicatricial tissue, which contracts,

and also produces adhesions and bands of fibro'.is tissue (Fig. 418).

FIG. 418. STRICTURE OF THE MALE URETHRA.

3. There is fibrous induration of the corpus spongiosum and consequent constric-

tion of the urethra.
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The most frequent position of strictures is at the junction of the membranous and

spongy portions of the urethra, or close to this point. They also occur at the fossa

navicularis and the meatus, but frequently in the prostatic portion. There may be one

stricture or several. The consequences of stricture are dilatation of the urethra, the

bladder, the ureters, and hydronephrosis : inflammation and ulceration of the urethra

behind the stricture, with perforation, infiltration of urine, or the formation of fistula.

The urethra may also be obstructed by folds of the mucous membrane ; by muscular

valves at the neck of the bladder; by wounds; by polypi and swollen glands; by new

growths; by changes in the prostate and perineum; by calculi, mucus, blood, and

echinococci coming from the bladder; by foreign bodies introduced from without.

PROLAPSE and inversion of the mucous membrane occur occasionally in young
girls and women. There is a bluish-red swelling, from the size of a pea to that of a

walnut, at the meatus. In the male invagination of the mucous membrane of the ure-

thra has been seen after injuries of the perineum.

WOUNDS-RUPTURE PERFORATION.

Wounds of the urethra are produced in many ways, but most com-

monly by catheters and bougies. The wounds may cicatrize, or there

may be infiltration of urine or the formation of fistulas or false passages.

Ruptures of the urethra are produced by severe contusions and by
fracture of the pelvic bones. Extravasations of blood and urine, and

gangrenous inflammation of the surrounding soft parts, are the ordinary
results.

Ulceration and perforation of the urethra may lead to the formation

of fistulse, which open in various directions through the skin.

INFLAMMATION. (Urethritis.)

Catarrhal Urethritis may be due to the action of chemical irritants, and
to the extension to the urethra of inflammation from other parts ;

but its

most frequent excitant is the gonococcus. In its acute form it involves

either a portion or the whole of the urethra. The mucous membrane
is red, swollen, and covered with muco-pus. The epithelium may be

loosened or exfoliated
; pus cells are present in the submucosa between

the epithelial cells. The gouococcus is present usually in considerable

numbers in the exudate, both free and in the pus cells. It may pene-
trate between the epithelial cells.

Resolution may follow acute gonorrhoaal urethritis. But the condi-

tion may become chronic and then is often confined to the posterior por-
tions of the urethra. Here the gouococcus may persist for a long time

and may be mingled with the exudate, which is now less purulent and
consists very largely of mucus which in thread-like forms may be passed
with the urine.

Chronic Inflammation of the urethra may exist for a long time with

the production of a muco-purulent exudation, but without the occur-

rence of marked structural lesions. In other cases it leads to ulceration,

to fibrous induration of the wall of the canal (see Fig. 418), to indura-
42
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tion and swelling of the mucous follicles, to polypoid thickenings of the

mucous membrane.

The inflammation may extend to the fibrous wall of the urethra, the

corpora spougiosa and cavernosa. This may result in the formation of

new connective tissue or of abscesses, especially near the fossa navicu-

laris. There may be involvement of the bladder, the glands of Cowper,
the prostate, the spermatic cord, and the testicles. The inguinal glands
also may be swollen and inflamed, and the lymphatic vessels on the

dorsurn of the penis may be involved in the same process.

Croupous Inflammation is sometimes seen in children. Fibrinous casts

of a small or large portion of the canal may be formed.

Tuberculous Inflammation occurs rarely in the mucous membrane of

the urethra in connection with tuberculous inflammation of the bladder,

prostate, or testicles.

Syphilitic Ulcers may be situated at the meatus or as far back as the

fossa uavicularis. They are apt to produce strictures.

TUMORS.

Aside from the polypoid outgrowths from the mucous membrane of

the urethra as the result of chronic inflammation, fibrous polyps may oc-

cur cougenitally, or polyps containing glandular structures or cysts

rarely occur. Carcinoma may occur as a result of local extension from

adjacent organs or metastasis from the bladder.

Cysts may occur in the mucous membrane as a result of the dilatation

of the mucous glands. Circumscribed masses of dilated veins occasion-

ally occur in the urethra, forming the so-called urethral haemorrhoids.

The sinus pocularis may be dilated in children by the retention of its

secretion, so as to form a mass which may obstruct the exit of urine

and lead to hypertrophy of the bladder and dilatation of the ureters.



CHAPTER X.

THE REPRODUCTIVE ORGANS OF THE FEMALE.

The Vulva.

Malformations.

THE external genitals may be entirely absent or imperfectly developed. The
fissure between the labiamay be unformed, or the labia may grow together, with or

without obstruction of the urethra. The clitoris and nymphae may be abnormally

large, or the nymphse may be increased in number. The clitoris may be abnormally

long; at the same time the vagina is narrow, the uterus small and undeveloped or

malformed; the ovaries are small, sometimes situated in the labia
; the mammse small, and

the body is of a masculine character. Such cases are sometimes called pseudo-hermaph-
rodites. The clitoris may be perforated by the urethra or may be cleft and appar-

ently double.

The hymen is subject to various anomalies. It may be entirely absent. The open-

ing may be very large or in unusual places; there may be several openings; the free

edge may be beset with papillary projections; there may be no opening at all.

HEMORRHAGE, HYPER2EMIA, ETC.

Haemorrhage may take place from wounds or ulcers of the vulva, but

the most important form of haemorrhage is that which occurs in the con-

nective tissue of the labia majora. This may occur during labor or re-

sult from external injury. One of the labia may be much swollen and
distended by the extravasated blood. The blood may be gradually ab-

sorbed, or it may decompose with suppuration or gangrene of the sur-

rounding tissue.

Varicose Veins in the labia are not infrequent. (Edema of the labia

majora may occur in pregnancy or in labor. It frequently accompanies
disturbances of the venous circulation, as in certain heart and lung dis-

eases
;
or it may occur in chronic diffuse nephritis or other wasting dis-

eases
;
or as a result of thrombosis or other disturbances of circulation in

the uterine or perivaginal venous plexuses. The latter may be excessive,

leading to the transudation of fluid through the skin, to the formation of

vesicles, or superficial erosion, or even of gangrene.

*

INFLAMMATION. (Vulvitis.)

The skin, mucous membrane, connective tissue, and glands of the

vulva may be the seat of inflammation.

Acute Catarrhal Inflammation of the mucous membrane may be in-

duced by a variety of substances, but is most frequently due to gonor-
rhosal infection. The mucous membrane is swollen and red and covered
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with a muco-puruleut exudate. The labia may be swollen, the glands
of Bartholiu are liable to be involved, and abscesses of the labia may be

developed.
Chronic Catarrhal Inflammation may lead to superficial or deep ulcera-

tion of the mucous membrane, or to papillary outgrowths, or to thicken-

ing of the labia. Suppurative inflammation of the tissue of the labia

may occur with a similar process in neighboring parts. Erysipelatous
Inflammation of the skin of the vulva is frequent in young children. In

adults it is less common. Inflammation of the vulvo-vaginal glands

may be acute and lead to abscesses, or chronic and produce induration

of the gland.

Gangrene may follow erysipelatous inflammation, or occur after par-
turition

;
it may accompany severe exhausting and infectious diseases.

It may follow bruises or other injuries. In some forms, such as those

known as noma and hospital gangrene, the destruction of tissue proceeds
with extreme rapidity.

1

Croupous Inflammation may occur, with or without diphtheria and a

similar lesion of the fauces or elsewhere, and is frequently associated

with gangrene.
Tuberculous Inflammation, usually with ulceration, occasionally occurs

in the vulva. .

Syphilitic Inflammation and ulceration are of frequent occurrence on

the vulva, particularly on the mucous surfaces, and may lead to consid-

erable destruction of tissue and cicatricial contractions.

In one form, the so-called mucous patch, there is an infiltration of the

papillary layers of the skin or mucous membrane with variously shaped
cells and fluid, so that the tissue has a gelatinous appearance. In other

cases there is an hypertrophy of the papillae, so that larger and smaller

wart-like excrescences are formed. This is called the pointed condyloma.

TUMORS.

Fibroma, Circumscribed fibrous tumors are found in the connective

tissue of the labia, mons veneris, perineum, clitoris, and entrance to the

vagina. They may attain a large size, and, attached only by a pedicle,

may hang far down between the legs. The skin is usually movable over

the surface of these tumors.

Fibroma diffusum (elephantiasis). This usually involves the clitoris

or the labia, or both, and may extend to surrounding parts of the skin.

It consists essentially of a diffuse hypertrophy of the skin and subcuta-

neous tissue, with or without involvement of the papillae and epidermis.
The surface may be smooth or rough. When the papilla and epidermis
are much involved, larger and smaller cauliflower-like excrescences may
cover the hypertrophied parts and the surface be very rough and scaly.

Papillomata. These growths consist of hypertrophied papillae covered

with thick layers of epithelium. They vary in size from that of a pea to

1 For a study of noma with bibl. see Blumer and MacFnrlane, Am. Jour. Med. Sci.,

vol. cxxii., 1901, p. 527.
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that of an apple, and have a cauliflower appearance. Lipomata, fibro-

myomata, and fibro-sarcomata are of occasional occurrence in the vulva.

A few cases of melano-sarcoma are recorded. Chondroma of the clitoris

has been described. Carcinoma of the vulva may be primary, usually in

the form of epithelioma of the clitoris or labia, or it may be secondary to

cancer of the uterus, vagina, etc.

Cysts are found in the connective tissue of the labia majora and

minora. They are from the size of a pea to that of a child's head.

They may contain serum, colloid material, purulent or bloody fluid, or

they may have the characters of dermoid cysts or atheroma cysts. Their

origin is in many cases obscure. In some cases they are doubtless due

to dilatation of lymph-vessels. Cysts may be formed by a stoppage and

filling with fluid of the canal of Nuck, or by a dilatation of the ducts or

acini of the vulvo-vaginal glands.

The Vagina.

Malformations.

The vagina may be entirely absent, and the internal organs of generation also ab-

sent or imperfectly developed. Either the upper or the lower portion of the canal may
be absent while the remaining portion is present.

The vagina may be closed ~by an imperforate hymen or by fibrous septa at any part
of its canal. The canal may be abnormally small without being occluded.

The vagina may be double, in connection with a double uterus : or, while the uterus

is normal, the vagina may be incompletely divided by a longitudinal septum.

Changes in Size and Position.

DILATATION of the vagina is produced by tumors, by the prolapsed uterus, and by
the accumulation of blood and mucus behind constrictions or obliterations of the canal.

LENGTHENING of the vagina is produced by any cause which draws the uterus up-
ward. NARROWING occurs as a senile change; is produced by the pressure of tumors or

may follow ulceration of the wall of the canal through cicatricial contraction.

PROLAPSE of the vagina occurs independently, usually as a result of thickening
or laxity of its walls, or in connection with prolapse of the uterus. It may occur soon

after parturition. A larger or smaller portion of the canal is inverted and projects

through the vulva. The entire circumference of the canal may be inverted and pro-

lapsed, or only the anterior or posterior wr
all. The prolapse, at first small, may after-

ward gradually increase in size and drag down the uterus with it. In other cases pro-

lapse of the uterus is primary, and the vagina is inverted by the descent of that organ ;

or the body of the uterus may retain its normal position, while an hypertrophy and

lengthening of the cervix alone drags down the vagina.
HERNIA VESICO-VAGINALIS CYSTOCELE may be either the cause or effect of a

prolapse of the vagina and uterus. If the cystocele be the primary lesion, it begins as

a small projection of the wall of the bladder into the anterior part of the vagina. As
the urine accumulates in this sac it increases in size, projects through the vulva, draws
down the vagina and the anterior lip of the cervix, and finally the entire uterus. If

the cystocele be the secondary lesion, it is produced by the dragging down of the pos-
terior wall of the bladder by the inverted vagina.

HERNIA INTESTINO-VAGINALIS. A portion of the intestines may become fixed in

Douglas' cul-de-sac between the rectum and the uterus. This portion of intestine grad-
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ually becomes larger, pushes forward the posterior wall of the vagina, inverts and fills

up that canal, and finally projects through the vulva. It may drag with it the poste-
rior wall of the vagina and the uterus.

RECTOCELE VAGINALIS. A sac is formed by the projection of the anterior wall of

the rectum and the posterior w
r
all of the vagina. This lesion is of rare occurrence and

does not reach a large size.

When the vagina is prolapsed there is usually inflammation of the lining membrane
or a thickening of the epidermis.

WOUNDS PERFORATIONS.

Wounds of the vagina are made by penetrating instruments, by for-

ceps and other obstetrical weapons, by the foetus during delivery or may
result from coitus. Such wounds may heal, or give rise to large haemor-

rhages, or suppurate, and lead to abscesses in the surrounding tissue, or

leave fistulous openings into the vagina or they may by cicatricial con-

traction in healing lead to constriction or obliteration of its canal.

Vesico-vaginal Fistulae are usually produced by injuries from instru-

ments or from, the foetus during delivery ;
less frequently by ulceratiou

of the vagina, bladder, or adjacent connective tissue, or by abscess in

the surrounding parts. The fistulae form an opening between either the

bladder or the urethra and the vagina. They allow the urine to pass
into the vagina. Spontaneous cure does not take place.

Recto-vaginal Fistulas are formed in the same way as the last-men-

tioned. They allow the passage of gas or faeces into the vagina. They
sometimes heal spontaneously.

INFLAMMATION. (Vaginitis.)

Catarrhal Inflammation of the vaginal mucous membrane may be acute

or chronic. It is most frequently induced by the gonococcus, but may be

due to local irritation or accompany active infectious processes. It not

infrequently occurs in the new-born. In the acute form the mucous
membrane is swollen and frequently covered with a muco-puruleut or a

purulent exudation. In the chronic form the mucous membrane may be

swollen, covered with a purulent exudation
; there may be an exfoliation

of epithelium, shallow or deep erosions, or ulcers.

Sometimes large shreds or membranes are cast off from the vagina
which consist wholly of exfoliated, flat epithelium.

' In other cases the

mucous membrane is thickened, dense, and sometimes pignieuted, or

it may be roughened, covered with papillae, or it may be relaxed and

prolapsed.

Croupous Inflammation may occur after parturition, in dysentery, in

typhus and typhoid fevers, diphtheria, scarlatina, measles, and other

infectious diseases. The mucous membrane is swollen and covered with

a grayish layer of fibrin and pus. The mucosa and submucosa may be

infiltrated with fibrin and pus. The infiltrated portions of the mucosa

'Consult McFarland, Proc. Philadelphia Path. Soc., March 1st, 1899.
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and submucosa may die and become gangrenous, and thus deep and ex-

tensive ulcers be formed.

Suppurative Inflammation of the fibromuscular coat of the vagina may
occur after injuries or in pregnant and puerperal women. Abscesses

may be formed which penetrate into the labia or into the pelvic connec-

tive tissue. In other cases the intense phlegmonous inflammation may
lead to the death and casting-off of portions of the vaginal wall, or even

of the entire wall.

Gangrene of the vagina may occur as a result of croupous or intense

suppurative or syphilitic inflammation, or from unknown causes. In

the form of noma it may be very extensive and rapidly destructive.

Tuberculous and Syphilitic Inflammation, usually leading to more or

less extensive ulceration, may occur in any part of the vagina. Tuber-

culous inflammation is usually secondary to tuberculosis of other parts.

Syphilitic ulcers may heal, sometimes leaving marked cicatrices, and

sometimes not.

TUMORS.

Fibroma, nbro-myoma, sarcoma, myoma Isevicellulare, are of occasional

occurrence in the vagina. Myoma striocellulare is of rare occurrence. A
teratoma has been described and a few cases of endothelioma,

1

Papillomata are of frequent occurrence as a result of chronic inflam-

mation. Carcinoma of the vagina is usually secondary to cancer of the

uterus. It may be primary as a circumscribed nodular tumor, or more

frequently it occurs in a papillary and ulcerating form and often spreads

to neighboring parts.

Cysts. These are not very common and may be small or as large as

a hen's egg. They may be lined with flattened epithelium, and contain

serous or viscid, dark-colored or transparent fluid.
4

PARASITES.

Among the animal parasites Oxyuris and Trichomonas vaginalis are of oc-

casional occurrence. Among the vegetable forms Oidium albicans and Lep-
tothrix are occasionally seen, while various forms of bacteria are common.

Staphylococcus and Streptococcus pyogenes have been found many times

in the normal vagina. While these and other bacteria may be harmless

in the normal vagina, should conditions favoring their growth or an in-

crease in their virulence occur, as after delivery for example, serious

infectious processes may follow. The role of the gonococcus as an ex-

citant of catarrhal inflammation is well established.

The Uterus.

Congenital Malformations.

The uterus, tubes, and vagina may be entirely absent, with or without absence of

the external genitals. Or the uterus alone, or the upper part of the vagina also, may
be absent.

1 See RascTikes, Cbl. f. Path., Bd. xiv., 1903, p. 657.
2 Consult Stokes, Johns Hopkins Hospital Reports, vol. vii. , p. 109, bibliography.
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The uterus may be only rudimentary while the vagina is normal. It then appears
as a flattened solid body with solid cornua. Or there are two eornua joined at their

lower extremities so as to form a small double uterus (Fig. 419). Or the uterus is

represented by a small sac, which may or may not communicate with the vagina. Or

there is a very small uterus, with thin muscular walls and two large cornua.

Only one of the cornua which should form the uterus may be developed while the

other is arrested in its growth. The uterus is then a long, cylindrical body, terminal -

FIG. 419. UTERUS BICORNIS.

ing above in one tube. On the side where the horn should have been developed there is

no tube, or only a rudiment. Both ovaries are usually present.

The two cornua may be fully developed, but their lower ends remain separated
and form a double uterus. An entire separation into two distinct uteri and vagime is

rare. More frequently the uterus consists of one body, divided by a septum into two
cavities. There are then two cervical portions of the uterus projecting into a single

vagina, or each into a separate vagina. Or there is only a single cervix. The septum
in the uterus may be complete or only partial.

The uterus may be abnormal in size or be variously flexed
;

the cervix may be

solid or may be closed by the vaginal mucous membrane. Or the cervix may have an

abnormal form with a small opening or canal.

Changes in Size.

In the new-born infant the uterus is small, the body flattened, the cervix dispro-

portionately large. During childhood the organ increases in size, but the body remains
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small in proportion to the cervix. At puberty the shape changes and the body be

conies larger.

At every menstruation the uterus is somewhat swollen and congested. After preg-

nancy it does not return to its virgin size, but remains somewhat larger. In old age it

gradually becomes smaller; its walls are harder and more fibrous.

ABNORMAL, SMALLNESS of the uterus is sometimes found as an arrest of develop-
ment. It may result, however, from chronic endometritis, from repeated pregnancies,
from old age, or from chronic exhausting diseases. Its cavity may be smaller than

normal, or distended with mucus. Large myomata sometimes induce atrophy of the

uterine wall. Atrophy of the vaginal portion of the uterus is sometimes observed after

repeated pregnancies. Narrowing and obliteration of the cavity of the uterus and of

the cervix are usually produced by chronic inflammation.

ENLARGEMENT OP THE UTERUS may be due to too early development. It is ac-

companied by abnormally early development of all the sexual organs and functions.

The uterus may be enlarged in connection with heart disease, prolapse and abnormal
flexions and versions, chronic inflammations, repeated pregnancies, myomata, and ac-

FIG. 430. HOUR-GLASS UTERUS.

Showing a small uterus with distention of the cavities of the body and cervix from flbrous-tissue contraction

at the os externum and the os internum.

cumulations of blood or mucus in the uterine cavity. Enlargement of the vaginal .por-

tion alone may occur. One or both lips of the cervix may be uniformly increased

in size, or they may be lobulated.

Dilatation of the uterus is produced by accumulations of blood, mucus, or pus in

consequence of narrowing or obliteration of the cervix or vagina. The uterine walls

may retain their normal thickness, be thickened or thinned. The most frequent posi-

tion of the stenosis is the os internum. The retained contents after a time change in

character, forming a thin, serous fluid hydrometra or they may be mixed with blood.

The dilated uterus may be of enormous size. If both os internum and os externum are

closed the cervical cavity may be also dilated and the uterus have an hour-glass shape

(Fig. 420) ; or the dilatation may be limited to the cervix. If the obstruction is not

complete, the retained fluid may escape into the vagina and be followed by a fresh ac-

cumulation. If the obstruction be in the vagina, the uterus and vagina may form
a large, flask-shaped body, and the line of demarcation between cervix and vagina
be lost.
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Accumulation of menstrual blood in the cavity of the uterus hceinatometra is

usually due to congenital stenosis of the cervix or vagina, and may be very great. If

the fluid is not evacuated by surgical interference there may be either rupture or ulcer-

ative perforation of the uterus. The blood may escape into the abdominal cavity, or

be shut in by adhesions, or perforate into the bladder or intestines. Sometimes the

blood passes into the Fallopian

tubes, dilates them, and escapes

through their abdominal ends.

Changes in Position.

The body of the uterus may
become fixed in an abnormal po-

sition, while the situation of the

cervix is unchanged.
FLEXION. The body may be

bent forward anteflexion; back-

ward retroflexion (Fig. 421) ; or

sideways lateral flexion. The
flexion may be slight, or so

great that the neck and body
form an acute angle. Ante-

flexion is the most common va-

riety, and that in which the

flexion is greatest. Peritoneal

adhesions, flaccidity of the

uterine walls, particularly after

delivery, atrophy of the walls,

ovarian and other tumors, etc.,

are the usual causes of flexion.

VERSION of the uterus consists

in an abnormal inclination of the

long axis of the organ to that of

the vagina. The uterus may be

inclined backward, forward, or

to one side.

Retrotersion is the most com-
mon. The fundus uteri is di-

rected backward and downward,
the cervix forward and upward.
This condition is found in vari-

ous degrees; in the highest the

fundus lies in Douglas' cul-de-sac with the cervix upward, so that the axis of the

uterus is parallel to that of the vagina, but in a direction nearly opposite to the normal.

Abnormal looseness of the uterine ligaments, abnormally large capacity of the pelvis,

enlargement or tumors of the uterus, and pregnancy during the first four months, are

some of the more common conditions under which this lesion occurs.

Anteversion. Inclination of the fundus forward and downward, and of the cervix

backward and upward, is not common and seldom reaches a high degree. It occurs

under the same general external conditions as anteflexion.

Laterorersion is not very common as a simple lesion, but is not infrequently com-

bined with other displacements. It may be produced by congenital shortening of one

of the broad ligaments, by adhesions, or by the pressure of tumors.

The greater degrees of version may produce very grave lesions. The urethra and
rectum may be compressed. Cystitis, perforation of the bladder, dilatation of the

ureters and hydronephrosis, and fatal obstruction of the bowels may follow. If preg-

nancy exist abortion may take place, or the inverted uterus may be forced through the

peritoneum and posterior wall of the vagina and project through the vulva. In the

FIG. 421. RETROFLEXION OF THE UTERUS.

Small cysts may be seen in the mucous membrane of the

body.
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non-pregnant uterus pressure on the veins and consequent chronic inflammation of the

organ may follow.

PROLAPSUS UTEKI consists of a descent of the uterus into the vagina. The uterus

may be only slightly lowered or it may project at the vulva (Fig. 422). In complete

prolapse we find a tumor projecting through the vulva, partly covered by the dis-

tended vagina, and presenting the opening of the os externum near its centre. The
bladder and rectum may be drawn down with the vagina or may remain in place. The

exposed cervix and vagina usually become inflamed and sometimes ulcerated, or the

mucous membrane may become thickened. The lesion is frequently complicated by
hypertrophy of the cervix.

Gradual prolapse, which is most frequent, may be due to an increased weight of the

uterus, as in pregnancy, inflammatory enlargement, the presence of tumors, etc. ; or to

some abnormal condition of the uterine supports. It is frequently due to a vaginal

FIG. 422. PROLAPSE OF THE UTERUS.

The cervix projects from the vulva and there are small ulcerations about the os externum.

cystocele or rectocele. Sudden prolapse is most apt to occur in an enlarged uterus

or one unduly heavy by reason of tumors connected with it. It is most common in

subinvolution after parturition.

ELKVATION of the titerus is produced by mechanical causes crowding or dragging
it upward, as adhesions, tumours, etc. The vagina is drawn up and lengthened, and
the vaginal portion of the cervix may be obliterated.

IxVERSION of the uterus consists of an invagination of the fundus. The fundus may
be invaginated in the body, the fundus and body in the cervix, or the entire organ in
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the vagina. It usually occurs when the uterine walls are relaxed, and may be due to

traction on the placenta during parturition. It may take place spontaneously after

parturition. It may be produced by intra-uterine tumors. The mucous membrane of

the inverted organ is frequently inflamed, particularly when the inversion is complete.
The epithelium may become squamous and la.mellated in type.

HERNI/E of the uterus are rare. Ventral hernia may occur during the latter months
of pregnancy, the peritoneum, aponeuroses, and skin being forced outward to form a

sac in which the uterus lies. Crural hernia are produced by the drawing down of the

uterus and ovaries into the sac of an intestinal hernia. Inguinal hernia may be pro-

duced in the same way or be congenital. Ischiatic hernia has been seen. Pregnancy
may occur in the uterus while it is within a crural or inguinal hernia.

RUPTURE AND PERFORATION.

Rupture of the unimpreguated uterus is rare. It may, however,
occur when the uterine cavity is distended with blood or serum, or in

connection with large myomata of the uterine walls.

In the gravid uterus ruptures have been seen in nearly every month
of pregnancy, but most frequently toward the end. The rupture may be

due to a thinning of the uterine wall by tumors, or by violent contusions,

or as the result of cicatricial contraction of the os.

It most frequently takes place in parturition. Malpositions of the

fo3tus, narrowing of the pelvis, protracted labor, thinning of the uterine

wall from tumors, forcible use of the forceps and other instruments, are

the ordinary causes. The rupture may be in the body of the uterus or

the cervix, or both
;
it may be large or small ;

it may extend completely
or only partly "through the uterine wall. The consequences of partial

rupture are haemorrhage, gangrenous inflammation of the edges of the

rupture, peritonitis, and usually death. In rare cases the rupture cica-

trizes and the patient recovers. Complete rupture usually leads to death

in a short time. The foetus may escape partly or completely into the

abdominal cavity. If the patient survive the immediate shock, fatal

peritonitis usually soon ensues. In rare cases the foetus is shut in by
adhesions and the patient survives.

Perforations of the uterus may be produced by carcinoma, by ab-

scesses in its neighborhood, and by ovarian cysts.

HYPER^MIA-UTERINE AND PERI-UTERINE HEMORRHAGE.

Hypersemia. Aside from the active menstrual hyperaemia, the uterus

may be hyperaemic in acute and chronic inflammation, as a result of dis-

placement of the organ, and in certain forms of heart disease. The organ
is usually enlarged, the mucous membrane swollen, and the veins are more
or less evidently dilated. (Edema may be associated with hyperaemia.

Haemorrhage. Effusion of blood into the cavity of the uterus occurs

normally at the menstrual periods. For the abnormalities to which this

function is subject we refer to works on gynaecology. Effusions of blood

at other than the menstrual periods may be associated with mechanical
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hyperaeniia, haemorrhoids, acute hyperaemia, intra-iiteriue polypi and

other tumors, acute and chronic inflammation, typhus fever, scurvy, etc.,

ulcerating carcinoma, abortions, and miscarriage.

A peculiar form of haemorrhage results in the so-called polypoid hcema-

toma, or fibrinous polyp. It occurs after parturition and after abortions.

The portion of the uterine wall where the placenta was attached, with or

without a portion of retained placenta, forms the point of attachment of

the pedicle of the thrombus. A bloody mass is firmly attached by a

pedicle to the uterine wall
; the uterus enlarges with its formation, the

cervix is dilated, and the thrombus may project into and fill the vagina.
The formation of such a thrombus is accompanied by repeated haemor-

rhages.

Haemorrhage in the substance of the uterus occurs in arterio-sclerosis.

The mucous membrane and uterine wall or the cervix are infiltrated with

blood, and there may be blood in the uterine cavity.

Peri-uterine or Retro-uterine Hsematocele consists in an accumulation of

blood around the uterus or in Douglas' cul-de-sac. The haemorrhagic
mass may become encapsulated with fibrous tissue, or may soften or

suppurate and perforate into rectum or vagina, or may be absorbed.

A form of extraperitoneal haematocele is described in which the blood

lies between the folds of the broad ligament. The extravasation may
proceed from haemorrhage of any of the abdominal viscera or rupture of

aneurisms ;
from vascular new-formed false membranes

;
from rupture of

the varicose veins of the broad ligaments ;
from rupture of haemorrhagic

cysts of the ovaries ;
from the Fallopian tubes in tubal pregnancy or in

haematometra ;
or from general causes, such as scurvy, purpura, etc. In

some cases the extravasation begins at a menstrual period, and increases

at the succeeding periods.

Ante-uterine Haematocele is of occasional occurrence, either in connec-

tion with the retro-uterine form or when the posterior cul-de-sac is ob-

literated.

ATROPHY, DEGENERATION, ETC.

Atrophy of the uterus occurs as a physiological process in old age.

It may be associated with severe general or infectious diseases or follow

removal of the ovaries. It may follow pregnancy apparently as an ex-

cessive involution process.

Fatty Degeneration. This may occur in connection with inflammatory

changes, in acute infectious diseases, and iu phosphorus poisoning.

Amyloid Degeneration in the uterus is of rare occurrence. It may
affect the muscle fibres or the walls of the blood-vessels.

Phagedenic or Corroding Ulcer. This rare and little understood form

of ulceration usually occurs in old age. It begins in the cervix and

gradually extends until it may destroy the greater part of the uterus or

even invade the bladder and rectum. The ulcer is of irregular form
; its

base is rough and blackish, its walls are indurated. It should not be

confounded with carciuomatous ulcer, which it considerably resembles.
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INFLAMMATION. (Metritis and Endometritis.)

I. INFLAMMATION OF THE UNIMPREGNATED UTERUS.

Acute Catarrhal Endometritis. In this disease, which iu its lighter

grades may leave but little alteration after death, the mucous membrane
is swollen, hypersemic, and sometimes the seat of punctate haemorrhages.
The epithelium may be degenerated and may desquamate, and the mucosa
contain an undue quantity of small spheroidal cells. The surface is more
or less thickly covered with muco-purulent exudate. In severe cases

shreds of mucous membrane may be exfoliated. The lesion is usually
most marked in the mucous membrane of the body, but may involve the

cervix at the same time, or the cervix alone. The body of the uterus

may be swollen and hypersemic.
In Endometritis exfoliativa (membranous dysmenorrhoBa) there may be

an expulsion, with more or less blood, of membranous masses consisting
of fibrin mingled with blood and pus cells, or consisting of exfoliated

superficial layers of epithelium. This exfoliated epithelium is frequently
much flattened so as considerably to resemble the vaginal epithelium.
When the shreds are large the openings of the uterine glands may be seen

as perforations.
'

Acute catarrhal inflammation of the uterus maybe due to injury, ex-

posure during menstruation, gonorrhoeal infection, local infection with

other bacteria,
2 or it may accompany the general acute infectious diseases.

Chronic Endometritis. This may be a continuation of an acute inflam-

mation or begin as a chronic process. In some of the lesser degrees of

inflammation but slight changes are found after death. The mucous

membrane, on the other hand, may be swollen, hyperaemic, and covered

with muco-purulent exudation. In other cases there is more or less well-

marked thickening of the mucous membrane, which may present a smooth
or a rough papillary surface or polypoid outgrowths.

The thickened mucous membrane may show on microscopical examina-

tion considerable hyperplasia of the uterine glands. These may be fairly

normal and regular in type ;
or the epithelial cells may be much increased

and irregularly massed within the tubules (Fig. 423) ; the hyperplastic

glands are often contorted, forming irregular spirals (Fig. 424). The

interglandular stroma of the mucosa may be little changed or much
thickened ;

it may be dense or very loose in texture and formed largely

of small fusiform and spheroidal cells. It is often extremely vascular

and may be the seat of interstitial haemorrhage. If there be considerable

growth of new gland structure the condition is called "glandular hyper-

plasia
" of the mucous membrane. It is often difficult in the microscopical

examinations of small portions removed from the uterine mucous meni-

1 See DeWitt, Am. Jour, of Obstetrics, vol. xlii., 1900, bibliography.
2 For an account with bibliography of the bacteria of the vagina see Williams, Am.

Jour, of Obstetrics, vol. xxxviii.. No. 4, 1898; for bacteria of non-pregnant uterus see

Miller, Johns Hopkins Hosp. Bulletin, vol. x., p. 29, 1899, bibliography ;
also reference

to Wadsworth, p. 675.
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brane by curetting to decide whether the lesion be a simple glandular

hyperplasia or adenoma. In fact glandular hyperplasia may apparently
lead to so excessive and unrestrained a growth of glandular structures in

FIG, 423. CHRONIC ENDOMETRITIS, SHOWING GLANDULAR HYPERPLASIA OF THE Mucous MEMBRANE.

The stroma of the mucosa is increased in amount and is dense and fibrous in texture.

the mucous membrane as to justify the designation adenoma or malignant
adenomatows liyperplasia.

Sometimes a thick layer of new-formed, very vascular tissue develops
over the surface of the mucous membrane, largely covering in the uterine

glands (Fig. 425). From the decomposition of extravasated blood in

the mucous membrane the latter may be mottled with brown or black.

The glandular elements of the mucosa may be partially or almost entirely

destroyed. Occasionally the glands are dilated, forming numerous small

cysts which may project from the surface. The papillae of the cervix

may be hypertrophied, the mucous follicles swollen and their outlets ob-

structed, leading to the formation of the so-called ovula Nabothi. The

FIG. 424. CHRONIC ENDOMETRITIS.

Showing glandular hyperplasia of the mucous membrane. The stroma of the mucosa la increased in

amount and is loose in texture. The glands are contorted.
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uterine wall becomes flaccid and atrophied, or it may be hyperplastic

especially in the cervical portion. Ulceration of the mucous membrane,

especially of the cervix, may occur. There may be contraction or oblitera-

tion of the cervical canal.

Fibrous hyperplasia of the cervix with ectasia of the Nabothian

glands and thickening and erosion or ulceratiou of the mucous membrane
is a frequent condition at the climacteric period (Fig. 426). Under these

conditions both the clinical manifestations and the general appearance of

the cervix on inspection often suggest the existence of cancer.

Chronic endometritis may occur at any age, but is most frequent
after puberty, and is due to a great variety of conditions. It may occur

FIG. 423. CHRONIC ENDOMETRITIS WITH THE FORMATION OF A THICK LAYER OF NEW-FORMED, TF.RY

VASCULAR TISSUE OVER THE SURFACE OF THE Mucous MEMBRANE.

a, Uterine muscle tissue ; b, mucous membrane of uterus ; c, new-formed vascular tissue.

in ill-nourished persons or in those suffering from exhausting diseases.

It may follow displacements and tumors of the uterus, subiuvolution,

injuries, etc.

Croupous Endometritis. This form of inflammation is not very com-

mon. It occasionally occurs in the puerperal uterus, and in acute infec-

tious diseases. It sometimes involves the vulva, vagina, and Fallopian
tubes. It may coexist with croupous inflammation of the colon.

Tuberculous Endometritis. This is rare and usually occurs as part of

tuberculous inflammation of the genito-urinary tract. A part or the

whole of the cavity of the uterus may be lined with a rough, yellowish
or gray, caseous mass, which may deeply involve the muscular walls of

the organ. At the edges of the ulcerating caseous areas there may be
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miliary tubercles, or these may be scattered through the otherwise in-

tact mucosa. J

Syphilitic Endometritis. This is usually confined to the cervical por-

tion, and is characterized by shallow or deep ulcerations and condylomata

s?
1 '

i ...

C^V-y

FIG. 436. FIBROUS AND GLANDULAR HYPERPLASIA OP THE CERVIX UTERI.

The figure shows one side of the cervix in longitudinal section. The fibrous tissue of the"cervix is very
dense and the walls of the blood-vessels are thickened. There is hyperplasia of the glands of the cervical

canal with erosion of the surface epithelium. The Nabothian glands are distended with clear, glairy fluid,

(ovula Nabothi). There is erosion of the epithelium at the os externum, and this with the congestion of the

small superficial vessels here, gave a rough red appearance to the os, suggestive of a malignant growth.

of the mucous membrane ;
or there may be a diffuse thickening of the

mucosa.

Acute Metritis is usually associated with acute catarrhal endometritis.

The organ is swollen, succulent, congested ;
the mucous membrane covered

with muco-pus ; the peritoneal coat congested. There may be small ex-

travasations of blood in the wall or cavity of the uterus. The inflamma-

tion, in rare cases, becomes suppurative, and abscesses are formed in the

1 For bibliography see Culkn, Johns Hopkins Hospital Reports, vol. iv., p. 441, 1895.

43
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uterine wall
; these may perforate into the peritoneal cavity or into the

rectum.

Chronic Metritis may follow acute metritis or accompanies acute or

chronic endometritis, and is dependent upon similar conditions : subin-

volution, displacements, tumors, active irritants, etc. The uterus is en-

larged, the wall congested, thickened, and soft, or, owing to the new
formation of connective tissue, hard and dense. The lesion may be most
marked in the body or in the cervical portion.

Perimetritis. The peritoneal coat of the uterus may be inflamed, with

the production of membranous adhesions or of pus. The adhesions may
be small or very extensive, and, owing to their contractions, may cause

various distortions and displacements of the pelvic organs. The inflam-

mation is usually an accompaniment of chronic metritis and endometritis.

In prostitutes such adhesions are of very common occurrence.

Parametritis. The connective tissue about the uterus, between that

organ and the reflexions of the peritoneum, may be the seat of suppura-
tive inflammation. It most frequently ends in death, but may result in

the formation of dense connective tissue about the uterus.

II. INFLAMMATION OF THE PREGNANT UTERUS.

The forms of inflammation which have just been described may also

occur in the pregnant uterus. Catarrhal endometritis may lead to effusion

of serum, extravasations of blood, and abortions. Metritis may lead to

softening of the uterine wall, so that rupture takes place during labor.

Perimetritis and parametritis produce adhesions and abscesses about the

uterus.

Infectious Inflammation (Puerperal Fever). For a week or more after

delivery the inner surface of the still dilated uterus is rough, especially

at the insertion of the placenta, and covered with dark shreds of blood,

mucous membrane, and placenta. This condition should not, as is some-

times the case, be mistaken for inflammation or gangrene.
As a result of injury to the uterus or vagina during or after delivery,

and the action of bacteria which may gain access to the tissues, in this

vulnerable state, the puerperal uterus is liable to become the seat of a

series of severe and often destructive inflammatory and necrotic changes.
These may be confined to the uterus

; they may induce serious alterations

in surrounding parts ; they may lead to an involvement of the peritoneum
or to septicaemia or pyaemia and its accompanying lesions in the most

distant parts of the body. In some cases a more or less extensive gan-

grenous inflammation of the mucous membrane and the underlying parts

may lead to the casting-off of larger and smaller shreds of necrotic tissue

and the formation of deep and spreading ulcers, which may be accom-

panied by severe parametritis and fatal peritonitis. In other cases the

inflammation is croupous, and may affect the vagina leading to necrosis,

gangrene, ulceration, or peritonitis.

In connection with either of the above forms of inflammation, or
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without them, there may be thrombosis of the uterine sinuses, purulent
inflammation of the veins, suppuration and abscess in the uterine wall,

suppurative inflammation of the ovaries and tubes, and, owing to the

generalization of the infectious material, metastatic abscesses in the lungs,

spleen, kidneys, etc. Or acute pleurisy, ulcerative endocarditis, ery-

sipelas, purulent inflammation of the joints, hyperplastic swelling of the

spleen and lymph-nodes, thrombosis or thrombo-phlebitis of the saphen-
ous veins, etc. , may follow. In some cases which rapidly pass to a fatal

termination the local lesions may be but slightly marked, and general al-

terations characteristic of pyaemia, such as metastatic abscesses, etc., be

'&"S.'--:J--:"
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FIG. 437. UTERINE PHLEBITIS FOLLOWING DELIVERY; WITH RETAINED PLACENTA.

Death nine days after delivery. Micrococci in the walls of the inflamed veins stained violet.

entirely wanting. Death is in such cases apparently due to toxaemia or

septicaemia.

Bacteria are usually present in the exudate, in the lymph-vessels,

veins, and inflamed tissue of the uterus (see Fig. 427) ; often in enormous

quantities in the peritoneal exudation and in the metastatic inflammatory
foci. Streptococcus pyogenes, the gonococcus, B. aerogenes capsulatus,

and the colon bacillus are the most frequent excitants of the lesion.
'

TUMORS.

Fibromata. Dense nodular fibromata of the uterus are rare, the so-

called fibromata being in most cases myomata or fibro-myomata. Fibroma

papillare, on the other hand, is a common form of growth from the mu-

1 Consult Wadsworth, "On Puerperal Infection," Am. Jour, of Obstetrics, vol. xliii.,

1901.
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cons membrane. It consists of a more or less vascular connective-tissue

stroma covered with epithelium. The surface may be smooth or villous.

It may contain very numerous gland follicles, and then approaches the

type of adenoma, or even carcinoma. The stroma may be loose and

succulent, and resemble mucous tissue, forming the so-called mucous

polypi. In any of these forms the blood-vessels may be abundant and

dilated, forming telangiectatic or cavernous polypi. The adenomatous

polypi may become cystic from the dilatation of the gland follicles.

Polypi of the uterus may be multiple or single, small or large.

Numerous smaller and larger papillary outgrowths from the mucous
membrane may occur in chron-

ic endometritis. Single polypi

may grow from the mucosa of

the body of the uterus or from
the cervix, and hang by a long

pedicle down into the vagina.
The large number of glan-

dular structures in many of

these chronic inflammatory,

papillary, and polypoid out-

growths (Fig. 428) often jus-

tifies the name of adenomatous

hyperplasia of the mucous
membrane or of adenomatous

papillomata or polyps.

Syphilitic papillary growths
in the form of pointed condy-
lomata may form finely papil-

lary, wart-like excrescences of

variable size, particularly on

the cervix.

Myomata. These tumors,

whose characteristic structural

elements are smooth muscle

cells (see Fig. 173), are the

most common of uterine tumors

and while frequently of little

practical importance are sometimes of serious import. They are espe-

cially common in negroes. They are most frequently composed of both

muscular and fibrous tissue fibroinyoniata but the relative amount of

the two kinds of tissue is subject to great variation. They are most apt
to occur after puberty, and usually in advanced life. They may be

single or multiple, small or of enormous size ; are usually sharply cir-

cumscribed, whitish or pink, dense and hard, or sometimes soft, and pre-

sent on section interlacing bands or irregular masses of glistening tissue.

Their favorite situation is in connection with the body of the uterus,

but they may occur in the cervix or in the folds of the broad ligaments.

FIG. 438. UTERINE POLYP ADENOMATOUS OR GLA.
DULAR POLYP OF THE UTERUS POLYPOID HYPER-
PLASIA OF THE MCCOUS MEMBRANE IN CHRONIC ENDO-
METRITIS.
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According to their position we may distinguish subserous, submucous,
and iutraparietal forms.

The subserous myomata, often multiple, grow from the outer muscular

layers of the uterus in the form of little nodules. As they increase in

size they may become separated from the uterine wall and remain at-

tached only by a narrow pedicle or by a little connective tissue ; or may
even be entirely free. They may work their way between the folds of

the broad ligament until they are at some distance from their point of

origin. The tumors may become very large, but remain firmly attached

to the uterus
;
this organ may then be drawn upward, the cervix and

vagina being elongated and narrowed. The traction may be so great that

the body of the uterus is

entirely separated from

the cervix. The bladder

may also be drawn up-
ward.

The submucous myomata

grow from the inner mus-

cular layers of the uterine

wall, most frequently in

the fundus. They may
project into the uterine

cavity and remain sessile

or become pediculated ;

the uterus dilates with the

growth of the tumor, and

its wall may also be thick-

ened.

They are usually single,

although there may be at

the same time subserous

and intraparietal tumors.

They are frequently soft.

If they are of large size

and polypoid in form,

they may project through
the cervix and drag down the fundus of the uterus, producing inversion.

The mucous membrane covering them may be atrophied or hypenemic,
with dilated blood-vessels, and may thus give rise to severe and repeated

haemorrhages. In some cases the pedicle of a tumor is destroyed and it

is spontaneously expelled.

The intraparietal myomata grow in the substance of the uterine wall,

but, if they attain a large size, project beneath the serous or the mucous
coat (Fig. 429). They are found in every part of the uterus, but are

most frequent in the posterior wall.

The shape of the uterus is altered in a great variety of ways by the

presence of these tumors
;
its cavity is narrowed, dilated, or misshapen ;

FIG. 429. I.NTRAPARIKTAL MYOMATA OF THE UTERUS.
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it undergoes flexion or version. The tumors may sink downward and
become attached to the posterior wall of the vagina.

Myomata may undergo a variety of secondary alterations. The mus-

cle fibres may undergo fatty degeneration and the tumor diminish in size,

or may even it is said be entirely destroyed. Calcification may occur,

converting a part or the whole of the tumor into a stony mass. The in-

traparietal and submucous myomata may give rise to profuse haemor-

rhages ; they may suppurate and become gangrenous.
Sometimes the tumors or circumscribed portions of them are very

vascular, constituting the telangiec-

tatic or cavernous variety. These

tumors, which possess some of

the characters of erectile tissue,

may suddenly change in size from
a variation in the amount of blood

which they contain. Larger and
smaller cysts may develop within

these tumors fibro -cystic tumors.

These may be multiple and may
communicate

; they may be filled

with a clear or bloody fluid. These

cystic myomata may reach an im-
FIG. 430.-ADENOMATOU

Su

OR
R
GLANDULAR MYOMA m^^ Size ^0. fill the abdomilial

cavity. The cysts may be lined

with ciliated epithelium.
' Combinations of myoma and sarcoma some-

times occur myosarcoma. Lipomyoma has been described.
a

Myomata of the cervix are rare. They may grow as polypi beneath

the mucous coat, or produce enlargement of the anterior or posterior

lips, or may grow outward into the abdominal cavity.

Myomata of the uterus, either subserous, iutraparietal, or submucous,

containing glandular structures of the type of those in the uterine mucosa,
are of occasional occurrence (Fig. 430). These glandular or adenoma-

tous myomata are sometimes directly connected with the uterine mucous

membrane, but are often so distant and so entirely separated from it as

to justify the conjecture that they are derived from some embryonal ab-

normality associated with the development of theWolffian body.
3

Simi-

lar tumors have been described in the round ligament.
4

Sarcomata may occur as primary tumors in the mucous membrane of

the uterus, either in the form of a diffuse infiltration or as a circumscribed

nodular or polypoid mass. They frequently involve the muscular wall,

are liable to haemorrhage and gangrene, and, particularly in the diffuse

1 Consult monograph by Breus, "Ueber wahre Epithel fuhrende Cystenbildung d.

Uterus-Myomen," Leipzig, 1894.
2 See Knox, Johns Hopkins Hosp. Bull , vol. xii., p. 318
3
Cullen, Johns Hopkins Hospital Reports, vol. vi., p. 133. 1897, bibl. ; also Cullen,

Monograph as supplement to Orth's "Festschrift," 1903.
4
Cullen, Bull. Johns Hopkins Hospital Reports, vol ix., p. 142 1898. bibl , also

Blumer, Am. Jour. Obstetrics, vol. xxxvii., p. 37, 1898
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form, are liable to recur after removal. They may consist largely of

spiudle or spheroidal cells, or both. It is said that sarcoma of the uterus

is more liable to occur at an advanced age than at an early period, as is

FIG. 431. ADENOMA OF THE UTERCS.

the rule with sarcomata of other organs. Giant-celled sarcomata have

been described.

Angioma. Cavernous angiomata of the wall of the uterus have been

described. Eudothelioma is of rare occurrence in the cervix.
l

Adenoma. Between a simple adenomatous hyperplasia of the mucous
membrane of the
uterus, on the one

hand (see Figs. 423

and 424), and carci-

noma on the other,

there is no absolutely
sharp morphological
distinction. But
there is a consider-

able group of

growths, to which
the name adenoma

is properly applied,
which lie on the bor-

der /one between the

distinctly benign and the definitely malignant new epithelial-tissue

growths.

Many epithelial-cell growths of the uterus, while adenomatous in

structure, are so distinctly malignant, and are so liable to develop that

structural lawlessness characteristic of carcinoma that it has seemed wise

to many observers to avoid the name adenoma altogether and class all

1 Hurdon, Johns Hopkins Hospital Bulletin, vol. ix., p. 186, 1898, bibliography.

FIG. 432. ADENOMA OF THE UTERUS

Showing a small portion of a glandular and papillary growth.
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f
,

the epithelial tumors of the uterus among the carcinomata. Others,

recognizing the benign character of many of the epithelial tumors of the

uterus, have adopted a sharp distinction be-

tween benign and malignant adenoma.

It seems to the writer wise to preserve

here, as elsewhere in the body, the morpho-

logical distinction between adenoma and

carcinoma. But in doing this it should al-

ways be borne in mind that the adenomata

of the uterus, as those of the gastro-intestinal

canal, may not only be extremely malignant
as adenomata, but that the more benign
forms are extremely prone to develop, both

in structure and malignancy, into carcino-

mata. In fact, in many cases we can ex-

press the peculiarities of structure in these

tumors only by calling them adeno-carci-

noma.

The adenomata of the uterus may begin
in a simple hyperplasia of the mucous mem-

brane, in which glandular development is preponderant (see above).
When the tumor character becomes established this new glandular

growth is commonly in the form of irregular, often dilated follicu-

lar structures with a well-marked lumen lined with cvlindrical or cu-

FIG. 43& ADENOMA OF THE UTERUS.

Showing a small portion of the epi-

thelium in Fig. 432 more highly mag-
nified. Mitotic figures are seen in the

deeper layers.

FIG. 434. ADENOMA OF THE UTERUS.

Showing the gross appearance of the interior of the uterus with an adenomatous involvement of the entire
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boidal cells. It may develop in irregular papillary masses (Fig. 431),

the more or less abundant fibrous stroina being covered with irregular

layers of epithelium (Figs. 432 and 433). The new growth may project

FIG. 435. ADENOMA OF THE UTERUS.

Showing the extension of the new growth into the deeper portions of the cervix. The section shows
one side of the cervix. The epithelium over the portio vaginalis is intact ; in the right upper region in the

figure is seen a ragged erosion of the epithelium lining ttie cervical canal and the exposure of a portion of

the tumor growth upon the free surface.

from the inner surface of the uterus in the form of ragged lobular

masses (Fig. 434), or it may infiltrate the submucous tissues (Fig. 435).

Or growth in both directions may occur at once.

The topographical features and clinical stories of many adenomata
of the uterus are identical with those of the infiltrating and ulcerating
carcinoinata.

Carcinoma.
1 The carcinomata of the uterus commence most frequently

in the cervix and portio vaginalis, and the most common form is the

epithelioina. The growth of epitheliomata of the cervix uteri proceeds
under three tolerably distinct forms which, however, frequently merge
into one another.

1. The flat, ulcerating epithelioma. This form of cancer commences
as a somewhat elevated, flat induration of the superficial layers of the

cervix, sometimes circumscribed, sometimes diffuse. This induration is

due to the growth of plugs and irregular masses of epithelial cells into

the underlying tissue (Fig. 436). Ulceration usually commences early
1 Consult for details Cullen, "Carcinoma of the Uterus," 1900.
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and may proceed slowly or rapidly. The edges of the ulcer are irregular,

indurated, and somewhat elevated. The ulceration of the new-formed
cancerous tissue at the edges is usually progressive, so that the vaginal

portion of the cervix, the cervical canal, the vagina, and even the blad-

der and rectum may be involved. More or less extensive haemorrhages
and necrosis of the base of the ulcer are liable to occur. The entire cer-

vix may be destroyed.

2. In another class of cases the carcinomatous growth develops under

the form of papillary or fungous excrescences, which may form larger or

smaller masses composed of epitheliomatous tissue. Hand-iu-hand with

this projecting growth there may occur an epithelial infiltration of the

underlying tissue of the cervix. These growths are often quite vascular

'-xXS: >:; ; .-'.'
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FIG. 436. CARCINOMA (EPITHELIOMA) OF THE UTERUS.

Showing ramifying epithelial cell masses.

and may give rise to severe haemorrhages. They may ulcerate and thus

produce great destruction of tissue.

3. In still another class of cases there is a more or less deep infiltra-

tion of the submucous tissue, either diffuse or in circumscribed nodules,

with epithelial cell masses. We find at first, in the vaginal portion of

the cervix, in the submucous connective tissue, either nodules or a gen-
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eral infiltration of a whitish new growth. The cervix then appears large
and hard. Very soon the mucous membrane over the new growth de-

generates and falls off
; the superficial layers of the new growth undergo

the same changes. After this the formation of the new growth and its

ulceration go on simultaneously, producing first an infiltration and then

destruction of the cervix, and often of a part of the body of the uterus.

The growth frequently extends to the vagina, the bladder, and the rectum
with the same destructive character, so that we often find the cervix and

upper part of the vagina destroyed, and in their place a large cavity with

ragged, gangrenous, cancerous walls

(Fig. 437). Less frequently the

pelvic bones are invaded in the

same way. Xot infrequently the

ureters are surrounded and com-

pressed by the new growth, so that

they become dilated. The dilata-

tion may extend to the pelves and

calyces of the kidneys. The new

growth may begin in the cervix

and extend uniformly over the in-

ternal surface of the cervix and
of the body of the uterus. The
entire uterus is converted into a

large sac, of which the walls are

infiltrated with the new growth,
while the internal surface is ulcer-

ating and gangrenous. In some
cases there is a considerable for-

mation of new, dense connective

tissue, so that the growth has a

scirrhous form.

In rare cases the growth begins
in the upper part of the cervix or

in the body of the uterus, while the

lower part of the cervix is not in-

volved. In all of these cases the

epithelial cells of the new growth follow more or less closely the type of

the epithelial cells of the part from which they spring. But it has been

observed that carciuomata developing from the mucous membrane of an
inverted uterus may be of the squamous-celled type.

In still another class of cases, in which the new growth may be in the

form of nodules, or diffuse infiltrations, or polypoid masses, or may pre-
sent more or less extensive alterations, the cells are irregular, polyhedral
in shape, the tumor belonging to the class of glandular or medullary
carcinomata (Fig. 438). These also usually commence in the cervix,

and, according to the views of many writers, probably in the mucous

glands.

FIG. 437. CARCINOMA OF THE CERVIX UTERI.

The infiltrating and ulcerating type.



684 THE REPRODUCTIVE ORGANS OF THE FEMALE.

In rare cases the entire wall of the uterus is infiltrated with the new

growth and the organ is much enlarged. Gelatinous earcinoma sometimes

occurs, but is rare.

While we may for convenience recognize the above types of carcinoma

of the uterus, it should be borne in mind, as above stated, that they are

FIG. 438. CARCINOMA OF THE UTERUS.

Medullary type.

often not distinct, and may merge into one another or exist simultane-

ously. Exudative inflammation is of frequent occurrence in these as in

other tumors of the uterus.

As a result of the ulceration of these various forms of carcinoma recto-

vaginal fistulse may be formed
;
the lumbar lymph-nodes may be involved,

FIG. 439. FRAGMENT OF DECIDUA IN CURETTINGS FROM THE UTERUS.

and metastases in distant organs are occasionally though not often

formed. Frequent and profuse haemorrhages, gangrenous destruction of
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tissue, the absorption of deleterious materials, etc., are apt to lead to the

development of a more or less profound anaemia and cachexia.

Deciduoma Malignum. Under various names several curious tumors

of the uterus have been described which resemble each other, but which

differ in structures from any of those in the usual lists. They are, how-

ever, most closely allied to the sarcomata. They all occur in the uterus

after pregnancy, and all appear to be derived from remains of the decidua

;... ,, .-.-;...-.

-

FIG. 440. DECIDCOMA MALIGNUM STNCTTIOMA.

or its associated structures (Fig. 439). They frequently give rise to

haemorrhages and are apt to form metastases, especially in the vagina
and lungs.

The structure of these tumors varies considerably. The most typical
forms consist of irregular clusters or trabeculae of large irregular-shaped
cells with prominent nuclei or of masses of protoplasm, as well as of

smaller cells. These cells and cell masses often enclose blood spaces (Fig.

440). There is relatively little stroma syncytioma.

On the other hand, some of the tumors in which the connective-tissue

elements more largely share are appropriately called Sarcoma deciduo-

cellulare.

Whether these tumors are derived from the fo3tal or from the ma-
terual tissues is not in all cases clear ; perhaps only one or both may in

the different cases be concerned in the growth.
'

PARASITES AND CYSTS.

Echinococcus has been found in the body and neck of the uterus, and

may rupture into the peritoneal cavity or into the vagina.

1 For a careful description and consideration of these tumors consult the article by
Williams in the Johns Hopkins Hospital Reports, vol. iv., p. 461, 1895; also, for sum-
mary and full bibl., see Miinzer, Cbl. f. Path., Bd. xiii., 1902, p. 197.
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Cysts. Aside from the cysts which develop in tumors of the uterus,

the mucous follicles in the cervix uteri are frequently so dilated as to

form cysts filled with a gelatinous material and more or less epithelium.
These cysts may be large or small, and are frequently called ovula Nabothi

(Fig. 426) . Sometimes there is an inflammatory growth of new connective

tissue about these cysts. In other cases the cysts may project from the

mucous membrane in the form of polypi. Similar changes are infrequent-

ly found in the body of the uterus from the dilatation of occluded uterine

glands. Derinoid cysts are rarely found in the walls of the uterus.

Lesions of the Placenta. 1

Aside from the variations from the normal in size, shape, and posi-

tion, for a description of which we refer to the works on obstetrics, we

may briefly mention here some of the more important structural changes
which the placenta may undergo.

DEGENERATION.

Fatty and amyloid degeneration and calcification of the placental tissue

are of not infrequent occurrence.

HAEMORRHAGE.

This may occur either on the maternal surface in the decidua, or

between the foetal surface and the membranes, or in the substance of the

placenta. The latter form of haemorrhage constitutes the true placental

apoplexy. This may occur as the result of rupture of a placental sinus.

The placental tissue is crowded apart, and a blood clot, often infiltrating

the parenchyma, is formed. This may lead to abortion, or the blood

may undergo disintegration and absorption and its place be occupied by
a cicatrix. The placental tissue in its vicinity may undergo fatty degen-
eration. Under other conditions, without evidence of rupture of the

vessels, the placental tissue may become infiltrated with blood in the

form of an infarction. In this, degenerative changes similar to the above

may occur, leading to fibrous induration of the placenta.

The so-called "infarctions" of the placenta vary in size, appearance,

structure, and origin. They are most frequently due, according to

Williams, to an endarteritis of the vessels of the chorionic villi. They
appear to be of little significance when of moderate size.

3

INFLAMMATION. (Placentitis.)

Suppurative Inflammation of the placenta, with the formation of ab-

scesses, is of rare occurrence as the result of injury.

1 For a study of the placenta, normal and pathological, see Eden, Journal of Path
and Bact, vol. iii., p. 449, 1896, and vol. iv., p. 265, 1897, bibliography.

2 For a study of placental infarcts see Williams,
" Welch Anniversary Contr. to

the Science of Medicine," 1900, p. 431, bibliography.
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Chronic Indurative Inflammation of the placenta may result in the for-

mation of circumscribed masses of cellular and loose, or dense and cica-

tricial, connective tissue, or in a diffuse formation of connective tissue

which may interfere with the nutrition of the foetus and cause abortion.

The new-formed connective tissue may undergo fatty degeneration or

calcification.

In another class of cases the new connective tissue is formed mainly
in the walls of the vessels, particularly the arteries. This may occur in

circumscribed portions of the vessels, leading to nodular growths around

the arteries, or it may occur extensively along the various ramifications

of the vessels, converting them into thick fibrous cords. The change is

primarily in the adventitia, but all the coats of the vessel may become

involved, leading to more or less complete obliteration of the lumen.

Various proliferative and indurative changes in the placenta may
occur as the result of syphilitic inflammation,

Tuberculous inflammation of the placenta may occur in connection with

other tuberculous processes in the mother.

TUMORS.

Fragments of placenta remaining in the uterus after delivery may
serve as a nidus for a blood thrombus, or they may undergo prolifera-

tion, thus forming tumors, deciduomata.

An hypertrophy of the villi of the chorioii may give rise to the fibrous

FIG. 441. HYDATID MOLE.

Showing a small portion of the mass.
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structures known as fibrous moles. When to the fibrous change mucous

degeneration is added the so-called hydatid moles are formed (Figs. 441

and 442).
'

FIG. 442. HYDATID MOLE.

Section of a small portion showing mucous and slightly fibrous tissue covered with a layer of epithelial cells.

Cysts of the placenta are of occasional occurrence
;
their origin is in

most cases obscure. 8

The Ovaries.

Malformations.

One or both ovaries may be absent, the other organs of generation being also absent

or undeveloped ;
or they may be only partially developed. Absence or arrest of devel-

opment of one ovary occasionally occurs in otherwise well-formed individuals, and is

sometimes accompanied by a low position of the kidney on the same side. The ovaries

may pass into the inguinal canal or into the labia majora, and remain fixed there

through life. Less frequently they are found in the crural canal or the foramen ovale.

Changes in Size and Position.

The ovaries may become larger than normal by chronic inflammation, by the

formation of cysts and tumors. They may become atrophied in old age, the Graafian

follicles disappearing and the organ shrivelling into a small, irregular, fibrous body.

Atrophy may be produced by ascites, by chronic inflammation, or from unknown
causes. As the result of the maturing and rupture of the Graafiau follicles, with and
without pregnancy, the surface of the ovary, which before puberty is smooth, may
become roughened by irregular cicatricial depressions.

'Consult Marchand, Zeits. f. Geburtsh. u. Gynak., Bd. xxxii., p. 405; also Fraen-
kel, Arch. f. Gynak., Bd. xlix.

" 2 See AJilfeldt, Arch, fur Gynakologie, Bd. ii., p. 397. Fenomenodes. ibid., Bd. xv.,

p. 343. Hofmeier, "Die menschliche Placenta," 1890.
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In adult life the ovaries may pass as herniae into the inguinal or crural canal, the

foramen ovale, or the umbilicus. Their position in the abdomen may be changed by
the pressure of tumors, the traction of false membranes, etc. This may occur in en-

larged ovaries or in those of normal size, and by the compression of the veins may lead

to congestion and chronic inflammation of the organs.

HYPER2EMIA AND HAEMORRHAGE.

Aside from the normal hypersemia of the ovaries during menstrua-

tion, the vessels may be congested in inflammation, in displacements with

interference with the venous circulation, in certain diseases of the heart,

etc., and may then be followed by chronic inflammation.

The menstrual periods are accompanied by the effusion of blood into

a Graafiau follicle, formally the amount of blood is small, becomes

solid, is decolorized, and then gradually absorbed. Sometimes the effu-

sion of blood is much greater ;
the follicle filled with blood is as large as

a pigeon's egg. The blood may remain in the follicle and be absorbed,
and replaced by a serous fluid, or through rupture it may escape into the

peritoneal cavity. Death may ensue from the hemorrhage, or the blood

may collect in Douglas' cul-de-sac and become encapsulated. Haemor-

rhages also occur in follicles which have become cystic. Interstitial

haemorrhage in the ovary sometimes occurs without known cause.

INFLAMMATION. (Oophoritis.)

Acute Exudative Inflammation of the ovaries occurs most frequently in

the puerperal condition, either as part of a general peritonitis or as a

primary affection.

With puerperal peritonitis both ovaries are usually inflamed ; they
are swollen, congested, soft, infiltrated with serum or pus, or gangren-
ous. The lesion may involve principally the capsule, the stroma, or the

follicles. Inflammation of the capsule results in adhesions and collec-

tions of pus, shut in by false membranes ;
of the stroma, in abscesses and

fibrous induration; of the follicles, in their dilatation with purulent
serum.

If the inflammation of the ovary be the primary lesion it is usually
confined to one organ. The stroma of the ovary is infiltrated with serum
and pus, and may contain abscesses of large size. In other cases the

ovary itself is but little changed, but is surrounded by a mass of fibrin-

ous and purulent exudation. Such independent forms of ovarian inflam-

mation may terminate in recovery ;
or the abscesses may perforate into

the rectum and vagina ;
or the ovary is left indurated and bound down

by adhesions ;
or the patient may die.

Acute exudative inflammation of the ovaries unconnected with the

puerperal condition is not common, but it may occur in connection with

acute or chronic peritonitis or perimetritis, with various infectious dis-

eases, pyaemia, etc. It is usually confined to one ovary.
Chronic Interstitial Oophoritis is not infrequently preceded by an acute

inflammation, or it may gradually develop as an independent condition,
44
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often determined by some mechanical interference with the blood cur-

rent. The organ may be increased in size, owing to the formation of

loose cellular or of dense, firm, new connective tissue. Under these

? 6

A, .
. v,,.^ .... v.

FIG. 443. CHRONIC OOPHORITIS WITH DILATED BLOOD-VESSELS AND CYSTS.

a, Dense connective-tissue stroma ; b, dilated veins ; c, cysts ; d, cyst with granular contents ; e, corti-

cal zone of immature Graaflan follicles.

conditions the blood-vessels, especially the veins, may be widely dilated,

and cysts in varying number and size may be present (Fig. 443). Some-

FIG. 444. CHRONIC OOPHORITIS WITH ATROPHY.

From a case of valvular disease of the heart with chronic metritis and endometritis. a, Thickened and dense
interstitial tissue ; b, old corpora lutea ; c, arteries with greatly thickened walls ; d, dilated veins.

times the new-formed dense connective tissue may be largely limited to

the surface of the organ, so that the albuginea may become dense and
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thick. Under these conditions the surface of the ovary may be smooth
or rough.

On the other hand, the organ may be smaller than normal as the re-

sult of the formation of dense new interstitial connective tissue, and its

surface greatly roughened and distorted (Fig. 444). Sometimes the for-

mation of new dense tissue may be largely confined to the walls of the

arteries, which become prominent and tortuous. Obliterating endarte-

ritis is not infrequent. The atrophied ovary may be largely made up of

thick-walled arteries and of fibrous masses which are the result of incom-

plete resolution of the corpora lutea.

Occasionally a more or less extensive hyperplasia of cells in the corpus
luteuni leads to the development of larger or smaller new-formed, convo-

luted, nodular masses in the ovary, which are sometimes regarded as

tumors. ' Sarcomata of the ovary appear to originate in such an hyper-

plasia (see Fig. 447).
Tuberculous Inflammation of

the ovaries is rare, and may
accompany tuberculous inflam-

mation of other organs, par-

ticularly the peritoneum and

Fallopian tubes. It usually
results in the production of

dense caseous nodules of con-

siderable size.

Syphilitic Inflammation in

the form of gummata is un-

common.

TUMORS.

Fibroma is not common nor

usually of great importance.
Such tumors may be small or

large. They are usually dense
in texture, and seem often to

originate in the tissue formed
in the closure of the ruptured
Graafiau follicle. They may FIG . ^.-PAPILLOMA OF THE OVARY.

Contain Cysts Or be accompanied Shows cyst with papillary growth within.

by cysts of the surrounding
stroma. Papillary fibromata of the surface of the ovary are not infre-

quent (Fig. 446). They may contain cysts (Fig. 445), and the growth
may be transplanted from this situation to the general peritoneal surfaces

(Fig. 348, page 573).

Chondroma of the ovaries is described, but is rare
; cartilage not in-

frequently occurs, however, in dermoid cysts.
1 For recent studies on the nature of the corpus luteum see Cohn, Arch. f. mik.

Anat., Bd. Ixii., 1903, p. 745; also Fmenkd, Arch. f. Gynakol., Bd. Ixviii., 1903, p. 438.
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Leiomyoma containing more or less fibrous tissue is of occasional oc-

currence.

Sarcoma of the ovaries is not common. It is usually primary, and

FIG. 446. PAPILLOMA OF THE OVARY.

may apparently develop from the new-formed cells of the corpus luteum

(Fig. 447), but may be metastatic. It is usually of the spindle-celled

iKfi ^^^^j^^Km

''-''-' v ';'';'' ViX -;:'.-'.>"''?-V -'-
: -''''-' ;j

v
". ..""'

:

:*\-''^
f'

:*-'.?&'' ?/'///?'^^W&.W* v^';^Vv.^
^
;::^,WB S^:

;

;%.>^,^;^
x

ll|l|/li|s^Sill-

FIG. 447. COMMENCEMENT OF SARCOMATOUS GROWTH IN THE OVARY.
From hyperplastic cells of corpus luteum.

variety, but may contain areas of spheroidal-celled tissue or more or less

fibrous tissue. The tumors may be hard or soft, and are apt to involve

both ovaries. Endotheliomata may be found in the ovaries (Fig. 449).
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Carcinoma, usually of the medullary variety, may occur as a primary
tumor of the ovary. It may be due to a continuous extension from

neighboring organs, or more rarely it is of metastatic origin. Although
the medullary carcinomata are the most common, scirrhous, melanotic,

and gelatinous forms sometimes occur. Some types of carcinoma stand

in very close relation with certain of the cystic adenomata (see below).
Adenoma (Cystic Adenoma

; Compound Ovarian Cyst). These growths,
which may occur in one or both ovaries, form one of the most common
and important classes of ovarian tumors. They probably originate in

the gland epithelium of the ovary either before or after the formation of

the Graafian follicles. Some of their most noteworthy and important
features depend upon their tendency to the formation of cysts. It should

FIG. 448. CYSTADKNOMA OF THK OVARY.

Showing large cysts, with a glandular mass within one of the cysts.



694 THE REPRODUCTIVE ORGANS OF THE FEMALE.

be remembered, however, that the primary lesion is a true new formation

of glandular tissue, and not, as in the case of most cysts, a transforma-

tion, by retention or otherwise, of pre-existing structures.

The growth primarily consists of a fibrous stroma in which are tubu-

lar follicles lined with cylindrical epithelium glandular type. Or, in

some cases, it consists of papillary outgrowths from a fibrous stroma,
which are covered with cylindrical epithelium papillary type.

Glandular Cystadenoma. There is, as above stated, a marked ten-

dency, in this form of adenoma, to dilatation of the follicles by a semi-

fluid material, and the formation of cysts. There may be a number of

follicles equally dilated, so as to form a number of cysts of moderate size

(Fig. 450) ;
or a few follicles are greatly dilated to form a large multilocu-

lar cyst with but few compartments (Fig. 448). The walls of the cysts

may fuse together and be absorbed, so as to form one large cyst divided

by incomplete septa unilocular cysts. The stroma in which the follicles

and cysts are embedded may be largely developed or very scanty.

FIG. 449.-ENDOTHELIOMA OF THE OVARY.

The walls of the larger cysts are composed of fibrous tissue which is

dense in the outer layers, more cellular in the inner, upon which the

epithelium is placed. They may be thin and membranous, or there is

upon their internal surfaces an intracystic growth composed of a fibrous

stroma and tubular follicles. These secondary follicles may also be filled

with fluid and form larger and smaller cysts. The intracystic growths
may be so large as to fill up the original cysts. Sometimes the intracystic

growth presents very little dilatation of its follicles, so that the entire

tumor has more the character of a solid growth than of a cyst.
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The cylindrical epithelium lining the cysts usually forms a single layer

(Fig. 451), but several layers often irregular in thickness may form, and

FIG. 450.-CYSTADENOMA OF THE OVARY (MtJLTILOCULAR OVARIAN CYST ADENO-CYSTOMA) .

This photographic reproduction is about four-fifths natural size.

owing to the accumulation of fluid the cells may become flattened and

atrophied, or they may be fatty or desquamated. The contents of the

FIG. 451. CYSTADENOMA OF THE OVARY GLANDULAR TYPE.

cysts differ considerably in different cases, and even in different cysts in

the same case. They may be tough and ropy, or gelatinous or serous ;

transparent and colorless, or yellow or reddish, or reddish-brown; or

they may be turbid and colorless, or variously colored red, brown, or

chocolate.
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Chemically the cyst contents, when thick and ropy, include mucin or

paralbumin, and perhaps other less well-known compounds belonging to

the same class. It is probable that the contents of these cysts are, so far

as the mucin and paralbumin are concerned, produced by a metamor-

phosis of the protoplasm of the lining cells, similar to that by which the

muciu is produced in the mucous glands and in mucous membranes.
The cylindrical cells often present the form of the so-called "beaker

cells," and in some cases the mucous contents of the cysts are seen to be

continuous with the similar contents of the beaker cells. It is probable
that much of the fluid contents of the cysts comes from simple transu-

dation.

Microscopically the contents of these cysts present also considerable

variation. We may find almost no structural elements, or there may be

FIG. 452. CYSTADENOMA OF THE OVARY PAPILLARY TYPE.

red blood cells in variable quantity, and leucocytes in various stages

of granular or fatty degeneration or of disintegration. There may be

cylindrical, or flattened, or polyhedral cells, either well preserved, swol-

len, or in a state of fatty degeneration, or fragments of these cells.

It is these various forms of cells, often more or less swollen and in a con-

dition of more or less well-marked granular and fatty degeneration, which

have been considered characteristic of the ovarian cysts and are some-

times called Drysdalds corpuscles. While, however, they are of frequent

occurrence under these conditions, they are by no means pathognomonic,
since we find them in the contents of various kinds of cysts and cavities

where the cells are undergoing degeneration. In addition to the above

structural elements we may find free fat droplets, cholesterin crystals,

pigment granules, and more or less granular detritus. The gelatinous
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material filling these cysts is sometimes called colloid, and the cysts are

frequently called colloid cysts.

Numerous secondary changes are liable to occur in these cysts. The
cells may peel off, the walls of the cysts atrophy or become calcified.

Suppurative inflammation, perforation into the peritoneum, bladder,

vagina, or rectum; haemorrhage, gangrene, etc., may occur. As a re-

sult of chronic productive processes, the cyst walls may become thick-

ened and extensive adhesions may form. Carcinoma may develop from
these tumors.

Papillary Cystadenoma. This type of cystadeuoma was formerly re-

garded as but a variety of the form above described a variety charac-

terized by papillary outgrowths in cauliflower-like tufts from the wr
alls

of the cysts, which often in large degree fill the cyst spaces (Fig. 452).

FIG. 453. MULTIPLE PAPILLARY CYSTS OF THE OMENTUM, SECONDARY TO A SIMILAR GROWTH IN THE
OVARY.

The papillary outgrowths are themselves becoming softened at their centres, forming accessory cysts.

There appears, however, to be sufficient evidence, both anatomical and

clinical, to justify the separation of the papillary from the glandular
form of cystadenoma.

The papillary cystadenomata are not, as a rale, as large as the gland-
ular form. The cysts are fewer and they do not contain colloid material.

The papillary outgrowths often break through the cyst walls, and may
be transplanted to the peritoneal or other surfaces in the form of multiple

cystic or papillary tumors (Fig. 453). The papillse and cyst walls may
be lined by cylindrical and often by ciliated epithelium.

1

Follicular Cysts of the Ovary. The Graafian follicles may be dilated so

as to form cysts. This may occur in one or both ovaries, and the cysts

may be small or large, single or multiple (Fig. 454). They are usually
found after middle life, but may occur during youth, childhood, or

"' For reference to bibliography of these ovarian cysts see Russell, Johns Hopkins
Hosp. Bulletin, vol. x., p. 10, 1899.
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even in the foetus. The follicles dilate from the accumulation of fluid

within them; the ovum is destroyed, the epithelium flattened. The con-

tents are usually serous and colorless, but may be viscid, turbid, purulent,

FIG. 454. FOLLICULAR CYSTS OF THE OVARY.

These cysts are associated with chronic inflammation. At the right an old corpus luteum is visible.

or variously colored, red, yellow, or brown. The ovary may be crowded

with numerous cysts of moderate size, whose adjacent walls may coalesce

and atrophy, forming communications between them.'

FIG. 455. DERMOID CYST OF THE OTARY.
One of the cysts contains a mass of hair and sebaceous material.

A variety of this type of cyst is formed by the dilatation of a corpus
luteum either with or without the hyperplasia of the wall.

1
t>. Kahlden, Ziegler's Beitr., Bd. xxvii., p. 1, 1900, bibliography.
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Dermoid Cysts. These cysts may be uui- or inultilocular, are usually
of moderate size, but sometimes become as large as a man's head or

larger. Their fibrous walls may be thick or thin, and portions of the

internal surface may present more or less completely developed cuticular

structures, such as coriuiu, papillae, epidermis, hairs and hair follicles,

sebaceous glands, etc. The cavity may contain a thick, whitish, greasy
material composed of flattened epithelium, fat, or cholesteriu crystals.

Or the cavity or walls may contain masses of irregularly formed hair

(Fig. 455), teeth, bone, cartilage, striated muscle, and nerve fibres and
cells.

1 Such growths, which are doubtless of embryonal origin, may
exist for many years without causing inconvenience ; but inflammatory

changes may occur in them, leading to adhesions and perforations into

adjacent organs. They may form the nidus for the development of car-

cinoma, or they may calcify.

In addition to the above-described adenoid, dermoid, and simple fol-

licular cysts, there are a number of composite forms of not infrequent
occurrence. Thus, in connection

with dermoid cysts .or separately,

there may be simple ciliated cysts or

those which partake of the charac-

ters of both adenoid and dermoid

cysts. These may be inultilocular

and be lined with flattened, cylin-

drical, or ciliated epithelium, and

may contain epidermal cells, choles-

terin or muciu, etc.

Small cysts, sometimes pedicu-

lated, sometimes not, of doubtful

origin and usually of no special sig-

nificance, are frequently found grow-

ing from the broad ligament near

the ovary. The walls are usually

very thin, lined with flattened epi-

thelial cells, and the contents serous

(Fig. 456).
Teratomata not cystic are of occasional occurrence in the ovary.

*

Cysts of the Parovarium, lying between the peritoneal layers of the

broad ligament, are usually small, but may be as large as a man's head.

They are usually lined with ciliated epithelium, but sometimes with flat-

tened non-ciliated cells. The contents may be serous, or may be thick

and contain inuciii and paralbumin.

1 For a study of the origin of dermoid cysts of the ovary see Amsperger, Virchow's

Arch., Bd. clvi., p. 1, 1899, bibliography.
"Consult Wilms, Ziegler's Beitr. z. path. Anat., Bd. xix., p. 367, 1896; for a sum-

mary of views see Ampach, Bull. Univ. Pa., xvi., 1903, 337.

FIG. 456. SMALL FED^^ATED CYST GROWING
FROM THE BROAD LIGAMENT.
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The Fallopian Tubes.

Malformations.

Absence of both tubes occurs with absence of the uterus. One tube may be absent,

with arrested development of the corresponding side of the uterus. Both tubes may be

imperfectly developed ; either of their ends may be closed ; they may be inserted into

the uterus at an abnormal place ; they may terminate in two or three abdominal ostia.

Changes in Position and Size.

The Fallopian tubes may participate in the various malpositions of the uterus and

ovaries; but they are most frequently displaced by the contraction of adhesions formed
in perimetritic and periovarial inflammations.

The lumen of the tube may be partially or completely closed as the result of in-

flammation of the mucous membrane
;
of peritonitis about the fimbriated extremity ;

FIG. 457. HYDROSALPINX.

The tube at the left is much distended but still tubular. The tube at the right is dilated to cystic form.

Between the distended tubes is the fundus of the uterus.

of tumors or inflammation of the uterus; or by pressure from without, or by adhesions,

tumors, etc. It may become stopped by plugs of mucus or pus.
Dilatation of the tubes may be produced by an accumulation of catarrhal or other

exudation, when there is partial or complete stenosis at some portion of the tube. The
dilatation may be moderate, converting the tube into a tortuous, sacculated canal con-

taining mucous or serous fluid
; or, more rarely, large cysts may form containing several

pounds of serous fluid hydrosalpinx* (Fig. 457). As the fluid collects the epithelium

may become flattened or fatty or may desquamate. Inflammation may take place in

the walls of the dilated tube and the contents may be mixed with pus or blood. Rup-

1 For a study of hydrosalpinx with full bibliography see Culkn, Johns Hopkins
Hospital Reports, vol. iv., p. 851, 1895.
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ture of dilated tube sometimes occurs; or severe and even fatal haemorrhage ma}* take

place into its cavity. Papillary growths are sometimes found springing from the inner

wall of the cyst.

HEMORRHAGE.

Haemorrhage into the tube may occur iu puerperal women with retro-

version of the uterus, with abortions; hsematonietra and tubal preg-

nancy ;
in acute infectious diseases. The blood may undergo degenera-

tive changes and be largely absorbed, or it may escape into the peritoneal

cavity and incite peritonitis.

INFLAMMATION. (Salpingitis.)

Catarrhal Inflammation of the mucous membrane of the Fallopian tubes

commonly occurs in connection with endometritis, frequently in the puer-

peral condition. In the acute stage the mucous membrane is hyperseniic
and swollen, and covered with a mucous or muco-puruleut often bloody
exudate. The inflammation may subside, leaving no lesions, but it more

frequently becomes chronic, and may then result in peritoneal adhesions,

thickening of the walls, obliteration of the tubes, dilatation, etc. ;
or the

mucous membrane may undergo hyperplasia with papillary outgrowth.
Such papillary masses may partially coalesce, forming on the accumula-

tion of fluid, cyst-like cavities lined with epithelium. Hyperplasia of

the muscle wall of the tube may be associated with these conditions.
'

Suppurative Salpingitis. Catarrhal inflammation of the mucous mein-

FIG. 458. PYOSALPINX.

The distended tube containing pus is attached to the ovary.

brane may assume a suppuratlve character, sometimes in connection with

puerperal metritis and peritonitis, and often as a result of gonorrhoeal
1 Consult Ries, Jour. Exp. Med., vol. ii., p. 347, 1897, bibliography.
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infection. Under these conditions the wall of the tube may be involved

and pus may exude from the abdominal ends. It is difficult, in many
cases of suppurative salpingitis associated with peritonitis, to say which

is the primary lesion.

If the abdominal end of the tube be closed by adhesions or otherwise

there may be a considerable collection of pus in the tubes, causing dila-

tation pyosalpinx (Figs. 458 and 459). Such a collection may rupture
into the peritoneal cavity, or the pus may escape into a cavity shut in by

FIG. 459. PYOSALPINX.

Showing a cysWike distention of the occluded tube.

adhesions, or may perforate into the intestine or bladder. Or it may
dry and finally become calcified.

Suppurative salpingitis is most commonly incited by the gonococcus
or the pyogeuic bacteria.

Tuberculous Salpingitis. The lesions are most frequently seen in the

later stages of the process, when the mucous membrane is partially or

entirely converted into a thick, caseous, often ulcerating layer (Fig. 400).

The lumen of the tubes may be dilated, and the walls thickened from

chronic inflammation. This lesion may occur by itself, or may be asso-

ciated with tuberculous inflammation of the lungs, or of the other genito-

urinary organs, or of the peritoneum. It usually commences at the

abdominal ends of the tubes, and both tubes are apt to be involved.

Syphilitic Inflammation, manifested by a diffuse fibrous thickening of

the wall, has been described.

TUMORS.

Small fibromata and fibro-myomata sometimes occur in the wall of the

tubes or in the fimbria?. Small lipomata have been seen between the folds
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of the broad ligament iii close connection with the tubes. Papillomata
are rare.

Carcinoma of the tubes is usually, if not always, secondary to carci-

noma of the uterus or the ovaries.

Cysts, usually of small size, sometimes pediculated and with thin

FIG. 460. TcBERcrtors SALPINGITIS.

The wall of a portion of the tube is converted into a dense mass of fibrous and necrotic tissue which is

disintegrating.

walls, are frequently seen in the peritoneal covering of the tubes or in

the fiuibrise. They are believed to be of embryonal origin. Combina-

tion cysts of the tubes and ovaries are of occasional occurrence retro-

ovarian cysts.
1

Dilatation of the tubes, as above described, may convert them into

cyst-like structures.

Extra-Uterine Pregnancy.

TUBAL PREGNANCY. The impregnated ovum, in some way hindered from passing
into the uterus, may become fixed in the tube, and there develop. The villi of the

choriou grow into the mucous membrane of the tube, forming an incomplete placenta.

Rare cases are recorded in which the placenta was situated in the uterus while the

foetus was developed in the tube. The embryo and its membranes are developed until

they reach such a size that the tube surrounding them ruptures. This may occur in the

'See Orthmann, Virchow's Arch., Bd. civ., p. 220, 1899, bibliography.
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first month or not until much later. In rare cases, -fallen the wall of the tube was ex-

tensively involved in the formation of the placenta, the development has gone on until

term. The ovum may remain in the tube after the rupture, or may escape into the

peritoneal cavity, still enveloped in its membranes ; or the membranes may be ruptured
and left in the tube. The rupture is generally attended with fatal haemorrhage. In

some cases death is caused by the rupture of a dilated vein while the tube is still intact.

Haemorrhage into the sac may occur before its rupture.
In rare cases death does not take place and the fetus is shut in by adhesions and

false membranes. The embryo soon dies. There may be a slow absorption of the soft

parts of the fetus, the bones are separated and left embedded in a mass of fibrous tissue,

fat, cholesterin, and pigment; or the fetus retains its shape and becomes mummified,
and may then be encrusted with the salts of lime (lithopedion).

On the other hand, degeneration and gangrene of the fetus may take place rapidly,
with inflammation and suppuration of the surrounding tissue. There may be perfora-
tion and escape of the broken-down fetus through the rectum, vagina, bladder, or ab-

dominal wall. The patient may die from peritonitis or exhaustion, or may recover

after the escape of the fetus. In some cases the foetus may escape through a rupture
of the tube into the space between the folds of the broad ligament.

In TUBO-ABDOMINAL PREGNANCY the development of the ovum is in the fimbriated

extremity of the Fallopian tube. Adhesions are formed, so that the fetus is partly in

the end of the tube and partly in the abdomen.
INTERSTITIAL PREGNANCY. The ovum in these cases is arrested and developed in

the portion of the tube which passes through the Avail of the uterus.

ABDOMINAL PREGNANCY. The ovum, after escaping from the ovary, may not

enter the Fallopian tube, but may become fixed to the peritoneum, usually near the

ovary, and develops in that position.

OVARIAN PREGNANCY. The existence of this form of pregnancy is doubtful and
difficult to prove, but there are some cases in which it seems probable that the ovum
develops in its Graafian follicle. The placenta may be attached to the tube or to the

abdominal wall.

In all forms of extra-uterine pregnancy the uterus becomes enlarged and a sort of

decidua is formed on its internal surface.

The Mamma.

Malformations .

Arrest of development of the mammae occurs with arrest of development of the

other reproductive organs, and less frequently alone.

One or both mamma? may be absent. Absence of the nipple is more common.

Supernumerary mammae and nipples have been observed in a number of cases; the

glands may all secrete milk during lactation.

Too early development of the mammae is sometimes found in young children in

connection with abnormal development of the organs of generation.

HAEMORRHAGE.

In young women who suffer from amenorrhrea or dysmeuorrhosa,
small haemorrhages sometimes occur in the mammae at the time of men-

struation. The blood may find its way into the milk ducts and exude in

small quantities at the nipple.

Contusions of the breast may produce extravasations of blood in the

mammary gland or the surrounding connective tissue. This may become

absorbed, or may remain and be surrounded by fibrous tissue or be con-

verted into cysts.
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INFLAMMATION. (Mastitis.)

705

During lactation the nipple is liable to become inflamed, and ulcers

and fissures may form.

There is a form of eczematous inflammation of the nipple and areola

which tends to ulcerate and in which carcinoma may originate. This

is known as Paget's disease, and is probably due to the presence of

coccidia.

Acute Exudative Inflammation (Mastitis), This occurs most frequently

during lactation ;
it also occurs during pregnancy, and occasionally in

women who are neither pregnant nor nursing.
The process may involve the subcutaneous connective tissue, the

gland itself, or the connective tissue between the gland and the wall of

the thorax. The inflamed tissues are at first congested, swollen, hard, and

painful. The inflammation may stop at this point and resolution may
take place, but more frequently it is succeeded by suppuration. If the

inflammation involves the subcutaneous connective tissue the abscess may
be superficial and may soon open through the skin. If the gland be in-

volved one lobule after another may become affected (Fig. 461), so that

successive abscesses are formed. If the connective tissue beneath the

gland be inflamed a deep abscess of large size may be formed, which usu-

ally perforates through the skin, but sometimes into the pleural cavity.

In both these latter forms of abscess there is apt to be necrosis of large

portions of tissue. These abscesses may cicatrize, or they may pass into

a chronic condition and remain for a long time as suppurating, fistulous

'-

FIG. 461. SUPPURATIYE MASTITIS ix THE NON-FUNCTIONATING GLAND.

a. Milk duct ; b, intenstitial tissue ; c, dense collections of pus ; d, diffuse infiltration of lobule with pus.

tracts. Suppurative mastitis is usually due to the presence of Strepto-
coccus and Staphylococcus pyogeues.

In new-born children there is often a painful swelling of the breasts,

which usually subsides in a few days, but may go 011 to suppuration.
45
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Epidemic parotitis is sometimes complicated by mastitis.

Chronic Inflammation of the interstitial connective tissue of the mam-

mary gland may result in the formation of dense connective tissue (Fig.

462), with or without cystic dilatation of the milk ducts and atrophy of

FIG. 463. -CHRONIC INFLAMMATION OF MAMMARY GLAND.

the glandular elements. Acute exudative inflammation may occur in

a gland which is the seat of chronic inflammation, and abscesses may be

formed.

Cystic Hyperplasia. About the time of the menopause, when the mam-

mary gland undergoes involution, the fibrous tissue is apt to increase.

This fibrous hyperplasia may be excessive, and is then frequently asso-

ciated with a cystic dilatation of the smaller ducts. The epithelium may
become atrophied or it may proliferate, and frequently forms papillary

projections into the dilated ducts. This cystic hyperplasia of the mamma,
when the epithelial changes are marked, is scarcely to be differentiated

from adenoma, to which indeed it probably frequently leads.
'

Tuberculous Inflammation of the mammary gland and its excretory
ducts is of occasional occurrence. It may manifest itself in the form of

miliary tubercles, larger and smaller caseous masses of new-formed tissue,

or cold abscesses.
2

Syphilitic Ulcers may occur in the nipple either as primary chancres

or as mucous patches. Gummy tumors have been observed in the

mamma.
TUMORS.

There may be a general hypertrophy of one or both breasts. This is

usually found in young, unmarried women, but sometimes in women in

advanced life. There is an increase in both the glandular and the con-

nective-tissue elements of the organ.

1 For a study of this lesion with bibliography see Greenough and Hartwell, Jour
of Med. Research, vol. ix., p. 416, 1903.

2 See a bibliographic summary of tuberculosis of the breast by Scudder, Am. Jour.
Med. Sciences, vol. cxvi., p. 75, 1898.
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Fibroma. Circumscribed tumors composed of connective tissue are

sometimes found in the breast. They are dense and hard, and may en-

close some of the gland ducts and acini.

IntracanalicuJar Fibroma. These tumors are formed by a diffuse

growth of connective tissue, and a growth of polypoid fibrous tumors

from the walls of the milk ducts into their cavities leading to dilatation.

a
s &
m.

FIG. 463. INTRACAXALICULAR FIBROMA OF THE MAMMA.

The glandular acini may be atrophied, or enlarged, or cystic. A section

of such a tumor looks like a solid mass of fibrous tissue, divided by clefts

and fissures lined with cylindrical or cuboidal epithelium (Fig. 463), or

fibrous tissue containing cysts into which project polypoid fibrous out-

growths from the walls. Sometimes the new-formed fibrous growths into-

the dilated ducts are adenomatous in character, containing many new
formed irregular acini (Fig. 464). Such tumors may be called intra-

canalicular fibro-adenomata. These tumors grow slowly, but if left to

themselves may reach an enormous size. The skin over them may ulcer-
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ate and the tumor project through the opening in fungous masses. They
may be associated with interstitial fibrous hyperplasia of the gland.

Pericanalicular Fibroma. Sometimes the new connective tissue forms

,

FIG. 464. INTRACAXALICULAR FlBRO-ADEN'OMA OF THE MAMMA.

Showing new-formed gland acini in the fibrous-tissue mass growing into a duct.

FIG. 465. PERICANALicuLArt FIBROMA OF THE MAMMA.

a more or less thick cylindrical investment of the duct without growing
into its lumen. This formation, which is shown in Fig. 465, is some-

times called pericanaUciilar fibroma.
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Myxoma. This form of tumor may occur as a circumscribed growth
replacing part of the mamma, or it may be developed in the same way
as the intracaualicular fibromata. It is not uncommon in these intra-

canalicular tumors to find a combination of fibrous, mucous, and sarcom-

atous tissue in the same tumor.

Chondroma is a very rare form of tumor in the mamma. A few cases

have been described in which it was combined with carcinoma.

Adenoma. Tumors composed of glandular acini and ducts surrounded

by connective tissue are of frequent occurrence in the mamma (Fig.

FIG. 466. ADENOMA OF THE MAMMA.

Type of acini lined with duct epithelium.

468). They are either single or multiple, or several may be developed

successively in the same breast. They grow, as a rule, at first slowly,

afterward more rapidly. Their structure may be further complicated

by the dilatation of one or more of the ducts which compose the tumor
into cysts, and the ingrowth of connective tissue from the walls of these

cysts. This growth is often in papillary form papillary cystadenoma

FIG. 467. ADENOMA OF THE MAMMA.

Type of acini lined with irregular epithelial cell masses.

(Fig. 469). A case of cystic adenoma with ciliated epithelium has been

described.
'

While preserving the gland type the adenomata present great variation

in the form and grouping of the epithelial cells of the ducts and acini,

so that here as elsewhere various intermediate forms may be found be-

tween adenoma and carcinoma. 2 The new-formed glandular epithelium
often presents two types, one in which the cells are fairly distinct and

,..<!/, Virchow's Arch., Bd. clvi., p. 395, 1899.
' See Cystic hyperplasia, p. 706.
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cuboidal or cylindrical (Fig. 466), and the other in which the cells pro-

ject into the lumina in irregular masses (Fig. 467).

Sarcoma. These tumors may develop in a nodular or diffuse form

and may largely replace the gland, or may form intracanalicular growths.

They may be of the round or spindle cell type ; they often become very

large, and ulcerate. Metastasis in the axillary lymph-nodes is usual.

Primary Carcinoma of the mamma is most common in women between

the ages of thirty-five and fifty-five, but it sometimes occurs in women
not over twenty, and sometimes in old persons. It occurs in either

breast, in the right rather more frequently than in the left, but some-

times in both. The growth begins more frequently at the periphery of

the gland than at its centre, and more frequently in the upper edge of

the gland than in any other place.

The growth most frequently begins as a small, circumscribed nodule,

which enlarges and involves more and more of the breast
; sometimes,

however, it is diffuse from the first, and sometimes it begins in the nipple.

It may infiltrate the adjacent tissues and the axillary and cervical

glands, and form rnetastatic tumors in different parts of the body.
l

The local extension of carcinoma often takes place through the lymph -

vessels which pass along the fibrous trabeculse of the periglandular fat
;

FIG. 468. ADENOMA OF THE MAMMA,

These new-formed acini while maintaining the gland character are still quite atypical in form and grouping
and in the irregularity of the epithelium.

so that bands of fibrous tissue harboring tumor cells, with their active

1 For a study of dissemination of carcinoma of the breast see Stiles, Brit. Med.
Jour., vol. i., p. 1452, 1899.
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capacity for growth, may extend far from the central mass (Fig. 470).

Fibrous bands of such significance are, in the early stages of extension,

FIG. 469. PAPILLARY CYSTADENOMA OF THE MAMMA.

not to be differentiated from the normal, either by the touch or by the

FIG. 470. CARCINOMA OF THE MAMMA FIBROUS TYPE SCIRRHUS.

The nipple is retracted by the shrinkage of the fibrous tissue. The growth is extending along the fibrous

bands of the mammary fat and at the left has reached the plane of excision. The darker portions in the

figure are lobules of fat.
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eye. Even with the microscope it is often impossible to determine

whether small spheroidal or polyhedral cells which are not character-

istically grouped in these fibrous bauds are epithelial in character or not.

It is such cells, frequently left behind in other than thorough operations,

which give rise to local recurrence.

The medullary and fibrous types are most common; the gelatinous is

rare. In any of these forms of cancer there may be cystic dilatations of

the' ducts and acini. Epithelioma may form at the nipple. Secondary

carcinoma of the mamma is rare. Retraction of the nipple is common in

later stages of fibrous types of mammary cancer (see Fig. 470).

Cysts of the mamma seem to be for the most part retention cysts,

formed by the dilatation of the gland ducts or acini. During lacta-

tion such retention cysts are sometimes formed, and then contain milk.

They may reach an enormous size. At other times retention cysts are

formed containing serous or viscid, brownish fluid, which often exudes

through the nipple. These cysts may be large or small, single or multi-

ple. There, are usually at the same time some growth and induration of

the connective tissue of the gland. In some cases there are polypoid

outgrowths of connective tissue from the wall of the cyst. These cysts
are not to be confounded with the cysts which are developed with the

intracanalicular tumors, described above.



CHAPTER XI.

REPRODUCTIVE ORGANS OF THE MALE.

The Penis.

Malformations .

THE penis may be absent with great defects of development of the rest of the body.
The urethra then usually opens into the rectum.

An abnormally small penis may be associated with absence or arrested develop-
ment of the testicles. The prepuce may be rudimentary or absent.

Congenital phimosis is not uncommon.
HYPOSPADIAS is an arrest of development of the penis and scrotum. In its high-

est degree the penis is short, the glans penis small. On the lower side of the penis is a

deep cleft lined with mucous membrane. Into this cleft the urethra opens at the root

of the penis. The scrotum remains separated into two halves, resembling labia majora.
The testes may descend into their proper position on each side or remain in the abdo-

men. If the testicles continue to develop normally the individual has the appearance
and capacities of a man ;

if their development is arrested the individual is apt to be of

feminine type.
In lesser grades of hypospadias the two halves of the scrotum are joined and the penis*

is larger, but a part of the urethra remains open as a cleft at some point of the penis.

EPISPADIAS is an opening of the urethra on the upper side of the penis. It pre-

sents various grades and forms.

HERMAPHRODITISM. This is a union of two sexes in the same person, the test of

which is the presence of the secreting organs, the ovaries and testicles. True hermaph-
roditism is rare, but it does occur, while most of the conditions called hermaphrodit-
ism are in reality due to varying malformations of the external generative organs.

Pseudo-hermaphroditism. In the male, normally, the greater part of Muller's canal

disappears and its lower end forms the vesicula prostatica. In this malformation

Muller's canal is changed, as it is in the female, into Fallopian tubes, uterus, and

vagina, while at the same time the testes, epididymides, vesiculse seminales, and sper-

matic cord are formed as usual. In the lesser degrees of this malformation we find, in

the place of the vesicula prostatica, a pear-shaped sac as large as a pigeon's egg, with

muscular walls and an epithelial lining. This sac may be incompletely divided into a

uterus and vagina, and it opens into the urethra. In the higher grades we find a well-

formed vagina and uterus. The uterus may or may not have Fallopian tubes. The
testicles are usually retained in the abdomen or inguinal canals, and are small. The

spermatic ducts run on the sides of the uterus and open into the urethra or are closed.

The penis and scrotum appear as in hypospadias, or are well formed. The appearance
of the individual varies with the development of the testicles.

True Hermaphroditism may be lateral. In this condition there is hypospadias ; a

vagina and uterus and a Fallopian tube and ovary are on one side, and a testicle and

spermatic cord on the other.

In certain cases, which may be called bilateral hermaphroditism, there is a testicle

on one side and an ovary on the other. *

ENLARGEMENT OP THE PENIS is sometimes caused by venous congestion from

heart disease ; by long-continued masturbation, as a result of which the corpus caverno-

1 For a detailed consideration of the malformations of the male and female genera-
tive organs consult Kleljs, ''Handbuch der pathologischeu Auatomie," and more recent

cases of hermaphroditism by Ileppner, Arch. f. Anat. u. Physiol., 1870, and by Rof-
mann, Wien. med. Jahrb., 1877.
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sum may lose its contractility ; and in rare cases by hyperplasia of the stroma of the

corpus cavernosum.

INJURY AND HAEMORRHAGE.

Injuries to the penis are liable to give rise to severe haemorrhage on

account of its peculiar vascular character; suppurative inflammation,

gangrene, infiltration with urine and its consequences, are also liable to

occur. The contractions of the cicatricial tissue by which wounds are

healed frequently give rise to various distortions of the organ.

INFLAMMATION .

Balanitis inflammation of the glans penis and the prepuce is usually
due to gonococcal or syphilitic infection, or it may be incited by foul

accumulations of smegma. The parts are red and swollen and may
ulcerate. Condylomata may be formed, and adhesions between the pre-

puce and glans. The glaus may ulcerate and the prepuce may be much
thickened. If the prepuce be long, phimosis may occur with the accumu-
lation of exudate beneath. The prepuce may become gangrenous.

Paraphimosis is produced by the retraction of a narrow prepuce be-

hind the glans, with consequent stricture, inflammation, and sometimes

.gangrene.
Inflammation of the Corpora Cavernosa maybe the result of injury, may

follow fistulae, may occur in connection with inflammation of the connec-

tive tissue of the pelvis, and may accompany the acute infectious dis-

eases. It may result in fibrous induration of portions of the corpora
cavernosa ; rarely in abscess or diffuse purulent infiltration

; sometimes

in gangrene. Larger and smaller masses or plates of very dense fibrous

tissue sometimes form in the sheath of the corpora cavernosa without his-

tory of antecedent lesion.
*

Tuberculous inflammation of the penis has repeatedly followed circum-

cision performed by uncleanly tuberculous persons.

Syphilitic Ulcers frequently occur on the glaus penis and prepuce.
The indurated chancre is formed either from an excoriation in which

a pustule is formed or from a little nodule. The pustule breaks and
its walls are infiltrated with small round cells. The nodule softens,

breaks down, and forms an ulcer whose walls are infiltrated with cells.

Syphilitic condylomata are of frequent occurrence on the glans.

Herpes of the prepuce occurs in the form of small vesicles, which may
later become ulcers. Erysipelatous and furuncular inflammation some-

times involves the skin of the penis.

TUMORS.

Papilloma is found on the prepuce and glaus penis. It occurs in the

form of little warty growths, or of composite, cauliflower masses, even
as large as a fist. In either case the structure is the same hypertro-

1 For a study with bibliography of indurations in the corpora cavernosa penis see

Sachs, Wiener klin. Wochenschr., January 31st, 1901.
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phied papillae covered with epithelium. Sometimes the epithelial layers
become thick and horny, forming large, dense projections.

Fibroma diffusum, or elephantiasis of the prepuce, may occur, leading
to great thickening. It is due to a diffuse growth of fibrous tissue in the

cutis. Lipoma, angioma, circumscribed fibroma, and sebaceous cysts may oc-

cur in the penis. Carcinoma is usually of the epitheliomatous type. It

is most frequent in the prepuce and glans penis. It may have the form
of a flat ulcer, or of infiltrating, ulcerating nodules, or it may be papil-

lary. Such growths may attain great size, ulcerate, or undergo a variety
of inflammatory changes. Carcinoma may involve the entire skin of the

penis or may invade deeper parts. The inguinal glands may be involved.

Distant metastases are not frequent.

Medullary or glandular carcinoma of the penis is not common. It

may be secondary to carcinoma in some other part of the body.
Dermoid tumors of the penis are of occasional occurrence. '

Calcification and Ossification of the connective tissue of the corpora
cavernosa sometimes occur. Large and small preputial calculi are occa-

sionally found between the prepuce and the glans. These may be formed
in situ, may come from the bladder or from without, and may later in-

crease in size.

The Scrotum.

The skin of the scrotum is subject to the various forms of lesions

which may occur in any part of the integument.

Elephantiasis of the scrotum consists in the main of a development of

new connective tissue in the cutis, which is sometimes accompanied by
dilatation of the lymph-vessels ; thus the thickened scrotum may form a

large tumor, often rough upon the surface, which may entirely cover in

the penis.

TUMORS.

Lipoma and fibroma occur. Epitheliomata, in the form of flat or

papillary ulcerating tumors, are of frequent occurrence among chimney

sweepers, and may lead to extensive ulcerations of the adjacent parts and

involvement of neighboring lymph-nodes.
Dermoid Cysts and Teratomata of the scrotum are not uncommon. In

very rare cases tumors containing a considerable portion of a fostal skele-

ton have been found in the scrotum. Occasionally the skin of the scrotum

is beset with numerous larger and smaller sebaceous cysts, which raise

the surface into little globular or wart-like projections.

The Testicles.

Malformations .

Absence of both testicles, either with or without absence of the epididymides,

spermatic cords, and vesiculae seminales, occurs in rare cases. The scrotum is only indi-

1 Gerulanos. Deut. Zeits. f. Chir., Bd. lv., p. 326.
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cated or may contain the epididymides. The penis is small, and the individuals are

small and poorly developed.
The testes may be' imperfectly developed. The individuals are effeminate. Ab-

sence of one testicle, with healthy development of the other, is more frequent. The

corresponding epididymis and cord may be absent or present.

The spermatic cords and vesiculae seminales may be absent or imperfectly devel-

oped on one or both sides, while the testes are normal.

CRYPTORCHISMUS. Either one or both testicles may remain permanently in their

foetal position, or may not descend into the scrotum for several years after birth (cryptor-

chismus), or not at all. This condition may be due to an arrest of development in the

testes or the gubernaculum testis; adhesions produced by antenatal peritonitis; nar-

rowing of the inguinal canal; narrowing or shortening of the vaginal process of the

peritoneum ; or to abnormal size or position of the testicle. Usually the malformation

is confined to one testicle, and then is more frequent on the left side. The testicle is

usually found in the abdomen close to the mouth of the inguinal canal, or in the ingui-
nal canal just below the external ring; but it may be beneath the skin in the perineum,
or in the crural canal with the femoral vessels, or elsewhere. The retained testis is

usually not fully developed, or undergoes fatty degeneration or fibrous hyperplasia.
The retention of one or even of both testicles does not preclude the possibility of pro-

creation. Retained testicles are prone to in-

flammatory changes and liable to become the

seat of malignant tumors.

Sometimes, while the testis is retained, the

epididymis and spermatic cord descend into

the scrotum. In rare cases the position of the

testis may be changed so that the epididymis
and cord are in front. The existence of a su-

pernumerary testis has been asserted.

Varicocele.

In varicocele the veins of the spermatic
cord are dilated, often forming tortuous masses

of considerable size (Fig. 471).

Hydrocele.

In hydrocele of the tunica vaginalin there

is an accumulation of fluid in the cavity of the

sac. It is usually unilateral and is usually
associated with acute or chronic inflammation

of the tunica vaginalis, varicocele, or general

dropsy. The serum is present in small or in

large quantity ;
it is usually transparent, may

contain cholesterin, or be purulent or mixed

with blood. The tunica vaginalis remains

unchanged, or is thickened, or contains plates

of bone, or is covered with polypoid fibrous

bodies which may fall off and be found free in

the cavity of the sac. There may be adhesions

between the layers of the tunica vaginalis, and

in this way the fluid becomes sacculated. The
testis is pushed downward and backward ; it

FIG. i~l.-VARicocKLE. remains unchanged or is atrophied.

The distended and tortuous vessels have been IQ ^''ocele of the processus mffinalis there

filled with wax. is an accumulation of serum in the cavity of
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the vaginal process of the peritoneum, which remains open after the descent of the

testicle. There are several varieties.

(a) The vaginal process is entirely open and there is a free communication with the

peritoneal cavity. The serum may originate in the cavity of the peritoneum or of the

vaginal process, and passes freely from one to the other.

(i) The processus vaginalis is closed iu the inguinal canal, while its lower portion
is filled with serum.

(<) The processus vaginalis is closed about the testis and the visceral layer of the

tunica vaginalis is formed. The serum accumulates in the upper part of the vaginal

process which communicates with the peritoneal cavity.

(d) The vaginal process is closed in the inguinal canal and over the testis; the

serum accumulates so as to form one or more sacs between these two points. Inguinal
hernia may complicate this form of hydrocele.

In hydrocele of tlie spermatic cord there is general oedema or the development of cir-

cumscribed cysts in the connective tissue of the cord.

A peculiar type of hydrocele is formed by the accumulation of serum in the sac of

an inguinal hernia from which the intestine has become retracted.

Haematocele.

In haematocele of the tunica vaginalis there is an effusion of blood into the cavity
of this sac. It may occur in injury; in scurvy, or writh the hsemorrhagic diathesis; or

it may complicate a pre-existing hydrocele. The effused blood usually soon degen-

erates, and the sac is filled with a brownish fluid or a thick, grumous mass. The tunica

vaginalis may be thickened. The testis remains normal or is atrophied.

Effusion of blood into the loose connective tissue of the scrotum is often called

fxtravayinal hcernatocele.

Haematocele of the spermatic cord occurs in rare cases as a diffuse infiltration of

blood in the connective tissue of the cord. Or blood may be effused into a hydrocele of

the cord.

Spermatocele.

Cysts containing spermatic fluid not infrequently arise from the epididymis 01

from the rete testis. These sometimes acquire a large size and crowd the tunica vag-
inalis before them, so that they simulate a collection of fluid in the cavity of the latter.

The wall of the cyst may be lined with ciliated or with flattened epithelium. The
contents are sometimes simply serous, but more frequently opalescent, and may contain

spermatozoa.

ATROPHY.

Atrophy of the testicle may occur iu old age or iu persons who are in

a condition of premature senility ;
or as the result of pressure from, her-

nise, hydrocele, or inflammatory products.

INFLAMMATION. (Orchitis.)

Inflammation of the testicles may follow injuries, exposure to cold, and

inflammation of the urethra
;

it may occur in parotitis or with syphilis

and various other infectious diseases. The testes, epididymis, or tunica

albuginea may be principally involved. Usually only one testicle is in-

flamed, sometimes both. The inflammation may extend to the vas def-

ereus.

Acute Exudative Orchitis is most frequent in the epididymis and tunica
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albuginea. When the testis is involved the organ is congested and in-

filtrated with serum or pus. From this condition it may return to the

normal state
;
or small abscesses may form which may be absorbed, or

increase in size so as to involve nearly the entire organ. They may
perforate externally, and then healing may occur by means of granula-
tion tissue; or extensive gangrenous destruction of the scrotum may
occur. Abscesses may become enclosed in a fibrous capsule, when the

contents may dry and become caseous or calcified, and so persist for a

long time. The acute inflammation may become chronic.

Acute epidldymitis is frequently the result of gonorrhceal infection,

and may or may not be associated with inflammation of the testis. The

products of inflammation may collect in varying quantity in the lumina

of the seminiferous tubules and in the ducts of the epididymis, and the

epithelium of these structures may degenerate.
Chronic Orchit is occurs as a sequel of acute inflammation or as an in-

dependent process. It may involve the testis, the epididymis, or the

spermatic cord.. The seminiferous tubules may be filled with desqua-
mated and degenerated epithelium ; they may be atrophied, or their walls

FIG. 472. CHRONIC INTERSTITIAL ORCHITIS WITH ATROPHY OF THE SEMINIFEROUS TUBULES.

o, Thickened interstitial tissue ; c, thickened membrana propria of the tubules ; d, separated epithelial cell

mass in the lumen of the tubules.

may be greatly thickened so that they are converted into dense fibrous

cords, with partial or complete obliteration of their lumina. There is

usually a marked increase in the interstitial tissue, which causes atrophy
of the tubules (Fig. 472). The albuginea maybe greatly thickened. In

some cases the testis is converted into a mass of dense fibrous tissue, in

which but little trace of the original structure can be made out. The
new-formed fibrous tissue may become calcified. A periorchitis may
lead to thickening and union of the layers of the tunica vaginalis testis.

Abscesses are not infrequent in connection with chronic orchitis.
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Tuberculous Orchitis may occur in connection with tuberculosis of the

other genito-urinary organs or the lungs, in acute general miliary tuber-

culosis, or independently. It usually originates in the epididymis, and

may extend from there to the testis ;
or it may commence in the testis.

The appearances which the testicles present, when they are the seat of

this form of inflammation, are exceedingly varied and often difficult of

interpretation. This is partly due to the complex structure of the organ,

partly to the varied complicating simple inflammatory changes which

the different parts of the organ undergo in connection with the tuber-

culous lesion.

We may find in the testicle small circumscribed masses of cells, visi-

ble to the naked eye as whitish spots, which are sometimes composed of

small spheroidal cells or of larger polyhedral or fusiform or round cells.

These occur in the walls of seminiferous tubules and blood-vessels, and

FIG. 473. TUBERCULOUS ORCHITIS.

in the interstitial tissue. Sometimes associated with these smaller nod-

ules, and sometimes not, we find larger, irregular yellowish or gray

cheesy masses, which may be formed by the confluence and degeneration
of the smaller nodules (Fig. 473). The cheesy masses may break down
and open externally, giving rise to fistulse, gangrenous inflammation, etc.

Hand-in-haud with this distinctly tuberculous nodular formation of

tissue, which is disposed to degenerative changes, there are various more
or less diffuse alterations of the parenchyma and interstitial tissue of

the organ which often constitute a most prominent feature of the lesion.

The interstitial tissue may be more or less densely and diffusely in-

filtrated with small spheroidal cells. The arteries are often the seat of

obliterating endarteritis. The walls of the seminiferous tubules may be

very much thickened, so that the lumen may be entirely obliterated.
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The epithelium lining the tubules may be fatty, disintegrated, and peeled

off, or it may have largely disappeared. The lumen of the tubules may
be filled with a granular, nucleated mass which in transverse sections

looks like a giant cell. The thickened walls of the tubules may be in-

filtrated with small spheroidal cells, so that the underlying stroma is

scarcely visible. When this occurs in connection with a similar infiltra-

tion of the interstitial tissue and the formation of giant cells in the luniina,

we have structures which present the greatest resemblance to some forms

of tubercle grauula (Fig. 474).

Tuberculous inflammation may extend from the testis to the vas def-

erens, vesiculse seminales, and prostate.

Syphilitic Orchitis. This may occur in the form of a diffuse new forma-

tion of connective tissue, which may be localized or be widely distributed.

This organ becomes dense and firm. Morphologically there is no differ-

*&-:- ^-^- ^":^ j^i. :-

FIG. 474. CHRONIC ORCHITIS WITH THE FORMATION OF STRUCTURES RESKMBLIXG MILIARY TUBERCLES.

o, Thickened interstitial tissue ; b, mass of granular cells in the interstitial tissue : c, thickened mem-
brana propria of seminiferous tubule ; d, mass of separated epithelium in tubule ; e, accumulation of small

spheroidal cells around tubules : /, thickened membrana propria enclosing g, a multinuclear mass resem-

bling a giant cell.

euce between this form of orchitis and chronic indurative orchitis from
other excitants. It may occur in children affected with congenital

syphilis. Gummata may form in connection with the interstitial indura.

tion. These may disappear, leaving irregular cicatrices.

In leprosy, inflammatory foci in the testicle are common. 1

TUMORS.

Fibromata occur in the form of small dendritic or polypoid growths of

the visceral layer of the tunica vagiualis. These sometimes become free

and are found in the sac, usually in connection with hydrocele. Small
nodular fibromata occasionally occur in the albugiuea and in the sper-
matic cord.

Lipoma, either pure or in combination with myxoina and sarcoma,
1 For a summary of orchitis, with biblioeraphv, consult Sebilemi, Arch. gen. de

med., t. i., pp. 636, 757, 1899.
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may arise from the connective tissue of the spermatic cord or from the

tunica albugiuea.

Chondroma, sometimes in a pure form, but more frequently combined

with niyxonia and sarcoma, occurs in the testicles and may attain a large

size. Osteoma has been described.

Sarcomata occur in the testes and epididymis, most frequently in the

former. They may be composed of spheroidal or spindle-shaped cells;

they may be soft or contain much fibrous tissue
; they are very frequently

combined with myxoma, choudronia, lipoma, etc. Owing to the occlu-

sion of the seminiferous tubules, cysts may be formed in these sarcomata.

In such cysts sarcomatous tissue may occur in the form of iutracaualic;
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FIG. 475. TERATOMA OF THE TESTICLE.

Masses of hyaline cartilage at the left ; new-formed atypical glandular structures at the right.

ular polypoid growths. Thus the so-called cysto-sarcomata of the testi-

cle are formed. The walls of these cysts may coalesce, so that large,

irregular cavities may be formed. When the cysts are not filled by
polypoid outgrowths from their walls they may contain a mucous, serous,

or bloody fluid, or masses of flattened cells, fat, and cholesteriu. The

cysts may be lined with cylindrical, ciliated, or flattened cells.

Rhabdomyoma has been several times observed, frequently in com-

bination with cysts. \
Adenoma is occasionally found, usually in combination with sarcoma

or carcinoma, or with cyst formation.

Carcinoma of the testicle is commonly of the soft medullary form, of

1 For study of rhabdomyoma, with bibliography, see Becker, Virchow's Arch., Bd.

clxiii., p. 244, 1901.

46
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rapid growth, and usually primary. It may commence in the testis or

epididyinis. Usually only one testicle is involved. Frequently the en-

tire glandular portion of the organs is replaced by the new growth. The

albuginea expands with the growth of the tumor, and may continue to

enclose it even when of large size. The tissues are often very vascular,

and hemorrhages, areas of softening, fatty and mucous degeneration are

frequent. The inguinal and lumbar lymph-nodes are apt to become in-

volved, and distant metastasis may occur. Barely the growth assumes a

scirrhous form.

Cysts. Aside from the above-mentioned cysts which occur in connec-

tion with tumors and spermatocele, cysts may be formed from persistent
remnants of Miiller's canal in the epididymis, or from obstruction of the

seminiferous tubules or ducts by inflammatory products or tissue.

Teratoid tumors of various kinds, with or without cysts, are of infre-

quent occurrence, and are sometimes quite complex in character (Fig.

475). They may be embedded in the substance of the gland.
1 Prob-

ably some of the above-mentioned cystic rhabdomyomata belong here.

PARASITES.

Echinococcus may occur in the testis or epididymis.

The Seminal Vesicles.

The seminal vesicles may be the seat of acute or chronic inflammation,

which is most frequently associated with inflammatory changes in ad-

jacent parts, prostate, urethra, etc. As a result of chronic inflammation

the vesicles may be atrophied, or they may be greatly dilated, forming

cysts due to constriction of the ducts. Tuberculous inflammation is usu-

ally secondary.
TUMORS.

Carcinoma of the rectum or other genito-urinary organs may secon-

darily involve the seminal vesicles. Small concretions, sometimes con-

taining masses of spermatozoa, are occasionally found in the seminal

vesicles.

The Prostate.

DEGENERATION, ATROPHY, AND HYPERTROPHY.

Fatty and hyaline degeneration of the muscle may occur in the prostate
with or without hypertrophy. Atrophy of the prostate may follow lesions

or removal of the testicle, inflammation of the prostate itself, and may
occur as a senile process. Dilatation of the ducts.may accompany the

atrophic process.

Hypertrophy. Enlargement of the prostate so-called hypertrophy
is of frequent occurrence in advanced years. It may involve the entire

'Consult for teratoid tumors of the testicle Wilms, Ziegler's Beitr. z. path. Anat.,
Bd. xix., p. 233, 1896.
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organ or be partial; it may be nodular (Fig. 476) or diffuse. The mid-

dle lobe is most frequently involved, and this may press upon the urethra,

leading to difficult

urination and such

secondary alterations

in the bladder as are

associated with this,

i.e., hypertrophy and

dilatation of the blad-

der, or cystitis, not

infrequently with in-

volvement of the ure-

ter and kidneys.

Hypertrophy of

the prostate may be

due to hyperplasia of

the muscle and fibrous

tissue of the organ;
at the same time the

gland tissue may be

increased (Fig. 477),

or the latter may be

alone involved. The
increase in gland tis-

sue has usually the character of glandular hyperplasia.

FIG. 476. HYPERTROPHY OF THK PROSTATK.

But genuine

FIG. 477. "HYPERTROPHY" HYPERPLASIA OF THE PROSTATE.

There is glandular hyperplasia as well as hyperplasia of the flbro-muscular stroma.
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adenomata may form both with and without hyperplasia of the connec-

tive tissue, muscle, and glands.

In partial hypertrophy there are circumscribed nodules of muscle

tissue or of muscle and gland tissue. There are usually situated at the

periphery of the organ and project into the bladder. They may become
detached from the prostate, and found as small, movable tumors beneath

the mucous membrane of the bladder.

INFLAMMATION. (Prostatitis.)

Acute exudative inflammation of the prostate is induced by gonorrhrea,

by injuries, or, more rarely, is independent. It may be acute or chronic.

The gland may after a time return to its normal condition, or is gradu-

ally converted into a mass of fibrous tissue filled with abscesses. The

abscesses may perforate into the bladder, urethra, vesiculse seminales,

rectum, or peritoneum. Or the inflammation may extend to the connec-

tive tissue of the scrotum or beneath the pelvic peritoneum. The pus

may become thickened and cheesy, or even calcified.

Tuberculous Inflammation of the prostate usually accompanies a similar

lesion of some of the other genito-uriuary organs. Large cheesy masses

are often formed, which may break down and open into the bladder or

rectum.

TUMORS.

Sarcoma of the prostate has been described. Adenoma (Fig. 478)
occurs either with or without an increase in the nbro-nmscular interstitial

tissue and gland hyperplasia.
Carcinoma is of occasional occurrence, and may be primary or secon-

dary.

Cysts of the prostate are sometimes found either as a result of occlu-

FIG. 478. ADENOMA OF THE PROSTATE.

In the upper portion of the cut, at the right, are three nearly normal acini of the prostate, while the re-

mainder shows various phases of new gland formation. The prostate, in addition to the circumscribed

tumor growth, was the seat of the usual glandular and interstitial hyperplasia.
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sion of the ducts by hypertrophy of the interstitial tissue, tumors, etc., or

as a result of faulty development.

PARASITES AND CONCRETIONS.

Echinococcus of the prostate has been described, but is rare.

Concretions. Small ovoidal or spheroidal, often brown or black bodies,

having the characters of corpora amylacea, are of very frequent occur-

rence in the alveoli of the prostate, particularly in old persons. We find

a certain number of them in the prostate of nearly all old men, but they
are sometimes present in great numbers. Larger, irregular concretions,

apparently formed by the coalescence or growth of the smaller ones, are

less frequently found, and may be encrusted with lime salts. These con-

cretions may give rise to ulceration of the ducts of the gland or to inter-

ference with the passage of urine, but usually they are of no practical

importance.

Cowper's Glands.

Inflammatory processes, acute or chronic, may occur in these organs in

connection with urethritis or prostatitis. Abscesses may form; the

glands, either in acute or chronic inflammation, may become enlarged
and encroach upon the lumen of the urethra. Retention cysts formed by
the closure of the excretory ducts may also project into the urethral

canal.

The Male Mamma.

There may be an abnormal number of mammae. In boys, at about

the time of puberty, the mammse may be swollen and inflamed or they

may secrete milk. Cases are recorded in which adult males possessed

large mamma} which secreted milk. The breasts may be enlarged from
an increase of fat or of connective tissue.

Fibroma, sarcoma, cysto-sarcoma, myxoma, and various forms of carci-

noma 1

may occur.

Cysts of the male breast are not very infrequent.

1 For bibliography of carcinoma of the male breast see Warfield, Johns Hopkins
Hosp. Bull., vol. xii., p. 305.



CHAPTER XII.

THE BONES AND JOINTS.

The Bones.

ATROPHY.

IN old age or in senile conditions the bones may become atrophied by
the absorption of the hard tissue

;
the medullary spaces are enlarged, the

marrow tissue contains less fat and is often gelatinous in appearance.
As the result of the lack of use, or from any cause which interferes with

the nutrition of the bone, such as paralysis of the muscles or diseases of

the joints, the bones may atrophy. In connection with atrophy there

may be an ossifying periostitis, which results in making the bone look

even larger than normal-< Many of the conditions commonly called

atrophy, such as the Erosions of bones from tumors, etc., pressing upon
them, are really due to a rarefying osteitis.

The bones, sometimes as the result of atrophy and sometimes from

causes which we do not understand, are unusually brittle and liable to

fracture. This disposition is sometimes hereditary.

DISTURBANCES OF CIRCULATION.

Hyperaemia. The evidences of this condition are most marked to the

naked eye in the periosteum and marrow, particularly the latter. It

should be remembered that the color of the marrow varies considerably
under normal conditions, depending upon age and situation. In the

bones of the foetus and new-born, and near the areas of ossification in the

young, the marrow is normally red in color. In adults the marrow of

the sternum, vertebrae, and to a certain degree that of the ribs, pelvic

and cranial bones, and the cancellous tissue of the ends of the long bones,

is red or reddish in color. But most of the marrow, particularly in long
bones of the extremities, is of a yellowish color from the presence of fat

cells. In old age the marrow of all the bones is apt to become pale, and

to assume a more or less translucent or gelatinous appearance.

Hypersemia usually occurs as an accompaniment of inflammatory proc-

esses in the bone, and, when marked, the periosteum is swollen and red
;

the compact bone tissue may appear of a pink color, while the marrow,
either by an increase in the amount of blood or absorption of its fat, or

both, may be of a uniform dark red color or mottled with red and red-

dish-yellow.

Haemorrhage. This may be due to wounds and injuries, to inflamma-

tory and uecrotic processes; and small haemorrhages often accompany
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scurvy, purpura, hiemorrhagic diathesis, and leukaemia. Clots of con-

siderable size between the periosteum and bone may lead to serious con-

sequences, by cutting off the blood supply to the superficial layers of

bone and thus inducing necrosis ; but when not liable to bacterial con-

tamination through contact with the air they are not usually of serious

import, and are readily absorbed. The smaller haemorrhages of the

medulla are not usually of much importance. The decomposition of the

extravasated blood may lead to extensive pigmentation of the marrow.

HEALING OF WOUNDS AND FRACTURES OF BONE.

The process of healing in bone after fracture is, when uncomplicated,
at first similar to that in ordinary healing by second intention in fibrous
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FIG. 479. NEW-FORMED CARTILAGE AND OSTEOID TISSUE FROM CALLUS AFTER FRACTURE OF THE FEMUR.

tissue. The blood and other exudates and the tissue detritus are gradu-

ally absorbed or disposed of by phagocytes. By a proliferation of con-

nective-tissue cells of the region a larger or smaller mass of granulation
tissue is formed. This granulation tissue does not at first differ in

appearance from similar tissue formed elsewhere in the body in the

reparative phase of exudative inflammation.

But soon, under the influence of the specially endowed cells of car-

tilage or bone or periosteum, but especially of the latter, the granulation
tissue becomes partially replaced either by cartilage, or by a substance

resembling bone in general appearance, but containing no lime salts.

This is called osteoid tissue. These new cartilaginous and osteoid tissues,

which are apt to occur together, form irregular masses or interlacing
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trabeculse in the stroma of granulation tissue. This constitutes the

so-called callus of a uniting fracture (Fig. 479).

Gradually the osteoid tissue becomes osseous, and the masses of car-

tilage and bands of periosteal and other fibrous tissue, under transform-

ations practically identical with those seen

in normal development, are converted into

bone. Thus by gradual absorption and
re-formation of bone in the usually redun-

dant provisional bony mass, and by the re-

adjustment of its vascular channels, the

healing, with more or less permanent de-

formity, is accomplished (Fig. 480).
If the conditions be not favorable, the

healing of fractures may occur only by
fibrous-tissue formation, so that so-called

"false joints" may result. The healing of

other injuries and losses of substance oc-

curs by a process similar to that described

in fractures.

INFLAMMATION.

The periosteum, bone tissue, and mar-

row are so intimately connected that in

most cases they all share to a greater or

less degree in the pathological alterations

of the bones. But as sometimes one, some-

times another is most markedly involved,

it is convenient to consider separately here

the inflammatory changes by which they
are respectively affected.

PERIOSTITIS.

We may distinguish several forms of

periosteal inflammation.

Simple Exudative Periostitis. This is

apt to occur in children and ill-nourished

persons after comparatively slight injuries

or from unknown causes. The periosteum
is thickened, succulent, congested, and

more or less abundantly infiltrated with

leucocytes. The periosteum becomes less

firmly adherent to the bone, and the cells

of the inner layers are increased in num-

ber. This form of inflammation may ter-

minate in resolution, or it may lead to other phases of inflammation.

Suppurative Periostitis may begin as a simple or as a purulent inflam-

mation. The pus is formed in the inner layers of the periosteum, and

FIG. 480. HEALED BONE AFTER
FRACTURE.

Shows redundant hard bone about

seat of fracture.
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between it and the bone. The outer layers of the periosteum may for a

long time resist the suppurative process. The accumulation of pus may
dissect up the membrane from the bone and leave the latter bare. The

pus thus formed may remain in this position for a long time, or be

FIG. 481. OSSIFYING PERIOSTITIS TIBIA.

Large exostoses at the end of the bone. The process involves the joint and the bone is enlarged.

absorbed, or become dry and cheesy, or it may burst through the perios-

teum and lead to abscesses in the soft parts. The bone, if separated from

its nutrient membrane, may remain unchanged, but more frequently
necrosis or inflammation of the bone itself is set up. Such a periostitis

may run an acute or a chronic course.

Sometimes suppurative periostitis takes on a very malignant char<

acter. Pus is developed not only beneath, but in the periosteum, forming
abscesses filled with foul pus. The periosteum breaks down into a gan-

grenous, foul-smelling mass, and the same change may affect the neigh-

boring soft parts. The medulla may take part in the process and break

FIG. 482. OSSIFYING PERIOSTITIS WITH LARGE EXOSTOSES FEMUR.

A large part of the shaft is thickened and covered with ragged platelets of new-formed bone, while above

large rough exostoses project. This bone has been the seat of rarefying and formative osteitis.

down into a purulent, gangrenous mass. Haemorrhages may complicate
the process. The lymph-nodes are enlarged and swollen

;
abscesses may

form in different parts of the body, and the patient may die with the
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symptoms of pyaemia. The Streptococcus and Staphylococcus pyogenes
are the most common excitants of suppurative inflammation.

Fibrous Periostitis. This is a chronic form of inflammation, resulting
in the development of new connective tissue in the periosteum, which
becomes thickened and dense and unusually adherent to the bone. It

may accompany necrosis, chronic arthritis, chronic ulcers of adjacent soft

parts, etc., or follow simple acute periostitis.

L- Ossifying Periostitis results in the formation of new bone from the inner

layers of the periosteum. The masses of new-formed bone, called osteo-

phytes, are of variable shape. They may form a thin, velvet-like, villous

layer (Fig. 483) ; or they are little spicula; or they form larger, rounded

masses (see Figs. 481, 482), or a thick, uniform layer extending over a

large part of a bone. They may have at first a loose, spongy character,

and be loosely connected with the old bone. But layers of compact bone

FIG. 483. OSSIFYING PERIOSTITIS.

An irregular layer of new bone Is forming between the periosteum and the old bone.

tissue are formed within their medullary spaces, which are thus gradually

filled, and they join the old bone so that they may finally become as

compact as or even more compact and dense than normal bone to which

they are firmly joined. The hyperostoses and exostoses thus formed may
remain indefinitely, or they may gradually become smaller and finally

disappear by absorption.

The formation of new bone in osteophytes, or in dense masses beneath

and in the periosteum, occurs as a result of the same process by which

bone tissue is normally formed. Certain large cells, called osteoUasts,

which are developed along the blood-vessels, possess the power of deposit-

ing osseous basement substance about themselves and so forming bone.

Pathological new formation of bone differs from the normal mainly in

the conditions under which it occurs. The blood-vessels around which

the pathological bone develops, which grow out of the old vessels, as in the

formation of granulation tissue, are irregularly arranged and subject to

a variety of abnormal nutritive and mechanical conditions, so that the

new bone is usually formed, not in a series of definite systems of lamella,
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but, as above described, in a series of irregular spicula or masses. More-

over, as will be seen further on, the conditions under which it is formed

being liable to change, and itself serving no definite purpose in the econ-

omy, as does normal bone, pathological new bone is often an evanescent

structure. The details of its disappearance will be considered below.

Syphilitic Periostitis. Syphilitic infection may excite simple, purulent,

fibrous, or ossifying periostitis. In addition to these, gummy tumors

may be developed in the periosteum. The bone tissue is usually more or

less involved. The gumniata may be absorbed or undergo cheesy degen-

eration, or be converted into fibrous tissue, or they may suppurate.
Tuberculous Periostitis. In badly nourished persons, particularly in

children suffering from scrofula, chronic purulent periostitis is frequently

FIG. 484. TUBERCULOSIS OF THE JOINT.

Shows caries with extensive destruction of the bone.

associated with the formation of miliary tubercles. Abscesses are apt to

form in and about the periosteum, and when these are evacuated granu-
lation tissue may develop, which contains miliary tubercles. The bone

is apt to be involved to a greater or less extent in simple inflammatory

changes or caries (Fig. 484).

OSTEITIS.

Inflammation in bone tissue is dependent upon the same general con-

ditions and presents essentially the same series of phenomena as inflam-

mation in other kinds of connective tissue. But it is variously modified

in detail by the peculiar dense and unyielding character of the basement

substance, and by certain peculiarities of the blood supply and the

nutritive conditions under which the cells are placed. In simple exuda-

tive inflammation the same series of phenomena occur in connection with

the blood-vessels as in other tissues, resulting in the production of serum,

fibrin, and pus ;
but the extent to which these changes occur is lim-

ited and constantly associated with striking alterations in the basement
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substance. It is these secondary alterations in the basement substance

which lend to inflammations of the bone their most peculiar characters,

and in the prominence which these assume the fundamental alterations

are often overlooked. The most common of these secondary alter-

ations are the absorption of the hard basement substance of the bone and
its replacement by, or conversion into, young cellular forms of fibrillar

connective tissue or marrow tissue, and the new formation, in a more or

less typical manner, of new bone. As a result of these changes the bone
in simple inflammation becomes more vascular, and, with an increase of

spaces filled with granulation or marrow tissue, more porous at the

expense of the dense basement substance. Or the new-formed spaces
or the marrow cavities may be constantly encroached upon by the new-

formed bone lamellae on their walls, so that the bone becomes more com-

pact. Or, as is frequently the case, both series of changes occur either

simultaneously in different regions, or follow each other, or are vari-

ously associated together. Very frequently one or the other of the oppos-

ing forms of alteration predominates, or one may occur to the exclusion

of the other, and we thus have two prominent forms of inflammation,
which are called rarefying osteitis or osteo-porosis, and condensing osteitis or

osteo-sclerosis. The exact nature of the conditions under which in one

case the bones become more, in another less dense, we do not understand.

Furthermore, more or less characteristic forms of inflammation may occur

in syphilitic and tuberculous infection syphilitic and tuberculous osteitis.

Suppurative osteitis may further complicate the process.

In addition to these phases of inflammation in bone, and in frequeut
and varied association with them, there are alterations leading to death

and destruction of bone tissue in greater or less amount, which are called

caries and necrosis. Finally, any of these forms, and commonly several

of them at once, are variously associated with more or less marked

inflammatory or degenerative alterations of the periosteum on the one

hand, or the marrow tissue on the other, or of both combined.

Rarefying Osteitis consists essentially in the formation in the marrow

spaces, Haversian canals, or beneath the periosteum, of new, very cel-

lular and vascular tissue, resembling granulation or young marrow tissue,

under whose influence the basement substance of the bone is absorbed.

This absorption of the bone takes place largely as bone is absorbed in

normal growth, namely, under the influence of certain large cells, which

are grouped around the blood-vessels. If a thin section of bone which

is undergoing absorption be examined (Fig. 485), the edges of the bone

which border on the vascular surfaces are found irregularly indented by
deep or shallow depressions, sometimes simple, sometimes quite complex.
These are called Hoicship's lacunae and are usually filled or lined by larger
and smaller granular, frequently'multiuuclear cells the so-called osteo-

clasts. In the larger lacunas there may be granulation tissue with loops of

blood-vessels, with or without osteoclasts. Under the influence of the

osteoclasts or of the new vascular tissue, the bone is gradually ab-

sorbed.
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On the other hand, there may be irregular branching channels through
the bone across the lamellae, which appear to be due to the enlargement
and coalescence of the lacunas and caualiculi, without the direct influence

of blood-vessels or other cells than the fixed cells of the bone.

The tissue which replaces the absorbed bone may be very rich in

small spheroidal cells, or it may be more or less fibrillar.

As a result of this process irregular islets of bone tissue may be

entirely separated from adjacent bone and surrounded by a more or less

> I*,<&-', :':'^j ;?:....:,--;:-;-}ffr_ **

FIG. 485. RAREFYING OSTEITIS IN ULNA OF CHILD.

o, Isolated bone fragment with rough edges ; b, marrow tissue; c, Howship's lacunae with osteoclasts.

fibrillar vascular tissue ; this is most apt to occur in the cancellous tissue.

Or the originally compact bone may become traversed by a series of larger

and smaller irregular branching, communicating channels with ragged
walls. These progressive alterations may cease, and be succeeded by a

new formation of bone along the edges of the channels or cavities.

Earefyiug osteitis may occur as an independent process from unknown

causes; it is often associated with scrofula, with diseases of the joints,

with fractures or other injuries to the bone ; it often forms a predominant
feature in tuberculous inflammation of the bones. It is chiefly by a

rarefying osteitis that bone tissue is eroded and destroyed in the vicinity

of tumors, aneurisms, etc., which exert pressure on the bones. By the

same process the sharp ends of fractured bone may be rounded off as

healing proceeds.
"When this form of inflammation occurs in cancellous bone tissue the

marrow is red or gelatinous, and the bony septa may disappear altogether,

so that in extreme cases there may be, instead of cancellous bone, a mass

of granulation tissue. When the process occurs in the articular extrem-

ity of a bone the granulating medulla may send little offshoots through
the articular cartilage. These may become fused together and iuflam-
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mation of the joint may follow. The walls of the shafts of the long
bones may be converted into spongy tissue. If, as is sometimes the case,

an ossifying periostitis occurs at the same time, the bone is thickened but

spongy ;
or sometimes there are concentric layers of compact bone tissue,

separated by rarefied bone.

Condensing Osteitis (Osteo-Sclerosis). This lesion is characterized by
the new formation of bone in the walls of the marrow cavities or Haver-

sian canals. The bone is formed under the influence of the blood-vessels

and osteoblasts, as in normal bone formation, but with less regularity.

It may result in the conversion of cancellous tissue into compact bone,

in the filliug-up of the medullary cavity of long bones with more or less

dense bone tissue. The compact bone, owing to the filling of its Haver-

sian canals, may become very dense and ivory-like. When the medullary

PIG. 486. CONDENSING OSTEITIS, OR OSTEO-SCLEROSIS, IN ULNA OF CHILD.

a, Fragment of old bone with roughened, sinuous edges ; b, old Howship's lacunae covered with more re-

cently formed bone lamella- ; c, d, new Haversian canals.

cavities of long bones are involved the yellow marrow is converted into

red marrow by the absorption of fat and increased vascularity.
Osteo-sclerosis is frequently associated with ossifying periostitis. It

often follows rarefying osteitis, and then the Howship's lacunae resulting
from the original absorption process may be filled and covered in with

new bone lamellae (Fig. 486). It is apt to occur in connection with

necrosis or chronic inflammation of adjacent soft parts, but it sometimes
occurs independently under unknown conditions.

Suppurative Osteitis (Abscess of Bone). This process occurs usually in

the ends of the long bones, and is associated with rarefying osteitis. As
the bone tissue is absorbed, a circumscribed cavity may be formed in the

bone, filled with pus and lined with granulation tissue.

Less frequently abscesses are formed in the shaft of a long bone by
circumscribed suppuration of the medulla. Such abscesses may occur in
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old people and may be of long duration. They may gradually enlarge
and be accompanied by an ossifying periostitis, so that the bone is ex-

panded. The abscesses in suppurative osteitis sometimes develop rapidly
and may perforate. On the other hand, instead of abscesses, there may
be a diffuse infiltration with pus of the Haversiau canals or of the spaces
formed by rarefying osteitis (see Osteomyelitis, below).

Osteomyelitis. The tissues of the medulla so frequently share in the

inflammatory processes in bone that many conditions described as osteitis

are really osteomyelitis. It is customary, however, to reserve the latter

name for those cases in which the medulla is primarily or chiefly involved.

ACUTE INFECTIOUS OSTEOMYELITIS. This may occur as the result

of a local injury which permits the access or favors the development of

pyogenic micro-organisms ;
it may be metastatic, resulting from the trans-

portation of infectious material from other parts of the body in septi-

caemia and pyaemia, in typhoid fever, in the exanthematous fevers, and
under other conditions

;
or it may occur without evidence of local predis-

position or of infectious processes in other parts of the body.
The lesions of acute infectious osteomyelitis are, in the large majority

of cases at least, due to the presence and action of the pyogenic cocci,

the Staphylococcus pyogenes and the Streptococcus pyogenes, and in

many of its forms it may be regarded as one of the phases of septicaemia
or septico-pyaemia.

While the lesions vary widely, the following general description is

applicable to a considerable proportion of the cases:

At the commencement of the disease, which usually begins in the shaft

of one of the long bones, there are hyperaemia and oedema of the medulla,
so that if the bone be opened the marrow is soft and of a dark-red color.

A diffuse suppuration now rapidly ensues, and the marrow becomes

streaked or mottled with gray. Occasionally, though not often, larger
and smaller abscesses may form in the marrow. The inflammatory areas

may be circumscribed
; or, in the more malignant cases, the entire mar-

row may become rapidly involved. The cancellous tissue of one or both

of the epiphyses usually becomes involved. The disease, however, is

not commonly confined to the medullary spaces. The periosteum becomes
oedematous and infiltrated with pus, and the surrounding soft parts may
become the seat of intense inflammatory changes. Abscesses of the peri-

osteum or surrounding tissues are apt to form. As a result of these

changes, necrosis of greater or less portions of the bone may ensue. The

medullary cavity may become enlarged as pus accumulates, and the wall

of the bone may be broken through, permitting the discharge of pus out-

ward. Sometimes several bones are involved at once. Secondary in-

volvement of the joints is very frequent. Here there may be only a

serous or purulent exudation ;
or the acute and destructive inflammatory

process may extend beneath the joint and produce extensive alterations.

In young persons the epiphyses very frequently become separated from
the shaft by the destruction of the cartilage which binds them together.

In the severer cases, which are often called, par excellence, malignant
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osteomyelitis, the changes may be very rapid and destructive. The
medulla is disintegrated and gangrenous; the joints are soon involved;
necrosis of large portions of the bone, sometimes of the whole shaft,

occurs ; the periosteum and surrounding parts become gangrenous ;
the

veins contain thrombi , and pya3inic infarctions and abscesses may form
in various parts of the body.

'

CHRONIC OSTEOMYELITIS. In prolonged cases of osteomyelitis there

is apt to be more or less ossifying periostitis and osteosclerosis, and
fistula} may form in the bone, through which the exudates are dis-

charged.
4

Tuberculous Osteitis is essentially a rarefying osteitis associated with

the formation of tubercle tissue and cheesy degeneration. The tubercles

are sometimes small, scattered, and miliary inform (see Fig. 487); some-

times they unite to form larger and smaller masses. There may be

:

FIG. 487. TUBERCULOUS OSTEITIS.

A mlliary tubercle formed in the cancellous tissue near the joint in tuberculous arthritis.

extensive involvement of the medulla. There may be much simple gran-

ulation tissue or the formation of abscess associated with the process.

Earefyiug and condensing osteitis and necrosis are not infrequently

present, so that the bone becomes spongy and fragile (Fig. 485). Tuber-

culous osteitis is often associated with tuberculous inflammation of the

joints (Fig. 484). It is most apt to occur in cancellous bone tissue, and

is most common in the bodies of the vertebrae and in the carpal and tarsal

bones.

Syphilitic Osteitis. Syphilitic infection may lead to one or other of the

1 Consult for an elaborate treatment of acute osteomyelitis in its relationship to

other forms of inflammation, with bibliography, Jordan, Beitr. z. klin. Chir., Bd. x., p.

587. For a study of this condition in childhood see Koplik and Van Arsdale, Am. Jour.

Med. Sciences, vol. ciii., pp. 422 and 535, 1892.
2 For a resume of the deformities resulting from osteomyelitis consult Park, Medi-

cal Record, November 3d, 1895.
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forms of osteitis just described, or gummatous nodules may form. Syph-
ilitic osteitis usually commences in the periosteum, which becomes thick-

ened and infiltrated with cells, so that there may be a circumscribed

thickening of the periosteum, with or without distinct guniniata. The
vessels which extend from the periosteum into the bone become sur-

rounded by new cellular tissue, which causes an enlargement of the

canals. At this stage, if the periosteum be stripped off, it drags with it

the vessels surrounded by the new cell growth, leaving the bones beneath

with numerous small perforations extending inward. As the disease

progresses the channels in the bone enlarge by a rarefying osteitis and

coalesce, forming large, irregular defects filled with new fibrous tissue.

In these masses of new tissue, cheesy degeneration may occur, so that the

new growth has more or less of the character of a gumina. In the vicin-

ity of these gumnia-filled spaces a condensing osteitis may occur, both in

the substance of the bone and on the surface, in the form of osteophytes,
so that the opening in the bone may be surrounded by an elevated, irreg-

ular ring of bone tissue. All this may occur beneath the uuinvolved

skin, or the skin may participate by a suppurative inflammation, result-

ing in ulceration. These processes may be circumscribed or involve a

large part of a bone. It is not infrequently associated with necrosis of

larger and smaller portions of bone. The syphilitic tissue may be ab-

sorbed and its place be more or less filled with fibrous tissue. Syphilitic

osteitis is most frequent in the cranial bones, but may occur elsewhere,

as in the sternum, clavicle, tibia and fibula, the ribs, etc.

Congenital Syphilis. The bones of young children in this condition

may show increased density or evidences of periostitis, or irregular thick-

enings, particularly of the skull. Characteristic lesions are frequently
found in the long bones in still-born or young children who are the vic-

tims of hereditary syphilis. These lesions are found for the most part

along the border zone between the epiphysis and diaphysis. In normal

ossification of the long bones, the border line between the calcification

and ossification zones is narrow, sharply defined, and straight, or lightly

and evenly curved. In the syphilitic bones, on the contrary, this line is

broader, uneven, and presents various modifications, which merge into

one another, so that all intermediate forms may be seen. In a lesion of

moderate grade there may be, between the cartilage and the new-formed

spongy bone, a white or reddish-white zone, about 2 mm. in breadth,

with very irregular borders, consisting of calcified cartilage, in which the

linear groups of cartilage cells are more abundant than normal. In more

pronounced lesions the calcified zone, still containing an unusual number
of cartilage cells, is broader and still more irregular and less sharply out-

lined against the ossification zone. The cartilage just beyond it is softer

and almost gelatinous, and may contain numerous blood-vessels, islets of

connective tissue or of calcification, or irregular ossification. Finally

the bone may be pouched out at the sides around the ossification and

calcification zones, and the perichoudrium and periosteum thickened.

The whitish, irregular calcified zone is hard and friable. Between this

and the new-formed bone there is an irregular, soft, gray or grayish-
47
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yellow zone, from 2 to 4 mm. in thickness, which forms a loose, readily

separated connection between the cartilage and the diaphysis. The

white, friable zone consists mainly of irregular rows of degenerated and

distorted cartilage cells lying in a calcified basement substance, of irreg-

ular masses of atypical bone tissue, and of blood-vessels surrounded by

variously shaped cells. The soft zone consists of more or less vascular

tissue with homogeneous basement susbtance, and round and spindle

shaped cells. This soft zone is not sharply outlined against the adjoin-

ing new-formed spongy bone, which, instead of consisting of the normal

marrow spaces with bony lamellae beween them, is largely composed of

granulation tissue.

Different phases of this faulty development may be seen in different

bones in the same individual. According to Wegner the lesion is usually

most advanced in the lower end of the femur, then in the lower ends of

the leg bones and of the forearm, then in the upper ends of the tibia,

femur, and fibula.

Not infrequently there is fatty degeneration of the marrow cells and

blood-vessels, giving the marrow a reddish-yellow color. These altera-

tions of the bones may occur, not only in children who have gummata in

other parts of the body, but also in those in whom other evidences of

syphilitic infection are absent. So uniform is their occurrence that their

presence alone suffices for the establishment of a diagnosis.

NECROSIS.

Necrosis is the death of a larger or smaller portion of bone. This

may be induced by conditions which deprive the bone of its proper vas-

cular supply from the periosteum and medulla. It may be associated

with suppurative periostitis, osteomyelitis, and osteitis, traumatic sepa-

ration of the periosteum, ulcers of neighboring soft parts, eniboli, the

action of phosphorus vapor, and exhaustive infectious diseases. Necrosis

is a pure form of gangrene, differing from gangrene of soft parts in that

the dead bone has at first, and may retain for a long time, the general
outward characters of the normal bone ; while in dead soft parts rapid ab-

sorption may occur, or should bacteria of various forms be present, or gain
access to the dead tissue, putrefaction, with complex changes, may ensue.

When a portion of bone has died inflammation occurs at the dividing-
line between the dead and living bone. This inflammation has the char-

acters of a rarefying osteitis (see above), and finally separates the dead
from the living bone. The dead bone, or sequestrum, may remain smooth
and unaltered (Fig. 488), or it may be eroded by the influence of sur-

rounding pus or granulation tissue or osteoclasts. In this way it is pos-

sible for the sequestrum, if it be small, to be entirely absorbed. More

frequently there is a production of new bone around the sequestrum,
either beneath the periosteum or in the substance of the bone, and this

becomes lined with granulation tissue, from which pus may continue to

be formed, bathing the sequestrum.
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Necrosis may involve the superficial layers, or the entire thickness of

the wall of a long bone, or only the spongy tissue and inner layers, or an
entire bone, or a number of different portions of the same bone, but it is

most apt to occur in compact bone.

The death and separation of the bone may be soon followed by the

growth of new bone to repair the loss. The periosteum, the medulla,
and the surrounding soft tissues may all take part in this new growth.
The new bone is usually irregular, rough, and perforated with openings
through which pus formed around the sequestrum may be discharged.
If the sequestrum be removed, healing may occur by the formation of new
bone ; but the bone is usually more or less distorted by the irregular new
ossification.

Phosphorus Necrosis. Under the influence of phosphorus vapor, peri-
ostitis and osteitis, particularly of the jaw, are apt to occur, which

FIG. 488. NECUOrilS OK BOXE.

Showing sequestrum of dead bone partially surrounded by new-formed subperiosteal bone, with thickening
of the shaft.

usually lead to more or less extensive necrosis, generally associated with

prolonged and often extensive suppuration.

Caries of bone is essentially an ulcerative osteitis resulting in progres-

sive molecular destruction of the bone tissue. It differs from necrosis in

that, in the latter, larger and smaller masses of bone die, while in caries the

destruction is molecular and gradual (Fig. 489). It may occur in connec-

tion with any form of osteitis, with periostitis and osteomyelitis, or it may
be secondary to inflammatory or destructive processes in the joints or ad-

jacent soft parts. The depressed surfaces of bones in which caries is pro-

gressing are rough and more or less finely jagged, and may be covered

with granulations. The minute changes by which ulceration and destruc-

tion of the bone are produced in caries are somewhat analogous with those

in rarefying osteitis, but there are marked degenerative changes in the

bone cells, which may become fatty or converted into a granular ma-

terial. Moreover, the basement substance of the bone, instead of being

absorbed, may disintegrate, with the formation of larger and smaller
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masses of detritus. Sometimes the lime salts are removed from the base-

ment substance, which is converted into atypical fibrillar tissue and fatty
and granular detritus. Very ex-

tensive suppurations and necrosis

may be associated with caries.

Long-continued caries, especial-

ly in badly nourished individuals, is

apt to become complicated with tu-

berculous inflammation.

There is very little tendency to

spontaneous healing in caries, but it

may occur, and the defects produced

may be more or less supplied by
means of new-formed bone.

RACHITIS. (Rickets.)

Eickets is a developmental dis-

ease of bone, in which the proper
ossification does not take place. The
disease usually occurs during the

first two years of life, but may be

congenital,
1 or may occur as late as

the twelfth year.

The physiological growth of

bones presents three phases. They
grow in length by the production of

bone in the cartilage between the

epiphysis and diaphysis; in thick-

ness, by the growth of bone from

the inner layers of the periosteum.

At the same time the medullary
canal is enlarged, in proportion to

the growth of the bone, by the disap-

pearance of the inner layers of bone.

In rickets these three phases of growth are abnormal. The carti-

laginous and subperiosteal cell growth, which precedes ossification, goes
on with increased rapidity and exuberance and in an irregular manner,
both between the epiphyses and diaphyses and beneath the periosteum,
while the actual ossification is imperfect, irregular, or wanting. At the

same time the dilatation of the medullary cavity goes on irregularly
and often to an excessive degree.

If one examine microscopically in a rachitic bone the region between

the epiphysis and diaphysis (Fig. 490), he finds that the cartilage cells

are not regularly arranged in rows along a definite zone in advance of the

line of ossification, as in normal development, but that there is an irreg-

ular heaping-up of cartilage cells, sometimes in rows, sometimes not,

1

Salvetti, Ziegler's Beitrage z. path. Anat., etc., Bd. xvi., p. 29, 1894, bibliography.

FIG. 489. CARIES OF THE VERTEBRAE.
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over an ill-defined and irregular area. The zoiie of calcification also,

instead of being narrow, regular, and sharply defined, is lacking in uni-

formity. Areas of calcification may be isolated in the region of prolifer-

ating cartilage cells, or calcification may be altogether absent over con-

siderable areas.

Corresponding to these irregularities the ossification zone is also irreg-

ular. New-formed bone and marrow cavities containing blood-vessels

may lie in the midst of the cartilage, or masses of cartilage may lie deep
in the region which should be completely ossified. In other places it

seems as if the cartilage tissue were directly converted into an ill-formed

bone tissue by metaplasia or direct transformation. It will readily be

seen from this that the medullary spaces of the new-formed bone are

irregular, and this abnormality is enhanced by the premature intra-med-

ullary absorption of the bone.

Similar irregularity in the bone formation may be seen beneath the

periosteum. An excessive proliferation of cells in the inner layers of

the periosteum, the irregular calcification which occurs about them, and
the absence of uniformity in the elaboration of ill-structured bone, con-

spire to produce an irregular, spongy bone tissue instead of the compact,
lamellated tissue which is so necessary here for the solidity of the struc-

ture. The increased cell growth between the epiphyses and diaphyses

produces the peculiar knobby swellings which are characteristic of rickets.

At the same time the medullary cavity increases rapidly in size and the

inner layers of the bone become spongy. The medulla may be congested,

FIG. 490 RACHITIC BOXE.

Showing ossiHcation zone in a longitudinal section of a rib.

and fat, if it has formed, may be absorbed, and a modified form of

osteitis may ensue.

The result of these processes is that the bones do not possess solidity
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and canuot resist the traction of the muscles or outside pressure. The

epiphyses may be displaced or bent, especially in the ribs, less frequently
in the long bones. The long bones and the pelvic bones may be bent

into a variety of forms (Fig. 491). Incomplete fractures are not infre-

quent. Complete fractures do not usually occur until the later stages of

the disease, when the bones have become more solid. In the head, the

FIG. 491. RICKETS.

Showing irregular cssifk-ation and bending of the long bones.

cranium may be unnaturally large for the size of the face
;
the fontaneiles

and sutures may remain open; the bones may be soft, porous, and

hypera3rnic, while at their edges there may be rough, bony projections
beneath the pericranium. Sometimes, especially in the occipital bone,
there are rounded defects in the bone, filled only with a fibrous

membrane; this constitutes one of the forms of so-called Craniotabes

(Fig. 492).
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It does not fall within the scope of this work to describe the various

deformities which may occur as a result of this disease. The familiar

pigeon breast ;
the rows of knobs along the sides of the chest from bend-

ing and dilatation of the ribs at the point of junction of cartilage and

bone; the knock-knees, bow-legs, spinal curvatures, etc., may all be

the result of rachitic weakening of the bones.

After a time the rachitic process may stop and the bones take on a

more normal character. The porous bone tissue becomes compact and

even unnaturally dense; the swellings at the epiphyses disappear; many
of the deformed bones may become of a normal shape. In severe cases,

FIG. 492. CRAXIOTABES.

This skull of a child is large, its bones are thin, with holes due to faulty development and covered only by
a thin, flbrous membrane.

however, the deformities continue through life ; especially there is a ces-

sation of the growth of the bones in their long axis, so that the persons
affected are dwarfed.

The disease may have an acute or a chronic character. The acute

form begins usually during the first six months of life. The children are

apt to suffer from vomiting, diarrhosa, profuse sweating, chronic bron-

chitis and pneumonia, general anaemia, and wasting. They either die or

the rachitic process is gradually developed. The chronic form is seen in

older children, and often in those apparently healthy. The changes in

the bones may take place without constitutional symptoms, though there

are often catarrhal bronchitis, pneumonia, and anaemia.
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OSTEOMALACIA.

This lesion consists in the softening of fully formed hard bon> tissue

by the removal of its inorganic salts. It is to be distinguished from

rickets, whose lesions are due to a faulty development of bone, although
in certain external characters the two diseases sometimes present consid-

erable similarity. Osteornalacia usually occurs in adults, most fre-

quently in females during pregnancy and after parturition ;
more rarely

it occurs in males, and in females uuassociated with the above conditions.

Its cause is not known.

Microscopical examination shows that the decalcification occurs first in

the periphery of the Haversian canals and in the inner layers of the walls

of the marrow spaces. As the salts of lime are removed the basement

substance at first remains as a finely fibrillated material, still preserving
the original lamellation. The bone cells may be changed in shape or

degenerated. After a time the decalcified tissue may disintegrate and
be absorbed, and its place occupied by new-formed marrow or granula-
tion tissue. As the disease goes on the marrow tissue is congested and

red, the fat absorbed, and there is a great accumulation of small sphe-
roidal cells ; or the marrow may assume a gelatinous appearance. The
decalcification and absorption of the bone from within may proceed so

far that the bony substance in the cancellous tissue almost entirely dis-

appears, and the compact bone is reduced to a thin, soft, decalcified tis-

sue. The disease is not always continuously progressive, but may be

subject to temporary cessation.

As a result of this softened condition of the bones, the weight of the

body and the actions of the muscles may induce a series of deformities

which are sometimes excessive ;
curvatures of the spine, complete and

incomplete fractures of the bone, distortions of the pelvis, sternum, etc.

There is a tendency in this disease to a general involvement of the bones,

but the changes are sometimes confined to single bones or groups of

bones. The cranium is rarely much affected.

ALTERATIONS OF THE BONE MARROW IN LEUKEMIA AND
ANEMIA.

In certain forms of leukaemia the marrow of the bones is very

markedly altered. The change consists mainly in an accumulation in

the marrow tissue of spheroidal cells, often in a condition of fatty degen-

eration, which lie in the meshes of reticular connective tissue and in and

along the walls of the blood-vessels. There may also be absorption of

the fat, and sometimes enlargement of the marrow cavity from absorp-

tion of the bone. These alterations seem to be primarily due to an

hyperplasia of the marrow cells. The new cells which accumulate in the

marrow under these conditions are of various forms. Most characteristic

are colorless, spheroidal cells which considerably resemble the large
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lymphocytes of normal blood (see page 376 ). But they are usually larger,

though varying much in size, have one large, often vesicular nucleus

staining less strongly than the lymphocyte nuclei, while the protoplasm

usually contains ueutrophile granules. These cells are called myelocytes

(page 380). In addition to these the marrow may contain, mingled with

its usual elements, nucleated red blood cells, spheroidal cells containing
red blood cells, and not infrequently considerable numbers of small

octahedral crystals (called Charcot's crystals).

The degree to which this accumulation of cells occurs varies much in

different cases, and the gross appearances of the marrow are consequently

very diverse. In some cases the marrow is soft and has a uniform red

appearance, or it is variously mottled with gray and red. Occasionally
circumscribed haemorrhages are seen. In another class of cases, in which

the cell accumulation is more excessive, the marrow may be gray,

grayish-yellow, or puriform in appearance.
These changes may occur in the central marrow cavity, as well as in

the marrow spaces of the spongy bone. They may be present in several

'or many of the bones. They are usually accompanied by analogous

changes in the spleen and lymph-nodes.
In certain cases of acute and chronic anaemia, particularly in the perni-

cious and progressive varieties, the marrow, especially of the larger long

bones, may lose its yellow color from absorption of the fat, and become
red. Microscopical examination of the marrow under these conditions

may show myelocytes and sometimes, an abundance of developing nucle-

ated red blood cells and Charcot's crystals.

In many of the acute infectious diseases, typhus and typhoid fever,

ulcerative endocarditis, recurrent fever, etc., the bone marrow has been

found hyperaemic, and may, it is asserted by Ehrlich, contain myelocj'tes
in increased numbers.

All these lesions of the marrow, although our knowledge of them
is still very incomplete, together with what is known of the physiological
functions of the marrow, point to a close relationship between the mar-

row and the spleen and lymph-nodes as blood-producing organs.

TUMORS.

Tumors of the bone may involve either the periosteum, or the com-

pact bone, or the medulla
; or, as is more frequently the case, two or

more of these structures may be involved at once. Tumors of the bone

are usually accompanied by various secondary and sometimes very marked
alterations of the bone tissue, osteo-porosis, osteo-sclerosis, ossifying peri-

ostitis, etc. The new growths are very apt to undergo calcification and
ossification.

Fibromata may grow from either the periosteum or the medulla.

Their most common seat is in the periosteum of the bones of the head and
face. They are apt to form polypoid tumors projecting into the posterior

nares, pharynx, mouth, and antrum of Highmore. Central fibromata,
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i.e., those growing from the medulla, are rare. They usually occur in

the lower jaw, but have been found in the ends of the long bones, the

phalanges of the fingers, and the vertebrae. The fibromata may calcify
or ossify, contain cysts, and not infrequently occur in combination with

sarcoma.

Myxomata are of occasional occurrence in bone.

Osteomata. New formations of bone as a result of inflammatory proc-
esses are, as we have already seen, of frequent occurrence in bone, and

although not, strictly speaking, tumors, some of their forms are very

closely allied to them, and they may therefore be conveniently mentioned

here. New growths of bone which arise from the surfaces are called

exostoses (see Fig. 482) or enostoses, according to their origin from the

external surface or from the interior of the bone. They may contain all

the constituents of normal bone : bone, medulla, vessels, periosteum, and

cartilage. The new bone may be compact and like ivory, or spongy, or

contain large cavities filled with marrow.

The shape of exostoses varies greatly ; they may be in the form of

sharp, narrow spicula and processes, and, occurring in connection with

periostitis, are called osteophytes. They may be polypoid in shape, or

form rounded tumors with a broad base. They may form a general

enlargement of the bone with much roughening of the surface
; this con-

dition is often called Tiyperostosis.

The bone beneath these new growths may be normal, or sclerosed, or

rarefied, or the medullary cavity of the bone may communicate with that

of the exostosis. Exostoses are usually developed from the periosteum,
sometimes in the insertion of tendons and ligaments. They are very

frequently multiple, and may occur at all ages, even during uterine life.

Enostoses are developed in the interior of bones from the medulla.

They may increase in size, with absorption of the surrounding bone, until

they project from the surface like exostoses. Their most frequent situa-

tion is in the bones of the cranium and face.

Chondromata. These tumors may be single or multiple, and most fre-

quently grow from the interior of the bone, but sometimes from the

periosteum. They are prone to form various combinations with other

forms of tumors, as fiboma, myxoma, sarcoma, etc. They are frequently

congenital, and are most common in young people. They occur most

frequently in the bones of the hand and foot.

There is a form of chondroma, called osteoid chondroma, which develops
beneath the periosteum, most frequently in the femur and tibia near the

knee joint, forming a club-shaped enlargement of the bone. The char-

acteristic of the tissue composing these tumors is that it resembles some-

what the immature bone tissue which is seen beneath the periosteum
in developing bone. It differs from cartilage in the irregular shape of

its cells, in the~ fibrillation and density of the basement substance, and in

its general vascularity. On the other hand, it has not the inorganic con-

tents or appearance of true bone. It resembles considerably the callous

tissue forming about fractures of the bones. It may, however, and most
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frequently does, become converted, in some parts of the tumor, into true

bone. On the other hand, combinations with sarcomatous tissue are of

frequent occurrence (see below).
Sarcoma is especially common in the bones. It grows from the inner

layers of the periosteum or from the medulla, so that we may distinguish
a periosteal and a myelogenic sarcoma. Sometimes the tumor involves the

bone itself so early that it is impossible to say whether the tumor began
in the periosteum or in the medulla. There is also a variety which grows
close to the outside of the periosteum and becomes connected with it

parosteal sarcoma.

The periosteal sarcomata usually belong to the varieties fibro-, myxo-,

chondro-, and osteo-sarcoma, more rarely to the medullary variety.

They commence in the inner layers of the periosteum, pushing this mem-
brane outward. After a time the periosteum is involved and the tumor

FIG. 493. SARCOMA OF THE BONE PERIOSTEAL.

The growth has invaded the shaft of the bone, which is fractured. Spicula of bone, new formed in the

tumor, may be seen below, passing outward from the periosteum.

invades the surrounding soft parts. The bone beneath may remain nor-

mal, or may be eroded and gradually disappear until the tumor is con-

tinuous with the medulla. Portions of the tumor may be calcified, or a

growth of new bone may accompany its growth. The new bone usually
takes the form of plates, or spicula, radiating outward (Fig. 493). The
minute structure of these tumors is very variable. The simplest the

fibre-sarcomata are composed of fusiform, round, stellate, and some-

times giant cells (myeloplaxes), in varying proportions, packed closely

in a fibrous stroma. In the medullary form the stroma is diminished

to a minimum and the round cells are most numerous. In the chondro-

and myxo-sarcoma the basement substance may be hyaline or mucous,
and the cells follow the type of cartilage and mucous tissue more or less

closely. There is a mixed form of tumor, called osteoid sarcoma, which

is very apt to spread and to form metastases. The growth consists in

part of tissue corresponding to fibro-sarcoma and round-celled sarcoma,

[n addition to this there occurs, in greater or less quantity, immature
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bone tissue, called osteoid tissue, which may in part become calcined, the

calcification usually occurring in the central portions, leaving a softer

peripheral zone. This form of tumor is most apt to occur at the ends of

the long bones, and may form tumors of large size. It is often called,

on account of its tendency to extend and to form metastases, malignant

osteoma or osteoid cancer. Angio-sarcomata

are of frequent occurrence in bone.

Sarcomata may originate in the medulla

myelogenic
1 and may grow rapidly.

The bone surrounding them is destroyed
and they project as rounded tumors. Most

frequently new bone is formed beneath the

periosteum, so that the tumor is enclosed

in a thin, bony shell (Fig. 494) ;
sometimes

there are also plates of bone in the tumor
;

sometimes the periosteum is unaltered;

sometimes it is perforated and the tumor

invades the surrounding soft parts. The
tumors are frequently very soft, vascular,

and hsemorrhagic in parts, or may enclose

cysts filled with tumor detritus and blood.

They are usually of the spindle or round-

celled variety, and not infrequently contain

giant cells.

Sarcomata may originate in the outer

layers of the periosteum parosteaL They
may be as firmly connected with the bone

as is the periosteal form. The periosteum

may remain intact between the tumor and

the bone, or it may disappear and leave

them in apposition. Endothelioma of bone

is not uncommon.

Angioma, A very large number of the

tumors which have been described under

this name are really very vascular sarco-

mata. Cavernous angiomata may form

between the periosteum and bone and inti-

mately connected with the latter. There are several cases described of

cavities filled with blood in the interior of bones, which it is difficult to

interpret. They have mostly been found in the head of the tibia. They
are said to have consisted of single sacs composed of thickened peri-

osteum, lined with plates of bone, and filled with fluid and clotted

blood. No large vessels communicated with the sacs, but their walls

were covered with a rich vascular plexus, branches of which opened into

the cavity of the sac.

'See Wright, "Multiple Myeloma," Trans. Assn. Am. Phys., vol. xv., p. 137, 1900;

also Winkler,'V\rc\w\v'$ Arch., Bd. clxi., pp. 252, 508, 1900.

FIG. 494. MYKLOGKNIC SARCOMA OF

THE STKRNUM.
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Carcinoma. Primary carcinoma is of doubtful occurrence in the

bones. Most of the structures thus named have doubtless been sar-

comata or eudotheliomata. Secondary carcinoma, on the other hand,
as a result of metastases or local extension, is not infrequent. Metas-

tatic carcinomata may occur in the bones of various parts of the body
at the same time, and are most apt to be secondary to carcinoma of the

mamma.

Cysts. These most frequently occur in the maxillary bones (page 349)
in connection with the teeth. They may be unilocular or multilocular,

and contain clear serum or a mucous or brown fluid, and sometimes cho-

lesteriu. They may be lined with epithelium. They begin in the interior

of the bone, and, as they increase in size, expand it until they may be

covered with only a thin shell of bone. They may reach a large size,

even as large as a child's head.

Dermoid Cysts are occasionally found in connection with the bones,

particularly of the skull.
'

The Joints.

For a description of the dislocations, misplacements, and injuries of

the joints we refer to works on surgery.

DEGENERATION.

Fatty degeneration of the cartilage cells, mucous degeneration, and
fibrillation of the strorna with softening, and often roughening, of the

joint surfaces, calcification and amyloid degeneration, may occur in

inflammation, or as a senile alteration, or under other conditions. The

cartilage is usually, under these conditions, whiter and more opaque than

normal.

INFLAMMATION. (Arthritis.)

Exudative Arthritis. The earlier stages of acute inflammation of the

synovial membranes are better known from experiments on animals than

from post-mortem examinations. The first changes are swelling and

congestion of the membrane, with increased growth and desqtfamation of

the lining cells, and infiltration of the membrane with lymphoid cells.

These conditions are soon followed by an exudation.

In Serous Arthritis the accumulation of serum within the synovial sac

is the most prominent lesion. The disease may terminate in recovery, or

become chronic, or pass into the suppurative form. It may be incited

by contusions, penetrating wounds, gonorrhoea, rheumatism, or it may
occur without evident cause.

Sero-fibrinous Arthritis may occur under the same conditions as those

which lead to simple serous inflammation. The fibrin may be present
1 For a resume and bibliography of the pathology of bone see Schmidt in Lubarsch

and Ostertag's
"
Ergebnisse,

"
Jahrg. iv. for 1897, p. 531

; also Jahrg. v. for 1898, p. 895.
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largely as flocculi in the serum, or it may form false membranes over the

surfaces of the joint.

Suppurative Arthritis may follow or be associated with the above forms

of inflammation. The synovial membrane is thickened and cloudy, and
there may be but a moderate amount of pus iu the joint, and a slight

degree of infiltration of the synovial membrane with pus cells. Under
these conditions resolution may occur.

In other cases the accumulation of pus in the cavity may be great,

the synovial membrane and its surrounding tissue densely infiltrated

with pus cells. Under these conditions granulation tissue is apt to

form and the cartilages of the joints are apt to become involved.

There are swelling and proliferation or degeneration of the cartilage

cells; the basement substance becomes disintegrated, ulcerates, and

exposes the bone, in which osteitis, caries, rarefaction, etc. , may occur.

The new-formed granulation tissue may penetrate the cartilage, absorb-

ing the basement substance, and by metaplasia the cartilage tissue may be

converted into embryonal or granulation tissue. The pus may break

through the capsule of the joint and form large abscesses in the adjacent
soft parts. Sometimes the inflammation is not only suppurative but gan-

grenous, and runs a rapidly fatal course. The synovial membrane, artic-

ular cartilages, and ends of the bone all undergo a rapid suppuration
and gangrene. Acute arthritis may be incited by trauma, or it may
be associated with pyaemia, smallpox, measles, scarlet fever, pneumonia,

'

gonorrhosa,
2

diphtheria, mumps, typhus fever, glanders, the puerperal

condition, or other infectious diseases. In these cases the process is apt
to be suppurative, and is induced by various forms of bacteria.

Chronic Arthritis may begin as such, or it may be the result of previous
acute inflammation. There is an increase of fluid in the joint. This

fluid is thin and serous, or is thickened with flocculi of fibrin and epi-

thelial and lymphoid cells, or is thick, syrupy, or even gelatinous. The

synovial membrane is at first congested, its tufts are prominent. Later it

becomes thickened, sclerosed, and anaemic ; the epithelium is destroyed,
and the tufts become large and projecting. From the distention of the

capsule there may be subluxations or luxuations of the joint, or the cap-

sule may be ruptured.
Rheumatic Arthritis. An acute inflammation, usually exudative in

character and involving one joint after another, is characteristic of acute

articular rheumatism. The exudate is usually serous.

A chronic form of so-called rheumatic arthritis is most common in

elderly persons, usually affecting several joints and advancing slowly and

steadily. There is a fibrous thickening of the synovial membrane and

the adjacent tissue. Fluid accumulations are not common. The artic-

ular cartilages are apt to degenerate or ossify, or become softened and

fibrillated, and they may disappear. The contracting synovial mem-
branes and fibrous tissue render the joints stiff and may cause consider -

1 For bibliography of pneumococcic arthritis see Cave, Lancet, 1901, vol. i., p. 82.
2 See bibliography, p. 194.
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able deformity. Not iiifrequeiitly fibrous and bony ankyloses are formed

between the ends of the bones.

Arthritis deformans. This name has been applied to a variety of

chronic inflammation of the joints which, combined with degeneration of

parts of the joint and the new formation of bone, may result in marked
deformities of the part.

It usually occurs in elderly persons and is apt to involve several

joints, most frequently the hip, knee, fingers, and feet. It may be idio-

pathic, or due to rheumatism or to injuries, or follow an acute arthritis.

The capsules of the affected joints are thickened and sclerosed. The

synovial fluid is at first increased in quantity ; later, diminished and

thickened. The tufts of the synovial membrane become much enlarged
and vascular ; they may be converted into cartilage. Sometimes the cap-

sule becomes ossified. The new bone grows from the edge of the carti-

lage within the capsule and its articular surface is covered with cartilage.

The articular cartilages are much changed. The basement substance

splits into tufts, while the cartilage cells are increased in number. Or
the basement substance becomes fibrous ;

or it is split into lamellae and

the cartilage cells are multiplied ;
or there are fatty degeneration and

atrophy.
As a result of these changes, larger or smaller portions of the cartilage

are destroyed and the bone beneath is laid bare. The exposed bone may
become compact and of an ivory smoothness. The ends of the bones are

much deformed. They are flattened and made broader by irregular new

growths of bone, while at the same time they atrophy. The new growth
of bone starts from the articular cartilages. The cartilage cells increase

in number and the basement substance grows in quantity. This growth
is most excessive at the edge of the cartilage, so that a projecting rini is

formed there. This projecting rim may ossify next the bone, and at the

same time new cartilage may form on its surface, so that we may find

large masses of bone covered with cartilage. All these changes occur in

various combinations and sequences, so that joints in this condition pre-

sent the greatest variety of appearances.
Arthritis TJritica (Gouty Arthritis). This lesion is characterized by the

deposit of salts of uric acid in the cartilages, bones, and ligaments, and
also in the cavities of joints. The deposits may be in the form of stellate

masses of acicular crsytals in and about the cartilage cells or in the base-

ment substance ;
or they may be deposited in the fibrillar connective-

tissue structures of the joint in single crystals, or in the subcutaneous

tissue about the joint as white concretions. The deposits may occur in

repeated attacks of the disease, and are accompanied by acute inflam-

matory changes. They may lead to various forms of chronic inflamma-

tion of the joints.

Tuberculous Arthritis. This process may commence in the joint itself,

or may extend to it from adjacent bone. It is characterized by the for-

mation of tubercle tissue and granulation tissue, sometimes in great quan-

tity, and is usually associated with secondary inflammatory and degener-
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ative changes of surrounding parts. According to the prominence of

one or other of these secondary alterations, several forms of tuberculous

arthritis may be distinguished. If there is an excessive growth of gran-
ulation tissue without much suppuration, this constitutes a fungous form.
Sometimes there is extensive suppuration, so that the cavity of the joint

may be filled with pus, which may be discharged through openings in

the skin ;
or there may be more or less extensive formation of abscesses,

or infiltration of the soft parts about the joint with pus. In other cases

there is disintegration of the new-formed tuberculous tissue and of the

tissues of the joint ulcerative form. The cartilage basement substance

may become split into fragments and the cells degenerate, and thus deep
and destructive ulcers of the cartilage may be formed. Or the new tissue

may work its way through the cartilage into the bone beneath, by absorp-
tion of the basement substance of the cartilage, with or without prolifer-

ation of its cells. Caries and necrosis of the underlying bone may lead

to extensive destruction. Hand-iu-haud with these alterations subperi-
osteal new formation of bone may occur, or sclerosis of the adjacent
bone tissue. There may also be a great increase of fibrous tissue about

the joint.

This disease is most common in children and young persons. The
so-called scrofulous diathesis is said to foster it, but local injuries are

frequently the predisposing factors. It is most common in the large

joints. It may occur in connection with tuberculous inflammation in other

parts of the body, but it is frequently quite local, and may remain so

for a very long time or permanently, since general infection from tuber-

culous arthritis is comparatively infrequent.

The process is usually slow, and may end in death. If recovery takes

place before the cartilages and bones are involved, the joint is preserved ;

but it may be stiffened, or even immovable, from the contraction of the

new fibrous tissue around it. If the cartilages and bones are diseased

the joint is destroyed, and either bony or fibrous aukylosis results.

Sometimes, from the change in the articulating surfaces and the contrac-

tion of the muscles and the new fibrous tissue, partial or complete dis-

locations are produced.

Occasionally rniliary tubercles occur in the syuovial membranes in

cases of general miliary tuberculosis, with but little accompanying simple

inflammatory change.

TUMORS.

Secondary tumors of the joints as a result of local extension from the

adjacent parts are not uncommon, and the tumors may be of various

kinds. Primary tumors of the joints, on the contrary, are not very
common.

Lipoma. A new growth of fat tissue may begin in the other portions
of the synovial membrane, push this inward, and project into the joint
in a mass of tufts liporna arborescens.
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Fibroma occurs as an hypertrophy of the little tufts and fringes of the

synovial membrane. In this way large polypoid and dendritic bodies

are formed. The pedicles of these growths may atrophy and even dis-

appear, so that the growths are left free in the cavities of the joints.

Corpora aliena Articulorum (Loose Cartilages in the Joints). This name
is given to bodies, of various structure and origin, which are found free

or attached by slender pedicles in the cavities of the joints. They are

most frequently found in the knee ;
next in order of frequency in the

elbow, hip, ankle, shoulder, and maxillary joints. They may be single

or in hundreds. Their size varies from that of a pin's head to that of

the patella. They are polypoid, rounded, egg-shaped, or almond-

shaped ; their surface is smooth or faceted, or rough and mulberry-like.

They are composed of fibrous tissue, cartilage, and bone in various pro-

portions.
These bodies are formed by hyperplasia of the synovial tufts and

the production in them of cartilage and bone.

More frequently the small plates of cartilage form on the inner surface

of the synovial membrane, which increase in size while their outer layers

ossify. These may remain fixed in the synovial membrane
;
or they pro-

ject and become detached from it, and they then appear as flattened,

concave bodies composed of bone covered with cartilage on one side.

On the other hand, cartilage and bone may form outside the synovial
membrane from the periosteum or the edges of the articular cartilages,

and pushing inward, may later become detached.

Earely portions of the articular cartilages may be detached by vio-

lence or disease ;
or fibrinous and other concretions may form in arthri-

tis, or under conditions which we do not understand. '

1 For a detailed consideration of lesions of the bones and joints consult Zieyler,
"Lehrbuch der Pathologic," vol. ii.

48



CHAPTER XIII.

VOLUNTARY MUSCLE.

NECROSIS.

NECROSIS of muscle may be the local result of mechanical or chemical

injury ;
it occurs in inflammatory foci, and may follow serious local dis-

turbances of the circulation, as from pressure by tumors or cicatrices, etc.

The muscle fibres may gradually lose their striatious, become granular and

disintegrate, or the muscle substance may become homogeneous and

strongly refractile and break into irregular masses. Necrotic muscle

fibres are finally removed by the direct action of phagocytes or after

various transformations leading to solution (see page 117).

ATROPHY AND HYPERTROPHY.

Simple Atrophy. This may occur in old age, in prolonged exhausting
diseases, or as a result of pressure from a foreign body, tumors, etc.

The muscle fibres grow narrower, the degree of narrowing frequently

varying considerably in different parts. They usually retain the stria-

tions, but these may be obscured by degenerative changes. The sarco-

lemma may become thickened, and there may be a considerable increase

in connective tissue between the muscle fibres and bundles. Brown pig-

ment particles may accumulate in the atrophied fibres.

Progressive Muscular Atrophy. This lesion consists essentially in a

combination of simple or degenerative atrophy of the muscle fibres with

chronic interstitial inflammation, and is sometimes associated with pro-
liferative changes in the muscle nuclei. In the earlier stages of the dis-

ease the muscles may be pale and soft, but exhibit otherwise to the naked

eye but little alteration. Gradually, however, the muscle substance be-

comes replaced by connective tissue, so that in marked and advanced

cases the muscles are converted into fibrous bands or cords, whose cica-

tricial contraction may induce great deformities.

Microscopical examination shows in the early stages of the disease a

proliferation of cells in the interstitial tissue, so that this may have the

appearance of granulation or embryonal tissue ;
also in some cases marked

proliferative changes in the muscle nuclei (Fig. 495), leading to the

formation of new cells which may more or less replace the contractile

substance within the sarcolemma. The new interstitial tissue increases

in quantity and grows denser, and may crowd the muscle fibres apart



VOLUNTARY MUSCLE. 755

(Fig. 490). The walls of the blood vessels may also become thickened.

Hand-iii-hand with these interstitial alterations the atrophy of the muscle

fibres proceeds. These may simply grow narrower, retaining their stria-

tious; or they may split up into longitudinal fibrillse, or transversely

into discoid masses, and in this condition disappear. In other cases a

certain amount of fatty or hyaline degeneration may be present. These

degenerative and proliterative changes do not, as a rule, occur uniformly
in the affected muscles, but some parts are affected earlier and more

markedly than others. The atrophied muscle may be replaced by fat.

Progressive muscular atrophy is apt to commence in the small muscles

of the extremities, in many cases in the muscles of the ball of the thumb.

It may commence in the muscles of the shoulder, the arms, or the back.

.;:'"*" |p
Fir;. 495. PROGRESSIVE MUSCULAR ATROPHY (Soleus muscle, longitudinal section).

a. Atrophied muscle fibre ; b, degenerated muscle fibre ; c, interstitial tissue ; d, clusters of proliferate
muscle nuclei.

It may have a continuous extension, or it may jump single muscles or

groups of muscles. Death may be induced by the affection of the

muscles of respiration or deglutition.
The causes of this lesion are in many cases unknown, and there is

considerable lack of unanimity of opinion as to whether it is primarily a

disease of the muscles or of the nervous system. In a considerable pro-

portion of cases the muscle lesion is associated with atrophy of the gan-

glion cells in the anterior cornua of the spinal cord and the development
of connective tissue about them. In other cases these changes in the

cord may apparently be absent.

It is sometimes accompanied by atrophy of the nerves which are dis-

tributed to the muscles, and atrophy of the anterior roots has been

described.

It is probable that there are several varieties of progressive muscular

atrophy, which our present knowledge does not enable us clearly to dis-

tinguish. Muscular atrophy in some cases follows overstraining of groups
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of muscles, or injuries, and may occur as one of the sequelae of typhoid
fever and diphtheria.

Hypertrophy. True hypertrophy of muscle as a pathological condition

is rare, but it has been described in a few cases. It is usually confined

to circumscribed groups of muscles. On microscopical examination the

diameter of the fibres is increased, sometimes considerably, though not

uniformly. The transverse striatiou is unaltered and the muscle nuclei

are in some cases enlarged. The cause of the change is unknown.

Atrophia Musculorum lipomatosa (Pseudo-hypertrophy of the Muscles).

In some cases, haud-in-hand with the production of new connective tissue

in the muscles and the atrophy of the muscle fibres, or after these changes

d. a~ j
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FIG. 496. PROGRESSIVE MUSCULAR ATROPHY (Soleus muscle, transverse section).

o. Increased interstitial tissue; b, nearly normal muscle fibres: c, degenerated muscle fibres; d, atrophied
muscle fibres ; e, clusters of proliferated muscle nuclei.

have made considerable progress, there occurs a development of fat

tissue between the fibres (Fig. 497) which may prevent any apparent
diminution in the size of the muscles, or in some cases may even give
them the appearance of a great increase in size. This condition is of

most frequent occurrence in children, and is most apt to appear in the

gastrocnemii muscles. In the upper extremities the deltoid and triceps

are most frequently involved. The lesion may be symmetrical, affecting

similar muscles on both sides of the body, or it may be unilateral. Parts

of muscle bellies may be affected.

The cause of this form of atrophy is not definitely known. Various

lesions of the spinal cord have been described as occurring with it ; but,
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in many cases at least, alterations of the nervous system cannot be

detected. The writer has described a case
'

in which this lesion was

marked in the gastrocnemii in connection with multiple false neuromata.

DEGENERATION.

Albuminous Degeneration of striated muscle occurs as a mark of toxae-

mia in acute infectious diseases, and may lead to fatty degeneration.
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FIG. 497. PSEUDO-HYPERTROPHY OF GASTROCNEMIUS MUSCLE (FATTY INFILTRATION).

The specimen is from the case mentioned above, accompanying multiple neuroma.

Fatty Degeneration, with greater or less destruction of the muscles,

may commence with a simple swelling and fine granulation of the fibres.

As the process goes on, smaller and larger fat droplets appear in the con-

tractile substance, which loses its striations and becomes friable, and may
be entirely destroyed, leaving within the sarcolemma a mass of fatty

detritus which may finally be absorbed and disappear. This alteration

may occur in acute parenchymatous myositis in connection with various

forms of atrophy, in prolonged exhausting diseases, and in phosphorus

poisoning.

Hyaline Degeneration. Under a variety of conditions the muscle fibres

undergo a series of changes, leading to their conversion into a trans-

lucent, highly refractile material, somewhat resembling amyloid but not

giving its micro-chemical reactions, and apparently more nearly allied to

hyaline material. The lesion in the muscle which we are considering is

often called waxy degeneration, from the peculiar appearance which the

muscles present. When the lesion is far advanced and extensive the

muscles are brittle and have a grayish-yellow, translucent appearance.

Microscopical examination of various stages of hyaline degeneration of

muscle shows that the contractile substance of the fibres becomes at first

swollen and granular, and gradually converted into hyaline material which

may present the outlines of the swollen fibres, but is more frequently
1 Pnidden, American Journal of Medical Sciences, July, 1880, p. 134.



758 VOLUNTARY MUSCLE.

broken into larger and smaller shapeless clumps (Fig. 498), which may
disintegrate and finally be absorbed. Hand-in-hand with these changes
there usually occurs an increase in the iuterfibrillar connective tissue,

and in certain cases there may be a proliferation of the muscle nuclei

and a new formation of variously shaped cells within the sarcolemma
which leads to the regeneration of the fibres. As a result of the brittle-

ness of the degenerated muscles they are apt to rupture, and in this way
haemorrhage may occur.

This form of degeneration may occur in progressive muscular atrophy,
in various infectious diseases, in trichinosis, with local inflammation,

injuries, freezing, etc. It is, however, most marked and frequent in

typhoid fever. In this disease the rectus abdominis and the abductors

of the thigh are most frequently affected.

Experimental investigations have shown that, under certain condi-

tions, very similar appearances may be produced in the muscles by post-

mortem changes. Various changes some of them necrotic are at pres-

ent included under the name hyaline degeneration of the muscles.

True amyloid degeneration is rare.

Hoen has described a peculiar degeneration with atrophy of the stri-

ated muscle of the uvula, in which a series of bleb-like structures form

along the fibres, which they may finally replace.
'

Calcification of muscle is of rare occurrence.

Serous or Hydropic Infiltration of muscle fibres occurs under various

conditions in association with other lesions. Larger and smaller spaces

FIG. 498. HYALINE DEGENERATION (SO-CALLED WAXY DEGENERATION) OF ABDOMINAL MUSCLE IN

TYPHOID FETEII.

filled with clear fluid are present between the fibres and often over small

areas largely replacing them. Such fluid-filled spaces are often called

vacuoles.

INJURIES, HEMORRHAGE, AND INFARCTION.

Wounds and Rupture, When the muscle fibres are severed by wounds
or rupture there is more or less degeneration of the divided fibres, and

the wound may heal by the production of granulation tissue, which grad-

ually becomes converted into cicatricial tissue, thus binding the severed

parts together. In some cases there is a moderate new formation of

*Hoen, Jour. Exp. Med., vol. iii., p. 549, 1895.
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muscle fibres (see page 100). When the wound does not gape, so that

the severed ends are not much separated, there may be, it would seem,

a direct re-establishment of muscular continuity by new development
of muscle, without the formation of much new connective tissue.

Haemorrhage. This may occur as a result of mechanical injury; from

rupture of the fibres by convulsive contraction, as in tetanus ; or it may
occur when the muscle fibres are degenerated, as in typhoid fever ;

or iii

connection with certain general diseases, as scurvy, purpura, haenior-

rhagic diathesis, septicaemia, etc. The blood is usually readily absorbed.

Embolic Infarction of Muscles in connection with heart disease has been

described in a few cases, but it is rare.

INFLAMMATION. (Myositis.)

Suppurative Myositis. In the early stages of this lesion the muscle is

hyperreinic and oedematous, and the interstitial tissue more or less infil-

trated with small spheroidal cells. If the inflammation becomes intense

there may be an excessive accumulation of pus cells, either diffusely in

the interstitial tissue or in larger and smaller masses. Hand-in-haud
with this cell accumulation occur degenerative changes in the muscle

fibres. By pressure their nutrition is interfered with and they undergo
granular, fatty, or hyaline degeneration and necrosis. They may com-

pletely disintegrate ;
or gangrene may occur, so that larger and smaller

masses of the infiltrated muscle tissue become soft, foul -smelling, and
converted into a mass of detritus in which but little muscle structure can

be detected and which is intermingled with bacteria. In other cases

there may be larger and smaller abscesses formed in the muscle, the

muscle tissue itself degenerating and disintegrating and mixing with the

contents of the abscess, or being pressed aside and undergoing atrophy
and degeneration. In some cases, when the formation of pus is moderate
in amount, there may be restoration by formation of granulation tissue

between the muscle fibres. This becomes gradually dense and firm, and
leads to more or less atrophy of the muscle fibres by pressure.

Acute suppurative myositis may accompany wounds
;

it is very com-
mon in acute phlegmonous inflammations of the skin and subcutaneous

tissue, and often accompanies acute infectious diseases, such as pyaemia,

erysipelas, etc. In most cases the "
pyogeuic

" cocci are present in the

inflammatory foci. Suppuration not iufrequeutlj* occurs in the muscles

adjacent to the inflamed mucous membranes in diphtheria.
Chronic Interstitial Myositis. In this lesion there is a new formation

of connective tissue between the muscle fibres or bundles of fibres. This

new issue is sometimes very cellular, resembling granulation issue, and
this probably represents an early stage of the disease. In other cases

(Fig. 499) dense cicatricial tissue crowds the muscle fibres apart, induc-

ing atrophy in them, and sometimes leading to their complete destruc-

tion. This lesion, the analogue of chronic interstitial inflammation of
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the internal organs, may occur in muscles which are adjacent to other

parts which are the seat of chronic inflammatory processes. It may
occur in muscles which are not used. The new formation of fibrous tis-

sue seems in some cases to be secondary to atrophy of the muscle fibres.

In this case it would more appropriately be called replacement fibrous

hyperplasia.

Myositis Ossificans. Under conditions and for reasons which we do

not understand, there occasionally occurs, usually in young persons, a

new formation of bone in the interstitial tissue of muscles, and in ten-

dons, ligaments, fasciae, and aponeu-
roses. This sometimes apparently ~^^T~'v ~--r~^'~~*&rr ^

starts as outgrowths from the perios-

teum, sometimes not. The bone for- ?C~ -c~

mations are apt to commence about
_ ^ ^

the neck and back, and may become j^g
very widespread over the body. So

far as the muscles are concerned,

there is usually an increase of con-

nective tissue between the fibres and % <*jJ^~.^~ ;

bundles, in which new bone is formed, jj^S!

usually in elongated and sometimes --w^ -.<-<> :^

in Spicula-like masses. The muscle FIG. 499.-CHRONIC INTERSTITIAL MYOSITIS.

fibres undergo secondarily a greater
or less degree of atrophy or degeneration. There may be fatty infiltra-

tion between the fibres, and various deformities are produced by the

shortening and progressive immobility of the affected parts.

While the above disease is a progressive and frequently a general one,

there may be new formation of bone in muscle as a result of prolonged
or repeated mechanical irritation. Thus in the adductors of the thigh
in persons who are constantly in the saddle, or in the deltoid muscle of

soldiers who strike this part with their weapons in drill, there may be a

formation of bone.
'

Tuberculous and Syphilitic Inflammation in the muscle is of occasional

occurrence
;
the active processes are in the connective tissue and blood-

vessels, the muscle fibres being secondarily involved in various phases
of atrophy and degeneration.

TUMORS.

The tumors of the muscles usually develop in the connective tissue.

Fibroma, chondroma, lipoma, myxoma, sarcoma may occur as primary
tumors. Carcinoma and sarcoma may occur secondarily in the muscles

as a result of local extension from adjacent parts. The muscle fibres

are, as a rule, only secondarily affected by pressure, etc., in tumors of

Consult for a study of myositis ossificans De Witt, Am. Jour. Med. Sciences, vol.

xx., p. 295, bibliography.
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the muscles, but there exist observations which point to the possibility
of a proliferation of the muscle nuclei and the new formation from them
of cells which may take part in the growth of the tumor.

PARASITES.

Trichina spiralis is the most common parasite in the muscles,

Cysticercus cellulosae and Echinococcus occasionally occur.



CHAPTER XIV.

THE NERVOUS SYSTEM.

The Membranes and the Ventricles.

THE DUEA MATER CEEEBEALIS.

THE dura mater is a dense connective-tissue membrane which serves the double

purpose of a periosteum for the inner surface of the cranial bones, and of an investing
membrane for the brain. It is itself but poorly supplied with blood-vessels, but it con-

tains the large venous sinuses which carry the blood from the brain. Lesions of the

dura mater, therefore, are apt to be associated with lesions of the cranial bones, of the

pia mater, or of the venous sinuses.

In young children the dura mater adheres closely to the inner surface of the cra-nial

bones, in adults it is more readily detached, and in old persons it is again more adher-

ent. Chronic inflammation of the external layers of the dura mater also renders it more
adherent to the bones.

HAEMORRHAGE .

Extravasated blood may lie between the dura mater and the cranial

bones, in the substance of the membrane, or between the dura mater and

the pia mater.

Haemorrhages between the dura mater and the cranial bones are usu-

ally due to blows and injuries of the head, are often of considerable size,

separating the membrane from the bones, and may compress the brain.

They are often associated with laceration of the brain, and with haemor-

rhages between the dura mater and pia mater.

Haemorrhages between the dura mater and the pia mater may take

place from the vessels of either membrane. Those from the vessels of

the dura may result from chronic pachymeniugitis.

Haemorrhages into the substance of the dura mater are not frequent
and are usually small.

Pressure on the head of the infant in delivery may cause extravasa-

tions of blood between the bones and the dura mater, as well as between
the bones and the pericranium.

THROMBOSIS.

Thrombosis of the venous sinuses is not uncommon. It is often associ-

ated with inflammation of the dura mater and with injuries and inflam-

mations of the brain and pia mater, of the cranial bones, of the middle

ear, and of the scalp. Like thrombosis in other parts of the body, it
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may occur in the infectious and exhausting diseases. It may occur in

apparently healthy persons without discoverable cause. The thrombi

may be red or white and firm. They may induce no secondary changes,
or they may extend into the veins and induce hseniorrhagic softening of

the involved areas of the brain.

INFLAMMATION. (Pachymeningitis.)

This may involve the external layers of the membrane, pachymenin-

gitis externa, or the internal layers, pacliymeningitis interna. It may be

either acute or chronic. The tissues of the substance of the dura mater

participate to a greater or less degree in these changes, but the chief

lesions are upon the surfaces.

Acute pachymeningitis externa is usually secondary to injuries or dis-

eases of the cranial bones ;
thus it may be incited by fractures of the

FIG. 500. PACHYMENINGITIS INTERNA HJCMORRHAGICA CHRONIC.

At the left near the vessels are connective-tissue cells containing blood pigment.

skull, either depressed or not, osteitis, caries, suppurative inflammation

of the internal and middle ear and of the mastoid cells. The dura mater

is commonly congested and swollen, and may contain small ecchymoses.
The inflammation is usually suppurative, and pus may accumulate be-

tween the membrane and the bone, or in the substance of the membrane.
The areas of inflammation are not usually extensive. It sometimes

leads to thrombosis of the venous sinuses, and sometimes gangrene of the

dura mater occurs. The inflammation may extend to the inner surface

of the dura mater, to the pia mater and brain, or it may remain localized

and undergo resolution.

Acute pachymeningitis interna may be secondary to inflammation of the

external surface, or it may occur as a complication in pyaemia, puerperal
fever, chronic diffuse nephritis, in the exanthemata and erysipelas, or

independently. There is a general or circumscribed production of fibrin
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and pus, so that the internal surface of the membrane is lined with a

layer of soft, yellow exudate.

Simple chronic pachymeningitis consists in the formation of new con-

nective tissue in the dura mater, by which it becomes thicker and in

many cases abnormally adherent to the bones of the skull. This thick-

ening may be general or circumscribed, and may involve the entire

thickness of the membrane. Not infrequently, when the external layers

are especially involved, firm adhesions to the skull occur, with ossifica-

tion of the outer layers, so that shreds of the membrane containing little

masses of bone (osteophytes) remain sticking to the skull when the mem-
brane is stripped off.

Pachymeningitis Interna Haemorrhagica, This is an important form

of chronic inflammation of the internal layer of the dura mater, charac-

terized by the formation of layers of new deli-

cate connective tissue with numerous very thin-

walled blood-vessels from which the blood is

prone to escape. The membrane may at first

appear as a delicate fibrinous pellicle, with small

red spots scattered through it, or it may look

like a simple reddish or brown staining of the

inner surface of the dura mater. Microscopical Fir ^ _BRAIX SASD FROM
examination shows this membrane to consist of PACHYMEXIXGITIS IXTERNA.

numerous blood-vessels, mostly capillaries with

very thin walls, which may be distended or pouched, and which have

grown out from the vessels of the dura mater (Fig. 500). Between
the vessels is a homogeneous or slightly differentiated basement sub-

stance, containing a variable number of spheroidal, fusiform, or branch-

ing cells. Bed blood cells in variable quantity, blood pigment in

various forms, frequently enclosed in the new cells, and small calcareous

concretions (brain sand) (Pig. 501), also lie in the intervascular spaces.

In more advanced stages the new membrane may become greatly thick-

ened, its outermost layers being changed into dense fibrous tissue with

obliteration of the vessels; while the more recently formed layers are

similar in structure to those at first developed. Considerable blood usu-

ally escapes by diapedesis from the vessels of the new membrane in all

stages of its formation. The vessels are also very liable to rupture,

giving rise to extensive hemorrhages either into the substance of the

membrane or between it and the pia mater. Sometimes masses of new
tissue and blood, from half an inch to an inch or more in thickness, are

in this way formed, greatly compressing the brain. These new mem-
branes are most frequently formed over the convexity of the brain, but

may extend over nearly the entire surface of the dura mater. Some-

times, when old, the entire membrane, densely pigmented and firm, lies

loosely beneath the dura mater without compressing the brain or giving

any clinical indication of its presence. The membrane may induce

chronic changes in the pia mater, with or without accompanying changes
in the cortical portion of the brain.
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Barely, serum accumulates between the layers of the new membrane-
and in this way cysts of large size may be formed. In rare cases diffuse

suppuration of the entire new membrane occurs.

The slighter degrees of this form of inflammation may occasion no

symptoms during life. They are not infrequently found in persons suf-

fering from various chronic brain lesions and from chronic alcoholism,
but they may occur unassociated with complicating lesions. The more
advanced forms of the lesion are frequently found in idiots, epileptics,

etc.

Tuberculous pachymeningitis may occur secondarily to that form of in-

flammation in the pia mater or the bones, or as a part of general iniliary

tuberculosis. The tubercles may be situated on either surface of the

membrane or in its substance, and may be single or aggregated, forming
large masses.

Syphilitic pachymeningitis manifests itself by the formation of so-called

gummy tumors upon either the external or internal surface of the dura
mater. These tumors may be single or multiple, and vary greatly in

size. They may be accompanied by simple inflammatory changes in the

dura mater in their vicinity. They may undergo suppuration with the

formation of abscess. The inflammation may extend to the pia mater,

inducing simple or syphilitic meningitis and adhesions between the dura

mater and pia mater. The gummata may, on the other hand, when occur-

ring on the outer surface of the membrane, cause absorption and perfo-
ration of the bones of the skull.

TUMORS.

Fibromata and Lipomata occur rarely in the dura mater and are of

small size.

Small Chondromata are sometimes found connected with the dura

mater at the base of the brain.

Osteomata. In addition to the formation of osteophytes in chronic

external pachymeningitis, plates and, more rarely, globular masses of

bone may be formed in the dura mater, unconnected with the bones

of the skull. They are most frequently found in the falx cerebri, but

may occur elsewhere. The new bone may be dense or loose in texture,

and usually produces no symptoms.
Endotheliomata.

1 These tumors may grow inward or outward, causing

pressure on the brain or absorption and perforation of the bones
; they

often attain considerable size. Some of these tumors somewhat resemble

certain forms of epithelioma, and have often been described as primary
carcinomata.

Sarcomata are the most common tumors of the dura mater, and of

these the spindle-celled forms are of more, the round- and polyhedral-
celled of less frequent occurrence. They -may grow from either surface

1 For a consideration of tumors of the dura mater allied to the endotheliomata con-

sult Dagonet, Arch, de Med. exp., May 1st, 1892.
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of the membrane. Some of the round- and polyhedral-celled forms are

soft and very vascular, and are apt to involve the neighboring pia mater

and brain tissue, or the bones of the skull, which they may perforate.

They sometimes project through the opening in the skull in fungous,

bleeding masses.

Psammomata are small globular tumors, often multiple and pedicu-

lated, growing from the inner surface of the dura mater. They are usu-

FIG. 502. PSAMMOMA OF THE DURA MATER.

ally composed of tissue fibrous, sarcomatous or endotheliomatous in char-

acter, and contain variously shaped calcareous concretions similar in

appearance to the so-called brain sand '

(Fig. 502).

THE PIA MATER CEEEBEALIS.

General Characters of the Pia Mater.

The external surface of the brain is invested by a connective-tissue membrane
which covers the convolutions, dips doAvn into the sulci, and extends into the ventricles.

This membrane is abundantly supplied with blood-vessels, and from it numerous ves-

sels extend into the brain, so that any disturbance in the circulation of the blood in the

pia mater involves a disturbance in the circulation of the blood in the brain also.

The connective tissue which makes up the pia mater is arranged in a series of mem-
branes and fibres reinforced by elastic tissue, so arranged as to form a spongy membrane

containing numerous cavities more or less filled with fluid. These cavities are continu-

ous with the perivascular spaces which surround the vessels that pass from the pia mater

into the brain. The outer layers of the pia mater are the most compact, and are covered

on their outer surface by a continuous layer of endothelial cells. This external layer
of the pia mater is often described as a separate membrane called the "arachnoid," but

it is really only part of the pia. The deeper layers of the pia contain the blood-vessels.

The membranes and fibres which compose the pia mater are partly coated with cells

which have irregular and delicate cell bodies and large, distinct nuclei.

Along- ihe borders of the longitudinal fissure, and, more rarely, on the under sur-

face of the brain, are a number of small, white, firm, irregular bodies, the Pacchionian

bodies. They vary in their size, their number, and in the extent of the surface of the

hemispheres which they cover. They may perforate the dura mater, or, more rarely,

the wall of the longitudinal sinus, and may produce erosions of the skull bones. They
are composed of fibrous tissue and may undergo fatty or calcareous degeneration.

We are ignorant as to their origin, and as to the causes of their variations in size and

'For a study of psammoma consult Ernst, "Ueber Psarnmoma,
"
in Ziegler's Bei-

trage zur path. Anatomic, Bd. xi., p. 234, 1892.
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number. The frequency of their occurrence, and the absence of any known pathologi-

cal significance, warrant our .regarding them as essentially normal structures.

The pia mater is frequently thickened, opaque, and white, either in diffuse patches

or, more commonly, along the course of the vessels. In other cases single or multiple
small white spots, of the size of a pin's head or smaller, may be seen in the membrane,
not appreciably elevated above the surface, but due to localized thickening. These

slight opacities of the pia mater are commonly believed to be dependent upon repeated

congestions of the membrane or upon chronic meningitis, but there is no evidence that

this is always the case. They are most frequently found in old persons, but may exist

at any age, and do not necessarily indicate the pre-existence of disease.

The amount of blood contained in the vessels of the pia mater after death varies

greatly, and is by no means a reliable indication of the amount present during life. In

general anaemia the vessels of the pia mater may contain little blood, but, on the other

hand, they sometimes seem to contain a relatively larger amount than other parts of the

body. In oedema of the brain and pia mater the vessels of the latter may contain but a

small amount of blood.

(EDEMA.

The quantity of serum beneath the pia mater and infiltrating its tis-

sue is very variable in amount. It may accumulate as a result of atrophy
of the brain substance or of venous hypersemia, and sometimes is, and

sometimes is not, accompanied by redema of the brain substance. It

may be diffuse or localized. It is not infrequent to find in hospital pa-
tients suffering from chronic nephritis, cardiac or pulmonary disease, or

chronic alcoholism, a very considerable amount of serum in this situa-

tion, and yet the patient has been free from cerebral symptoms. In

other cases a serous effusion may accompany grave cerebral symptoms.
It is necessary to be very careful in judging of the importance of this

accumulation of fluid, especially in determining the cause of death in

the absence of other marked lesions (see page 789).
It should always be borne in mind that an accumulation of fluid be-

neath the pia mater and in its meshes may occur as a result of post-

mortem changes.

HYPEREMIA AND HEMORRHAGE.

Hypersemia. The pia mater may be hypera3inic in early stages of men-

ingitis, in delirium tremens, in epileptic convulsions, in infectious dis-

eases, and in poisoning. It may be due to the pressure of exudates or

tumors on the veins, or to general or local lesions of the circulatory

system. The time which elapsed between death and the autopsy, the

position in which the body has lain, the coagulability of the blood, may
have an important bearing upon the amount and situation of blood in

the pia.

Haemorrhage. This may occur either into the space between the dura

mater and the pia mater intermeningeal hcemorrhage or in the meshes of

the pia or between the latter and the brain. It may be due to injury,
to rupture of aneurisms or otherwise diseased blood-vessels, to throm
boses of the venous sinuses, or to conditions which we are unable to as-
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certain. Haemorrhages without known cause not infrequently occur in

the substance of the pia mater in young children, but in adults they are

apt to be the result of injury. Multiple ecchymoses, however, in the

substance of the pia mater sometimes occur in infectious diseases and

also in acute inflammation of the pia mater. Haemorrhages in the brain

substance may lead to the accumulation of blood beneath or in the

meshes of the pia mater. Intermeniugeal haemorrhage in infants as a

result of injury during birth is not uncommon. Small, and sometimes

considerable, extravasations of blood may occur from diapedesis, and

sometimes, as a result of chronic congestion, degenerated blood pigment
collects along the walls of the vessels. The extravasated blood in nieniu-

geal haemorrhage, if small in quantity, may be largely absorbed, leaving
a greater or smaller accumulation of pigment at the seat of the haemor-

rhage. Such pigmentations may last for a long time.

INFLAMMATION. (Meningitis Leptomeningitis. )

We distinguish acute, chronic, tuberculous, and syphilitic meningitis.
Acute Meningitis may occur as the characteristic lesion of epidemic

cerebro-spinal meningitis ;
it is a not very infrequent complication of

pneumonia, typhus and typhoid fever, the exanthemata, and of chronic

diffuse nephritis; it may be secondary to injuries and inflammation of

the cranial bones, of the dura mater, and of the middle ear, and it some-

times occurs as an independent infectious process.

In acute meningitis the inflammatory process is apt to extend down-

ward and involve the pia mater of the cord. It may also involve the

ependyma of the ventricles, and cause the distention of these cavi-

ties with serum. This latter condition is especially frequent in young
children.

It is convenient to consider two varieties of acute meningitis, one in

which there is cell proliferation with little or no exudate, the other in

which exudate is present. In many cases at least the first may be the

early stage of the latter form.

1. ACUTE CELLULAR MENINGITIS. The pia mater is congested, its

surface is dry and lustreless, and it is somewhat opaque. The changes
in the gross appearance of the membrane are not marked and are easily

overlooked, but the minute changes are more decided. There is a pro-

liferation of the eudothelial and connective-tissue cells of the pia, and

often a moderate collection of fluid and leucocytes in the meshes of the

pia. This cell proliferation may involve the pia mater over most of the

surface of the brain. This form of meningitis is of frequent occurrence

and is attended with the ordinary clinical symptoms of acute meningitis.

2. ACUTE EXUDATIVE MENINGITIS is characterized by the accumu-

lation, chiefly in the meshes of the pia mater and along the walls of the

blood-vessels, of variable quantities of serum, fibrin, and pus. Some-

times one, sometimes another of these preponderates, giving rise to ser-

ous, fibrinous, or purulent forms of the inflammation. The absolute
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quantities, too, of the exudations vary greatly. In some cases death

may occur with so slight a formation of exudate that to the naked eye
the pia mater may look quite normal or perhaps only moderately hyper-
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;-TE EXUDATIVE MEMXOITIS.

Showing distention of the meshes of the pia mater of the brain with fluid, in which are leucocytes and ex-

foliated endothelium, the latter undergoing proliferation.

seniic or redematous
;
the microscope, however, in these cases will reveal

pus cells in small numbers, new-formed connective-tissue cells (Fig. 503

and Fig. 504), and sometimes flakes of fibrin in the meshes of the pia and

along the walls of the vessels. In other cases turbid serum in the meshes

of the membrane is all that can be seen, and the microscope shows the

turbidity to be due to pus cells or a small amount of fibrin. Again,
either with or without marked (Bdema of the pia mater, yellowish

stripes are seen along the sides of the veins, sometimes appearing like

faint turbid streaks, and at others dense, opaque, thick, and wide, and
almost concealing the vessels. These are due to the accumulation of

pus cells and fibrin in large quantities along the vessels, and are best

seen and most abundant around the larger veins which pass over the

FIG. 504. ACCTE EXUDATIVE MENINGITIS.

Proliferation of connective-tissue cells and extravasation of leucocytes in the adventitia of a small blood-

vessel of the pia mater.

sulci. In still other cases the infiltration with pus and fibrin is so dense,

thick, and general that the brain tissues, convolutions, and most of

the vessels of the pia mater themselves are concealed by it. This pus is

usually of a greenish-yellow color, and is sometimes so thick as to form
49
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a sort of cast of the brain surface at the seat of the lesion (Fig. 505).
Sometimes extravasated red blood cells are mingled with the other exu-

dations, as the result of diapedesis. Microscopical examination shows
numerous white blood cells sticking in the walls of the veins and capil-

laries, or the vessels may be blocked with them. It is evident that a

large part of the pus cells accumulate as the result of emigration. The
connective-tissue cells of the pia mater may be detached from their

places or degenerated. In some cases there are considerable accumula-

tions of pus between the pia mater and the brain substance and along
the vessels which enter the latter. More rarely pus is found upon the

free surface of the membrane. The brain substance may be compressed

by the accumulated exudate, so that the convolutions are flattened.

The cortical portion of the brain may be simply infiltrated with serum

WiO, 505. ACUTE EXUDATIVE MENINGITIS.

o. Convolutions of cerebrum ; fr, pia mater thickly infiltrated with pus ; c, blood-vessels entering brain

from pia and surrounded by a zone of pus cells ; d, congested blood-vessels of pia mater ; e, smaller blood-

vessels of pia, around which pus cells are collected in dense masses.

cedematous or it may undergo degenerative changes, or it may be

the seat of punctate haemorrhages. Not infrequently the inflammation

extends to the ventricles, which may contain purulent seruin, and to the

pia mater of the cord. This form of inflammation is most frequent on

the convexity of the brain, but may extend or even be confined to the

base. It may be localized, but frequently extends widely over the -sur-

faces of the hemispheres.
When recovery from acute exudative meningitis occurs there may be

fatty degeneration of the cells which have accumulated in the pia mater,

particularly along the vessels (Fig. 506), and this may produce white

patches in the membrane and threads along the blood-vessels, which

resemble the appearance of an accumulation of exudate in the acute

stage. Fatty degeneration of the blood-vessels and cells of the pia
mater may also occur without acute inflammatory changes.

Sometimes, in children and young adults, inflammatory changes in
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the ventricles persist for days and weeks after the subsidence of the in-

flammation of the pia mater.

For a discussion of the bacterial excitants of exudative meningitis
see page 218.

'

Chronic Meningitis. Either the pia mater at the base of the brain

alone may be inflamed (basilar meningitis), or the pia mater over the

convexity alone, or the entire pia mater, or circumscribed patches of the

membrane. The pia mater is thickened and opaque, the thickening

being sometimes very considerable. There is a formation of new connec-

tive tissue and this may be associated with accumulation of pus, fibrin,

and serum ;
the relative quantity of these inflammatory products varies

in different cases. Firm and sometimes extensive adhesions may be

formed between the dura mater and the pia mater. Not infrequently the

cortical portions of the brain participate in the process, and there is an

FIG. 506. FATTY DEGENERATION OF CELLS ALONG THE BLOOD-VESSELS OF THE PIA MATER AFTER
EXUDATIVE MENINGITIS.

From the pia mater of a child five years old.

infiltration of small spheroidal cells around the blood-vessels, thickening
of the walls of the vessels, and degenerative changes and atrophy of the

nerve tissue. New connective tissue may also form in the brain sub-

stance, which may become closely adherent to the pia mater. The ven-

tricles of the brain also may contain an increased amount of serum and

may be dilated ; the ependyma may be thickened and roughened. This

form of inflammation may be the result of injury or disease of the cra-

nial bones, or secondary to chronic pachymeningitis or to inflammation of

the brain substance. It may occur in the vicinity of tumors of the brain

or meninges. It may be a complication of chronic diffuse nephritis or

the result of chronic alcoholic poisoning. It may occur in marked form
in general paresis of the insane.

1 The close topographic relationships which the nasal cavities and the middle ear

bear to the meninges are significant in this connection on account of the possibility of

the transmission to the brain membranes of bacteria not uncommonly present and usu-

ally harmless in the former situations.
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Tuberculous Meningitis. This is especially characterized by the forma-

tion in the pia mater of miliary tubercles, associated with more or less

well-marked exudative inflammation. It may occur in adults and in

children, but is more common in the latter. The dura mater may be

unchanged, or its inner surface may be sprinkled with miliary tubercles.

The pia mater may or may not be congested ;
it may look dry on the sur-

face or it may be oedematous. Usually the brain seems to fill the cere-

bral cavity to an unusual degree, and the convolutions are flattened. If

the pia mater be redematous the serum may be clear, or turbid with pus
and fibrin. The membrane may present any of the general appearances
of exudative meningitis. But always in addition to these, and sometimes
without them, are found miliary tubercles. These may be few and widely

scattered, or present in great numbers. They are most numerous along
the blood-vessels, but may occur anywhere. They are usually abundant
at the base of the brain. On the convexity they are most common along
the surfaces of the sulci.

" Some of the tubercles are so small as to be

scarcely visible or entirely invisible to the naked eye ; others are as large
as a pin's head or larger. They may be formed in the membranous

FIG. 507. MILIARY TUBERCLE OF THE PIA MATER OF A CHILD.

an area of caseation at the centre ; on the right of this are two giant cells : there is a peripheral
zone of small cells. The leucocytes are increased in the meshes of the pia.

prolongations of the pia mater which dip into the sulci, around the ves-

sels which enter the brain substance, in the choroid plexus and ependyma
of the ventricles, and may exist in the spinal cord.

The miliary tubercles have the usual structural characters of focal

tuberculosis in connective tissue (Fig. 507).

In children the ventricles are usually more or less distended by an

accumulation of transparent or turbid serum, and the walls of the ven-

tricles may be studded with miliary tubercles (see Fig. 508). In adults

the ventricles are less frequently involved. The brain tissue around

the ventricles is often softened. The central canal of the spinal cord

may also be dilated. It is the dilatation of the ventricles which causes

the flattening of the convolutions, and the flattening is usually in direct

proportion to the amount of accumulated fluid.

Owing to the frequency of the dilatation of the ventricles with serum

in children, the disease is often called acute hydrocephalus.

In both children and adults the tuberculous inflammation may produce

large masses of tuberculous tissue, which undergo cheesy degeneration,
and may involve the brain tissue.
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In almost all cases of tuberculous meningitis there is tuberculous

inflammation in other parts of the body.

Miliary tubercles in the choroid of the eye are present in a considerable

proportion of cases.

The cortex of the brain may be hyperaemic, and punctate haemor-

rhages may be present in the cortex and in the pia mater.

Syphilitic Meningitis, In this form of inflammation, which is usually

circumscribed, there is a development of gummy tumors of variable size,

frequently associated with simple inflammation of the membrane, either

508. A MILIARY TUBERCLE OF THE EPENDYMA OF THE LATERAL VENTRICLE.

>ws an early stage of tubercle formation on the ependyma without marked caseation.

with the formation of serum, fibrin, and pus, or with the development
of new connective tissue and consequent thickening of the membrane.
The gunimata may form in the pia mater covering the convexity, or at

the base of the brain. They may grow outward, involving the dura

mater; or inward, encroaching upon or involving the brain tissue.

Although usually circumscribed, syphilitic inflammation may occur as

a diffuse thickening of the membrane. The syphilitic nodules, includ-

ing the gummata and new-formed connective tissue, are often very

small, but may be as large as a hen's egg.

TUMORS.

Hsematoma. In chronic pachymeuingitis of long standing the new
connective tissue may form large, flat cysts between the dura mater and
the pia mater, which may compress the surface of the brain. The blood

originally contained in these cysts may be absorbed and replaced by
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serum, the attachments to the dura mater may disappear, and the whole

appearance becomes that of an independent cyst between the dura mater

and the pia mater. Fibroma, lipoma, myxoma, chondroma, and osteoma are

of rare occurrence.

Endotheliomata. These tumors are of not infrequent occurrence, and

may grow from the pia of the cerebrum or cerebellum or from the chor-

oid plexus. They may be single or multiple. They may be small or so

large as seriously to compress the brain.

Some of them are composed of a connective-tissue stroma which en-

closes regular spaces filled with large, flat, nucleated cells. These may
resemble carcinoma. Some of them are composed of a connective-tissue

FIG. 509. ENDOTHELIOMA OF THE CEREBELLUM ORIGINATING IN THE PIA MATER.

Showing general appearance of the tumor (see Fig. 510) .

stroma which forms cavities lined with cylindrical epithelium. In such

tumors the stroma may grow so as to form papillae covered with cylin-

drical epithelium ;
or in addition there may be mucous degeneration of

the stroma. In some of them there is a connective-tissue stroma which

contains large numbers of blood-vessels. Around these blood-vessels are

arranged regular masses of polyhedral cells (Figs. 509 and 510).

In some of them the stroma is scanty. The cells are numerous, large,

flat, and arranged in little globular masses or nests. If in these little

nests there is a deposition of the salts of lime, forming concretions like

the so-called "brain sand," the tumor is called a "psammoma." Some
of the tumors seem to be formed of very thin, nucleated membranes ar-

ranged concentrically like the layers of an onion.
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Some of the tumors are composed of balls or nests of large, flat cells,

with which are found crystals of cholesteriu "cholesteatonia." '

Sarcoma. Tumors belonging to the ordinary types of round- and fusi-

form-celled sarcoma, and of myxo-sarcoiua, are occasionally found in the

pia mater.

Cysts. Small cysts are often found in the choroid plexus. Barely
such cysts reach a larger size, even as large as a pigeon's egg.

Q ;..L- r ._
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FIG. 510. EXDOTHELIOMA OF THE PlA MATER OF THE CEREBELLUM.

From specimen shown in Fig. 417 more highly magnified. A, Section of pia mater dipping into a sulcus;

B, tumor cells growing at each side of the pia ; C, surface of cerebellar convolutions.

( \ sts of the pia mater containing serum, with walls and septa of con-

nective tissue and compressing the brain, have been described.

Variously shaped pigment cells not infrequently occur in the pia mater,
either scattered or sometimes in considerable masses ; they seem to have

little pathological significance. Xot infrequently thin plates of new-

formed bone are found in the pia mater, associated with a thickening of

the membrane.

PARASITES.

Cysticercus has been observed in the pia mater.

1 For a critical review of these and other pial tumors, with bibliographj', see Bost-

roem, Ceutrbl. f. allg. Path. u. path. Anat, Bd. viii., p. 1, 1897.
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THE DURA MATER SPINALIS.

The dura mater spinalis, unlike that of the brajn, does not serve as periosteum to

the bones forming the cavity, so that the lesions of the two membranes differ somewhat.

HEMORRHAGE.

Haemorrhage may occur, as the result of injury, between the dura
mater and. periosteum, or it may occur in tetanus, as a result of circula-

tory changes induced by muscular spasm, or in the asphyxia of new-

born children. Small haemorrhages on the surfaces of the membrane

may occur as the result of inflammation.

Serous fluid may accumulate outside of the dura mater as a result of

post-mortem changes, or in connection with circulatory or inflammatory

changes in the membranes.

INFLAMMATION. (Pachymeningitis.)

Acute external pachymeningitis is usually secondary to disease or in-

jury of the spinal column, and may result in collections of pus between

the dura mater and periosteum, usually most abundant posteriorly.

Haemorrhagic pachymeningitis occurs in the dura mater spiualis, with the

formation of products similar to those observed in the brain, in the

chronic insane and in drunkards. Simple chronic pachymeningitis interna

with the formation of new connective tissue containing brain sand, is not

infrequent. The new tissue may form minute projections from the sur-

face, or, when more abundant, may take the form of psammomata. Tuber-

culous inflammation of the dura mater spiualis may occur in connection

with tuberculous meningitis, or be secondary to tuberculous inflammation

of the vertebrae.

TUMORS.

Fibromata, lipomata, chondromata, myxomata, endotheliomata, and adeno-

sarcomata occur in the dura mater spinalis as primary tumors. Carci-

nomata and sarcomata may occur as secondary tumors. Small plates of

new-formed bone are rarely found in the dura mater spinalis.

PARASITES.

Echinococcus developing outside of the spinal canal may perforate the

dura mater
;
or the cysts may lie between the dura mater and the pia

mater.

THE PIA MATER SPINALIS.

It is difficult in most cases in the pia mater, as well as in the dura mater spinalis

and in the spinal cord, to judge with certainty, from the appearances after death of

the blood contents of the vessels, of these parts during life. The same is true of abnoi-
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inal quantities of serum found after death. The veins of the pia mater, especially in

the posterior region, may be greatly distended with blood after death, without pre-

existing disease; and the intermeningeal space may contain much fluid urder the sanv

condition.

HEMORRHAGE .

Haemorrhages may occur from injury in connection with severe con-

vulsions, or general diseases such as the hsemorrhagic diathesis, scurvy,

smallpox, etc. The haemorrhages under these conditions, except from

injury, are not usually extensive. But in some cases of injury or

cerebral apoplexy, from the bursting of aneurisms of the basilar or

vertebral arteries, or in cases in which we cannot find a cause, a very

large quantity of blood may collect between the dura and pia mater,

and in the meshes of or beneath the latter.

INFLAMMATION. (Meningitis.)

Acute exudative spinal meningitis occurs under essentially the same

conditions and with essentially the same post-mortem appearances as

acute cerebral meningitis, though it is less frequent. The exudate is

apt to be most abundant in the posterior portions. It may be asso-

ciated with a similar inflammation of the pia mater cerebralis, and the

inner surface of the dura mater may be involved. The disease may be

circumscribed, but usually affects the entire length of the membrane.

Chronic spinal meningitis is not infrequent, manifesting itself in the

formation of larger or smaller patches of new connective tissue or in

thickenings of the pia mater. The pia and dura mater may thus be firmly

united in places by adhesions, or the pia mater may become closely ad

hereut to the substance of the cord.

Not very infrequently large numbers of pigment cells are found in

the pia mater spinalis, sometimes givaug it a distinct gray or blackish

color.

Tuberculous inflammation is usually associated with a similar condition

of the pia mater cerebralis, in which case the lesion is most marked in

the upper portions of the cord
;
but it may extend over the entire mem-

brane. The conditions under which it occurs and the character of the

lesions are similar in both.

TUMORS.

Fibromata, myxomata, sarcomata, and endotheliomata have boen found.

Small plates of cartilage and bone (Fig. 511) are sometimes found in

the pia mater.

PARASITES.

Cysticercus sometimes occurs in the meshes of the pia mater.
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THE VENTRICLES OF THE BRAIN. THE EPENDYMA AND
CHOROID PLEXUS.

GENERAL CONSIDERATIONS.

As the lymph-spaces of the pia mater and the ventricles of the brain

are in communication, it might be supposed that they would share alike

in the accumulation of fluids. This, however, is uot the case. The
membranes of the brain may be highly cedeniatous while the ventricles

contain about the normal quantity of fluid
; or, on the other hand, the

ventricles may be widely dilated and the pia mater unusually dry. Many
of these varying conditions may be understood by remembering that the

skull and spinal canal form a closed cavity, and that accumulations of

fluid in one part must be at the expense of some material occupying
other parts, either blood, serum, or brain tissue. It is not always easy
to see, however, exactly how the compensation occurs.

There may be an unusual amount of fluid in the ventricles of the

brain as a result of post-mortem change ;
in connection with senile or

FIG. 511. PLATES OF BONE ix THE PIA MATER SPINALIS.

other atrophy of the brain, or in the general vascular changes which lead

to osdema of the brain
;
in connection with inflammation of the meninges

or of the ependyma; or under conditions which we do not understand,

as in some cases of congenital and acquired hydrocephalus. Accumula-

tions of fluid in the ventricles are often called internal hydrocephahis to

distinguish them from accumulations in the meniuges external hydro-

cephalus.

INFLAMMATION. (Ependymitis.)

Acute Epsndymitis. In this condition, which may occur by itself, but

is usually associated with inflammation of other parts of the brain, the

ependyma is congested, the vessels are more prominent than usual and

are often tortuous. The ependyma and the adjacent brain tissue may be

thickened and infiltrated with pus cells, and the surface of the ependyma
covered with fibrin and pus in variable quantity (Fig. 512). The cavi-

ties of the ventricles may contain purulent serum. Small haemorrhages

may also be present in the tissue of the ependyma. This, as well as

other forms of inflammation, is more common in the lateral ventricles

than in the others, but not infrequently involves the fourth ventricle.

The choroid plexus may participate in the inflammatory changes of the
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epeudyma. Tuberculous inflammation of the ependynia is, as above

mentioned, a not infrequent accompaniment of tuberculous meningitis.
Chronic Ependymitis. This lesion, which is much more common than

simple acute inflammation of the ependyma, occurs under a variety of

conditions, and its nature and causation are in general very obscure.

The ependyma is thicker, whiter, and more opaque than normal, so that

the vessels may be nearly or quite invisible. The thickenings may oc
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FIG. 512. ACUTE EPKXDYMITIS.

Showing replacement of the epithelium of the ventricle by inflammatory exudate ; collections of pus cells

near the epithelium and about the adjacent small blood-vessels.

cur in patches or diffusely, and the surface of the ependyma may be

smooth, or roughened and granular. On microscopical examination the

surface of the ependynia may be covered with the usual epithelium, but

the new connective tissue which forms beneath it often raises it up in

places, causing the roughness of the surface. The new tissue is usually
rather loose in texture and may contain many small spheroidal cells ; but

it may be dense in texture and contain few cells. The brain tissue be-

neath the thickened ependyma may be softened or infiltrated with cells.

The sides of the ventricles may be grown together in places by the adhe-

sion of the thickened and roughened epeudyma. The ventricles usually
contain more serum than normal, and sometimes this accumulation is

so great as to cause an enormous dilatation of them. While these are

in general the prominent lesions in chronic inflammation of the epen :

dyma, the cases vary greatly in the degree to which these changes are

developed.
The accumulation of fluid and the dilatation of the ventricles being

the most marked feature in all this class of lesions, they are often called

chronic hydrocephalus, but in many cases we have no evidence that the
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change in the ependyma is an important or even an actual primary
factor.

Hydrocephalus. We may, for convenience of study, consider three

classes of cases of hydrocephalus : first, congenital hydrocephalus in young

children; second, secondary hydrocephalus in children and adults; third,

primary hydrocephalus in adults.

1. CONGENITAL HYDROCEPHALUS. The lesion may be in an ad-

vanced stage at the time of birth, or it may be scarcely evident or but

moderately developed. It may progress rapidly and cause the early
death of the child, or it may develop gradually or come to a standstill.

In the more marked forms of the disease the ventricles are widely dilated

(Fig. 513) and filled with serum, which is usually transparent. Not only
the lateral ventricles, but also the third and fifth, may be involved ; the

fourth is less apt to participate in the lesion, although it is sometimes

dilated, as well as the central canal of the cord.

The disteution, especially of the lateral ventricles, may be so great
that the brain tissue over the vertex is crowded up into a thin layer be-

neath the dura mater, or it may be entirely destroyed. When the dila-

tation of the ventricles is considerable, the convolutions are flattened

and may be almost entirely obliterated. The skull bones may be thin

and bulging over the forehead and vertex; the fontauels and sutures

widely open. The epeudyma in these cases is usually thick and rough,

FIG. 513. COXGKNITAL HYDROCEPHALUS IN CHILD. About half natural size,

o, a, Dilated lateral ventricles ; b, cornua, unequally dilated ; c, third ventricle ; d, middle commissure.

but it may be softened, and the blood-vessels may be dilated. The basal

portions of the brain may be flattened, but are usually much less affected

than the upper portions. The brain tissue is usually soft and anaemic.

2. SECONDARY HYDROCEPHALUS. This may occur in children and

adults, and may be a result of epidemic cerebro-spinal meningitis, 01 of

acute meningitis, or of chronic meningitis. It sometimes occurs in

chronic alcoholic poisoning and in general paralysis of the insane. The
amount of dilatation of the ventricles varies greatly in these cases, but
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it is never so great s,s in congenital hydrocephalus, and is not accompa-
nied by the changes in the shape of the skull which form so prominent a

feature in the latter disease, since the bones are firmer and the sutures

united. In this form of chronic hydrocephalus the changes in the epeii-

dyma above described are usually more or less well marked, and they

may be associated with the production of fibrin and pus.

3. PRIMARY HYDROCEPHALUS IN ADULTS. The conditions leading
to this form of lesion are not understood. It is apt to occur in persons
over thirty years of age. Sometimes one, sometimes both lateral ven-

tricles are dilated. The dilatation is usually moderate, sometimes very

slight, and never as great as in congenital hydrocephalus. The ven-

tricles usually contain transparent serum, and the ependyma is thickened

and roughened. In some cases it is the only lesion found to account for

the death of the patient.

TUMORS.

New formations of connective tissue in the ependyma, although usually

diffuse, may be circumscribed and form small, projecting connective-tis-

sue nodules, which may be reckoned among the fibromata. Small fibro-

mata are sometimes detached from the walls of the ventricles and lie free

in the cavity. Small lipomata, angiomata, and also sarcomata and glio-

mata occur rarely. Chondromata and angiomata may occur in the choroid

plexus, the latter sometimes being as large as a hen's egg. The choroid

plexus is not infrequently the seat of transparent cysts, usually of small

size
; they may contain a clear fluid, or colloid material, or droplets of

fat, or calcareous particles. A small dermoid cyst containing hairs has

been described. The cysts have no special pathological significance.

Primary carcinomata sometimes involve the ventricles.

The calcareous bodies called brain sand '

(see Fig. 501), occur fre-

quently in the choroid plexus, and corpora amylacea may occur here and

beneath the ependyma.

PARASITES.

Cysticercus and echinococcus cysts are sometimes attached to the walis

of the ventricles or may be free in their cavities.

The Brain and Spinal Cord.

Malformations of the Brain.

CYCLOPIA. This malformation consists in an arrest of development affecting ths

cerebrum, which, instead of separating into two hemispheres, remains single, with on^;

ventricle, and the rudiments of the eyes usually become joined and form one eye. This

single eye is in the middle of the face, near the place of the root of the nose, in a single

1 The little, hard masses called brain sand consist of aggregations of small particles
of carbonate and phosphate of lime with a small amount of phosphate of ammonia and

magnesium. With these there is more or less organic matter
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orbit. Over this is an irregular body representing the nose. The rest of the face is

well formed. The eyeball may be wanting entirely, or there are two eyes joined to-

gether, or, more seldom, two separate eyes. The orbit is surrounded by rudiments of

four eyelids. The frontal bone is single, the nasal bones are undeveloped; the ethmoid,

vomer, and turbinated bones are absent. The optic nerve is double, single, or absent.

There may be hydrocephalus. Such children are incapable of prolonged existence.

ANENCEPHALIA. This malformation may be of various degrees. The brain may
be entirely absent, the base of the cranium being covered with a thick membrane, into

which the nerves pass. The membranes may form a sort of cyst containing blood and

serum, or portions of brain. Of the cranial bones, only those which form the base of

the skull are present (acrania). The scalp is usually partly or entirely absent over the

opening in the skull
;
the eyes are prominent, and the forehead slopes sharply back-

ward. This malformation may occur in otherwise well-developed children.

HYDROCEPHALUS. Tins lesion has been already considered above. It is proba-
ble that in some cases hydrocephalus intermts is due to a primary partial anencephalia,
and that the accumulation of fluid is of secondary occurrence. In rare cases, only
part of one lateral ventricle is hydrocephalic, giving to the head a protuberance on one
side. The viability of the fetus depends upon the degree of the hydrocephalus.

Hydrocephalus externus is an accumulation of serum beneath the pia mater, or, according
to some authors, between the pia and dura mater. It causes dilatation of the cranium
and compression of the brain. It is of very rare occurrence, and may also be secondary
to partial anencephalia.

CEPHALOCELE, OR BRAIN HERNIA. When abnormal openings exist in the skull

from malformation, the contents of the cerebral cavity are apt to protrude in the form
of larger or smaller sacs. This may occur in cases of well-marked anencephalia or in

cases in which the brain is well developed. The protruding sac formed of the mcninges

may or may not be covered with skin. If the contents of the sac are simply fluid, the

lesion is called hydromeningocele ; if composed of brain substance, encephalocele ; if the

sac contain both fluid and brain substance, it is called hydrencepJialocele. The sacs may
be very small or as large as a child's head. They may protrude from the top of the

skull in acrania. They most frequently protrude through openings in the occipital

bone, often hanging down in large sacs upon the neck ; also at the root of the nose,

along the line of the sutures, at the base of the skull, and elsewhere. *

MICROCEPHALIA. This is an abnormally small size of the brain, with a correspond-

ingly small cranium. The diminution in size affects principally the cerebral hemi-

spheres, though the other parts of the brain are also small. Thus the cerebellum may
be of extremely small size. The cord may be smaller than normal, in which case the

diminution in size is apt to show a direct dependence upon the cerebral lesions, the

direct and the crossed pyramidal tracts being most affected. There may also be present

imperfect development of the posterior columns and of the direct cerebellar tracts. The
convolutions are few and simple, the cavities often dilated with serum ; on the mem-
branes there may be traces of inflammation. The cranium is small, the face large, the

rest of the body small. The malformation is in some cases caused by inflammation or

dropsy of the brain during foetal life. It is endemic in some countries, buc single cases

may occur anywhere. The fetus is viable. Absence or incomplete development of

portions of the brain may occur, not only in idiots, but in persons whose minds are

perfect.
1

Malformations of the Spinal Cord.

The malformations of the spinal cord may be conveniently classed as follows (Van
Gieson2

) :

I. CONGENITAL DEFORMITIES ASSOCIATED WITH MONSTROSITIES, AND INCOMPATIBLE
WITH EXTRA-UTERINE LIFE.

1 For a general consideration of malformations of the central nervous system con-

sult Thoma, "Text-Book of Pathological Anatomy," vol. i., p. 206 et seq.
5 Van Gieson, "Artefacts of the Nervous System," New York Medical Journal, vol

Ivi., pp. 337, 365, 421, 1892.
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These may be divided into :

1. Amyelia, or absence of the spinal cord. This is almost invariably associated

with absence of the brain.

2. Atelomyelia, or partial development of the spinal cord. This is often seen in the

anencephalous or acephalic monsters, where, corresponding to the incompletely developed

brain, there may be various degrees of defective development in the length of the cord.

3. Diastematomyelut, a condition in which a portion or the whole of the cord is

split into two lateral halves. Each half of the cord, being enveloped in its own mem-
branes and giving rise to its own nerve roots, may fuse together to form a single cord

at some region.

4. Diplomyelia, or a formation of two spinal cords a duplication of the spinal cord.

This happens in the various kinds of double monsters.

II. MINOR CONGENITAL MALFORMATIONS NOT INCONSISTENT WITH THE MAINTE-

NANCE OF LIFE.

1. Hydrorrhacfiis internet, is a defective closure or arrangement of the divisions of the

primary fcetal central canal often resulting in the dilatation of the central canal by fluid

(Hydromyelia) (Fig. 514). This dilatation may be moderate, or so extreme that but

little of the substance of the cord is left as a thin shell around the central cavity. When
they have not been destroyed by atrophy, epithelial cells may be found lining the cavity.

FIG. 514. HYDUOMYELTA. .

In the section from which this drawing was made, the epithelial cells surrounding the dilated central canal

were well preserved.

This condition may be accidentally found after death. Its presence may also be

indicated by its association with spina bifida. 1

2. Heterotopia, or misplacement of the substances of the cord.

(a) There may be misplaced portions of the gray matter.

(6) Portions of the white matter may be arranged in an unusual manner.
3. Anomalies of the Spinal Nerve Roots.

4. Asymmetries of the Spinal Cord.

III. MALFORMATIONS OF THE SPINAL CORD ACQUIRED DURING EXTRA-UTERINE
LIFE OR SECONDARY TO DEFECTIVE DEVELOPMENT IN OTHER PARTS on THE BODY.

1. Distortions following other cord lesions.

2. Asymmetry of the cord due to arrested development after birth or to secondary
atrophy of portions of the cord in association with defective development or absence of

some other part of the body.
1 Under this subdivision the condition known as hydrorrhachis extcrna may be con-

veniently alluded to, which consists in an abnormal congenital accumulation of fluid
between the meninges of the cord, causing more or less diminution in the volume of the
latter.
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3. Asymmetry of the cord with congenital defects of the extremities or muscles,
such as intra-uterine or other amputations, clubfoot, etc.

4. Variations in the volume of the cord as a whole.

FALSE HETEROTOPIA. Congenital displacement of the gray or white matter of the

spinal cord heterotopia has been frequently described. Van Gieson 1 has shown, how-
ever, that in a large proportion of cases the so-called heterotopia is an artefact (Fig.

515) and has been caused by bruises or careless handling of the cord during its removal
from the body or in the process of examination or hardening.

SPINA BIFIDA. In the majority of cases hydrorrhachis is accompanied by a more or

less complete lack of closure of the spinal canal posteriorly, so that the collections of

fluid within may pouch outward through the

opening in the form of a sac. The sac may
be covered by skin, or this may be absent,

either from the beginning or as a result of

thinning and rupture. The walls of the sac

may consist of the dura mater and the pia

mater, or, in cases of hydrorrhachis externa,

of the dura mater alone; when both are pres-

ent they are usually more or less fused to-

gether. Inside of the membranes of the sac

there may be a shell of distended nerve tis-

sue of the cord
;

or the spinal cord may be

split posteriorly and the sides crowded side-

ways; or there may be a rudimentary frag-
ment of the cord suspended in the sac or at-

tached to the walls ; or the cord may be but

little changed and remain inside the spinal
canal. The openings in the spinal canal may
be due to the complete or partial absence of

the vertebral arches, or more rarely the sac

may protrude through openings between the completely formed arches. Spina bifida

most frequently occurs in the lumbar and sacral regions, but it may occur in the dor-

sal or cervical regions, or the canal may be open over its entire length. Very rarely
it is open on the anterior surface. The protruding sac may be very small or as large
as a child's head. The fluid in the sac is usually clear, but may be turbid from flocculi

of degenerated nerve tissue.

FIG. 515. FALSE HKTEROTOPIA.
FROM CERVICAL REGION OF SPIXAI

SECTION
CORD.

Showing artificial displacement of the struc-

tures by an experimental bruise ("false hetero-

topia ") after the removal of the cord from the

body. (Van Gieson.)

INJURIES OF THE BRAIN.

The brain may be directly wounded by a foreign body, or indirectly

by fragments of bone driven into it, or it may be lacerated by severe

contusion without fracture or solution of continuity of the skull. It

is very difficult to estimate the degree of injury which must cause

death, since some persons die from slight, and others recover from very
severe, wounds of the brain. In incised wounds of the brain more or

less haemorrhage occurs at the seat of lesion, and the brain tissue in the

vicinity soon undergoes degenerative changes. These may be compara-

tively slight or extensive. Inflammatory reaction may occur in the vi-

cinity, and the adjacent brain tissue, as well as the hsemorrhagic and de-

generated area, may become infiltrated with pus cells. After a time the

injured and degenerated area may become surrounded by new-formed

connective tissue, and the decomposed extravasated blood and detritus

1 Van Gieson, New York Medical Journal, vol. Ivi., pp. 337, 365, 421, 1892.
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of brain tissue, more or less fatty, may be absorbed. In this way the

part heals, leaving a more or less pignieuted cicatrix. The healing is in

most cases very slow and may occupy months or even years. The pia

mater may participate to a marked degree in the inflammatory healing

process. Abscesses may form near the seat of injury.

After wounds which involve the removal of portions of the cranial

bones, it is not uncommon after a few days to see a bleeding fungous
mass project through the opening. This mass, sometimes wrongly called

hernia cerebri, consists of degenerated brain tissue, blood,, and granula-
tion tissue, with more or less pus. The brain tissue below it is degener-

ated, soft, broken down, and purulent, and there is often abscess in the

adjacent brain tissue. Such wounds may finally heal by the absorption
of the broken-down brain tissue and blood, and its substitution by gran-
ulation tissue.

Lacerations of the brain tissue without fracture may appear shortly
after the injury as simple more or less circumscribed areas of capillary

haemorrhage; the brain tissue about these may degenerate, pus may
form, and abscesses be developed ; or the degenerated and lacerated tis-

sue may be gradually replaced by granulation tissue which finally forms

a cicatrix. The process of degeneration and softening and of healing
in such lacerations of brain tissue may occur very slowly indeed, even

occupying years, and not infrequently the degenerative changes are very
extensive and progressive. In many cases, of course, the injury is so

extensive, -or involves such important parts of the organ, that very little

or no inflammatory or degenerative change takes place before death.

INJURIES OF THE CORD.

The spinal cord may be compressed or lacerated by penetrating

wounds, by fracture or dislocation of the vertebrae, or by concussion

without injury to the vertebrae. The spinal cord is found simply disin-

tegrated, or there may be much haemorrhage and the disintegrated nerve

tissue be mixed with blood. If life continue, the nerve elements may
degenerate ; Gluge's corpuscles and free fat droplets may form

;
blood

pigments may be formed; and when inflammation supervenes more or

less pus may be intermingled with the degenerated material. There may
be marked changes in the minute structure of the cord, witholit any
change being evident to the naked eye.

INJURIES OF THE NERVES.

The secondary effects of injuries to nerves are described in the sec-

tion on degenerations following injury. After amputation of a limb,

there often occur swellings of the peripheral ends of the divided nerve

trunks. These bulbous ends are called false or amputation neuromata.

They are made up almost entirely of fibrous tissue, although nerve fibres

have been found in them.
50
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HYPERTROPHY AND ATROPHY OF THE BRAIN.

True Hypertrophy of the brain is rare, and probably always congeni-
tal. An increase in the size of the brain from the proliferation of the

neuroglia sometimes occurs in children either before or after birth, less

frequently in youth, and very seldom in adults. The white substance of

the hemispheres is increased in amount. If it take place before the ossi-

fication of the cranium, the bones are separated at the sutures and fon-

FIG. 516. ATROPHY OF A CIRCUMSCRIBED PORTION OK BRAIN CONVOLUTIONS IN A CHILD.

From.a lesion of the corresponding blood-vessels.

tanels; if after this, the inner table of the skull may be eroded and
thinned. When the cranium is opened the dura mater appears tense and

anremic, the convolutions of the brain are flattened, the brain substance

is firm and anaemic, the ventricles are small, the ganglia and cerebellum

are either of normal size or compressed.
The disease is usually very chronic, and destroys life with symptoms

of compression of the brain. There may, however, be acute exacerba-

tions.

Atrophy. This may occur as a senile change, or, in adults, in chronic

alcohol, opium, or lead poisoning, in chronic insanity, and in chronic

meningitis or from local interference with the circulation. In children

who are much reduced by chronic diseases atrophy of the brain may ac-

company atrophy of the rest of the body.
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The atrophy affects principally the cerebral hemispheres, and may be

uniform or more marked in some parts than in others, involving the

whole of a hemisphere or of a lobe or only single convolutions or groups
of these (Fig. 516). The convolutions are small, the sulci broad, the

ventricles usually dilated, the brain tissue is firm, the gray matter discol-

ored, the white substance grayish in color; the blood-vessels may be

dilated. The basal ganglia may be small. Serum accumulates- in the

pia mater and in the ventricles; the pia mater, and often the skull, be-

come thickened; the brain tissue may be cedeinatous or contain small

haemorrhages. The nerve elements of the brain tissue are those most
involved in the atrophy, the diminished areas being usually harder and
firmer than normal.

PIGMENTATION OF THE BRAIN.

This may occur in any portion of the brain or its meninges from the

decomposition of extravasated blood. In persons affected by malaria

the gray matter of the brain has sometimes a dark or even blackish ap-

pearance. This color is due to the presence of black pigment granules
within the capillary blood-vessels. The obstruction to the vessels by
masses of these pigment granules may cause capillary apoplexies. The

pigment may also be found in the walls and in the lumina of the vessels

of the pia mater.

Pigment patches of congenital origin are not infrequently seen in the

pia mater. They may be due to the presence of branching pigniented
cells.

CIRCULATORY AND VASCULAR CHANGES IN THE BRAIN AND
SPINAL CORD.

Anatomical Considerations.

In studying the circulatory changes in the brain and cord certain peculiarities in

that circulation should be borne in mind. The vessels which nourish the brain arise

from a remarkable anastomosis of large arterial trunks at its base, known as the circle

of Willis (see diagram Fig. 517). From this "circle" pass off to each hemisphere three

main branches the anterior, the middle, and the posterior cerebral. These arteries

ramify in the pia, where they anastomose freely. From this anastomosis small branches

are given off which penetrate the brain substance, the shorter breaking up into capil-

laries in the gray matter, the longer passing to the underlying white matter. After

entering the cortex there is no further anastomosis, the capillaries of a cortical artery

passing directly over into a venous system of capillaries without communicating with

capillaries of other arteries. They are thus "
terminal arteries." In addition to these

arteries, which supply the hemispheres, branches from the circle of Willis are distrib-

uted to the basal ganglia. These arteries are much larger than those which pass from
the pia into the cortex, and beyond the circle of Willis do not form anastomoses with

one another. Thus it is that occlusions of the arteries supplying the basal ganglia are

much more serious, aside from the importance of the parts involved, Xhan of those pass-

ing to the cortex.

Three main arteries furnish blood to the cord: the anterior spinal, lying along the

opening of the anterior median fissure, and two posterior spinal, lying near the entrances
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of the posterior roots. Branches of these arteries anastomose in the pia, and from this

pial network branches pass directly into the substance of the cord. The largest, a

branch of the anterior spinal, passes into the pia of the anterior fissure, and penetrating
the cord, is distributed to the gray matter of the anterior horn, and to the median gray
matter as far back as Clarke's column. Smaller arteries from the posterior spinal supply
the posterior regions of the cord. These arteries, like those in the brain, are terminal

in the sense that, while anastomosing freely in the pia, after penetrating the substance

of the cord there are no further anastomoses.

HYPER^MIA AND ANEMIA.

The appearance of the brain tissue after death does not always fur-

nish reliable indications of its blood contents during life, though it is

perhaps more to be depended on than the ap-

pearance of the meuiuges.
Some of the more common conditions deter-

mining hypercemia which are mentioned above as

influencing the meuinges apply also to the sub-

stance of the brain.

Active hyperaemia may occur in various in-

flammatory conditions of the brain. Hyperseinia
of the brain is quite common in deaths from in-

solation and after conditions accompanied by
acute delirium. Passive hyperaemia may occur

in conditions similar to those which determine

congestions in other organs of the body, such as

chronic diseases of the heart or lungs. It may
be induced by anything which prevents venous

return, such as iutracranial tumors which com-

press the sinuses, or by thrombosis.

In sections of hyperaemic brains the small

blood points from the cut ends of small vessels

are more numerous and conspicuous than under

normal conditions, and the brain tissue, partic-

ularly the gray matter, may have a diffuse red

color. If excessive, the convolutions may be

somewhat flattened, the brain tissue and pia
mater may be redeniatous, and the ventricles contain fluid,

tion of the vessels may be general or localized.

The most constant lesion of what is known as caisson disease, a con-

dition resulting from exposure to sudden changes in atmospheric press-

ure, is a congestion of the brain, cord, and meninges. Areas of soften-

ing in the brain and cord are not infrequent and there may be effusion

into the meninges.
Anaemia of the brain may be either local or general. It may depend

upon a general anaemia or upon general disturbances of the circulation,

such as mitral stenosis or regurgitation ;
or upon local interference with

the arterial blood supply, such as complete or partial obstruction of the

FIG. 517. DIAGRAM OF THE
CIRCLE OF WILLIS AND ASSO-

CIATED VESSELS.

a. Anterior cerebral; b, an-

terior communicating ; c, inter-

nal carotids; rf, middle cere-

bral ; e, posterior communicat-

ing: /, posterior cerebral; y.

basilar ; ft, vertebral.

The couges-
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arteries from thrombi, emboli, inflammatory changes, spasmodic contrac-

tions, etc., or from tumors, exudations, and blood extravasations press-

ing upon the vessels from without. In cedema of the meninges, and in

the presence of internal hydrocephalus, the brain tissue is apt to be

anaemic. The brain tissue in anaemia looks whiter than usual, the con-

trast between the gray and the white matter is less marked, and the

small blood points usually seen on section from divided vessels may be

very inconspicuous or almost entirely absent.

(EDEMA.

(Edema of the brain tissue may accompany either general or local-

ized hyperaemia, or it may accompany anaemia, and it seems in most cases,

though not always, to be dependent upon conditions which induce these

alterations in the blood contents of the brain. It is, perhaps, most com-

mon in conditions which determine a passive hyperaemia. In some cases

of marked impoverishment of the blood a so-called hydrcemic cedema of

the brain is found.

In oedema the brain tissue appears unusually wet and shiny. The
same underlying condition is apt to determine an exudation into the

membranes and ventricles. There is usually considerable distention of

the perivascular lymph-spaces.
Marked oedema of the brain may exist without brain symptoms. On

the other hand, persons may die comatose with no other gross lesion than

cedema, either with or without cedema of the pia mater. This is seen

with especial frequency in acute and chronic alcohol poisoning, but may
occur under other conditions. A careful microscopical examination of

the brain under these conditions will frequently reveal structural lesions

of more serious import than the oedema.

Under the designation of "serous apoplexy," cedema of the brain was

formerly considered of importance, in the absence of other lesions, as a

cause of death. But increased knowledge has led to the general belief

that simple cerebral oedema as an independent condition has not the sig-

nificance formerly ascribed to it, and it should be accepted, if ever, with

great reserve as a cause of death.

HEMORRHAGE.

Haemorrhages in the substance of the brain may be very small and punc-

tate, and are then usually called capillary haemorrhages ; or they may re-

sult in the collection in the brain tissue of masses of blood of consider-

able size, which are called apoplectic foci or clots. These forms of

haemorrhages may be associated, or a number of capillary haemorrhages

may join to form an extensive clot.

Capillary hcemorrhages may appear, on section of the brain, like the

severed ends of hypersemic blood-vessels, or the tissue about them may
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be more or less tinged with blood. Microscopically, the perivascular

spaces are distended with blood, which may have escaped into them
;

bhis is associated with more or less broken-down brain tissue. The hem-

orrhages may be single, but are frequently multiple, so that the brain

tissue is besprinkled with blood points. Degeneration of the extrava-

sated blood may give rise in later stages to reddish or brown or yellowish
circumscribed discoloration of the brain tissue, due to granules and crys-

tals of blood pigment intermingled with broken-down brain tissue, with

more or less fatty degeneration of its elements. Capillary haemorrhages

may be due to fatty degeneration of the vessels leading to rupture ;
or

the extravasation may be due to diapedesis, or it may depend upon con-

ditions which we do not understand. They frequently occur in the

vicinity of apoplectic clots and tumors, they may be due to thrombosis

of the veins or of the sinuses of the dura mater
; they not infrequently

occur in acute encephalitis, in congestive hyperaemia, in acute mania,
and in delirium tremens ;

and they may be associated with general dis-

eases, such as scurvy, purpura haemorrhagica, typhus fever, pyaemia,
ulcerative endocarditis, etc. ; they may be associated with embolic soft-

ening.

Apoplectic foci may result from the coalescence of numerous capillary

haemorrhages; from injury, or from rupture of diseased arteries, either

with or without changes in the blood pressure. Haemorrhages from in-

jury to the skull may occur as well without as with fracture, and may be

situated over the vertex as well as at the base of the brain, and vary in

extent and seat, depending upon the character and point of the injury
and the size of the vessels involved. The so-called spontaneous haemor-

rhages, other than those of capillary origin, which give rise to masses of

blood and broken-down brain tissue, may vary in size from that of a pea
to those occupying a large part of a hemisphere. They are due, in a

very considerable proportion of cases, to the rupture of small arterial

aneurisms, but may arise from weakening of the walls of the arteries,

from arteritis, atheroma, or fatty degeneration. These latter forms of

lesions doubtless give rise in most cases to the formation of the aneurisms

whose rupture is in so many cases the immediate cause of the haemor-

rhage.
Aneurisms of the cerebral arteries may be as large as a pea or

hazelnut, but those most frequently met with and causing apoplexy are

usually small called miliary aneurisms and may be microscopic in

size, varying from this up to that of a large pin's head or larger. They
may be sacculate or fusiform, and frequently exist in considerable num-
bers. They may occur in any of the small arteries of the brain, but are

said to be most frequent on the branches of the middle cerebral artery.

It is asserted that the bursting of miliary aneurisms is the nearly if not

quite exclusive cause of the formation of spontaneous apoplectic clots,

but this we do not believe to be true.

As to the immediate cause of rupture, either of aneurisms or other-

wise diseased blood-vessels in the brain, we are in many cases entirely
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ignorant. In some cases it seeins to be due to an increased arterial ten-

sion in such diseases of the heart as induce this change, as in the car-

diac hypertrophy which may accompany some forms of chronic diffuse

nephritis ;
or it may result from unusual exertion or mental excitement.

The most frequent seat of haemorrhage is in the corpora striata and

optic thalami (Fig. 518), and the brain tissue in their vicinity, and here

they occur most often in the parts supplied by the branches of the mid-

dle cerebral artery. The possibility of haemorrhage in the floor of the

fourth ventricle should be borne in mind in investigating cases of sud-

den death from obscure causes.

Haemorrhages frequently seriously affect other portions of the brain

than those immediately supplied by the ruptured vessels. Thus haemor-

rhages in the cortical substance or beneath the pia mater may force their

way deep into the brain substance
; or, in haemorrhage in the brain sub-

stance, the blood may burst into the ventricles or work its way into the

iutermeningeal space, and, either at the seat of its occurrence or in the

situations into which it is forced, may give rise to serious compression
of the brain. Portions of the brain containing large extravasations may
be enlarged, the tissue anaemic from pressure, the convolutions flattened,

and the surface dry. As the blood is poured out, the brain tissue is usu-

ally torn and lacerated, so that the apoplectic clot usually consists of

detritus of brain tissue intermingled with blood. If, however, the blood

is poured out from a single vessel, the lacerated brain tissue may be

pressed aside, and the greater portion of the red mass may consist of

pure blood clot.

The appearances presented by haemorrhages in the brain vary greatly,

depending upon the time which has elapsed since their occurrence. If

life continue, the oedema which usually soon occurs in the vicinity of the

haemorrhage disappears and the clot becomes drier and firmer ; gradually
the blood undergoes the usual series of changes seen in extravasation

;

the haemoglobin decomposes, forming granules and crystals of blood pig-
ment ; the blood cells and fibrin undergo degeneration and absorption ;

the detritus of brain tissue undergoes fatty degeneration. As these al-

terations occur the color changes to reddish-brown, orange, or yellow,
and the adjacent brain tissue may be discolored by imbibition.

Inflammatory reaction may occur in the vicinity, leading either to the

formation of a more or less pigmeuted cicatrix, or to a cyst with yellow-
ish fluid contents and a fibrous, more or less pigmented wall. The proc-

ess of degeneration and absorption of the blood and broken-down brain

tissue, and their replacement by a cyst or by a cicatrix, is a slow one,

and the cysts and cicatrices may resemble those formed at the seat of

enibolic softening. Not infrequently we find in the brain of a person
dead from recent apoplexy the remains of old clots presenting some one

of the above-described stages of absorption. The apoplectic cysts and

cicatrices persist for a long time after their formation.

Secondary degenerations (see page 809) following haemorrhages de-

pend entirely upon the cells destroyed or the fibre tracts interrupted.
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Most common are degenerations of the pyramidal tracts from haemor-

rhages into the sensory-motor region of the cortex, or from haemorrhages
into the internal capsule (lenticulo-striate artery). Hemorrhages in-

volving the optic centres or the optic fibres lead to degeneration in the

optic tracts. Haemorrhages into other portions of the brain, by destroy-

ing commissural cells or interrupting their fibres, lead to degeneration of

intracrauial fibre tracts.

Haemorrhage in the Spinal Cord is much less frequent than in the brain,

but may occur either as capillary apoplexy or as larger apoplectic clots.

Capillary haemorrhages, similar in appearance to those of the brain, may
occur as the result of injury, or near areas of softening or tumors, or may
accompany severe convulsions, as in tetanus. Apoplectic clots, which

are comparatively rare in the spinal cord, are usually small, commonly
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not more than 1 cm. in diameter, and are similar in their appearance,
and in the changes subsequent to their formation, to those in the brain.

They are usually the result of injury; but may occur spontaneously.
These so-called "spontaneous haemorrhages" are undoubtedly in most

cases the result of inflammation. They may occur in any acute disease

of the cord, and are an especially frequent complication of acute myelitis.

Haemorrhage into the cord, occurring in the course of an acute infectious

disease, is probably, as a rule, due to an unrecognized myelitis or acute

degeneration. Haemorrhages in the course of a chronic myelitis are not

common, and are probably due to a softening dependent on interference

with nutrition. Haemorrhages into the cord have been reported in syphi-
litic myelitis, in syringomyelia, and in tumors of the cord. Gliomata

especially are often very vascular, and their thin-walled vessels are sub-

ject to rupture. Sometimes, however, haemorrhagic foci are found in

the spinal cord without traumatism or evidence of inflammatory change.

Larger haemorrhages naturally follow the lines of least resistance, and
their long diameter corresponds to that of the cord. To such columnar

haemorrhages, usually traumatic in origin, the name hcematomyelia has

FIG. 519. SECTION OF THE SPINAL CORD SHOWING HEMORRHAGE INTO THE GRAY MATTER AND EX-

TENDING LENGTHWISE OF THE CORD. (An early phase of haematomyelopore.)

This lesion is sometimes called "ha?matoinyella."

been applied (Fig-. 519). The term is being now more properly used to

cover the general subject of haemorrhage into the spinal cord.

The smaller capillary haemorrhages may be entirely absorbed. They
may, on the other hand, form microscopic sclerotic areas. The larger

haemorrhages determine a considerable destruction of tissue. They may
be absorbed and replaced by fibrous tissue, or the central area may break
down into a fluid or semi-fluid mass of blood and tissue, with a more or

less definite fibrous wall (Fig. 520). To these columnar cavities or canals
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the term hcematomyelopore has been applied by Van Giesou.
1 To a simi

lar condition in which proliferation of the neuroglia is the most marked

feature, the name of "false or secondary syriugoniyelia
" has been given.

THROMBOSIS AND EMBOLISM.

Thrombi may form in the arteries as a result of any degenerative or

inflammatory process in their walls leading to a roughening or death of

the intima, or from pressure from without, or they may occur in vessels

FIG. 530. HiEMATOMTELOPORE.

T*e section shows at one point a cyst-like cavity in the spinal cord, originating in a haemorrhage in the

posterior root (see Fig. 519) and extending nearly the entire length of the cord. The cavity is lined by tis-

sue detritus and neuroglia.

in whose walls we can detect no primary lesion. The most common
causes are atheroma and simple endarteritis. Thrombi may also form

around an embolus which does not entirely occlude the vessel.

Emboli of the cerebral arteries most commonly arise from acute or

chronic endocarditis or cardiac thrombi
; they may arise from aneurisms

or atheroma of the aorta, from the carotid or vertebral arteries, or from

the pulmonary veins. The materials constituting emboli vary greatly,

depending on their mode of origin (see page 76). The effects on the

brain tissue of emboli and thrombi of the arteries are essentially the same

in their main features. In some cases, however, in which large emboli,

usually from endocarditis, suddenly block up a large vessel, the individ-

ual may die almost instantly without other apparent lesion than the stop-

page of the vessel.

1 Van Gieson,
"
Haematomyelopore a New Spinal-Cord Disease." New York Poly

clinic, 1897, vol. x., p. 87.
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Iii general, the first effect of the occlusion of an artery is to deprive
the region to which it is distributed of blood. In arteries whose branches

anastomose, the affected area is soon supplied with blood by the estab-

lishment of a collateral circulation. In terminal arteries, on the other

hand, the blocking of the vessel is followed, as a rule, by degenerative

changes and softening in the brain tissue. The appearances which these

degenerated areas present vary greatly, depending upon the stage of the

degeneration and the amount of blood which may be extravasated. Dense

FIG. 521. DEGENERATED CELLS, CHOLESTERIN CRYSTALS, AND CORPORA AMYLACEA FROM BRAIN TIS-

SUE IN EMBOLIC SOFTENING.

a. Fatty ganglion cells ; 7>, corpora amylacea ; c, cell containing very large number of fat droplets (com-

pound granular or Gluge's corpuscles) ; d, cholesterin crystals.

infiltrations of the brain tissue with blood, as in ha3morrhagic infarctions

from emboli in other parts of the body, do not usually occur, although
considerable blood may be extravasated. Areas of softening in which

there is little extravasation of blood are usually white or yellow in color,

white or yellow softening. "When much blood is present the process is

frequently called red softening. Yellow softening is probably often only
a secondary stage of the red, resulting from absorption of most of the

pigment. The term "white softening" is often used interchangeably
with "yellow." It is also applied to that condition into which the latter

passes after more complete liquefaction, and after fatty changes have
taken place. Young proliferating neuroglia tissue often gives a glisten-

ing white appearance to the lesion.

The tissue in the affected area gradually softens and may become dif-

fluent. Microscopically, the softened tissue is seen to consist of more or

less fluid with broken-down brain tissue, fragments of nerve fibres, drop-
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lets of myeliu, nerve cells, shreds of ueuroglia tissue and blood-vessels,

and red and white blood cells. The evidence of degeneration is seen

in the presence of fat granules and droplets, larger and smaller cells

densely crowded with droplets of fat (so-called Gluge's corpuscles or com-

pound granular corpuscles}. Various kinds of cells and cell fragments,
more or less granular and fatty, and also corpora amylacea, blood pig-

ment, fat crystals, and cholesterin crystals, may be found (Fig. 521).

The walls of the blood-vessels may also be in a condition of fatty degen-
eration (Fig. 522): The color of the softened mass will of course depend

upon the relative amounts of these elements.

The tissue may remain for a long time in the soft condition, or it

may be absorbed and replaced by a connective-tissue cicatrix which

may be more or less pigmented; or a wall of connective tissue may
form about it, converting it into a well-defined cyst, with or without

pigmented walls
;
or the mass may dry and form a dense, structureless

nodule. Acute inflammatory changes may occur about the dead tissue.

In cases of infectious emboli numerous abscesses may be formed in addi-

tion to their mechanical action.

Thrombi are most frequent in the internal carotids, less so in the

middle_fiie_bral, basilar, and vertebrals,. They may occur, but still less

frequently, in other cerebral arteries. Emboli are most common in the

middle cerebral artery, next in the internal carotid, and then in the basi-

FIG. 523. BLOOD-VESSELS FROM AX AREA OF EMBOLIC SOFTENING OF BRAIN.

The walls of the vessels, particularly the endothelial cells, contain fat granules and fat droplets.

lar. The relative frequency with which embolism occurs in the middle

cerebral artery is attributable to the directness with which the blood

passes into this artery from the heart. The great significance attaching

to embolism of the middle cerebral artery is evident when we remember

that its branches within the brain jire terminal arteries, and are dis-

tributed to such important structures as the lenticular and gaudate nuclei,

the internal capsule, and the optic thalaimis.

Thrombosis and embolism also occur in the vessels of the spinal cord,
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though less frequently thaii iu those of the brain. As in the brain, when

they involve terminal arteries, they determine areas of softening and

consequent secondary degenerations.

LESIONS OF THE VESSEL WALLS IN THE BRAIN AND CORD.

The mural changes in the vessels are not peculiar to the nervous sys-

tem : the most frequent is that known as atheroina or arterio-sclerosis.

It is especially common in the system of arterial trunks which make up
the circle of Willis. Fatty degeneration is often found in the vessel

walls coincident with the increase in the connective-tissue elements.

Calcification may occur and may be so extensive that the whole or a

greater part of the circle of Willis is converted into a series of hard

tubes usually somewhat larger than normal. More commonly the cal-

careous areas are irregular in their distribution, giving to the vessels a

nodular appearance. Fatty degeneration may also occur, though more

rarely, as an independent lesion. It affects particularly the muscular

coat. Hyaline degeneration may also occur either as an independent

lesion, which is quite frequent in the brains of idiots, or as the initial

lesion of a sclerosis.

DEGENERATION AND INFLAMMATION IN THE BRAIN, SPINAL
CORD, AND NERVES.

Review of Normal Morphology.

While the scope of this work does not warrant a detailed description of the mor-

pltology of the nervous system,
1 our appreciation of the pathological changes to which

it is subject is so dependent upon an accurate knowledge of its morpholog}', that,

before proceeding further, a brief resume of some of the more fundamental points in its

structure aed architecture cannot wisely be omitted.

The studies of Golgi and of his successors in the use of his technique have led to the

so-called neurone conception of nervous-system structure. According to this view, the

neurone represents the structural unit of the nervous system. The neurone is the nerve

cell with all its prolongations, and the nervous system in toto is but an orderly associa-

tion of an immense number of these neurone units. Although these neurones differ

from one another as to details of structure they still present an essential similaritj'.

The neurone is first distinguishable as a small round cell in the epiblastic lining of

the embryonic neural canal. Such a cell is entirely devoid of processes. It soon,

however, becomes pyriform, and from the tip of the pear grows out a process, which is

the axis-cylinder process or axone. Later other processes appear as outgrowths of the

cell body. These are the protoplasmic processes or dendiites. Each adult neurone
then consists of a cell body, and passing off from this cell body two kinds of processes

(Figs. 523 and 524).

The Cell Body. Our knowledge of the internal structure of the nerve cell has been

greatly increased in the last few years by the application of a special technique devised

'For this the reader is referred to such works as "The Nervous System," by
Barker, and the " Anatomic du Systeme Nerveux de 1'Homme," by Van Gehvchten.
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by Nissl. '

Subjected to this technique nerve cells present two very different types ol

reaction. Certain cells, such, for example, as the cells of the granule layers of the cere-

bellum and of the olfactory lobe, stain only as to their nuclei, the cell bodies themselves

remaining entirely unstained. To such cells Nissl has given the name of caryochromes.

It is obvious that the method of Nissl gives no insight into the structure of these cells.

The majority of nerve cells, however, react both

as to their nuclei and as to their cell bodies to

the Nissl stain. These cells Nissl designates as

somatochromes. Such a cell presents the follow-

ing appearance (Plate XIII., 1). There is a nu-

cleus identical in structure with nuclei found in

other cells. It is bounded by a nuclear mem-
brane and traversed by a network which takes a

comparatively light blue stain. Within the nu-

cleus is a nucleolus staining an intense blue.

In the cell body two distinct elements appear:
a clear ground substance, unstained; and scat-

tered through it deep blue staining masses,

known as chromophilic bodies. These chromo-

philic bodies are granular, and differ in size,

shape, and arrangement. These differences

have served as a basis cf classification. Pre-

senting variations in different types of cells,

their appearance in a given type remains con-

stant. Most investigators, while differing in

details, agree in ascribing to the unstainable

substance a definite structure. This structure

is usually described as composed of a fibrillar or

reticular network lying in a more or less homo-

geneous ground substance. With the use of the

ordinary technique of Nissl, all of the cell body,

excepting the chromophilic bodies, remains un-

stained and apparently structureless. Our ideas

as to the physiology of these different elements

of the nerve cell rest largely upon a theoretical

basis. It has been shown that the nerve cell

represents the genetic centre of the neurone.

From the behavior of the processes, when cut

off from the nerve cell, it is evident that the cell

body represents the nutritive or trophic centre

of the neurone. It seems probable that from the

standpoint of neurone activity, the cell body re-

presents the functional centre of the neurone,
while the processes act as organs of reception or

of distribution. Certain facts, such as the entire

absence of the chromatic substance in many
nerve cells, in the axones of all nerve cells, and
its diminution during functional activity and in

fatigue, together with its behavior under certain

pathological conditions, lend weight to the view that the stainable substance of Nissl

represents a food element of the cell. The achromatic element, on the other hand, is

continuous with the fibrillae of the axone, and is considered by most investigators as repre-

senting the essential nervous mechanism of the cell. The relation of the Nissl picture
to the conditions existing in the protoplasm of the living cell still remains an unsolved

problem. The importance of the Nissl method from the standpoint of pathology lies

in the fact that when subjected to a given technique, a given type of nerve cell presents
1 See Nissl 's method of staining, p. 838.

FIG. 523. NEURONE (NERVE CELL OR
GANGLION CELL AND PROCESSESJ FROM
HUMAN CEREBRAL CORTEX.

Showing main or apical dendrite passing

upward and numerous smaller dendrites

coming off from the main dendrite and from
the body of the cell. A single axone (axis-

cylinder process) passes downward from the

base of the cell, giving off two collaterals.
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always the same appearance, and that this appearance furnishes a norm for comparison
with cells showing pathological changes and
which have been subjected to the same technique.

Pigment. In addition to the elements already

described, more or less pigment in the shape of

fine brownish-yellow granules is often present in

nerve cells. It is not found in cells of the new-
born. It increases with age, and in old age often

fills up a large part of the cell body. Its signifi-

cance is not known.
The protoplasmic processes or dendrites are at

least the larger trunks of the same structure as

the cell body (Plate XIII., 1). That these larger
trunks have functions similar to those of the cell

body seems probable from the fact that the axone
not infrequently takes origin from a large dendri-

F,G. 524.-NEURONE (NERVE CELL OR ^ *"*
Jf

6* 1 f ^^ fr m .^ ^ f

GANGLION-CELL PROCESSES). FROM THE Me cel l- The chromatic substance is present m
GRANULAR LAYER OF THE CEREBELLAR the dendrites, as elongated rods writh triangular
CORTEX OF a GUINEA-PIG. masses at the points of bifurcation. The achro-

The short axone passes off to the left and matic elements are apparently of the same charac-
terminates near its cell of origin. ter as in the body of the cell. The protoplasmic

processes divide dichotomously, becoming rapidly

smaller, and end at a comparatively short distance from the cell body.
1 Stained by the

method of Golgi, the dendrites are seen to be covered with minute projections or

"gemmules," often ending in a small bulb. These processes are cellulipetal in charac-

ter, carrying impulses always toward the cell.

The axis-cylinder process or axone so-called from its often becoming the axis cylin-

der of a nerve fibre is usually single. It generally arises directly from the body of the

cell, but may arise, as already mentioned, from one of the larger protoplasmic trunks.

It is differentiated from the dendrites in Mssl preparations by always taking origin
from an area in the cell body free from chromatic substance, and by being itself entirely
achromatic (Plate XIII., 1); in Golgi specimens, it is recognized by its straight course,

uniform diameter, and smooth outline (Fig. 523). It sends off few branches, and these

at right angles (collaterals). This axone may extend a great distance from the cell

body ; for example, the axones of certain motor cells of the spinal cord extend to the

muscles of the hands or feet. Both the axone proper and its collaterals end in terminal

arborizations. Their conductivity is cellulifugal that is, they always carry impulses
from the cell. In certain cells the axis-cylinder processes branch rapidly and end in

the gray matter in the vicinity of their cells of origin (Fig. 524). An axone may pass
from its cell of origin to its termination uncovered by any sheath. Such axones are

found in certain portions of the gray matter. An axone may be enveloped only by a

thin membrane, the sheath of Schwann, as, e.g., the fibres of Remak found mainly in

the sympathetic system. An axone may be surrounded by a myelin sheath alone, as

in the white matter of the brain and cord, or by both a myelin sheath and a sheath of

Schwaun, as in the fibres of the peripheral nerves, with the exception of the olfactory
and optic.

According to the strict neurone conception of nervous-system structure, each neu-

rone is considered a complete morphological, and, to a lesser degree, physiological,

entity. It has no anatomical connection with any other neurone. Association between

neurones takes place by contact or contiguity, and never by continuity of their proto-

plasm. The passage of an impulse is always from the terminal arborizations of axones

or collaterals to the dendrites or cell body of the other neurone.

The validity of the neurone theory has been recently called in question by such

prominent neurologists as Held, Apathy, Bethe, and Nissl,
2 on the ground that in many

cases axones pass directly into the protoplasm of another neurone and that the neuro-

1

Exception, peripheral arm of spinal ganglion cell.

'-' For a critical review of the opinions of these writers, consult the last edition of

Van Gehuchten's "Anatomic du Systeme Nerveux."



EXPLANATION OF PLATE XIII. 1

1. NORMAL GANGLION CELL. Large motor cell from anterior horn of human spinal

cord, showing the nucleus in its normal central position with its nucleolus. In the
(

body of the cell are seen the chromophilic bodies of various shapes and sizes.

Three main protoplasmic trunks ordendrites pass off from the upper portion of the

cell. In these the chromophilic bodies are rod-shaped. The largest process
^

branches at a short distance from the cell. To the left is seen the axone or axis-
'

cylinder process free from chromatic substance, as is also that portion of the cell

from which it takes origin (axone hill).

2. GANGLION CELL FROM THE ANTERIOR HORN OF THE HUMAN SPINAL CORD OF A

CASE OF ALCOHOLIC NEURITIS. Showing eccentricity of the nucleus and a large
central area of the cell bod}

7 free from chromatic substance (central chromatolysis),
with an arrangement of the remaining chromophilic bodies around the periphery.

(The similarity between the appearance of this cell and the one shown in Fig. G

should be noted.)

3. GANGLION CELL FROM THE ANTERIOR HORN OF THE SPINAL CORD OF A RABBIT
INOCULATED WITH RABIC VIRUS AND KILLED SHORTLY AFTER THE ONSET OF

SYMPTOMS. Shows an early stage of chromatolysis ; the chromophilic bodies being

pale, ragged, and vacuolated.

4. GANGLION CELL FROM THE ANTERIOR HORN OF THE SPINAL CORD OF A RABBIT
WHICH DIED ON THE NINTH DAY AFTER INOCULATION WITH RABIC VIRUS.

Shows extreme chromatolysis, only a few fine granules of chromatic substance re-

maining at the periphery. The cell is swollen, the nucleus has disappeared, and
the cell body and processes are stained more deeply with the erythrosiu than is the

case in normal cells.

5. NORMAL GANGLION CELL FROM A HUMAN SPINAL GANGLION OF THE POSTERIOR

ROOT. Showing central position of the nucleus and the concentric arrangement of

the chromophilic bodies.

6. GANGLION CELL FROM THE POSTERIOR ROOT GANGLION OF A RABBIT THREE
WEEKS AFTER SECTION OF THE SCIATIC NERVE. The cell shows extreme eccen

tricity of the nucleus with central chromatolysis and a peripheral arrangement of

the remaining chromophilic bodies axonal degeneration. (There also remains in

the central portion of the cell some chromatic substance in the shape of fine granules

forming an irregular reticulum. The similarity between this picture and the one

shown in Fig. 2 is apparent.)
7. PORTION OF A POSTERIOR ROOT GANGLION FROM A CASE OF TABES DORSALIS.

Showing degeneration in the ganglion cells with increase in the interstitial connec-

tive tissue.

8. Two PYRAMIDAL CELLS FROM THE NORMAL HUMAN CEREBRAL CORTEX. While

the pyramidal cells in the human cortex vary considerably in the amount of chro-

matic substance which thej' contain, these are of an average type.
9. Two PYRAMIDAL CELLS OF THE HUMAN CEREBRAL CORTEX FROM A CASE OF

ECLAMPSIA. These cells show marked chromatolysis.

1 In the staining of the specimens from which these drawings were made. Hold's modification of
Nissl's method was used. This consists essentially in a preliminary staining of the sections with a one-per-
cent aqueous solution of erytbrosin (see p. 770).
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fibrils are sometimes continuous throughout a series of neurones. Nissl in a critical

review upon the -present status of the neurone theory announces his belief that the

entire neurone concept has been proved fallacious and must be abandoned.

Admitting that the discovery of anastomoses between neurones and of the continu-

ity of the neuron* brils must be accepted as invalidating some of our ideas as to the sep-
arateness of the neurone units, it can still hardly be considered as overthrowing the

entire neurone theory. Embryologically, morphologically, and physiologically the

neurone shows a marked degree of individuality, and the fact that neurones sometimes,

usually, or even always anastomose, no more warrants the giving up of the neurone as

essentially a unit, than did the discovery of the fact that the protoplasm of epithelial

cells was continuous through intercellular "bridges" necessitate the giving up of the

epithelial cell as the structural unit of epithelium.
The cell bodies of neurones are grouped mainly in the gray matter of the brain and

cord, in the ganglia of cranial, spinal, and sympathetic nerves, and in the peripheral
end organs of certain of the nerves of special sense. Protoplasmic processes ramify
mainly within the gray matter. 1 While some terminate in the gray matter in the imme-
diate vicinity of their cells of origin, it is the axones that make up the bulk of the white

matter of the brain, cord, and peripheral nerves.

^'enroffliit.lu addition to the extensions inward of the pia mater and the connec-

tive tissue of the blood-vessels, there is found in both gray and white matter a tissue,

probably supportive in function, and peculiar to the nervous system the neuroglia.
Like the neurone, it originates in the epiblastic cells lining the embryonic neural canal.

These cells, at first morphologically identical, soon differentiate into neuroblasts, or

future neurones, and spongioblasts, or future neuroglia cells. In the adult two main

types of neuroglia cells are found, spider cells (Fig. 525), with spine-like, straight,

unbranching processes, and mossy (Fig. 526) cells with thick, rough, branching arms.

The former are found chiefly in the white matter, the latter in the gray matter in con-

nection with blood-vessels. As in the case of the nerve cell, the processes of these cells

do not anastomose, but interlace, forming a dense feltwork. By a special stain, Wci-

gert demonstrates neuroglia cell nuclei and separate fibrils. It seems probable that

this method fails to show the body of the cell, while staining its nuclei and the fibrils

which pass through it.

It would thus appear that the architecture of the central nervous system, consid-

ered as an organ, is analogous to that of other organs. It has in the neurone its paren-

chyma, and this parenchyma is supported and bound together by a framework of con-

nective tissue. The essential difference lies in the fact that in the neurone is the highest

rio. 525. NEU-ROGLIA CELL-SPIDER FIG. 52tt.-NErROGi.iA CELL -MOSSY TYPE-
TYPE-HITMAN CEREBRUM. HIMAX CEREBRUM.

morphological differentiation which protoplasm has attained, and representing chem-

ically the most complex molecules known. In the axone, sometimes a metre or more

in length, of a cell of microscopic dimensions, there is a distribution of cell protoplasm,

such as occurs in no other tissue or organ. The neuroglia also, while without question

a tissue supportive in function, is embryologically and morphologically different from

other forms of connective tissue.

1

Exception, peripheral arm of spinal ganglion cell.

oJL
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FIG. 527. NEURONE DEGENERA-
TION AFTER INJURY.

Teased nerve fibres from distal

portion of sciatic nerve of rabbit

three weeks after division of the

nerve. Osmic-acid stain. The large

and small black masses represent

disintegrated myelin and fat drop-
lets.

DEGENERATION.

NEURONE DEGENERATION.

Degenerative changes may affect the entire neurone or any of its

parts. Such changes may result from direct injury to some part of the

neurone, to diminution or modification of its nutritive supply, to various
toxic conditions, etc.

L Changes in the Neurone from Injury to One of its Parts. (a) CHANGES
IN THE AXONE EESULTING FROM SEPARATION FROM ITS CELL BODY.
That changes, presumably of a degenera-

tive character, occur in the peripheral end
of a nerve when its connection with the cen-

tral nervous system is broken has long been

known. This degeneration takes place as well

in the central as in the peripheral nervous

system, and is complete, involving every por-
tion of the axone distal to the point of section.

The changes are not progressive from the

point of lesion, but occur at nearly the same
time in all parts of the distal stump. These

changes consist in a breaking up of the

medullary sheath into segments (Fig. 527),

which in turn disintegrate, forming variously shaped masses of myelin,

among which may be seen the axis cylinder, the whole being enclosed by
the ueurilemma. The method of Marchi (see page 837), which differen-

tiates between fat and myeliu, shows that coincident with the breaking

up of the myeliu there is an appearance of fat droplets (Fig. 528). These

fat droplets increase in number part passu with the decrease in myeliu,

but also ultimately disappear. During the progress of these changes in

the medullary sheath, the axis cylinder at first

segments and then undergoes dissolution. The

ueurilemma, on the other hand, appears to

take no part in the degenerative process. On
the contrary, it and its nuclei remain intact to

take part later in regenerative changes, should

these occur. If there is no reunion of the sev-

ered ends of the axone, the peripheral portion

completely disappears, its place being taken

by connective tissue.

(b) CHANGES IN DENDRITES KESULTIXG
FROM THEIR SEPARATION FROM THEIR CELL

BODIES. If we consider, as does Van Gehuch-

ten,
1 that the peripheral arm of the spinal ganglion cell is a protoplasmic

process, making a physiological rather than a morphological differentia-

tion, we find that the same law holds good for dendrites as for axoiies

1 Van Gehuchten, "Anatomic du Systeme Nerveux de 1'Homme," p. 213.

FIG. 528. NEURONE DEGENERA-
TION WFTER INJURY.

Longitudinal section of distal

portion of the same nerve. Mar-

chi stain. The black dots repre-

sent droplets of fat resulting from

degeneration of the medullary
sheaths.
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when separated from their cell bodies. Thus in the divided peripheral
nerve those fibres which are the processes of the spinal ganglion cells

undergo the same degenerative changes as do the fibres which are proc-
esses of cells of the anterior horn. Most dendritic processes are, how-

ever, so short and terminate in the gray matter so near the cells from
which they originate that experimental separation of the process from
its cell body is impracticable. In view of the fate of the axone, however,
and the relation of the dendrites to the cell body, there can be little

doubt that as complete degeneration follows the severance of a proto-

plasmic process from its cell of origin as follows in the case of the axone.

(c) CHANGES IN THE PROXIMAL STUMP AND IN THE CELL BODY
RESULTING FROM LESION TO THE AXONE. The fundamental principle
of the law of Waller was the complete degeneration of the distal portion
of the divided nerve, while the proximal stump remained intact. Our

present conceptions, however, of the interdependence of the different

parts of the neurone, and of the axone as the outlet for neurone energy,
would lead us to expect certain changes of an atrophic nature in the

proximal stump and in the cell body, as a result of separation from its

axone and consequent inability to functionate. That such changes take

place recent improvements in cytological technique have enabled us

to determine. The method of Marchi shows that degenerative changes
occur not only in the distal, but in the proximal end of the divided

nerve. These changes take place more slowly than in the distal portion
but are apparently identical in character.

In the body of the cell the method of Mssl demonstrates marked

changes after section of the axone. These changes may be observed

within twenty-four hours after the injury. They consist in a diminu-

tion in the chromatic elements of the cell, chroinatolysis. This is most

marked in the central portion (central chromatolysis), a distinct ring
of chromophilic bodies around the periphery often remaining. The
nucleus usually migrates toward the periphery and may even bulge
from the cell. In the case of the hypoglossal nerve in the rabbit, these

changes reach their maximum in from two to three weeks. The future

of some of these cells is complete degeneration. Others apparently un-

dergo regeneration. The intensity of the reaction of the nerve cell to

injury to its axoue depends upon the severity of the injury. Thus cut-

ting the nerve is followed by more prompt and marked changes in the

nerve cell than simple compression, while pulling out the nerve roots is

followed by a still more intense reaction. Again, there is a difference in

the resisting-powers of different types of cells. Thus the motor cells of

the anterior horn are peculiarly resistant to injury to their axones, as

are also the spinal ganglion cells to injury to their central processes.

Again, between cells of the same type there are marked variations in re-

sisting-powers. Thus the motor cells of the anterior horn are much more
resistant than the cells of the motor cranial nuclei.

'

1 For review and bibliography of changes in the nerve cell and in the proximal stump
after section of a peripheral nerve consult Barker, "The Nervous System," p. 229 et seq.
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j- J f (d) CHANGES"IN THE CELL BODY BESULTING FROM LESIONS TO ITS

\Aij' -/DENDRITES. In the study of the effect upon the cell body of a lesion
'

A^ J depriving it of one or all of its dendritic processes, we meet with the

;,same experimental obstacles already mentioned in connection with changes
v

\in the dendrites. It is, again, only in the peripheral arm of the spinal

ganglion cell that we have a cellulipetal process of any considerable

. J length. Section of this process results in changes in the spinal gan-

glion cell quite similar in character to the so-called "axoual" degenera-
tion (Plate XIII.

, 6). If we consider that a cell's dendrites probably
furnish its most important avenue for the reception of impulses, it follows

\tthat a neurone may be thrown as completely out of circuit, as it were,
1

/ly injury to its deudrites as by injury to its axone. The experiments
of Warrington

'

are interesting in this connection. He attempted to

bring about the same functional effect as would result from section of a

cell's dendrites, by inhibiting afferent impulses. Cutting the posterior

roots, he noted changes in the cells of the anterior horn. The inference

was that these changes were induced by an inhibition of the customary
normal stimulation by means of the afferent impulses reaching the cells

rough their dendritic processes.

II. Changes in the Neurone from Interference with its Nutrition. Changes

apparently of a degenerative character have been described in neurones

as a result of interference with nutrition. Thus Brieger and Ehrlich 2 ^-

found that by temporarily applying a ligature to the abdominal aorta,

they induced an acute necrosis of the cells of the lumbar cord. -

Later experiments of a similar nature followed by the Marchi staining

showed that the degenerative process affected not only the cell bodies,

but the entire neurone. Similar degenerative changes have been induced

by experimentally produced multiple emboli, cells in the vicinity of the

occluded vessels being in marked contrast to cells from regions whose
vessels remained patent. Ewing

3
describes marked degenerative changes

in nerve cells as a result of anaemia consecutive to pressure from cere-

bral haemorrhage and to thrombosis of the basilar artery. Less marked

changes have been observed in cases of general malnutrition and in se-

vere anaemias.

III. Effects of Toxins upon Neurones, Changes of a degenerative char-

acter occur in neurones as a result of the action of toxins. These toxins

may be introduced into the body from without, for example, such poi-

sons as alcohol, arsenic, lead, strychnine, etc.
; they may be elaborated

within the body as the result of faulty metabolism, for example, in urae-

mia, eclampsia, etc.
,
or as a result of the action of bacteria, as in tetanus,

rabies (Plate XIII., 3, 4, and 8), diphtheria, etc., or of the Plasmodium
malarias. The effects of these poisons upon the neurone vary with dif-

1

Warrington, W. R, "On the Structural Alterations in Nerve Cells." Jour, of

Physiol., London, vol. xxiii., 1898.
2
Brieger und Ehrlich, "Ueber die Ausschaltung des Lendenmarkgrati." Zeitschr.

f. klin. Med., Berlin, Bd. vii., Suppl., 1883-84.
3
Ewing, J., "Studies on Ganglion Cells." Arch, of Neur. and Psychopath., vol.

i., 1898.
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ferent poisons and in different types of neurones. The effects of the

same poison upon a given type of neurone also vary according to its

rapidity of action, whether rapidly fatal or extending over a considerable

period of time. Again, given the same poison and the same time of

action, not all neurones even of the same type show an equal suscepti-

bility. There seem to be marked individual differences among neurones

of the same type as regards their resisting powers.
These changes in the neurone from the action of toxins may affect one

or all of its structural elements, and vary from the slightest appreciable
loss of staining qualities of the chromophilic bodies to complete destruc-

tion of the neurone. In the chromophilic bodies the essential change
seems to be a decrease in the amount of chromatic substance, chromatol-

ysis. This may be evidenced merely by a decreased staining intensity,

the chromatic masses appearing abnormally pale ; the bodies may have a

ragged or frayed-out appearance at their edges ; they may be shrunken,

or, retaining their normal shape and size, become vacuolated (Plate

XIII., 3) ; they may completely disintegrate, giving to the cell a diffuse

granular appearance ; they may disappear, leaving the cell entirely devoid

of chromatic substance. The chromatic masses in the deudrites seem in

many cases to be more resistant or less exposed than are those in the body
of the cell, often remaining unchanged at a time when the latter show an

advanced degree of chromatolysis. During these changes in the chro-

matic element the cyto-reticulum may remain apparently normal or it

may more or less completely disintegrate. This disintegration usually
marks the more advanced degenerative changes (Plate XIII.

, 4).

In the truly achromatic element of the cell or cytoplasm, our present
methods of staining fail to demonstrate lesions. Diffuse staining of this

basement substance is a common phenomenon of chromatolysis, but seems

more properly referable to a diffusion of the fine granules resulting from

disintegration of the chromatic masses than to any change in the cyto-

plasm itself. Disappearance of the formed elements of the cell often

leaves clear holes or vacuoles in the cell body or gives the appearance of

cracks or fissures. The nucleus may remain normal
;

it may swell and
its contour become abnormally distinct ;

it often takes a diffuse stain
;

later it shrinks, becomes crenated, its reticulum and limiting membrane
break up and its outline is lost. During these nuclear changes the nu-

cleolus may also disintegrate. It is often extremely resistant, remaining

apparently unchanged after most of the other parts of the cell have be-

come unrecognizable. Concurrent with these changes in internal struc-

ture are changes in the shape and size of the cell. Its contour becomes

irregular, and its edges present an eroded appearance; the cell body
shrinks away from its cell space, breaks up, and ultimately disappears.
The dendrites undergo alterations similar to those in the body of the cell.

They shrink, become separated from the cell body, and finally disinte-

grate.
That part of the neurone which shows most marked evidences of its

effect is not necessarily the part upon which the poison is most directly
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acting. Thus a toxin affecting directly the cell body may cause the

earliest and most pronounced changes far out in its dendritic or axomil

processes, i.e., in those parts of the neurone farthest removed from the

trophic centre.

To the action of a specific poison certain neurones seem less resistant

than others. Thus, to the action of lead those neurones governing the

extensor muscles of the wrist seem especially susceptible. The cells of

the motor nucleus of the trigeminus seem to be less resistant than other

motor cells to the poison of tetanus. Again, the frequency with which

tabes dorsalis is associated with a syphilitic history seems to indicate a

special susceptibility to the syphilitic poison ou the part of the peripheral

sensory neurone.

Comparing the changes in the nerve cell in toxemias (Plate XIII., 3 and 4) with

those aiduced by lesions to its axone axonal degeneration (Plate XIII., 6) \ve note

that while in the latter the chromatolysis is central in character, beginning in the region
of the axone hill and nucV^us, in the former the changes begin at the periphery, 1h

portion of the cell in most direct relation to the surrounding lymph. In axonal de-

generation the nucleus is usually eccentric. In toxaemia it usually remains central, at

least until the process of degeneration is far advanced. While this distinction holds

good in general and while the phenomena of central chromatolysis and eccentricity of

the nucleus regularly follow injury to the axone, we are not yet warranted in stating
that such changes never occur except after some injury, or that the presence of such

changes in the cell can be explained only on the basis of injury to its axis-cylinder

process.

IV. Effects of Fatigue upon Neurones. Studies upon the effect of fa-

tigue upon the neurone have been made in animals after prolonged inns

cular activity and after electrical stimulation. While the results are not

in complete accord, there seems to be little doubt that definite morpho-

logical changes occur in the neurone as a result of fatigue. These changes
consist in a decrease in the size of the cell body, a decrease in the size of

the nucleus, often with distortion, and a marked decrease in the amount
of chromatic substance with more or less diffuse staining of both cell

body and nucleus.

It seems not at all improbable that the clinical pictures presented by certain psy-
choses and neuroses are the expression of the effects upon the neurones of prolonged

fatigue. Certain local expressions of neurone exhaustion, as, for example, writer's

cramp, may possibly also be placed in the same category.
As to the significance of those changes in the nerve cell, which are marked by dim-

inution in the chromatic substance alone, and to which the term "
chromatolysis

" has

been given, there is a considerable difference of opinion. Marinesco 1 considers them of

the nature of degeneration. Van Gehuchteu 2
is inclined to look upon the phenomenon

as conservative in character, a means by which the neurone assumes a condition most

advantageous for self-defence. It has been shown that even an extreme degree of

chromatolysis is not incompatible with function. Marinesco insists that so long as the

changes are confined to the chromatic substance recovery is possible, no matter how
extensive the alterations, while changes in the achromatic elements are always per-

manent in character. It seems quite probable that a comparatively easy method of

investigation has led to an overestimation of the significance of changes in the chro-

matic substance of the neurone, and to a neglect of probably more important but less

easily studied changes in the achromatic element.

1
Marinesco, G., See Van Gehuchten's "Anatomic du Systeme Nerveux," p. 339.

2 Van Gelmditen, loc. cit., p. 339.
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REGENERATION.

Regeneration of nerve tissue in the sense of an actual reproduction
of neurones probably never occurs in the adult human nervous system.

'

As has been noted, extreme chroniatolysis may be succeeded by complete

recovery. In the case of axonal chroniatolysis, the degenerative process

usually reaches its maximum in about three weeks. Regeneration of

chromophilic bodies then begins. This reconstructive process is slow,

the cells often requiring mouths to return to a normal condition. At
some stage of the process there is usually an over-production of chro-

matic substance, and the cells appear darker than normal.

Primary union between the ends of divided nerve fibres does not
occur. Complete degeneration of the distal portion always precedes the

regenerative process. In this reconstruction the nuclei of the neurilenima

seem to play an important part. They increase in number, and there is -

also an increase in the protoplasm which surrounds them. With union -"

of the divided ends the axones of the central stump may grow out again __

if the ganglion cells be intact, and ultimately resume function. The

rnyelin first reappears as droplets which coalesce and finally form a

complete sheath. This reconstructive process in the nerve fibre is ex-

tremely slow, often requiring many mouths for its completion.
REPLACEMENT NEUROGLIA HYPERPLASIA. Under various condi-

tions in which there is destruction of the parenchyma, as, e.g., in ascend-

ing and in descending degeneration in the spinal cord, there occurs a

compensatory increase in the interstitial elements. This new tissue is at

first cellular, most of the cells being of the spider variety. Later there

is an increase in the ueuroglia fibres, and the tissue often becomes dense

and hard. What part the mossy cells or other less common types of

neuroglia cells take in the proliferative process is as yet unknown.
With the increase in fibres there are often shrinkage and the formation of

dense fibrous tissue. This replacement hyperplasia in neuroglia seems

quite similar in nature to replacement connective-tissue hyperplasia in

other organs, and is often considered inflammatory.

DEGENERATIONS AFFECTING SYSTEMS OF NEURONES.

General Considerations Concerning- Neurone Systems.

Before considering the subject of systemic degeneration we may refer briefly to

the situation in the nervous system of certain of the more important groups of neurones

and the paths which their axones take.

That the cell bodies of neurones are grouped in the gray matter of the brain, cord

and ganglia, and in the end organs of certain nerves of special sense, has already been

mentioned. This grouping of neurones serves definite physiological ends. Their cell

bodies form centres or nuclei, while their axoues are collected into bundles or fibre

tracts. Thus, in the region of the fissure of Rolando are grouped the centres of those

neurones which have to do with voluntary motion, and what is known as cerebral local -

1 For review and literature on "Regeneration," see Barker, "The Nervous System,"
p. 245 et seq.
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ization means the grouping of cell bodies of neurones for specific function. A fter the

known localizations are eliminated, there still remains unaccounted for the greater part

of the cerebral cortex, and our present belief is that these neurones are neurones of

association by which the various centres are brought, into physiological relationship.

Some understanding of this neurone grouping, and especially of the arrangement of

their ueuraxones as fibre tracts of the cord is essential to an appreciation of those

degenerations which affect definite systems of neurones.

PERIPHERAL MOTOR NEURONES. These neurones have their cell bodies in the gray
matter of the anterior horn and in the motor nuclei of the cranial nerves. Their neur-

axones pass out as the motor fibres of the cranial and of the spinal nerves. The entire

neurone lies upon the same side of the body ; that is, the peripheral motor neurone is

"
direct.

"

THE UPPER OR CORTICO-SPJNAL MOTOR NEURONES have their cell bodies situated

mainly in the cerebral cortex near the fissure of Rolando. Their ueuraxoues converg

ing, pass through the internal capsule, pons, and medulla, sending off fibres to the

motor nuclei of the cranial nerves. In the medulla the tract comes to the surface as the

anterior pyramids. At the junction of medulla and cord occurs the pyramidal decussa-

tion in which most of the fibres of the tract cross to the opposite lateral region of the

cord, to be known as the crossed pyramidal tract, while a minority remain on the same

side, to pass down the cord as the direct pyramidal tract. As the tracts descend, fibres

continuously leave them to terminate, those of the crossed tract in the gray matter of

the same side, those of the direct tract, after passing through the anterior commissure,
in the gray matter of the opposite side. The cortico-spinal motor tract is a crossed

tract. 1 These tracts present variations in size and length. They are often asymmetrical.
The crossed tract extends to the lower sacral cord. The direct tract usually ends about

the mid -dorsal region, though it has been followed as low as the second lumbar segment.
THE SENSORY (AFFERENT) TRACT, like the motor, consists of two segments, an

upper and a lower.

The lower or peripheral sensory neurone tract lias its cell bodies in the ganglia of the

spinal and of the cranial nerves. Their peripheral arms, which Van Gehuchten con-

siders protoplasmic processes, are axis cyliuders'of cranial or of spinal nerves. Their

central processes or axones pass into the cord as the fibres of the posterior roots and
enter the posterior columns. Here they divide into ascending and descending arms.

The descending arm is short, and with its collateral branches soon terminates in the

gray matter of the same side of the cord. The ascending arm may also be short, and
with its collaterals terminate as does the descending. It may pass a considerable dis-

tance up the cord and then end in the gray matter. It may, as one of the long fiin-es

of the posterior columns, continue upward to the medulla, where it terminates in one of

che posterior column nuclei. These long fibres pass inward as they pass upward, so

that the lower the origin of the fibre the more mesial is its position in the upper part of

the cord. The entire neurone lies upon the same side of the cord. The lower sensory,
like the lower motor neurone, is direct.

Upper Sensory Neurone*. The arrangement of these neurones is extremely complex,
and only those whose axones enter into the formation of distinct tracts of the cord will

be here mentioned. Of the above-described central arms of the peripheral sensory neu-

rones, some of the shorter enter the gray matter of the cord and with their collaterals

terminate around motor cells (reflexes). Others terminate around cells whose axoues

cross to the opposite side of the cord and pass upward as the antero-lateral ascending
tract, or tract of Gowers. Other fibres terminate around cells of the column of Clarke,

the axones of which pass upward as the direct cerebellar tract.

In addition to these main fibre tracts, there are in all regions of the cord fibres

which are commissural in character. These fibres are the axones of cells situated in the

gray matter of the cord, and after passing a short distance up or down and sending col-

laterals into the gray matter, themselves re-enter the gray matter and terminate there.

1 Certain recent observations tend to show that there may be a small number of

"direct" fibres in the so-called crossed pyramidal tract.
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These short fibres make up the so-called ground bundles or fundamental columns of the

cord. They attain their greatest development in those regions of the cord where the

reflex centres are most extensive, i.e., in the lumbar and cervical enlargements.

Secondary Degenerations.

Secondary degenerations are dependent upon the fact already noted

that the cell body, being the trophic centre of the neurone, the axone

when separated from its cell body dies.

DESCENDING DEGENERATION. Any cortical lesion, such as embolic

softening and apoplectic clots, which destroys the nerve cells, or any
lesion of the brain or cord which interrupts the axoue tracts of the

cortico-spinal system of neurones, determines a complete degeneration of

the affected axoues (Fig. 529). The course of these axones has been

described. Thus a lesion of the brain affecting motor neurones is fol-

FIG. 529. SECONDARY DESCENDING DEGENERATION.

From haemorrhage into the internal capsule, almost complete degeneration of the direct pyramidal tract

on the same side as the lesion and of the crossed pyramidal tract on the opposite side. There were a few

degenerated fibres in the crossed tract on the same side as the lesion.

lowed by a degeneration in the motor tract of the same side down to the

pyramidal decussation, and below that point, in the direct motor tract

on the same side and in the crossed tract on the opposite side, the num-
ber of degenerated fibres being proportionate to the number of cells de-

stroyed or axoues interrupted. In a number of cases of descending de-

generation due to cerebral lesions, degenerated fibres were found in the

crossed pyramidal tract on the same side as the lesion. This degenera-
tion was not present in all cases, and in no case was it as marked as the

degeneration in the opposite lateral tract. The most probable explana-
tion is that a small number of fibres instead of decussating pass down
into the cord in the lateral tract of the same side.

In descending degeneration due to a lesioii below the pyramidal de-
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cussatiou a somewhat different picture is presented. In a complete trans-

verse lesion there is degeneration of both crossed and of both direct pyr-
amidal tracts. If the lesion is unilateral the degenerations are upon the

same side as the lesion. The areas of degeneration are also larger and
less sharply defined than in cerebral lesions. Then in addition to the

degeneration of the pyramidal tracts there is a degeneration of a con-

siderable number of fibres in a crescent-shaped area lying near the periph-

ery of the autero-lateral region and extending from the crossed to the

FIG. 530.-SECONDARY ASCENDING DEGENERATION.

Following complete crushing of the cord about two segments below the level at which the section was
taken. Degeneration is almost complete in the columns of Goll, of Gowers, and in the direct cerebellar

tracts. A few normal fibres are seen in the columns of Burdach. These are the ascending axones of spinal

ganglion cells between the point of injury and the level of the section, and are seen to occupy that part of

the posterior columns adjacent to the posterior horns.

direct tract. Degeneration of these fibres has been described by Marchi '

after removal of the cerebellum. He considers them descending cere-

bellar fibres. The so-called comma-shaped degeneration in the posterior

columns is sometimes present. Schultze2

regards these fibres which
are situated about the middle of the posterior columns, as descending
axones of spinal ganglion cells. Tooth 3

thinks that they are more prob-

ably descending branches of commissural neurones. In the fundamental

columns the degeneration extends but a short distance below the seat of

injury, and of course affects only those axoues which descend.

ASCENDING DEGENERATION. Any lesion which destroys the spinal

ganglion cells or which interrupts their axones determines a secondary

ascending degeneration in the posterior columns (Fig. 530). Any lesion

l

MarcJii, "Origine e decoroso dei peduncoli cerebellari.
" Rev. Sper. de Fren. e

Med. eleg., Bd. xvii.. p. 367.
8
Schultze, "On Comma-shaped Degeneration of the Posterior Columns." Arch. f.

Psych., 1883.
3
Tooth,

"
Goulstonian Lectures on Secondary Degeneration of the Spinal Cord," Lon-

don, 1889.
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of the cord which interrupts the tract of Gowers or the direct cerebellar

tract is followed by degeneration of the fibres of these tracts above the

lesion (Fig. 530). Immediately above the lesion there is complete de-

generation of the tracts. As we pass upward new imdegenerated fibres

from the spinal ganglia above the lesion enter the column of Burdach,
so that there appears in the posterior columns a constantly increasing
number of normal fibres. Also in the column of Gowers imdegenerated
fibres appear as one passes upward from the lesion. Some of these fibres

probably have their origin in the gray matter of the cord, and the num-

ber of normal fibres is in proportion to the number of these cells be-

tween the lesion and the point at which the section is taken. Descending
fibres in these columns have already been mentioned. They, of course,

do not degenerate. If the lesion be above Clarke's columns the degen-
eration in the cerebellar tracts remains complete ;

if not, the number of

normal fibres is in proportion to the number of Clarke's column cells

between the lesion and the point of section. The ascending fibres of the

fundamental columns also degenerate, but are so short that they cannot

usually be traced beyond the area of direct action of the traumatism.

Primary Degenerations.

DEGENERATION OF THE PERIPHERAL MOTOR NEURONES.

Progressive spinal muscular atrophy is the clinical designation of

a disease, the underlying lesion of which is a progressive atrophy or

degeneration of the lower motor neurones. There is a degeneration of

the large motor cells of the anterior horns and of their processes. This

degeneration goes on to complete destruction of some neurones. With
the loss of nerve tissue proper there is a compensatory growth of neu-

roglia. In a well-advanced case section of the cord shows a marked
diminution in the number of anterior horn cells and an atrophic condition

of the horn itself and of the anterior roots. The lesion usually begins in

the cervical region. More rarely it starts in the lumbar cord. The de-

generation may extend to the motor cranial nerve nuclei, giving the

picture of a progressive bulbar paralysis. The medullary nuclei most

commonly involved are the hypoglossal and the spinal accessory. Less

often the degeneration affects the cells of origin of the fifth and seventh.

Degeneration of the peripheral nerves has been described. The muscu-
lar lesions correspond to the lesions in the cord, the muscles of the hand
and arm being usually first affected. For the degenerative changes in

the muscles see page 754. This lesion is sometimes described as a

chronic antero-polioniyelitis. Both its clinical history and its pathology,

however, indicate the degeneration as the initial lesion and the ueuroglia
increase as secondary a replacement hyperplasia.
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DEGENERATION OF THE CORTICO-SPINAL MOTOR NEURONES.

Spastic Paraplegia Spastic Spinal Paralysis. This may be described as

a primary lesion of the upper or cortico-spinal motor neurones. It is

probable that the lesion affects the entire neurone. As a distinct patho-

logical entity the condition is extremely rare. Whether it 'originates in

a degeneration of the cell bodies of these neurones in the cortex is not

known. The clinical picture of spastic paraplegia, due to compression,
to a transverse myelitis, or to a multiple sclerosis, is not uncommon.
Marie 1 considers spastic paraplegia as a disease appearing in childhood,
and due to a faulty development of the cortico-spinal motor neurones,
rather than to their degeneration.

DEGENERATION OF BOTH PERIPHERAL AND CORTICO-SPINAL MOTOR
NEURONES.

Amyotrophic Lateral Sclerosis. This is a primary progressive degener-
ation involving both cortico-spinal and spino-peripheral motor neurones.

The appearance of the transverse section of the cord is a combination of

that in spastic paraplegia and in progressive muscular atrophy. There

Degeneration of the crossed pyramidal and of the direct pyramidal tracts. In this case there was but

little atrophy of the anterior horns. Very few cells, however, were present in the anterior horns and there

was an increase in the connective tissue of the horns.

is a degeneration of the cells of the anterior horn with atrophy of the

horn itself, and a degeneration of the fibres of the direct and of the

crossed pyramidal tracts (Fig. 531). The lesion in the horns is usually

most pronounced in the cervical region. The extent of involvement of

the motor tracts of the cord is extremely variable. The degeneration
which is the initial lesion is accompanied by a replacement connective -

tissue hyperplasia, and the picture presented on section of the cord is

that of a sclerosis of the motor tracts and of the anterior horns. Quite
1

Marie, "Lectures on Diseases of the Spinal Cord," London, N. S. Soc., 1895.
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frequently the sclerosis is not wholly confined to the motor tracts, but

extends into the neighboring anterior and lateral tracts, especially in

the cervical region. The degeneration in these tracts has been traced

through the medulla, pons, and cms to the cortex, where changes have

been observed in the large pyramidal cells. In the gray matter of the

medulla are also found changes analogous to those in the anterior horns,

consisting in degeneration of the cells of the motor cranial-nerve nuclei

(hypoglossal, spinal accessory, pneuniogastric, glosso-pharyngeal, and

facial). The atrophy of the muscles innervated by these nerves gives

the clinical picture of glosso-labio-laryngeal paralysis or progressive
bulbar paralysis. The medullary lesion may occur without any corre-

sponding lesion of the cord, thus giving rise to a bulbar paralysis with-

out any spinal symptoms. The seat of the initial lesion, whether in the

cell bodies, in the cortex, or in their axones, is as yet undetermined.

The fact that disturbances of nutrition acting primarily upon the cell

body are frequently most evidenced by changes in parts of the neurone

farthest from the trophic centre has already been mentioned. The mus-

cle changes are those of a progressive muscular atrophy.

DEGENERATION OF THE PERIPHERAL SENSORY NEURONES. (Tabes
Dorsalis Posterior Spinal Sclerosis Locomotor Ataxia. )

The essential lesion of tabes is a primary progressive degeneration of

the peripheral sensory neurone system. As its older title indicates, the

clinical picture of locomotor ataxia had been attributed to a primary
sclerosis of the posterior columns. This was not because in these col-

umns was the only lesion, but because, owing to the close packing to-

gether here of the sensory axones, this lesion was the most conspicuous.
The distribution of the lesion is coextensive with the peripheral seusorj-

neurone system (page 808). Any part of the system may be affected or

the lesion may involve practically the whole system. Again, the entire

neurone may be affected, or only part of the neurone, or one part more
than other parts. In general it may be said that it is ihe central process
of the neurone, which enters the cord in the posterior nerve roots, that

shows the earliest and most extensive changes.
It is convenient to classify the lesions of tabes according to the anat-

omy of the peripheral sensory neurone system, as follows:

1. The Peripheral Processes. () The sensory nerve endings. Changes
of a degenerative character have been described in the sensory nerve

endings of the skin, joints, and muscle. Especially well marked are

those of the (sensory) muscle spindles which are almost constantly

present.

(6) The peripheral nerves. Degenerations of the peripheral nerves

are common. Like similar conditions due to toxic agents, they are usu-

ally referred to as a neuritis. The changes in both axones and medullary
sheaths are, however, degenerative in character and similar to those of
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a Walleriaii degeneration. The lesion is confined wholly to the sensory

fibres, the motor fibres remaining intact. It is usually most pronounced
in the smaller peripheral branches of the nerves. Degeneration of the

optic nerve so-called optic neuritis occurs in from ten to twenty per
cent of cases. The same condition is less frequent, but occurs in the

auditory and in the sensory fibres of the pneuinogastric, glosso-pharyngeal,
and trigeiniuus.

2. The Cell Bodies. Marked degenerative changes in the cells of the

spinal and analogous cranial ganglia have been described. In a number
of cases they have been found early in the disease. There is a reduction

both in number and in size of the ganglion cells, with a replacement
connective-tissue hyperplasia. Chromatolysis with nuclear eccentricity

as demonstrated by the method of Xissl has also been observed. Similar

changes have been noted in the nerve cells of the retina.
'

3. The Central Processes. () The sensory nerve roots, consisting as

they do of the central processes of the spinal ganglion cells, show more
or less complete degeneration. It is, in fact, in this part of the neurone

that the earliest and most conspicuous changes are usually found. The
extent and location of the degeneration vary. In the more common

type of the disease lumbar tabes the earliest lesions appear in the

posterior roots of the lumbar nerves. Only a few of the roots are at first

affected and only some of the fibres in these roots. With the progress
of the disease more fibres are involved and the degeneration extends

downward to the sacral roots and upward to those of the dorsal and cer-

vical nerves. In specimens stained by Weigert's method (see page

838) the contrast between the darkly stained anterior root fibres and the

almost unstained posterior root fibres is often marked.

(6) The spinal cord. On removing the cord in a case of advanced

tabes, certain changes are usually apparent to the naked eye. The pia
mater between the two posterior horns is apt to be thickened, of a dull

appearance, and adherent to the cord. This, in contrast to the normal

condition of the rest of the pia, gives the effect of a narrow band ex-

tending the length of the cord. The posterior columns may be depressed,
of a grayish color, and firmer than the rest of the cord. On section the

contrast between the posterior columns and the rest of the white matter

of the cord is often very distinct. In cords removed from cases dying

during the earlier stages of the disease there are often no macroscopic
lesions.

The microscopic appearances vary, depending on the stage, extent,

and location of the lesion (Fig. 532).
In a case which comes to autopsy early in the disease the appearance

of the lesion differs from that in a case of advanced tabes. As already

noted, the most marked changes are in the posterior columns. In the

more common type of the disease in which the degeneration begins in

1 In Plate XIII., 7, is seen a portion of a spinal ganglion from a case of advanced
tabes. In addition to a degeneration of the cells present, there was a marked reduction
in the number of cells in the ganglion.
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the lumbar region, sections of the cord in this region show certain quite
well-defined areas of degeneration. The zone of Lissauer early shows
marked degenerative changes. This zone extends across the entering
fibres of the posterior root which divide the zone into two parts. The de-

generation of the outer part has been wrongly described by some writers

FIG. 532. TABES DORSALIS.

Cervical region, showing an early stage of the lesion.

as a lateral-column degeneration. It will be remembered that these

fibres are short fibres which have entered the cord in the nearest posterior
root. Degeneration usually appears early in that part of the column of

Burdach which borders the posterior horn. The column of Goll varies

as to the extent of involvement. In many cases it is only slightly af-

fected, in others the degeneration is marked. As the fibres of this col-

umn come mainly from the last lumbar and first two sacral segments, it

is seen that its condition depends entirely upon the integrity of these

roots. The fibres of the posterior columns have two sources: (1) enter-

ing fibres of the posterior roots; (2) fibres from cells in the gray matter

of the cord. The latter are situated mainly in a narrow strip behind the

posterior commissure and in the median oval area of Flechsig. These

fibres are unaffected in tabes.

The appearances of cross sections in the dorsal and cervical regions
in lumbar tabes are dependent upon an ascending degeneration of the

fibres affected below. The columns of Goll are thus usually affected,

while the columns of Burdach are often only slightly involved. If at

any level of the cord degenerated root fibres enter the cord, there results

a degeneration in the zone of Lissauer and in the baud of fibres lying

along the posterior horn at that level.

Earely the tabetic process begins in the cervical region. In these

cases section of the cervical cord shows not only normal endogenous
fibres, but a normal condition of the column of Goll and of such part of

the column of Burdach as originated below the level of the lesion. Some-

times the dorsal roots are affected with the cervical. In cervical tabes
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the cord below the affected region is normal, while above is the lesion of

an ascending degeneration. The lesion may in any case be asymmetrical,
one root of a segment being affected while the other remains normal.

Marie describes a variety of tabes in which the lesions begin in the

cranial nerves.

In cases of advanced tabes (Fig. 533) there are often almost no nor-

mal nerve fibres in the posterior columns, the columns of Goll, of Bur-

dach, and of Lissaner presenting little but dense fibrous tissue. The

posterior fissure may be completely obliterated. There usually remain,

however, even in advanced tabes, undegenerated fibres bordering the pos-

rjp

FIG. 533. TABES DORSALIS.

Cervical region, showing an advanced stage of the lesion.

terior commissure and the adjacent parts of the posterior horns. The
median area of Flechsig also remains intact. As already noted, these

fibres are endogenous.
The microscopical appearance of the degenerated areas varies with the

stage of vhe process (Fig. 534). The new connective tissue may be at

first quite cellular; later the fibrillar elements predominate and the

tissue becomes dense and firm. Of the nerve fibres some have disap-

peared, others show degeneration of their medullary sheaths and axis

cylinders. Some few normal fibres are usually present even in advanced

sclerosis. The blood-vessels often have thickened walls. There may be

corpora amylacea and fat globules, the latter either free or collected in

cells.

The lesion of tabes is not, however, confined to the posterior columns.

The fibres of these columns are constantly sending collaterals and termi-

nals into the gray matter. Most of these pass into the posterior horns,

an especially well-marked group entering Clarke's cell column. The

posterior horns are therefore usually smaller than normal, with a marked
reduction in the number of fibres entering them from the posterior col-
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umns, while the columns of Clarke show a diminution in the number of

delicate fibrils which normally surround the ganglion cells.

Changes have also been described in the spinal root of the fifth cranial

nerve and in the fasciculus solitarius which consists of afferent fibres of

FIG. 534. POSTERIOR SPINAL SCLEROSIS. (TABES DORSALIS.)

A portion of sclerosed area in the posterior columns of the spinal cord, a. New-formed connective tissue ;

h, blood-vessels ; c, nerve fibres ; d, atrophied nerve fibres.

the vagus and glosso-pharyngeal nerves. These fibres are analogous to

those of the posterior columns and the changes in them are similar.

Degenerations of a secondary character may occur in those systems
of neurones which are more or less dependent upon the peripheral sen-

sory neurone system for their impulses. Thus the cells of Clarke's col-

umn may be affected, with resulting degeneration of their axoues which

make up the direct cerebellar tract. This degeneration extends through
the restiform body to the termination of the tract in the cerebellum.

The cells of the gray matter whose axoues form Gowers' tract may be

degenerated, with consequent degeneration of the fibres of this tract,

lu the medulla the cells of the nucleus gracilis and nucleus cuneatus

may be affected, thus determining an ascending degeneration along the

tracts followed by their axoues. Similar in character is the degeneration
of the cells of the anterior horns noted by Condoleon. These changes in

the anterior-horn cells have been accepted by some investigators as ex-

planatory of the various trophic disturbances which so frequently occur

during the course of tabes. Similar changes have been found in the

nuclei of two of the motor cranial nerves, the oculomotor and the hypo-

glossal. Others ascribe the trophic disturbances to a peripheral neuritis.

Marie '

describes a case interesting in this connection, in which there was

marked herniatrophy of the tongue with distinct changes in both main

and accessory nuclei of the hypoglossal nerve on the same side, the oppo-

1

Marie, loc. cit., p. 258.

52
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site nuclei being normal. Oppenheimer describes a similar case of tabes

"with laryngeal crises in which there were pronounced degenerative changes
in the pneuniogastric nucleus and in the ascending root of the glosso-

pharyugeal. Changes have been described in the cells of the cerebral

cortex. They are similar to those found in dementia paralytica, but

less marked.

Although various hypotheses have been advanced iu explanation of the tabetic

lesion, and especially iu reference to "the fairly constant selection of certain groups of

neurones, doubt still exists as to the origin and essential nature of the process. Earlier

writers looked upon the lesion as a primary sclerosis of the posterior columns, probably
of vascular origin. Flechsig

' and Trepinski
'
2 describe the posterior columns as made up

of several distinct systems of fibres, each system distinguishable from the others by its

period of ripening or myelinization. They assert that the tabetic process affects these

different systems successively. As the systems overlap one another, this would explain
the admixture at certain stages of tabes of normal and abnormal fibres. Present

knowledge favors the view that tabes is a primary degeneration of the peripheral sen-

sory system of neurones, the degeneration affecting the entire neurone, and that the

picture presented ^by the tabes cord varies with the particular neurones affected. The
cell bodies of these neurones are in the spinal ganglia and their cranial analogues.

Thorough examinations of spinal ganglion cells have as yet been made in too few cases

to warrant any general conclusions. Degeneration of spinal ganglion cells in tabes has

been reported even in cases dying early in the disease. Such degenerations are best

shown by the method of Nissl, the general application of which is comparatively
recent. Certain it is that a degeneration which affects both peripheral and central proc-
esses of the neurone, and yet is most pronounced in those parts of the neurone farthest

removed from its nutritive centre, is most easily explained on the basis of some agent

affecting the general metabolism of the neurone. A majority of the cases of tabes give
a syphilitic history. Our knowledge of the effects of toxins upon neurones is certainly
not opposed to the consideration of such a toxin as the etiological factor in tabes.

COMBINED SYSTEM DEGENERATION ATAXIC PARAPLEGIA. This is

a disease of uncertain etiology, in which there are degenerative changes
in both motor and sensory neurone systems (Fig. 535). The tracts usu-

ally involved are those of Burdach and of Goll, the direct cerebellar

tracts, and the crossed pyramidal tracts. Less commonly the degenera-
tion extends to the tracts of Gowers and to the direct pyramidal tracts.

It seems probable that the lesion in the cord is not always the expression
of the samejpathological process, and that in many cases it is not the

result of a true systemic degeneration. In perhaps the minority of cases

the lesion corresponds to the tract systems of the cord and probably

represents a combined sensory-motor degeneration. Such are those rare

cases in which the degeneration affects all of the above-mentioned tracts.

According to Dejerine, the appearance of a combined system disease may be

induced by the chronic meningitis, which exists over the posterior columns in tabes,

extending forward over the direct cerebellar tract, the productive inflammation finally

spreading to this tract and to the crossed pyramidal. In these cases that part of the

latter tract which lies deepest, i.e., close to the gray matter, usually remains unin-

1

Flechsig, "Die Leitungsbahnen im Gehirn und Rilckenmark," Leipsic, 1878. "1st
die Tabes Dorsalis eine System-Erkrankung?

" Neur. Cent,, Bd. ix.
2
Trcpinski,

" Die embryonalen Fasersysteme in den Hinterstrangen und ihre Degen-
eration bei der Tabes Dorsalis." Arch. f. Psych, und Nerv., Bd. xxx., 1897.
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volved. Marie lays particular stress upon the arterial systems of the cord as the prime
factor in many cases, calling attention to the fact that the lesion, as it is most commonly
found, coincides almost exactly with the distribution of the posterior spinal arteries.

By others the lesion is ascribed to a multiple sclerosis, the restriction of the degeneration
to definite tracts being only apparent. It is possible that in some cases the patho-

logical picture of a combined sclerosis may be due to secondary degeneration following

myelitis.

A subacute type of combined system degeneration has been described by Russell. '

The degeneration involved the same tracts affected in the more chronic type, and was

\

FIG. 535. -COMBINED SYSTKM DISEASE.

Showing: degeneration and sclerosis in the columns of Goll, the direct and the crossed pyramidal tracts, and
the direct cerebellar tract.

often very extensive at some levels of the cords studied, there being only a thin layer
of normal fibres covering the gray matter.

Under the name of diffuse degeneration of the spinal cord, Putnam and Taylor*
describe a somewhat similar condition, leaving open the question as to the systemic
nature of the process.

FRIEDREICH'S ATAXIA. (Hereditary Ataxia. )

This disease while often referred to as hereditary ataxia, has more of

a family than of a distinctly hereditary character. Its pathology is

marked by a decrease in the size of the spinal cord, the diameter of which
is often not more than three-quarters that of the normal cord. Degeii
eration of the columns of Goll is usually quite complete. Less marked

degeneration is found in the columns of Burdach, in the direct cerebellar

and in the crossed pyramidal tracts. The marginal tract of Lissauer may
or may not be affected. In the posterior horns and in the columns of

Clarke the condition, resembles that in tabes. There may be atrophy of

the cerebellum.

1

Brain, Spring, 1900, vol. xxiii., No. 89.
2 Journal of Nerv. and Ment. Disease, January and February, 1901.
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Marie notes in addition, atrophy and disappearance of the cells of Clarke's column.

Blocq and Marinesco 1 describe degeneration of the posterior root fibres similar to that

found in tabes. Friedreich 2 and Riitimeyer
3 find atrophy of the anterior horn cells.

The determining cause of the disease and the nature of the morbid process are as yet
undetermined. It seems probable that the condition of the cord may be more properly
considered an abnormality of development rather than a degeneration.

CEREBELLAR ATAXIA.

Atrophy of the cerebellum was noted as sometimes occurring in Fried-

reich 's ataxia. In that disease, however, the cord lesion was most

marked. In cerebellar ataxia the lesion of the cord is slight or absent,

the chief lesion being an atrophy of the cerebellum. This atrophy is

accompanied by little or no sclerosis, the organ being simply smaller

than normal.

INFLAMMATION.

INFLAMMATION OF THE BRAIN. (Encephalitis.}

Acute Encephalitis, Inflammatory processes in the nervous system,
whether of an exudative or of a productive type, are frequently consecu-

tive to or coincident with the more severe forms of degeneration or other

lesions, thus making differentiation of the processes often extremely dif-

ficult. It has been already mentioned that the brain tissue about haemor-

rhages and areas of embolic and thrombotic softening may undergo in-

flammatory changes leading to the formation of new connective tissue.

There is a class of cases in which localized areas of the brain undergo

softening, with more or less extravasation of red and white blood cells

and hypersemia, so that the softened material consists, as seen under the

microscope, of detritus of brain tissue in a condition of fatty degenera-

tion, often with more or less pus cells and pigment. When such areas are

red in color from intermingled blood cells or pigment, the condition is

called red inflammatory softening. When fatty degeneration prevails, and

the red blood cells or their derivatives are not abundant, the softened

area looks yellow or yellowish-white, and this is often called yellow in-

flammatory softening. The origin of these processes is very obscure and

their inflammatory nature not well defined.

ABSCESS OF THE BRAIN. Small multiple abscesses of the brain may
occur in pyaemia. Large abscesses of the brain are usually single ; they

may attain a large size. They are most frequent in the cerebral and

cerebellar hemispheres, rare in the basal ganglia, the pons, and the

medulla oblongata.
There may be an irregular cavity containing thin pus and softened

1

Blocq, P. and Marinesco, O., "Sur 1'Anatomic Pathologique'de la Maladie de Fried

reich." Compte rend. Soc. de Biol., 1890.
2
Friedreich, N., Virchow's Arcliiv, Bd. 86, 1881.

3
Riitimeyer, L., Virchow's Arcliiv, Bd. 110, 1887.
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brain tissue. The walls of the cavity are ragged and infiltrated with

pus, and outside of the walls is a zone of O3dematous and softened brain

tissue. If the abscess be near the pia mater, meningitis may follow
;
if

it be near the lateral ventricles, it may rupture into them
;

if it be near

the sinuses of the dura mater, it may induce thrombosis. An abscess

may in time become enclosed in a capsule of connective tissue.

Abscess of the brain is most frequently secondary to chronic suppu-
rative otitis (42.5 per cent, Gowers), much less frequently to acute otitis.

With the otitis there may also be caries of the temporal bone, suppura-
tion of the mastoid cells, and inflammation of the dura mater. The
abscess is usually situated deep in the brain, commonly in the temporo-

sphenoidal, the frontal, the occipital or the parietal lobes, or in the

cerebellum; rarely it is continuous with the inflamed dura mater and

bone. Abscess may follow chronic lesions in the orbit or caries of vari-

ous parts of the cranial bones.

Abscess of the brain frequently follows traumatism, blows, or falls

on the head. Such injuries may not damage the skull, or may produce
fractures or necrosis. There is often a considerable interval between

the time when the injury is inflicted and the development of the symp-
toms.

When the cranial bones are uninjured the abscess is usually deep in

the brain
;
when there is necrosis of the bones the abscess may be super-

ficial ;
when the bones are fractured the abscess may be either superficial

or deep. The abscess develops rarely in the opposite side of the brain.

In acute exudative meningitis from various excitants there may be an
infiltration of the brain with leucocytes ;

this may be especially marked
in the perivascular tissue and around the ganglion cells.

An Acute Disseminated Encephalitis,
'

haematogenous in character, may
develop during the progress of an infectious disease. It is most com-

mon in infective endocarditis, in pyaemia, and in epidemic cerebrospiual

meningitis. It may be associated with acute anteropoliomyelitis, ap-

parently due to the same obscure etiological factor. The lesion consists

in disseminated foci of inflammation, or minute multiple abscesses.

Some of these are microscopic in size, others may be seen with the naked

eye. The smallest show simply sniall-round-cell infiltration of the walls

of one or more small vessels and of the surrounding tissue. The larger

spots, which undoubtedly take origin in the same way, are seen to be

softer than the rest of the tissue, and resemble red or yellow softening,

according to the amount of red blood cell extravasation. Congestion is

usually marked. There may be distinct haemorrhages. Degenerative

changes with disintegration of the exudate usually set in and determine

destructive changes in the neighboring neurone and ueuroglia elements.

At the periphery of one of these abscesses the neuroglia, instead of being
in a degenerating condition, usually shows proliferation. In the case of

1 Under the head of " Acute Parenchymatous Encephalitis
" has been described a

lesion of the ganglion cells without vascular or interstitial changes. These lesions are

the result of toxaemias of either endogenous or exogenous nature. They are more prop-

erly classed as parenchymatous degeneration.
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one of the more minute inflammatory foci complete resolution may
occur with absorption of the exudate. In the larger abscesses there may
be absorption of the exudate and of the products of degeneration, and
a replacement neuroglia hyperplasia, ultimately resulting in a sclerotic

patch.

Suppurative encephalitis may occur as a result of traumatism or from

extension of suppurative meningitis.

A form of encephalitis which has been designated acute noii-suppu-
rative hsemorrhagic encephalitis, has been described by Striimpell, Leich-

tensteiu, Oppeuheim, Putnam,
1 and others. The lesion consists in the

occurrence of multiple hsemorrhagic, inflammatory foci, which are non-

suppurative, and which are accompanied by leucocytic infiltration. These

foci may occur in any part of the brain, but are most numerous in the

white matter of the brain and basal ganglia. Some of these haemorrhages

may be quite large.

ACUTE INFLAMMATION or THE SPINAL CORD. (Acute Myelitis.')

Inflammation in the spinal cord is quite analogous to inflammation

in the brain.

Acute Disseminated Myelitis
2 runs a rapid course and proves fatal in a

short time. The inflammation may involve nearly the whole length of

the cord, but is usually more intense in some places than in others. The
cord is swollen and congested, it is infiltrated with pus cells, the connec-

tive tissue is swollen, and there is degeneration of the nerve elements

proper.
More frequently an acute myelitis is more localized. It involves but

a small portion of the length of the cord, while laterally it may com-

pletely cross it, and is hence spoken of as a transverse myelitis. When
the cord is removed and laid upon the table, if the lesion is marked, a

flattening of the cord at its seat may be observed; or on passing the

finger gently along the organ, the affected segment will be found softer

than the rest of the cord, sometimes almost diffluent. On making a sec-

tion through the affected portion the nerve tissue may appear white or

red or yellowish or grayish.
3

Microscopial examination shows different appearances, depending
upon the stage of the degenerative or inflammatory process. There may
be much blood, or, if the lesion has existed for some time, blood pig-
ments ; also fragments of more or less degenerated nerve fibres and gan-

glion cells (Fig. 536), myelm droplets, free fat granules, and larger and

'Putnam, Jour, of Nerv. and Ment. Dis., vol. xxiv., 1897, bibliography.
2 Acute parenchymatous myelitis, like its analogue in the brain, is a lesion of the

ganglion cells, and is more properly classed as a degeneration. Embolic and throm-
botic softenings are more rare in the cord than in the brain, and are necessarily mxich
more restricted in extent. When of an inflammatory character they resemble the simi-

lar brain lesion and are red or yellow according to the amount of extravasation.
3 It should be remembered that the mechanical injury to the cord in removal, such as

r.rushing or bruising, may reduce the injured portion to a pulpy consistence and thus

produce appearances somewhat similar to those of some forms of inflammatory soften-

ing. See reference to Van Oieson, on Artefacts of the Nervous System, p. 717.
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smaller cells filled with fat granules (Gluge's corpuscles), pus cells, gran-

ular matter, neuroglia cells, and sometimes corpora amylacea. The vari-

ous combinations of these elements give rise to the different gross ap-

pearances which the diseased part presents. In earlier stages of the

FIG. 536. DEGENERATED TISSUE FROM ACUTE MYELITIS.

lesion the blood-vessels may be dilated, the nerve fibres and cells swollen
;

or the walls of the blood-vessels maybe thickened or fatty, or surrounded

by a sheath of leucocytes and cells derived from the connective-tissue

cells of the adventitia.

The lesion is apt to commence in the gray matter or at its edge, and
then extend first laterally and afterward upward and downward.

In a certain number of cases the degenerated material maybe absorbed

and a cicatrix or cyst formed. After the least extensive forms of the

lesion there may be a restoration of the functions of the cord.

Secondary degeneration, both ascending and descending, may occur

in this form of myelitis, varying in extent according to the size of the

primary lesion. The terms central myelitis, peripheral myelitis, and uni-

lateral myelitis, are sometimes used to designate localizations of the lesion.

Poliomyelitis Anterior Myelitis of the Anterior Horn. This name is

applied to a group of cases which are characterized by clinical symptoms
indicating changes in the anterior horns. The disease is most common
in children, under the name of infantile spinal paralysis, but occurs also

in adults. It usually begins with symptoms of an acute infectious dis-

ease, the paralysis supervening after a few days. It varies in acuteuess,

severity, and duration. In many cases there is complete recovery, and

then we must suppose that the changes in the nervous tissue were not

destructive in character. In other cases the symptoms are more perma-

nent, indicating a destructive lesion.

At first a considerable group of muscles, usually of the arms or legs,

is affected. Eesolution taking place, there may be complete disappear-
ance of the paralysis. More commonly there is return of function in

most of the muscles, while some few remain permanently paralyzed and

become atrophied. The lesion is most frequent in the lumbar and cer-

vical enlargements, but may occur anywhere, and is often found in scat-

tered patches. Earlier autopsies were in cases of long standing, and
the changes found consisted in degeneration (Fig. 537), shrinkage, pig-
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mentation, and atrophy of the ganglion cells of the anterior horns, an

increase in the connective tissue of the corima and of the adjacent white

matter, often with destruction of considerable portions of the horns,

atrophy of the anterior roots, and distortion of the cord.

Instead of this shrinkage and atrophy of the horns there is sometimes

found, especially if the case come to autopsy not too long after the onset,

a gelatinous condition of the horns, the place of the horns being occupied

by young neuroglia tissue with many branching cells and fine delicate

fibrils resembling glioma (Fig. 538). This gliomatous tissue may break

down, forming a cavity surrounded by young neuroglia tissue. More re-

cently autopsies made early in the course of the disease show that the

changes described above represent only later stages of what originated

FIG. 537. POLIOMYELITIS AXTKIUOK.

A, Normal ganglion cells surrounded by nerve fibres: B, degenerated ganglion cells; C, granular masses
at place of ganglion cells ; D, small cavity containing fluid.

as an acute inflammatory process. Examination of the cords from such

early cases shows congestion, exudation of leucocytes into the perivas-

FIG. 538. ACUTE ANTERIOR POLIOMYELITIS.

Death seven weeks after onset. Showing gliomatous tissue in both horns, with cavity formation in one of

them.
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cular and nerve-cell spaces, and proliferation of the ueuroglia. Degen-
eration of the nerve cells occurs, probably secondary to the inflammatory
lesion. The inflammation is similar to that of an ordinary acute mye-
litis, but seems to be confined

mainly to the area of distribu-

tion of the anterior spinal artery.

In about one-third of the

cases which are clinically in-

cluded under acute anterior po-

liomyelitis, the onset is without

fever, and there is at no time

any evidence of the existence of

an inflammatory process. While
thrombosis of a branch of the

anterior spinal artery or haemor-

rhages into the anterior horns

have been suggested in explana-
tion of these cases, their patholo-

gy remains as yet undetermined.

Acute Ascending Paralysis

Landry's Paralysis. This is a

rare disease characterized clini-

cally by a rapidly ascending

paralysis, beginning in the lower

extremities and progressing up-
ward to involve the body, arms,
and head. Until recently no

pathological changes were

known to explain the symptoms.
Within the last few years a number of cases have been reported in which
the lesion was an acute myelitis with or without an accompanying poly-
neuritis (Fig. 539).

FIG. 539. LANDRY'S PARALYSIS.

Section of spinal cord showing acute inflammatory proc-

ess about the blood-vessels.

FIG. 540. LANDRY'S PARALYSIS.

Showing blood-vessels from Fig. 539, more highly

magnified. There are congestion and infiltration of

the walls with leucocytes.

FIG. 541. LANDRY'S PARALYSIS.

Showing blood-vessels from Fip. 539, more highly

magnified ; leucocytes iin the walls.

Bailey and Ewing '

reported a case in which the cord showed congestion with capil-

lary hemorrhages and circumvascular small round-cell infiltration (Fig. 540 and 541).

The ganglion cells were in various stages of degeneration. Similar lesions have been

reported by Marie and Marinesco, by Hertz and Leslie, and by others. Mills and Spiller

report in some cases a polyneuritis in addition to myelitis. Krewer finds an acute

myelitis and neuritis, and considers the lesion due to a non-specific infection. Brault

1 Consult Bailey and Ewing, New York Medical Journal, July, 1896.
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reports three cases in which symptoms of Landry's paralysis followed lymphangitic
abscesses from excoriation of lower limbs. He considers these cases of "

myelic locali-

zation of a streptococcus infection." Remlinger describes a case in which the strepto-
coccus was detected in the spinal-cord substance by cultivation and by stained sections.

Remlinger also states that he has induced symptoms of an acute ascending paralysis
in rabbits by inoculating them with pus from a septic abscess.

INFLAMMATION OF THE KEEVES. (Neuritis.}

In the nerves, as in the brain and cord, degenerative changes commonly accompany
inflammation, and a distinction is often difficult. The difficulty in sharp differentiation

ues in the fact that degenerative changes in nerves, when intense or long continued,

often lead to inflammations, and that inflammatory conditions in nerves often determine

secondary degenerative changes in the nerve fibres.

Acute Exudative Neuritis. Acute inflammation of the nerves may oc-

cur as the result of injury, or it may be secondary to an inflammatory

process in their vicinity, although, owing to the dense lamellar sheaths

and the special blood supply, the nerve trunks may escape participation
in even very severe inflammatory processes in surrounding tissues. The
inflamed nerve may be red and swollen and infiltrated with serum and

pus cells. The process may undergo resolution or terminate in destruc-

tion of the nerve, or it may become chronic and result in the formation

of new connective tissue. Degeneration and regeneration of the nerve

fibres, similar to those described as following division of nerve trunks,

may occur in acute neuritis.
"
Multiple Neuritis

"
(Degeneration). While for convenience of refer-

ence described under its usual title, this lesion is probably always a de-

generation, and would be properly classified under the head of neurone

degenerations of toxic origin. It is caused by the action of certain ruin

FIG. 542. DEGENERATION OF NERVE FIBRES IN MULTIPLE NEURITIS.

From a case of alcohol poisoning. Specimen stained with osmic acid. The broken-down medullary sheath

and fat droplets are stained deep black.

eral poisons, for example, alcohol and lead. It occurs as a complication

of, or succedaneum to, certain infectious diseases, for example, diph-

theria, septicaemia, measles, smallpox, etc. It is sometimes apparently

idiopathic. Changes of a degenerative nature are found in the peripheral

nerves, and are more marked near the periphery than near the cord.

Thus the most common nerves affected are the anterior tibial and the

radial. The most marked changes are in the nerves themselves, there

being little or no change in the connective tissue. More rarely, espe-

cially in very acute cases, there are reddening and swelling with some in-

flammatory reaction in the interstitial tissue. The fibre lesion shows best

in specimens treated with osmic acid and teased in glycerin (Fig. 542).

Here the niyelin sheath is seen to be broken up, and instead of a contin-

uous envelope of black stained niyelin, the myeliu is represented by larger



THE NERVOUS SYSTEM. 827

or smaller black droplets scattered along a broken or degenerated axis

cylinder. There may be some increase in the connective tissue. The
sheath of Schwanu is usually intact. It is of interest to note that in a

number of cases (as yet too few to warrant general conclusions) changes
have been found in the cells of the anterior horn analogous to those

found after injury to motor nerves (page 803). The muscles supplied

by the affected nerves show various stages of atrophy. The cord and

nieninges usually remain normal. In some cases a spinal meningitis
and more or less myelitis have been described.

CHRONIC INFLAMMATION OF THE BRAIN, CORD, AND SERVES.

While this term should be applied only to a primary increase in the

neuroglia elements at the expense of the parenchymatous, thus making
the degeneration of the nervous tissue proper entirely secondary, it is

very difficult always to eliminate the possibility of preceding degenera-
tive changes. Histologically the lesion consists in a proliferation of the

ueuroglia elements. The ueuroglia cells increase in number, some of the

new-formed cells having many processes, others few. In the early cellu-

lar stage of its formation the proliferative area is soft and gelatinous,
and tends to increase the size of the part. With further progress of the

sclerosis, there is a disproportionate development of fibres attached to

the cells, and finally of fibres independent of cells. With the increase

of fibres the affected area becomes firmer, making a sort of dense /elt-

work of interlacing fibrils. In this meshwork are found nerve fibres in

various stages of degeneration.
Chronic Interstitial Encephalitis Sclerosis. This lesion of the brain

tissue may occur diffusely, occupying an entire lobe or more or less of the

whole brain, or in circumscribed small areas. It consists essentially in

an increase of the connective-tissue elements, the neuroglia, and an atro-

phy of the nerve elements, particularly the ganglion cells and the medul-

lary sheaths of the nerves. With these changes are usually associated

the formation of Gluge's corpuscles, corpora amylacea, granular and

fatty degeneration of the nerve elements, and thickening and prolifera-

tion of cells of the walls of the blood-vessels. The areas of sclerosis may
be very dense and hard, or gelatinous in consistence.

The diffuse form of sclerosis is most frequently seen in general pare-
sis of the insane, and not infrequently in the brains of drunkards.

A peculiar feature of disseminated sclerosis is that the patches,
whether in the brain or cord, do not induce the expected secondary

degeneration. It is, in fact, uncommon to find secondary degeneration

resulting from* even a large patch of sclerosis. This is believed to be due
to the fact that in nearly all of the patches the axis cylinders persist even

after complete destruction of the medullary sheaths.

The circumscribed form of sclerosis, multiple sclerosis (scUrose en

plaque}, is much more common than the diffuse form, and may possibly
occur in the brain alone, or more commonly is associated with a similar
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lesion in the spinal cord. The areas of sclerosis vary in size from that

of a pea to that of an almond. They may be few or numerous, they may
be white, grayish, or grayish-red in color, and are usually but not always

sharply outlined against the unaltered brain tissue. Although in many
cases the increase in the connective-tissue elements seems to be the pri-

mary lesion, and the degeneration of the nerve elements secondary to

this, it is quite possible that in some cases the increase in connective tis-

sue may be secondary to a degeneration of the nerve elements from loss

of nutrition or from other causes.

There is reason for the belief that multiple sclerosis may sometimes be

the result of disseminated local necrotic lesions of acute infectious dis-

eases scarlatina, for example, occurring at an early period of life.
'

Encephalitis in the New-Born.

This condition, first described by Vircliow, is said to consist in the formation of

circumscribed collections of cells of various sizes containing many fat granules (granu-
lar corpuscles) and forming yellowish masses, from 1 mm. to 6 mm. in diameter, in the

brain tissue. A more diffuse occurrence of granular corpuscles is also described, but

this is said by some observers to be physiological. The nature of this lesion is but little

understood, and is still the subject of controversy.

LESIONS OF THE BRAIN IN GENERAL PARESIS OF THE
INSANE.

The changes in this disease are in the main those of chronic diffuse

encephalitis, but the appearances vary greatly and depend to some extent

upon whether the brain is examined in early or late stages of the disease.

A.ccording to Meyer, in the early stages of the disease the convolutions,

particularly of the anterior cerebral lobes, are swollen, the gray matter

is congested and softened in places. The brain tissue is more or less

infiltrated with leucocytes. Fatty degeneration of the walls of the

capillaries, and punctate haemorrhages, are also common.
In later stages of the disease a great variety of changes may be ob-

served: hsemorrhagic pachymeiimgitis, thickening of the dura mater,

and close adhesions to the skull
; thickening and opacities of the pia

mater, adhesions of the latter to the dura mater and to the brain tissue.

The brain tissue is apt to be atrophied, is often very soft, and the ventri-

cles are dilated and filled with fluid. The pia mater may be cedematous,
the ependyma thickened and roughened. On microscopical examination

the neuroglia is found to be increased in amount, the ganglion cells are

shrunken and sometimes pigmented; the nerve fibres may also be

atrophied, and the blood-vessels in a condition of fatty orlryaline degen-
eration. There may be an accumulation of fatty and granular cells along
the walls of the blood-vessels. Secondary degenerations in the spinal
cord are not infrequently observed.

a

1 See Oppenheim, Berl. klin. Wochenschrift, March 3d, 1896.
2 It is very difficult to make positive and definite statements regarding many such

lesions of the brain as those just indicated, or in general of brain lesions whose nature
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Chronic Interstitial Myelitis. Under this heading are embraced a

variety of lesions which probably differ from one another somewhat
in the nature of the changes involved, but more in the seat of the dis-

ease. We shall consider without special classification the most impor-
tant forms.

Chronic Transverse Myelitis. In certain cases of pressure on the spinal

cord from a tumor or from displacement of the bones of the vertebral

column, etc., instead of becoming softened or undergoing acute inflam-

matory changes, the cord becomes the seat of a localized formation of

new connective tissue, with consecutive atrophy of more or less of the

nerve elements in the gray and white matter. The cord becomes in this

way harder, and sometimes shrunken at the seat of lesion, and gray in

color. This change may be followed by ascending and descending de-

generation.
Chronic Disseminated Myelitis Multiple Sclerosis. This lesion, similar

in its nature to multiple sclerosis of the brain, often occurs with it. It

consists in the formation, in more or less numerous scattered, circum-

scribed areas, of new connective tissue, apparently derived from the neu-

roglia. The formation of new connective tissue is preceded or accom-

FIG. 543. MULTIPLE SCLEROSIS IN THE SPINAL CORD.

Showing irregular areas in which there are atrophy of the nerve fibres and their replacement by connective

tissue.

panied by degeneration and atrophy of the nerve fibres and ganglion
cells. The new connective tissue consists of the characteristic branching

ueuroglia cells, surrounded by a more or less dense network of fine

fibrillae, many if not most of which seem to be branches of the neuroglia
cells. Corpora amylacea and sometimes fat droplets, either free or con-

tained in cells, may be present in the sclerosed areas.

must be revealed by microscopical study, because our technical procedures in the study
of the brain, even in normal conditions, are still in many respects quite unsatisfactory
and incomplete. The brain tissue is so delicate and so liable to post-mortem changes,
and the effects of different preservative agents are so liable to variations, that great
caution is necessary in arriving at conclusions regarding the more minute lesions affect-

ing the nerve tissue of the brain.
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The areas of sclerosis may involve both gray and white matter, and

may be very small or large (Fig. 543). If very small or in early stages
of formation, they may not be recognizable by the naked eye, bnt when
visible they are grayish, translucent, and firmer than the surrounding
tissue, and may or may not present a depressed surface

; they sometimes

project above the general level. The cause of this as of all other forms
of so-called idiopathic interstitial myelitis is very obscure. As noted in

multiple sclerosis in the brain, secondary degenerations are rare, and

probably for the reason there given.

Chronic Interstitial Neuritis. This is essentially a chronic interstitial

inflammation resulting in an increase of the connective tissue in the nerve

sheaths and intrafascicular bands. As a result of this the nerve fibres

undergo atrophy from pressure ;
the medullary sheaths and finally the

axis cylinders being in many of the fibres partially or completely de-

stroyed.

Tic Douloureux. Changes in the peripheral branches of the fifth

cranial nerve removed from obstinate cases of trifacial neuralgia have

been reported in a considerable number of cases. These changes consist

in degeneration of the axis cylinders and of their medullary sheaths. In

a smaller number of instances changes have been reported in Gasserian

ganglia removed from such cases. The changes in the ganglia consist in

atrophy and disappearance of the nerve cells with increase in the con-

nective-tissue elements. A peculiar shrunken condition of the cell in

which the cell retracts to one side of its cell space is a fairly character-

istic feature.

TUBERCULOUS LESIONS IN THE NERVOUS SYSTEM.

Tuberculous inflammation whether of the brain or cord is usually sec-

ondary to tuberculous inflammation in other organs, and is most fre-

quent as an extension of tuberculosis of the meninges. In the brain sub-

stance it usually manifests itself in the formation of circumscribed masses

of new tissue from 0.5 to 1 cm. in diameter, or larger. These may be

single or multiple, are most common in young persons, and very fre-

quently occur in the cerebellum (Fig. 544). They are apt to occur in

connection with tuberculous inflammation of other organs. They are

frequently called solitary tubercles, and usually consist of a dense cen-

tral cheesy mass, around which is a grayish zone containing tubercle

granula, numerous small spheroidal cells, with occasionally larger poly-

hedral cells and giant cells. They do not, as a rule, seem to be formed

by an aggregation of miliary tubercles, although these may be present
in the periphery. They sometimes suppurate and break down, and then

they simulate simple abscesses. Tubercle bacilli have been found in

these solitary tubercles.

Conglomerate and scattered miliary tubercles of the ordinary form
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sometimes occur in the brain, usually iu connection with tuberculous in-

flammation of the nieninges or ependyma.
In the spinal cord solitary nodules may determine extensive second-

ary degenerations. Multiple tuberculous foci may occur in the cord.

They are rare and usually secondary to tuberculosis of the spinal nie-

ninges.

Tuberculous inflammation of nerves is rare except at their origins,

where it is due to an extension from tuberculous meninges. When a

nerve traverses tuberculous tissues, it may be involved in the inflamma-

tory process.

FIG. 544. -SOLITARY TCBERCLK OF CEREBELLOI.

a, a, Miliary tubercles with plant cells ; 7>, b, miliary tubercles without giant cells ; c, diffuse tubercle tis-

sue ; d, central cheesy mass e, nerve tissue of the cerebellum.

SYPHILITIC LESIONS IN THE NERVOUS SYSTEM.

Syphilitic lesions in the nervous system may occur in either the inher-

ited or in the acquired form of the disease. In the former they usually
show themselves early in life, though cases have been reported after

puberty. Gasne in an examination of twenty-six foetuses of syphilitic

parents found well-marked syphilitic lesions in four. More commonly
it is a tertiary manifestation of the acquired disease occurring from ten

to twenty years after the initial lesion. Less commonly cerebral symp-
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toms make their appearance within a few mouths after the chancre. The
lesion sometimes appears in the brain as the so-called gummy tumors.

These are most frequently found near the periphery of the brain, are usu-

ally connected with the meuinges, and may be sharply circumscribed.

The central portion of the tumor is apt to be in a condition of cheesy

degeneration, and at the periphery is seen fibrous tissue or a dense infil-

tration of small spheroidal cells.

Syphilitic inflammation of the brain very frequently occurs in a dif-

fuse form, characterized by the formation of a gelatinous, grayish tissue,

consisting of a more or less homogeneous or granular basement substance,
with numerous small round cells. The neighboring nerve elements are

apt to be atrophied. A most common syphilitic lesion is a specific arte-

ritis with or without the formation of small guinmatous tumors in the

walls of the vessels.

Syphilitic inflammation in the cord is usually secondary to a similar

process in the spinal meuinges. The size and shape of the gummata are

modified by the restriction of the vertebral canal. The tumors are

mainly significant from the more or less extensive secondary degenera-
tions which they induce.

The relation of syphilis to multiple cerebral and spinal sclerosis is

still uncertain. Its relation to tabes and to dementia paralytica has been

noted under their respective titles. It is probable that most or all of

those rare cases of tabes occurring in children are the results of inherited

syphilis.

Syphilitic inflammation of the peripheral nerves is, like tuberculous

inflammation of nerves, usually dependent upon an extension of the

process either from the meniuges or from some tissue through which the

nerves pass.

ACTINOMYCOSIS.

Actinomycosis of the brain has been described. It is a rare form of

brain infection, and is usually secondary to actinomycosis of the neck or

face. The condition is apt to lead to suppuration and abscess formation.

A case has been reported by Bellinger in which the disease was appar-

ently primary in the brain.

LEPROUS INFLAMMATION.

This occurs in the peripheral nerves and consists in the formation

within the nerves of masses of new-formed tissue somewhat resembling

granulation tissue. In the cells of this tissue multitudes of characteristic

bacilli are uniformly found (see Leprosy). It constitutes the variety of

leprosy known as lepra auaesthetica.
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TUMORS.

Tumors occurring in the nervous system may be of the types found

in the other organs or of types peculiar to nervous tissue. They may be

primary, or secondary to similar growths in other parts of the body.

TUMORS OF THE BRAIN.

Myxoma, fibroma, lipoma, and osteoma are rare forms of brain tumor.

Neuroglioma Ganglionare. This is a form of tumor probably due to

disturbances in the development of the brain. It is peculiar to nervous

tissue and occurs in the form of circumscribed tumors or of diffuse en-

largements of portions of the brain. The pia mater over these tumors

is unchanged and the convolutions retain their shape. The tumors are

formed of neuroglia, in which are contained little groups of ganglion
cells (Ziegler).

Glioma. This is the most common tumor of the brain, and like the

preceding is found only in the nervous system. It occurs with especial

frequency in children and young adults. Such tumors occur in all

parts of the brain, but they are found most frequently in the cerebrum.

There may be a single tumor, or there may be several such tumors in

different parts of the brain
;
some of them attain a large size. Bramwell

reports a case in which considerably more than one-half of a hemisphere
was involved. These tumors may be sharply circumscribed, or merge
imperceptibly into the brain substance

; sometimes the tumor is arranged
so as to form the wall of a cyst which contains clear serum. They may
be white and hard; gray, soft, and gelatinous; infiltrated with small

haemorrhages or partly degenerated and softened. The centre of a gli-

oma may break down and become soft and necrotic or even fluid. In

this way a cyst is formed having a wall of gliomatous tissue. The brain

tissue around these tumors may be inflamed or uecrotic. These tumors

arise from the ueuroglia. The relative quantity of cells and fibrils varies

in different tumors. They are composed of neuroglia cells and their

delicate interlacing processes (for minute structure see "Glioma"). If

the tissue is of a loose formation with wide meshes between the fibres it

presents a myxomatous appearance, and has been described as myxo-

glionia. When the cellular elements are very numerous the tumor is

often referred to as a glio-sarcoma. In some cases the vascularity is such

a marked feature that the name of telangiectatic glioma is applied to it.

(According to Ziegler, a simple preponderance of cells, so long as they
are of the neuroglia type, does not warrant classing the tumor as a sar-

coma, and he insists that the latter term should be reserved for those

gliomata in which an active proliferation of the connective tissue of the

walls of the blood-vessels occurs. ) Osier reports three out of five cases

of gliomata as made up of large cells in contradistinction to the small-

cell variety.
53
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Sarcoma occurs in any part of the brain. It may be single or multi-

ple. The tumors are composed of round or fusiform cells with more or
less basement substance.

Endothelioma is found in the substance of the brain. The tumors are

of the types described as occurring in the pia mater.

Angioma. Small collections of dilated vessels are found in the sub-

stance of the brain. They seem to be congenital like the nsevi of the

skin.

Carcinoma occurs in the brain. It is usually, if not always, secon-

dary to carcinoma in some other organ.

TUMORS or THE CORD.

In the pia mater of the cord are sometimes found small fibromata,

osteomata, and lipomata. Multiple fibromata occasionally occur in the

cord in connection with multiple fibromata of the peripheral nerves.

Endotheliomata of the types described as existing in the pia mater of

the brain are much more rarely found in the pia mater of the cord.

A fatty sarcoma 1 of the pia mater, which infiltrated the cord, formed
a tumor as large as a filbert, and had for twelve years caused gradually

increasing paraplegia, has been described.

Two curious cases
2 of diffuse sarcoma and one of eudothelioma of the

pia mater of the whole length of the cord are recorded. They occurred

in girls of four-and-a-half, sixteen, and twenty-two years of age. In each

case the pia mater of the whole length of the cord was diffusely thickened

and studded with nodules. In two of the cases the growth was com-

posed of round cells, in the third case of large endothelial cells arranged
in alveoli. In two of the cases the clinical symptoms lasted only for

about three weeks, in the third case for five months. The acuteness

of the symptoms was such as to indicate the existence of spinal menin-

gitis.

In the spinal cord itself gliomata, fibromata, sarcomata, glio-sarcomata,

and angio-sarcomata occur, but are rare.

When gliomata or glio-sarcomata do occur in the spinal cord, the new

growth is apt to extend for some distance lengthwise in the cord and to

be attended with the formation of a cavity ; this condition is usually de-

scribed under the name of syr'mgomyelia.

Cysts may occur as a result of softening or from unknown causes.

Sometimes very long, narrow canals are found in the spinal cord, even

reaching nearly its whole length. Some of these are evidently the di-

lated central canal, as they are lined with epithelium. Others, how-

ever, doubtless originate in haemorrhages (see Hsematomyelopore, page

794).

Syringomyelia. This lesion of the spinal cord consists in the formation

1 Turner, Trans. London Path. Soc., xxxix.
8
Coupland, Trans. London Path. Soc., xxxviii. ; Arch, flir Psych., 1885.
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of gliomatous or glio-sarcomatous tissue in the vicinity of the central canal,

and its subsequent partial disintegration with the formation of one or more

FIG. 545. SYRINGOMYELIA.

An irregular cavity in the gray matter of the spinal cord, lined by a thick layer of gliomatous tissue.

cavities within the substance of the cord (Fig. 545). These cavities,

which are filled with fluid, vary greatly in size, shape, and extent, and,

while usually situated in the central region of the cord, may involve the

anterior and posterior cornua and invade the posterior columns. There

may be two communicating cavities, and these may, but usually do not,

open into the central canal. The longitudinal extent of these cavities

varies greatly. The lower cervical and upper dorsal regions are most

frequently involved. The cavity is usually lined with tissue somewhat
denser than that which makes up the bulk of the tumor. The gliomatous
or glio-sarcomatous tissue which forms the basis of the lesion in syringo-

myelia probably originates from the layer of neuroglia which surrounds

or extends away from the central canal.

Syriugomyelia is frequently mistaken for hydromyelia which is a

congenital malformation, and in which the longitudinal cavity in the

cord is at some period lined with epithelial cells. Syriugomyelia has

also been confused with hseinatomyelopore.
There seems, furthermore, to be a class of lesions of the cord, usually

classed as Syriugomyelia, in which cavities of various forms coexist with

a tumor in the vicinity of the central canal. But these cavities do not

appear to be formed by a breaking down of the tumor tissue, but in some
other way as yet little understood.

TUMORS OF NERVES.

The tumors of the nerves may be divided into those consisting largely
of or containing new-formed nerve tissue true neuromata, and the so-

called false neuromata, which are for the most part fibromata or niyxo-
niata originating in the connective tissue of the nerve (see Neuroma).
Myxo-sarcomata are less common, and primary sarcomata rare. The
nerves may be secondarily involved in sarcomata or in carcinomata
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through which they pass, though not infrequently nerves pass through
these tumors without being in the least involved in their peculiar struc-

ture. Paltauf has described as endotheliomata rare tumors of the glan-
dula carotica.

PARASITES.

Cysticercus and more rarely echinococcus occur in the brain.

HOLES AND CYSTS IN THE BRAIN.

Larger or smaller holes may be found in the brain tissue from dilata-

tion of the perivascular lymph-spaces, or well-formed cysts may exist

as a result of haemorrhage, inflammatory softening, hydatids, etc.

PORENCEPHALUS

is a term which has had a wide range of application to various defects of

the brain substance. By some writers the term has been used to cover

almost any congenital absence of brain tissue. By others brain defects not

congenital are included. Its most common application is to certain quite
well-defined congenital conditions in which there is an absence of a con-

siderable portion of one or both hemispheres. These holes may lie deep
in the substance of the brain. More commonly they come to the surface

making conical depressions in the cortex, which the dura mater bridges

over, but into which the pia extends. There may or may not be commu-
nication with the ventricles. This condition may coexist with various

mental aberrations, hydrocephalus, etc. Similar defects may occur in

the cerebellum.

Pineal Gland.

This little body, about the size of a cherry stone, is composed of con-

nective tissue enclosing cavities, which are filled with reticulated tissue

and round cells. The cavities often contain brain sand.

A small number of tumors belonging to the class of teratoma have

been described as originating in the pineal gland.

Weigert
1

describes a tumor, about 3.5 cm. in diameter, composed of

epidermis, hair follicles, hair, sebaceous glands, cartilage, fat, sniot>th

muscle, and cylindrical epithelium.

Falksou2
describes a chondro-cysto-sarcoma, 5.8 cm. in diameter,

which apparently originated in the pineal gland.

Turner3
describes a tumor of the pineal gland, projecting into the

third ventricle and the left lateral ventricle, of the size of a kidney. The

1 Virch. Arch., Ixv., p. 212. Ibid., Ixxv., p. 550.
3 Trans. London Path. Soc., xxxvi.
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tunior was composed of fusiform cells, of nerve-gaugliou cells, of tubules

and acini lined with cylindrical epithelium, and of more irregular spaces

filled with large polygonal cells.

Coats 1 describes a tumor, three inches in diameter, growing into the

third ventricle, the aqueduct of Sylvius, and the fourth ventricle. It

was composed of fusiform cells, of tubules lined with cylindrical epi-

thelium, of irregular masses of epithelium, of cartilage, and of smooth

muscle.

Hypertrophy with cystic degeneration may occur.

Haemorrhage into the substance of the gland has been described.

Hypophysis Cerebri (The Pituitary Body.)

This structure consists of two lobes ; the anterior lobe is composed of

a connective-tissue stronia enclosing cavities which are packed full of

nucleated cells of various sizes and shapes, some of them resembling
nerve cells ; the posterior lobe is composed of vascular connective tissue.

Tumors. Weigert
a describes a tumor, as large as a hen's egg, which

resembled in its structure the normal anterior lobe of the pituitary body,
and which he regards as a hypertrophy of that body. Weigert also de-

scribes a gummy tumor of the pituitary body as large as a hazelnut.

Weichselbaum describes an adenoma of the pituitary body as large as a

pigeon's egg, closely resembling the structure of the normal anterior lobe

of this body ;
a small lipoma ; and a pituitary body with colloid cysts,

lined with ciliated epithelium.

Methods of Preparation of Nerve Tissue for Microscopical Study.

The general methods of hardening have already been given on pages 16 and 19.

For minute study there is no one method of staining and mounting upon which we can

rely exclusively for the study of all lesions. A preliminary examination of areas of

inflammatory softening, or of the disintegrated tissue in apoplectic clots, or of the new-
formed tissue in chronic luzmorrhagic pachymeningitis interna, may be made by teasing

portions of the affected tissues in one-half-per-cent salt solution. Or the tissues in

these lesions, or in any others in which fatty degeneration is suspected, may be placed
for twenty-four hours in one-per-cent aqueous solution of osmic acid, and then washed
and teased in glycerin. In this way the myelin and the fat will be stained brown or

black. Secondary and other degenerations of medullated nerves may be studied by
soaking the nerves for twenty-four hours in one-per-cent solution of osmic acid, and
then staining with picrocarmine and teasing and mounting in glycerin.

To demonstrate the presence of miliary aneurisms in or about apoplectic clots, it

is usually necessary to macerate the brain tissue in water until the nerve elements dis-

integrate, and they may then be washed away under a stream of water, leaving the

blood-vessels with their aneurisms exposed.
Marches Method. For studying early stages of degeneration in medullated nerve

fibres this method is invaluable. It depends upon the fact that while myelin and fat

both stain black, when the fresh nerve fibres are placed directly into osmic acid, a pre-

liminary soaking in a solution of potassium bichromate so affects the tissue that the

myelin sheaths of normal fibres no longer impregnate with osmiun. the fat droplets
alone staining.

1 Trans. London Path. Soc., xxxviii. * Virch. Arch., Ixv., p. 219.
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Tissues are first hardened from one to three weeks in Mliller's fluid, or simply in a
two or three per cent aqueous solution of potassium bichromate. They are then

transferred to a mixture of one-per-cent aqueous solution of osmic acid one part,

Milller's fluid two parts, where they remain from three days to a week.

By following the lines of fat droplets, degenerative changes in nerve fibres may be

traced either in the peripheral nerves or in the central nervous system.

Eofdn-Rffimatoxylin Staining. Suppurative inflammation of the central nervous

system and its membranes, or the connective-tissue changes in general, may be studied

in sections from the tissues hardened in Milller's fluid and alcohol, stained double with

haematoxylin and eosin (see page 59), and mounted in Canada balsam.

Weigert's Method. A very useful method of staining sections of nerve tissue, espe-

cially of the brain and cord, is that known as Weigert's hcematoxylin method. The tissue

Is first well hardened in Milller's fluid.

Blocks of the hardened tissue are embedded in celloidin and sections made in the

usual way. The sections are first soaked for twenty-four hours in a saturated aqueous
solution of neutral cupric acetate diluted with an equal bulk of water, or, if the material

has been kept some time and takes the haematoxylin stain with difficulty, a better result

is often obtained by soaking the sections for from twelve to twenty-four hours in a three

to five per cent aqueous solution of bichromate of copper before staining. They are

now thoroughly washed twice in water, then in alcohol, and then are transferred to the

haematoxylin solution, made as follows:

Haematoxylin crystals 1 gm.
Alcohol, 97 per cent 10 c.c.

Water 90 "

Saturated aqueous solution lithium carbonate 1
"

In this solution the sections remain for two hours. (If the finer fibres of the cere-

bral cortex are to be brought out the sections must remain for twenty-four hours in the

haematoxylin solution.) The sections are now thoroughly washed in two or three

waters and transferred to the bleaching solution, composed as follows :

Potassium ferricyanide 2.5 gm.
Sodium biborate 2.

"

Water 200 c.c.

In this fluid the sections discharge a brownish color, and they remain in it until the

gray matter has a distinct yellow color and the white matter is bluish-black. The
time required to produce this effect varies considerably, and is usually from half an

hour to an hour. The sections are now washed, dehydrated with alcohol, cleared up in

oil of cloves or oil of origanum, and mounted in balsam. The sections may be stained in

alum carmine before dehydration, to bring out the nuclei. In sections stained by this

method the gray matter, connective-tissue elements, and ganglion cells have a yellow
or yellowish-brown color, the axis cylinders are uncolored or have slight yellowish tint,

while the medullary sheaths are bluish-black or black.

Nissl's Staining Method. There are several variations of this method, but the fol-

lowing gives good results in most cases :

The essential feature of the so-called Nissl's method is the application of the aniline

dyes to the staining of certain structural elements in the nucleus and cytoplasm, which

are distinguished from the other structures of the cell by a differentiating decoloriza-

tion with alcohol.

Methylene blue is the most generally useful of the aniline dyes for this purpose.
The specimens should have been carefully hardened in sublimate solution or in

alcohol or in formalin.

Very thin sections are stained in one-per-cent solution of methylene blue. The

staining may be effected on a slide on which the sections are floating in the blue solu-

tion by gently heating over a lamp until the fluid steams.

The sections are now transferred to a mixture of absolute alcohol 90 parts,

with aniline oil 10 parts, in which the differentiation is effected by the use of successive

fresh portions of fluid until slight but distinct differentiation in color is seen between
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the gray and white matter of the nerve tissue. The exact degree of decolorizatiou

which gives the best pictures will be learned by practice of tfie method. In many cases

the use of alcohol alone without aniline oil is preferable to the mixture, and in any cast

the sections should always be washed in strong, pure alcohol before passing on to the

xylol. The sections are now freed from the bulk of the alcohol upon the slide, cleared

in xylol, and mounted in dammar varnish, in which the color is apt to be preserved
better than in balsam. By this procedure the chromophilic bodies in the cytoplasm of

ganglion cells are sharply differentiated, and thus abnormal conditions may be detected

in them (see Plate XIII.).

A contrast stain with erythrosin (Held ') is useful in demonstrating cell structures

which are not visible with the simple Nissl staining. This may be secured as follows :

The sections are first warmed from one to two minutes in the following solution :

erythrosin, gm. 1; acetone, gtt. ij.; aqua dest., 150 c.c. They are then washed thor-

oughly in water and transferred to a solution consisting of equal parts of Nissl 's methy-
lene blue solution and a five-per-cent aqueous solution of acetone. In this they are

warmed until the odor of acetone ceases to be given off. The sections are decolorized

in a one-tenth-per-cent solution of alum until they appear red in color, and are then de-

hydrated in alcohol and cleared and mounted in the usual way.
1

Held, Arch. f. Anat. und Phys., anat. Abt., 1895, p. 396; 1897, p. 204.
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Abbott, Principles of Bacteriology, ref.

155, 288
Abbott and Gildersleeve, on acid production

of bacilli, 258

Abdomen, post-mortem changes in, 20

post-mortem examination of, 19, 27,
41

Abdominal pregnancy, 704

viscera, position of, 20

viscera, sudden death after lesions of,

49

Abel, on removal of adrenal, 363
Abel and Davis, on skin pigment, 89

Abramoic, on peritonitis, 571 ; on syphilitic

changes in blood-vessels, 259, 456
Abrin in toxaemia, ref. 165

poisoning, 357

Abscess, 115

embolic, 77

gaseous, 268

metastatic, 204
nature of, 200
of bone, 734
of brain, 820
of heart, 438
of kidney, 623
of liver, 593
of lung, 497
of mamma, 705
of prostate, 724
of spleen, 407
of testicle, 718

repair of, 120
Acarus scabiei, 142
Achard and Phulpin, on distribution of

bacteria in body after death, 169
Achorion Schonleinii, 160
Achromatic figures in mitosis, 96

Acid, arseuious, 353

carbolic, 356

carbonic, 358

hydrochloric, 352

hydrocyanic, 356

nitric, 351

osmic, 527

oxalic, 352

sulphuric, 351

tartaric, 352
Aconite poisoning, 358
Acrania (see Malformations of Brain), 782

Acromegalia, 366

Actinomyces bovis, 223
in pneumonia, 498

Actinomycosis, 223
in brain, 832

Adamantinoma, 349

Adami, on cell reversion, regeneration,
etc., 598; on flbrosis, 122; on germicidal
capacities of liver, 60; on inflammation.

126; on latent infection and subinfec-

tion, 164; on leucocytosis in pyaemia,
204 ; on origin of tumors, 301 ; on retro

peritoneal lipoma, 572

Adaptation, immunity a process of, 189
in pathological processes, ref. 127

products, table of, 193
Addison's disease, 362

pigment in, 89

Adenie, 390
Adenitis (see Lymph nodes, inflamma-

tion), 394

"Adenoids," 528, 529

Adeno-carcinoma, 337
of stomach, 544
of uterus, 680

Adenoma, 335, 337
of adrenals, 418
of bronchi, 481
of gall ducts, 613
of intestines, 567
of kidneys, 643
of liver, 606
of lung, 520
of mamma, 709
of mouth, 524
of oesophagus, 532
of ovaries, 693
of pituitary, 837
of prostate, 724
of stomach, 543
of testicles, 721
of uterus, 679

Adeno-sarcoma, 320
of dura mater spinalis, 776

Adipocere, 5

Adler, on cardiac syphilis, 441 ; on leuco-

cytes, 111 ;
on malignant tumors of the

lung, 520
Adler and Meltzer, on tissue spaces, 464
Adrenals, 416

accessory, 416
Addison's disease, relation of, to,

363

atrophy of, 416

degenerations of, 416

examination, post-mortem, of, 28

extirpation of, ref. Abel, 363

ha-morrhage in, 417

hyperplasia of, 418
inflammation of, 417
malformations of, 416

necrosis, focal, of, 417
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Adrenals, new-born, post-mortem exam-
ination of, 41

pigmentation of, 417

preservation of, 29
relation of, to nervous system, ref. 416
size and weight of, 29

stroma, 418

syphilis of, 417
thrombosis of, 417
tuberculosis of, 417
tumors of, 418

Aerobic bacteria, 147

Afanassieff, on graduation tissue and in-

fection, 163

Agar as culture medium, 155

Agglutination, 190
of typhoid bacillus, 237
ref. Kohler, 237

tests, ref. 190

Agglutinative substances, 190

Agglutiniu, 190

Ague (see Malaria), 279

"Ague cake," 408

Ahlfeldt, on cysts of placenta, 688
Air emboli, 384

in blood, 384
in pericardium, 419
in pleura, 21

micro-organisms in, 149; also ref. to

Oottstein, 162

Akerlund, on membranous enteritis and
colitis, 560

Albumin film for fixing specimens to slide,

51, 56
Albuminous degeneration (see Degenera-

tion), 79

Albuminuria, 618
Alcohol poisoning, 356

use of, as fixative, 51

Alexander, on relation of adrenals to ner-

vous system, 416

Alexin, 125, 173, 184
Aloes poisoning, 355

Amboceptors, nature and origin of, 188,
189

Amitosis, 98
Ammonia poisoning, 352
Amoeba coli, 128

dysenteriae, 128
in colitis, 555

Amoeboid forms of malarial parasite, 279

Amsperffer, on dermoid cysts of ovaries,

Amyelia, 783

Amyloid bodies, 83

degeneration (see Degeneration), 82
tests for, 83
tumors of larynx, tongue, and trachea,

470, 525
"

Amyotrophic lateral sclerosis, 812

Anosmia, 69, 373
infantum pseudo-leukaemica, 391
marrow changes in, 744
of brain, 788
of kidneys, 617
of liver, 584
of lungs, 482

Anaemia of spleen, 404

pernicious, 386

secondary, 386
Anaemic tissues, appearance of, 69
Anaerobic bacteria, 147

Anders, on cardiac tuberculosis, 440

Anencephalia (see Malformations of

Brain), 782

Aneurism, 456

cirsoid, 458

cylindrical, 456

dissecting, 457

false, 457

fusiform, 456

miliary, 459

miliary, of brain, 790, 837

multiple, of small arteries, 454
of aorta, 458
of brain, 790, 837
of cerebral arteries, 790
of coronary arteries, 459
of heart, 431
of heart valves, 431
of pulmonary arteries, 459
of splenic artery, 403

sacculated, 456

spurious, 457

varicose, 458
Aneurismal varix, 458

Angina (see Pharyngitis), 527

diphtheroid, 209

membranous, 209

Angioma, 331

cavernosum, 333
of bone, 748
of brain, 834
of ependyma, 781
of kidneys, 643
of larynx, 470
of lips, 524
of liver, 605
of penis, 715
of spleen, 411
of tongue, 525
of thymus, 412
of uterus, 679

telangiectoides, 333

Angio-sarcoma, 318, 607

Anguillula, 141

Anhydraemia, 372
Anilin dyes as bacterial stains, 152

gentian-violet solution, 153

Animals, infectious diseases of, 288

parasites, 128

Ankylostoma duodenale, 139

Anopheles, in malaria, 281
Anthracosis of lung, 502

of lymph nodes, 393

Anthrax', 221
bacillus of, 222
of intestines, 554

Anti-bodies, 186

Anticytolysin, 186

Anticytotoxin, 186

Antitoxin, 175
Asiatic cholera, 240

diphtheria, 175, 262
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Antitoxin, Ehrlich's hypothesis of nature

of, 179
nature of, in Ehrlich's side-chain hy-

pothesis, 179

plague, 267

pneumonia, 215

streptococcus, 208
tests for, value of, 176

tetanus, 176, 264

Anus, atresia of, 546

Aorta, aneurism of, 457
atheroma of, 452

dissecting aneurism of, 459
double (see Dissecting Aneurism), 459

hypoplasia of, 368
malformations of, 423
obliteration of, 459

post-mortem examination of, 33

rupture of, 448
stenosis of, 459
tuberculosis of, 455

Aphthae, 525

Apoplexy of brain, 790
of placenta; 686

serous, of brain, 789

Appendicitis, 563

Appendix, bacteria in, 565
calculi in, 564
concretions in, 564

foreign bodies in, 564

gangrene and necrosis of, 564
inflammation of (see Appendicitis),

563
obliteration of, 564
stricture of, 564
tuberculosis of, 564
tumors of, 568

Arachnoid (see Pia Mater), 766

Argyria, 89

Arnaud, on adrenal haemorrhage, 417

Arnold, on angio-sarcoma of liver, 607.;

on fat in cells, 82; on fibrin, 112; on

lymph nodules, 392; on pigment in

cells, 502 ; on weight of heart, 24
Arsenic poisoning, 38, 353
Artefacts of nervous system, 17, 822

Arteries, aneurisms of, 456
atheroma of, 451
calcification of, 449, 452
cerebral lesions of, 797

coronary, aneurisms of, 459

coronary, distribution of, 438

coronary, embolism of, 438

coronary, examination of, 24

coronary, thrombosis of, 436

cysts, atheromatous, of, 451

degenerations of, 82, 449

hepatic, lesions of, 586
inflammation of (see Arteritis), 450

mesenteric, aneurism, miliary, of, 459

pulmonary, aneurism of, 459

pulmonary, embolism and thrombosis
of, 485

renal, embolism and thrombosis of,

617

rupture and wounds of, 448
sclerosis of, 450

Arteries, spinal cord, lesions of, 797

syphilis of, 455

terminal, emboli in, 76
tuberculosis of, 455
tumor emboli in, 460
tumors of, 460
ulceration of, 451

Arterio-sclerosis (see Arteritis), 450
classification of, 454
conditions leading to, 454
forms of, 454

Arteritis, acute, 450

chronic, 450, 454

peri-, nodosa, 454

Arthritis, chronic, 750
deformans, 751

exudative, 749

gonococcal, 750

gouty, 751

pneumococcic, 750

rheumatic, 750

sero-fibrinous, 749

serous, 749

suppurative, 750

tuberculous, 751

uritica, 751

Arthropathy, hypertrophic pulmonary,
ref. 367

Arthropods, 142

Arthrospores (see Arthrogenous Spores),

Ascaris in bladder, urinary, 654
in pancreatic duct, 582

lumbricoides, 138, 610

maritima, 138

mystax, 138

Asch, on excretion of bacteria by kidneys,
624

Aschoff, on compensatory hypertrophy,
93; on cysts, 307; on Ehrlich's hypoth-
esis, 196; on parenchyma cell embo-
lism, 76; on regeneration, etc., 106; on
tumors, 302, 349

Ascites, 568

chylous, 465, 569
in cirrhosis, 599

Asiatic cholera (see Cholera), 238

Aspergillus glaucus, 160

Asphyxia, lesions of, 43

Ataxia, cerebellar, 820

Friedreich's, 819

hereditary, 819

Ipcomotor, 813
Ataxic paraplegia, 818
Atelectasis of lungs, 485

Atelomyelia, 783

Atheroma, 451

Atrophia musculorum lipomatosa, 756

Atrophy, 78
acute yellow, of liver, 588

brown, of heart; 428

degenerative, 79
of adrenals, 416
of blood-vessels, 447
of bones, 726
of brain, 786
of fat, pericardial, 428
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Atrophy of heart, 428
of kidney, 615
of liver, 588
of lymph nodes, 892
of muscle, 754
of pancreas, 577
of prostate, 722
of spleen, 403
of stomach, 535
of testicles, 717
of thymus, 412
of thyroid, 413
of uterus, 669

progressive muscular, 811

Auerbach, on typhoid bacilli in blood, 236

Aufreckt, on experimental pneumonia, 499

Autohaemolysis, 187

Auto-intoxication, 165, 350, 358

acromegalia, 367
Addison's disease as an, 363
burns as excitants of, 48
cachexia strumipriva as an, 362
diabetes as an, 364

dyscrasic, 360

enterogenic, 359

exophthalmic goitre as an, 362

gout as an, 335

histogenic, 359
relation of Ehrlich's hypothesis to,

196

retention, 859
scorbutus as an, 366
sunstroke a's an, 365

Autolysis, 92, 186, 201, 492

Autopsies in new-born children, 39

making of (see Post-mortem Exami-
nations), 3

medico-legal, 37, 38

Axis-cylinder process, nature of, 799

Axone, degenerations in, 802
nature of, 799

Axone-hill, 800

Babes, on bacteria in cadaver, 5 ; on haem-

orrhagic infection, 267
Bacilli (see Bacillus), 144

Bacillus, 144

"acid-proof," group of, 253

aCrogenes capsulatus, 267

anthracis, 222
cliolene gallinarum, 267
coli communis, 210, 237

coujunctivitidis, 227

diphtheria?, 259

diphtheria, action of, in animals, 262

diphtheria', branching forms of, 261

diphtheria
1

,
characters of, 261

diphtheria, group, 263

diphtheria; in lungs, ref. 261

diphtheria in mouths of healthy per-
sons, ref. 262

diphtheria
1

,
toxin of, 262

diphtheria-, varieties of, 262

Duerey's, 220

dysenteria
1

, 556

Friedlfindcr'x, 212

gas, 267

Bacillus, glanders, 219
"
grass,

" 253

"hay," 253

haemorrhagicus, 267

haemorrhagicus septicus, 267

haemorrhagicus velenosus, 267

icteroides, 272

influenza?, 226

leprae, 249, 255

Lustgarten's, 257

mallei, 219
oedematis maligni, 268

pestis, 266

plague, 266

pneumonias, Friedltinder'z, 212

proteus, group of, 212

proteus vulgaris, 212

pseudo-diphtheriae, 263

pseudo-influenzae, 227

pseudo-tetanicus, 264

pseudo-tuberculosis, 220

pseudo-tuberculosis liquefaciens, 220

pyocyaneus, 211

pyocyaneus in dysentery, 557

pyogenes fretidus, 210

rhinoscleromatis, 259

Shiya's, 556

smegma, 253

suipestis, 267

suisepticus, 267
tetani, 263
tetanus group, 264

tuberculosis, 241

tuberculosis, branching forms of, 246

tuberculosis, characters of, 246

tuberculosis, dead, action of, 249

tuberculosis, differentiation from

smegma, 253
tuberculosis in mesenteric lymph-

nodes, ref. 553

tuberculosis, numbers of, in lesions,

251

tuberculosis, poisons of, 251

tuberculosis, portals of entry of, 252,
503

tuberculosis, sources of, 252

tuberculosis, staining methods of, 247,
249

tuberculosis, varieties of, 249

typhi murium, 267

typhosus, 227

typhosus in bladder, ref. Councilman,

Welchii, 267

Bacteria, 143
action of cold on, 147
action of germicides on, 148
action of heat on, 147
action of, in body, 164
action of, in soil, etc., 148

aerobic, 147

afrogenic, 149

anaerobic, 147

biology of, 147

capsules of, 143
chemotaxis in, 148

chromogenic, 149
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Bacteria, classification of, 151

colon, group of, 210
colonies of, 155
commensals in, 151

conditions of damage in body, 171

conditions of life of, 147
cultivation of, 154
culture media for, 155
destruction of, in body, 172
distribution of, 148, 149
distribution of, in body after death,

ref. 169
elimination of, from body, 163, 172

enzymes of, 149
examination of post-mortem speci-
mens for, 37

filamentous, 145

flagella of, 143
forms of, 143, 145, 146
Gram's method of staining, 153

groups of, 198

growth of, 147

growth, aggregates of, 145

higher forms of, 145
in air, 149, 162
in appendix, 565
in blood, ref. 384
in body, 162
in bladder, urinary, 652
in bronchitis, 477
in cadaver, 5
in dust, 150
in fermentation and putrefaction, 149
in gall passages, 612
in gangrene of lung, 488
in heart, 443
in intestine, ref. 560
in kidneys, 624, 629
in lungs, ref. 500
in lymph nodes, 392, 400
in mouth, 525
in nose, 467
in pericarditis, 421
in peritoneum, 570
in pleuritis, 472
in soil, 150
in spleen, 407, 412
in suppuration, 201

insusceptibility to action of, 172
in tonsillitis, 528
in urinary passages, ref. Faltin, 652
in vagina, 663
involution forms of, 144
in water, 150
metabolism of, 148
messmates in, 151
methods of study, biological, 154
methods of study of, morphological,

152
modification of characters of, 151

monomorphism in, 146

motility of, 148

multiplication of, 144, 147
occurrence of, in the body, 162

parasitic, 150

pathogenic, 162

photogenic, 149

Bacteria, pleomorphism in, 146

poisons of, ref. 164

polymorphous, 145

portals of entry of, 163

products of, action of, in body, 164

proof of infective nature of, 165

protection of the body against, 162

protective action of skin, etc.,

against, ref. 162

proteins of, 164

ptomaines formed by, 149

"pyogenic," 204, 210
relation to other forms of life, 150

rod, 144
role of, in nature, 148

saprophytic, 150

species in, 151

spheroidal, 143

spiral, 144

spores of, 146, 147

staining of, 152
sterilization of, 147

symbiosis among, 151

thermophilic, 147
toxalbumins formed by, 149
toxins of, 149, 164

ultramicroscopic, 287
vacuoles in, 146
varieties in, 151

zoogloea forms of, 145

zymogenic, 149

Bacterijemia, 202
Bactericidal immunity, 181

Bacteriolysis, 181

Bacteriolytic action of cholera serum, 241

Bailey and Ewing, on Landry's paralysis,
825

Balanitis, 714
Balantidium coli, 133

Baldwin, on carcinoma of pancreas, 581 ;

on elastic tissue in tumors, 308

Bardeen, visceral lesions with burns, 48
Barker, on nervous system, 797, 803, 807
Banedow's disease, 362

Basltford and Murray, on atypical mitosis
in tumors, 302

Batten, on nerve lesions in diphtheria, 260

Baumgarten, on coronary arteries, 438
Beck, on diphtheria bacillus, 262

on influenza bacillus, 226
Becker, on rhabdomyoma of testicles, 721

Beco, on bacteria in lungs, 500

Behring, on intestine as portal of entry of
tubercle bacilJi, 252

Benda, on miliary tubercles, 242, 506
Beri-beri, 279 .

Berkeley, on laboratory work with mos-
quito, 286

BernJieim and Gruber, on mixed infection,
168

Berry, on lesions of appendix, 565

BertJienson, on heart tumors, 447

Bettmann, on fibrinous bronchitis, 478

Bezanqon and Labbe, on germicidal action
of lymph-nodes, 163

Biedl and Kraus, on elimination of bacte-

ria, 163, 629
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Biggs, on dissecting aneurism of aorta, 459
Bile ducts, lesions of (see Gall Ducts),
610

Billings and Capps, on leukaemia, 388
Birch-Hirschfeld, on entrance of bacteria

by intestine, 571

Birch-IHrschfeld and Garten, on transplan-
tation of tissues, 296

Birt and Lamb, on Malta fever, 265

Bizzozero, on regeneration, 94

"Blackleg," 269

Bladder, gall, lesions of, 610

urinary, 647

urinary, bacteria in, 652

urinary, calculi in, 654

urinary, changes in position and size

of, 647

urinary, circulatory disturbances of,

649'

urinary, cysts of, 654

urinary, dilatation of, 647

urinary, diverticula of, 648

urinary, extroversion of, 647

urinary, foreign bodies in, 654

urinary, haemorrhage of, 649

urinary, hernia of, 648

urinary, hyperaemia of, 649

urinary, hyperplasia of epithelium of,

651

urinary, hypertrophy of, 648

urinary, inflammation of (see Cysti-
tis), 650

urinary, malformations of, 647

urinary, parasites of, 654

urinary, perforation of, 648

urinary, post-mortem examination of,

34

urinary, preservation of, 34

urinary, rupture of, 648

urinary, tumors of, 653

urinary, wounds of, 648

Blastomycetes, 143, 159

Blennorrhoea, 199

Blocq and Marinesco, on Friedreich's

ataxia, 820

Blood, 372
air in, 384

alkalinity of, 372
bacteria in, 202
bacteria in, ref. Kuhman, 384
bacteria in, in acute lobar pneumonia,

ref. 492
carbonic oxide, effects of, on, 357

cells, red, agglutination of, 190

cells, red, altitude, influence of, on,
377

cells, red, defective formation of, 374

cells, red, degeneration, granular, of,

387

cells, red, destruction of, 374

cells, red, development of, 106

cells, red, diminution of, 373

cells, red, morphological changes in,

375

cells, red, nucleated, 377

cells, red, number of, 373

cells, red, pigment of, 374

Blood cells, red, polychromatophilia, 387
cells, red, regeneration of, 106

cells, white (see Leucocytes), 377

changes in, after extravasation, 70

changes, post-mortem, 5

changes, post-mortem, in position of,

4, 9
circulation of, changes in, 69

clot, test for, by precipitin, 191

coagulability of, 372

degenerative changes in, 381
diminution of, 373

examination, methods of, 382
examination of, in malaria, 286
extravasation of, 69
fat in, 383

foreign bodies in, 383

general diseases of, 385

hemoglobin in, 373

immunity, ref. 191

laking of, 182
malarial lesions of, 285

parasites in, 384

pigment, 87, 381

pigment, test for, 88

platelets in thrombi, 73

plethora, 373

regeneration of, 105, 385

relationship by precipitin, 191

serum as culture medium, 155

serum, germicidal powers of, 181

test by precipitin, 191

water of, 372

Blood-vessels, 447
aneurisms of, 456

atrophy of, 447
formation of, 104

degeneration of, 82, 449, 796

hypertrophy of, 447
inflammation of, 450, 462
lesions of, in brain and cord, 797

syphilitic changes in, ref. 259
tuberculosis of, 455, 463

Blumenthal, on infection, 167

Blumer, on bacteriology of lobular pneu-
monia, 499; on myoma, cystic, of

round ligament, 678; on tuberculosis

of aorta, 455 ; on tuberculosis of stom-

ach, 538
Blumer and Laird, on haemorrhagic septi-

cremia, 269
Blumer and MacFarlane, on noma, 660

Body, safeguards of
, against infection, 162

Boils (see Furuncles), 199

Bone, 726
abscess of, 734
anaemia of, 744

atrophy of, 726

bibliography of lesions of, 749

caries of, 739

cysts of, 749
decalcification of, 54

enostoses, exostoses, and osteophytes
of, 746

formation of, in muscle, 760

fractures of, 727

haemorrhage of, 726
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Bone, healing of fractures of, 727

hyperaemia of, 726

hyperostosis, 746
inflammation of (see Osteitis and Peri-

osteitis), 728
lesions of, after typhoid fever, 235

marrow in anaemia and leukaemia, 744

marrow, malarial lesions of, 285
necrosis of, 738

new-born, post-mortem examination

of, 42

rachitic, 740

regeneration of, 105

sequestrum in, 738

softening of (see Osteomalacia), 744

syphilis of, 731, 736
tuberculosis of, 731, 736
tumors of, 745
ulceration of, 739
wounds of, 727

Bordet, ref. to studies on immunity, 182

Borst, on inflammation, 126; on sacral tu-

mors, 305 ; on tumors, 349

Bostroem, on tumors of pia, 775

Bothriocephalus cordatus, 137

cristatus, 137

latus, 137

Bottomley, on operation in tuberculous

peritonitis, 572

Bovaird, on tuberculous bronchial lymph-
nodes, 398 ; on splenomegaly, 411

Brain, 781
abscess of, 820
absence of (see Malformation of Brain),

782

actinomycosis of, 832
anaemia of, 788

aneurism, miliary, of, 459

apoplectic foci in, 790

apoplexy, serous, of, 789

atrophy of, 786

blood-vessels, lesions of, 797

cephalocele, 782

circulatory changes in, 787

cyclopia, 781

cysts of, 836

degeneration, neurone in, 802

degeneration of, 795, 797

degeneration, secondary, of, 809

dissection, methods of, 11, 14
embolism in, 794

encephalocele, 782

examination, post-mortem, of, 10
fixative and hardening methods for, 16

haemorrhage of, 789

hernia, 782
holes in, 836

hydrencephalocele, 782

hydromeningocele, 782

hyperaemia of, 788

hypertrophy of, 786
inflammation of (see Encephalitis),

820

injuries of, 784
lesions in general paresis of the in-

sane, 828
lobes of, 11

Brain, malarial lesions of, 285
malformations of; 781

mantle, demonstration of, 15

Meynert's method of opening, 14

microcephalia, 782

morphology of, 797

new-born, 40
oedema of, 789

parasites in, 836

pigmentation of, 787

preservation of, 16
removal of, at autopsies, 10

sand, 764, 766, 774, 781
sclerosis of, 827

softening of, 795, 820
structure of, 797

syphilis of, 773, 831
tuberculosis of, 772, 830
tumors of, 833
vascular changes in, 787

ventricles, nature and lesions of (see

Ependymitis), 778

ventricles, tumors of, 781

weight of, 11

Branchial clefts, carcinoma of, ref. Pmcers,
530

clefts and fistulse, 526

Breus, on cystic myoma of uterus, 678

Brieger and Ehrlich, on degenerations in

spinal cord, 804

Brigidi and Piccoli, on persistent thymus
and Hodgkin's disease, 412; on thymus
hyperplasia, 391

Brill and Libman, on calcification of liver,
593

Brinkerhoff, on smallpox, 276

Bronchi, 476
casts of, 478
dilatations of, 479

examination, post-mortem, of, 25

haemorrhage of, 476
inflammation of (see Bronchitis), 476

ossification, 481

preservation of, 25
"
trabeculation "

of, 477
tumors of, 481

Bronchial lymph-nodes, lesions of, 481

Bronchiectasia, 479
Bronchiolitis, exudative, 479

Bronchitis, 476
bacteria in, 477

capillary, 495

catarrhal, acute, 476

catarrhal, chronic, 477

croupous, 478

fibrinous, 478

pseudomembranous, 478

Broncho-pneumonia, 494
excitants of, 498

tuberculous, 509

Brooks, on acromegalia, 367
Bronze skin, 88

Brosch, on cesophageal diverticula, 531 ; on
tumors and trauma, 297

Broth as culture medium, 155

Brouardel, ref. sudden death, 49

Brown, on snake poison, 357
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Brown and Tkiry, on diphtheritic septicae-
mia, 261

Bruns and Kaeper, on relations of colon
and typhoid bacilli, 238

Bubonic plague, 266

Buchbinder, on entrance of bacteria by in-

testine, 571

Buday, on cystic adenoma with ciliated

epithelium, 709

Bumm, summary of peritonitis, 572

Bunting, on leucocytic sera, 185

Burning, lesions in death froln, 48

Butler, on abnormalities of thoracic duct,

465; on membranous enteritis and co-

litis, 560

Basse, on tumors of kidneys, 644

Bilttner, on peritonitis, 571

Buxton, on giant cells, 116

Cabot, on blood, 381
Cachexia in tumors, 295

strumipriva, 361
Cadaveric changes in stomach, 534

lividity, 4

Caecum, inflammation of, 561

tuberculosis, hyperplastic, of, 561
Calcareous infiltration, 87

Calcification, 87
of arteries, 449, 452, 797
of cardiac thrombi, 433
of heart valves, 444, 446
of kidneys, 622
of liver, 593
of muscle, 758
of penis, 715
of pleura, 473
of spleen capsule, 410
of veins, 462

Calculi, 87
of appendix, 564
of bile-ducts, 613
of bladder, urinary, 654
of gall -passages, 613
of intestines, 568
of kidneys, 643
of pancreatic ducts, 582
of prepuce, 715
of prostate, 725
of seminal vesicles, 722
of tonsil, 528

Calkins, on Cytoryctes variolse, 277; on

protozoa, 128

Callus in healing bone, 728

Calvarium, removal of, 9

Campbell, on leptothrix, 225
Cancer (see Carcinoma), 338
Canon and Pielicke, on incitant of measles,
278

Cantharides poisoning, 355

Capillaries, lesions of, 464

Capp, on aneurism of coronary arteries,
459

Capsules, brood, of tapeworms, 136

Caput succedaneum, 39
Carbolic-acid poisoning, 356
Carbonic-acid poisoning, 358

oxide poisoning, 357

Carbuncle, 199, 221

Carcinoma, 335, 338
characters of, 338
colloid (see Carcinoma, gelatinous)

348

cylindrical-celled, 342, 347

degeneration in, 342

epitheliomatous type of, 343
forms of, 342

fibro-, 347

gelatinous, 348

giant-celled, 346

medullary, 347

melano-, 348

molle, 347

myxomatous, 348

neuro-, 346
of adrenals, 418
of appendix, 568
of arteries, 460
of bladder, urinary, 653
of bone, 749
of brain, 834
of bronchi, 481
of ependyma, 781
of Fallopian tubes, 703
of gall bladder and ducts, 613
of heart, 447
of intestines, 568
of kidneys, 644
of larynx, 470
of liver, 606
of lung, 520
of lymph-nodes, 400
of mamma, 710, 725
of mouth, 524
of muscle, 760
of nerves. 835
of oesophagus, 532
of ovaries, 693
of pancreas, 581
of parotid, 577
of penis, 715
of pericardium, 422
of peritoneum, 573
of pharynx, 530
of pleura, 475
of prostate, 724
of salivary glands, 577
of scrotum, 715
of seminal vesicles, 722
of spleen, 411
of stomach, 543
of testicles, 721
of thyroid, 415
of tongue, 525
of tonsil, 530
of urethra, 650
of uterus, 681
of vagina, 663
of veins, 464
of vulva, 661

scirrhous, 347

simplex, 343, 347

squamous-celled, 342

statistics, ref. 342

telangiectoides, 347
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Carey and Lyon, on pseudomembranous
inflammation in pneumonia, 215

Caries of bone, 739

Carroll, on yellow fever, 273

Carter, on mosquito and yellow fever,

273 ;
on elimination of pigment by kid-

neys, 624

Cartilage, regeneration of, 105

Caryochromes, 798
Caseation (see Degeneration, Cheesy), 92

Casts, of kidney, 618

Catarrh, purulent, 199
Catarrhal inflammation, 123
Celloidin as embedding medium, 54

Cells, "beaker," in bronchitis, 477

chemistry of, as related to Ehrlich's

hypothesis, 177
division of, 95
division of, amitotic, 98
division of, direct, 98
division of, indirect, 95
division of, mitotic, 95

eosinophile, 378

"mast," 312

nerve, Nissl method of staining,
838

nutrition of, relation of, to theories of

immunity, 177

plasma, 60, 103, 119, 245

"prickle," in epithelioma, 343

pus, 200

regeneration of, ref. Fuerst, 302

regeneration of, general characters of,

98

regeneration of, impulse to, 106
reversion of, in pneumonia, 501

spider, 327

transplantation, 296
red blood, 373
white blood, 377

Cellular toxins, ref. 164

Centrosome, 95

Cephalhaematoma, 40

Cephalocele (see Malformations of Brain),
782

Cercomonas, 130

Cerebellum, tubercles, solitary, of, 831

Cerebrospinal meningitis, acute, 218

Cerenrille, on intestinal bacteria, 560

Cestoda, 134
Chalicosis of lung, 502

Chancre, 256

soft, 220

Chancroid, 220

Charbon, 221

Charbon symptomatique, 269
Charcot's crystals, 745

Charcot-Leyden crystals, 381, 390
Cheese poisoning, 358
Cheesman and Meltzer, on local predispo-

sition to infection, 163

Cheesy degeneration, 92

Cheloid, 309

Chemotaxis, 111
in bacteria, 148

Chiari, on auto-digestion and fibrosis of

pancreas, 577 ; on inflammation of por-
54

tal vein, 587
; on typhoid fever without

lesions, 235

Chibret, on adamantinoma, ref. 349
Cldttenden and Albro, on skin pigment,

Chloral-hydrate poisoning, 357
Chloroform poisoning, 357

Chloroma, 320

Chlorosis, 385

Cholangitis, 610
Cholelithiasis in pancreas disease, 580

Cholecystitis, 611
Cholera asiatica, 238

asiatica, bacteria resembling spiril-
lum of, 241

asiatica, lesions of, 239

asiatica, preventive inoculation in,

240

asiatica, serum, antitoxic, in, 240
asiatica, spirillum of, 240

asiatica, vibrio of, 240

chicken, 267

hog, 267

Cholesteatoma, 324
Cholesteriu crystals in atheroma, 451

in brain softening, 795
in gall-stones, 613, 614

Chondroma, 326
of bone, 746
of bronchi, 481
of choroid plexus, 781
of clitoris, 661
of dura mater cerebralis, 765
of dura mater spinalis, 776
of ependyma, 781
of heart/447
of larynx, 470
of liver, 607
of lung, 520
of lymph-nodes, 400
of mamma, 709
of muscle, 760
of mouth, 524
of ovaries, 691
of parotid, 576
of pia mater cerebralis, 774
of submaxillary gland, 576
of testicle, 721
of veins, 464
of vulva, 661

Chordae tendineae, abnormal, 425
Choroid plexus, brain sand in, 781

cysts of, 781
lesions of (see Ependyma), 778
tumors of, 781

Christian, on pneumonic exudates, 491
Chromatic figure, 96

Chromatin, 95

Chromatolysis, 800, 806

Chromogenic bacteria, 149

Chromophilic bodies, 798
Chromosomes, 95

Chyle vessels, dilatation of, 465

Chylous ascites, 569
Cicatricial tissue, 119

Cicatrix, 119

Circulatory sj^stem, 419
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Cirrhosis of liver (see Hepatitis), 595
dilatatiou of cesophageal veins in, ref.

Preble, 530

Cladothrix, 146

Clarke, on protozoa, 128

Clitoris, lesions of, 659

Cloaca;, 546

Clostridium, 144

Clots, heart, 23

Cloudy swelling (see Albuminous Degen-
eration), 79

Coagulation necrosis, 91

Coats, on tumor of pineal gland, 837

Cobbett and Melsome, on wound infection,
163

Cocci, 143

Coccidia, 131

Coccidium oviforme, 610
in liver, 610
in Paget's disease, 705

Coccus, "golden," 205

Cohn, on corpus luteum, 691

Cohnheim's hypothesis of origin of tumors,
298

Colchicum poisoning, 355

Colitis, amojbic, 555
bacteria in, 559

catarrhal, acute, 554

chronic, 560

croupous, 558

diphtheritic, 558

follicular, 557
infectious, acute, 554, 556

membranous, 560

mucous, 560

necrotic, 559

nodular, 557

pseudo-membranous, 558

Colloid cancer, 348

degeneration, 85
nature of, ref. 414

Colocynth poisoning, 355

Colon, anomalous positions of, 546

bacillus, 210
dilatation of. 549

"group" of bacilli, 211
inflammation of (see Colitis), 554
tumors of, 565
ulcers of, 555, 560

Combined system degeneration, 818

Commensals, bacterial, 151

Comparative pathology, importance of, 68

Complement, nature of, 188
in disease, 194

Concretions (in appendix see Calculi), 564
in intestines, 568
in pancreas, 582
in prostate, 725

Concurrent infection, 168

Condyloma of penis, 714
of vulva, 660

syphilitic, 257
Cone, on chronic gastritis, 537: on tuber-

culous cesophagitis, 532

Congenital infection, 169

Congestion (see Hyperaemia)
post-mortem, 9

Conium poisoning, 358
Connective tissue, regeneration of, 102
Constitutio lymphatica, 367

Contagium, 171

Contusions, post-mortem, 7

Cooling, effects of, in pneumonic infec-

tion, ref. 500
of the body, post-mortem, 6

Coplin, on branchial cysts, 526

Copper poisoning, 355

Cornet, on scrofula, 398; on tuberculosis,
254

Cornet and Meyer, on tuberculosis, 254
Cornil and Carnot, on regeneration of

mucous membranes, 102

Coronary arteries (see Arteries)

Corpora aliena articulorum, 753

amylacea, 83

amylacea in choroid plexus, 781

amylacea in prostate, 725

Corpus luteum, cysts of, 698
nature of (see ref.), 691

Corpuscles, compound granular, 796
Corrosive sublimate as fixative, 53

poisoning, 354

Councilman, on acute interstitial nephritis,
627

;
on arterio-sclerosis, 454 ; on gouor-

rho3al myocarditis, 437; on lung lobule,

489; on protozoa in smallpox, 276; on
sudden death due to heart, 428

Councilman and Lafleur, on amoeba,
129

Councilman, Mallory, and Pearce, on bac-

teriology of diphtheria, 260

Councilman, Mallory, and Wright, on epi-
demic cerebrospiual meningitis, 219

Coupland, on diffuse tumors of spinal
cord, 834

Courmont and Duffau, on the spleen in in-

fection, 163, 407
Cowie, on differential stains for acid-proof

bacteria, 253

Cowper's glands, lesions of, 725

Coyon, on bacteria of stomach, 538

Cramer, on sunstroke, 365

Craniotabes, 742

Cranium, examination of base of, 15
method of opening, 9

method of opening, in infants, 40

Crenothrix, 146

Cretinism, 361
Croton-oil poisoning, 355

Croupous inflammation (see Fibrinous In-

flammation), 123, 209

Crowder, on generalized tuberculous lym-
phadenitis, 398

Cryptorchismus, 716
Culex in malaria of birds, 281

Cullen, on frozen section, method of, 50;
on adenomatous myoma of uterus, 678 ;

on carcinoma of uterus, 681 ; on hydro-
salpinx, 700; on peritonitis, 571

Cultures, bacterial, 155, 156

bacterial, aerobic and anaerobic, 157

bacterial, collections of material for,

158

plate, 157
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Cunningham, on death from electricity, 47;
on removal of thyroid, 361

Curschmann, on typhoid bacilli in urine,

236, 652
" Curschmann 's spirals," 479

Gushing, on gall-stones and micro-organ-
isms, 614; on gall-bladder infections,
612 ; on gonococcal peritonitis, 570

Cuticula of echinococcus cyst, 135

Cyclopia, 781

Cylindroma, 324

Cystadenoma of mamma, 709
of ovaries, , 693

Cysticercus cellulosae, 135
in brain, 836
in ependyma, 781
in heart, 447
in kidney, 647
in muscle, 761
in peritoneum, 574
in pia mater cerebralis, 775
in pia mater spinalis, 777
in spleen, 411
tsenia mediocanellata, 135

Cystitis, catarrhal, acute, 650

chronic, 650

croupous, 652

diphtheritic, 652

emphysematous, 652

exudative, 650

hyperplastic, 651

necrotic, 651

tuberculous, 652

typhoid, 652

Cystocele of vagina, 648, 661

Cysts, 306

atheromatous, of arteries, 451

branchial, 524, 526

ciliated, ref. 307

ciliated, of pleura, 475
classification of, 306

compound, of ovaries, 693

congenital, 307

dermoid, 307

dermoid, of bone, 749

dermoid, of choroid plexus, 781

dermoid, of embryonal branchial

clefts, 524, 526

dermoid, of lung, 520

dermoid, of nose, 468

dermoid, of ovaries, 699

dermoid, of peritoneum, 574

dermoid, of scrotum, 715

dermoid, of spleen, 411

dermoid, of thyroid, 415

disintegration, 306
follicular of ovary, 697

foreign body, 306
method of preparation of, 61

of bladder, urinary, 654
of bone, 749
of brain, 836
of choroid plexus, 781
of Cow per 's glands, 725
of ependyma, 781

of Fallopian tubes, 703
of gall bladder and ducts, 612

Cysts \>t Graaflan follicles, 697
of kidneys, 641

of larynx, 470
of liver, 606, 607
of liver, with renal cysts, 642
of lung, 520
of mamma, 712
of mamma, male, 725
of mediastinum, 521
of mesentery, 574
of mouth, 524
of neck, 526
of oesophagus, 533
of omeutum, 574
of ovaries, 693, 697, 699
of pancreas, 581

of parovarium, 699
of pericardium, 423
of pharynx, 526
of pia mater cerebralis, 775
of placenta, 688
of pleura, 475
of prostate, 724
of salivary glands, 576
of seminal vesicles, 722
of softening, 306
of spinal cord, 834
of stomach, 545
of tapeworms, 136
of testicles, 717, 722
of trachea, 470

- of tongue, 525
of tumors, 306
of ureters, ref. Harris, 642
of urethra, 658
of uterus, 686
of vagina, 663
of vulva, 661

retention, 306

retro-ovarian, 703

retroperitoneal, 574

sebaceous, of penis, 715

sebaceous, of scrotum, 715

transudation, 306

Cytase, 190

Cvtology, importance of modern studies

in, 66

Cytolysis, 182

application of Ehrlich's hypothesis to,

187

phagocytes in, 189
rationale of, 187

Cytoryctes vaccinias, 275

variolae, 131

Dagonet, on tumors of dura mater, 765

Dahms, on differential stains for acid-proof
bacteria, 253

Davenport, on chemotaxis, 111

Davis, on chancroid bacillus, 221 ; on dia-

betic gangrene, 364

Dayton, on haemolymph nodes, 401

Death, black, 266
causes of, determination of, 3
from asphyxia, 43
from burning, 48
from drowning, 45
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Death from electricity, 47
from hanging, 44
from strangulation or suffocation, 44

sudden, and persistent thymus, ref.

412

sudden, in pancreatic haemorrhage,
579

sudden, lesions leading to, 3, 48
time of, as determined by post-mor-
tem examination, 6

violent, lesions in, 43

Decalcification, 54
Decidual remains of placenta, 687
Deciduoma of uterus, 685

Decomposition, post-mortem, 5
Defensive proteids, 173

Degeneration, 79

acute, 79

albuminous, 79

albuminous, of heart, 434

albuminous, of kidneys, 619

albuminous, of liver, 588

albuminous, of muscle, 757

albuminous, of pancreas, 577

albuminous, of stomach, 535

amyloid, 82

amyloid, of adrenals, 416

amyloid, of arteries, 449

amyloid, of heart, 435

amyloid, of intestine, 556

amyloid, of kidneys, 621

amyloid, of liver, 591

amyloid, of lymph-nodes, 393

amyloid, of muscle, 758

amyloid, of pancreas, 578

amyloid, of placenta, 686

amyloid, of spleen, 403

amyloid, of stomach, 535

amyloid, of thyroid, 413

amyloid, of uterus, 669

amyloid, tests for, 28, 83

ascending, in nervous system, 810

cheesy, 92, 244

colloid, 85

colloid, of thyroid, 413
combined system, 818

descending, in nervous system, 809

fatty, 80

fatty, from phosphorus, 358

fatty, of adrenals, 416

fatty, "of arteries, 449

fatty, of endocardium, 435

fatty, of heart, 434

fatty, of joints, 749

fatty, of kidneys, 620

fatty, of liver, 591

fatty, of muscle, 757

fatty, of pancreas, 577

fatty, of placenta, 686

fatty, of prostate, 722

fatty, of stomach, 535

fatty, of uterus, 669

fatty, of veins, 462

glycogen, 84

glycogen, of kidneys, 621

glycogen, of liver, 592

granular. 79

Degeneration, hyaline, 86

hyaline, of arteries, 449

hyaline, of heart, 435

hyaline, of islands of Langerhans, 578

hyaline, of lymph-nodes, 393

hyaline, of muscle, 757

hyaline, of pancreas, 578

hyaline, of prostate, 722

hyaline, of thyroid, 413

hydropic, 84
lardaceous (see Degeneration, Amy-

loid), 82

mucous, 85

neurone, 802

neurone, systemic, 807

parenchymatous (see Degeneration,
Albuminous), 79

secondary, in nervous system, 809

waxy (see Degeneration, Amyloid),
82

Degenerations of nerves, 826
of nerve tissue, Marchi method of

staining, 837
of neurone systems, 807

Delafield, on dysentery, 554
Delafield's haematoxylin stain, 58

Delamare, on syphilitic arteritis, 639

Dendrites, 799

degenerations in, 802
Dermoid cysts (see Cysts)

tumors (see Cysts, Dermoid)
tumors of mediastinum, 521
tumors of penis, 715
tumors of scrotum, 715

tumors of testicle, 722
tumors of thymus, 412

De Witt, on membranous endometritis,
670 ; on myositis ossificans, 760

Diabetes, "bronze," 364
hfemachromatosis in, 88

mellitus, 363

pancreas in, 578

phloridzin, 365
relation of, to internal secretion, 364
sudden death in, 49

Diapedesis, 69, 111

Diaphragm, position of, 21, 41

post-mortem examination of, 21

Diastematomyelia, 783
Diaster in mitosis, 96

Dieudonne, on plague bacilli, 266

Digestive system, 522

Digitalis poisoning, 358

Diphtheria, 259

antitoxin, 262

antitoxin, methods of formation of.

175

bacillus, 261

bacillus, pseudo-, 263

bacteriology of, 260, 261

concurrent infection in, 261

diagnosis of, 262

experimental, 262
lesions of, 259
mixed infections in, 261

of pharynx, 527

io-, 209
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Diphtheria toxin, 262
tuberculosis with, ref. 261

Diphtheroid angina, 209

Diplobacilli, 145

Diplococci, 145

Diplococcus intracellularis meningitidis,
218

pneumoniae, 218

Diplomyelia, 783

Disease, causes of, 67

excitants, bacterial, 198
relation of micro-organisms to, 162

specific, 197

Diseases, communicable, 169

general, 361

infectious, 197

infectious, classification of, 197

Disinfectants, 148
Distoma haematobium, 134, 609

hepatic urn, 134, 609
in bladder, urinary, 654
in veins, 464

lauceolatum, 134

sinense, 134, 609
Diverticula of intestines, 546

of oesophagus, 531
of pharynx, 526
of urinary bladder, 648

Dinochoicski and Janoicski, on cysts in liv-

er, 606; on pyogenic powers of typhoid
bacilli, 236

Dobroicolski, on lymph nodules of larynx,
etc., 528

Dochmius duodenalis, 139

Dock, on chloroma, 321"; on sarcoma of

stomach, 543; on trichomonas, 130

Ddflein and v. Proicazek, on protozoa, 128

Doty, on quarantine and yellow fever,
273

Dowd, on cysts of mesentery, 574; on tu-

berculosis of cervical lymph -nodes, 397

Dropsy, 71, 568

Drowning, lesions of, 45

"Drysdale's" corpuscles, 696

Ducrey's bacillus, 220
Ductus arteriosus in stenosis of aorta, 459

arteriosus, malformations of, 424

Dunbar, on typhoid fever, 235
v. Dunrjern, on antibodies, 196

Duodenum, post-mortem examination of,

31

ulcers of, 553
Dura mater cerebralis, haemorrhage of.

762
mater cerebralis, inflammation of (see

Pachymeuingitis), 763
mater cerebralis, psammoma of, 766
mater cerebralis, syphilis of, 765
mater cerebralis, structure of, 672
mater cerebralis, thrombosis of, 762
mater cerebralis, tuberculosis of, 765
mater cerebralis, tumors of, 765

mater, examination post mortem of,

10

mater, methods of hardening, 16
mater spinalis, 776
mater spinalis, haemorrhage in, 776

Dura mater spinalis, inflammation of (see

Pachymeningitis), 776
mater spinalis, parasites in, 776
mater spinalis, structure of, 776
mater spiualis, tuberculosis of, 776
mater spinalis, tumors of, 776

Diirck, on pneumonia bacteria, especially
in children, 500

Durham, on yellow fever, 273

Dust, bacteria in, 150
tubercle bacillus in, 252

Dysentery (see Colitis), 554

bacillus, 556

Dysmenorrhoea, membranous, 670

EAR, internal, post-mortem examination

of, 16

middle, relation of inflammation of,

to meningitis, 771

Eber, on animal tuberculosis, 251

Ecchymoses, 7, 44, 70, 367, 484

Echinococcus, 135

exogena, 137
in bladder, urinary, 654
in brain, 781, 836
in dura mater spinalis, 776
in heart, 447
in kidney, 647
in liver, 608
in muscle, 761
in peritoneum, 574
in pleura, 475
in prostate, 725
in spleen, 411
in testicle, 722
in thyroid, 416
in uterus, 685

. in veins, 464

multilocularis, 137, 609

scolecipariens, 137

Eclampsia, nerve cells from case of, 800
Eczema of nipple, 705

Eden, on structure of placenta, 686

Edmunds, on Basedow's disease, 362

Egg albumen fixative, 51
albumen precipitin, test for, 192

Ehrlich, hypothesis of cytolysis, 187; hy-
pothesis of immunity, 196; side-chain

hypothesis, 176; triacid stain, 382
Ehrlich and Lazarus, on anaemia, 385
Elaterium poisoning, 355

Electricity, action of, on bacteria, 148
lesions in death from, 47

Elephantiasis, 465
of penis, 715
of scrotum, 715
of vulva, 660

Elting, on gonococcal inflammation, 216,
217

Embedding, 54, 76

Emboli, air, in blood, 384

bacterial, 113

fat, 384

parenchyma cell, 76

tumor, 460

Embolism, 76

aberrant, 77
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Embolism, effects of, 76
in brain, 794
in coronary arteries, 436
in intestines, 550
in kidneys, 617
in liver, 113, 586
in lung, 484
in mesenteric arteries, 550
in muscle, 759
in portal vein, 586
in spinal cord, 794
in spleen, 405
in terminal arteries, 76
in tumors, 293

retrograde, 77
seat of, most frequent, 77

Embryo, age of, to determine, 39

Emigration of leucocytes, 109

Emphysema from gas bacillus, 267
of lungs, 486

Empyema, 199, 473
excitants of, 474

Encephalitis, acute, 820
acute disseminated, 821
acute parenchymatous, 821

chronic, 827

hsemorrhagic, 822
in new-born, 828

suppurative, 820

Encephalocele, 782
Enchondroma (see Chondroma)
Endarteritis, 450

Endocarditis, 441

acute, 442

acute, bacteria in, 443

chronic, 446
chronic ulcerative, 447

gonococcal, ref. Lartiyau, 443

infective, 442

malignant, 442

malignant, excitants of, 443
'

mycotic, 442
stenosis of valves in, 446
thrombi in, 442, 444, 446

tuberculous, 447

ulcerative, 442
ulcerative malignant, 442

"vegetations" in, 442, 444, 446

Endocardium, lesions of, 434, 441

Endometritis, adenomatous, 671

catarrhal, 670

chronic, 670

croupous, 672

diphtheritic, 672

exfoliative, 670

membranous, 670

puerperal, 674

syphilitic, 673

tuberculous, 672

Endometrium, hyperplasia, glandular, of,

670

Endophlebitis (see Phlebitis), 462

Endothelioma, 321

bibliography, ref. 325
of adrenals, 418
of appendix, 568
of bone, 748

Eudothelioma of brain, 834
of dura mater cerebralis, 765
of dura mater spinalis, 776
of kidneys, 643
of lung, 520
of lymph-nodes, 400
of lymph -vessels, 466
of nerves, 836
of ovaries, 692
of parotid, 576
of pericardium, 422
of peritoneum, 573
of pia mater cerebralis, 774
of pia mater spinalis, 777
of pleura, 475
of salivary glands, 576
of spinal cord, 834
of thymus, 412
of thyroid, 415
of uterus, 679
of vagina, 663

Endothelium, changes in, favoring throm
bosis, 73

changes of, in syphilis, 256
formation of connective tissue from,

104

hyperplasia of, in typhoid fever, 231

phagocytic power of, in liver, ref.

Heinz, 593
relation of, to mesothelium, 115

secretory powers of, 71

selective filtration by, 112

Energy, cell, 65
transformations of, in living processes,

78

Engelken, on adenoma of kidney. 644

Enostoses, 746

Enteritis, catarrhal, acute, 550

catarrhal, chronic, 551

croupous, 551

diphtheritic, 551

exudative, 552

follicular, 551

membranous, 551

nodular, 551

pseudomembranous, 551

suppurative, 552

syphilitic, 553

tuberculous, 552

Enteroliths, 568

Enzymes, bacterial, 149

Eosinophile cells, 378

Ependyma, cysts of, 781
lesions of, 778
method of hardening, 16

parasites in, 781
tumors of, 781

Ependymitis, acute, 778

chronic, 779

Epicardinl fibrous nodules, 422

Epididymitis, 718

Epispadias, 713

Epithelioma (see Carcinoma), 343

adamautinum, 349

giant-celled, 346

neuro-, 346

prickle cells in, 343
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Epithelium, regeneration of, 101, 119

Epulis, 317

Erdheim, on thyroid, 414

Ernst, on metastasis in chondroma, 326:

on Pacchioniau bodies, 766

Ernst, H., on Ehrlich's hypothesis, 196

Erosions, haemorrhagic, of stomach, 541

Erysipelas, 208

Erythrocytes, changes in (see Blood), 373

Erythrosin stain for nerve cells, 838
Escherich and Pfcmwller, on B. coli com-

munis, 211

Esser, on circulatory changes in lung, 500;
on disturbances of pulmonary circula-

tion, 484
Ether poisoning, 357

Etienne, on tuberculous endocarditis, 447

Eulenberg, on Basedow's disease, 362

Eirim/, Clinical Pathology of Blood, ref.

381; on adipocere, 5; on bacteria in

smallpox, 275; on changes of blood in

hepatic disease, 605 ; on ganglion cells,

804; on ganglion cell lesions in typhoid,
235 ; on leucocy tosis, 380 : on lymphatic
constitution, 49, 368; on malarial ne-

phritis, 629; on persistent thymus, 412;
on sudden death, 49

String and Strauss, on precipitiu test for

blood, 192
Exanthemata as types of contagious dis-

eases, 171

Exophthalmic goitre, 362

Exophthalmus, 362

Exostoses, 731, 746
Extra-uterine pregnancy, 703
Exudate in inflammation, 72, 110, 113,

116, 126, 199
Exudative inflammation, 110, 113

Eyes, post-mortem removal of, 16

Falkson, on tumor of pineal gland, 836

Fallopian tubes, 700

tubes, absence of, 700

tubes, changes in position and size of,

700

tubes, closure of, 700

tubes, cysts of, 703

tubes, dilatation of, 700

tubes, examination, post-mortem, of,

36

tubes, haemorrhage of, 701

tubes, hydrosalpinx, 700

tubes, in extra-uterine pregnancy, 703

tubes, inflammation of (see Salpingi-
tis), 701

tubes, malformations and malposi-
tions of, 700

tubes, pyosalpinx, 702

tubes, tumors of, 702

Falta, on gangrene, 91

Faltin, on bacteria in urinary passages,
652

Farcin de bantf, 225

Farcy, 219

Farmer, on atypical mitosis in tumors, 302

Farner, on Basedow's disease, 362

Fat, detection of, in blood, 383

Fat emboli, 384

necrosis, 92

regeneration of, 105

Fatty degeneration, 80
infiltration, 81

Favus, 160

Fehleisen, on streptococci in erysipelas, 208

Fenomenodes, on cysts of placenta, 688

Fenwick, on hair balls in stomach, 546; on
sarcoma of stomach, 543

Fermentation by bacteria, 149

Ferment, fibrin-forming, 112

Ferments, cytolytic, 116 (see Cytolysis),
182

'

in pathology, ref. 116

Fever, catarrhal epidemic, 225

famine, 265

hospital, 271

inflammatory, 203

jail, 271

Malta, 265

puerperal, 203, 674

relapsing, 265
scarlet (see Scarlatina), 277

seven-day, 265

ship, 271

spirillum, 265

splenic, 221

spotted, 132, 271

suppurative, 203

surgical, 203

tick, 132

typhoid, 227, 564

typhoid, leucocytosis of, 379

typhus, 271

yellow, 272

Fibrin, formation of, in blood clot, 70
formation of, in exudates, 112
formation of, in inflammation, 112

Fibroblasts, 104, 118

Fibroma, 308

intracanalicular, 311, 707

molluscum, 309

cedematous, 309
of appendix, 568
of bladder, urinary, 653
of bone, 745
of brain, 833
of bronchi, 481
of dura mater cerebralis, 765
of dura mater spinalis, 776
of epeudyma, 781
of Fallopian tube, 702
of gall bladder and ducts, 612
of heart, 447
of intestines, 565
of joints, 753
of kidneys, 643
of larynx, 470
of liver, 606
of lung, 520
of lymph nodes, 400
of mamma, 707
of mamma, male, 725
of mouth, 524
of muscle, 760
of nerves, 835
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Fibroma of oesophagus, 532
of ovaries, 691
of parotid, 576
of penis, 715
of pericardium, 422
of peritoneum, 572
of pharynx, 529
of pia mater cerebralis, 774
of pia mater spinalis, 777
of pleura, 475
of salivary glands, 576
of scrotum, 715
of spinal cord, 834
of spleen, 411
of stomach, 541
of testicle, 720
of tongue, 525
of uterus, 675
of vagina, 663
of vulva, 660

Fibrosis, 122
Fibrous tissue, regeneration of, 102

Ficker, on flies and typhoid, 237
Filaria in lymph nodes, 400

medinensis, 140

sanguinis hominis, 141, 384

sanguinis hominis in bladder, urinary,
654

sanguinis in kidney, 647
Filarial lymphatic varix, 141

Findler, hair ball in stomach, 546

Firth, on bacteria in air, 162

Fischl, on foetal infection, 169

Fischer, on false diverticula of intestine,
546

Fish poisoning, 358

Fistula, branchial, 526

vaginal, 662

Fitz, on cysts of pancreas, 582 ;
on dilata-

tion of colon, 549; on diseases of pan-
creas, 580

Fixateur, 193
Fixation of agglutinin, 190

of immune substance by red cells, 184
of tissues, 50, 51, 61

Flagella of bacteria, 144
of malarial parasite, 281

Flechsig, on spinal cord, 818

Flemming's osmic-acid mixture, 52

Fletclier, on tuberculous cavities in liver,

604

Flexner, on abrin and ricin intoxication,
201; on agglutinative thrombi, 75; on
cardiac degeneration in toxaemia, 435;
on connective tissue in cirrhosis of liver,

597; on dysentery, 556: on experimen-
tal pancreatitis, 580; on focal typhoid
lesions, 233; on lesions of plague, 266;
on leucolytic sera, 185; on lympho-sar-
corna, 390; on neuro-epithelioma, 346;
on peritonitis, 571

; on syphilis of stom-
ach, 538; on terminal infections, 169;
on toxalbumin intoxication, 165, 202;
on tuberculous oesophagitis, 532 ;

on ty-
phoid bacilli in body, 236

Flexner and Anderson, on diphtheria bacil-
li in lungs, 261

Flexner and Barker, on epidemic cerebro-

spinal meningitis, 219
Flexner and Pearce, on experimental pan-

creatitis, 580
Flies as carriers of typhoid, ref. 163, 237

Flockmann, on pulmonary syphilis, 520

Fluyge, micro-organisms, 288

Flukes, 133
Focal necrosis, 91, 201, 232, 260, 278
Foetal infection, 169

Fostus, size of, at various periods, 39

Ford, on bacteria of healthy organs, 162 ;

on intestinal bacteria, 560

Formaldehyde and formol (see Formalin),
52

Formalin, use of, as fixative, 52

Forsyth, on Haffkine plague preventive
inoculation, 267

FouUrton, on pathogenic blastomycetes,
159

Fractures, healing of, 727

intra-uteriue, 40

post-mortem, 8

Fraenkel, on corpus luteum, 691
on hydatid moles, 688

pneumococcus of, 213, 489

Francis, on trypanosoma, 130

Freedom, formula for picro-acid fuchsin

stain, 59

Freeman, on focal necrosis in measles, 278 ;

on oysters and typhoid, 237; on small-

pox bibliography, 277; on typhoid and
milk, 237

Frieberyer and Frolmer, on pathology of

domestic animals, 288

Friedlander, bacillus of, 212
Fi-iedmann and Maas, on extirpation of

hypophysis, 367

Friedreich, on Friedreich's ataxia, 820

Frog, mesentery of, for study of inflam-

mation, 110
Frozen sections, methods for, 50
Fuchsin as stain, 59, 153, 247

Fuerst, on cell regeneration, 302; on giant
cells, 116

Fungus, fission, 143

mould, 143, 159

poisoning, 356

"ray," 224

yeast, 159

Furuncle, 199

Futterer, on transplantation of cells, 296

Gallaxerdin, on stricture of the intestines,
550

Gall bladder, calculi of, 613

bladder, dilatation of, 612

bladder, infections of, 612

bladder, inflammation of, 610

bladder, lesions of, 610

bladder, tumors of, 612

ducts, abscesses of, 611

ducts, calculi of, 613

ducts, constriction of, 612

ducts, dilatation of, 612

ducts, infection of, 612

ducts, inflammation of, 610
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Gall ducts, lesions of, 610

ducts, new-formed, in cirrhosis, 598

ducts, occlusion of, 612

ducts, tumors of, 612

stones, 613
stones in pancreatic duct, 582

stones, role of micro-organisms in,

614

Gamboge poisoning, 355
Gamete in malarial parasite, 282

Ganglia, semilunar, post-mortem examina-
tion of, 33

Ganglion, plexiform, in rabies, 270
cells (see Neurones^, 797

Gangrene, 90

diabetic, ref. 364

dry, 91

embolic, 77

emphysematous, 268
of appendix, 564
of lung, 487
of mouth, 523
of pancreas, 580
of vagina, 663
of vulva, 660

senile, ref. 91

"Gas bacillus, "267
phlegmon, 268

formation, post-mortem, 5

formation, post-mortem, relation to

B. aerogeues, 267

Gastritis, acute catarrhal, 535

chronic, 535

croupous, 537

diphtheritic, 537

exudative, 537

membranous, 537

phlegmonous, 537

suppurative, 537

syphilitic, 538

toxic, 538

tuberculous, 538

Gaylord, on origin of fibrin, 472
Gelatin as culture medium, 155
Gemmules in nerve cells, 799
General diseases, 361

pathology, 67
Generative organs, female, post-mortem

examination of, 34

organs, female, preservation of, 36

organs, male, post-mortem examina-
tion of, 34

organs, new-born, post-mortem exam-
ination of, 42

Geuito-urinary organs, post-mortem ex-
amination of, 34

Gentian violet in Gram's stain, 153

Germicides, action of, on bacteria. 148

Germs, 143

Oerulanos, on dermoid tumors of penis,
715

Giannettasio, on tumors of umbilicus, 574
Giant-cell epithelioma, 346
Giant-cell sarcoma, 316
Giant cells, 98, 116

in endothelioma, ref. 325
in tubercle, 243

Giemsa, modification of Romanowski's
stain, 287

Gigantoblasts, 377
Gilbert and Lippmann, on gall-bladder in-

fections, 612

Gilchrist, on blastomycetes, 159; on tumor

parasites, 301

Glanders, 219

Glands, Nabothiau, ectasia of, 672

regeneration of, 102

Glioma, 327
of adrenals, 418
of brain, 833
of epeudyma, 781
of spinal cord, 834

Glio-myxoma, 328

Glio-sarcoma, 328

Glockmr, on endothelioma, 325; on endo-

thelioma of pleura, 475 ;
on giant cells

in eudothelioma, 325

Glossitis, 525

Glottis, oedema of, 468
Glucose, in culture media, 155

Gluge'a corpuscles, 796, 823

Glycogen infiltration, 84

Glycosuria, 364

Goitre, 414

exophthalmic, 362

Gonococcus, 216
cultures of, 217
in rectal inflammation, 562

Gonorrhoea, 216

Goodale, on tonsillitis, 528

Goppert, on thymus hyperplasia, 391

Gordinier and Lartigau, on typhoid ba-

cilli in empyema, 474

Gottstein, on bacteria in air, 162

Gout, 365

joint lesions in, 751

Graafian follicles, cysts of, 697

follicles, haemorrhage of, 689

Graf, on periarteritis nodosa, 454

Graham, on displacements of liver, 583

Graham-Smith, on diphtheria bacillus in

healthy mouths, 262 ;
on test for blood

precipitin, 192
Gram's method of staining, 153
Granulation tissue, 118

tissue, abnormal, 120

tissue, in infection, ref. 163

Granuloma, infectious, 300, 307
"Grass bacillus," 253
Graves' disease, 362

Gray hepatization, 491
Greenouah and Hartwell, on cystic hyper-

plasia of mamma, 706

Gregarinae, 131

Griffith, on aneurism of coronary arteries.

459
on dilatation of colon, 549

Grippe (see Influenza), 225

Grober, on pleura as portal of entry for

bacteria, 500

Guarnieri, vaccine bodies of, 275

Guinea-worm, 140

Guiteras, on yellow fever, 273

Gummata, 257
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Gummata, miliary, 25
of liver, 602
of mamma, 706
of testicle, 720

Guthrie, on tuberculosis in children, 252

Guy and fTerrier, Forensic Medicine, 358

Gwyn, on typhoid bacilli in urine, 236

333

Haematocele, 669, 717

Haematogenesis, defective, 374

Hfematogenous pigment, 87

Haematoidin, 374

Haematolysis, 374

Haematoma, 70
of pia mater cerebralis, 773

polypoid, of uterus, 669

Haematometra, 666

Haematomyelia, 793

Haematornyelopore, 794

Haematoxylin as staining agent, 58

Weigert's method, 838
Haematozoa of malaria, 279

Haemochromatosis, 88

Haemoglobin, 87

Haemoglobinaemia, 373, 374

Haemoglobinuria, 374

Haemolymph nodes, 400

Haemolysis, 87, 183

by streptococcus, ref. 207

Haemophilia, 71

Haemorrhage, 69

capillary, in brain, 789
in adrenals, 417
in bladder, urinary, 649
in bones, 726
in brain, 789
in bronchi, 476
in dura mater cerebralis, 762
in dura mater spinalis, 776
in Fallopian tubes, 701
in foetal head during labor, 40
in heart valves, 431
in intestines, 550
in liver, 584
in lungs, 484
in mamma, 704
in muscle, 759
in new-born, 71
in oasophagus, 530
in ovaries, 689
in pancreas, 579
in penis, 714
in pericardium, 419
in pia mater cerebralis, 767
in pia mater spinalis, 767
in pineal gland, 837
in placenta, 686
in pleura, 471
in spinal cord, 792
in stomach, 534
in thymus, 412
in uterus, 668
in vulva, 659

Haemorrhagic diathesis, 71

infarction, 76

infection, 267, ref. 367

Haemorrhagic septicaemia, bacilli of, 267

Haemorrhoids, 461, 562, 658

Hsemosiderin, 87, 374

Haamosporidia, 132
in malaria, 279

Hsemotoidin, 88
Haemotoxic serum, 183

Haffkine's preventive inoculation in Asia-
tic cholera, 240

preventive inoculation in plague, 266

preventive inoculation in typhoid,
237

Hair balls in stomach, 545

Hall, on lesions of bronchial lymph-nodes,
482

Halliburton, on bacterial products, 164

Hamilton, on flies and typhoid, 163; on
heart rupture, 427

Hand, on bronchial lymph-nodes, 482: on
tuberculosis in children, 252

Hanging, lesions of, 7, 44

Hansemann, on tumors, 302

Haptiues, 179

Haptophorous groups in Ehrlich's hy-
pothesis, 178

Hardening of tissues, 51

Hare, on tumors of mediastinum, 021

Hamo; on fibrin, 112

"Hay bacillus," 253

Hayem's solution for blood fixation, 382

Head, examination, post-mortem, of, 9,

39

Healing of wounds, 117

Heart, 423
abnormalities of, 423
abscess of, 438
aneurism of, 431
aneurism of coronary arteries of, 459
anomalies of, 423

atrophy of, 428
calcification of, 421, 446
chordae tendineae, abnormal, of, 425

clots, 23, 432

coronary arteries, examination of, 24

coronary arteries of, lesions of, 436

degenerations of, 434
dilatation of, 480

displacements of, 423

dissecting aneurism of, ref. 458
embolism of, 437

embolism, infectious, of, 437

endocardium, degeneration of, 435

endocardium, inflammation of (see

Endocarditis), 441

fragmentation of muscle in, 436

hyperplasia, fibrous, 438

hypertrophy of, 429

hypoplasia of, 368, 425

infantile, 41

infiltration, fatty, of, 435
v

inflammation, acute, of, 437

inflammation, chronic, of, 438

inflammation, gonococcal, 437
inflammation of. 437
malformations of, 423, 425

new-born, post-mortem examination

of, 41
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Heart, parasites in, 447

pericardial lesions (see Pericardium),
419

pigment in, 428

polypi, 433

position of, 21

preservation of, 24

post-mortem examination of, 21, 22

reptilian, 423

rupture of, 427

segmentation of, muscle in, 436

septa, abnormal, 424
sudden death in lesions of, ref . 428

syphilis of, 441

thrombi, forms of, 23

thrombi, organized, 433

thrombi, tumor, 434
thrombosis of, 432, 436
tuberculosis of, 440
tumors of, 422, 447

valves, aneurism of, 431

valves, calcification of, 444, 446

valves, fenestration of, 430

valves, haemorrhage in, 431

valves, lesions of, 430, 435, 441

valves, test of sufficiency, 22

weight of, 24, 429
wounds of, 426

Heat exhaustion, 365

Heiman, on chest serum agar, 217

Heinz, on origin Of fibrin, 472; on phago-
cytic power of liver endothelium, 593

Hektoen, on cardiac anomalies, 425
;
on dis-

secting aneurism of heart, 458 ;
on giant

cells, 116; on infections of unknawn
origin, 287; on segmentation of myocar-
dium, 436; on yeasts and moulds in dis-

ease, 161

Hektoen and Herrick, on sarcoma of liver,
607

Hdbig, on rhabdomyoma, 330
IMd :

s nerve-tissue stain, 839
Hellebore poisoning, 355

Hematocele, 669, 717

Hepatitis, exudative, 593

interstitial, chronic (see Liver, Cir-
rhosis of), 595

peri-, 604

purulent, 593

Hepatizatiou of lung, 490

Hepatogenous pigment, 88

Hepatolytic serum, 185

Heppntr, on hermaphroditism, 713
Herdman and Boyce, on oysters and ty-

phoid, 237

Heredity in cells, 66, 97

Hermaphroditism, 713

Hernia, 549
of bladder, urinary, 648
of brain, 782
of intestine, 549
of lung, 482
of omentum, 54S
of ovaries, 689
of uterus, 668
of vagina, 661

Herpes of prepuce, 714

Herring, on development of glomeruli of

kidney, 625

Herter, on chemical pathology, 359

HerxJieimer, on dead tubercle bacilli, 250 ;

on tubercle formation, 243; on tumors of

liver with ciliated cells, 606

Hess, on cysts, 307

Heterotopia of cells in tumors, 298
of spinal cord, 783, 784

v* Heukelom, on experimental cirrhosis of

liver, 601

Hewlett, on typhoid bacilli in blood, 236

Heyn, on renal tuberculosis, 638
von Hibler, on gonococcus, 217
Hintze and Lubarsch, on elimination of

bacteria, 163

Hirsch, on Streptococcus enteritidis, 560

His, length of foetus, 39

Hiss, on capsules of streptococci, 206 ; on

capsule staining of pneumococcus, 215;
on characters of typhoid bacilli, 238; on

typhoid bacillus, 228
Hiss and Atkinson, on antitoxin, 175
Hiss and Russell, on characters of typhoid
and colon bacilli, 238 ; on B. dysenteric,
556

Hodenpyl, on absence of spleen, 402; on

actinomycosis of lung, 223
;
on anatomy

and physiology of tonsils, 528 ; on ap-
pendicitis, 565; on frozen section meth-
od, 51; on lung pigment, 502; on tuber-

culosis, primary, of pleura, 474

Hodgkin's disease, 390

Hoen, on degeneration of muscle of uvula,
758; on lesions of uvula, 527

Hqfmeier, on placenta, 688

Hog cholera, 267

Homen, on streptococcus toxin, 208
Booklets of tapeworm, 136

Housell, on tumors of tonsil, 530

Howard, on B. pneumonise, 212; on bacte-

riology of rhinitis, 467 ; on cardiac hy-
pertrophy, statistics of, 430; on hsemor-

rhagic septicaemia, 269; on typhoid
lesions, 233

Howard and Homer, on tropical abscess of

liver, 594

Howship's lacuna?, 732

Hitckel, on cell degeneration in smallpox,
etc., 276

Hueppe, Principles of Bacteriology, ref.

288

Hueter, on congenital tumors of intestines,
565

Hugiienin, on bacteria in vaccine lymph,
275

Hurdon, on endothelioma of cervix, 679

Hutchinson, on vulnerability of apex of

lung, 516

Hyaline degeneration, 86

thrombi, 75

Hydatid moles, 688

Hydatids of tapeworms, 135

Hydramia, 373

Hydrencephalocele, 782

Hydrocele of processus vaginalis, 716
of spermatic cord, 717
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Hydrocele of tunica vaginalis, 716

Hydrocephalus, 772, 778, 780

congenital, 780, 782
method of removing brain in, 40

primary, 781

secondary, 780

Hydromeningocele, 782

Hydrometra, 665

Hydromyelia, 783

Hydronephrosis, 640

Hydropericardium, 419

Hydrophobia (see Rabies), 269

Hydropic degeneration, 84
infiltration of muscle, 758

Hydropneumothorax, 471

Hydrops cystidis felleae, 612

Hydrorrhachis, 783

Hydrosalpiux, 700

Hydrostatic test, 41

Hydrothorax, 471

Hymen, anomalies of, 659

Hyperaemia, 69
of bladder, urinary, 649
of bones, 726
of brain, 788
of intestine, 550
of kidneys, 617
of liver, 584
of lungs, 482
of ovaries, 689
Of pia, mater cerebralis, 767
of spleen, 405
of thyroid, 414
of uterus, 668
of vulva, 659

Hyperuephroma of kidneys, 644

Hyperostosis, 746

Hyperplasia, 93

cystic, of mamma, 706

glandular, of endometrium, 670
of epithelium of bladder, 651
of fibrous tissue, 121

of heart, 440
of liver, 595, 604
of lymph-uodes, 394, 399
of neuroglia, 807
of Peyer's patches in typhoid, 229
of spleen, 406, 410, 411
of thyroid, 414

replacement, 122

Hyperplastic tuberculosis, 561

Hypertrophy, 93

compensatory, 93, 99, ref. 106
of bladder, urinary, 648
of blood-vessels, 447
of brain, 786
of heart, 429
of kidneys, 616
of mamma, 706
of muscle, 756
of pineal gland, 837
of pituitary, 837
of prostate, 722

pseudo-, of muscle, 756
of thymus, 412

Hypha3 of moulds, 159

Hyphomycetes, 143, 159

Hypoleucocytosis, 380

Hypophysis, extirpation of, ref. 367
in acromegalia, 367
lesions of, 837

Hypospadias, 713

Hypostasis, post-mortem, 4

Hypostatic congestion of luag, 498

ICE-CREAM poisoning, 358

Ichoraemia, 203

Ichthyosis, 523

Icterus, 88

Identification, post-mortem, 4
Ileo-co3cal tuberculosis, hyperplastic, 561
Immune body, 184

substance, 182, 184

Immunity, 167, 171

acquired, 172

active, 174

antibacterial, T73, 181

antimicrobic, 173

antitoxic, 173, 175, 208, 262, 264

artificial, induction of, 173, 181, 237,

240, 266, 270, 274
as an adaptative process, 189

bactericidal, 181

bacteriolytic, 173, 181

bibliography of, 196

cellular, 173
definition of, 171

hereditary, 172

humoral, 173

natural, 172

natural, elements of, 163
nature and forms of, 171

passive, 174

specific character of, 194

Immunization, artificial, 172

artificial, modes of, 173
as a phase of adaptation, 188

complexity of, 195

natural, 172
Incarceration of intestine, 547

Indigo sulphate, poisoning by, 351

Infarction, 70, 76, 77
of intestine, 550
of kidneys, 617
of liver, 586, 587
of lungs, 484
of muscle, 759
of placenta, 686
of spleen, 405

Infection, 164, 167
albuminous degeneration in, 79

complex agencies in, 166.

complex nature of, 168

concurrent, 168

concurrent, in pneumonia, 494

concurrent, in tuberculosis. 253, 516

concurrent, in typhoid fever, 233
conditions of, 166

congenital, ref. 163, 169

cooling of body in, ref. 500
definition of, 171

forms of, 168

haBmorrhagic, 267, 268, ref. 367

insusceptibility to, 172
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Infection, intra-uterine, ref. 163

latent, ref. 164

leucocytosis in, 379, 380
local predisposition to, ref. 163

mixed, 168

mixed, in pulmonary tuberculosis, 516

modes of, 163
nature of, 164, 167

predisposition to, 167

proofs of, 165

pseudomembranous inflammation, 209

puerperal, 675

purulent, 203
relation of multiple sclerosis in ner-

vous system to, 828

spleen in, ref. 163, ref. 407

sub-, ref. 164

terminal, 169

through granulation tissue, ref. 163

wound, experimental studies on, ref.

163
Infectious agents, specificity of, ref. 176

agents, transmission of, 169

disease, definition of, 167, 171

diseases, 197

diseases, bibliography of, 288

diseases, classification of, 170, 197

diseases, communicability of, 169

diseases, conditions favoring, 166

diseases, definition of, 167

diseases, general consideration of, 197
diseases of unknown origin, 287

diseases, predisposition to, 166

Infiltration, calcareous, 87

fatty, 81

fatty, of heart, 435

fatty, of liver, 590

glycogen, 84

hydropic, of muscle, 758

serous, 84

Inflammation, 107

catarrhal, 123
characterization of, 126
conservative nature of, 124

croupous, 209
definition of, 127

exudative, 110, 113, 122

fibrinous, 123

general survey of, 123

hsemorrhagic, 123

infectious, 113, 123
in non-vascular tissue, 108
in organs (see Various Organs)
interstitial, 121

in vascular tissue, 108

muco-purulent, 123

mucous, 123

necrotic, 122, 123

phases of, 122

productive 122, 123

pseudomembranous, 209

pseudomembranous, diphtheritic, 259

purulent, 123

regenerative, 122

reparative, 122, 123
resolution in, 115

scrofulous, 397

Inflammation, sero-purulent, 123

serous, 123

significance of, 123

special phases of, 122

suppurative, 120, 123, 198

syphilitic, 256

tuberculous, 241

tuberculous, diffuse, 245

Influenza, 225
bacillus of, 226

Infusoria, 133

Inhibition, sudden death from, 49

Insects, 142
role of, in infection, 163

Insolation, 365

Intermediary bodies, 188
Internal secretions, 360, 361, 363
Intestinal epithelium, regeneration of, ref.

560

mycosis, 222

Intestine, large (see Colon), 554

Intestines, 546
anthrax of, 554
as portal of entry of tubercle bacilli,

252
bacteria in, ref. 560

cloaca;, 546
concretions in, 568

degenerations in, 550

discolorations, post-mortem, of, 30
diverticula of, 546
embolism of, 550

examination, post-mortem, of, 20, 30,
42

haemorrhage of, 550
hernia of, 549

Hodgkin's disease, lesions of, in, 566

hyperaemia, 550

incarceration, 547

infarction, haamorrhagic, of, 550
inflammation of (see Enteritis), 550,

(and Colitis), 554

intussusception of, 547
lesions of, in typhoid fever, 228
malarial lesion's of, 285
malformations of, 546

mycosis of, 554

parasites of, 568

permeability of walls of, for bacteria,
570

polyps, of, 566

post-mortem changes in, 30

preservation of, 31

ruptures, 550

strangulation of, 547
thrombosis of, 550

transposition of, 546
tuberculosis of, 552

tuberculosis, hyperplastic, of, 561
tumors of, 565
ulcers of, 553, 555, 557, 559
wounds of, 550

Intoxication, nature of, 168

septic, 164
Intracanalicular fibroma of mamma, 707

Intussusception of intestines, 547
Involution forms of bacteria, 144
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Iodine test for amyloid, 28

Iron, hajmatoxylin, 58
tests for, in pigment, 88

Isolysis, 186
"Itch insect," 142

Jacobi, on cysts of omentum, 574

Jacobson, on hair balls in stomach, 546

Jacobsthal, on infantile scurvy, 366

Jacoby, on autolysis and ferments, 92; on
ferments in pathology, 116

Jaeger, on agglutination of D. intracellu-

laris meningitidis, 219
Jail fever, 271
von Jaksch, on eggs of parasites, 142

Jalap poisoning, 355

James, on gastritis, 538

Janeway, Tfi., on hypertrophic pulmo-
nary arthropathy, 367

Janowski, on suppuration, 201

Jaundice, 88

Jaw, malformations of, 522

Jelliffe, death from electricity, 47
Jenner stain, 383

Jessup, on carcinoma of appendix, 568

Jochmann, on excitants of whooping-
cough, 278

Joints, 749

cartilages loose in, 753

degeneration in, 749

false, 728
inflammation of (see Arthritis), 749
loose bodies in, 753
tuberculosis of, 751

tumors of, 752

Jopson and White, on sarcoma of large in-

testine, 567

Jordan, on osteomyelitis, 736

Jores, on arteriosclerosis, 451

Jorgenson, on ferments, 159
Josseraud and Bonnet, on suppurative my-

ocarditis, 437

Jurgelunas, on wound infection, 163

v. Kahlden, on cysts of ovaries, 698

Kaiserling's fluid for color specimens, 61

Kalble, on bacteria in lymph-nodes, 392;
on periarteritis nodosa, 454

Karyokinesis, 97

Karyolysis, 90

Karyomitosis, 97

Karyorrhexis, 90

Kedrowsky, on emphysematous cystitis,
652

Keen, on surgical complications of typhoid
fever, 236

KeUy, on hypernephroma of kidneys, 644;
on tumors of appendix, 568

Kelynack, on lesions of appendix, 565; on
tumors of kidneys, 644

Revi, on complications of acute lobar

pneumonia. 492

Kidneys, 615
abscess of, 622

albuminuria, 618
anaemia of, 617

atrophied, 634

Kidneys, bacteria in, 624, 629

calcification, 622
calculi of, 643
casts in, 618

changes in position of, 616

circulatory disturbances in, 617

congestion of, 617

cysts of, 641

degenerations of, 619
elimination of bacteria from, 629

;
ref.

AscJi, 624
elimination of pigment by, ref. Car-

ter, 624
embolism of, 617

examination, post-mortem, of, 27, 41

glomeruli, development of, ref. Her-

ring, 625

granular, 634

horseshoe, 615

hyaline globules in, 618

hydronephrosis, 640

hyperajmia of, 617

hypertrophy of, 616
infarction of, 617

infection, ascending, of, 623

infection, embolic, of, 623
inflammation of (see Nephritis), 622

lobulation, foetal of, 616
malarial lesions of, 285
malarial parasites in, 629
malformations of, 615

malpositions of, 616

movable, 616

parasites in, 647

pelvis, lesions of, 639

perinephritic inflammation, 641

preservation of, 28

regeneration of epithelium in, ref. 617

"surgical," 623
thrombosis of, 617
tumors of, 643

wandering, 616

weight of, 27

Kinnicutt, on gastritis, 538 ; on secondary
lesions of typhoid, 235

Kisskalt, on infection and cooling of body,
500; on natural immunity, 172

Kitasato and Yersin, on plague bacillus,

266

Kitt, on haemorrhagic infection, 267

Klebs, on malformations of generative or-

gans, 713
v. Klecki, on elimination of bacteria from

kidney, 629

Klipstein, on pneumonia and bacteria, 500

Knox, on epicardial nodules, 422
;
on lipo-

myoma of uterus, 678

Kober, on bovine tuberculosis, 252

Koch, on tubercle bacillus, 254

Kohlbrugge, on intestinal bacteria, 560

Kohler, on agglutination, 237

Kolle, on cholera spirillum, 240 ; on speci-

ficity of infectious agents, 176
Kolle and Wassermann, Micro-organisms,

288

Koplik, on excitant of whooping-couerh,
278
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Koplik and Van Arsdale, on osteomyelitis
in childhood, 736

Kossel, on Texas fever, 132

Rotter, on organized cardiac thrombi, 488

Krompecher, on epitheliomata of skin, 346

Kruse, on group of pathogenic bacteria,

198 ; on Proteus forms, 213
;
on proto-

zoa, 128
Kruse and Pasquale, on abscess of liver,

594; on intestinal bacteria, 560

Kuhman, on bacteria in blood, 384

LABIA, lesions of, 659, 660

Lachner-Sandoval, on streptothrix, 225
IM Grippe, 225

Lambert, on sunstroke, 365

Landry's paralysis, 825

Lang's solution, formula for, 53

Lang and Ullmann, on syphilis, 259

Langerhans, islets of, 578

Langmann, on hsemosporidia, 132; on
snake poison, 357

Lapin, on bronchiectasia in children, 482
Lardaceous degeneration, 82

Larkin, on neuroma, 331

Lartigau, on B. coli communis, 211 ; on B.

pyocyaneus, 211; on B. pyocyaneus in

dysentery, 557
;
on bacteriology of an-

gina, 528; on concurrent infection in tu-

berculosis, 517; on gonorrhoeal endocar-

ditis, 443; on hyperplastic tuberculosis
of intestine, 562; on M. tetragenus,
212; on tuberculosis, 254; on typhoid
infection, fetal, 236; on typhoid with-
out lesions, 235; on uterine lesions in

typhoid, 235

Lartigau and Nicoll, on adenoids, 528

Laryngitis, catarrhal, acute, 468

catarrhal, chronic, 469

croupous, 469

phlegmonous, 469

pseudomembranous, 469

suppurative, 469

Larynx, 468

amyloid masses in, 470

cysts of, 470

examination, post-mortem, of, 26, 41

foreign bodies in, 43, 49
inflammation of (see Laryngitis), 468

lymph nodules of, 528
malformations of, 468
oedema of, 468

preservation of, 26

syphilis of, 470
tuberculosis of, 470
tumors of, 470

Lead poisoning, 355
Le Count, on lymphoma, 400

Legry, on lung stones, 473

Leiomyoma, 328

Leith, on phlegmonous gastritis, 538

Lembke, on intestinal bacteria, 560

Lents, on dysentery bacilli, 557

Leopold and Lem, on pathogenic moulds,
159

Lepra, 255

anaesthetics, 832

Lepra, bacillus of, 249, 255

Leprosy, 255
of nervous system, 832
orchitis in, 720

Leptorneningitis, 768

Leptothrix, 145, 146, 225, 525, 663

Lesser, Atlas of Forensic Medicine, 358
Leucin in acute yellow atrophy of liver,

589

Leucocytes, 377
amitosis in, 98
as phagocytes, 116, 117, 125, 172, 189
as pus cells, 200

basophile, 378
classification of, 377

development of, 105

emigration of, 109

eosinophile, 378
forms of, 377
in abscess, 115
in cytolysis, 189
in granulation tissue, 118
in inflammation, 125
in leukaemia, 389
in suppuration, 198

mononuclear, 378
normal, 378

polynuclear, 378

regeneration of, 105

transitional, 378

Leucocythsemia, 388

Leucocytosis, 378

cachectic, 380

hypo-, 380
in infection, 379
in leukaemia, 388
in typhoid fever, 379

mixed, 380

pathological, 379

physiological, 379

pneumonic, 215

polynuclear, 379

polynuclear, eosinophile, 380

pyaemic, 204

Leucolytic serum, 185

Leucomaines, 149

Leukaemia, 388
liver lesions in, 604

lymphatic, acute, 388

lymphatic, chronic, 389

lymph-node lesions in, 399
marrow changes in, 744

myelqgenous, chronic, 389

pseud'o-, 390, 400

spleen lesions in, 411

Lewin, toxicology, 358

Lewkowicz, on bacteria of mouth in nurs-

lings, 526

Libman, on paratyphoid, 238; on sarcoma
of intestines, 567

Lightning, death from, 47
0. Lingelsheim, on streptococcus, 208; on

tetanus bacillus, 264

Lip, hare-, 522

Lipamiia, 383

Lipoma, 325
of appendix, 568
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Lipoma of brain, 833
of bronchi, 481
of dura mater cerebralis, 765
of dura mater spinalis, 776
of ependyma, 781
of Fallopian tubes, 702
of heart, 447
of intestines, 565
of joints, 752
of kidneys, 643
of larynx, 470
of liver, 606
of mouth, 524
of muscle, 760
of oesophagus, 532
of penis, 715
of peritoneum, 572
of pia mater cerebralis, 774
of scrotum, 715
of spinal cord, 834
of stomach, 541
of testicle, 720
of tongue, 525
of vulva, 661

Lipomatosis, 82

Lips, malformations of, 522
tumors of, 524

Liver, 583
abscess of, 593, 611

abscess, amoebic, of, 594

abscess, metastatic, of, 594

abscess, multiple, of, 594

abscess, tropical, 593

accessory, 583
anaemia of, 584

atrophy of, 588

atrophy, acute yellow, of, 588
bacteria in abscess of, 594

biliary passages, lesions of (see Gall

Ducts), 610

"bronze," 593
calcification of, 593

capsule, inflammation of, 604

changes in position and size of, 583
cirrhosis of (see Hepatitis), 595

cirrhosis, anthracotic, 601
cirrhosis of, atrophic, 595
cirrhosis of, "biliary," 600
cirrhosis of, congenital, 600
cirrhosis of, experimental, ref. 601
cirrhosis of, hypertrophic, 600

congestion of, 584

cysts in, ref. 606

cysts in tumors of, 606

cysts of, 607, 642

degenerations of, 588
destruction of bacteria in, 164

discoloration, post-mortem, 33

displacements of, 20, 583
effect of tight lacing on, 32
embolism in, 113, 586

examination, post-mortem, of, 32,
42

"foamy," 268, 608
focal necrosis in, 132

gall passages, lesions of (see Gall
Bladder and Ducts), 610

Liver, gall ducts, new-formed, in cirrhosis,
598

gas bubbles in, 268, 608

germicidal capacities of, ref. Adami,
60

grooves and furrows in, 32

gummata of, 602

haemorrhage of, 584

"hob-nail, 597
holes in, 608

hyperaemia of, 584
infarctions of, 586, 587
infiltration, fatty, of, 590
inflammation of (see Hepatitis), 593

lymphatic tissue, hyperplasia of, in,

604
malarial lesions of, 285
malformations of, 583

malpositions of, 583
necroses of, 588

new-born, post-mortem examination
of, 42

"nutmeg," 585, 590

parasites of, 608

perihepatitis, 604

pigmentation of, 592, 601

position of, 20

preservation of, 33

regenerative changes in, 102, ref. 589
reversion in cells in cirrhosis, 598

rupture of, 584
size and weight of, 32

syphilis of, 601
thrombosis in, 586
tuberculosis of, 602
tumors of, 605

typhoid fever, lesions of, 232

vessels, lesions of, 586
wounds of, 584

Lividity, cadaveric, 4

Liringood, on sarcoma of oesophagus, 532
Lobelia poisoning, 358

Lochte, on thymus enlargement, 412

Locke, lesions of burning, 48

Lockjaw, 263
Locomotor ataxia, 813

Lode, on infection and cooling of body,
500

Loeb, on formative stimulus, 106; on
mixed tumors of thyroid, 415 ;

on trans-

plantation of cells, 296

Loeffler, bacillus of (see B. diphtheriae),
259

Loeffler's methylene blue stain, 154

Lohrisch, on tumors of mediastinum, 521

Longcope, on complement in disease, 194;
on lymphosarcoma, 390

Loomis, on cardiac syphilis, 441

Lord, on D. intracellularis meningitidis in

nose, 218

Lothrop and Pratt, on filaria. 141

Louse, 142

Lowit, on leucocytosis, 380

Lubarsch, on endothelioma, 325; on foetal

infection, 169; on parenchyma cell em-
boh'sm, 76; on tubercle bacillus, 246;

on tumors, 349; on tumor etiology, 302
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Lubarscli and Ostertag General Summary
of Etiology of Diseases of Men and Ani-

mals, ref. 288
Lufte, on malaria and mosquito, ref. 286

Lungs, 482
abscess of, 497
absence of, 482

accessory, 482
anaemia of, 482
authracosis of, 502
as portal of entry for micro-organ-

isms, 488

asphyxia, lesions of, 43
atelectasis of, 485

autolysis in exudates, 492
bacteria in, ref. 500

broncho-pneumonia, 495

"carnified,"485

cavity formation in, 514
chalicosis of, 502

circulatory changes in, ref. Esaer,
500

congestion of, 483

cysts of, 520

emphysema of. 486

epithelium in inflammation of, 489
examination, post-mortem, of, 25. 41

gangrene of, 487

haemorrhage of, 484

hypeiwmia of, 482
infarctions of, 484
inflammation of (see Pneumonia),
488

injuries of, 482
lobar pneumonia, 489
lobular pneumonia. 495
lobule, ref. Councilman, 489

lymphatics of, 489
malformations of, 482
oedema of, 484

perforation of. 482

phthisis of, 511

pigmentation of, 501

pneumokoniosis, 502

portal of entrance of tubercle bacilli

into, 503

portals of entry for bacteria, ref.

Grober, 500

preservation of, 25
sclerosis of, 502
siderosis of. 502

"stones," 473

streptothrix in, 225, 498
structure of, 488

syphilis of, 519
thrombosis of, 484

transposition of, 482
tuberculosis of (see Tuberculosis of

Lungs), 502
tuberculosis of, cavities in, 511, 514
tuberculosis of, concurrent infection

in, 516
tuberculosis of, diffuse, 512
tuberculosis of, experimental, 517
tuberculosis of, focal, 504
tuberculosis of, healing in, 516
tuberculosis of, miliary, 504

55

Lungs, tuberculosis of, secondary lesions

in, 515
tumors of, 520

vulnerability of apex of, ref. Ilutchin-

son, 516

Lupus, 253

Luxtgarten, bacillus of. 257

Lymphadenitis, tuberculous, generalized,
'398

Lymph-adenoma of mediastinum, 521

Lymphangiectasis, 465

Lymphangioma, 334, 465, 607

Lymphangitis, infective, 465

syphilitic, 466

tuberculous, 466

Lymphatic constitution, 367
tissue, 392
varix. 465, ref. 141

Lymph follicles, 392

glands (see Lymph-nodes), 392

Lymph-nodes, 392
anthracosis of, 393

atrophy of, 392
bacteria in, ref. 392

bronchial, lesions of, 481
characters of, 392

degenerations of, 393

germicidal action of, ref. M<tnfredi,
etc., 163

hoemo-, 400

Hodgkin's disease, lesions of, in, 390

hyperplasia of, 394,
inflailamination of, 394
in leukemia, 388
in scrofula, 397
in status lymphatieus, 368
in typhoid fever, 231

mesenteric, tubercle bacilli in. ref.

553

parasites of, 400

pigmentation of, 393

regeneration of, 396
scrofula of, 397

suppuration of, 395

syphilis of, 398
tubercle bacilli in, ref. 252
tuberculosis of, 396. 398
tumors of, 400

Lymph nodules, 392
nodules of larynx and oesophagus, ref.

528

Lymphocytes, 377

Lymphocytosis, 379

Lymphoma, 307, 399
of intestines, 566
of lung, 520
of mediastinum, 521
of stomach, 542

Lympho-sarcoma, 315, 521

Lymph-vessels, characters of, 464
dilatation of, 465
inflammation of (see Lymphangitis).
465

of lung, 489
of nose, ref. 467
tumors of. 466

Lysis, 182
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MacCattum, on hsematozoan infection in

birds, 284; on regenerative changes in

liver, 589; on segmentation of myocar-
dium, 436

Mace, Bacteriology, 288; on B. coii com-
munis, 211; on bacteria of mouth, 526;
on intestinal bacteria, 560

Machard, on lesions of gall-bladder, 610

Macrocytase, 190

Macrocytes in cytolysis, 190

Macroglossia, 465, 525
"Madura foot," 224

Madzoar, on bacteria of mouth, 526

Mayrath, on smallpox, 276
Maladie pyocyanique, 211

Malaria, 279
aestivo-autumnal type of, 280

bibliography of, 286

blood, lesion of, 285

blood, method of examination of, in

malaria, 286

chronic, 286
excitant of, 279
lesion of, 285

mosquitoes as intermediary host in,

281

parasite of, 279

parasite of, crescent bodies of, 281

parasite of, flagellate bodies of, 283

pigmentation of liver in, 592

plasmodium of, 279

quartan types of, 279

spleen in, 407
tertian types of, 279
visceral lesions of, 285

Malformations (see Various Viscera)

Malignancy in tumors, 294

Malignant pustule, 221

Mallein, 220

Mallory, on amrcba staining, 129; on anilin

blue stain, 59
;
on focal typhoid lesions,

233 ; on incitants of scarlatina, 277 ;
on

necroses of liver, 588 ;
on phagocytes in

typhoid, 231

Mailory and Wright, Pathological Tech-

nique, 50

Mamma, 704
abscess of, 705
absence of, 704

accessory, 704

cysts of, 712

haemorrhage of, 704

hyperplasia, cystic, of, 706

hypertrophy of, 706
inflammation of (see Mastitis), 705,

725

male, lesions of, 725
malformations of, 704

nipple, inflammation of, 705

supernumerary, 704

syphilis of, 706
tuberculosis of, 706
tumors of, 706

Malta fever, 265

Manasse, on amyloid masses in larynx, 470

Mandelbaum, on teratoma of the mediasti-

num, 52?

Manfredi, on germicidal action of lymph-
. nodes, 163

Mannaberg, on protozoa, 128

Manson, on trypanosoma, 130

Marchand, on endothelioma, 325 ; on hy-
datid moles, 688; on pathology and

embryology, 303
Marchi method for 'nerve tissue, 16, 19,

837

Marchiafam and Biynami, on malaria and

mosquitoes, 286
Marcus, on entrance of bacteria by intes-

tine, 571

Marfan, on concurrent infection in tuber-

culosis, 517; on lesions of bronchial

lymph-nodes, 482

Marie, on spinal cord, 812

Marinesco, on chromatolysis, 806

Marrow, bone-changes of, in anaemia and
leukaemia. 387, 389, 744

Martin, on flies and typhoid, 168
Martin and Rennie. on cardiac thrombosis,
433

Martins, on auto-iutoxication, 350

Maschka, on poisons, 358
Mast- cells, 312

Mastigophora, 129

Mastitis, chronic, 706

exudative, acute, 705

suppurative, 705

Maximmc, on amyloid degeneration, 83

McOrae, burning, lesions of, 48

McCrae, Fysche, and Ainley, analysis of

lesions in lobar pneumonia, 492

McFadyen and Macconkey, on tubercle ba-
cilli in mesenteric lymph-nodes, 553

McFarland, on vaginitis, 662

McMurrich, Embryology, 39
McNeal and Noey, on culture of protozoa,

133
on trypanosoma culture, 130

McWeeney, on rupture of oesophagus, 530

Measles, 278

"Measly" pork, 185
Meckel's diverticula, 546

Mediastinum, lesions of, 521

Medico-legal autopsies, 37

Megaloblasts, 377

Megalocytes, 375. 377

Melanaemia, 381

Melano-carcinoma, 348

sarcoma, 315

Meltzer, on protection of the body against
infection, 163; on pyloric stenosis, 533

Menetrier, on transplantation of tumors,
296; on epithelial metaplasia, 94

Meningitis, acute, 768

cellular, 768

cerebro-spinal, acute, 218

cerebro-spinal, epidemic, 218

chronic, 771

exudative, 768

purulent, 768
relation of middle ear to, 771

spinal, 777

suppurative, 768

syphilitic, 773
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Meningitis, tuberculous, 772

typhoid, ref. 285
Mercuric chloride, in tissue fixation, 53

Mercury poisoning, 354

Merismopedia, 145

Merozites in malaria, 280

Mesentery, cysts of, 574
embolism and thrombosis of vessels

of, 550

Meslay ami Parent, on tuberculosis of pa-
rotid, 576

Mesothelium, 115, 325

Messmates, bacterial, 151
Metabolic pigment, 89
Metachromatic granules in bacteria, 144

Metaplasia, 93, 94
Metastasis of tumors, 293

Mctliylcne blue stain, 60
blue stain for bacteria, 154
blue stain for nerve tissue, 838

Methyl violet stain for amyloid, 83

Metritis, acute, 673

chronic, 674

para-, 674

Metschnikofl , on immunity, 196; on inflam-

mation, 124; on phagocytes in cytolysis,
189; on protective action of skin, etc.,

Iftfl

Meyer, on obstruction of vena cava, 462

MeynerCs method of brain dissection, 14

Microbes, 143

Microcephalia (see Malformations of

Brain), 782

Micrococcus, 143

gonorrhoea:, 216
lanceolatus (see Pneumococcus), 213,
489

lanceolatus, characters of, 214

melitensis, 265

pyogenes aureus, 204

tetrairenus, 212

Microcytase, 190

Microcytes. 190, 375

Microgamcte in malarial parasite, 282
Micron, definition of. 144

Micro-organisms (see Bacteria), 143

'ultramicroscopic," 287

Microsporon furfur, 160
Microtome, 57

Mieczkowxki, on gall-stones and micro-or-

ganisms, 614

Micscher, tubes of, 132

Mir/not, on gall-stones and micro-organ-
isms, ref. 614

Milk as culture medium, 155

precipitin test for, 192
Miller, on bacteria in uterus, 670; on lipo-
ma of kidneys, 643; on lymph-vessels in

lung, 489
"

Milutescu, on tubercle bacilli in lymph-
nodes, 252

Minot, on embryological basis of pathol-
ogy, 303; on retrogressive processes, 78

Misick, on teratoma of liver, 608
Mitchell, on foreign bodies in the appen-

dix, 565

Mitosis, 95

Mitosis, abnormal, 97

atypical in tumors, 303

significance of, 97
Mitotic figure, 96
Mixed infection, 168

Moles of placenta, 687
Molluscum contagiosum, 348

Monaster, 96

Moniez, on parasites, 142

Monomorphism in bacteria, 146
Monte and Berggriin, on chronic anemia in

infancy, 391

Moore, on smallpox, 277
Morbus maculosus neonatorum, 71

Morf, on sarcoma of thyroid, 415

Morphine poisoning, 356

Morrow, on leprosy, 256

Morse, on cirrhosis in childhood, 600

MoHchcowitz, on tetanus antitoxin treat-

ment, 264; on carcinoma of appendix,
568

Moser, on cardiac tuberculosis, 440
Moser and Clemens, on streptococcus ag-

glutination, 207

Mosny, on oysters and typhoid, 237

Mosquito as intermediary host in malaria,
281

in malaria, ref. 286
in yellow-fever infection, 273
in lymph-vessels of nose, ref. 467

Mother marks, 333

Moulds, 143, 159

as excitants of pneumonia, 499

Mouth, bacteria in, 525

cysts of, 524
inflammation of (see Stomatitis), 522
malformations of, 522

micro-organisms in, 525

syphilis of, 524
tuberculosis of, 523
tumors of, 524

Mucous degeneration, 85

membranes, inflammation, pseudo-
membranous, of, 209

membranes, regeneration of, ref. 102

patch of mouth, 524

patch of vulva, 660

Muhlman, on senility, 78
Muir and Ritchie, Manual of Bacteriol-

ogy, 288
Mtiller, on abrin and ricin intoxication,

201; on natural immunity, 172; on thy-
roid, 414

Mailer's fluid, formula for, 52

Mummification, 91

Mumps, 574

Milnzer, on deciduoma, 685

Muscle, 754

atrophy, lipomatous, 756

atrophy of, 754

atrophy, progressive, of, 754
calcification of, 758

degenerations of, ?57
embolism of, 759

haemorrhage of, 759

hyperplasia replacement of, 760

hypertrophy of, 754
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Muscle, hypertrophy, pseudo-, of, 750
infarctions of, 759

infiltration, hydropic, of, 758
inflammation of (see Myositis), 759

injuries of, 758
necrosis of, 754

parasites of, 761

pigment in, 88, 428

regeneration of, 100

rupture of, 758

syphilis of, 760
tuberculosis of, 760
tumors of, 760

Museum specimens, method of preparing,
60

Muse/rave and Clegy, on trypanosomiasis,
130

Mussel poisoning, 358

Muftyer, Pearce, and Oywn, on strepto-
thrix, 225

Mycelium of moulds, 159

Mycosis, intestinal, 222, 554

pharyngis, 526

pharyugo-leptothrica, 225

Mycotic endocarditis, 442

Myelitis, acute disseminated, 822
anterior horn, 823

central, 823

chronic, 829

parenchymatous, 822

peripheral, 823

polio-, anterior, 823

transverse, 822

unilateral, 823

M3
-

elocytes in leukaemic marrow, 745

Myeloma, 748

Myeloplaxes, 747

Myocarditis, 437

exudative, 437

interstitiale, 437, 438

suppurative, 437

syphilitic. 441

tuberculous, 440

Myocardium (see Heart), 428

diphtheritic lesions of, ref . 209

fragmentation and segmentation of,

436

Myoma, 328

adenomatous, of uterus, 678

hevicellulare, 328
of appendix, 568
of Fallopian tubes, 702
of heart, 447
of intestines, 565
of kidneys, 643
of oesophagus, 532
of ovaries, 692
of parotid, 577
of stomach 541
of testicle, 721
of uterus, 676
of vagina, 663
of veins, 464
of vulva, 661

striocellulare, 329

Myomalacia, 438

Myosarcoma, 320, 464

Myositis, chronic, 759

exudative, 759

interstitial, 759

ossif:::ans, 760

suppurative, 759

Myxcedema, 361

Myxoma, 311
of bone, 746
of brain, 833
of dura mater spinalis, 778
of heart, 447
of larynx, 470
of liver, 607
of lymph-nodes, 400
of mamma, 709
of mamma, male, 725
of muscle, 760
of nerves, 835
of parotid, 576
of pia mater cerebralis, 774
of pia mater spinalis, 777

Myxosarcoma, 320, 835

Myxosporidia, 131

NABOTHIAN glands, 35, 672

Naegeli, on statistics of tuberculosis, 251

Naevi, congenital, of skin, 333. 345

Nagana; 129

Nebelthaii, on statistics of intestinal tuber-

culosis, 553

Neck, appearance of, in strangulation, 44

cysts of, 526
Necrosis, 89

coagulation, 91

coagulation in diphtheria. 260

coagulation in tubercle, 244

fat, 92

fat, of pancreas, 578

focal, 91

focal, in typhoid, 232

focal, lesions of, 201
of adrenals, 417
of bone, 728
of muscle, 754

Neisser and Lipstein, on Staphylococcus
pyogenes aureus, 206

Neisser and Scholtz, on gonococcus, 217

Nematoda, 137

Nephritis, diffuse, acute, 624

diffuse, acute, degenerative type, 627

diffuse, acute, excitants of, 628

diffuse, acute, exudative type, 627

diffuse, acute, glomerular type, 627

diffuse, acute, haemorrhagic type, 627

diffuse, acute, interstitial type, 627

diffuse, acute, parenchymatous type,
627

diffuse, acute, productive type, 627

diffuse, chronic, 630

diffuse, chronic, excitants of, 637

diffuse, chronic, general consideration,
630

diffuse, chronic, interstitial type, 634

diffuse, chronic, parenchymatous
type, 632

iffudiffuse, chronic, variations in type,
635
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Nephritis, experimental, ref. 637

exudative, 627

general consideration of, 622

glomerulo-, 625
interstitial. 627

malarial, 629

peri-, 641

productive, 627

pyelo-, 639

suppurativc, 622

syphilitic, 639

tuberculous, 638

Nephrolytic serum, 185

Nephroma, hyper-, 644

Nephrotoxin, 185
Nerve cell, degenerations of, 802

cell, nature of, 797

cell, pigment of, 799

cell, structure of, 797

fibres, degeneration of, 802

fibres, Marchi's method of staining,
837

tissue, Held's method of staining, 839

tissue, methods of preparation and

study, 837

tissue, Nissl's method of staining, 838

tissue, regeneration of, 100

Weigert's method of staining, 838

Nerves, degeneration of, 826

degeneration of neurone in, 802
inflammation of (see Neuritis), 826

injuries of, 785

leprous inflammation of, 832

preservation of, 19

regeneration of, 807
sclerosis of, 827
tumors of, 835

Nervous system, 762

system, degeneration of, 802

system, degeneration, secondary, of,

809

system, method of preparation and

study, 837

system, neurone theory of, 797

system, regeneration of, 807

system, syphilis of, 831

system, tuberculosis of, 830

system, tumors of, 833

Netter, on bacteria in pleuritis, 472; on

plague .serum, 267; on pncumococcus
in empyema, 474

Neufeld, on streptococcus agglutination,
207 ; on typhoid bacillus, 238

Neumann, on bacteria of nose, 467

Neuritis, chronic, 827

exudative, 826

multiple, 826

Neuroglia, genesis of, 303

hyperplasia of, 807
nature of, 801

Neuroglioma ganglionare of brain, 833

Neurolytic serum, 185

Neuroma, 330
of adrenals, 418
of liver, 606
of nerves, 835

Neurone, degenerations in, 802

Neurone, nature of, 797

system degenerations, 807

theory of nervous system, 797

Neurones, action of fatigue on, 806
action of toxins on, 804

degeneration, primary, of, 811

degeneration, secondary, of, 809

motor, cortico-spinal, 808

motor, peripheral, 808

motor, upper, 808

sensory, lower, 808

sensory, peripheral, 808

sensory, upper, 808

systems of, 808

New-born, autopsies on, 39

encephalitis in, 828

haemorrhage in, 71
size and characters of, 39
tissues of, preservation, 42

Newman, on tumors of tonsil, 530

Newton, on heart rupture, 427

Nichols, on ganglion cell lesions in ty-

phoid, 235; on transplantation of tu-

mors, 296
Nicolas and Beau, on the spleen in infec-

tion, 163

Nipple, eczema of, 705
Nissl's nerve stain, 838

staining method, 838
Nitrobenzol poisoning, 356
Nocard and Leclaniche, on microbic dis-

eases of animals, 288

Noma, 523
of vulva, 660

Normoblasts, 377

Norris, C. C., on carcinoma of appendix,
568

Norris, Uhas., on bacterial precipitins, 192

Norris, Chas., andLarkin, on streptothrix,
225

;
on streptothrix pneumonia, 498

Northrup, on interlobular emphysema of

lung, 487; on reptilian heart, 423; on
tuberculous bronchial lymph-nodes, 398

Northrup and Crandall, on scurvy, 366

Norton, on persistent thymus, 412

Nose, bacteria in, ref. 467

cysts, dermoid, of, 468
inflammation of, 467

lymph vessels of, 467
mucous membrane of, 467

polyps of, 467
tumors of, 468

Novy and McNeal, on trypanosoma, 130

Noyes. on accessory adrenals, 416

"Nutmeg" liver, 590

Nuttall, on blood immunity and blood re

lationship, 196; on role of insects in in

fection, 163
Nuttall and Shipley, on Anopheles, 286
Nux vomica poisoning, 357

Nymphse, malformations of, 659

Obermeier, spirillum of, 265
Odontoma, 327

(Edema, 71

malignant, 268
of brain, 789
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(Edema of glottis, 26, 468
of labia, 659
of lung, 484
of pia mater cerebraiis, 767
of vulva, 659

purulent, 200

Oertel, on echinococcus multilocularis,
609

Oertel's lesion, 211

(Esophagitis, 532

CEsophagus, 530
action of poisons on, 351

cysts of, 533
dilatations of, 530
diverticula of, 531

examination, post-mortem, of, 26

haemorrhage of, 530
inflammation of, 532

lymph nodules of, ref. 528
malformations of, 530

perforation of, 530

preservation of, 26

rupture of, 530
stenosis of, 531
tumors of, 532
varices of, in cirrhosis, 530

Oidium albicans, 161

albicans in vagina, 663

Oligocythaemia, 373

Omentum, cysts of, 574
hernia of, 549

examination, post-mortem, of, 20

Oophoritis (see Ovaritis), 689

Ophrds, on bacteria in pulmonary gan-
grene, 488

;
on corpora amylacea, 83 ; on

typhoid without lesions, 235

Opie, on cholelithiasis and diseases of pan-
creas, 580; on corpora amylacea, 83;
diseases of pancreas, 364

;
on fat necro-

sis, 579; on filarial lymphatic varix,

465; on ha?mochromatosis, 88; on lym-
phatic varix, 141 ; on pancreas, 578

Opitz, on entrance of bacteria by intes-

tine, 571

Opium poisoning, 356

OppenJieim, on multiple sclerosis, 828

Oppenheimer, on bacterial poisons, 164

Orchitis, chronic, 718

exudative, acute, 717

leprous, 720

syphilitic, 720

tuberculous, 719

Organs, size and weight of, ref. Vierordt

Tables, 8

Orthmann, on retro-ovarian cysts, 703

Orth's fluid, formula for, 52

Osier, on hair balls in stomach, 546; on

sporadic cretinism, ref. 361

Osier and McCrae, on carcinoma qf stom-
ach in the young, 544

Osmic acid, as fixative, 52

Ossification, irregular, in rickets, 740

irregular, in syphilis, 737
of bronchi, 481
of muscle, 760
of penis, 715

Osteitis, 731

Osteitis, condensing, 734

ossifying, 732

rarefying, 732

suppurative, 734

syphilitic, 736

tuberculous, 736
ulcerative (see Caries), 739

Osteoblasts, 730, 734

Osteoclasts, 732
Osteoid cancer, 748

tissue, 727

Osteoma, 326

malignant, 748
of bone, 746
of brain, 833
of dura mater cerebraiis, 765
of lung, 526
of pia mater cerebraiis, 774
of spinal cord, 834
of testicle, 721

Osteomalacia, 744

Osteomyelitis, acute, 735

chronic, 736

infective, 735

Osteophytes, 730, 746

Osteo-porosis, 732

Osteo-sclerosis, 734

Ostoses, 746
Otis and Evans, on pathogenic blastomy-

cetes, 159

OttolenyM, bacteria in cadaver, 5; on

pneumococcus, 215
Ovarian pregnancy, 704

Ovaries, 688

changes in position and size of, 688

cyst-adenoma of, 693

cysts, dermoid, of, 699

cysts of, 697

displacements of, 688

examination, post-mortem, of
:
36

haemorrhage of, 689
hernia of, 689

liypenemia of, 689
inflammation of (see Ovaritis), 689
malformations of, 688
size and weight of, 36

syphilis of, 691

teratonm of, 699
tuberculosis of, 691
tumors of, 691

Ovaritis, exudative, acute, 689
interstitial, chronic, 689

syphilitic, 691

tuberculous, 691
Ovula Nabothi, 686

Oxyurides in bladder, urinary, 654

Oxyuris in vagina, 663

vermicularis, 138

Oysters and typhoid fever, 237

PACCHIONIAN bodies, 10, 766

Pachydermia verrucosa, 469

Pachymeningitis, 763, 776
acute external, 763
acute internal. 763

chronic, 764

internal, haemorrhagic, 764
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Pachymeningitis, syphilitic, 765

tuberculous, 765

Packard, on tonsils, 528

Paget's disease, 705

Palate, cleft, 522

Pancreas, 577

accessory, 577

atrophy of, 577

autodigestiop of, 577
calculi in, 582

cholelithaisis, effect of, on, 580
concretions in, 582

cysts of, 581

degenerations of, 577
diabetes and, 364

displacements, 577

ducts, cysts of, 581

examination, post-mortem, of, 33
fat necrosis of, 578

foreign bodies in, 582

gangrene of, 580

haemorrhage of, 579

infiltration, fatty, of, 577

inflammation of (see Pancreatitis), 580

Lanqerhans, islets of, degeneration
of, 578

malformations of, 577

parasites of, 582

preservation of, 33
relation to diabetes, 578
si/a- and weight of, 33

syphilis of, 581
tuberculosis of, 581
tumors of, 581

Pancreatitis, experimental, ref. 580

haeinorrhagic, 580

interstitial, chronic, 580

suppurative, 580

Pancreolytic serum, 185

Papilloma, 309
of bladder, urinary, 653
of Fallopian tubes, 703
of kidneys, 643
of larynx, 470
of mouth, 524
of oesophagus, 532
of ovaries, 691, 697
of penis, 714
of peritoneum, 572
of stomach, 541
of vagina, 663
of vulva, 660

Paraffin as embedding medium, 55

Paralysis, Landry's, 825

spastic spinal, 812

spinal, infantile, 823

Parametritis, 674

Paraphimosis, 714

Paraplegia, ataxic, 818

spastic, 812

Parasites, animal, 128

plant, 143

Paratyphoid, 238

Parenchymatous degeneration, 79
Paresis of insane, brain lesions in, 828

Park, R., on osteomyelitic deformities,
736; on tumor parasites, 301

Park, W. H., Bacteriology in Medicine
and Surgery, 155, 288; on diphtheria
antitoxin making, 262; on influenza

bacillus, 226

Parotid, 574
inflammation of (see Parotitis), 574

Parotitis, 574

Parovarium, cysts of, 699

Parsons, on post-typhoid bone lesions, 235

Passler, on carcinoma of lung, 520

Pasteur, preventive inoculation in rabies,
270

Pathological morphology, characteriza-

tion of, 67

physiology, characterization of, 67

Pathology, comparative, 288

general introduction to, 65

special, 371

Pawloirsky, on elimination of bacteria, 163

Pearce, on bacteriology of scarlatina, 278;
on development of islands of Langer-
hans, 578; on leptothrix, 225; on ne-

phrotoxius, 185; on syphilis of pancreas,
581

Pearls, epithelial, 343
Pediculus capitis, 142

Pellew, on arsenic as a poison, 354
Penis, balanitis, 714

calcification of, 715
calculi of, 715

condyloma of, 714

cysts, dermoid, of, 715

cysts, sebaceous, of, 715

elephantiasis of, 715

enlargement of,' 713

epispadias, 713

erysipelas of, 714
examination of. 34
fibrous plates in. 714
furuncles of, 714

haemorrhage of, 714

herpes of, 714

hypospadias, 713
indurations of, 714
inflammation of, 714

injuries of, 714
malformations of, 713
ossification of, 715

paraphimosis of, 714

phimosis of, 714

smegma of, 714

syphilis of. 714
tuberculosis of, 714
tumors of, 714

Peutastomum, 400, 411, 610

Periarteritis, 450

nodosa, 454
Pericanalicular fibroma of mamma, 708
Pericardial adhesions, 421

fat, atrophy of, 428
fibrous nodules, 422
sac, obliteration of, 421

Pericarditis, 420

acute, 420
bacteria in, 421

chronic, 421

exudative, 420
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Pericarditis, fibrinous, 420

obliterating, 421

purulent, 421

sero-fibrinous, 420

suppurative, 421

tuberculous, 422

Pericardium, 419
air in, 419
calcification of, 421

cysts of, 423

dropsy of, 419

examination, post-mortem, of, 22, 41

fibrous nodules in, 422

haemorrhage, 419

hydro-, 419
inflammation of (see Pericarditis), 420

injuries of, 419
obliteration of, 421

pneumo-, 419
tumors of, 422

Perihepatitis, 604

Perimetritis, 647

Perinephritis, 641

Periosteum, 726

haemorrhage of, 726

hyperaemia of, 726
inflammation of (see Periostitis), 728
tumors of, 745

Periostitis, exudative, 728

fibrous, 730

infective, 728

malignant, 731

ossifying, 730

suppurative, 728

syphilitic, 731

tuberculous, 731

Periphlebitis, 462

Perisplenitis, 409

Peritoneum, 568
ascitcs of, 568

cysts of, 574
inflammation of (see Peritonitis), 569
malformations of, 568

parasites of, 574
tumors of, 572

Peritonitis, acute, 569
bacteria of, 570

cellular, 569
chronic. 571

exudative, 569

suppurative, 569

tuberculous, 571
Perkins and Fay, on bacteria in smallpox,
275

Pertussis, 278
Pest (see Plague), 266

Petechiae, 70

Peterson, on rectal stricture, 562
Petri plates, 155

Petruschky, on streptothrix, 225

Peyer's patches in typhoid fever, 228,
229

Pffiff, on opsophageal diverticula, 531

Pfeiffer, studies of, on cholera vibrio, 182

Phagocytes, 11G (see also Leucocytes as

Phagocytes)
action of, in cytolysis, 189

Phagocytes, endotkeliuin as, rof. Heinz,
593

in blood clots, 70
in inflammation, 125
in typhoid fever, 231

Pharyngitis, "adenoids" in, 527

catarrhal, 527

diphtheritic, 527

phlegmonous, 527

tuberculous, 528

Pharvugo-mycosis lepothrica, 225

Pharynx, 468, 526

cysts of, 526
diverticula of, 526

examination, post-mortem, of, 26
fistula? of, 526
inflammation of (see Pharyngitis), 527
malformations of, 526

mycosis of, 526
tumors of, 529

Phimosis, 713, 714

Phlebectasia, 460

Phlebitis, 462

acute, 462
bacteria of, 462

chronic, 463

endo-, chronic, 463

infective, 462

suppurative, 462

syphilitic, 463

tuberculous, 463

uterine, 675

Phleboliths, 73. 461

Phlegmon, 199

gaseous, 268
Phloridziu diabetes, 365

Phloroglucin as decalcifying agent, 54

Phosphorus necrosis of bone, 739

poisoning, 353

Phthisis, 511
acute (see Lungs, Tuberculosis of),

503, 513
chronic (see Lungs, Tuberculosis of),

504

experimental, 518
Pia mater cerebralis, 766

mater cerebralis, cysts of, 775
mater cerebralis, examination, post-

mortem, of, 10, 40
mater cerebralis, haemorrhage of, 767

mater cerebralis, hyperaemia of. 767
mater cerebralis, inflammation of (see

Meningitis), 770
mater cerebralis, o?dema of, 767
mater cerebralis, Pacchiouiau bodies

in, 766
mater cerebralis, parasites in, 775
mater cerebralis, pigmentation of,

768, 775
mater cerebralis, structure of, 766

mater cerebralis, tumors of, 773

mater spinalis, 776
mater spinalis, bone in, 777
mater spinalis, cartilage in, 777

mater spinalis, examination, post-

mortem, of, 17, 40
mater spinalis, haemorrhage iu, 777
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Pia mater spinalis, inflammation of (see

Meningitis, Spinal), 777
mater spinalis, parasites in, 777
mater spimilis, tumors of, 777

Picro-acid fuchsin as staining agent, 59
Pierson and llavenel, on pathogenic
moulds, 159

Pigment, anthracotic, 398, 404, 502, 593

luematogenous, 87

hepatogenous, 88

metabolic, 89
of red blood cells, 374
test for iron in, 88

Pigmentation, 87
of Addison's disease, 362
of adrenals, 417
of brain, 787
of liver, 592, 601
of lung, 501
of lymph-nodes, 393
of nerve cells, 799
of pia mater cerebralis, 775
of spleen, 404, 408

Piles, 461, 562
Pineal gland, lesions of, 836
Piuworm, 138

Pituitary body, lesions of, 837

Placenta, 686

apoplexy of, 686

cysts of, 688

degenerations of, 686

haemorrhage of, 686
infarction of, 686
inflammation of (see Placentitis), 686
moles of, 687
structure of, ref. Eden, 686

syphilis of, 687
tuberculosis of, 687
tumors of, 687

Placentitis, chronic, 687

suppurative, 686

Plague, 266

antitoxin, 267
bacillus of, 266

bubonic, 266

Oriental, 266

preventive inoculations in, 266

serum, 267
Plant parasites, 143
Plasma cells, 60, 103, 119, 245
Plasmodium malariae, 279

Pleomorphism in bacteria, 146

Pleura, 471
as portal of entry for bacteria, ref.

Grober, 500
calcification of, 473

cysts of, 475
echinococcus" of, 475

haemorrhage in, 471

hydropueumothorax, 471

hydrothorax, 471

infection, ways of, 474
inflammation of (see Pleuritis), 471

lymph vessels, dilatation of, 473

pyopneumothorax, 471
tuberculosis of, 474
tumors of, 475

Pleural cavities, air in, tests for, 21

cavities, examination, post-mortem,
of, 24, 25, 41

exudates, 471

Pleurisy (see Pleuritis), 471
Pleuritic adhesions, 474

Pleuritis, acute, 471

chronic, 474

"dry, "471
exudative, 471, 472, 473

fibrinous, 471

sero-fibrinous, 472

sicca, 471

suppurative, 473

tuberculous, 474

Pneumococcus, 213, 214, 489

agglutination of, 214

capsule, staining of, 215
habitat of, 215

pathogenic effects of, 215

Pneumokoniosis, 503

Pneumonia, antitoxin, 215

aspiration, 497
bacillus of Friedlander in, 212

broncho-, 494

broncho-, excitants of, 498

broncho-, tuberculous, 509

cheesy, 513
classification of, 489

cooling of body as determining, ref.

500

croupous, 489

experimental, ref. 499

experimental, ref. Wadswortli, 500

exudative, 489
fibrinous, 489

general characters of, 488

haematogeuous, 497

hypostatic, 498

interstitial, 500

lobar, acute, 489

lobar, acute, associated lesions of, 492

lobar, acute, bacteria in, 493

lobar, acute, bacteria in blood in, ref.

492

lobar, acute, complication of, 492

lobar, acute, concurrent infection in,

494

lobar, acute, delayed resolution in, 493

lobar, acute, experimental, 215

lobar, acute, micrococcus of, 213

lobar, acute, mixed infection in, 494

lobular, 494

"organizing," 493

"patchy," 494
"
purulent infiltration

"
in, 494

pyaemic, 497
reversion of epithelium in, 501

syphilitic, 519

tuberculous, 502

tuberculous, varieties of, 503
Pneumonitis (see Pneumonia), 488

Pneumopericardium, 419

Pneumotoxiu, 215

Poikilocytes, 375

Poisoning, examination in, 30, 38

Poisons, 350
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Poisons, abrin, 357

acid, arsenious, 353

acid, carbolic, 356

acid, carbonic, 358

acid, hydrochloric, 352

acid, hydrocyanic, 356

acid, nitric, 351

acid, oxalic, 352

acid, sulphuric, 351

acid, tartaric, 352

aconite, 358
alcohol, 356

alkalies, 352
alkaloidal. 358

aloes, 355

ammonia, 352

arsenic, 353

bacterial, 164, 359

cantharides, 355
carbonic oxide, 357

cheese, 358
chloral hydrate, 357

chloroform, 357
classification of, 360

colchicum, 355

colocynth, 355

conium, 358

copper, 355
corrosive sublimate, 354
croton oil, 355

digitalis, 358

elaterium, 355

endogenous, 350, 358

endogenous, bibliography of,

enterogenic, 359

ether, 357

exogenous, 351

fish, 358

fungi, 356

gamboge, 355

hellebore, 355

histogenic, 359
ice cream, 358

inorganic, 351

insect, 357

jalap, 355
lead, 355

lobelia, 358

mercury, 354

morphine, 356

mussels, 358

nitrobenzol, 356
nux vomica, 357

opium, 356

organic, 355
Paris green, 354

phosphorus, 353

potash, 352

potassium cyanide, 356

potassium nitrate, 352

potassium oxalate, 352

ptomain, 358

putrefactive, 358

ricin, 357

savin, 355

sausage, 358

scammony, 355

Poisons, Scheele's green, 354
snake, 165

soda. 352

stramonium, 358

strychnine, 357
tartar emetic, 355

turpentine, 355

vegetable irritants, 355

venom, animal, 357

veratria, 355

Poisoning, autopsies in cases of. 38

Polaillon, on lung stones, 473
Polar body, 95

Poliomyelitis, anterior. 823

Polychromatophilia, 387

Polyps of bronchi, 481
of intestines, 566
of nose, 467, 468
of pharynx, 529
of urethra, 658
of uterus, 676

Popon, on spinal cord in arsenic poison-

ing, 354

Porencephalus, 836
Portal vein, lesions of, 586

vein, post-mortem examination of. 32
Portals of entry of bacteria, 163

Posselt, on echiuococcus multilocularis,
609

Post-mortem changes in body, 4

changes in blood distribution, 9

changes in intestines, 30

changes in liver, 33

changes in stomach, 534

changes in surface of body, 4

changes, relation of bacteria to, 5

clots of heart, 23

contusions, 7

cooling of bod}', 6

cultures, 37

decomposition, 5

discoloration of viscera, 20

bacteria in, 37

examination, closure of body after. 36

examination, external inspection, 3

examination in new-born children, 39

examination in suspected poisoning,
38, 354

examination, internal inspection, 8

examination, medico-legal, 37

examination, methods of making, 3

examination of abdomen, 19, 27

examination of adrenals, 28
examination of aorta, 33
examination of l-ase of craniuum, 15

examination of bladder, 34
examination of brain, 10

examination of dura mater, 10

examination of ear, 16

examination of eyes, 16

examination of geni to-urinary organs,
34

examination of head, 9

examination of heart, 21

examination of intestines, 20, 30
examination of kidneys, 27
examination of larynx, 26
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Post-mortem examination of liver, 20, 32

examination of lungs, 25
examination of oesophagus, 26
examination of omentum, 20

examination of ovaries, 36

examination of pancreas, 33

examination of pericardium, 22

examination of pharynx, 26

examination of pia mater, 10

examination of pleural cavities, 24

examination of scars or tattoo marks,
8

examination of solar plexus, 33
examination of spinal cord, 17

examination of spleen, 29
examination of stomach and duode-

num, 21, 31

examination of thyroid, 26

examination of thoracic duct, 33

examination of thorax, 19, 21

examination of uterus, 35

fractures, 8

gas formation, 5

hypostasis, 4
identification, 4
lesions, atlas of, ref. 358
marks of violence, 7

medico-legal, 37

putrefaction, 5

rigor mortis, 6

rise of teniperaure, 6

wounds, 8

Potassium bichromate in Midler's fluid, 53

Potato as culture medium, 155

Powers, on carcinoma of branchial clefts,

530

Poyntun and Payne, on bacteria of rheu-

matism, 279

Pratt, on coronary arteries, 438; on his-

tology of acute lobar pneumonia, 492:
on typhoid bacillus in skin, 236

Preble, on haemorrhage from crsophageal
veins, 530

Precipitating substances, 191

Precipitin, 191

bacterial, 192

Predisposition to infection, 167

Pregnancy, abdominal, 704

extra-uterine, 703

interstitial, 704

ovarian, 704

tubal, 703

tubo-abdominal, 704

Prepuce, lesions of, 714
Preventive inoculations in Asiatic cholera,

240
inoculations in plague, 266
inoculations in rabies, 270
inoculations in smallpox, 274
inoculations in typhoid fever, 237

" Prickle cells
"
in epithelioma, 343

Proglottides of tapeworm, 134

Prostate, 722
abscess of, 724

atrophy of, 722
calculi of, 725
concretions in, 725

Prostate, cysts of, 724

degenerations of, 722

examination, post mortem, of, 34

hyperplasia of, 723

hypertrophy of, 722
inflammation of (see Prostatitis), 724

parasites in, 725
tuberculosis of, 724
tumors of, 724

Prostatitis, 724
Protective proteids, 125

Proteids, defensive, 173
Proteus group of bacilli, 212

vulgaris, 213

Protozoa, 128
in scarlatina, 277
in variola, 275
method of study, 133

Prudden, on bacteria in pleuritis, 472; on
concurrent infection in pulmonary tu-

berculosis, 518; on dead tubercle bacilli,

250; on endocarditis, malignant, 444; on
neuroma, multiple, 331 ; on pseudohy-
pertrophy of muscle in multiple neuro-
ma, 757; on rhabdomyoma of parotid,
577

Prudden and Hodenpyl, on dead tubercle

bacilli, 250

Psammoma, 320, 766, 774, 776

Pseudo-diphtheria, 209

bacilli, 263

Pseudo-hermaphroditism, 713

Pseudo-hypertrophy of muscle, 756

Pseudo-leukaemia, 390, 400

spleen in, 411
Pseudo-membranous inflammation, 209

Ptomains, 149, 358

Puerperal fever, 674

Purpura, 367

Pus, 115, 200

Pustule, 199

malignant, 221

Putnam, on encephalitis, 822
Putnam and Taylor, en degeneration of

spinal cord, 819
Putrefaction by bacteria, 149

post-mortem, 5

Pyrcmia, 202

cryptogenetic, 203

Pyelitis, 639

Pyelo-uephritis, chronic, 640

suppurative, 639

Pylorus, stenosis of, 533

Pyogenic bacteria, 204

P3
-

opneumothorax, 471

Pyosalpinx, 702

Pyo-septicrcmia, 203

Pyrosoma bigeminum, 132

QUARTER evil, 269

Quenn and Branca, on regeneration cf
intestinal epithelium, 560

Quinsy (see Tonsi.'litis), 528

RABIES, 269

diagnosis of, 271
excitant of, 270
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Rabies, lesions of, 269

preventive inoculation in, 270
statistics of, in United States, ref. 271

Rachitis, 740

Radium, action of, on bacteria, 148

Rainey, tubes of, 132

Rainy, on nerve lesions in diphtheria, 260

Ramsay, on tumors of adrenals, 418

Kanula, 525, 576

Raschkes, on endothelioma of vagina, 663

Rauschbrand, 269

Jtavenel, on bovine tuberculosis, 252; on
entrance of bacteria by intestine, 571

Ravenel and McCarthy, on rabies, 270

"Ray fungus," 224

Receptors in side-chain hypothesis, 177

Rectocele vaginalis, 662

Rectum, haemorrhoids in, 563
inflammation of, 562
strictures of, 562

Reed, on focal typhoid lesions, 233
Reed and Carroll, on excitants of yellow

fever, 272; on stegomyia and yellow
fever, 273 ; on yellow fever, 273

Heed, Carroll, and Ayramonte, on yellow-
fever infection, 273

Reed, Vaughn, and Shakespeare, on flies

and typhoid, 237

Regeneration, 94
of blood, 105
of blood-vessels, 104
of bone, 105
of cartilage, 105
of cells, 98
of cells, impulse to, 106

of connective tissue, 102

of epithelium, 101

of fat, 105
of glands, 102
of liver, 102
of lost parts, 99
of lymph-nodes, ref. 396
of muscle tissue, 100
"Of nerve tissue, 100, 807
of special tissues, 100
of tissues, 99

phases of, 94

Reinbacli, on granulation tissue, 120; on
nature of colloid, 414

Reisman, on Meckel's diverticulum, 546
Reineboth and Kohlhardt, on pneumonia
and cooling of body, 500

Relapsing fever, 265
Renal calculi, 654

Renon, on pathogenic moulds, 159

Repair of injury, 108, 117

Reproductive organs of female, 659

organs of male, 713
Resolution in inflammation, 115

Respiratory system, 467
Reversion of cells, 66

of liver cells in cirrhosis, 598

Rhabdomyoma, 329
of heart, 447
of parotid, 577
of testicle, 721

Rhabdonema strongyloides, 141

Rheumatic arthritis, 750

Rheumatism, 279

Rhexis, haemorrhage by, 69

Rhinitis, 467

Rhinoscleroma, 259

Rhizopoda, 128

Ribbert, on tumors, etiology of, 302; on
lesions of appendix, 565; on regenera-
tion of lymph -nodes, 396

Ricin poisoning, 357

Ricker, on yeasts and moulds in disease,
161

Rickets (see Rachitis), 740

Ricketls, on pathogenic blastomycetes, 159

Riechelmann, on statistics of carcinoma,
342

Rieder, on leucocytosis, 380

Hies, on salpingitis, 701

Rigor mortis, 6

Ritchie, on bacteria in bronchitis, 477; on

cystic kidney, 642; on Ehrlich's hypoth-
esis, 196

Rixford and Gilchrist, on coccidia, 132

Robin, on precipitin test for blood, 112

Robinson, on calculi of tonsil, 528

Roger and Gamier, on thyroid tuberculo-

sis, 414

Rolleston, on intestinal carcinoma, 568
Rolleston and Crofton-Atkins, on pyloric

stenosis, 533
Rollettton and Hdyne, on congenital cirrho-

sis, 601
Romanoirski's stain, 287

Rosenberger, on acid-proof bacteria, 253;
on bacteria in blood, 384

Rosenow, on blood cultures in lobar pneu-
monia, 492

Roux, on invisible microbes, 287

Russell, on ovarian cysts, 697; on spinal-
cord degeneration, 819

Rutimeyer, on Friedreich's ataxia, 820

SACCHAKOMYCES, 159

Sacerdotti, on hypertrophy of kidney, 616

Sachs, on indurations of penis, 714

Sailer, on transplantation of tumors, ref.

296

Salivary glands, 574

glands, duct lesions of, 576

glands, tumors of, 576

glands, tumors of, mixed, ref. 577

Salmon, rabies, statistics of, in United

States, ref. 271

Salpingitis, catarrhal, 701

suppurative, 701

syphilitic, 702
tuberculous 702

Sahetti, on rickets, 740

Sanarelli, bacillus of, 272

Saprophytic bacteria, 150

Sarciua, 145

Sarcodina, 128

Sarcoma, 312

adeuo-, 320

alveolar, 319

angio-, 318

choudro-, 320
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Sarcoma, cysto-, 319

deeiduo-ceilulare, 685

endothelial, 321

fibro-, 314, 320
fusocellulare. 314

giant-celled, 316

glio-, 315

lipo-, 320

Jympho-, 315
melano , 315, 661

mixed, 81 'J

myelogenic, 748

myeloid, 316

myo-, 320

myxo-, 320
of adrenals, 418
of appendix, 568
of arteries, 460
of bladder, urinary, 653
of bone, 747
of brain, 834
of bronchi, 481
of dura mater cerebralis, 765
of dura mater spiiialis, 776
of ependyma, 781
of heart, 447
of intestine, 566
of kidneys, 643
of larynx, 470
of liver, 607
of lung, 520
of lymph-nodes, 400
of mamma, 710
of mamma, male, 725
of muscle, 760
of nerves, 835
of nose, 468
of o?sophagus, 532
of ovaries, 692
of parotid, 576
of pericardium, 422
of peritoneum, 572
of pharynx, 530
of pia mater cerebralis, 775
of pia mater spiualis, 777
of pineal gland, 836 .

of pleura, 475
of prostate, 724
of salivary glands, 576
of spinal cord, 834
of spleen, 411
of stomach, 542
of testicle. 721
of thyroid, 415
of thymus, 412
of tongue, 525
of tonsils, 530
of uterus, 678, 685
of vagina, 663
of veins, 464
of vulva, 661

osteo-, 318

periosteal, 748

retroperitoneal, 572

round-celled, 314

spindle-celled, 314

Sarcoptes homiuis, 142

Sarcosporidia, 132

Sausage poisoning, 358
Savin poisoning, 355

Sayer, on pathogenic moulds, 159

Scagliusi, on diphtheritic lesions of myo
cardium, 260

Scammony poisoning, 355

Scarlatina, 277
bacteria in, 378
iucitants of, 277

Scars, examination, post-mortem, of, 8

Kchaudinn, on malarial parasite, 281
. Scheiber, on tonsil as portal of entry of

tubercle bacilli, 528

Schizomycetes, 143

Schleyel, on actiuoinyces, 225

tichl&inper, on haemolysis of streptococ-
cus, 207

Schmidt, on amyloid tumors of tongue,
525 ; on pathology of bone, 749

Schober, on malpositions of colon, 546

Schultz, on cysts of stomach, 545

Schulze, on tubercle bacillus, 246
Scirrhus carcinoma, 347, 711

Sclerosis, amyotrophic lateral, 812
of brain, 827
of spinal cord, 829

posterior spinal, 813
Scolex of tapeworm, 134, 136

Scorbutus, 366

Scrofula, 397

Scrotum, 715

cysts of, 715

elephantiasis of, 715
tumors of, 715

Sendder, on tuberculosis, 706

Scurvy, 366

Sebileau, on orchids, 720
"Second intention," healing by, 120

Secretions, internal, in auto-intoxication,
360

internal, germicidal action of, 162
Section cutting, 57

Seiffert, on myoma of heart, 447
Seminal vesicles, concretions in, 722

vesicles, cysts of, 722

vesicles, inflammation of, 722

vesicles, tuberculosis of, 722

vesicles, tumors of, 722

Septicaemia, 164, 168, 202

lisemorrhagic, 267, 268

Septicsemic forms of typhoid fever, 235

Septico-pyremia, 203

Sequestrum of dead bone, 739
Serous apoplexy, 789

infiltration, 84
Serum, antiluemolytic, 186

antitoxic, 175

autolytic, 186

haemolytic, 183

hepatolytic, 185

immune, 184

isolytic, 186

leucolytic, 185

lytic, action of, 182

nephrolytic, 185

neurolytic, 185
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Serum, pancreolytic, 185

spermolytic, 185

therapy, 175, 193

thyreolytic, 185

Shaw, on milky fluids iu serous cavities,
569

Sherrington, on elimination of bacteria in

secretions, 163

Shiga, bacillus of, 556

Ship fever, 271

Shroder, length of fetus, 39
Side-chain hypothesis, 176
Siderosis of lung, 502

Silbermann, death from burns, 48
Silbersehmidt , on peritonitis, 571

Simon, on blood, 381 ;
on eggs of para-

sites, 142; on resolution of exudate in

pneumonia, 492
Sinus pocularis, dilatation of, 658

Sittmann, on elimination of bacteria from

kidney, 629

Skin, tuberculosis of, 253

Skull, method of opening, 9, 40

Slaughter, on preventive plague inocula-

tion, 267

Smallpox (see Variola), 273

Smegma bacillus, 253

Smith, A. H., on carcinoma of thoracic

duct, 465

Smith, Ih., on adaptation of bacteria, 171 ;

on bacterial associations, 168; on sarco-

sporidia, 132; on varieties of tubercle

bacilli, 249
Smith and Kilbourne, on haematozoon of

Texas fever, 132
Snake venom, poison of, 357

Sobernheim, on anthrax, 222
Soda as poison, 352

Sodre, on beri-beri, 279
Soft chancre, 220

Soil, bacteria in, 150

Sokoloff, on adeno-carcinoma of liver with
ciliated cells, 606

Solar plexus, post-mortem examination of,

33

Somatochromes, 798

Soor. 523, 525

Specimens, preserving, methods of, 50

Spengler, on mixed infection in tuberculo-

sis, 253

Spermatocele, 717

Spermolytic serum, 185

Spider cells, 801

Spina bifida, 784

Spinal apoplexy, 792

cord, aamyelia, 7

cord, artefacts of, 783

cord, artificial deformities of. 783

cord, asymmetries of, 783

cord, atelomyelia, 783

cord, atrophy of muscle, 811

cord, blood-vessels, lesions of, 797

cord, changes, post-mortem, in, 17

cord, cysts of, 834

cord, degeneration, neurone in, 802

cord, degeneration, secondary, of, 809
cord, degenerations of, 797

Spinal cord, diastematomyelia, 783

cord, diplomyelia, 783

cord, distortions of, 784

cord, embolism of, 794

cord, examination, post-mortem, of,

17, 40

cord, haematomyelia, 793

cord, haematomyelopore, 794

cord, haemorrhage in, 792

cord, heterotopia, 783

cord, heterotopia, false, of, 786

cord, hydromyelia, 783

cord, hydrorrhachis interim, 783

cord, inflammation of (see Myelitis),
822

cord, injuries of, 785

cord, injuries, post-mortem, of, 17

cord, malarial lesions of, 285

cord, malformations of. 782

cord, morphology of, 797,
cord, preservation of, 19

cord, removal of, 17

cord, sclerosis of, 827, 829

cord, segments of, 18

cord, structure of, 797

cord, syphilis of, 831

cord, syringomyelia, 834

cord, syringomyelia, false, of, 794

cord, thrombosis of, 794

cord, tuberculosis of, 830

cord, tumors of, 834
nerve roots, anomalies of, 783

Spiremes. 95

Spirilla, 144

resembling cholera spirillum, 241

Spirillum, 144
cholerae asiaticoe, 238
cholene asiaticae, lysis of, 240

fever, 265

proteus, 241

sputigenum, 241

tyrogenum, 241

Spirals, Curschmann's, 479

Spirochaete Obermeieri, 265

Spleen, 402
abscess of, 407
absence of, 402

accessory, 402
anaemia of, 404

atrophy of, 403
bacteria in, 407, 412

capsule, inflammation of, 409
characters of, 402

cysts of, 411

degenerations of, 403

displacement of, 402
embolism of, 405

examination, post-mortem, of, 29

examination, post-mortem, of new-

born, 41
focal necroses in, 407

haemorrhage of, 403

hyperamia of, 405

hyperplasia, endothelial, of, 410

hyperplasia of, 406
in infection, ref. 163, 407
infarction of, 405
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Spleen, inflammation of (see Spleuitis),
406

leukaemic, 411
malarial lesions of, 286, 409
malformations of, 402

parasites in, 411

pigmentation of, 404, 408

preservation of, 30

pseudo-leuktemic, 411

removal of, ref. Warthin, 400

rupture of, 403

"sago," 403
size and weight of, 29

suppuration of, 407

syphilis of, 408
thrombosis in, 406
toxins in, 407
tuberculosis of, 408
tumors of, 411

typhoid fever, lesions of, in, 232
wounds of, 403

Spleuectomy, ref. Warthin, 402

Splenic fever, 221

tumor, 406

Splenitis, 406

acute, 406

chronic, 407

hyperplastic, 406

peri-, 409

suppurative, 407

Splenomegaly, 410

Sporangium of moulds, 159

Spores of bacteria, 146

Sporozites in malaria, 281

Sporozoa, 130

Spotted fever, 132, 271

Staining methods, 58

Staphylococcus epidermidis albus, 206
cereus albus, 206
cereus flavus, 206

pyogenes albus, 206

pyogenes aureus, action of, in body,
205

pyogeues aureus, characters of, 234

pyogeues aureus, habitat and portals
of entry of, 206

pyogenes aureus, toxins of, 206
salivarius pyogenes, 206

Starch, on resophageal diverticula, 531
Status lymphaticus, 367

Steele, on retroperitoneal sarcoma, 573

Stegomyia fasciata in yellow -fever infec-

tion, 273

Stepanow's method for embedding, 55
Sterilization of bacteria, 147

Stern, on tumors in childhood, 349

Sternberg, on B. icteroides, 272; on blas-

tomycetes, pathogenic, 159; on coro-

nary arteries, ref. 438

Stiles, on determination of carcinoma of

mamma. 710

Stokes, on vaginal cysts, 663

Stomach, 533

atrophy of, 535
bacteria of. 538
cadaveric changes in, 534

changes in position of, 21

Stomach, cysts of, 545

degenerations of, 535
dilatation of, 541

erosions, haemorrhagic, of, 541
etat mamelonne of, 536

examination, post-mortem, of, 21, 31

examination, post-mortem, of, in poi-

soning, 38

foreign bodies in, 545

haemorrhage of, 534
hair balls in, 545
fnflammation of (see Gastritis), 535

injuries of, 534
malarial lesions of, 285
malformations of, 533

preservation of. 32

pylorus, stenosis of, 533

rupture of, 534

syphilis of, 524
tumors of, 541
tuberculosis of, 523
ulcer of, 539

Stomatitis, 522

aphthous. 523

catarrhal, 522

chronic, 523

croupous, 523

gangrenous, 523

parasitic, 523

phlegmonous, 523

ulcerative, 523
Stramonium poisoning, 358

Strangulation, lesions of, 44

Straus, on tuberculosis, 254

Strawberry marks. 333

Streptobacillus, 145

Streptococcus, 145

agglutination of, 207

anaerobic, 207

antitoxin, 208

brevis, 207

capsules of, 206

changes in virulence of, 207

conglomeratus, 207

erysipelatis, 208

hzemolytic power of, ref. 207

lougus* 207

pyogenes, 206

pyogenes, action of, in body, 207

pyogenes, characters of, 206
toxin of, 208

Streptothrix, 146

actinomyces, 146, 223
in pneumonia, 498

madurae, 224
Stricture of appendix, 564

of urethra, 656

Stroebe, on aortic tuberculosis, 455

Strong, on Friedlilnder's bacillus group,
212

Strongylus gigas, 139, 647

longevagiuatus, 139

subtilis, 139
Struma of thyroid, 414

of adrenals, 418

Strumitis, 414. 415

Strychnine poisoning, 357
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Subinfection, ref. 164

Subliirgual gland, 576

Submaxillary gland, 575
Substance semibilicatrice, 190

Suffocation, lesions of, 43

Suggillation, 70

Sunstroke, 365

Suppuration, 114, 120, 198, 199, 205
bacteria of, 210

Suprarenal bodies (see Adrenals), 416

capsules (see Adrenals), 416

Surra, 129

Sutton, on tumors, 349
Swab for collecting bacteria, 158

Symbiosis in bacteria, 151

Syucytioma of uterus, 685

Synovial membranes, 750

Synovitis (see Arthritis), 749

Syphilis, 256.

of adrenals, 417
of arteries, 455
of bone, 736
of brain and cord, 831

of dura mater cerebralis, 765
of Fallopian tube, 702
of heart, 441
of intestine, 553
of kidneys, 639
of larynx, 470
of liver, 601
of lung, 519
of lymph-nodes, 398
of lymph-vessels, 466
of mamma, 706
of mouth, 524
of muscle, 760
of nervous system, 831

of nose, 468
of ovaries, 691
of pancreas, 581
of penis, 714
of peritoneum, 731

. of pia mater cerebralis, 773
of placenta, 687
of rectum, 562
of spinal cord, 832
of spleen, 408
of stomach, 538
of testicle, 720
of thymus, 412
of thyroid, 414
of urethra, 658
of uterus, 673
of vagina, 663
of veins, 463
of vulva, 660

Syringomyelia, 834

false, 794

TABES DOHSALIS, 813
Taenia cucumerina, 137

echinococcus, 135

flavo-punctata, 137

mediocannellata, 135

nana, 137

saginata, 135

solium, 134

Tapeworms, 134
Tartar emetic poisoning, 355
Tattoo marks, examination, post-mortem,

of, 8

Tavel, on intestinal bacteria, 560
Tavel and Lanz, on peritonitis, 570

Taylor, on fatty degeneration, 80; on poi-
sons, 358; on volvulus of Meckel's di-

verticulum, 546

Teratoma, 305
of liver, 608
of mediastinum, 521
of ovaries, 699
of pineal gland, 836
of scrotum, 715
of testicle, 722

Terminal infection, 169

Testicles, 715
abscess of, 717

atrophy of, 717

cryptorchismus, 716

cysts of, 717, 722

epididymitis, 718

haematocele, 717

hydrocele, 716
inflammation of (see Orchitis), 717

malformations of, 715

malpositions of, 716

parasites in, 722

spermatocele, 717

syphilis of, 720
tuberculosis of, 719
tumors of, 720

varicocele, 716

Tetanus, 263

antitoxin, 176, 264

diagnosis of, 264

group of bacilli, 264

toxin, 263
Texas fever, haematozoon of, 132

T/iacfier, on melauuria, 316

Thayer, on malarial nephritis, 629

Thayer and Heirelson, on malaria, 286
Thionin as stain, 60

Tlioma, on arteriosclerosis, 454; on cell

division, rapidity of, 98: on hypertro-
phy, 616; on inflammation, 126; on
malformations of brain, 782

Titomas and Hibbard, on lesions of myocar-
dium in diphtheria, 260

Thoracic duct, examination, post-mortem,
of, 33

duct, obstruction of, 565

Thorax, examination, post-mortem, of, 19,

21, 40

Thorel, on intestinal lesions, 568; on le-

sions of (esophagus, 533; on lesions of

salivary glands, resume, 576; on regen-
eration in kidney epithelium, 617; on
stomach carcinoma, 545

Thorndike and Cunningham, on hyperne-
phroma of kidney, 644

Threadworms, 138

Thrombosis, 72
in pyaemia and septicaemia, 204
of adrenals, 417
of coronary arteries, 436
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Trombosis of dura mater sinuses, 762

of heart, 432
of kidneys, 617
of portal vein. 586
of spinal cord, 794
of spleen, 406
of veua cava, 406

Thrombus, 72

agglutinative, 75

globular, of heart. 433

heart, forms of, 23, 432

hyaline. 75

mixed, 73

occluding, 72
of heart, 432
of heart valves, 442

organization of, 74, 121

parietal, 72

red, 73

septic, 73

softening of, 73

white, 73

Thrush, 523

Thymus, 412

accessory, 412

atrophy of, 412

hemorrhage of, 412

hyperplasia of, 391, 412

hypertrophy of, 412
inflammation of, 412
malformations of, 412

new-born, size and weight of, 41

persistent, and sudden death, ref. 412

syphilis of, 412
tuberculosis of, 412
tumors of. 412

Thyreolytic serum, 185

Thyroid, 413

accessory, 413

atrophy of. 861, 413

cysts, dermoid, of, 415

degenerations of, 413

examination, post-mortem, of. 26

hypenemia of. 414

hyperplasia of, 414
inflammation of. 414
malformations of, 413

parasites of, 416

preservation of. 26
relation of, to myxo?dema, 361
removal of, 361
tumors of, 415

weight of, 26, 41
Tic douloureux, 830

Tidy, post-mortem changes, 7

Tilyer, on cysts of pancreas, 582
Tissues, classification of, 303

fresh, method of study of, 50

preparation, method of, 50
Toluidin as stain, 60

Tongue, 524

cysts of, 525

hypertrophy of, 525
inflammation of, 525
malformations of, 524
tumors of, 525

Tonsil, calculi of, 528

56

Tonsil, lesions of, 528
tumors of, 529

Tonsillitis, 528

Toxaemia, 164, 201
effect of, on nerves, 804

Toxalbumins, 149, 164

Toxalbumoses, 164
Toxic action, nature of, in cell, 178

Toxins, action of, on neurones, 804
action of, in cells, 178

bacterial, 149, 164

of diphtheria, 262
of streptococcus, 208

tetano-, 263

Toxoids, 178

Toxophorous groups in Ehrlich's hypoth-
esis, 178

Trachea, amyloid masses in, 470
death from pressure on, 481

lesions of, 468
malformations of, 468
obstruction of, 470
tumors of, 470

Transudates, nature of, 72

Transudation, 71

Trematoda, 133

Trepimki, on tabes, 818
Trichina spiralis, 139, 400, 761

Trichocephalus dispar, 139

Trichomonas, 130, 663

Trichophyton tonsurans, 160

Trypanosoma, 129

Tsetse-fly disease, 129

Tubal pregnancy, 703

Tubercle, 241
bacillus (see B. tuberculosis), 241

cheesy degeneration in, 244

conglomerate, 242

development of, 243

diffuse, 245

exudative, 245

fibrous, 508

granular, 242

healed, 507

healing of, 244

"lymphoid," 245

mi'liary, 242

"polyhedral-celled," 245

tissue, 242

Tuberculin, 249

Tuberculosis, 241

animal, 251

bibliography of, 254

bovine, 252

complex nature of, 250
concurrent infection in, 253

congenital, ref. 252

frequency of, 251

infection, modes of, 252
intestinal canal as portal of entry in,

252
lesions of, 241

lesions, seat of, 252

miliary, generalized, 242

miliary, local, 241
milk as carrier of bacillus in, 252
mixed infection in, 253
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Tuberculosis of adrenals, 417
of appendix, 564
of arteries, 455
of bladder, urinary, 652
of bone, 736
of bronchial lymph-nodes, 481

i

of caecum, 561
of children, ref. 252
of dura mater cerebralis, 765
of dura mater spinalis, 776
of endocardium, 447
of Fallopian tube, 702
of heart, 440
of intestine, 552
of joints, 751
of kidneys, 638
of larynx, 470
of liver, 602
of lungs, 502
of lymph-nodes, 396
of lymph-vessels, 466
of mamma, 706
of mouth, 523
of muscle, 760
of nervous system, 765, 830, 772
of nose, 468
of resophagus, 532
of ovaries, 691
of pancreas, 581
of parotid, 576
of penis, 714
of pericardium, 422
of periosteum, 731

of peritoneum. 571
of pharynx, 528
of pia mater cerebralis. 772
of pia mater spinalis, 777
of placenta, 687
of pleura, 474
of prostate, 724
of seminal vesicles, 722
of skin. 253
of spleen, 408
of stomach, 538
of testicle, 719
of thymus. 412
of thyroid, 414
of urethra, 650
of uterus, 672
of vagina, 663
of veins. 463
of vulva, 660

pulmonarv. 502
statistics of, 251

Tumors, 289

anaplasia in, 302

autonomy of, 290

benign, 294

bibliography of, 349
blood-vessel's in, 291
cachexia of, 294
cardiac thrombi in, 434
cell inclusions in. 300
characters of, 289
classification of, 303
classification of Lubarsch, 305

compound. 304

Tumors, congenital, 305

degenerations in, 291

diagnosis of, 295
dissemination of, 292
elastic and reticular tissue in, ref. 308
embolism of, 293

epithelial, 335

etiology of, 296

etiology of, age, 296

etiology of, bacteria, 299

etiology of, blastomycetes, 300

etiology of, climate,' 297

etiology of, Cohuheim's hypothesis,
289

etiology of, complexity of, 301

etiology of, food, 297
*

etiology of, heredity, 297

etiology of, heterotopia, 298

etiology of, local agencies, 297

etiologj' of, malformations, 298

etiology of, micro-organisms, 299

etiology of, protozoa. 299

etiology of, race, 297

etiology of, Ribbert's views on, 302

etiology of, sex, 296

etiology of, social condition, 297

etiology of, trauma. 297

etiology of, Weigert's views on, 302

etiology of, yeas"ts, 300
extension of, 291, 292

false, 307
fixation and hardening of, 308
"formative stimulus" in, 301
forms of, 291

grafts of, 295

growth of, 292
lawlessness of, 291

malignancy of, 294

metastasis'of, 293

mitosis, atypical, in, 302

mixed, 304
nature of, 289
nerves in, ref. 291
of lymph-nodes. 400

origin of (see Tumors, Etiology of),

296

parasites in, 299

physiological independence of. 290

predisposing factors, local, 297

sacral, 305 '

seats of {see under various tissues

and viscera and the types of tu-

mors)
shape and size of. 291

special forms of, 308

special types of, 305

teratoid/298
tissue types in. 291

transplantation of. 295

types of, 291

Turk, on leucocytosis, 380

Turner, on fatty sarcoma of pia, 834; on
tumor of pineal gland, 836

Turpentine poisoning. 355

Typhoid bacillus, agglutination of, 237

bacillus, conveyance of, in milk, wa-

ter, oysters, etc., 237
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Typhoid bacillus, distribution in body, 236

bacillus in foetus, 236

bacillus in urine, 236

bacillus, modes of infection with, 236

bacillus, portals of entry of, 236

bacillus, pyogenic powers of. ref. 236

bacillus, relations of, to the colon ba-

cillus, 237

bacillus, staining of, 238

fever, 227

fever, bibliography of, 238

fever, bone lesions in, 235

fever, complications of, 233

fever, flies as carriers of, ref. 163, 237

fever, focal necrosis in, 232

fever, lesions of, 228

fever, lesions, secondary, in, 233

fever, lesions, secondary, of circula-

tory organs in, 234

fever, lesions, secondary, of digestive

organs in, 233

fever, lesions, secondary, of genito-

urinary organs in, 235

fever, lesions, se:ondary, of nervous

system in, 235

fever, lesions, secondary, of respira-

tory organs in, 234

fever, oysters in, 237

fever, preventive inoculation in, 237

fever, septicsemic forms of, 235

fever, suppuration in, 235

fever, without lesions, 235

Typhotoxin, 227

Typhus fever, 271

mouse, 267

recurrens, 265
Tvrosin in acute yellow atrophy of liver,

'589

Tyzzer, on smallpox, 276

Ui,CEU8*>f colon, 555, 560
of duodenum, 553
of endocardium, 442, 447
of intestines, 553, 555. 557, 559
of penis, syphilitic, 714
of stomach, 539
of uterus, phagedeuic, 669
of vagina, 663

Ulrich, on lipoma of kidney, 643
Umbilical cord, post-mortem examination

of, 40

Umbilicus, dilatation of veins about, in

cirrhosis, 599
tumors of, ref. 546

Urachus, malformations of, 647

Ureter, cysts of, ref. Harris, 642
inflammation of (see Ureteritis), 639

Ureteritis, 639

Urethra, 656

changes in position and size of, 656

cysts of, 658
dilatation of, 656

gonorrhoea of, 216
haemorrhoids of, 658
inflammation of (see Urethritis, 657)
malformations of, 656

perforation of, 657

Urethra, prolapse of, 657

rupture of, 657
strictures of. 656

syphilis of, 658
tuberculosis of, 658
tumors of, 658
wounds of, 657

Urethritis, catarrhal, 657

chronic, 657

croupous, 658

Urinary organs, 615

passages, bacteria of, ref. Faltin, 652

Urine, tubercle bacilli in, method of stain-

ing, 249

typhoid bacilli in, 236

Uterus, 663
absence of, 663
adenomatous hyperplasia of mucous
membrane of, 671

atrophy of, 669
bacteria in, ref. 670, 675

bicoruis, 664

changes in position of. 666

changes in size of, 664

cysts of, 686

decidua, fragments of, in, 685

degenerations of, 669
dilatation of, 665

displacements of, 666

double, 664
elevation of, 667

enlargement of, 665

examination, post-mortem, of, 35
flexions of, 666

ha-matocele, 669

haematoma, polypoid, of, 669

luBinatometra, 666

haemorrhage of, 668
hernia of, 668

"hour-glass," 665

hydrometra, 665

hy persemia of, 668

hyperplasia of mucous membrane of,

670, 671

infantile, 35
inflammation of (see Metritis and En-

dometritis), 670
inversion of, 667
malformations of, 663

malpositions of, 666

parametritis, 674

parasites in, 685

perforation of, 668

perimetritis, 674

polypi of, 669, 676

pregnant, inflammation of, 674

pregnant, inflammation, infectious, of,

674

pregnant, inflammation of veins of,

675

prolapse of, 667

rupture of, 668
size and weight of, 35

syphilis of, 673
tuberculosis of, 672
tumors of, 675

ulcer, corroding, of, 669
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Uterus, versions of, 666

Uvula, lesions of, ref. lloen, 527

VACCINATION, 274
Vaccine bodies, 275

Vaccinia, 274
Vacuolization of cells, 84

Vagina, 661
absence of, 661

bacteria in, ref. Williams, 670

changes in position and size of, 661

closure of, 661

cystocele, 661

cysts of, 663
dilatation of, 661

double, 604

examination, post-mortem, of, 35
fistulae of, 662

gangrene of, 663
hernia of, 661
inflammation of (see Vaginitis), 662

lengthening of, 661

malformations of, 661

narrowing of, 661

parasites of, 663

prolapse of, 661

syphilis of, 663
tuberculosis of, 663
tumors of, 663
wounds of, 662

Vaginitis, catarrhal, 662

croupous, 662

gangrene of, 663

suppurative, 663

Valves, heart, test of sufficiency of, 22
Van Gehuchten, on nervous system, 797,

799, 802, 806
Van Oieson, method of examination of

nerves, 19; on artefacts of the nervous

system, 17, 7^2; on death from electric-

ity, 47; on false heterotopia of spinal
cord, 784; on hsematomyelopore, 794;
on method of brain dissection, 15; on

sunstroke, 365
Van Oieson's picro-acid fuchsiu stain, 59

Varices, oosopliageal, 530

Varicocele, 716

Variola, 273
bacteria in, 275
excitant of, 275
immunization, artificial, in, 274

protozoa in, 275

secondary lesions of, 274
vaccination in, 274

Varix, lymphatic, 465

Vaughan, on alkaloidal poisons, 358
on typhoid and milk, 237

Vaughan and Novy, on cellular toxins, 164

VeccM, on adrenal tuberculosis, 363

Vein, portal, dilatation of, 587

portal, embolism of, 586

portal, examination, post-mortem, of,

32

portal, inflammation of, 586

portal, lesions of, 586

portal, rupture of, 587

portal, thrombosis of, 586

Vein stones, 72

Veins, 460
calcification of, 462

degenerations of, 462
dilatations of, 460

hepatic, lesions of, 587
inflammation of (see Phlebitis), 462
mesenteric, thrombosis of, 550

parasites in, 464

perforation of, 461

rupture of, 461

thrombi, infective, of, 462
thrombosis of, 462
tumors of, 464

varicose, in vulva, 659
wounds of, 461

Vena cava, obstruction of, ref. 462

cava, thrombosis of, 462

Venom, 165, 357
Ventricles of brain, dilatation of (sec Hy-

drocephalus), 777. 780
of brain, lesions of (see Ependyma),

778
Veratria poisoning, 355
Vesiculae seminales, examination of, 34

seminales, lesions of, 722

Vibration, effect of, upon bacteria, 148
Vibrio cholera1 asiaticte, 238

Massawah, 2il

Metschnikovi, 241

proteus, 241

Vierordt, Tables, 8

Vii'ckotci, on tumors, 349
Virus of rabies, 270

Vogel, on accessory lung. 482

Volkmann, on endothelioma of parotid,
577

Von Noorden, on blood, 385
v. Volkmann, on eudothelioma, 325

Vulva, 659

condyloma of, 660

cysts of, 661

elephantiasis of, 660

gangrene of, 660

haemorrhage of, 659

hyperaemia of. 659
inflammation of (see Vulvitis), 659
malformations of, 659
mucous patch of, 660
noma of, 660
oedema of, 659

syphilis of, 660
tuberculosis of, 660
tumors of, 660
varicose veins in, 659

Vulvitis, catarrhal, 659

chronic, 660

croupous, 660

erysipelatous, 660

Wadsworth, on bacteria in uterus, 075; on

experimental pneumonia, 215, 500; on

puerperal infection, 675
Walbach and Ernst, on tubercle bacilli,

249

Walsh, on excitants of whooping-cough,
278
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Warfield, on meniugococcus in infective

endocarditis, 443 ;
on carcinoma of male

breast, 725

Wni-riiigton, on nerve cells, 804

Wdfthin, on accessory adrenals, 416; on
carcinoma of gall-ducts, 613; on diseases

of pancreas, 580; on haemolymph nodes,
401; on luemolymph nodes after sple-

nectomy, 400; on multiple carcinoma,
343 on parenchyma-cell embolism, 76;
on splenectomy, 402

II 'iirtliiit and Come, on placeutal and con-

genital tuberculosis, 252
Warts, 309

Waschkewitsch, on diphtheria, 260

Wa&hbourn, on infective endocarditis, 443

Wasielewski, on incitants of variola, 275

Wasserman, on congenital infections, 163 ;

on immune sera, 196; on infection, 167;
on mixed infection, 168

Water, bacteria in, 150
test of valvular sufficiency, 22

Waxy degeneration (see Degeneration,
Amyloid), 82

Wearer, on bacteriology of scarlatina, 278;
on streptococcus agglutination, 207

Wechsberg, on tubercle formation, 243

Weichselbaum, on pueumococcus, 215; on

pueumococcus meuingitidis, 218

Weigert, on immunity, 196; on tumors,
302; on tumor of pineal gland, 836; on
tumor of pituitary body, 837

Weigert's method of staining nerve tissue,

838
modification of Gram's method, 154

Weir, on duodenal ulcers, 553

Weiss, on bacteria of stomach, 538

Welch, on adaptation in pathology, 127;
on agglutinative thrombi, 75; on B.

ae"rogeues capsulatus, 268; on capsule
staining of pneumococcus, 216; on car-

diac thrombi, 433; on cirrhosis hepatis
anthracotica, 601; on embolism, 384; on
embolism and thrombosis of pulmonary
artery, 485; on haemolysis by bacteria,
201; on heart hypertrophy, 429; on im-

munity, 196; on pulmonary oedema,
484 ; on statistics of carcinoma of stom-
ach, 543; on statistics of gastric ulcer,
539; on thrombosis, 75, 463; on throm-
bosis of meseuteric veins, 550

;
on venous

thrombosis, 462

Wells, on experimental cirrhosis of liver,
601

Welly and Scott, on paratyphoid, 238
Wentirorth, on typhoid meningitis, 235

Whipham, on carcinoma of appendix, 568;
on chronic mediastinitis, 521

Whipworm, 139

WMte, on leucocytosis in pyaemia, 204; on

staphylococcus in skin disease, 206
White blood cells (see Leucocytes)
Whooping-cough, 278

Wichinanit, on amyloid degeneration, 83
Wic iter, on melano-sarcoma of rectum, 567

Williams, A. W., on diphtheria bacilli,

varieties of, 262

Williams, 11. U., on plasma cells, 103

Williams, J. C., on sarcoma of pericar-
dium, 422

Williams, J. W., on bacteria in uterus,
670; on deciduoma, 685; on placenta!
infarctions, 686

Willis, circle of, 787

Wilms, on teratoid tumors of testicles, 722 ;

on teratoma of ovaries, 699

Wilson, on new views in cytology, 301 ;

on the cell, 98, 106; summary on sig-
nificance of mitosis, 97

Wilson and Choicning, on spotted fever,
132

Wilson and Kalteyer, on melano-sarcoma
of skin, 316

Winckler, on myeloma, ref. 748

Wladimirojff, on glanders bacillus, 220; on

spirochaete Obermeieri, 265

Wood, on agglutination, 190: on blood,

381; on eggs of parasites, 142; on tumors
of parotid, 577

Wood's stain for malarial parasite, 287
Woodman and Tidy, on poisons, 358
"Wool-sorters' disease," 221

Worm-ley, on poisons, 358
Worms, 133

method of study of, 141

nematode, 137

round, 137

trematode, 133

Wounds, healing of. 117

infection, experimental studies on, ref.

163

post-mortem appearance of, 8

Wright, on "Madura foot," 224; on mul-
tiple myeloma, 748; on nasal polyps,

Wurz, Clinical Bacteriology, 288

XEHOSIS bacillus, 263

YEASTS, 143, 159
Yellow fever, 272

fever, mosquito in, 273

Ter&in, anti-plague serum, 267

Young, on gonococcal inflammation, 216;
on nerves in tumors, 291

Zahn, on ciliated cysts. 307; on ciliated

cysts of pleura, 475; on statistics of in-

testinal tuberculosis, 553; on tumoisof
mediastinum, 521

Zenker's fluid as fixative, 53

Ziegler, on abberrant embolism, 77; on

etiology of tumors,. 302; on special

pathology of joints, 753; on tumors,
349

Ziehl's staining solution, 247

Zooglo?a, 145

Zuber, on
'

lesions of bronchial lymph-
nodes, 482

Zymogenic bacteria, 149
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