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CORRIGENDA IN VOL. I.

Page 46, line 12 from top^or "efferent" read "afferent."

Page 48, line 9 from bottom, introduce "§ 51."

Page 188, line 10 from bottom, and throughout the whole of § 15G, for
"
telengiectatic

"
read "

telangiectatic."

Page 190, in head-line, /or
" carcinomatar "

read "carcinomata."

Page 266, line 1 2 from bottom, and throughout § 232, for
"
telengiec-

tasis" read "telangiectasia."
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YT.-MOPtEID ANATOMY OF THE LUNGS.

$i 405. All inquiries concerning the organs of respiration pos-
tulate a distinction between the air-passages on the one hand,
and the parenchyma on the other. This distinction is a

thoroughly natural one, whether we regard the functional

diversit}"- of the parts, or the anatomical fact that the transition

from the minuter bronchi to the infimdibula is not gradual, but

tolerably abrupt. Pathological histology has nothing to urge

against it. Accordingly in proposing to discuss the patholo-

gical histology of the lungs in tlie ensuing chapter, we must be

understood to refer exclusively to alterations in their paren-

chyma. The changes which take place in the mucous lining of

the bronchi were dealt with by implication in the foregoing

chapter ;
and although Ave shall often find it necessary to refer

to certain morbid conditions of the bronchial tubes, which are

causally related to changes in the pulmonary parenchyma, we
shall either be dealing with conditions already familiar to the

reader, or, if not, we shall take the opportunitj'- of filling up
whatever gaps may have been left in our knowledge by omis-

sions made for the sake of convenience in the previous sections.

§ 406. Before subjecting the morbid alterations of the jjul-

monary parenchjTiia to a detailed analysis, we must touch on a

problem of normal histology, whose solution is of the utmost

importance to us, but which, notwithstanding numerous recent

investigations, must still be considered open. The question is

this : have the alveoli an epithelial lining, or have they not ?

Since the due performance of the respiratory function de-

pends entirely on the intimate contact of the blood contained in

the capillaries with the atmospheric air, it would seem, from a

physiological point of view, as though an epithelial lining would

prove rather a hindrance than a help. This consideration must

necessarily bias ourjudgment, so long as the anatomical evidence

of the existence of an alveolar epithelivmi remains inadequate,

vol.. ir. b
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On the other hand, the development of the lungs, whieh corros*

ponds at all points with that of other glands with ducts—
heginning by an epithelial outgrowth from the mucous layer of

the blastodenn—is in faAOur of the existence of an epithelial

stratum
;

and the latest investigations of Colbonj (Deutsch.

Archiv fi'ir Klin. Mcdizin, ii. p. 453) prove conclusively that

the alveolar epithelium of the human lung persists after birth.

Colbonj succeeded in demonstrating it in the lung of an infant

nearly a year old, as a continuous layer of cells, giving an in-

vestment to the vessels also
;
these cells appeared spindle-shaped

in transverse section, and could readily be detached from their

bed on mmse. To explain the imifonnly negative character of

the results obtained by examining the lung-tissue of adults, he

lays stress on the fact, that in order to get sections of adequate

thinness, every infundibulum, or some part of its constituent

alveoli, must necessarily be cut through twice
; consequently the

ejiithelial lining, which is also twice divided, must form a seg-

ment of extreme fineness on the inner wall of the alveolus ; and

while the specimen is being removed from the razor-blade and

transferred to the slide, this stands every chance of being dropped
out and lost. The charge of actually blinding us to the presence
of a constant element of the pidmonary texture, is a heavy one

to bring against our methods of investigation ;
and happily it

is not entirely borne out. It is quite possible to demonstrate

the existence of an alveolar epithelium in any lung ; though at

first sight this epithelium resembles nothing less than a continuous

stratum of cells
;
it does, however, represent the final and neces-

sary product of that metamorphosis with whose earliest stages

we have been made acquainted in the embryonic lung, and in

the epithelial fonnation described by Colbery in the lung of the

infant. The alveolar epithelium of an embrj'o at the fourtli

month is composed of distinct cells with large vesicular nuclei,

cells which are at least as long as they are broad
; they lie side

by side witli tlie regularity of a palisade, forming a continuous

ribbon-like layer between the free surface on the one hand, and

the capillaries on the other. In embryos of six months' growth,
the alveolar lining may already be described as a single layer of

pavement-epithelium. The cells are still distinct from one

another, although their breadth much exceeds their depth. As

the cells contiime to grow flatter, they become fused together at
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their edges. In the lung of the mature foetus we are no longer
able to demonstrate the outlines of the individual cells by the

silvering process. Still, even at the close of the first year after

birth, a lamina, studded with fusiform enlargements and flattened

nuclei, may still be detached from the alveoli in transverse sec-

tions. This can no longer be made out in the lungs of old

people ;
but we find in the juice scraped from the pulmonary

surface, as well as in the interior of the divided alveoli, certain

gauzy, wrinkled shreds of extreme delicacy, which may elude the

eye of even an experienced observer for a long time
;

for one

does not easily recognise in the fine and seemingly disconnected

lines, which are usually scattered over the greater part of the

field, the outlines and plications of a membrane. They are

dismissed as trifling inequalities of the slide or covering-glass,
and yet, when once their connexion has been made out, nothing
is easier than to find them again in any and every specimen,
and to recognise them for what they really are. In these fine

membranes, represented in fig. 125, the remains of nuclei maj-
be demonstrated with the aid of carmine : these take the form

of little, crescentic, highly refractive particles, disposed at regular

intervals throughout the membrane. They form one side of an

oval ring, whose other side is indicated Fig. 125.

only by a dotted line
;
the ring corresponds

to the outline of the original vesicular nu-

cleus, whose proper substance has shrunk

into the insignificant crescent-shaped resi-

due. We must beware, however, of regard-

ing these cells as dead. We shall find,

on the contrary, that these very nuclei,

when exposed to ii-ritation, increase in bulk,

become surrounded with protoplasm, un-

dergo division, &c. Briefly then, the inner

wall of the infundibula and alveoli is lined

by an exceedingly thin membrane, which

may be shown to be the ultimate product
of that flattening and coalescence of the

pulmonary epithelia which begins at the

very earliest period of life. Looked at from above, this mem-
brane becomes invisible

;
even after staining the preparation

with carmine, we can only discern the crescentic remains of

alveolar

of an
Hoiiio-

Tlie normal

ejiithelium
adult's lung,

geneous membranes
of extreme thinness,
with rudimentary
nuclei.

j;/jg.
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the nuclei lying in the interstices between the capillary loops ;

seen in profile, the epithelial membrane takes the form of a

sino-lo sharp line, which passes uninterruptedly from one

capillary loop to another, and lines the margins of the alveoli

Avhich appear between them. The membrane adheres closely

enough to the subjacent tissues
;

it does not necessarily become

detached when its nuclei resimie their activity and separate as

cells from the alveolar wall
; nay, a partial separation is much

more likely to be caused by simple serous transudation, as in

a?dema of the lungs ;
at least I have found the membranes in

question pecidiarly abundant in the fluid scraped from oedema -

tons lung-tissue.

§ 407. Returning to our theme after this brief digression,

we find ourselves confronted by a new difiiculty ;
we have to

establish a natural and at the same time practically useful classi-

fication of the diseases of the lungs. Here too we must revert

to general principles.

The phenomena of disease are the normal vital manifesta-

tions of the organism imder the influence of some unusual,

hurtful or dangerous condition, which we tenn the morbific cause.

An exhaustive knowledge of these causes would enable us to

deal with pathology as a branch of exact phj'^siology, and to

observe the course of a morbid process, to control and vary it,

just as we observe the course of muscidar contraction, or of the

digestion of fatty matter
;

the extreme goal of our inquiry
would be well within our reach. But we are still very far from

possessing any such exact knowledge. AVe must content our-

selves in the meantime with a few fragmentary portions of these

{etiological series
;
and owing to the lacuntc which even these

portions exhibit, we often find ourselves compelled to renounce

the natural order altogether, and to admit the categories
—inflam-

mation, hypertrophy, morbid growth, &c., into our system. The
anatomist is least of all to be blamed for adopting this course.

Nevertheless, even he must never be forbidden to place his divi-

sions upon the former and more general basis
;
and I have found

that the structural changes of the lungs are peculiarly well suited

for arrangement in fctiological series. It is only in this way
that we can hope to master the great variety of inflammations,

congestions, haemorrhages, pigmentations, &c.
; while, if we

make use of these anatomical terms as owr/Hndaninifa (finv'oniff,
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we find ourselves continually obliged to separate subjects which

are naturally united, and to place others which have no con-

nexion with each other, into the same group.

1. Diseases of the Lungs associated with In-

flammation AND Catarrh of the Bronchi.

a. Emphysema.

§ 408. If we spread out the sputum of a patient labouring
under catarrh of the larger bronchi (tracheo-bronchitis) upon a

dark background, we very commonly notice globular masses

of a white or greyish colour, about the size of a pin's head,

which resolve themselves, when more closely examined, into a

immber of minute, spherical or hemispherical bodies, consisting
of viscid mucus in which corpuscular elements are embedded.

These globular masses are derived from large, and at the same

time rather dilated, mucous glands ; they are casts of single acini,

such as their viscid secretion must necessarily produce, when

this, as often happens under such circumstances, is retained for

some time in its place of origin. They have been erroneously

supposed to be secretions from, or casts of, the alveoli of the

lungs ;
hence it has been inferred that the commonest and least

severe bronchial catarrhs extend into the pulmonary parenchyma.
This is quite a mistake. Even bronchi as large as a raven's

quill are hardly ever involved in such catarrhs
;
and the paren-

chyma of the lungs suffers only from irregularities in the dis-

tribution of the inspired air, which, owing to the swollen con-

dition of the mucous membrane, the presence of secretion in

the tubes, and the violent respiratory movements (coughing,

hawking) must inevitably ensue. Now this disorder, known as

pulmonary emphysema, results only from such catarrhs as have

lasted a long time
;
but of these it is so frequent and so uniform

a consequence, that no doubt can be entertained concerning their

intimate causal connexion, although the mechanism of this con-

nexion has not been elucidated as precisely as might be desired.

For our present purpose, a few hints on the subject must

sufiice.*

* Cf. liiermer in Virchoiv's Handbucli der Speciellen Pathologie
und Therapie, Bd. v., Abtlieilimg i., Liefenxng 5.
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§ 400. The teiin Emphysema essentially denotes the di.stcn-

sion, the inflation of the interstitial connective tissue of any

organ with air, just as a?dema denotes its distension with serous

fluid. Now although true emphysema may afft'ct the lungs like

any other part of the body, the term is employed in an arbitrary

way to denote a condition in which the pre-existing air-cavities,

the infimdibula and alveoli, are distended and dilated beyond
their nonnal size. This dilatation, which is followed sooner or

later by an atrophy of the dilated parenchjina, is clearly due to

the operation of a centrifugal force, whether as pressure from

within or as extension from without. That the pressure is a

result of expiration, and the extension a result of inspiration,

is obvious enough. The point at issue is this : to what extent

can the presence of a catarrhal affection of the bronchi increase

one or other of these factors so as to make it produce abnonnal

and excessive eflfects ? Any one who carefully examines the

mechanism of the respiratory process with a view to a solution

of this problem will be convinced that an augmentation of either

factor beyond its proper physiological limits can only be partial

in extent, since, 1st, the inspiratory strain upon any given portion
of lung-tissue can only exceed its normal limits when the due

expansion of other parts of the same lung is interfered with, and

the relatively healthy residue is consequently driven vicariously
to occupy the empty space ; and, 2nd, the expiratory strain can

only cause dilatation, if there happen to be some yielding point
in the thoracic walls, tlirough which a sort of hernial bulging

nuiy be supposed to take place. Tliis jjoint is the upper aperture
of the thorax, with its great vascular trunks which are subjected
to incessant variations in calibre, and its other soft and displace-
able contents. A uniform emphysematous dilatation, coextensive

with the entire lung, cannot therefore be explained by any in-

crease of expiratory pressure ;
and it can only be explained by

increase of inspiratory strain, if avc adopt the plausible hyi)othesis
that during the antecedent bronchitis first one, then another

bronchial tube is plugged with secretion, and so first one, then

anotlier segment of the lung subjected to an abnonnal degree of

distension. The disprojiortionate liability of the anterior edges
of the lungs, which are nearest to the thoracic aperture and
the great vessels, would seem to indicate that the augmented
cxpimtory pressure, cspeciully during the effort of coughing,
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had also some share in the production of emphysematous
distension.

§ 410. We can readily understand, from the analogous eficcls

of pressure and tension upon the tissues generally, how the ab-

normal strain to which the alveolar parenchyma is subjected,

should lead to its consecutive atrophy. The second element of

the structural alterations, sc. atrophy of the parenchyma, is thus

brought into a very natural connexion with the same original

cause as that to which the dilatation was ascribed. Caution,

however, is imperative. AYe may ask ourselves whether the

atrophy may not be primary, and the emphysema secondary,

resulting from the atony of the wasted lung-tissue ? This ques-
tion cannot be met by an absolute negation. We know that an

atrophy of the lung without previous catarrh, has its place among
the phenomena of senile involution

;
and we must admit that the

appearances presented by transverse sections from a lung so

wasted, bear a striking resemblance to those in emphysema, with

which indeed they may be regarded as anatomically identical.

Nevertheless, we are quite justified in viewing the nutritive dis-

turbance as a secondary phenomenon, whether we content our-

selves by explaining it as a consequence of centrifugal pressure
and extension, or whether we deduce it from the blood-expelling
action of the expiratory strain

;
the latter influence is undoubted

as regards the vascidar trunks in the thoracic aperture, and wo

may extend it to the vessels of the lung itself; it would quite

account for the scanty measure of blood which they contain
;

this anocmia being, as we shall soon have occasion to notice, one

of the most prominent factors in the causation of atrophy.

§ 411. The emphysematous distension of the pulmonary

parenchyma usually begins with a dilatation of that central

infundibular cavity into which the lateral alveoli open (cf. fig.

126). This cavity, in its normal state, exceeds the diameter of

the alveoli by about a third, so that in any transverse section

made through a dried lung, we may, with a strong pocket-lens,

or under a power magnifying at most fifty diameters, determine

the number of the divided infundibula by the annular spaces

distributed at equal intervals throughout the field. Each of

these is separated from its neighbours by a double row of smaller

rings ;
this is simply due to the fact that each infundibukmi is

provided with its own circlet of alveoli ;
hence in passing from
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the centre of one infundibiJuni to that of the next, we niust

traverse two such alveohir circlets. These divisions arc especially

marked in the first stage of emphysema, since those central

cavities, which stand in the same relation towards the alveoli as

the impluvium of a l^ompeian house towards its chambers, are

stciulily increasing in width. Accordingly, when the emphysema
is still comparatively moderate in degree (as represented in fig.

12G), the large pores recurring at equtd intervals, may be recog-

nised even with the naked eye.

This, the first steji in the process, occasions a demand lor

more space, Avhich is maiidy supplic^l by a permanent increase

in volimic of the emphysematous portions of the lung. Hence

Fig. 126.

ma III' tile liuigs, lii-st Htnfjfc; «Ulat»ition of tlic

wivity of tlie iufiuulilniUi, «, a, a. t^.

iilial

such lungs appear more bulky than normal lungs ; tlie anterior

i^ges on each side bidge forward towards the sternum and come

into conflict with each other, pushing the heart backwards and

away from the thoracic wall. The sharp edge which each lung

normally exhibits in this region gradually disappears, its place

l)eing taken by a rounded, bidging pad, which obliterates the

boundary between the inner and the outer surface of the organ.
This visible increase in bidk must on no account be mistaken

tor hj'pertrophy. On the contrary, the dilatation of the central

cavity of the infundibula is early associated with atrophy, which
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takes the form of a reduction in the height of the inter-alveolar

septa. The infundibulum is gradually converted into a larger

but still conical air-sac, whose inner surface is parcelled out by
minute ridges

—the only remains of the former septa. This

condition is exactly comparable to the nonnal appearance of a

frog's lung. In the himian subject, it denotes a very advanced

stage of atrophy, and the destruction of a great part of the

respiratory surface,

I may state parenthetically, that I have never seen a pre-

liminary perforation of the inter-alveolar partitions in this first

stage of emphysema, such as would certainly occur were the

atrophy primar}^ ;
but always the gradual reduction alluded to

above, which undoubtedly points to a mechanical force tending
to convert the elaborately chambered space into a simple conical

sac (cf. the far-reaching analogy with the mode of origin of

retention-cysts, § 70).

§ 412. The second stage of emphysema may be described as

a continued simplification of the pulmonary structure
;
the chief

element in whose production is the pressure exerted by two

adjacent air-cavities on one another. A thinning of the septum
between two infundibula takes place at their point of contact.

Perforation occurs where the partition is thinnest. The opening
becomes gradually wider, until the two infundibula, which were

originally separate, combine to form a cavity on whose inner

surface a circular, projecting fold is the sole remnant of the

wasted tissues
;
this surrounds the aperture of commimication,

which continues to increase in size (fig. 127, a). After this

fashion, whole groups of infundibula become fused together ;

tlic residting cavities all tend to assume a globular form, and
111 ere arise, particularly at the edges of the lungs, those simple
thin-walled sacs, varying in size from a pea to a walnut, which

A\e briefly term "
emphysematous blebs."

In still higher degrees of emphysema, particularly in the

senile variety, the atrophic condition of the parenchyma is

idso manifested by the fact that the lungs, after the thorax is

opened, collapse far more completely than they usually do
;

if

we lay hold of them with the intention of cutting them open,

they shrink still more, the last residue of air being easily driven

out. By pouring water on the cut surface, the parenchyma may
again be distended

;
we then see the extent of the destruction
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which has liikcn place. The great space contained within the

puhnonary pleura is traversed by only a few trabeculfc, corres-

ponding to the main bronchi and vessels, together with some of

the thicker interlobular septa. The finer elements of structure

have entirely disappeared. Here and there we sec ragged
shreds hanging from the trabeculre, bridging over sonic corners

and filling others u]). Everything is blackened b}' masses

Fu!. 127.

Enipliysema of the lungs, later stage. The ca\'itie.s a, o, liavf

l»een prodiitiHl by llic coinpk'ti' atiupliy of tlic intt'i-alvcolar

partitions of i-acli infundiliuhnn
; partly too by tlie fusion

of adjoining infundibnla ; h. Remains of oblitcrattil w\An,
chiinicteriiMJtl by the number of unstriped niUHcular fibre;*

which tliey contain (Cf. fig. 128) ; c. Branch&s of the

))ubnonary arterj*. ^.

of accumiUated pigment, since the portions of structure which

survive are those which nonnally contain the largest amount
of pigmentary matter, sc. the sheaths of the vessels and the

bronchi.

{i 413. Having thus traced the emphysematous destruction

of the lungs from its microscopic beginnings to its ultimate

results, we turn our attention next to the peculiar structural

alterations which accompany or cause the disappearance of the

parts. The various tissues which make up the alveolar paren-
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chyma are not all affected in the same degree. It is only the

elastic tissue, and what still remains of the basis-substance of

the connective tissue, which undergo a simple atrophy, a uniform

shrinking and obliteration. The retrograde metamorphosis of

the vessels is more complicated. First of all, the quantity of

blood which passes through them in a given time undergoes an

obvious diminution; and I have already allowed myself to

suggest, that this deprivation of blood may perhaps be the con-

necting link between the mechanical cause of emphysema and

the disturbance of textural nutrition. The calibre of the vessel

imdergoes a gradual and equable contraction
;

the arrest of

the blood-current is at first intermittent, and finally permanent ;

the walls of the vessel collapse, and only a narrow, ribbon-like

band is left, which may be recognised as an obliterated vessel

by its greater transparency amid a dark, often pigmented,

parenchyma, when viewed by transmitted light, and by its

uniting with other bands like itself to form the usual anastomotic

network. "We find these appearances in the edges of all such

septa of an emphysematous lung as are undergoing atrophy and

reduction. The smaller arteries and veins follow the same course

as the capillar}'" vessels (to which the above observations are

meant to apply) with insignificant variations in the anatomical

features of the process (their walls contracting instead of simply

collapsing) ;
the vascular tree dies at top, and then its larger

branches also wither away. The main divisions of the pulmonary

artery hold out the longest. The passage of blood through their

capillaries being well-nigh arrested, some relatively wide ana-

stomoses are opened up between the pulmonary artery on the one

hand and the pulmonary and bronchial veins on the other
;

so

that (in some degree at least) the ]3assage of blood from the

right heart is provided for. In well-injected lungs these anasto-

moses appear as peculiar, elongated, unbranched, vascular arches,

whose diameter is accordingly the same throughout, and which

contrast very strikingly with a far more numerous assemblage
of extremely tortuous and dilated arteries, for whose contents no

such supplemental mode of escape has been provided, and which

afford visible proof of the great increase of tension in the pul-

monary artery (fig. 127, c). On a former page (§ 235) this

increase in tension is suggested as a cause of the concomitant

hypertrophy of the right ventricloi
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^ 414. ()b^^crvershuve hitherto bestowed anuhnost exclusive

attention upon alterations in the epitiielii'm
;

because it was

supposed that they would furnish an argument in favour of

the doctrine that the atrophy of the lung-tissue was the prhnarj'

j)henomenon in emphysema. A very considerable aggregation
of oil-globules is invariably found surrounding the remains of

the nuclei of what once were epithelial cells
;

these elements

being actually more apparent after they have undergone fatt}'

degeneration, than in their normal state (fig. 128). These

Fig. 128.

Spi-ciiiu'ti tukcn from the inm-r surface of a laif,'e i'iii])liyM'-

matous l)lel).' Fatty residue of the lung-tissue, containing

clastic filn-ps and fibres of nnstri])ed muscle, coated with

epithelial cclli* in a state of fatty de;,'eneration. .^,^. (Cf.

127, b.)

masses of granules are equidistant from one another, and may
readily be demonstrated in tdl the stages of emphysema. Whether
a portion of them may not belong to the connective tissue or to

the obliterated vessels, is a question which we must leave open ;

for it is clear that all these elements must perisli together, and

we know that they arc all as liable to fatty degeneration as

are the epithelial cells. Again the nuclei, at least of the capil-

laries, are so superficial in position, that it would certainly be

far from easy to bring incontrovertible evidence in favour of the

exclusively epithelial origin of these granule-cells.
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§ 415. The only tissue which does not imconditionally suc-

cumb to this universal atrophy is that of the unstriped muscular

fibres. The jaresence of scattered bundles of these fibres in the

alveolar walls of healthy lungs has recently been affinned anew

by Colhcrq. I cannot agree with my Avorthy confrere in his

assertion that these bundles are absent in emphysematous lungs.
On the contrary, it is in the trabeculse of highly emphysematous
and already thinned portions of lung, that I have most often

found the thickest bundles of such fibres (fig. 128), and I

believe that this discovery justifies me in asserting that these

bundles are actually hypertrophied, since it would be ver^^ diffi-

cult to find any like them in healthy hmg-tissue. Of course, this

must not be taken to mean that all the muscular fasciculi become

hypertrophied. On the contrary, it is very possible, though I

have not observed it, that a retrograde metamorphosis and

destruction of the unstriped muscular fibres is taking place

elsewhere, while their hypertrophy and growth are restricted

to certain tracts, which, perhaps for this very reason, maintain

themselves in the residual parts of the parenchyma.

b. Catarrhal Pneumonia.—Broncho-pmumoma.

^ 416. On account of its lobular, or, if the word be preferred,

its acinous structure, the limg has often been classed with the

open glands ;
so too, because the alveolar walls are continuous

with the mucous lining of the respiratory tract, the lung has

been described as in some sort an immensely extended mucous

membrane. Many admirable arguments maj' be urged for and

against either of these views
;
a proof that the question belongs

to that awkward group for which nature provides no answers.

I should certainly have passed it by without notice, had not the

pathological alterations of the lungs demanded that some answer,

even though only a superficial one, should be returned to it.

From the pathological point of view, we ought undoubtedly to

insist upon the analogy of the alveolar walls to a mucous sur-

face
;

for a comparison of the most important and frequent
diseases of the pulmonary parenchyma with analogous conditions

of the mucous tract, makes the former far more intelligible than

they would otherwise be. I refer principally to inflammator}^
or pneumonic conditions of the Imigs ;

for we distinguish
—

just
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as ill raucous mombruiies—between u caturrliul uiid a croupous

iiillummatioii, regarding the alveolar walls in the light of

a jnucous surface, upon which, in the one case a coipuscular
secretion is poured out (analogous to epithelial catarrh), in the

other a fibrinous exudation. The analogy between the histo-

logical details leaves less to be desired than that between the

clinical phenomena. For while catarrhal inflammation of a

mucous membrane is far less important clinically than the

oroujx)us form, the reverse is the case in corresponding con-

ditions of the pubnonary parenchyma. Croupous inflammation

is our simple acute pneumonia, the prognosis in which is usually

very favourable ;
while catarrhal pneumonia, both in its acute

and chronic forms, is one of the most dangerous of diseases
;

among other ill effects, it lays the anatomical fomidations of

pulmonary phthisis.

^i 417. TiiK ACHTK FORM. Coiifiniiig our attention for the

present to the acute form of catarrhal pneumonia, it is easy to

show that youth is a powerful predisposing cause of this affec-

tion. In children under the age of five, hardly any other form of

pidmonaiy inflanmiation occurs
;
the cause of this pecidiar fact

appears to mo to reside in the greater irritability of the epithelial

elements of the child's lung, inherited from the period of their

developmental activity. The epithelial cells are far larger in

size
; they contain more protoplasm, and adhere less firmly to the

alveolar surface than at a later period. Moreover the inflammation

of the parenchyma proper is usually preceded by a catarrhal irrita-

tion of the bronchial mucous membrane, so that from this point
of view the former may be regarded as an "abrupt transition"

of the catarrhal process from the minute bronchi to the alv€K)lar

parenchyma
—a transition for which the ground has long been

ready. This may occur in various ways. So, the acute bron-

chitis which attends measles is characterised by its commonly

spreading in the stage of desquamation from the nasal and

t radical mucous membrane to the minuter bronchi (capillary

bronchitis), and then proceeding to set up inflammation of large

segments of the lung
—

perhaps of half a lobe at once. Again,
we have inflammation of the postero-inferior parts of the lungs,

accompanying croupous laryngitis; this is essentially due to that

unequal distribution of blood, air, and bronchial secretion, which

is characteristic of this form of dyspna^a. For while the air
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accumulates mainly in the upper lobes, and along the anterior

edges of both lungs, where it gives rise to acute forms of em-

physema and bronchiectasy, the blood and secretions, imder the

influence of gravity and the pressure of the air, sink downwards

and backwards, causing atelectasis, oedema, and ultimately catar-

rhal inflammation (cf. § 425 et scqq). Again, we have a series of

cases in which a simple bronchitis extends ab initio into the finest

ramifications of the bronchial tree
;
this occurs chiefly in badly

nourished, scrofulous children, reduced by previous disease.

Lastly, cases undoubtedly occur, and that not seldom, in which

acute catarrhal inflammation runs its entire course independently
of bronchitis,

§ 418. Hypera)mia, and a copious exudation of blood-serum,

always precede the textural alterations. The latter are known
to have begun, when the cut surface of the lung exhibits a firmer

consistency and a brighter colour tending to reddish-white
;
the

affected part containing absolutely no air, and being drier than

usual. The whole of the affected portion of the lung usuallj^

presents these appearances at the acme of the disease
;
but if we

succeed in catching it at an earlier stage, while still in progress,

we may readily convince ourselves that the process, for a time at

least, is insular in its distribution
;
since the reddish-white in-

filtrations are first produced round the afferent bronchi, while

the intermediate parenchyma, though airless and ocdematous, is

still loaded with blood. (Marbled limg.)

Colherg has recently described the initial steps of the textural

alterations. The alveolar epithelia swell and produce a thick

and continuous layer of protoplasm, which is detached from

the wall of the alveoli in transverse sections as a nucle-

ated band. The individual cells then separate ;
their nuclei

divide
;
an active corpuscular proliferation sets in

; large sphe-
roidal cells with vesicular nuclei are produced ;

these cannot

be otherwise described than as epithelial elements ; they proceed
to fill the alveoli, spreading through the stagnant serum which

these contain (fig. 129). The intensity of this corpuscular pro-

liferation, the quantity of epithelial elements produced, deter-

mine the further course of the inflammation. A complete return

to the normal state is undoubtedly possible. For obvious

reasons, we cannot ofier any reliable facts concerning the textural

details of this process ;
we may assume, however, that the infiltra-
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tion in such cuses must be chiefly serous, and poor in celU, since

we have ample evidence to show thnt the greater the number of

those large, epithelioid massoK of protoplasm, which are secreted

by the alveoli in catarrhal pneumonia, the less likely is an in-

flammatory infiltration to end in resolution and absorption, and

the greater the risk of its falling a prey to the second mode of

retrograde metamoii)hosis, xc. caseation.

"We can trace the infiltration through ever^' stage in its pas-

sage from a fluid which is simply rich in coi-puscidar elements,

Fig. 120.

Catarrhal pneumonia. An alveolus and a half. The tortuous

capillaries of the septa have Ix-cn injected. The alveoli are

filled with epithelial elements (derived from their walls)

which are undergoing multiidication by division.
jj-Jj,.

to a mass consisting exclusively of cells, and finally to the cheesy

deposit. Moreover these stages correspond to the transition of

acute catarrhal inflanmiation to the chronic form (which very

commonly occurs), and may indee<l be regarded as the essential

anatomical basis of the latter.

^ 419. Thk Chronic form. It is very difficidt for the

morbid anatomist, without the aid of clinical data, to decide

whether a catarrhal pneimionin, after the infiltration has become
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clieesy and so received tlie stamp of chronicity, was originally

acute or chronic. The difficulty is partly owing to the fact that

a cheesy mass may exist in the lung for a long period of time

without undergoing any change ; partly to the circumstance

that the conditions which precede the actual inflammation, and

which accordingly surround the cheesy deposit as stages in its

development and extension, very often present exactly the same

anatomical characters without possessing the same physiological

significance. I refer principally to congestion and oedema,

which also precede such inflammations as are chronic from

the first
; when, however, they are by no means indicative of

irritation, but are rather to be viewed as the immediate conse-

quences of the disturbance in the circulation of air and blood

caused by the bronchitis. We must go thoroughly into this

Hiatter, since it is one of the most important and interest-

ing links between the primary bronchitis and the consequent
inflammation of the pulmonary substance in chronic catarrhal

pneumonia. The "
abrupt transition" of the inflammatory pro-

cess from the bronchial mucous membrane to the parenchyma, as

well as the immediate and primary development of parenchyma-
tous alterations, do not possess anything like the same importance
in the causation of chronic broncho-pneumonia, as in that of the

acute variety ;
the "abrupt transition" being replaced by a more

gradual process of extension. On the other hand, we have a

long series of attendant and instrumental phenomena which

stamp the process now with one, now with another external

character, giving rise to the tolerably wide variations in the sum-

total of morbid changes comprised under the common head of

PULMONARY PHTHISIS. That our steps may be the surer on this

difficult ground, we must distinguish rigidly between : 1st, The

alterations in the bronchial tubes and their walls; 2nd, The

changes in those portions of the parenchyma to which the affected

bronchi lead.

§ 420. It is a tolerably well-known fact that many cases of

phthisical destruction of the lungs start from a catarrhal affec-

tion of the respiratory mucous membrane, and particularly of

those bronchi which ramify in the upper lobes. This catarrh is

characterised partly by its singular obstinacy and tendency to

recur, partly by the never-failing scrofulous enlargement of the

retro-bronchial lymphatic glands ( Virchow) . The secretion is

VOL. II. c
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liij'-hly corpusculiitc'd, and theiviun; viscid and concentrated ;

hence, too, it adheres very tenaciously to the walls of the respira-

tory passages; this occasions di8proiX)rtionately frequent, though
in the main unsuccessful, efforts at coughing and hawking. Dis-

section shows the larger bronchi loaded with this secretion, while

a certain number of the smaller tubes appear to be completely

plugged by it. On examining transverse sections of the latter,

we find their walls permeated by a countless multitude of cor-

puscular elements, the boundary-line between connective tissue

and epithelium obliterated, and the latter replaced by the above-

mentioned thick layer of muco-purulent secretion. I have

observed this condition in bronchi from 0'5 to 0'3 millimetres in

diameter, and I connect it with the early disappearance of the

basement-membrane, which is of such extreme thinness in

these bronchioles that its very existence is a matter of some

doubt. In the trachea and larger* bronchi the basement-

membrane acts as an important safeguard against the extension

of catarrhal processes into the deeper tissues, just as the elastic

networks, with which they are so abundantly provided, serve to

resist the distension of the mucosa with inflammatory infiltra-

tions. Both of these structural peculiarities gradually become

less marked as we pass from the trunk of the respiratory tree to

its branches
;
hence the narrower the bronchi, the more liable

are they to become blocked by swelling of their lining membrane
and by accumulated secretions, as a result of simjile catarrh.

Add to this that the persons most commonly affected are those

whose respiratory organs are congenitally feeble (hereditary

transmissibility of phthisis) or those whose vital powers generally,

including their respiratory mechanism, have been weakened by
febrile or other wasting diseases. The expiratory effort needed

for the removal of the viscid and adherent secretion proves too

great for the patient's powers ; during the inspiratory act more-

over, owing to the ease with which a compensatory dilatation of

neighbouring jxjrtions of the lung may occur, no air forces its

way past the viscid plug of mucus into the parenchyma behind

it
;
the block becomes chronic and ultimately permanent.
The ulterior consequences of the more or less complete occlu-

sion of the bronchi which has been thus produced, may be traced

in various directions (§ 425) ;
for the present we will confine

our attention to tlie ]inmary disorder.
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§ 421. Supposing the secretion of muco-purulent matter to

have entirely ceased, the stagnant fluid becomes inspissated, its

corpuscular elements die, and a yellowish-white, greasy plug is

left, which protrudes from the cut surface when the lung is

squeezed, and which thus serves as a guide to the original

position of the tube. At a later period, cholesterin and earthy
salts may be deposited in the interior of the plug ;

this change

however, is almost invariably associated with the calcareous

impregnation of large pneumonic foci, which form, as we shall

immediately see, round the obstructed tubes.*

The bronchial wall itself cannot, under such circumstances,

maintain a passive attitude. The retained secretions become de-

composed ;
and the products of decomposition act as a persistent

irritant, whose intensity varies in proportion to their quality.

At the same time, those phenomena of proliferation in the bron-

chial walls, which were briefly alluded to above, increase both in

extent and intensity ;
a series of very characteristic structural

alterations being developed, which fall under the common head

of " reaction against a superficial irritant."

§ 422. A. First among these comes an inflammatory over-

growth of all the structural elements of the bronchial wall, and

especially a progressive fibroid thickening of the peribronchial
connective tissue, the peribronchitis chronica of Virchoiv.

Although it is usually difficult to follow up the bronchi to their

finer ramifications with the scalpel, we now find them getting

relatively thicker as we approach their terminal divisions.

When cut across (and the bronchi are more often divided trans-

versely than longitudinally when the lung is incised) the

thickened tubes present a striking resemblance to solid nodules
;

for their lumina are nearly obliterated, partly by the thicken-

ing of their walls, partly by viscid secretions; hence they

* It has been asserted that what are known as "
pulmonic concretions"

[Calculi pulmonales) consist solely of the bronchial secretions which have

become inspissated and calcareous. I do not wish to deny the existence of

these bronchial calculi. But I nevertheless believe that very many pul-

monic concretions, especially those which are coughed up periodically in

considerable numbers (whence the term Phthisis calculosa), represent entire

pulmonary lobules which become impregnated with earthy salts, and then,

like foreign bodies, are set free from their connexions by suppuration in the

interstitial connective tissue. {See below.)
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iised fi)rnicrly to be taken for tubercles. Tlie error was quite

excusable, for it is certain that conditions of this sort are

intimately associated with tuberculosis
; moreover, if the knife

should by chance have been carried through the terminal tuft of

bronchioles into which a single tube breaks up, and the indi-

A'idual twigs, all equally diseased, and all divided at right angles

to their axis, present themselves to the naked eye on the cut

surface of the lung, they look exactly like a "
nest of miliary

tubercles." Peribronchitis is commonly associated with a fibroid

overgrowth of the interlobular connective tissue; this flows

very naturally from the direct continuity of the peribronchial

with the interlobular connective tissue, at the roots of the

pulmonary lobules.

§ 423. B. Again, the secretions may accumulate in such

quantities as to distend the bronchial tube for a short distance and

to thin its walls
;
this sets up a condition closely analogous to

the formation of retention-cysts in other organs. AVe must bear

in mind, however, that the etiology of the process may be, and

in most cases probably is, far more complicated. The partial

blocking of certain bronchi by plugs of secretion is necessarily

followed by an increased rush of air to those parts of the lung
which are still pervious, causing them to be permanently dilated.

The reader will recollect that it is just the compensatory variety
of emphysema which best admits of a mechanical explanation.
Now compensatory emphysema is relatively rare in phthisical

lungs ;
in its place, however, we very commonly find a ctlix-

DRICAL DILATATION OF ALL THE MINUTER BRONCHI, of thoSC morC

especially which dip immediately into the alveolar parenchyma.
On cutting open a bronchus from the root of the lung, we find

that the scissor-blade advances with greater ease and certainty

as we approach the periphery of the lung; indeed, we are

often able to follow up branches no bigger than a raven's quill

close under the very pleura. This form of bronchiectasy con-

trasts markedly with the ordinary catarrhal variety, inasmuch

as the bronchial wall is extremely thin, instead of exhibiting a

hj-perplastic thickening of all its textural components. This

thinning may go so far as to obliterate all the specific characters

of the bronchial wall, converting it into a thin, glistening mem-
brane, which lines a cavity of considerable size. To attain this

r silt, tlie clastie networks are dragged asunder; the muscular
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coat separates iuto fasciculi of varying width, which recede from

one another, leaving fissure-like intervals between them ;
the

mucosa proper, so far as my observation goes, retains its normal

thickness, so that the thinning appears to be confined to Iho

outer layers of the bronchial wall. Very striking is the lack of

vessels in these dilated bronchi. The capillary meshes are very

wide, the arteries and veins are stretched and their calibre

narrowed. The mucous surface is always in a state of catarrh ;

indeed, a general catarrh of the bronchi underlies the whole

group of disturbances which we are now considering, and I

venture to suggest that the diminished cohesion of the textural

elements of the inflamed bronchus may even contribute not a

little to its dilatation. The catarrhal secretion is extraordinarily

rich in corpuscular elements, and contains but little water ;
it

sticks to the bronchial wall, and displays a tendency to accumu-

late in considerable quantities. Bearing this fact in mind, we

may very naturally interpret the appearances described above,

sc. of dilated bronchi, crammed with secretion—^by supposing
the dilatation to have been primary, the accumulation of secreted

matters secondary. This gives us a firm basis on which to

ground our theory of the morbid process as a whole ;
inasmuch

as its extension from the portion of lung originally afiected to

neighbouring parts, may be in some degree facilitated by the

antecedent compensatory dilatation of the terminal bronchi. As

regards the further course of the disease, particularly in refer-

ence to the alterations in the pulmonary parenchyma, it is a

matter of indiflerence whether the obstructed bronchus was or

was not previously dilated.

§ 424. c. The inflammation of the mucous lining of the

bronchi may, at any period in its course, diverge in a third

direction
;

it may pass into ulceration. By this term we must

not understand that simple form of " excoriation" usually known
as a " catarrhal ulcer

" when it occurs on the mucous lining of

the mouth or on the skin, but a truly destructive process, which

eats away layer after layer of the mucous membrane (previously

infiltrated with corpuscular elements) and mingles them with

the secretion. As regards the intimate nature of this ulcerative

process, it need only be remarked that in some instances it cer-

tainly deserves to be called
" tuberculous." I have in my posses-

sion a phthisical lung, in which the dilated bronchi of the second
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and third order exhibit tuberculous idceration in its most tj'pical

form (§ 384). Moreover Virchow has repeatedly directed

attention to the presence of scattered miliary nodules on those

bronchi which lead to fully-developed vomicaB. Hence we may
infer that tuberculosis sometimes takes a very decided part in

the production of these bronchial ulcerations
;
more than this

we are not justified in assuming. As a rule, there are no miliary

nodides to be found. The destructive process must then be

regarded as a simple idceration. Under the influence of the

stagnant secretions, whether that influence be chemical or

mechanical in its mode of action, the most superficial layer of

the infiltrated mucous membrane undergoes necrobiosis in

patches. This is followed by a more or less l\vely reaction in

the deeper layers, resulting in the detachment of the necrosed

tissue. We thus get a sharply-circumscribed, shallow defect,

often a mere roughness, coated with a yellowish-white, friable

fur, which cannot be washed ofi", but may be removed by

scraping. By a repetition of this morbid process, the infiltrated

wall of the bronchus is speedily eaten through ;
the ulceration

extends to the pulmonary tissue, which no longer contains any

air, and has been converted into a substance most excellently

adapted for the spread of the destructive changes. To this point

however, we shall return hereafter.

§ 425. Passing now to the alterations in the paren-

CHTNiA, we must consider in the first place, a series of charac-

teristic effects, produced by plugging of a bronchus, in that

portion of lung-tissue which lies behind the point of obstruction.

This series of effects can be artificially produced. The experi-
mental section of both vagi, which interferes with the proper
closure of the glottis, allows morsels of food to slip from the

pharynx into the respiratory passages ;
this causes plugging of

a large number of bronchial tubes, and affords most instructive

examples of the early stages of the process. First among its

effects is atelectasis, i.e. collapse of the alveoli. A sharply-
circumscribed conoidal piece of lung-tissue,, exactly propor-
tionate in size to the calibre of the obstructed bronchus, receives

less and less air at each inspiration ; finally, the access of air is

altogether checked, and the inspiratory force which was pre-

viously spent in inflating this portion of the lung, transfers

its operation to the neighbouring parenchyma (compensatory
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broncliiectasy
—see foregoing paragraphs), and tlie part in

question is left entirely to itself. Tlie elastic reaction of the

parenchyma conies into play, endeavouring, by the complete

expulsion of the residual air, to reduce the part to its natural

size. Should this attempt be successful, the acquired collapse

becomes quite undistinguishable from the congenital variety
—

the condition of the lung into which air has never been admitted.

The collapsed part is smaller than it was
;

if its base (as

generally happens) is turned towards the periphery, we notice

a depression of corresponding size on the pleural surface, with

the little protuberances (each = a lobule) which are so charac-

teristic a feature of the foetal lung.* The surface is accordingly
uneven and tuberculated. In colour and amount of con-

tained blood, the affected part, at least in the earlier stages,

also reminds us of foetal atelectasis. The wedge of lung-
substance is of a reddish-purple hue

;
it shines through its

pleural covering with a bluish lustre. But it is in the amount
of contained blood that a profound difference, and one which

makes itself felt in the further evolution of the morbid state, is

speedily established
;
for in the acquired form of atelectasis the

HYPERJEMIA, which was at first only simulated by the approxi-
mation of the capillaries to one another, speedily becomes real.

§ 426. In the foetal lung, no disproportion can exist between

the length and width of the capillaries on the one hand, and the

space which they occupy on the other. It would be impossible
for the vessels to extend or develope further within the fixed

limits of the space assigned to them. It is otherwise in the case

of acquired atelectasis. The non-expansion of the lung is now
an abnormal condition, for the occurrence of which no thought
was taken, no provision made—to speak metaphorically

—
during

the extra-uterine transformation of the lungs into breathing

organs. This transformation involves the most luxuriant possible

evolution of the vascular apparatus. If therefore, at a time

when this evolution has become an irrevocable fact, a complete
contraction of the elastic part of the parenchyma should occur,

this must necessarily give rise to a disproportionate impairment
of the length and calibre of the vessels. The framework of

* The pulmonary lobules must not be confounded with the infun-

dibula
;
each of the former contains nearly twenty of the latter.
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elastic fibres at once becomes a mechanical obstacle, interposed
between that portion of the blood-channel which projects freely

into the infundibulum and the alveoli—sc. the capillaries
—and

the interstitial or interlobular afferent and efferent vessels. The
blootl-current is retarded

;
the blood accumulates in the capil-

laries, and the collapsed portion of lunj^ becomes congested.
The congestion is followed sootier or later by an exudation of

serum into the alveoli—the collapsed part becomes (edkmatoi s.

Its bulk increases in proportion to the degree of codema ;
it rises

to its former level on the pleural surface
; nay, it may even pro-

ject beyond it as a flat, elastic swelling. Its consistency is

doughy ; it retains the imprint of the finger ;
its free surface is

of a bluish tint
; on section it appears of a dark rcxidisli-brown

colour, moist and smooth ;
—in short, it resembles the spleen so

closely in its external aspect that the temi si'LEMSation is the

best that can be found to denote its condition. Now it is quite

plain that the splenisation of lung-tissue does not necessitate any
antecedent atelectasis for its production, but only a sufficiently

intense degree of congestion with effusion of serum into the

alveoli. Every passive hji^ersDmia, and especially that hypostatic

congestion of the lower lobes which accompanies the gradual
failure of the heart's contractions in most modes of dying

—in

heart-disease, in t}'73hoid fever, and other states of exhaustion—
may Icjid to splenisation through an adema which expels tlio

contained air. At this point, therefore, the process which we are

now considering loses all its anatomical individuality ;
it would

bo impossible to tell, by examining the affected portion of

lung-tissue, whether it had been previously atelectatic or not,

but for the clue afforded by the wedge-shaped limitation of the

atelectavsis, as also by the fact that the hypostatic variety of

splenisation is only found in the dependent parts of the lungs.
Under ordinary circumstances however, it would certainly be

imjwssible to recognise a weflge of lung which had undergone
splenisation after atelectasis, in the midst of a lower lobe affected

with hy|X)static splenisation.

§ 427, Splenisation, in the most general sense of the

word, appears to off<M- an oxcpptioiially favourable soil for the

development of inflaImll;l1u)^ cliimo^,'^ [, may even replace the

initial congestion of ac\iTo inllaniination, and so lead to lobular

and lobar infiltration^, which, however, are invariably of a
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catarrhal character. This is the order of events in the hypo-
static pneumonia of patients in a typhoid state, or suffering

from extreme exhaustion, as well as in those broncho-pneu-
monic complications, occurring in the course of phthisis, which

we are about to consider.

Apart from inflammation, diffuse splenisation of the lower

lobes may be followed either by recovery or by death
;
atelectatic

or lobular splenisation, by a series of further changes which are

successively evolved by the continued operation of those forces

whose action has already begun. We will notice two of the

members of this series more particularly, viz.
" chronic oedema,"

and "
slaty induration."

§ 428. Chronic cedema is primarily distinguished from

splenisation by the absence of congestion. It would seem as

though the supply of blood to the affected part were more and

more impeded by the growing amount of the serous effusion
;

this is strictly analogous to what invariably accompanies all

pneumonic infiltrations (§ 431) ;
the infiltrated material cannot

yield, because it is enclosed in a cavity which is not susceptible

of unlimited distension
;
hence it expels the blood, which can

yield, i.e. can enter other channels besides those which traverse

the infiltrated part. The latter swells to a still greater size than

before, if possible, becoming at the same time paler in hue, and

finally exhibiting only a few red striae, winding over a surface

which is otherwise of a uniform pale yellow colour. On cutting

into it, there flows from the cut surface a clear, highly-concen-
trated serum, free from air-bubbles, in which yellowish-white,

dust-like particles may here and there be detected. The cut

surface itself also appears to be sprinkled with a similar yellow

dust, which turns out, on microscopical examination, to consist

of cells undergoing fatty degeneration, the so-called
"
granide-

cells." The paleness and brawny look of these foci contrast

strikingly with the lively red hue of the surrounding tissues,

whose colour is deepened by the collateral fluxion, i.e. by the

accumulation of the blood which is unable to penetrate into the

•affected part itself.

§ 429. Slaty induration of the lung, at least as regards

the parenchyma, must also be viewed as a termination of pro-

longed atelectasis, and not as a chronic inflammation. It is

indeed by no means easy to maintain a sharp boundary-line in
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this matter. Grey induration is normally found in association

with the chronic peribronchitis described in § 422, which in its

turn is as constantly bound up with an inflammatory overgrowth
of the interstitial, i.e. interlobular comiective tissue. The latter

pushes its way from every side between the islets of parenchjTna,
in the form of progressively widening trabeculrc

;
it separates

them from one another and compresses them, assuming an un-

natural prominence in the sum-total of anatomical appearances.

It is important nevertheless to bear in mind, that the alveolar

parenchjTna itself takes no active share in the inflammatory

change. What little bits of lung-tissue we notice, contain neither

air nor blood
;
nevertheless the septa between the individual

alveoli may still be demonstrated, and it is not till a very late stage

of the process that the approximated surfaces really become fused

together, and the interstices between them obliterated. If we

try to inject the part, our injection penetrates only into the

vessels of the interlobular connective tissue, while the former

parenchyma does not admit it. The most characteristic feature

of grey induration is the presence of black lung-pigment in

enormous quantity. It occupies the interstitial connective tissue

as well as the atelectatic parenchyma. It consists of small black

granules, aggregated together in the interior of cells, but which

are also scattered free throughout the tissue. In isolated patches,

as large as a lentil, usually round or elongated in shape, the

deposit of pigmentary matter is peculiarly dense, giving them

a deep black hue. These patches indicate the site of former

hscmorrhages ; they are obsolete hoDraorrhagic foci. The pig-

ment, in slaty induration, is undoubtedly derived from tlie

colouring-matter of the blood. For the circumstance that the

pigmentation is most intense in those very portions of the lung
which are earliest shut off" from the inspired air, makes the

hypothesis that this pigmentary matter is inhaled, imtenable
;

moreover, side by side with the black pigment in these lungs,
we find a number of intennediate granules of a brown or red

hue, which are more nearly related to the colouring-matter of

the blood, and represent the earlier stages of pigmentary meta-

morphosis.
It is also to be noted, that the aspect of a piece of lung

affected with peribronchitis, overgrowth of interstitial con-

nective tissue, and slaty induration, is so exceedingly character-
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istic, that it has long served as the type of " healed tuberciilosis."
" We find on the pleural surface, layers of exudation of an
almost cartilaginous hardness, which send radiating bands of a

white colour into the interstices between the lobules
;
amid these

we find a number of transversely-divided bronchi filled with

cheesy or even calcareous plugs, and whose walls have under-

gone fibroid thickening ;
the space between the bronchi and the

interlobular septa being occupied by a slate-grey, dry, airless

and very tough parenchyma."
§ 430. Inflammation and Caseation. We have hitherto

broken off all the threads of our inquiry at the point where

inflammation of the lung-tissue sets in. We have found that

the tissue in which the inflammation begins is no longer, as

a rule, the normal parenchyma of the limgs, but a texture in

various stages of hypereemia, atelectasis, splenisation or cedema.

We have found that the inflammatory changes in the bronchial

tubes reach an advanced stage before they extend to the sur-

rounding parenchyma. On the ground of the causal connexion

between the bronchial and the pulmonary inflammation, Virchow

has given the name of broncho-pneumonia to the process in

question ;
to him we also owe the term "

cheesy
"

or "
dry

"

pneumonia, which has reference to the quality of the infiltration.

From the histological point of view, the term " catarrhal inflam-

mation "
is the best

;
to this we prefix the clinical epithet

"
chronic," on account of the slowness of its course.

The infundibula and alveoli in the neighbourhood of the

diseased bronchi, become filled with corpuscular elements

which separate from their walls
;
these are epithelioid, large,

spherical, or if angular, their angles are rounded ofi*;

they are furnished with round, comparatively small and lus-

trous nuclei. The textural details are therefore identical with

those described in the acute form of catarrhal inflammation

(§ 418). Indeed, we must add that it is quite impossible to

decide (from the anatomical appearances alone), whether a

recent infiltration, i.e. one which has not yet become cheesy,

was acute or chronic ah initio ; even when the clinical symp-
toms bear witness to the chronicity of the disease as a whole,

even when we find the various stages of the inflammation

side by side in the same lung, we cannot positively reject

the suspicion that the actual infiltration, like that formerly
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described, may have occurred within a very short time. Corre-

lated with this is the possibility discussed in § 418, that every

acute catarrhal pneumonia, however sudden and well-marked

its onset, may pass into the chronic form, give rise to cheesy

deposits, and so lead to pulmonary phthisis.

§ 431. All this tends to show that we must give up all hope
of finding in the ascending series of morbid changes, any
criterion which will enable us to distinguish between chronic

and acute inflammation ;
in the descending series, however, we

(lo find such a criterion, viz. the caseation of the inflammatory

products. The occurrence of caseation—a fatty degeneration of

corpuscular elements, modified by the abstraction of water—
implies the co-existence of various favourable conditions. Of
these the following are the most important : excessive accumu-

lation of cells in close contact with one another, owing to the

absence of any intercellular fluid
;

a gradual arrest of the

circulation, which serves as the proximate cause of the actual

impairment of nutrition. Now in catarrhal inflammation we
have a desquamation of epithelial elements going on for a certain

length of time, and associated with a difficulty or even an

impossibility of their removal owing to plugging of the bronchi ;

these causes are amply sufficient to account for the most

excessive accumulation of corpuscular elements in the alveolar

parenchyma, for the expulsion both of intercellular fluid and

of blood, and consequently for the cheesy variety of necro-

biosis. The cells in the alveoli become cloudy, OAving to the

presence of fat granules in their interior
;
this change betrays

itself to the naked eye by a sharply-circumscribed, yellowish-
white opacity in the centre of the deposit ;

and no point can be

more accurately determined without the aid of the microscope
than the actual progress of this very change. AVithin its area,

the pulmonary texture undergoes complete obliteration
; only

the residual pigment interrupts the homogeneous uniformity of

the cheesy mass here and there with a dark-grey marbling.
This by no means implies the actual destruction, the disappear-
ance of all the structural elements of the lung-tissue ;

so far as

the needs of the organism are concerned indeed, they have

already perished ;
but the stoutest among them, the elastic

fibres and the coats of the larger arteries, maintain their indi-
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viduality for a long time, and reappear during tlie softening
which usually ensues.

§ 432. The completion of cheesy metamorphosis establishes

a state which tends but little of itself to further changes ;
it

serves accordingly as a pledge of the relative chronicity of the

entire process. This justifies us in adopting caseation as the

anatomical criterion of chronicity, as regards the inflammation.

To avoid any sudden break of continuity between the present
doctrines and those formerly held, which have so thoroughly

impregnated the professional mind, that without an adequate

knowledge of them we are hardly able to come to any under-

standing with our senior confreres, I ought to state, that the

cheesy matter alluded to above, is identical with what used to be

known as " crude tubercle," and regarded as the sole starting-

point of phthisis. At the present day, we must reserve the

term "phthisis tuberculosa" for those very numerous cases, in

which the presence of miliary tubercles in the connective

tissue and on the vessels of the diseased lung can be actually

demonstrated
;
we must admit however, that our forerimners

had a very clear perception of a fundamental truth, when they
asserted that pulmonary phthisis, at a certain stage in its pro-

gress, extended its ravages by means of a yellowish-white,
friable material. Nay, we may even go beyond this

;
we may

retain Laennec's distinction between " tubercular infiltration
"

and " tubercular granulations," in so far as these terms corres-

pond with the two chief naked-eye appearances of catarrhal

broncho-pneumonia.

§ 433. A. Pseudo-tuberculous broxcho-pneumonia corres-

ponds to the " tubercular granulations
"

of Laennec. It denotes

the very ordinary case, in which the inflammatory infiltration of

the alveolar parenchyma is primarily limited, and very rigidly

limited, to the circumference of the smaller and smallest bronchi.

The cut surface of the lung exhibits a number of grey, trans-

lucent nodules, with a whitish centre, varying in size from a

poppy-seed to a grain of millet, and which therefore are really

as like miliary tubercles as anything can be
; they feel hard, are

seldom solitary, but are usually aggregated together in clusters

of from 5 to 10
;
these clusters being principally situated in the

middle of the lobules, while their periphery continues free. The
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parenchjTna in which they are embedded sometimes appears to

be quite normal
;

it is never really normal, but is always either

congested or collapsed, spleen-like or simply oDdematous, more

rarely emphysematous and pale. Whatever may be the con-

dition of the parenchyma in other respects, the frequent occur-

rence of a zone immediately surrounding the nodules, and

containing a reddish-grey, clear or slightly turbid, synovia-like,

glutinous infiltration {infiltration g^lotineuse of Laenncc) is highly
characteristic. The presence of this zone indicates an atony
and puffiness of the tissues, which immediately precedes their

infiltration with corpuscular elements
;

it is sometimes barely
noticeable

;
in other cases it extends so far as to form a common

areola for all the nodules of a single group ;
sometimes it

may spread through an entire lobule, or even through large

wedge-shaped segments of the lung. In the latter case, it is

very difficult, if not impossible, to distinguish between gelatinous

infiltration and the chronic oedema of an atelectatic part; I

mean that the two conditions have repeatedly been confoimded

with each other.

§ 434. Histological analysis of the "grey granulations"

yields the results depicted in fig. 130. The drawing shows two

broncho-pneumonic foci (false tubercles), as large as millet-seeds,

under a low magnifying power. At a a, in the centre of each

granulation, are two bronchioles transversely or obliquely
divided

; they are plugged with a cheesy mass, which, however,

owing to its great friability, has partially dropped out while the

section was being made ;
the elastic layers of the bronchial wall

are dissociated, and, together with the adjoining alveoli, infil-

trated with a substance which once consisted of cells, but which

has now become cheesy. The zone of caseation embraces two

or three rows of alveoli
;
this is evident from the residual elastic

elements of the alveolar framework. Next comes a zone in

which the infiltration is actually takingplace ;
at this point, higher

magnifying powers woidd enable us to see appearances like those

in fig. 129
;

still farther outwards, we see lung-tissue which is,

as yet, comparatively normal. A successful injection of the

pulmonary artery shows us how far the vessels still admitted

blood into the afiected area during life. We see that they are

nowhere pervious quite up to the cheesy part of the deposit,

while in the area of recent inflammation they arc all filled
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with injection. I repeat, that only one inference can be drawn

from these appearances, sc. that an infiltration, excessive in

amount and rapidity of increase, has compressed the blood-

FiG. 130.

Two minute bronclio-pneumonic foci. (Laennec's "tubercular

granulations.") a a. The luniina of two adjacent bron-

chioles, whose cheesy contents have in part dropped out ;

their walls are infiltrated with cells, and pass uninter-

ruptedly into the catarrhal infiltration of the surrounding

parenchyma. The number of the infiltrated alveoli may
be recognised by the arrangement of the elastic fibres ;

h b b. Blood-vessels, jjj mm.

vessels, causing its own necrobiosis and conversion into cheesy
matter.



32 MOKIJID ANATOMY OF THE LUNGS.

§ 435. Tlie further progress of the alterations may be very

satisfactorily traced even with the unaided eye, on the cut surface

of the affected organ. The grey nodules gradually increase in

size
;
the central opacity in each becomes a distinct cheesy spot ;

the nodules come into contact with one another, and unite to

form larger masses, whicli speedily become cheesy, and in whose

broken and crescentic outlines we may long continue to recog-

nise their composition by the coalescence of a nimiber of smaller

nodules
; finally the whole lobule is infiltrated, and, sooner or

later, becomes fused with its equally infiltrated neighbours into a

continuous whole
; cheesy masses of ever-increasing dimensions

are thus produced, whose further destiny we will consider here-

after.

§ 436. B. The diffuse form of lobular or lobar inflam-

mation (the tubercular infiltration of Laennec) contrasts to some

extent (at least anatomically), with the pseudo-tuberculous

variety. Without any special accentuation of the bronchi, a

uniform infiltration of wedge-shaped segments of the lung of

variable size, presents itself on the cut surface of the affected

organ. The infiltrated parts must clearly have undergone the

change in question at all points simultaneously ;
for the inflam-

matory infiltration is everywhere in the same stage of metamor-

phosis ;
the entire deposit is either reddish-grey and gelatinous,

or yellowish-white, cheesy and homogeneous. The large cheesy

mass, which, in the pseudo-tuberculous form, is more gradually

produced, spreading from independent centres (the bronchi), is

developed in the present case rather in the manner of acute

catarrhal inflammation, by a more abrupt extension of inflam-

matory change from the bronchi to the whole of that portion of

parenchjTna which they supply.

§ 437. Softening of the cheesy mass.—Formation of

VOMICA.. The length of time during which the cheesy mass

remains unaltered in the lung, depends partly upon its size,

partly too \ipon circumstances which have hitherto eluded

detection. We may fairly say, that the greater the size of a

cheesy mass, and—in all probability
—the more rapidly it has

reached this size, the more imminent is the risk of softening at

its centre, with -the consequent formation of a cavity. The

ordinary cheesy mass, which results from the coalescence of a

large number of smaller nodules, usually reaches the size of a



BRONCHO-PNEUMONIA. 33

hazel-nut, before any sign of softening makes its appearance ;

on the other hand, cheesy infiltrations of single lobules, or of

groups of adjacent and coalescent lobules, which have been

rapidly developed, commonly undergo a correspondingly rapid

softening ;
so that in these cases we find cheesy deposits of

A-arious dimensions side by side, all equally far advanced in

softening.

§ 438. The process of softening itself, consists in a mere

addition of fluid to the solids already present, without any

development of fresh structural elements. The dead and

shrunken cells, and the molecular dehrk amid which they lie,

are loosened and suspended in a moderate amount of fluid,

which makes its appearance in the centre of the mass. It is

hard to see the necessity of this very constant phenomenon. I

assimie that some part of the solid albuminous matters is con-

verted into soluble modifications, by prolonged digestion at a

temperature of 37*5° C, and that the latter attract as much
water from their environment as is necessary for their solution.

§ 439. I have already remarked that the liquefaction of the

cheesy matter, its conversion into a flocculent, pus-like pulp,

invariably begins in the centre of the deposit. This natu-

rally^ leads us to inquire what share the bronchioles, which

occupy the same position, may have in the production of the

vomicae. They are themselves preformed cavities. But, as we
have already seen, they are usually stopped up with old secre-

tions. It is only if the latter are the first to soften, that we can

describe the excavation as "
starting from the bronchi." This

seems actually to be the case in the majority of instances. If

we put aside the galloping form of multiple lobular infiltration

to which allusion has already been made, in which softening
occurs over large areas without any communication between the

bronchi and the softened parts (Phthisis acuta), we may take it

as a nearly invariable rule, that L'LCeration of the bronchial

WALLS (fully described in § 424) prepares the way for actual

excavation
;
whether it widen the bronchial tube at the expense

of its walls even before the caseation of the surrounding paren-

chyma, and before the general rigidity which this occasions ;

or whether it be that the caseation, upon the whole, is merely
a " zone of infiltrated tissue" round the wall of the bronchus—
the disintegration of the pulmonary parenchjona being thus

VOL. II. d
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immediately consequent upon the complete destruction of the

bronchial wall. The latter is undoubtedly the case when the

bronchi are already dilated
;
so that, on cutting them open, we

come upon perforations in the mucous membrane, throu<rh

which a probe may be passed into the softened centre of a small

cheesy nodule. Should the cavity have already attained a

certain size, the afferent bronchus usually opens into it by a

short, as if abruptly truncated stump, and does not allow of any
certain inference concerning its share in the formation of the

vomica.

§ 440. The chief element in this series of changes, next to

the softening itself, is undoubtedly the establishment of a free

communication between the larger uir-passages and the vomica
;

and here I must assert, in opposition to statements of a contrary

nature, that it is always the trunk of the afferent bronchus, very

rarely that of one which courses past the cheesy deposit, which

is laid open. The semblance of a lateral aperture may be readily

produced by the circumstance that the cavity, after the total

destruction of the afferent bronchus, has reached the point at

which the latter was given off at an angle from a larger tube
;

so that the mouth of the secondary bronchus appears hence-

forward as a hole in the wall of the main bronchus, and as the

direct and immediate mode of access to the interior of the cavity.

After the first evacuation of the accumulated products of

softening, putrefactive changes usually associate themselves with

the phenomenon ; these changes, however, are always restricted

to the most superficial laj'cr of the cheesy matter, and arc

accordingly of little moment for the life of the patient. Small

yellowish fragments continue to separate fi-om the inner surface

of the cavity, fi-agments which resemble morsels of food, bread-

crumbs, &c. On examining them more carefully, we find a

considerable quantity of elastic parenchyma, mixed up with

shrunken cells and greasy, stinking, putrid (Wyria. Their appear-
ance in the sputa is a sure sign that the ca%nty from which they
come is still increasing in size.

§ 441. Let us now contrast with this picture of decay and

destruction, those changes which are instrumental in checking
the progress of disintegration. These invariably set out from

the interlobular connective tissue and the pleura, and exhibit

the general character of "
reactive inflammation at the peri-
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phery of the lobules," excited by tbe extensive disorganisation
in tbeir interior

; Individually, However, they exhibit manifold

variations, to which the naked-eye appearances of the

PHTHisiCATi LUNG In the later stages of the disease are really due.

Each particle ofthe pulmonary parenchyma which has under-

gone caseation is a . caput mortuum ; its connexion with the

organism must, sooner or later, be broken in one way or

another, and the continuity of the organism re-established. The

simplest; solution of the problem Is the occurrence of a seques-

trating suppuration of the interlobular connective tissue round

the cheesy lobule
;
this breaks down all the bridges which unite

the dead with the living tissue. I have met with an example of

this FIRST form of pulmonary phthisis In the person of a scrofu-

lous child, seven years of age.* A lobule as big as a walnut

had been converted into a cheesy lump, and lay, quite free. In a

cavity of corresponding size, which was lined with a pyogenic
membrane

;
the afferent bronchus, with the vessels, forming a

pedicle by which it still continued attached- Beside it was a

second cheesy lump of equal size, in an earlier stage of the

same sequestrating process.

§ 442. Secondly, and far more usually, the suppurative

sequestration does not take place until the zone of softening of

the cheesy nodule approaches the circumference of the lobrde
;
It

seems as though the dormant activity of the connective tissue

were first excited by the trifling putrefactive changes on the

idcerated surface, alluded to above. Reddish, highly-vascular

granulations begin to sprout here and there from the walls of the

cavity ; and, where the cheesy matter has wholly disappeared,

we can see that these granulations belong to a pyogenic mem-
brane with which the entire cavity is lined. The latter yields a

thick purulent secretion, and is very often the seat of small

parenchymatous haemorrhages, which may be readily explained

by the softness of the granulation-tissue, the thinness of the

capillary walls, and the persistence of the compensatory hyperae-
mia. The haemorrhages leave a residue of brown and black pig-

ment, often imparting a very singular appearance to the mem-
brane. Notwithstanding all this, the membrane possesses all

* The speHmen is preserved in the collection of the Pathological

Institute at Zurich.
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the virtues of a new texture, produced in the course of repair by
the second intention ;

for there is no doubt that by its further

metamoi'phosis into a fibroid cicatrix, the ca^^ty may be com-

pletely healed—and the patient also—pro^-ided he be fortunate

enough to possess only this one cavity. As a rule, indeed, the

lung: contains more than one such cavity, and a number of

cheesy deposits in addition, so that the progress of the disease is

more than sufficiently provided for. The formation of several

vomica) near one another gives rise to complicated excavations,

the intervening septa being worn away till nothing is left of

them beyond the larger vessels. In very protracted cases of

phthisis, the whole upper lobe of one lung, or at all events its

upper half, is often converted into a single large cavity, traversed

by the obliterated branches of the pulmonary artery. The ca\dty
is lined by a grey pyogenic membrane, which is reflected over

the vessels, and is only interrupted here and there by more

recent, red granidations, or by residual shreds of cheesy paren-

chyma.
§ 443. Pulmonary phthisis presents us with a third and

very rare set of anatomical appearances, when the reactive

inflammation of the interlobular septa sets in early, taking the

form of a hj'perplastic proliferation of connective tissue. Broad

bands of fibroid tissue are found traversing the entire organ ;

they are continuous with the thickened pulmonary pleura on the

one hand, with the peribronchial and perivascular sheaths on the

other. Every cavity remains independent of the rest
;
and when

the alveolar parenchyma has wholly disappeared, we find in its

place a number of comparatively small cavities, each lined "with a

smooth pyogenic membrane, and separated from its neighbours

by a thick partition of fibroid tissue. The larger bronchi are

usually found dilated and hypertrophied ;
so that I cannot help

suspecting that this is one of the rare cases in which a hyper-

trophic bronchiectasy is secondarily complicated by catarrhal

inflammation and caseation.

§ 444. FouRTiiiA- and lastly, we must return once more to

acute phthisis {P/if/n'sis florida). The rapid disintegration of

the cheesy foci which occurs in this variety of phthisis, residts

from a suppurative liquefaction of all the connective tissue situ-

ated in the interior of the deposit ; a suppurative liquefaction
which sets in early enough to convert the major part of the^
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alveolar parencliyma into a fluid—into pus
—before the actual

necrobiosis sets in
; thus preparing tbe way for the softening

which is about to ensue. This is the variety known as
"
purulent-

ulcerative" {eitng-ukemtive) to those who recognise the liquefac-
tion of the cheesy deposit as a true abscess-formation. The
further course of the disorder tends to justify this way of looking
at it

;
the foci of softening, when they happen to be situated near

the surface of the lung, not unfrequently burst into the pleural
sac just like other abscesses, instead of voiding their contents

through the afferent bronchi. A diffuse pleuritis with a copious

purulent exudation forthwith ensues
;
should the cavity happen

to communicate with the afferent bronchus likewise, the occur-

rence of pyopneumothorax is inevitable. I ought, however, to

add that rupture into the pleural sac is a catastrophe which is

always imminent in the case of ordinary vomica) as well—a

catastrophe which is only prevented by the previous occurrence

of adhesive inflammation between the costal and the pulmonary

pleura).

§ 445. Pulmonary concretions. I have hitherto alluded

only to the softening of the cheesy lumps, by far the most com-

mon and important of the metamorphoses to which they are

liable. The possible occurrence of calcification is merely an

interesting curiosity in comparison. It is only when the cheesy
nodules are small, that any further metamorphosis, especi-

ally softening, is absolutely prevented by an abundant deposit

of calcic phosphate and carbonate—^by a process of real petrifac-

tion. It is in this way that pulmonary concretions {calculi pul-

monale^) originate; hard bodies from the size of a split pea doA^^l-

wards, with their surface either smooth, or beautifully lobulated

like a mulberry. There are persons who suffer from frequent

attacks of bronchial catarrh, and who now and then bring up
a considerable number of these pulmonary concretions

;
their

expulsion being attended by an exacerbation of febrile symptoms.
It is obvious that the expulsion of these calculi can only be due

to a sequestrating suppurationwhichthey, as foreign bodies, excite

aromid them. Another necessary condition for their removal is

the simultaneous perforation of a bronchus of adequate size
;
for

microscopical investigation affords conclusive proof that the con-

cretions voided in phthisis calculosa are cheesy lobides of pulmo-

nary tissue impregnated with [calcareous matter. The elastic
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tissue, as well as the black pigment, are not in any way altered

by the calcification ;
so that, by macerating the concretion in

hydrochloric acid, we are always able to restore the entire

areolar framework of several infundibula together wnth their

alveoli. Bronchial calculi (sw § 421) arc fur less common;

they are invariably smooth, globular or elliptical, and occur

singly or in groups in bronchiectatic cavities. Finally, we
sometimes meet >\ath encapsuled concretions disseminated

throughout the lungs ;
in which case we may infer that the irri-

tation they set up, though sufficient to cause a chronic over-

groAvth of the connective tissue immediately around them, was

not intense enough to give rise to suppuration.

2. Tuberculosis.

§ 446. Since the order we have chosen to adopt in treating

of the diseases of the limgs rests not so much upon a systematic,

as upon an etiological basis, we may be allowed to consider true

tuberculosis of the limgs immediately after that disease with

which it was so long classed, and with which it really has many
very intimate points of contact.

"We find miliary tubercles in the Ivmgs, as in several other

organs, occurring in two typical forms, which may be aptly
tei-med "disseminated" and "localised" respectively.

§ 447. Disseminated tuberculosis is always the sign of a

constitutional disorder
;

for besides the lungs, wc find other

organs permeated by or studded with miliary tubercles, e.g. the

liver, the serous sacs, the pia mater, the choroid. It is this

almost invariable coincidence which justifies us in regarding the

miliary nodides in the lungs as true tubercles, and not as acci-

dental nodules of connective tissue, such as might be produced

by the injection of minute particles of some chemically inert

substance into the pulmonary artery. The disease usually
a£fects children between three and seven years old ;

it is less

common in adults. The entire lung, together with the pleura,

is, as a rule, pretty uniformly studded with the miliary nodules ;

cases difier not so much in the degree of uniformity with which

the tubercles are disseminated throughout the lungs, as in the

total number of tubercles contained in them
;
this varies from
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one to twenty per square incli, either of superficial or of sectional

area. As for the size of the individual nodules, this is un-

doubtedly liable to great variations
;
in some cases they are

barely visible, or even quite undistinguishable by the unaided

eye ;
in others, they attain the size of a stout pin's head, or even

of a hemp-seed. The larger the nodule, the more likely is

the actual tubercle to be surrounded by a circumscribed zone of

parenchyma in a state of catarrhal inflammation, a circumstance

to which we shall have to allude hereafter.

§ 448. These disseminated tubercles are situated in the con-

nective tissue of the lungs. In single instances (Bcichkr), the

miliary nodules are exclusively developed in the sheaths of the

minute arteries and veins : more conmionly, they spring up in

the connective tissue between the lobules and infundibula. In

texture, these nodules exactly resemble those which are simul-

taneously produced in other organs, such as the omentum or the

pia mater. The larger ones may usually be shown to have been

developed from several centres (fig. 131) ;
i.e. they exhibit

certain poiuts in their interior, round which a portion of the

tubercle-cells are concentrically grouped, while the remainder

form bands which course between the component nodules. At
the periphery of the tubercles, the swollen condition of the

alveolar septa at their junction with the nodules, arrests our

attention. It is clear that the process of morbid growth, when
we are fortunate enough to detect it in mid-career, advances, not

by an infiltration of the alveoli themselves, but by a swelling of

their walls. The alveoli, unless matters are complicated by a

catarrhal inflammation, are merely distorted and blocked up by
the projection of the tubercles into their interior. In a tubercle

as large as that which I have figured, a certain number of alveoli

may indeed be obliterated
;
but their obliteration, and the conse-

quent exclusion of air is accidental, and not, as in catarrhal

inflammation, the main feature of the morbid change.
On examining the broad junctions between the alveolar septa

and the tubercle—the little feet, so to say, which the growing
nodule puts out—we invariably find the perivascular con-»j

nective tissue—nay, even the walls of the vessels themselves—
taking an active part in the proliferation. Fig. 131, JB, shows this

very beautifully ;
it is borrowed from Colherg. We see ail the

capillaries given off by an arteriole of considerable size, covered
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with masses of adherent corpuscles, which are, in all probability,

descended from the corpuscidar elements of the vascular wall

itself.* The vessel here depicted has of course been torn from

its natural connexions
;
we must imagine its environment to have

been in a similar state of luxuriant proliferation.

§ 449. No catarrhal complication is to be observed in the

alveoli adjoining the tubercles here figured (fig. 131, ^1) ;
but I

must add that such a complication is very usual, and that it

often doubles the size of the miliary nodule. The combination

of disseminated tuberculosis with a diffuse, perhaps even lobar,

catarrhal pneumonia, is also met vnth
;
the tuberculosis may

then be regarded as the predisposing cause of the inflammation.

§ 450. Having thus given an adequate definition of what

may legitimately be called "tubercle" in the lungs, we may
proceed to discuss the question, ^Vhat share has tubercidosis in

pulmonary phthisis ? Mention has already been made of the fact

that, owing to an insufficient limitation of the term "tubercle,"

phthisis and tuberculosis of the lungs have long been regarded
as identical. We must beware, however, of rimning into the

opposite extreme, and restricting the domain of tuberculosis

within too narrow limits. Rather ought we to inquire, carefully

and circimispectl)', Avith which of the anatomical varieties of

pulmonary phthisis (enumerated in § 433 et seqq.), a simul-

taneous development of miliary tubercles is found to be asso-

ciated. A long series of special investigations has led me to the

conclusion that it is only in a relatively small proportion of

cases that miliary tubercidosis is wholly absent. I failed to

discover it in two cases of cheesy infiltration running a rapid
course with the formation of multiple foci of softening (Phthisis

fioridu) ;
I failed to discover it in the few cases of phthisis

secondary to measles which came under my observation, par-

ticularly in one instance, where all the bronchioles of a certain

(though not of the very lowest) order were in a state of ulcera-

tive dilatation, and inmiediately surrounded by caseous pneu-

monia; simidating thereby the appearances of a miiformly
disseminated miliary tubercidosis. As regards the remaining

* CohOmrtCs researches {Virchow's Arcliiv 40, p. 1) to which I shall

return when describing croupous inflammation, allow us to regard
these elements also as colourless corpuscles which have emigrated from
the blood.
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forms, in which the existence of miliary tubercles could be clearly

demonstrated, I am inclined to believe in a relation of coexist-

ence between the inflammation and the tuberculosis, similar to

that with which we are familiar in "
tuberculous

"
idceration of

Fig. 131.

Miliary, tubercle in the lung. A. Part of a small vessel seen

in transverse section, in whose walls, as well as in the

neighboiiring connective tissue, corpuscular proliferation htis

occurred
;
the latter presenting itself to the naked eye as a

white nodule. a>b. Infundibula. j^. B. An arteriole from

its immediate neighbourhood, showing nuclear proliferation.

After Colberg. ijj^.

mucous membranes. In the latter case, it is quite the exception
to find the tubercles actually instrmnental in the destructive pro-

cess (Urinary passages) ;
as a general rule, they are found in.
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tlie iiumediate neighbourhood of, sometimes scattered through,
the base and edges of the ulcer which derives its name from

them (Intestine, LarjTix) ;
thus playing the part of a somewhat

enigmatical complication, regarding whose comiexion with the

destructive process nothing is certainly known. In marked con-

trast to the disseminated variety of miliary tuberculosis, such a

mode of occm-rence as this deso^yes to be called i.ocalised

TUBERCULOSIS. In the lungs, moreover, we are able to distin-

guish broadly between two forms of localised tuberculosis.

§ 451. In by far the majority of cases, we find a small

mmiber of very characteristic miliary nodules associated with

tlic broncho-pneumonic deposits described in § 433 as "
pseudo-

tuberculous" (tubercular granulations oi' Laouwc). An assidu-

ous search will nearly always be rewarded by the discovery of

the specific products, though sometimes in scanty niunber, in the

interstitial or the parenchjonatous connective tissue, or upon the

vessels, or on the pleura and its inflammatory efflorescences, or,

finalh', on the mucous lining of the bronchi. Of late years a

theory has been gaining gromid, according to which these

tubercles are the result of a local infection by the cheesy matter

in the focus of inflammation. Now although we are still in the

dark concerning the mechanism of this infection—for the hypo-
thesis of embolism cannot be entertained for a moment, since the

vessels on whicli the tubercles are developed are not found to bo

plugged at those points, and since it can be proved that any

narrowing of the vessel is solely due to pressure from without,

never to plugging—although, I repeat, the rationale of this in-

fection is still under discussion, the hypothesis itself seems to me
a highly plausible one. The favourable view I take of it is

grounded partly on the recent experiments of Hoffman, Lcbcrt

and Wi/H^, Kkbs, Cohnhcim and others, who have succeeded in pro-

ducing something at any rate very like tubercle by the inoculation

of cheesy matter, partly on the frequent occurrence of miliary
tubercles in the neighbourhood of solitary limips of cheesy
matter in the lungs, or of cheesy glands in the mediastinimi or

mesentery. A case fell under my notice quite lately, in which

ft child, whose organs were otherwise absolutely free from any
trace of tubei'cle, presented miliary nodules in considerable

numbers upon the pleural investment of the right lung, as well

as on the corresponding surface of the costal pleura. Those on
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the pulmonary pleura were most crowded towards the lower

border of the upper lobe, converging towards a thick, somewhat

stellate patch lying just over an old cheesy deposit in the interior

of the upper lobe, which had undergone softening at its centre,

while the remainder of the limg was still quite healthy. These

appearances very naturally suggested that the tubercles were a

secondary product, due to metastasis from the old inflammatory

deposit, round which the little nodules were so exclusively

aggregated. But if we go on to inquire how the infection of

the costal pleura was brought about, no one is likely to suppose
a transfer of material particles to have taken place through the

blood-vessels ;
on the contrary, it must be admitted on all hands,

that the infection must needs have been propagated by contact

with the already diseased pulmonary pleura.

§ 452. It is with much less confidence that I next proceed
to enumerate among the varieties of "

localised tuberculosis," a

process which certainly presents, more than any other, the

naked-eye characters of a dense aggregation of miliary nodules,

and which, though undoubtedly distinct from catarrhal pneu-

monia, presents so many features of a non-tubercidous character

in its minute structure, that I am inclined to hesitate before

giving it a name.

In the immediate neighbourhood of a large cavity occupy-

ing the apex of one lung, we very often find an enormous

number of nodules of uniform, and literally
"
miliary" dimen-

sions, embedded in a parenchyma otherwise but little altered
;

these nodules are very tough and elastic, of a greyish, trans-

lucent colour which passes into a whiter tint at their centre.

Should the section be a happy one, we further notice that the

nodules are not scattered irregularly through the tissue, but

according to a certain definite order, e.g. in branching lines, or

in lines radiating from a central point where the nodules are

most thickly set. The alveoli in the affected area are not filled

up ;
the septa participate to some extent in the morbid growth,

with which they blend
; upon the whole, however, the paren-

chyma is rather squeezed, deprived of blood, and obliterated,

than subjected to any of the various modes of decay alluded ta

above ;
the tissue may even be shown to contain air until the

deposit of nodules monopolises all the available space. This

brings about a condition which cannot indeed be called an
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*'
infiltration

"
in the narrower sense of the word, but which

appears to hinder nutrition quite as effectually-, and so to cause

the dissolution and break-up of the deposit. The subsequent

excavation invariably starts from a bronchus of considerable

size, in whose walls the nodules have also managed to obtain a

footing. It is in the peribronchial connective tissue more espe-

cially, that they form a continuous stratum
; they also appear

in the submucous tissue, and to a smaller extent in the mucosa

itself; it is in the last of these that the destructive process

begins with the formation of lenticular ulcers, which rapidly

increase in superficial area and in depth.

§ 453. Microscopic examination of these nodules shows at

a glance, that they consist in the main, not of granulation-

tissue, but of a very tough and compact connective tissue. A
hyaline, translucent, obviously very dense and rigid niatrix, is

partitioned out into a certain nxmiber of layers by anastomotic

networks of stellate cells, which appear spindle-shaped in trans-

verse section ;
these layers being concentrically grouped round

u central nucleus of darker hue. Where the nodides lie close

together, the peripheral layers of this connective tissue pass from

one nodidc to another
;
whole groups of nodules (from fi^'e to ten)

may thus be combined to form a single nodule of larger size.

We see at once, that two of the most striking properties of these

nodules—those veiy properties which mainly induce us to regard
them as tubercles—depend upon the presence of a tissue, which,

per so, has nothing whatever to do with tuberculous formations.

Let us now turn our whole attention to the central nucleus.

Here at least, where the naked eye detects a yellowish-white

opacity, we may possibly discover a miliary tubercle which may
have surrounded itself with a capsule of connective tissue. The

leading writers (among others lloldtauski, Lchrbuch, iii. 87)

support this doctrine of "
cystic

"
or "

encysted
"

tubercles

which was put forth even by Bai/Ie and Laouicc ; on the other

hand Virvhoic (Krankhafte Geschwiilste) camiot find words

strong enough to warn his readers against the fallacy of obser-

vation on which, in his opinion, this view is based. The nodules

may be nothing more than bronchi seen in transverse section,

bronchi with a thickened adventitia, bronchi whose mucous

lining may have been altered by chronic catarrh or by a true

"tubercular
"

process, and in which the superficial irritation has
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set up a reactive inflammation of the deeper layers of connective

tissue, a "peribronchitis." This explanation is confirmed by the

nearly invariable presence of a lumen in the centre of the nodule,

Avhich is otherwise peculiarly dark and opaque. We notice

either a little stellate crevice, or a complete ring of a homogene-
ous, translucent substance, which cannot be more exactly defined

in words, the ring being thrown into folds like the intima of a

contracted artery (fig, 132). On the other hand, it must bo

admitted that in the larger bronchi, the peribronchial thickening
is itself due to the presence of nodules, and that even in these

nodules, which are situated in the very substance of the bronchial

wall, the central limiina are also present. Again, the nodides

are found in regions absolutely destitute of bronchi. They are

jjcculiarly abundant in and upon the interlobular septa ;
and it

\^'as this ver}^ fact which first roused my attention to the singu-
lar coincidence between their arrangement, and the course of the

lymphatic vessels.* The nodules occur in the pleura, in the

connective tissue which invests the primary and secondary

lobules, in the peribronchial and perivascular sheaths, finally in

the mucous and submucous tissues of the respiratory tract itself,

while they are less nimierous in the parenchyma proper. A step

farther brought me to the conclusion that the preformed canals

from whose walls the miliary nodules grew, were no other than

the hnnphatics. The following are the details of the process :
—

§ 454. At a certain point in, or rather for a very short part
of its course, both the inner (epithelial) and the outer (connec-

tive tissue) tunics of a capillary lymphatic, undergo a progressive

metamorphosis which leads to a considerable thickening of both

coats, and results as a whole in the formation of a circumscribed,

nodular enlargement. A luxuriant proliferation of the epithelial

cells produces a pad of embryonic tissue which intrudes from all

sides into the interior of the l^Tuphatic channel, blocking it up
till nothing is left beyond a small chink or fissure. On transverse

section (fig. 132), the cells of which this pad consists are found

to possess a radial arrangement ;
each ray seeming to correspond

to one of the original parent-elements; corpuscles of a truly

* I tlms resume a liypotliesis which Virchoiv once put fonvard, and

afterwards let drop. lu the meantime, Klebs has carried out the theory of

the origin of miliar}' tuhercles from the lymphatics.
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lymphatic character are seen alternating with epithelioid forms of

larger size, abundantly furnished vnth protoplasm
—such indeed

as we habitually meet wath in miliary tubercles also. In fairly

sharp contrast to this radiating nucleus, is a peripheral layer

whose elements are disposed concentrically. This is quite as

thick as the first, but does not consist exclusively of cells, con-

taining in addition, at least an equal quantity of homogeneous
basis-substance. The lamellar disposition of the latter, together
\\'ith a corresponding arrangement of the coi-puscular elements

Fig. 132.

wmmp
A lymphatic vessel affected by Lymphangitis tiiheraUosa, seen

in transverse section. /. Lunien of a vessel which is not

as yet much altered
; o. Alveolar septa at their origin

from the degenerated lobular septum.

which it contains, gives rise to the concentric appearance already
referred to

; here too, each little row of from two to seven

cells, may be hold to represent the progeny of a pre-existing
connective-tissue corpuscle, though of course we cannot affirm

this as confidently as in the case of proliferating cartilage.

To get a good view of the appearances just described, it is

necessary to cut very thin sections (according to the method laid

dowTi in § 365, note), cmplopng, if possible, such nodules as are

still isolated in the connective tissue of the septa. It is in these

that we are first able to trace the connexion of the central lumen

with a comparatively unaltered lymphatic trunk ;
here too,



PLEUROGENIC PNEUMONIA. 47

we can best observe tbe earliest stages in tbe development
of the nodule. For tbe condition wbicb I Have described above

lasts but a little while. A peculiar sclerosis of the central

substance very speedily sets in, starting from one point or from

several points at once, and obscuring the nucleus to such a de-

gree as to render any discrimination of the individual cells

utterly impracticable. True, the connective tissue of the cortical

layer grows all the more distinct both in its texture and its

composition ; but then its nature has never been called in

question. The issue rests upon our interpretation of the grey
central opacity. Having got at the true nature of the process,

what name shall we give it ? "We are not justified in going

beyond the limits of a "
lymphangitis nodosa." Should we

add the epithet "tuberculosa," we should have to adopt the

following train of reasoning : the miliary tubercle originates
in the connective tissue

;
wherever the connective tissue happens

to have a free surface, coated with an endothelium, the tubercle

originates by preference from a proliferation of this endotheliimi.

The miliary tubercle of the omentum (§ 283, fig. 108) aifords

the best proof of this. But the epithelial cells which line the

lymphatics, as well as those of the serous membranes, belong to

the category of endothelia
;
and as, moreover, the corpuscles

resemble tubercle-cells in form, we may regard Ii/mvhaugiti'i

nodosa as a mere local modification of the ordinary development
of tubercles.

3. Pleurogenic Pneumonia.

§ 455. Among the numerous combinations of pleurisy with

pneumonia, it is not always easy to decide which is the primary,
and which the secondary phenomenon. For the most part, the

pleuritic inflammation is secondary to that of the pulmonary

parenchyma. Thus we find pyaemic pleurisy resulting from

embolic pneumonia ;
thus caseous pneumonia and tuberculosis

nearly always excite acute and chronic pleurisy by way of com-

plication ;
thus croupous pneumonia owes its old name of

"
pleuro-pneumonia

"
to the circumstance that when the disease

has culminated in yellow hepatisation, a thin layer of lymph is

almost always found upon the surface of the affected lobe,

giving rise to the characteristic friction-sound heard over the
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thoracic walls. The converse is much less conunon. "WTien

discussinff inflaramation of the serous membranes, I made no

allusion to the trifling fact that the outermost infimdibula, those

immediately beneath the inflamed pleura, are very commonly
found occupied by a fibrinous exudation during pleurisy. This

exudation undergoes resolution subsequently, not complicating

the course of the disease any more than the slight pleurisy

which accompanies croupous pneumonia complicates the latter

disorder. In fact, it is only in the case of what is known as

Pneumonia dissecans that we meet with an instance, and that

on a very large scale, of the propagation of pleuritic inflam-

mation to the lung. Pneumonia dissecans is an exceedingly
rare disease in the hiraian subject ;

it is more common in

cattle, forming the anatomical groimdwork of epidemic pleuro-

pneumonia.
§ 456. Pneumonia dissecans is a suppurative inflammation

—a suppurative liquefaction
—of the septa of connective tissue

which imite the great lobular divisions of the lung with one

another. Their conversion into j^us necessarily leads to a

separation of the pulmonary lobules into their constituent

parts ;
hence its very characteristic name. Even with the

naked eye we can usually assure ourselves that it is the

lymphatics passing from the pleural surface to the root of

the lung through the septa, which are answerable for the ex-

tension of these inflammator}' changes. If we strip off the

pleuritic exudation from the surface of the lung, where it often

forms a massive layer of purulent matter, we may see the l)Tn-

phatic network distended by, and bathed in pus, encircling
the secondary lobules Avith yellowish-white, varicose threads,

and stretching downwards along the sides of the larger lobes,

which have already become separated from one another. The
dissection of the lung into its constituent lobes may bo more or

less completely carried out
;
as a rule, however, the fatal issue is

80 speedily arrived at, that the separation is only partially effected,

or perhaps only indicated. We often find the septa infiltrated

and brawny, and streaked here and there with pus; their

thickness being accordingly increased to three or four times its

normal standard.
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4. Diseases caused by the Inhalation of Dust.

§ 457- It is only within the last ten years that it has been

incontestably established, that particles of dust, suspended in the

air we breathe, may penetrate from the bronchi and alveoli into

the substance of the limgs, where they may either remain per-

manently embedded, or else be carried with the stream of Ijnnph
to the lymphatic glands at the root of the lung, where they are

finally deposited. This series of phenomena had been suspected

long before
;
the English physicians, above all, had explained

the black limgs of their colliers on this theory ;
in Germany,

on the other hand, it was opposed ;
and the opposition, led by

Virchow and ITasse, has had at least one good result
;

it has

compelled us to admit the possibility of an " autochthonous
"

origin of pulmonary pigment, besides its introduction into the

lungs by inhalation
;
in the former case, it is derived from

altered hajmatin
;
and this undoubtedly brings us nearer to the

truth than if we were, with unjustifiable narrowness, to recog-
nise only one possible mode of origin.

At that time I was myself employed in the Pathological
Institute at Berlin, and took an active part in the minute inves-

tigation of that very specimen of black Ixmg, which was furnished

to the post-mortem theatre in the year 1860 from the clinical

wards of Professor Trauhe, and in which the microscopic

appearances of the inhaled particles of charcoal could be

recognised beyond all possibility of cavil. Since then, the great

object of all inqidries has been to ascertain the extent to which

this fact, whose existencewas thus established, might be applied ;

in the solution of this problem, Zenl-er has taken a leading part.

At the present day, we distinguish between the following
varieties of Pnbumokoniosis (disease due to the inhalation of

dust).

§458.—1. Anthracosis (inhalation of coal-dust). A great

part of the black pigment which progressively accumulates in

our respiratory organs with advancing age, seems really to

consist of the carbonaceous matters we have inhaled. These

are usually derived from the incomplete oxidation of wood, peat,

coal, illtmiinating products and other combustible substances ;

suspended in the atmosphere as soot or smoke, they accompany
VOL. II. e
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the air into the respiratory passages, to whose moist walls they

cling. The ultimate destiny of these exceedingly minute par-

ticles varies with the point at which they are arrested. Wlierever

the bronchial mucous membrane is lined with ciliated epitheliimi,

the pigmentary particles cannot penetrate into the parcnch}Tna.

Together with the mucus that arrests them, they are propelled
towards the glottis and ultimately got rid of, partly by the

gradual operation of the cilia, partly by sudden efforts of cough-

ing. If we separate the jaws of a frog, and sprinkle coal-dust

over the upper wall of its pharynx, which is lined with ciliated

epitheliimi, we may observe the forward movement of the black

granules even with the naked eye ;
the phenomenon occurs in

precisely the same way upon the mucous membrane of the respi-

ratory tract in the hiiman subject : so that when the son of the

Muses finds his sputimi
"
dirty

"
on the morning after a drink-

ing-bout, he may console himself by recognising in this black

matter, a portion of the lamp-black, &c., inhaled on the previous

evening, which has been conveyed into his trachea during the

night by ciliary movement, and made ready for expectoration.

On examining such sputa imder the microscope, we find most of

the little black granules enclosed in round cells. The cells of

the sputum, also known as mucus-corpuscles, are destitute of a

membrane ;
and they have occupied the interval in taking up

some of the so^id particles (deposited in the mucus which

surroimds them), following in this the analogy of the colourless

blood-corpuscles.

Very different is the fate of those carbonaceous particles

which have made their way into the alveolar parenchyma.
Here of course, there is neither secretion of mucus, nor ciliary

motion. The carbonaceous particlestherefore remainprovisionally

quiescent, and afterwards penetrate into the soft tissue. To the

question, how is this possible ? where are the propelling forces ?

I woiJd answer by directing the reader's attention in the first

place to the great dijBB.culty or even the impossibility of the

solid particles being set free, after they have once stuck to the

alveolar wall. Further, the great hai'dness and angularity
which characterise the finest particles as well as the larger frag-
ments of charcoid, render them peculiarly fitted for penetrating
the soft tissues of the body, shoidd the least impulse be com-

municated to them from any side. No sooner therefore have



PNEUMOKONIOSIS. 51

ihe particles of charcoal-dust entered the actual parenchyma of

the lung, than they follow the general current of the extra-

vascular nutrient fluid, together with which they tend ultimately
to reach the Ijonphatic vessels. On their way, they must occa-

sionally meet with corpuscular elements which have the power
of permanently adopting small solid particles into their pro-

toplasm. Foremost among such elements are the stellate

corpuscles of the connective tissue
; next, the migratory amce-

boid cells which are found in the connective tissue of the lunors

as well as elsewhere, and which carry the black pigment with

them wherever they may go. The residual portion, that which

escapes being arrested by cells on its way to the lymphatics, is

•carried to the root of the lung and enters the lymphatic glands
of the mediastinum. And here the granules meet with an

insuperable obstacle to their farther progress ;
for the countless

lymph-corpuscles with which the glands are stored, are ready
to take up as many of the charcoal-particles as can, by any
possibility, be accommodated in their protoplasm.

§ 459. This, of course, is only a theoretical view of the

X>rohahle path of those carbonaceous particles which have

penetrated as far as the alveolar parenchyma ;
but it is a

view which agrees very closely with the actual distribution of

the black pigment in the lungs. If we begin by inspecting
the pulmonary surface in an individual of advanced age, we
see the boimdaries of adjoining lobules marked out by black

lines and spots : a simple hand-lens enables us to trace finer

ramifications penetrating from these lines and spots into the

interior of the lobule and as far as the infundibular septa. In

transverse sections, the accumulation of pigment is most appa-
rent in the peribronchial and perivascular connective tissue.

This mode of distribution corresponds pretty closely to that of

the Ijrmphatics, which originate in the infundibular septa,

while the larger branches unite in the interlobular septa to

form a network, which drains, partly into the pleural, partly

into the peribronchial and perivascular lymph-paths. The pig-

ment appears therefore to be chiefly deposited upon the brink of

the lymph-stream. Microscopic examination enables us to see

(wherever the pigmentation is least dense) the prominent share

taken by the stellate coi-puscles of the [connective tissue in

absorbing the pigment; while the larger lymph-paths are
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usually masked by an opaque cloud of black granules, which

conceal all trace of structure.

§ 460. The pigmentation of the IjTnphatic glands at the

root of the lung is directly proportionate to that of the lungs
themselves. Here too, we may see that the colouring-matter
is first deposited on the very brink of the Ijinph-stream. For

there exists a stage in the pigmentation of the Ij-mphatic glands,

during which only the capsule, the IjTnph-sinuses which sur-

round the terminal nodules (Endkolben) and the medullary

substance, are stained. These conditions render the structure of

the glands exquisitely apparent even to the naked eye ;
on more

minute investigation we find the black granides situated partly

in the delicate corpuscular networks which traverse the lymph-
sinus, partly in a zone of lymph-corpuscles of varying width

which fringes the sinus. At a later period, the pigment pene-
trates into every part of the gland as well; all appearance
of structure vanishes, giving place to a uniform deep-black

staining, which is associated with a moderate enlargement of the

gland. A still more advanced stage of the metamorphosis will

be described in the ensuing section.

§ 461. From the above fonn of anthracosis, which may
almost be termed physiological, it is but a step to the anthra-

cosis of coal-heavers and colliers. The coal in this instance

makes its way into the air-passages, not only in the form of

fine dust, but also in coarser and even tolerably large particles,

readily apparent to the naked eye. In thejuice squeezed from the

parenchjTua of Tmuhe's lung (alluded to above), I found one of

the " dotted cells
"

of coniferous wood entirely carbonised, but

in which I was able to count seven pores close together. This

particle of charcoal-dust equalled halfthe diameter of an alveolus.

Of course, particles of this size do not penetrate into the paren-

chjTna of the lung ;
sooner or later they are always expelled

with the sputa. Nevertheless, the particles which actually suc-

ceed in penetrating the tissues are considerably larger than those

in the common form of black lung ; they exhibit very distinctly

the sharp and angular jji'ojections which render them so apt for

j)enetratiou. Splinters of wood-charcoal arc especially character-

ised by possessing thorny processes, and by their singular colour,.

which appears ruby-red in thin layers by transmitted light. The

pulmonary parenchyma is uniformly saturated with this pigment.
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Every layer of connective tissue, in tlie alveolar and infundibular,

as well as in tlie interlobular septa, contains a central deposit of

cbarcoal-particles of considerable size, fringed by a scantier accu-

mulation at its edges (fig. 133). All the cells, whether round,

stellate, or spindle-shaped, are loaded with fine black granules ;

here and there we come across a particle of larger size embedded

in the substance of a small round cell
;
these are most common

in the sputmn.
It is obvious that an importation of foreign bodies (which

must give rise at the very least to mechanical irritation), and

that in such quantities, cannot but have the most injurious effect

Fig. 133.

Antliracosis. Inlialecl coal-dust iii the alveolar septa of tlie

upon the respiratory organs. Accordingly we find it followed

in some cases by bronchial catarrh with muco-purulent expecto-

ration, leading to emphysema ;
more rarely, it sets up changes

of an inflammatory kind in the parenchyma, which are still in

need of more thorough investigation. Older observers (Thomson,

1826) describe partial consolidations of the lung-tissue, with the

formation of small cavities filled with an inky fluid
; roughly

speaking, therefore, lobular catarrhal pneumonia with imminent

signs of passing into phthisis.
The bronchial glands are also much involved in the anthra-

cosis of colliers
;
and here the inflammatory reaction of the

parenchyma commonly attains very marked proportions. I
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have twice seeu the ordinary physiological anthracosis followed

by suppuration in a gland, which affcprwards opened into a

main bronchus; this complication is more conunon in the

anthracosis of colliers. An almost invariable phenomenon is u

gradual thickening and condensation of the connective tissue in

the affected gland, which gradually but surely entails its total

obsolescence. Not only does the capsule become thickened, but

the delicate trabecula) which bridge over the lymph-sinuses
and support the lymphatic tubes and follicles, also imdergo
sclerosis. The lymph-corpuscles are broken down

;
and ulti-

mately nothing is left but a mass of hbriHar connective tissue

whose concentric arrangement serves as a memorial of the

globular structure of the original alveoli.

§ 462.—2. SiDERosis. Inhalation of ferruginous dust. First

observed by Zenlcer in workmen having much to do with hand-

ling ferric oxide (English red) ; cjj. in glass-polishers, dyers,

makers of gilt-paper bags, &c. The inhaled dust is an

exceedingly fine powder of a bright reddish-brown coloui-.

To obtain a perfectly accurate idea of the state of the ferm-

ginous lung, it is only necessarj', as Zenker remarks, to sub-

stitute the word " red
"

for
" black

"
in the description of the

microscopic and naked-eye appearances of the collier's lung ;

and in the drawing (fig. 133) to substitute red particles for the

carbonaceous dust, red particles of [^smaller average size, and of

very uniform dimensions.

The consecutive changes consist partly in a catarrhal dis-

order of the bronchial mucous membrane, partly in certain

midtiple, lobular affections, which are termed by Zenker " indu-

rative interstitial consolidations." An overgrowth of the inter-

stitial connective tissue
"
obliterates the elastic tissue while

sparing a vessel here and there, and leads at the same time, in

some way not yet understood, to obliteration of the alveolar

cavities, substituting a solid fibroid tissue for the spongy textui'c

of the Imig." Scattered throughout the entire organ we accord-

ingly find greyish, transparent nodules, tough and rounded,

varying in size from a pin's head to a pea, more or less closely

aggregated, which clearly represent the starting-point of an

excavation which is taking place simultaneously. To my mind,
these appearances agree too closely with those of the \ariety ol'

"
localised tuberculosis

"
described in § 452, to allow of my
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regarding tlie coincidence as merely accidental
;
but I have no

Vfdsh to interfere in any way with the independent judgment of

my readers.

3. Concerning the inhalation of other kinds of dust, and

especially of flint-dust, our knowledge is still very imperfect.
Kussmaul and Schmidt found, after incinerating the lungs of a

stone-cutter, that the ash contained three times as much silica

as usual.

5. Croupous Pneumonia.

§ 463. Croupous Pneumonia is one of the most common of

the diseases which affect the lungs ;
its sjonptoms, its course, its

issues, are therefore very well known
;
and yet we are more

ignorant of its etiology than of that of any of its fellows. For

although several most trustworthy observations enable us to put
down cold as its usual cau^e, this gives us no insight into the mode
in which the chill operates. For what has partial chilling of

the skin to do with the inflammation of an internal organ ?

The term "
croupous pneiraionia," which is now universally

adopted, and which has taken the place of the older names, such

as "
peripneumonia," has its origin in the very obvious analogies

which the disease presents to croup of the larynx and the trachea.

In either case, a solid fibrinous exudation is deposited on the

affected surface
;

in the latter, on a mucous membrane
;

in

the former, upon the alveolar and infundibular surface. The
intermediate part of the respiratory tract, the larger and smaller

bronchi, may be involved both in the laryngeal and in the paren-

chymatous variety of croup. The fibrinous exudation usually
forms solid cylinders (solid because of the narrow calibre of the

tubes), which bifurcate repeatedly, corresponding to the bifurca-

tions of the bronchi, and which retain their arborescent and

branching form when they are expectorated. It is self-evident

that this croupous bronchitis presents a high degree of clinical

interest only when associated with laryngeal croup ;
while in the

parenchymatous disorder, it matters little whether the bronchi do

or do not admit air into a parenchyma which is, in any case,

incapable of fulfilling its respiratory function. Croupous exu-

dations are sometimes, though very rarely, confined to the

bronchi. A young man in the neighbourhood of Ziirich suf-
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fered for several consecutive years from a disease attended by
febrile disturbance and extreme dyspnoea, wbich used to termi-

nate by the expectoration of a large nuijiber of broncliial casts.

Those which I received for examination must have come from

bronchi of medium size. Of course the prognosis in this case

depended on the degree to which the process extended on each

occasion. (Cf. Bicrmer in Virc/ioic^^ llandb. der epeciellen

Pathol, u. Therapie, i. Abth. p. 714.) But this is a digression.

§ 464. The oldest theory of pneumonia held it to consist in

a swelling of the parenchyma. It was based on the roughest

appreciation of the changes which had occurred, without any

misgiving that they were situated less in the parenchyma than

in the cavities which it enclosed. Laelim de Fmitc comjiared
the inflamed lung, mainly on the ground of its consistency,

perhaps too on account of its colour, to liver, terming its state

one of "
hepatisation." He was thus the founder of our present

nomenclature. We go beyond him however, in distinguishing
between a red and a yellow hepatisation, adding a preliminary

stage to these two principal stages of the inflanunation (stage
of congestion, engoucment), and a terminal stage (that of puru-
lent infiltration and resolution).

Croupous pneumonia affords the most brilliant and precise

example of the way in which a histological series, whose in-

dividual members are necessarily evolved from one another in

a certain order, can be made to explain on the one hand the

naked-eye alterations in an organ, while on the other it eluci-

dates the physical signs and functional disturbances io which
the disease gives rise. We will try to follow out this pro|K)t;ition

in detail by supplementing our accoxmt of the "
histology

"
of

each successive stage by a statement of the concomit;mt phe-
nomena in those categories, which are, for our purpose, of

subordinate importance.

§ 465. First stage. Coxgestiox. All the vessels of a large

segment of the lung (usually of an entire lobe) arc gorged with

blood. Fine sections from small pieces hardened in MuU<'r\

solution and then in alcohol, show the surprisingly turgid
and tortuous condition of the capillaries. They bcUy into the

interior of the alveoli, which they visibly narrow. Tlie sub-

sequent exudation and extravasation are ushered in b}^ the

effusion of a viscid fluid, rich in albumen. Uere and there.



CROUPOUS PNEUMONIA. 57

particularly" in the interlobular and tlie subpleural connective

tissue, minute punctiform liseniorrliages are already seen to have

occurred.

Tlie affected part of the lung is recognised by its red coloiir ;

the finger appreciates a marked loss of elasticity, an increased

hardness, density and weight, due to its containing less air

than usual. "What air it still contains may be squeezed to and

fro, the yiscid fluid above referred to preventing its escape.

Both the inspiratory and the expiratory efforts are opposed by
this fluid, as is shown by the fine crepitation heard over

the thoracic wall
; functionally, the afiected part is, even at this

stage, as good as non-existent; and inasmuch as the patient is

not yet habituated to the vicarious employment of the healthy
residue of his respiratory organ, the dyspnoea, and whatever

subjective symptoms are associated with it, are already most

intense.

§ 466. Second stage. Red Hepatisatiox. Some of the

constituents of the blood escape from the turgid capillaries.

Red and white corpuscles and liquor sanguinis are set free on

the inner surface of the infundibula and the alveoli
;

the

coagulation of tlie fibrin unites them into a solid mass, the
"
pnemnonic exudation," which completely fills the alveolar

cavities. Since Ilarvci/s great discovery of the continuity of

the vascular walls throughout the body, pathologists have always
had some difficulty in finding a satisfactory explanation of cer-

tain phenomena in the domain of haemorrhage and exudation,

Avhich do not appear to agree ver}^ well with the above principle.

Foremost among these stands the pneumonic exudation. A bit

of recently hepatisedkmg, injectedfrom thepulmonary arterywith

gelatine and Prussian blue, is hardened, and then cut up into fine

sections. In these sections (fig. 134), the alveolar walls exhibit

precisely the same appearances as in a perfectly sound lung {a) ;

we see the same scanty number of intervascular and capillary

nuclei, the same superficial layer of scattered, rudimentary nuclei

which we regard as the residue of the alveolar epithelium, all in

their usual state. And yet the alveolar cavity is occupied by a

finely-fibrillatcd coagidum (h) which encloses a number of red

and colourless cells. These elements must therefore have come

directly from the vessels
; they must have penetrated their

walls, even though no trace of an abnormal opening can be
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discovered. AVe, who have laboured long in the track of

Virc/ioir to assign the plastic exudation of the humoral patho-

logists exclusively to a local proliferation of the connective

tissue, must feel convinced in the face of these appearances

that our doctrine needs very considerable modification and

restriction. Cohnhcim {I.e.) has already laid a secure foundation

for the new theory by his thorough investigation of the inflam-

matory process as it occurs in the mesentery of the frog. He
has shown us, that in proportion as the circulation of the blood

through the dilated veins and capillaries grows slower, the

colourless corpuscles adhere to the walls of the vessels, and then

Fig. 134.

Becent croiqwus piieiunoimi. a. Alvcolai- sept* ; capillaries

injected ; h. The exudation, .jj .

emigrate through minute, preformed stigmata. This must

accordingly be regarded as the way in which the pneumonic
exudation is produced. The composition of the infiltrated mat-

ters varies within wide limits. The red blood-corpuscles are

never wholly absent
; in one case however they make up but a

fractional part of the corpuscular elements present, while in

another they may amount to double the number of the colourless

corpuscles ;
in a few rare cases they accumidato in such enor-

mous quantities that we may fairly ask whether the "exudation"

ought not rather to be tcnned an " extravasation."
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This "haomorrliagic character
"

of the exudation stamps it-

self upon the whole second stage of the pneumonia. We are

reminded of it by the " damson-cheese "
coloured sputa of the

patient, by the epithet
" red

"
hepatisation. Indeed the de-

cidedly red, liver-like coloration of the infiltrated part of the

lung ought rather to be ascribed to the blood which is extrava-

sated, than to that contained in the vessels
;
since the quantity

of the latter stands in a nearly inverse proportion to the amount

of the exudation, and is therefore less at this stage than e.g.

during that of congestion. The greater solidity and weight of

the hepatised lung, the total exclusion of air, are due to the

occupation of the last residue of the infundibular and alveolar

cavities by solid matter. On scraping the cut surface of the

lung with the knife, and holding it up to the light, we can see

the small plugs of exudation protruding from the surface in the

form of rounded granules, which may also be detected by the

finger. We call this the "
granular

"
condition of the pneumonic

lung (fig. 135). Through this dense parenchyma, which is

Fig. 135.

Plugs of exudation, got by scraping the granular cut surface

of a hepatised lung. They are well adapted to show the

form of the infundibular cavities, in which they are

moulded. Cf. § 411. Jg.

really very like liver, the inspiratory murmur, caused by the

passage of air through the trachea and larger bronchi, is pro-

pagated without any alteration in its pitch to the ear of the

physician, applied to the wall of the chest. We hear " bronchial

breathing," mingled at most with a few bubbles of coarse

crepitation, but no longer masked and altered by the vesicular

murmur or by fine crepitation. The sound on percussion is
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completely diill
;
the extent of consolidation may be determined

to within half a centimetre.

§ 407. Third Stage. Yellow Hepatisatiox. Red

hepatisation, as we have seen, occurs quite independently of the

projjer parenchyma of the lung ;
the stage which immediately

succeeds it is characterised by the onset of textural changes in

the parenchyma itself. That luxuriant proliferation of the cor-

puscular elements of the connective tissue and epithelium of the

alveolar parenchjTna, which we look for in vain in fig. 134, is

strikingly apparent in fig. 136. Masses of young cells are

everywhere seen in the interstices between the vessels ;
the

whole internal surface is lined with several layers of epithelial

elements which are abundantly intermingled with lymph cor-

puscles. Here, in fact, we have the signs of a true catarrhal

inflammation
;

this is a point to which we shall return more

particidarly hereafter. Now the parenchpnatous infiltration

gives rise in the first place to a further increase in the bidk, the

weight and the density of the inflamed lung ;
the "

granular
"

appearance, owing to the swollen condition of the septa, is less

marked. The most striking feature however, is the change of

colour
;
from a dark reddish-brown it passes into reddish-yellow

and filially into yellowish white. The chief cause of this is

undoubtedly the squeezing of the blood-vessels by the additional

infiltration, whereby the afflux and the transit of the blood are

hindered. Besides, the situation of the infiltrated material

immediately around and between the vessels, masks the colour

of what blood still remains in them
; thirdly and lastly, we

must take into account the beginning decolorisation of the

extravasated red corpuscles, which renders the infiltration paler,
und allows the whitish, pus-like tint of the colourless corpuscles
to prevail.

It woidd be a great mistake to suppose that the hepatised

lung is as anaemic during life as we find it after death. I have

invariably succeeded, without any great exertion, in completely

injecting lungs in this stage of consolidation, even when they
contained no blood at all on their removal from the body. This

amoimts to siiying that the soft and elastic reaction exerted upon
the pulmonary capillaries by the exudation, is overcome by the

heart's energy during life, but suffices, when the heart grows
feeble and its contractions finally cease, to squeeze the blood out
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of tlie capillaries and to accumulate it, during the general post-

mortem settlement, either in the heart or the great veins.

§ 468. Fourth Stage. Purulent Infiltration. Resolu-

tion. Just as the stage of yellow hepatisation is ushered in by
an alteration in the parenchyma, so the final stage of pneumonia
is ushered in by a metamorphosis of the exudation. For while

the parenchyma continues for a time in a state of purulent

catarrh, the connexion of the exudation with the alveolar sur-

face, which had hitherto maintained itself, .
is everywhere dis-

solved ; the fine threads of fibrin, by which the exuded matter is

seen (in fig. 134) to be moored to the alveolar wall, melt away,

together with the rest of the fibrin, into a soft amorphous jelly^

Fig. 136.

Croupous pneumonia in a later stage of its evohition. Melting
of the exudation. Catarrhal desquamation of the alveolar

wall, .lo-

which encloses the colourless corpuscles, and what there is of thfr

red ones, forming a little spherule which lies free in the interior

of the alveolus (fig. 136). I think it probable that this jelly-like

substance also takes up a number of those elements which are

derived from the alveolar wall
;
I think this because it usually

contains a quantity of granular, black pigment, which corres-

ponds exactly in its characters to the pigment of the lungs.
This pigment {see fig. 133) was formerly situated in the lacuna)

and the corpuscles of the pulmonary connective tissue, and can

only have got to the free surface by the spontaneous^migration
or passive

"
floating-out

"
of the cells which contained it.
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As regards the chemistry of the metamorphosis which the

fibrin undergoes, I have already (§ 39) decided in fovonr of its

beino- a mucous transformation, I grounded my opinion on the

altered reaction of the exudation to acetic acid. During the

stage of red hepatisation, the addition of acetic acid serves only

to clear up the exudation and to dissolve the threads of fibrin ;

it now gives rise to a distinct precipitate of mucin. It must not

be forgotten, however, that this mucin, which we find in the

later stages of pneumonia, may possibly be derived from another

source as well ;
it may originate^'.//, by a mucous metamorphosis

of the corpuscular elements, while on the other hand, the fibrin

may have passed into a soluble modification, which need not

necessarily be identical with mucus.

Accordingly the stiff material which fills the alveolar

parenchjina gradually melts into a slippery, mucoid sub-

stance, which grows thinner and more liquid as time goes on.

If we now scrape the greyish surface of the hmg, which is still

anaemic, we find no trace of the "
granular

"
appearance, while

a quantity of purulent fluid trickles along the knife. Bits of the

lung are so slippery that we can hardly hold them in our fingers.

The whole of this final stage may be regarded as preparatory

to the removal of the pneumonic exudation. Fatty degenera-

tion and absorption of the dehrk contributes to this end but very

partially ;
the bulk of the exudation is expectorated, is got rid of

in the sputa. The conditions are in themselves as unfavourable

as they can possibly be. The infundibula communicate with the

aflferent bronchus by a comparatively small opening. In the

fibrinous casts (fig. 135) the pedicle a represents the calibre of

this aperture, through which the whole fruit hanging from

this stalk must make its way. It is ob\aous that this can only
occur if the mass has entirely lost its original stiffness, if it has

passed into a semi-fluid condition. In that case a violent expi-

ratory effort may suffice to dislodge the plug from the narrow

opening, and so to rid the infundibulum of its morbid contents.

As a rule, the evacuation is preceded by a complete liquefaction

of the exudation into "
muco-pus ;

"
for casts of the infundibula

are, upon the whole, but rarely met with in the spufftm corfurn of

pneumonic patients.

§ 469. As the expulsion of the alveolar contents proceeds,
the ansemia remits ; nay, the blood usually returns to the lung
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witli intensified energy, so that tlie affected part appears rather

of a deeper than a paler red in comparison with the healthy
remainder of the organ, when the air is once more admitted

freely into every part of it. This is due to a certain atony of

the contractile and elastic elements of the tissue, due to the

protracted and excessive disturbance of nutrition. This atony

may be so considerable, even during the stage of resolution, as

to allow the parenchyma underneath the pleura to be crushed by
a very trifling squeeze. The cavity thus formed speedily fills

with pus, and simulates a subpleural abscess. The loss of

elasticity continues for a long time after the patient's recovery,

yielding ultimately and very gradually to the improved nutrition

of the parts ;
this is a circumstance the practitioner ought never

to forget.

§ 470. In the foregoing sections I have described the typical
course of inflammation of the lungs, whether it be restricted to a

single lobe, or, as more frequently happens, involving several

lobes in succession or even simultaneously. I have only hinted

casually at the points where the disorder may deviate from its

normal course
;

I now retrace my steps, in order to follow up
those deviations more completely. They constitute the varie-

ties and ABNORMAL TERMINATIONS of pneumonia.
§ 471. A. Termination in gangrene. There are two princi-

pal causes which predispose a portion of inflamed and infiltrated

lung-tissue to mortify. One of these is the presence of a few

dilated bronchi, filled mth putrid secretion, in the interior of the

consolidated lobe. And here the bronchiectasy itself may
usually be regarded as the true cause of the inflammation

;
and

we may conclude that the putrid character of the subsequent

metamorphosis of the infiltration is immediately derived from

the putrid contents of the dilated bronchi.

"Widely different are those cases of pulmonary gangrene, in

which the putrid element is, so to say, "autochthonous." In

such cases I have foimd that the "
ha3morrhagic

"
element pre-

dominates in the stage of exudation. We shall hereafter

become acquainted with circumscribed gangrene of the Imig as

the typical issue of hacmorrhagic infarction. In the latter case,

the alveoli are actually filled with clotted blood
;
the circulation

is completely arrested
;
and since we know that no substance is

more prone to undergo putrefactive changes, under conditions
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otherwise favourable to them, than coagulated blood, we cair

i-eadily see how gangrene must urcessan'li/ result from hsDmor-

rliagic infarction. There are some pneimionic exudations how-

e^er, in which the red corpuscles and fibrin predominate so

greatly, that they differ b\it little from ha}morrhagic infarctions,

imd might even perplex an inexj)erienced obserAcr. Hence we
must not be surprised to find like causes followed by like

effects, to find gangrene occurring in this as in the previous
instance.

In connexion with the phenomena of gangrene, the share

taken by vegetable parasites in the putrefactive changes has

l^ecu much studied of late. According to Loydcn and Jajf'v

the yellowish-white, pulpy lumps, varying in size from a millet-

seed to a bean, with a smooth surface and a peculiarly ofiensive

odour, which are found in the sputa of patients suffering from

pulmonary gangrene, consist of an inmiense quantity of minute

granides and short, staff-shaped bodies, which exhibit lively

rotatory movements on the addition of a little water, together
with a nimiber of minute oil-globules, crystals of fatty matter,

piginent-grantJes and elastic fibres. In their opinion, we have

to do with the sporules of a fungus, the progeny of the Lcpto-
thrix buccalis, which infests the mouth. They believe that the

germs of this fungus are continually being drawTi into the respi-

I'atory passages in large numbers ;
but that the}' only proceed to

multiply and develope when they find a suitable nidus in putrid

matter, in a stagnant and decomposing fluid (Bronchiectasy).
The most recent investigations of J. Liiders render it quite

minecessary to assume any transmission along the air-passages
to account for the presence of the germs ;

these exist every-
where as quiescent vibrios, and hold themselves in readiness

to imdergo further development when the medimn in which they
are suspended begins to putrefy. The presence of these quies-

cent vibrios has actually been demonstrated in the blood
;

it

has been shown moreover, that they are converted into active

vibrios as soon as the blood dies.*

In conclusion, the phenomena of pulmonary gangrene are

* The author's views on this point have changed since the above

was written. Cf. § 24, wliich has heen altered since tlie puLlication of

tlie second German edition
; the alteration is incorporated with the present

translation.—Tr.
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made up of the processes attending tlie putrefaction of the blood,

the corpuscular protoplasm, the gelatigenous and the elastic

tissues, as described in § § 11 and 19. In the diflPuse variety of

gangrene a considerable tract of parenchjTua is converted into a

greyish-green, eminently foetid pulp, in which the more resis-

tant structures, particularly the walls of the vessels with the

bundles of elastic fibres which are attached to them, may be

recognised for a long time after all the remaining elements of

structure are broken up. Here and there, by the partial expec-
toration of the gangrenous sanies, cavities are produced, with

ragged and shreddy walls. The mortified part, at its periphery,

passes very gradually into recently hepatised lung-tissue, into a

fresh pneumonic infiltration, obviously excited by the presence
of the gangrenous part itself. It is only when the gangrene is

extremely limited, and particularly when it makes its first

appearance at a comparatively late stage of the disease, after a

powerful reaction on the part of the parenchyma has already set

in, that there is any chance of recovery ;
when this does occur,

it is brought about by the ordinary means. We shall say more

about it when we come to speak of circumscribed gangrene.

§ 472. B. Termination in Phthisis. "When speaking of

yellow hepatisation I called attention to the well-marked catar-

rhal state of the alveolar walls, which respond to the inflamma-

tory stimulus by a productive activity of their corpuscular
elements. The epithelium behaves just as it does in catarrhal

pneumonia. It yields large, round or polygonal cells, rich in

protoplasm, which mingle with the other contents of the alveoli.

As a general rule, this homologous proliferation of epithelium is

only just observable, and subsides in proportion as pus-corpuscles
arc produced, in conjunction with a marked serous oedema of the

affected part. Cases occur, however, in which the croupous
exudation may be said to exist only for the purpose of ushering
in a true catarrhal pneumonia ;

in A^hich the fibrinous exudation

is speedily enclosed in a dry secretion from the alveolar wall,

consisting mainly of cells, together with which it then falls a

prey to necrobiosis. Vainly does the physician await the reso-

lution of the pneumonic consolidation
;
he is at last compelled

to admit that the case is one of "acute" caseous pneumonia.
Its further progress differs in no respect from the usual course

of broncho-pneimionic phthisis.

VOL. II. f
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§ 473. c. Termination in Abscess. This also is dxie to

•hamges in the parenchyma, not in the exudation. It threatens

to occur whenever the corpuscular proliferation in the alveolar

waU is not confined within its usual limits, when it is excessive

in amount, and causes the disintegration and liquefaction of the

interstitial connective tissue to which the form and consistency

of the entire structure are due. Small cavities are first pro-

duced, filled with pus and the dSris of the pulmonary tissues.

These may coalesce by softening of the intermediate partitions,

forming abscesses of larger size
;
this may go on until one-half

or even the whole of a lobe is occupied by a single abscess of

great size. But the reactive inflammation at the periphery of

the deposit may at any time result in the formation of a stout

layer of embryonic tissue which arrests the further progress of

the morbid change ;
this at once takes up the position of a

granulating surface towards the abscess
;

it continues for a time

to secrete pus, and finally lessens the abscess-cavity by gradually

undergoing contraction.

6". Embolic Pneumonia.

§ 474. The changes in the pidmonary parenchyma excited

by the introduction of solid particles into the current of the

lesser circulation, varj', as we know from experiment, with the

size of the particles and still more with their physico-chemical

properties ;
now in human pathology, so far as we are at present

aware, such particles are always of one sort. Inflammation and

suppuration have occurred somewhere in the body ;
caused by

an operation-wound, by a fracture, by parturition, &c. The
veins which traverse the afiected part are filled with thrombi.

The thrombosis extends into the larger systemic tnmks ; here

the clot softens and is broken up ;
the fragments are carried

through the right heart into the pulmonary arterj% and wedged
into branches of corresponding size (§ § 194, 196, pt aoqq.).

Now these emboli have powerfully irritant properties. The
entire process assumes the character of a septic inflammation

;

due less to the chemical products which might result from the

decomposition of albxmiinous compounds, than to certain fer-

ments—perhaps to the vibrios which are always present in
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large numbers. For whereas the injection ofneutral substances—

e.g. of pellets of wax—into the pulmonary artery, is never fol-

lowed by anything more than a sort of indurative inflammation,

in the case which we are now considering, suppuration is an

inevitable, necrosis a very common event. Partly because of this

constant "
issue in suppuration," partly because of its secondary

character, the embolic form ofpneumonia has come to be known
as " metastatic abscess."

§ 475. If, as not seldom happens, we have an opportunity of

studying the first beginnings of the inflammatory process side by
side with its more advanced stages, we are chiefly struck with the

deep red colour, the swollen and consolidated appearance of a

sharply circumscribed, wedge-shaped segment of the lung. The

plugging of the afierent artery (fig. 137, a) has caused so intense

a degree of primarily passive congestion within the area of its

distribution, that the overloaded capillaries have given way at

various points, and a large number of red corpuscles have escaped
into the alveoli together with the exudation. This hemorrhagic

TRANSUDATION, as I would term it, in contradistinction to inflam-

matory exudation on the one hand, to extravasation on the other,

is merely a preliminary to the actual inflammation
;

it is the

first result of the embolism, and constitutes, together with this,

the source of irritation against which the organism reacts by
means of the inflammation proper ;

the latter accordingly appears
•as something superadded or secondary. The larger the quantity
of blood poured out in consequence of the primary lesion, the

more likely is actual stasis to result from retardation of the

current through the capillaries, the more marked is the subse-

quent tendency to gangrene ;
for stasis is synonymous with

death, and, as I have already remarked, stagnant blood, when
contained in a moist cavity communicating with the atmosphere,
is f)eculiarly liable to xindergo putrefactive decomposition.
Inflammation and proliferation are quite as much in need of

a continued renewal of the circulating fluid, as healthy nutrition;

hence inflammation and proliferation may very possibly not

occur at all in the centre of the affected part; and this serves to

explain the great variety of the anatomical appearances in the

later stages, a variety which is always very striking.

§ 476. The inflammation itselfpresents the typical characters

of a purulent infiltration followed by abscess. The pus-corpuscles
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undoubtedly originate in tlie connective tissue of the alveolar and

infundibular septa. From hence they migrate to the free sur-

face, gradually taking up the space destined for the reception of

air. AVhcn they have done this, the aflPected part presents the

features of a tolerably complete hepatisation; on its cut surface,

the naked eye can readily distinguish a delicate tracery of red

lines and circles, upon a greyish groimd. The grey ground
is the purulent infiltration, the red lines are the alveolar septii.

Fig. 137.

VA

Diagram of embolic congestion of the hmg. A. Small artery,

plugged at E by an embolus. V. Small vein filled with

a clot -which extends as far as its tnmk. The shaded

portion of the capillary network is the area of distribu-

tion of the arter}-, in a state of passive congestion, and

about to be the seat of a haomonhngic exudation. The

arrows indicate the collateral channels through which tho-

abnormal turgescence of the capillaries is effected.

Jf^eber has already published a similar diagram.

whose vessels are still jjervious and full of blood. On squeezing
out some of the exudation and examining it imder the micro-

scope, we find a number of largish cells mixed up with the ordi-

nary pus-corpuscles, which are here for the most part aggregated
into spheroidal clusters

;
the larger cells I believe to be more

nearly related to the alveolar epithelia, partly because they are

very like the cells in catarrhal pneumonia, partly because the}'

often exhibit the phenomena of endogenous proliferation.
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The infiltration is very speedily followed by tlie formation of

an abscess. The parenchyma which has hitherto served as a

supporting framework undergoes total disintegration ;
the solid

hepatised tissue melts into a yellow, creamy pus, in which only a

few shreds of the alveolar textures, sc. elastic fibres and arterial

coats, remain suspended. The affected portion of the parenchyma
is thus entirely cut ofi" from the organism

—
annihilated; its

place is taken by an abscess.

§ 477. Let us now consider the various conditions which

may result from the combination of the ha3morrhagic congestion
on the one hand with the suppurative inflammation on the other.

We have, 1st, the case where an artery of considerable size, sup-

plying about a fifth part of a lobe, is plugged by a large embolus.

The collateral replenishment of this area is very complete ;
but

the risk of stagnation is also very imminent
;
hence a condition

nearly identical with hajmorrhagic infarction is brought about.

The inflammation is limited to the edges of the plugged area
;

here we find a zone of tissue about a line in width, either infil-

trated with pus, or even quite liquefied; the appearances are

those of a circumscribed necrosis, with a sequestrating suppura-
tion designed to facilitate the removal of the mortified part.

Diametrically opposed to this is, 2nd, the case where a very brittle

embolus has been splintered into a number of fragments by

impact upon the various forks which it has had to pass ;
each of

these fragments blocking a vessel of relatively narrow calibre.

We then find a large number of foci, varying in size from a

hemp-seed to a cherry, scattered through the affected lobe
;

these foci being in a state, either of hepatisation, or of purulent

liquefaction. In this case the stagnation of the blood fell short

of absolute stasis
;
it only went as far as an inflammatory hyper-

ciomia might have gone, so as to give the entire process the

character of a circumscribed suppurative inflammation without

actual necrosis. Between these two extremes lies a very varied

series of combinations
;
thus e.g. we not imfrequently meet with

small foci, ha^morrhagic throughout, girdled with narrow areolae

of inflammation
; again the extent of the inflammation may be

utterly out of proportion to the size of the plugged vessel, the

hepatisation
—^which in these cases indeed, is not invariably

purulent, but quite as often croupous
—

extending through one-

half or the whole of a lobe, &c.
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§ 478. The superficial, subpleural position of the majority of

metastatic abscesses is highly characteristic, and has not as yet

been adequately explained. We rarely find them in the middle

of the limg, towards its root. Hence the invariable implication

of the pleura in the inflammatory changes. The usual appear-

ances are those of an inflammation, primarily adhesive, and

attended by a copious serous transudation, but soon passing into-

the purulent form (§ 276). The infection of the serous sac is

due to the diffusion of putrid fluid from the abscess or mortified

part into the pleural cavity. The continuity of the pleura usually

remains intact; nay it often happens, singularly enough, that the

patch of pleura inmiediately over the abscess exhibits no osten-

sible change; while roimd about it the membrane is coated

with a viscid layer of yellowish-white exudation. It may fairly

be assumed that exudation has been checked over the site of

the pulmonary lesion, by the pressure of the lobular infiltration

having rendered the pleural vessels impervious from the first ;

while at a later period, the occurrence of gangrene excluded all

possibility of inflammation. Perforation of the pleura, either at

the centre or at the edge of the deposit, now and then occurs ;
the

sodden and half-melted fibres of the connective tissue separating

to allow the pus, the sanies and the air, to enter the pleural sac.

It is self-evident that such a catastrophe must infinitely increase

the patient's danger. Supposing the pleurisy to have been

moderately intense up to that time, the occurrence of perforation

at once makes it assume a most malignant type, and renders all

hope of recovery futile.

7. Diseases of the Lungs consequent on

Heart-mischiei<\

§ 479. Considering the intimate relations which subsist

between the heart and the lungs, and their respective func-

tions, we cannot wonder at finding that of all the organs of

the body, the lungs are the first to sympathise with diseases of

the heart. And it is mainly to impeded circulation through the

left heart (insufiiciency and contraction of the mitral and aortic
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valves) that "increase of tension in the lesser circulatiwa'*

(§ 255), followed by a series of morbid phenomena in the

respiratory apparatus, is due.

§ 480.—I. Bronchial catarrh. The larger bronchi are

provided with vessels of their own in connexion with the

systemic circulation (bronchial arteries and veins) ;
th^se

vessels would be indifferent per se to any increase of tension in

the pulmonary circulation, were it not for the fact, established

by Rossignol, that they freely anastomose with the proper pid-

monary vessels; this explains how it is that most persons

suffering from insufficiency and contraction of the mitral valve

are subject to a chronic passive hyperaemia of the bronchial

mucous membrane, predisposing it to catarrhal inflammation ;

hence obstinate and recurrent bronchial catarrh is one of the

usual consequences of mitral disease.

§ 481.—II. Brown induration of the lungs. This used

formerly to be considered a peculiar form of chronic inflamma-

tion. RoMtanski tries to make out that it is a hypertrophy of

the connective tissue of the lungs, associated with a diffuse,

brownish pigmentation, which gives the organ a jaundiced hue.

And such an interpretation of the phenomena ought not in any

way to surprise us. For the lungs, when taken out of the

chest, appear very heavy, bloated, tense and hard, but not in-

filtrated, or even codematous
; they are crepitant throughout ;

their colour is a yellowish-brown ;
and what is most important,

microscopical examination of recent sections shows a very de-

cided thickening of the alveolar and infundibular septa, which

may be unhesitatingly viewed as the proximate cause of the

entire morbid state. But to interpret this thickening as an

inflammatory induration, was premature. For although it

neither can nor need be denied that the amount of interstitial

connective tissue is in some degree increased, yet the chief

stress must be laid, not upon this, but upon the state of the

capillaries. These are elongated and dilated in a high degree.
If we inject a lung, affected with brown induration, with a

transparent solution of gelatin {Buhl), or if we tie off bits of

the lung which happen to be naturally well-injected, and soak

them, first in hydrochloric acid and then in spirits of wine

(Colberg), examining sections of mediimi thickness from either
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specimen, we may assure ourselves of the interesting fact, that

the well-known capillary twigs which ramify upon the alveolar

septa, project much farther than usual into the air-cells, that

they are strikingly dilated and often appear even varicose at

their points of flexion (fig. 138). The dilatation reaches an

average diameter of from *01 to '02 mm,, while tlic limits

within which the diameter of nonnal capillaries may vary, are

from '003 to "007 mm. The hulging of the capillary loops on

all sides at once, must of course narrow the alveoli very con-

siderably; hence the little air these lungs contain. To explain

Fio. 138.

Brown induration. An alveolus with dilated capillaries ; pig-
ment deposited partly in the connective tissue of the septa,

partly in the catarrhal cells contained in the interior of the

alveolus. ^J^.

how the older view came to be adopted, it is necessary to add,

that if the blood be allowed to run out of the capillary loops
—

as invariably happens when sections are cut from the recent

tissue—the capillaries can no longer be distinguished from the

remaining constituents of the alveolar wall, and the general

aspect is that of simple thickening of the interalveolar septa.

The larger interlobular vessels also, particularly the branches of

the pulmonary artery, are markedly dilated
; here, however, the

dilatation of the vessels is undoubtedly associated with a not
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inconsiderable overgrowth, of the interlobular connective tissue.

I am far indeed from wishing to deny that in this instance, as

in the analogous conditions of the liver and kidneys, hyperplastic

processes are associated with the dilatation of the vessels. Espe-

cially would I direct attention to the constant occurrence of a

very marked hj'pertrophy of the muscular constituents of the

pulmonary parenchyma. This sets out from the point where

the bronchi open into the infundibula. This point is furnished

with, a spbincter-like ring of muscular fibres. Starting from

this point, a number of muscular fasciculi run downwards in

the infundibular walls, forming loops ;
these unite here and

there to form stouter transverse rings which encircle the in-

fundibulum at right angles to its axis. I think it not unlikely
that this very considerable increase of contractile power may
underlie the well-known inmiunity of lungs afiected with brown
induration from such disorders as set out from the retention of

catarrhal secretions (catarrhal pneumonia and phthisis).

In consequence of the ]3ersistent congestion of the pulmonary

parenchyma, minute ruptures occur here and there in the

capillary vessels and arterioles. The fate of the extravasated

blood is difierent, according as it is poured out into the alveoli,

or retained in the parenchyma. In the former event it is

expectorated, imparting a yellowish tinge to the sputa ;
in the

latter, it causes the yellowish-brown pigmentation of the lungs
wbich has been more than once alluded to

;
this being, together

with the increase of density, the most striking naked-eye feature

of the disease. On examining the lung more carefully, we

notice, in addition to the diffuse staining, brown and yellow

dots, both underneath the pleura, and more especially upon the

cut surface of the organ, mingled with recent extravasations of

a red colour. The brown and yellow dots are heaps ofpigment-

granules which have obviously been left wherever extravasations

have previously occurred. The pigment is partly free, partly
enclosed in cells, as in the colliers' and ironworkers' lungs (fig.

138). It is worth mentioning moreover, that the pigment-

granules are especially common in such elements as lie free in

the interior of the alveoli, elements which, have been taken by
authors for

" detached epithelial cells." It is very unlikely that

this "epithelial pigment" should have originated in the alveolus,

inasmuch as a period of weeks, at the very least, is required for
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the conversion of the soluble colouring-matter of the blood

into solid pigmentary matter—a much longer interval there-

fore, than that during which the so-called epithelium-cells abide

in the alveolus. The pigment-granules must accordingly have

come from the coimective tissue of the parenchj-ma; and sinee

it is not likely that they would have spontaneously taken the

direction towards the free surface, we very naturally conclude

that they have been carried by the cells in which they are em-

bedded
;
and this view of coiirse implies that the cells themselves

are migratory corpuscles which have made their way to the

surface, and not true epithelial elements at all. This view is

further corroborated by the smallness of their size, as compared
with those elements which fill the alveoli in cases of catarrhal

pneumonia. The proper epithelia of the air-cells are quite

unaltered, so far as my observations go ;
we must always be

very cautious in assuming a desquamative catarrh of the alveoli,

since the epithelial cells of the lungs in adidts are among the

least irritable elements of the body.

§ 482. III. H.T.MORRIIAGIC IXFARCTIOX, AND CIRCUMSCEIBED

GANGRENE of the lung. This teim denotes the stuffing of the

air-cavities of a circumscribed portion of the limg with extra-

vasated blood. If we remember what has just been said con-

cerning haimorrhagic and gangrenous pneumonia, as well as

pulmonary embolism, we can hardly fail to note the high degree

of anatomical similarity which must and does subsist between

hsemorrhagic infarction and the first stage, more especially of

embolic pneumonia. 'We may go so far as to say that haimor-

rhagic infarction is a result of embolism
;
for we cannot fail to

recognise the presence of the anatomical features of infarction,

when we find a "
hiemorrhagic transudation

"
(Cf. § 475) due to

plugging of a large branch of the pulmonary artery, passing
into actual haemorrhage. Cases of this sort are especially com-

mon in heart disease
; coagula (" polypi

"
of the heart) form in

the trabecular network of the right auricle or ventricle in con-

sequence of stagnation of the blood in their interior
;

bits of

these coagida are detached, and serve as emboli. Nevertheless

these embolic infarctions can be distinguished from such as are

due to rupture of a vessel of considerable size ;
for in the fonner

variety, the transition from the stuffed parenchyma to the normal

tissue round it is very gradual, passing through all the stages of
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haDmorrliagic and simple lij^era;niia ;
while in the non-embolic

form, the affected part stands out in sharp contrast to the

surrounding tissues as a solid wedge of uniform density and of a

deep red colour. Such wedges originate, not in embolism, but

in rupture of a vessel of considerable size
; they are chiefly

foimd in persons suffering from heart-disease. The increased

tension in the pulmonary circulation must be regarded as their

predisposing cause. From this point of view, the infarction is

merely a gigantic variety of those capillary haemorrhages with

which we became acquainted in brown induration.
"
Fatty ero-

sion of small and mediimi-sized branches of the pulmonary

artery
"
may with great likelihood be regarded as in all cases the

proximate cause, determining the spot at which rupture of the

vessel occurs. Of course this can only be proved by a very
minute investigation of the branches of the artery, since it is

quite possible that we may fail to detect in the main trunk, any
trace of a process which threatens the integrity of the minuter

vessels so seriously (Of. § 220). Finally, a transient fluxion

must be assumed in every case to furnish the exciting cause of

the lesion—bringing the diminished resisting power of the vessels

into collision with the increased demands made upon it.

§ 483. When rupture has once occurred, the blood forces its

way into the nearest bronchus with all the violence of the abnor-

mal tension which prevails at the time in the lesser circulation.

On reaching the bronchus, some of it is sucked down, filling

every part of the corresponding lobule as far as its terminal

sacculi ; some trickles along the bronchus in the contrary direc-

tion
;
on its way, it comes across other bronchi which branch off

from the first
;
the inspiratory current sucks it into these also.

Finally, the dangerous process is brought to a stop by the occur-

rence of coagulation. The amount of blood which escapes
before coagulation sets in is of course proportionate to the

calibre of the ruptured vessel
;

this also determines the size

of the wedge-shaped portion of limg which is rendered "
apo-

plectic." The arrest of the haemorrhage is due to the elastic

reaction of the over-distended parenchyma which compresses the

bleeding point and checks all further extravasation. This elastic

pressure is certainly very characteristic; it is chiefly responsible
for the changes which next ensue in the infarction

; for, besides

its conservative action in compressing the bleeding vessel, it is
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productive of positive harm by compressing all tlie vessels in

the interior of the affected part equally, thereby arresting the

flow of blood through them, and causing the deatli, the mortifi-

cation of the part.

§ 484. In contrast to the diffuse variety ofgangrene described

above (§ 471) avc have now to consider a circumscuibed form,

as the normal termination of htcmorrhagic infarction. The solid,

dusky mass which protrudes equably above the level of the sec-

tional or the external surface, imdergoes necrosis at all points
at once. Its red colour is changed to a dirty-green, the coagu-
lated blood putrefies and becomes liquid ;

at the same time the

softer constituents of the parenchyma dissolve away, only the

elastic fibres and the thicker layers of connective tissue round

the vessels and bronchi resisting liquefaction, and forming a

shreddy, tinder-like substance which is loosely susjjcnded in the

.sanies by its connexion with the entrance-point of the vessels

and bronchi. These shreds have an exceedingly offensive odour,

which becomes apparent to the patient as soon as the clot which

plugs the afferent bronchus softens and allows the contents of.

the gangrenous cavity to mingle "with the expectoration. The

diagnosis is further confinned by the detection of elastic fibres in

the sputum.
The development of this condition depends chiefly on the

behaviour of the tissues immediately surroimding the mortifie<l

part. It is obvious that the latter must cause the most intense irri-

tation. A croupous inflammation of those lobides which environ

the gangrenous part is accordingly a verj' usual and generally
fatal complication ofcircimiscribod gangrene; so too, pleuritic exu-

dations, consisting of sanious and decomposing pus, are invari-

ably excited by such gangrenous deposits as are in contact with

the pleura. Apart from these wider consequences of the local

mischief, allusion must also be made to a more limited inflam-

matory process, which runs its course in the immediate neigh-
bourhood of the mortified tissue, and which, supposing it to bo

developed in time, exerts a salutary influence, resulting, and
that not so very seldom, in the repair of the mortified part ;

I

refer to the sequestrating inflammation and suppuration which
occur at the junction of the gangi-enous Avith the healthy tissues,

shutting off the one from the other. Thanks to the pecidiar
mode of origin of the infarction (alluded to above), it coincides
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most accurately with the boundaries of the lobules. Whatever
its form and size, it must necessarily have a layer of interstitial

connective tissue at every point of its perij)hery ;
and this, as is

well known, is far better adapted than the proper parenchyma of

the lung, to undergo rapid suppuration, and so to break off all

connexion between the infarction and the healthy tissues. The

reparative process is completed, after the liquefaction and expul-
sion of the affected part, by the development of a granulating

surface, and a cicatricial contraction of the cavity.

8. TUMOUES OF THE LuNG.

§ 485. The lung is very seldom the primary seat of morbid

growths. We are occasionally surprised, while making a post-
mortem examination, to find a small enchondromatous tumour,
never larger than a walnut, generally subpleural, consisting of

hyaline cartilage, with a nodulated surface. We must, however,
be careful to ascertain whether a primary enchondroma may not

exist elsewhere, or have been previously extirpated, since the

lung is a very favourite locality for such rare enchondromatous

metastases.

The same is true of cancer. Primary cancer is very rare in

the lung, and only occurs in the form of a circumscribed me-

dullary infiltration, while secondary nodides are less uncommon.

Epithelial cancer, when present, is invariably secondary, and

always forms small nodules from the size of a millet-seed to that

of a pea.

§ 486. As regards the histology of these tumours, it must be

laid down as a general proposition, that they are exclusively
restricted to the stroma of the lungs. Even though microscopic
examination should lead at first sight to the conclusion that a

distension of the alveolar cavities is everywhere associated with

the swelling of their septa, we must not overlook the circum-

stance that the former phenomenon is a necessary consequence of

the latter. Like miliary tubercles (which, for sufficient reasons,

were discussed in § 446), all tumours of the lung, at a certain

stage of their development, protrude into the air-cells
; they

may even completely fill them, but they must not on that

accoimt be regarded as analogous to inflammatorv exudations,
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an error into which Rokitamki formerly fell. 0. Weber deserves

the credit of having recently directed attention to this point,

which is of great histological importance. TJnfortvmately how-

ever, his description of the origin of epithelial cancer can only
be accepted as a contribution to the development of morbid

growths generally ;
for the case which he investigated (the

specimens are all preserved in the Museum at Bonn), though

originally an epithelioma of the tongue, recurred as a simple
cancer. The descriptions of epithelioma of the lung furnished

by Virchow and Dujmy are also equally applicable to ordinarj'

cancer—so far, at any rate, as the histological appearances are

Fig. 139.

Cancer of the lung. Gradual invasion of the alveoli.

Degeneration of the 8e])ta. ^^.

concerned. Now we must either admit a singular monotony in

the textural changes, as they occur in the lungs, or else we
must conclude that what variety there is, has not as yet been

clearly enough made out. For my own part, I am only ac-

quainted with one set of appearances exhibited by cancerous

degeneration in the lung
—those already described bj- the above-

named authors. The alveolar network produces a number of

nests and rows of cancer-cells, which invade each alveolus from
its circimiference (fig. 139). In addition, I woidd only direct

attention to the great frequency of inflammatory changes in the

parenchyma immediately around the tumour, changes which

belong to the category of catarrhal inflammation, and lead to
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the distension of the alveoli with a dry, highly-corpusculated
infiltration. It is extremely difficult to distinguish these two

sets of phenomena from one another in each individual case.

And yet it is only in this way, as a rule, that we can arrive at a

trustworthy conclusion with regard to the real size of the can-

cerous nodule. All this shows that the histology of cancer of

the lung is still in its infancy ;
the comparative rarity of the

disease being chiefly to blame for our imperfect knowledge.
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§ 487. Ou taking a general view of tlie various forms of

disease to which the liver is liable, we are involuntarily led to

remark that the majority of them originate in one particular

clement of its structure, whether this be the interlobular con-

nective tissue, the hci^atic; cells, or the vessels. This at 6nce

prompts us to classify dlst asi s of the liver according to their

tcxtural origin ;
such a classitication being peculiarly fitted for a

manual of pathological histolog)'. Nevertheless I prefer, in the

case of the liver more especially, to adopt a loose co-ordination

of the various morbid stiitcs, in preference to any sort of hier-

archical classification
;

for 1 regard all nosological systems based

on anatomical foundations, however plausible they may appear,

to be radically misleading from a clinical point of view. Taking
the liver as an example, we should have to associate fatty and

amyloid degeneration with parenchymatous inflammation under

the common hetid of "Diseases of the Hepatic Cells;" these

conditions having really nothing in common with each other.

( >n the other hand, p;irenchymatous hepalilis ^\()uld be detached

from the other forms of inflammation which start from the con-

nective tissue, i.o. conditions naturally related would be violently

kept asunder. 1 will accordingly follow the anatomical method

oidy so far as to begin with a few of those changes which start

from the hepatic cells, because they are at once simpler and more

distinct
;
as I proceed however, I will make the diseases succeed

each other more in accordance with their clinical nlationships.

1. Fatty Infiltration of thk T.nKK-CELLS.—
Fatty Livfr.

§ 488. The point of view from which fatty infiltration of the

liver-cells, in common with that of other structures, should be

regarded, has already been discussed (§ 61, d scqq.). We find
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it associated both with excessive absorption and with, deficient

oxidation of fatty matter
;
most commonly indeed, when both

causes co-operate, as in well-nourished persons who take little

exercise, in nurslings soon after a meal, in patients suffering
from tubercular diseases of the lungs, in those labouring under

cardiac affections, associated with the peculiar structural altera-

tions induced by venous stasis, in drunkards, combined with an

interstitial development of connective tissue (Cirrhosis). In all

these cases, the liver is a storehouse for a portion of the fatty

constituents of the serum, which have been absorbed from the

alimentary canal, but not yet oxidised, owing to the excessive

amount in which they are present. That the fatty matters enter

the liver-cells from the blood is strikingly shown by the fact

that the fatty infiltration invariably begins in the area of distri-

bution of the chief afferent vessel, the portal vein.* In the

slighter degrees of fatty liver, we accordingly find only the outer

* 111 the course of tlie following pages we shall often have occasion to

recur to these "areas of distribution" of the afferent and efferent vessels of

the liver. I take the opportunity of saying a few words on this most

important subject.

In my opinion, the structure of the liver may be most clearly and

intelligibly explained by starting from the hepatic vein as a centre. Inas-

much as the finest ramifications of this vessel, the intralobular venules,

occupy the exact centre, the axis of the structural units which compose the

organ, they may be said in some sort to take the place which, in other

glands, belongs to the efferent ducts. The hepatic vein with its branches

forms a central skeleton of which the remaining elements of the hepatic

structure may be regarded as the investment. The space between the

larger branches is unifomily and completely filled, or rather permeated, Ijy

means of an arrangement unique of its kind ;
for these larger branches,

apart from the gradual narrowing of their calibre, such as we may see in

the branches of any tree, also exhibit a per saltmn narrowing. If we slit

up a hepatic vein, and examine its internal surface, Ave may see all over it

a countless number of minute openings which belong either to true intra-

lobular radicles, or at any rate to little venous twigs whose calibre bears no

proportion to that of the vein from which they spring.

The vemda centralis lies therefore in the axis of the ovoid lobule ;
the

capillaries converge towards it radially from every side ;
the whole arrange-

ment may be compared to that of the bristles in one of those round brushes

which are iised for cleaning test tubes. The capillary network encloses

oblong meshes in which the liver-cells are embedded. The latter in their

turn form a network, the "
secreting network," which occupies the meshen

t>f the vascular network, and whose oynx arrangement has only been made

YOT>. II, g
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jwrtions of the lobules infiltrated ;
the yellowish lines which indi-

cate the presence of oily matter, seeming to murk out the

boundaries of the lobules rather more distinctly than usual. The

course of the minuter changes is highly typical. As regards
these I will content myself with referring the reader to the

descriptions and figures in ^ Gl. Fig. 140 represents a higher

degree of fattj' infiltration, such as is often met with in the victims

of tubercidosis and heart-disease. The portal zone of the lobules

is wholly impregnated with oil
;
the middle zone exhibits the

process in its earliest stage, while the centre is still unaffected.

To the naked eye, the cut surface of the organ would now pre-

out quite lately (Lvdtcig, Htring), "We are now aware that the woiMlerfiil

" efTusion" of the secreting parenchjiiia into the interstices of a ATiscular

network—the renunciation of an independent structural unity such as we
.see in tlie terminal follicles of an acinous gland or in the coeca of a tubular

gland—is only an ajiparent, not a real exception to the general law.

Although each single liver-cell is in contact with a capillaiy on two of its

surfaces, it nevertheless has four surfaces left (viewing it as a cube) for

contact witli adjoining cells
;
and tlie finest bile-ducts—in the form of

tubular intercellular canals of exquisite tenuity, but still pervious to

injection
—are so disposed upon these contiguous surfaces as to fonu a

tine network, which everywhere avoids the capillary network, and is

always separated from it by the thickness of an entire celL In sections, we

usually find a double row of cells between two adjacent capillaries ;

l)etween the rows a bile-duct may be traced for a considerable distance.

The trabeculas of the secreting network—viewed in this light
—

correspond
to the tubes of any other gland, where a central excretory diict is separated
(m all sides from the membrana propria and the blootl-vessels by a layer of

secreting cells. The union of the capillaiy bile-ducts to form ducts of

larger size takes place at the circumference of the lobules, where they run

together with branches of the portal vein and hepatic artery.

Returning to the hepatic vein, whose finest ramifications are surrounded

on all sides by the hepatic parenchyma jiroper which has just been

describetl, we must remember that its eight to ten main divisions sejmrate

the liver into a corresponding number of lobes ; these are not apparent in

a healthy human liver, but are manifested in certain abnormal states of

the organ, and especially in the "
congenitally lobulated" liver. The

intervals between the lobes are occui)ied by the so-called
"
portal canals."

The trunk of this second tree which enters into the formation of the liver

lies, as we know, on its under surface (portal fissure), and consists of the

united trunks of the hepatic artery, portal vein and hepatic duct. A
quantity of lax areolar tissue, which is continuous with the subserous

connective tissue of the peritoneum (capsule of Glisson), forms a common
bed for all Uirec ; and their association is rigidly maintained throughout
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«ent the "nutmeg" aspect. The exquisite plications of the

bright-yellow cotyledons in the nutmeg, when seen in section,

contrasted with the darker colour of the surrounding parts,

correspond in the liver to the yellowish-white tint of the portal
zones of the lobules, contrasted with the darker hue of their

centres. The comparison is peculiarly apt if we limit our atten-

tion, not to a single lobule, but to the ramifications of a single

portal canal of small size, which, owing to its branches being

everywhere bordered by a selvage of fat, assumes a foliated

appearance like that of an oak-leaf—or if the comparison be

preferred
—like the folded cotyledon of a nutmeg. The term

^'nutmeg liver" denotes no more than that the periphery of

each lobule is lighter than its centre, without in any way
deciding whether the phenomenon is due to an abnormal paleness
in the former, or an abnormal depth of colour in the latter

region. A "nutmeg-liver" of this latter kind is met with in

all their subsequent ramifications. In examining a section under the

microscope, we can never be long in doubt as to whether a vessel which

happens to be in the field is an afferent or an efferent vein. The intra-

lobular vein is always isolated, and separated from the neighbouring
vessels by a broad band of hepatic iDarenchyma. The branches of the

hepatic artery and the interlobular veins are either accompanied by a bile-

duct of corresponding size, just as they Avere in the portal fissure, in

which case we have to do with one of the larger portal canals
;
or else

we find them separated by a distinct interval at the circumference of the

lobule, but with their mutual connexion still shown by the last remnants
of their common fibrous sheath, which stretch from one to the other in

the form of threads or membranes. It is only at the periphery of the

lobules that the three begin to diverge from one another ; the finest

twigs of the portal vein lying at the junction of three or more lobules,
and from hence distributing their terminal branches between every pair
of these lobules (fig. 140) ;

the arteries penetrate half way into the

interior of the lobule, where they break up into a capillary network. We
may thus divide the lobule into three concentric zones

;
the centre is

formed by the part immediately surrounding the intralobular venule
;

the area of distribution of the portal vein forms the circumference, while

the hepatic artery is distributed to an intennediate zone. Of course we
must not suppose that these respective tracts are sharply marked off from
one another

; on the contrary, the community of the capillary network
renders any such strict limitation impossible ; yet a knowledge of the

more intimate relation of these three zones to their respective vessels is

of importance in guiding us to a right comprehension of a long series of

morbid states.
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cases of heart-disease, where a dilatation of the hepatic radicles

(to be described hereafter), together •with a pigmentation,

deepen the tint of the central portion of each lobule. Should

the liver be fatty in addition, the contrast will of course be all

the more violent.

§ 489. Should the fatty infiltration proceed far enough to

cause every liver-cell without exception to contain its drop or

oil, the boundaries of the lobides are eifaced, and the peripheral

may cease to be distinguishable from the central parts. The

organ presents a unifonn yellowish-white or yellowish-brown-

Fio. 140.

Fatty liver. Infiltration i»i' nictliiini intensity. Senii-iliagnun-

matic. W. Intralobular veins ; p}). Interlobular branches of

the i^ortal vein ; yl.'l. Arteries ; G. Bile-ducts.

colour; its consistency is soft and doughy; the finger leave*

permanent marks on it
; its size and weight are doubled, whilo

its specific gravity is lowered; its edge is rounded, especially

below, where it extends doAvnwards into the umbilical region

(fig. 150, vi.). All these characters of the fatty liver flow natu-

rally from the quality and quantity of the infiltrated matter
;
so

too, the excessive bloodlessness which is constantly associated

with the other changes. Wc must, however, be on our guarcT

against supposing that the anaemia which we find after death is

equally great during life. Pressure and reaction here balance

one another. The distension of the liver-cells with oil must

luidoubtcdly exert abnormal pressure, which, as regards the



LARDACEOUS LIVER. 85

vessels in the Interior of the liver, must be quite equivalent to

compression from without. This pressure, however, is elastic, and
is overcome to some extent by the opposing pressure of the blood;
we may assure ourselves of this by forcing injection into the

portal vein, which admits it without the application of any extra-

ordinary force. It is only when the vk a tergo of the heart sinks

to zero that the clastic reaction of the distended cells makes
itself fully felt, and drives what blood may still exist in the

parench}Tna back into the greater vessels.

2. Amyloid Infiltration of the Liver-cells.—
Lardaceous Liver.

§ 490. Amyloid infiltration of the liver-cells is like fatty
infiltration in many ways. Were we to content ourselves with

ix rough sketch of the histological details, we might simply sub-

stitute
"
lardaceous

"
for

"
fatty

"
matter. In adopting this course

however, we should have to shut our eyes to the close relation-

ship which subsists between "
fatty matter

" and true "
lard."

The substance taken up by the hepatic cells is an albuminous

body, which resembles the non-nitrogenous organic compounds
only in its peculiar reaction with iodine, which gives it a

mahogany-:red colour. This resemblance is sufficiently embodied

by retaining the term "amyloid" to denote the substance in

question. I may refer the reader to § 46, where, side by side

with the question as to the origin and chemical position of the
"
amyloid

"
material, the histology of amyloid infiltration of the

liver-cells is discussed. We then learned how the individual

.
elements increased in size by taking up the amyloid substance,

how their sharp outlines were blurred, how their contents assumed

a dull and homogeneous lustre, how their nuclei disappeared, and

how they were finally converted into glassy flakes or spherules.

If we trace the progress of the changes in a single

lobule, we cannot fail to observe that the amyloid matter is first

deposited in that region which I have already described as the

ai-ea of distribution of the hepatic artery. The annexed figure

(fig. 141), which represents a moderate degree of amyloid infil-

tration of the liver, shows clearly how the glassy swelling of the
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secreting nctAvork has spared (at aii}' rate for the time) the peri-

pheral zone, bcgiiming about midway between the circumference

of the lobule and its centre, and extending inwards from this

point to a variable distance from the hepatic radicle. This fact

indicates a certain analogy witli the amyloid degeneration of

other organs, where the infiltration begins in the smaller arteries

themselves, and extends from thence to the capillaries. The
small arteries are also affected in the liver, but the morbid

changes extend, not to the capillary walls, but to those liver-

cells which immediately environ the arterial capillaries.

As the disease goes on, the area of the hepatic vein is first in-

FiG. 141.

f

V
Amyloid Liver. A. Interlobular artciy with amyloid vails.

GG. Bilc-ductf*. j^P- Portal veins. VV. Intralobular

veins. The liver-cells in the middle zone of each lol>ule

are infiltrated yriih amyloid matter, jj^.

vaded; then, and not before, does the infiltration spread to the cells

of the portal zone. "NATien this stage too is at an end, each indi-

vidual liver-cell, and consequently the organ as a >a hole, con-

tains twice or three times as much solid albuminous matter as it

normally does
;
each individual livcr-ccll, and consequently the

organ as a whole, is twice or three times as large and as heavy
as it ought to be

;
each liver-cell, and therefore the entire organ,

is of a pale-grey colour, translucent and waxy. The compara-

tively sharp edges of tlie normal liver are rounded off just as in
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the fatty liver
;

tlie diagram (fig. 150, vii.) gives some idea of

the colossal dimensions which the organ may attain.

The small amount of blood in the amyloid, as in the fatty

liver, deserves especial notice. The anaemia is of course directlv

proportionate to the enlargement of the liver-cells. The greater
the infiltration, the less blood will pass through the organ in a

given time, and the more will the hepatic functions be impaired—and this quite apart from any direct injury to the secreting
cells. The bile is very thin and scanty; it probably suffices

however, for the needs of an organism whose nutrition is already
much enfeebled. The capillaries indeed remain pervious to

the last. An amyloid liver, in whatever stage, may be per-

fectly injected ;
and it is in injected specimens that we are able

to demonstrate the localisation of the disease in the hepatic cells.

§ 491. Besides the difiuse infiltration of the liver with

lardaceous matter, we are also acquainted with a variety in

which the deposits are circumscribed
;

I have only seen one

example of this condition, associated with red atrophy (sec

below). The liver as a whole showed but slight traces of

amyloid degeneration ;
but the atrophy resulting from passive

congestion had already given it a lobed appearance. Here and

there, in the interior of the lobes, solid nodules as big as walnuts

were embedded; each nodule being softened at its centre.

Minute investigation showed a high degree of amyloid infil-

tration, with pus in the centre of each nodule. The suppuration
was clearly secondary ;

for the isolated lobules, infiltrated with

waxy matter and, owing to the great chemical indifierence of

this deposit, but little changed, could be seen floating in the

scanty pus derived from the connective tissue of the portal

canals.

Amyloid and fatty infiltration are not seldom found asso-

ciated; the latter usually presenting the characters of an

occasional and accidental complication.

3. Conditions of Hypertrophy.

§ 492. Only those conditions can be regarded as truly

hypertrophic, in which an obvious increase in the bulk of the

entire liver is brought about by a uniform enlargement or
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multiplication of all its component textures. Accordingly, we

judge a liver to be hypertrophied wlien we Und a decided and

strikij.g enlargement of its constituent lobules
;
this enlargement

usually contrasts with the healthy state, inasmuch as in the

majority of instances, it is demonstrably due to infiltration or to

the development of some morbid growth. An attempt has been

made to distinguish between hj-pertrophic and hyperplastic

enlargement of the liver, using the former term to denote an

increase in the size of the hepatic cells, while the latter is

confined to an increase in their number. The utility of such

a distinction seems to me very problematical, since con-

siderable variations in the size of the cells, and appearances
indicative of corpuscular proliferation, may often be observed

in perfectly healthy livers. We have only one fixed point to

guide us in our decision, se. the fact that a development of new
lobules does not occur under all conditions, and that every

hypertrophy must at first present itself as a simple increase in

their size. A just estimate of the comparative size of the lobules

is made easier by the restriction of the hypertrophy (at any rate

in extreme cases) to circumscribed portions of the organ. As a

general rule, the hypertrophy is vicarious, compensating for losses

due to atrophj' elsewhere
;
so that we are often able to compare

lobides which are either too large or too small with others of nor-

mal size. Under this head comes the compensatory hj-pertrophy
of single lobes associated with the formation of cicatrices, with

atrophy due to pressure in other parts of the liver
;

it is by no

means rare. Those cases of moderate and uniform hj'pertrophy
which are due to leukhajmia or diabetes mellitus on the one hand,
to prolonged residence in hot climates on the other, are far more
difficult of recognition. In these cases, we are very liable to

mistake a spurious for a true hypertrophy. The risk of error is

greatest in the leukhajmic form of enlargement, which depends,
in the majority of cases, on an infiltration of the organ with

colourless blood-corpuscles ;
I would advocate caution in cases

of diabetes also. In the latter disease we are usually able to

difierentiate the three vascular zones of each lobule. The

secreting network of the portal area appears swollen rather

than positively enlarged ;
its nuclei assume a wine-red colour

on the addition of iodine, which points to the presence of

glycogenic matter in their interior; the outlines of the cells
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are indistinct, owing perhajjs to an increase in their bulk. The
middle zone, the area of the hepatic artery, is fatty ;

the central

part seems almost normal
;

its secreting cells only exhibiting
ijusual traces of the change which we noticed in the peripheral
zone.

\

4. Conditions of Atrophy.

§ 493. Simple atrophy. In half-starved individuals, in

the subjects of oesophageal stricture, in those lunatics who reject
their food, in marasmus from whatever cause, we find the liver

remarkably small and brown ;
its capsule is lax and wrinkled

;

and this uniform contraction of the organ seems to depend on a

shrinking of all the liver-cells to a third of their normal size,

together with a development of yellow and brown pigment-

granules in their protoplasm. The conditions are obviously

antagonistic to those which underlie hypertrophy ;
we notice,

however, that the impairment of nutrition, the diminished func-

tional excitation, react exclusively on the hepatic cells, making
them waste, while the other structural elements remain pro-

visionally normal. Inasmuch, however, as this residue consists

solely of connective tissue and vessels, the relative preponderance
of this "fibrous texture" gives the entire organ a leathery

toughness; this is particularly striking when the liver is cut

into, and may easily lead to mistaken suspicions of cirrhosis.

§ 494. Red atrophy. A second form of general atrophy
is caused by those cardiac and pulmonary disorders which give
rise to passive congestion of the systemic veins. The hepatic

veins which open into the inferior cava barely an inch from its

termination in the right auricle, must naturally be exposed in

the very first degree to the eifects of the augmented blood-

pressure. A chronic, intense venous hyperaemia is accordingly
the immediate cause of all the structural changes. One half, at

least, of the space occupied by the liver is normally taken up by
the blood. We can hardly be surprised therefore, to find that

even a moderate degree of congestion should cause a very
notable enlargement of the entire organ. Should the capillaries

be distended to only twice their normal calibre, this must at

•once increase the bulk of the liver by nearly a half. The de-

mand for space on the part of the blood is in great measure
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satisfied by the enlargement of the organ as u whole ; the

remainder being gradually met at the expense of the paren-

chyma between the vessels. The secreting tissue wastes, and

the liver-cells, as they disappear, are replaced by dilated blood-

vessels
;
hence Virchow has given the disease the very apt name

of "red" atrophy.

§ 495. As might have been expected, the obsolescence of

the secreting cells docs not proceed uniformly in all parts of the

lobule; it begins where the abnormal pressure is greatest, in

the area of the intralobular A-ein. "V^Tiat strikes us most on

looking at a section made through a duly injected and hardened

lobule (fig. 142) is the dilatation of its central vein. Moreover

Fig. 142.

Red Atrophy, a. Central vein of a l()l)uk-
;

J. interlobular con-

nective tissue, increased in amonnt. For other references »y

text. ^j5.

the vein is not simply dilated
;

it is also thickened, often very

markedly so. It communicates at various points with the sur-

rounding capillaries by intermediate branches of considerable

size, which penetrate its wall either in a straight line, or with

a short spiral twist. To some distance from its outer surface,

the spaces destined for the reception of the liver-cells are seen to

be vacant. A few isolated elements of very small size, ftill of

yellowish-brown or black pigment-granules, indicate the former

site of the secreting network. These, however, are seldom in

inmiediate contact with the vessels; there is a clear interval
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between, which. I agree with Biesiadecki in recognising as the

interior of a lymphatic vessel or perivascular space. Accordingly
we may regard the liver-cells as having succumbed to the stasis

of blood and lymph in exactly the same way as they would have

done to external pressure ;
and this condition extends to a

variable distance from the centre of the lobule. The change
usually attains its maximum along the course of the principal
veins. We may even find on the surface of the liver after its-

removal from the body, from three to five fissures runnings
forward from its posterior border, growing shallower by degrees,
and breaking up into a number of smaller fissures

; just as the

bed of a river breaks up into a number of smaller tributaries as

we approach its source. These clefts correspond in depth to

the number of liver-cells which have been destroyed. We find

thousands of lobules, none of which contain a single cell
;
some

are obsolete, others again may be perfectly injected. Together
with them we find lobules which are only half destroyed, others

which are still relatively whole. We must be very careful not

to confound such a condition as this, with those forms of in-

flammation which lead to a growth of connective tissue in the

portal canals
;
the subsequent contraction of this tissue giving

rise to inequalities of the hepatic surface precisely similar to

those just described, the organ presenting a lobed and grantdar

appearance {see Cirrhosis). It behoves us to be especially on

our guard, as red atrophy is not seldom found in conjunction
with a proliferation of connective tissue in the portal canals.

We will not attempt any dogmatic explanation of this fact.

We might assume that the abundance of nutrient matter in the

congested liver served as a predisposing cause of morbid growth ;

with equal probability however, we might say that a primary
cirrhosis had become complicated by atrophy due to passive

congestion.

§ 496. The combination of red atrophy with fatty liver has

already been referred to (§ 488). Distension of the peripheral

layer of secreting cells with oil, recession with dark-red or

brown staining of the central portion of each lobule
;
such a

combination as this must obviously give rise to the most

characteristic form of "nutmeg" liver. We will call it the
"
pigmented nutmeg liver."

§ 497. Yellow atrophy. (Acute yellow softening.) The
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aggregate of highly characteristic sjnnptoms which constitutes
"
malignant jaundice" {icicrua (/ran\s), corresponds to an equally

characteristic structural change in the liver, which gets its name
of "yellow atrophy" from two of its principal features. All

observers are agreed that within a period of from three to four

days or even less, the liver shrinks from its normal dimensions

to an extraordinarily small size
; (the contraction of the area of

liepatic dulness may be traced by percussion during life). After

<leath, the liver is found of a sulphur-yellow colour and very
anaemic ; its surface is smooth, its texture so homogeneous on

section that the individual lobules can no longer be distinguished
with the naked eye. This last statement, however, is only true

conditionally. Frerichs and R. Demme have often detected

remnants of hepatic parenchyma but little altered, embedded in

the homogeneous mass
; thej' describe groujjs of lobules, of

various sizes, which retained their normal structxu'e so com-

pletel)', especially at their edges, as to allow the individual

liver-cells and blood-vessels to be recognised. Wherever the

liver-tissue seems homogeneous, these structures are very im-

jDcrfectly if at all distinguishable. A granular mass, abimdantly

mingled with oil-globules of all sizes, and here and there with

pigment-granides or blood-corpuscles ;
blood-vessels and con-

nective tissue as if sodden
; crystals of leucin and tyrosin ;

this

is all that we can see under the microscojDe. The term "
soften-

ing" (biliary liquefaction
—after Henoch and von Dmch), which

some authors have applied to this condition, is gromided ujion

these appearances ;
as regards the general aspect of the organ,

the term is misleading ;
for the liver as a whole is rather hard

and leathery than softened.

^ 498. The process which underlies yellow atrophy of the

liver is still shrouded in darkness. We have luidoubtedly to do

with a dissolution of the hepatic parenchj-ma, and especially of

the secreting cells. Observers are nearly unanimous in attri-

buting the dissolution to fatty degeneration. But from this

point, opinions begin to diverge. Some recent inquirers {Ph.

Munk, Lcydcn, &c.) are inclined to assimilate this process of

fatty degeneration to the changes which occur in phosphorus-

poisoning ;
indeed Munk siiggests that all cases of acute yellow

atrophy may really be due to phosphorus. The chief phe-
nomenon in the disorganisation caused by phosphorus, is the
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presence of oil-globules in the liver-cells
;

it is quite possible
however tbat this is preceded by a parenchymatous swelling.
The latter phenomenon, according to another set of observers

{Frcric/is, Dcmme) is the essential feature in yellow atrophy.

They regard this disorder as resulting from an acute inflamma-

tion of the parenchyma, which they believe to be principally
seated in the peripheral parts of the lobule, and capable of being
demonstrated in the above-described remnants of hepatic tissue-

(§ 497). They hold that the swelling of the peripheral zone of

cells causes obstruction of the minute bile-ducts which issue

from the lobule, followed by retention of bile in its interior
;

the reabsorption of this bile into the blood giving rise to the

jaundice. This theory is accordingly meant to take in the

singular fact, that while the larger bile-ducts are always either

empty or else filled with colourless mucus, jaundice is invariably

present. A third view [Henoch, von Dttsch) makes the retention

of bile in the liver the starting-point of the disease. They
believe that the hepatic cells are dissolved by the retained bile,

and that the atrophy is therefore a "biliary liquefaction" of the

liver. "We know, however, that liver-cells maj'' be kept in bile

for days together without being dissolved. I think we may
spare ourselves the trouble of trying to explain malignant jaun-
dice on the hypothesis that it is due to reabsorption of bile.

Everything seems rather to point to its being a form of acute-

blood-j)oisoning, in the course of which numbers of red blood-

corpuscles become dissolved, or at least give up their colouring
matter

; this, after being set free, undergoing conversion into

bile-pigment without the aid of the liver. The morbid change
in the blood would thus be the main element in the disease

;
it

manifests itself likewise by several ha3morrhages, partly paren-

chymatous (skin, mesenterj^), partly superficial (nose, bowels),

"Whether the disturbances in the central nervous system are due

immediately to the poison, or result from the altered composi-
tion of the blood, there is no decisive evidence to show.

Frerichs thought that the leucin and tj'-rosin resulting from the-

disintegration of the liver-cells mingled with the blood, and

caused the nervous sjonptoms ;
but it has been shown by direct

experiment that these substances may be introduced into the

circulation in considerable quantities without producing coma,

delirium, cramps, &c. It is doubtful moreover whether the
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disorganisation of the liver is due to the direct or indirect action

of the poison. We may either ascribe the destruction of the

liver-cells to the immediate operation of the poison (as in phos-

phorus-poisoning), or we may assume that the blood, after

undergoing changes in its composition, causes the disintegration

of the cells. I incline to the former view myself, referring all

he phenomena of the disease to the immediate chemical effects

of the hitherto imdiscovercd poison.

It has been established by a series of trustworthy obser-

vations {Waldeyer, Klehs), that yellow atrophy of the hepatic

parench\Tna may nm a more lingering course, and pass into a

state which has been termed by Kkhs " red atrophy." Such

livers exhibit patches of varying size in a state ofyellow atrophy,

separated by depressed bands of liver-tissue of a palc-rcd hue
;

the latter are found imder the microscope to consist of a lax and

flabby connective tissue which contains oil-globides and granules
of bile-pigment in narrow lacunar crevices, and besides these,

cells resembling the cpithelia of the biliary ducts arranged in

regularly branching lines and tubes which seem to end coecally.

Wahleyc)' is inclined to regard the latter as evidence of a rcpara-

tory proliferation of epithelimn, starting from the bile-ducts,

and destined to replace the lost trabeculao of hepatic cells
;
Klchs

however, repudiates this view, regarding them simply as altered

remnants of what once were secreting trabecular.

§ 499. Circumscribed atrophy of the hepatic parenchyma,

beginning with a gradual shrinking and absorption of the liver-

cells and obliteration of the residual framework of blood-vessels,

is found wherever the liver is subject to mechanical compression.
Tlie chief instance of this is

"
atrophy from tight-lacing."

(Jwing to the compression of the lower aperture of the thorax

by the stays, the liver is first of all squeezed together from

the sides ;
it is thrown into a series of shallow folds which

traverse the right lobe from behind forwards. At the same time,

the edge of the thorax is pressed against its surface. The
lobules at this point become atrophied ;

their place is taken by
tibroid tissue, which appears on superficial examination like a

thickening of the capside intruding into the parenchyma. The

capside may, however, be really thickened as well. A furrow

is thus produced, which grows steadily deeper and cuts oft' the

anterior part of the right and left lobes
; ultimately indeed, the
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connexion of these lobes with, their margins may be purely

ligamentous. The part thus "
Jaced off" becomes rounded and

nodular; all the channels which are destined to carry away its

blood and bile, are compressed at some point or other, and

imdergo proportionate dilatation in consequence. Even with

the naked eye we can see the turgid, varicose veins, as well as

the bile-ducts, which are distended, not with bile, but with the

clear mucous secretion of their lining membrane. The abnor-

mal mobility of the free border of the right lobe may sometimes

result in its being folded over and jammed under the edge of

the ribs. Inasmuch as the gall-bladder is attached to it, the

dislocation of the cystic and common ducts may give rise to

jaundice from obstruction of the latter (Virchoiv).

§ 500. Partial atrophy of the liver may also be caused by the

pressure of exudations encysted between the liver and the dia-

phragm, or collected in the pleural or pericardial sacs. Similar

effects may follow the pressure of abdominal tumours. I have

recently had an opportmiity of observing a highly remarkable

case of this kind. The patient was a ricketty puerpera. The

pregnant uterus had squeezed the anterior halfof the liver against
the ribs so forcibly, that side by side Avith an old fissure due to

tight-lacing, there were many atrophic patches of more recent

date. These were depressed below the surface, reddish-brown,
and very sharply marked off from the healthy parenchyma
round them

;
the lines of demarcation being arcuate with their

concavities directed outwards, so that the patches had a stellate

form
; they varied in size from one millimetre in diameter to a

superficial area of several square inches. The microscope showed

a nearly total absence of hepatic cells, while the vascular net-

work remained pervious to injection throughout. The case was

undoubtedly one of subacute atrophy, since the temporary

enlargement of the uterus can only have interfered with the

liver during a short time. It is worthy of note that in such

cases the liver-cells are the first to suffer, while the vessels

continue, for a time at least, unaffected. I am inclined to

believe that a complete restoration of the atrophied parts is

possible. This would necessitate the renewed occupation of the

interstices between the vessels by secreting elements; these may
possibly be developed from the few hepatic cells Avhich still

survive, or from the corpuscular elements of the connective tissue.
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5. Inflammation.

§ 501. Parenchymatous inflammation. When wo find a

liver moderately enlarged in all its dimensions, of a yellowish-

grey colour, anoemic, offering a peculiar inelastic and doughy
resistance to the finger ;

smooth on its surface, remarkably dry
on section—not unlike smoked meat

;
when we meet with all

these characters, we arc justified in referring them to a change
in the hepatic cells, termed by Virclmc

"
cloudy swelling," and

recognised by him as the essential basis of parenchj-matous
inflammation. It denotes an enlargement of the ceUs due to the

presence of a number of dark (albuminous) granules in their

protoplasm. Inasmuch as the protoplasm of the normal liver-

cells also contains a number of granules, it is clearly a difficult

matter to decide from the appearance of a single element

whether the accimiulation of granules is wnthin or beyond the

normal limits. In extreme cases indeed, the number of

granules is so excessive as entirely to conceal the nuclei
;
but

such cases are rare. The increase in size too, is not a reliable

criterion when applied to a single cell. The examination of fine
.

sections yields far better results. The first point which sti-ikes

us in these is a marked enlargement of tlie lobules, with an

increased distinctness of their outlines. I believe that the latter

l)henomenon is due to an intense serous oedema of the inter-

lobular connective tissue. The secreting network is somewhat

thickened ;
but we are much more struck by a certain disturb-

ance in its structural relations. In place of the almost pedanti-

callv regular arrangement of the individual elements, we find

theni loosely connected, in a state of disorder hard to describe ;

the chief point is that the cells are often separated by little

intervals; many of them have slipped out of the ranks, so that it

becomes incorrect to speak of the "trabecula)" of the secreting

network. It may be that the oedema of the portal canals

extends into the interior of the lobides also
;

it may bo that the

swollen condition of the colls helps to loosen their mutual con-

nexion by rounding off their angles. Another point struck me
as worthy of notice—a point of great importance for the inter-

pretation of the suppurative inflammation which we shall con-

sider next
;
this is, that the connective-tissue corpuscles in the
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l)ortal canals, as well as the capillary nuclei, are in a state of
formative irritation. Many of the capillaries are coated with

long rows or irregular groups of nuclei
; similar groups occur

in the portal canals, but above all, in the interior of single
lobules. The latter arc so large as to remind the observer of

miliary abscesses.

§ 502, Diffuse parenchymatous hepatitis in its mildest form,
is met with in very many blood-diseases; e.g. in typhus, in

the acute exanthemata (especially variola), in poisoning by
various chemical, septic, and animal agents, in puerperal fever,
&e. It is nearly certain that in all such cases, complete restora-

tion to the normal state is within the bounds of
possibility.

For notAvithstanding that the attention of observers has been
directed for whole decades to this point, no one has ever suc-

ceeded in joroving that acute parenchjonatous inflammation is

capable of any other issue. We have already seen, indeed, that

some authors regard acute yellow atrophy tas an issue of paren-

chj'matous hepatitis; and I myself am inclined to think that

idiopathic abscess of the liver may be the final residt of a diffuse

parenchymatous inflammation. In either case however, there is

not evidence enough to decide the question.

§ 503. Suppurative inflammation.—^Abscess of the
i.iA'EK. "We distinguish between idiopathic abscess of the liver,

and the deuteropathic or metastatic form. The latter is a result

of thrombosis or embolism. The abscesses arise whenever in-

flammatory and suppurative changes in any part of the organism—
particxdarly within the area of the portal vein—cause coagu-

lation of blood within the vessels. The thrombi may extend

from the area drained by the jDortal capillaries directly into the

main trunk and branches of the portal vein (Pylephlebitis in the

limited sense of the term) ;
in the majority of these cases how-

ever, as in all those where the primary mischief is not situated

in the portal area, the secondary affection of the liver is due to

the intervention of embolism. Among the earliest results of

morbid anatomy was the empirical observation that abscesses

not unfrequently formed in the liA'er after injuries to the head.

In these and similar cases we ought always to make sure that

the liver has not been wounded by a rib fractured during
the same accident, or damaged by succussion. Apart from such

accidents, however, there remains a sum-total of metastatic pro-

VOL. II. h
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cesses which may be gi'ouped under three heads :
—

Ist, hepatic

abscesses secondary to mischief in the portal area
; 2nd, abscesses

secondary to disease at any point in the pulmonary or systemic

circulation (associated in the latter case with embolic deposits

in the lun^). In these latter cases we have grounds for

assuming that coagula formed in the pxdmonary veins make

their way through the left heart into the hepatic artery; 3rd,

hepatic abscesses secondary to disease in the domain of the

systemic circvJation, without the simultaneous occurrence of

abscesses in the lungs. This series can only be explained by

supposing either that the piilmonary capillaries and the anasto-

moses between the pulmonary artery and veins arc pervious to

emboli of small size, or that the examination has not been

conducted with sufficient care. Closer investigation usually

discovers that apart from the principal womids, abscesses, ^c,
which absorb all our attention, there exist some less extensive

lesions causing thrombosis in regions from which tho portal

vein can derive an embolus {e.g. at the neck of the bliuldor, in

the hcemorrhoidal plexus, &c.).

§ 504. The anatomy of hepatitis leading to abscess is always
the same in its coarser features. The finer details, however,

the interconnexion of the individual factors of the process, are

modified to some extent in accordance with its mode of origin,

as will be seen hereafter. B
j'
the coarser features, I miderstand

the development of pus in the portal canals, the growth of the

abscesses, the formation of pyogenic membranes, &c. The
reason why the suppuration always sets out from the portal
canals is to be sought in the greater abundance of connective

tissue in their interior. These two facta used formerly to be

connected by making the pus-cells actuallj^ originate by proli-

feration of the connective-tissue corpuscles. This view, however,
has lost ground since the publication of CoJmhcim's researches

{see § 89). For thoiigh it must always have seemed rather odd

to every conscientious histologist, that in the usual picture of

connective-tissue proliferation (fig. 106) the actual (Urmo)i of the

elements was very seldom to be seen, the theory resting mcreh'

upon the presence of large and small chains of cells at a point
where only a single connective-tissue corpuscle might fairly have
been expected to lie

;
nevertheless v. liccklinf/hausni'a discoveries

concerning the "migration of connective-tissue corpuscles" were
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the first which compelled us to modify our views. The young
cells which occupy the lacunar interstices of the connective

tissue in irritations of a local character, had to be regarded as

for the most part
"
immigrants." Still, they were the same

corpuscular elements, only derived from the neighbouring con-

nective tissue instead of originating on the spot. Even now,
we cannot regard the connective tissue as wholly barren, since

an experiment of r. RecJdinghausot's has proved that a moderate

amount of corpuscular proliferation may take place under suit-

able conditions even in portions of the cornea which have been

•excised. Still, the connective tissue as a source of young cells

has fallen very much into the background since we have learned

that the colourless corpuscles may emigrate from the blood-

vessels and so give rise to all sorts of plastic infiltrations.

'These considerations recur to our minds whenever we meet
with suppuration, and indeed with heterologous formations gene-

rally. We have to remodel our conceptions in accordance with

them, and while continuing to speak of "
corpuscular infiltra-

tion of the connective tissue," we must bear in mind that the

term "
infiltration

"
is u.sed more strictly than before, to denote

impregnation with the constituents of the blood. ISTow as the

'Connective tissue furnishes an investment for the vascvdar system,

intervening between the blood and the parenchyma, we can

plainly see how it is that the connective tissue is so favourite a

seat of morbid formations.

Returning to our proper theme, abscess of the liver, we may
explain the invariable commencement of the suppuration in the

portal canals by the fact that these canals contain more vacant

space, susceptible of distension, than exists in the interior of

the lobides. In addition to this cause—at any rate when the

abscesses are due to thrombosis and embolism—Ave have the

circumstance, that the immediate cause of the mischief first

enters the portal canals. From this point however, the textural

changes begin to diverge.

§ 505. If the case be one of thrombosis of the portal vein,

we can trace the disintegrating blood-clots along some branches

of the vessel almost as far as the point where the smaller inter-

lobular veins are given ofi". The walls of the vein everywhere
exhibit those appearances which I have elsewhere described as

characteristic of acute phlebitis (§ 212). The capside of Glisson
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is also extensively altered, and an abscess of some size is not

unfroqiicntly met with immediately round the trunk of th(^

portal tree. The walls of tlic interlobular veins are no longer

distinguishable from their lumina. For they are so completely

iinpregnated with colourless corpuscles that they blend with the

contents of the vessel, which also consist entirely of colourh^ss

cells.* These elongated, cylindrical, sometimes brandling

bodies, which may very well be compared to the core of a boil,

lie bathed in liquid pus, in a cavity formed between tlie vessel

and its fibrous sheath. The perivascular sheath itself is so

abundantly infiltrated with leucocytes that it forms a cushion-

like layer about a quarter of a line in thickness, which appears
of an intense white colour to the naked eye. This layer is every-
where intercalated between the portal vessels and tlie hepatic

parenchyma, and as lucky sections may bring considerable tracts

of the former into view at once, the thrombotic abscess in a

certain stage of its development may resemble a twig with its

leaves. Each leaflet corresponds in size, more or less closely,

to a normal lobule
;
but the two must ne^er be confounded

;
fo!-

the leaflet is really made up of a degenerated interlobular vessel

as its mid-rib, and the infiltrated perivascular sheath, seen in

section, as its blade. Tlie latter must also be regarded as the

first rudiment of a pjogenic membrane. Its cells are derived,

not from the interlobular vessel, but from the surrounding

parenchyma. Hence it is organically nnited with the latter

structure, and injected specimens show that it is only its inner

surface, that turned towards the vein, which breaks np into or

secretes pus, Avhile its parenchymatous side is made up of vascu-

larised embrj-^onic tissue. The parenchyma is thus protected
from suppurative disorganisation ;

I have never succeeded in

detecting any extension to the lobule itself, or any thrombosis

of the hepatic veins
;
but the parenchyma suffers all the more

from the mechanical effects of the enormous distension of thr

interlobular spaces. In sections Avhich traverse several adjacent

portal canals at right angles to their axes, we may see how
the intervening lobules are first altered in structiu'c, and finally

destroyed by the pressure to which they are subjected. The

* Cf. BvMs reopiit invi-slij^ations, qnotod in § 530, concerning the way
in which the cells contained in the ves*>tl origiiuitcv
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IrabccuLc of the secreting network wliicli originally radiate,

like the blood-vessels, from the central vein, arc compressed
in the direction of their length ;

the spheroidal surface of the

dilated portal canal governing the arrangement of the rows

of cells. These come to form concentric zones round the portal

canal, the number of zones being proportionate to its calibre.

It soon becomes difficult to distinguish the site of the central

vein; and inasmuch as this point is the centre of the former

structural grouping, we may regard its disappearance as a

proof that the old structure is obsolete. At a later period the

existence of the cells themselves is jeoi)ardised. For the more

completely they are grouped in the concentric zones above

alluded to, and the more the centrifugal pressure tends to stretch

and burst these zones, the more also do the cells deviate from

their original cuboidal form
; they become narrower, then fusi-

form or ribbon-shaped, and finally so slender as only to deserve

the name of fibres. I have never succeeded in making out that

they take any part in the proliferation by undergoing fission

and endogenous multiplication. Here and there indeed, we

may come across a cell with several nuclei
;
but one cell goes for

very little. The majorit}^ obviously waste away and perish, and

when the lobule is finally obliterated, the layers of embryonic
tissue Avhich surround the adjacent portal canals come into

contact with one another, and coalesce to form a new structural

unit. This new unit is nearly of the same size and shape as a

normal lobule
;
but it is not identical with that anatomical unit

which I formerly ^\'arncd the reader not to mistake for a lobule
;

it really does replace a lobule; but neither is it a "lobule

which has suppurated," however much the aspect of these

Avhite granules, freely suspended in the pus and limiting the

abscess-cavity on all sides, may tempt us to think so. It

is the greatest mystification which pathological histology can

©fier to the naked eye ;
for it leads the observer to conclude

involuntarily, that in abscess of the liver, the lobules are simply
macerated in the pus which fills the portal canals

;
whereas the

supposed lobules are really nothing more than shreds of the

pyogenic membrane, the hepatic parenchyma haA'ing disappeared

long before.

As the abscess gets larger, one pseudo-lobule after another

melts away, while new ones are continually being formed and
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isolatKl ;it tlie pei-ipliery. It is only the main branches of the

hepatic vein which still persist for a long time as points of attach-

ment for considerable numbers of pyogenic pseudo-lobules ;

and this contributes not a little to give the cavity of the abscess

a ragged and irregular appearance.

§ 50G. Tin: i;>ri50T-ic arsckss differs from the thrombotic

variety only in its earliest stages. It beghis with a circum-

scribed congestion, limited to that portion of the liver which is

sujjplied by the plugged A'cssel, Avhether this be an artery or a

branch of the portal vein. The congestion is most intense
;
the

cajiillaries are distended to their utmost
;
it usually terminates in

complete stasis. The condition in question is strictly analogous to

that which resvdts from embolism in the lungs ;
it differs only in

the absence of the haomorrhagic extravasation which usually occurs

in the lung. Tlio ][\cv is in general less liable to j^arcnclnnnatous

haemorrhages iIimh any other organ, notwithstanding, perhaps
indeed because of ils i^wni '.ascularity. For a vessel to give

way, it is needfid that iheie shoidd bo a difference between the

tension of the blood within it, and the pressure of the paren-

chyma outside it; lunv In tin- li\cr, any degree of tension, how-

ever excessive, is at once tiansniitted from the vessels to the

secreting network. There is no room for the blood to escape.

Haimorrhage into the liver only occurs when abnormal cavities,

into which the blood can be poured, have been produced by acci-

dent or disease. The extreme stagnation which we have referred

to as the first stage in embolic abscess, may however be regarded
as equivalent to an extravasation, to a hoDmorrhagic infarction.

For it would appear that the circidation is qiiite as incapable of

being restored in these cases, as in the htcmorrhagic infiltrations

of other organs ;
the whole of the affected portion of the liver

dies and becomes a c-apiif morfirum, towards which the subsequent
inflammation and suppuration stand in the relation of secondary,
reactive or sequestrating processes. As is seen in the annexed

drawing (fig. 143) the limits of stagnation coincide most strictly

"with those of the hepatic lobules. The sequestrating inflannuation

and suppuration are also limited, at least in their beginnings, by
the marginal boundary of the lobules. To a distance of 2 to 3

lines all romid the congested part, the lobules are swollen and of

a greyish hue (fig. 143, b). For the most part, they present the

characters of the parencln-matous inflammation described above ;
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the secreting cells of those lobules which adjoin the healthy tissue

being in a state of osdema and cloudy swelling. Those lobiiles

on the other hand which adjoin the congested part, are in a very
different condition. They are permeated by innumerable pus-

corpuscles, and are evidently on the way to complete liquefac-
tion. The pus-corpuscles lie between the rows of secreting

cells, outside the capillary walls. Our former views would have
led us to derive them from the proliferation of the capillary
nuclei

;
and in this particular case I am loth to adopt the modem

theory (see above) ; for, as may be seen in preparations which

Fig. 143.

Embolic abscesses of the liver, after Frerichs* a. Zone of stagna-

tion; h. Zone of parencbymatous inflammation; c. Normal

parencbyma ;
v. Hepatic vein.

have been pencilled out, the colourless cells form little aggregates

disposed alternateh' along the vessels—an arrangement which

forcibly recalls that of the capillary nuclei. I have not been

able to discover that the hepatic cells take any active share in the

pus-formation ;
but it seemed to me as though the disorganisa-

tion were coincident with the disappearance of their protoplasm
and the liberation of their nuclei.

*
Frerichs, as is justly remarked by Klebs, does not recognise the

" embolic" character of the deposit which he figures. Nevertheless his

figure agrees so perfectly with the appearance of those embolic deposits

which I have myself investigated, that I thought it hardly worth while

to handle the matter afresh.
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So much for the first stage of embolic hepatitis, during wliich

it differs from the thrombotic variety. Thrombosis of the portal

vein, so far at least as its branches are included in the domain of

the abscess, now associates itself with the inflammatory changes,
and the suppuration is concentrated, in the manner d(>scribed

above, roimd the portal canals. Abscesses which have outrun

the limits of a cubic inch, cease to be anatomically distinguishable
from one another

; provided of course that they arc still in jno-

gress, still extending.

§ 507. I have already suggested that i»iopatiii( aiis( i:ss of

the liver may represent one of the tenninations of acute paren-

chymatous hepatitis, I based this view partly on the occurrence

of isolated corpuscular infiltrations in parenchymatous In^patitis,

partlj^ on the presence of the latter affection in the initial stages
of embolic abscess. The reason why our infornuitiou on this

point is so inadequate depends on the rarity of idiopathic abscess

of the liver in European countries; it is endemic in India and on

the African coast. The disease runs an acute course, with fever,

jaundice, and enlargement of the liver. iVftcr death, colossal

accumulations of pus are often found in the thickest parts of the

organ, particularly in the hinder part of the right lobe.

§ 508. TiiAUMATic ABSCESS of the liver has recently been

investigated afresh. On the third or fourth day after irritating
the liver with red-hot needles, &c., KMcr found dense aggre-

gations of colourless blood-corpuscles surrounding the divided

vessels in the interlobular connective tissue. The colmnns of

hepatic cells iccede from one another, colourless blood-corpuscles

occupying the intervals. IIoliii assumes that the liver-cells also

take an active share in tlie suppurative process. Upon the

whole, traumatic suppui'ation of the liver apjioars to follow (lio

analogy of the thrombotic variet}'.

$5
509. The further course of hepatic abscess is the same in

all cases. It becomes a question whether the abscess, owing to

progressive liquefaction of the parenchyma, will reach the surface

of the organ at some point or other, or whether the jjyogenic

layer will be thick enough to resist the chemical action of the

decomposing pus before any such catastrophe can occui*, and go
on to produce a capsule of tough connective tissue. In the

latter, fortunate event, the pus-formation gradually subsides;

what pus there is, becomes inspissated and is finally absorbed,
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leaving a small cheesy or calcareous residue. The fibrous capsule
shrinks into a stellate cicatrix, which cannot of course adequately

replace the very considerable loss of substance. Should the

abscess, on the other hand, go on increasing, it reaches the cap-
sule of the li\'er

; inflammatory adhesion of the latter to the

<)p2)osite surface of the peritoneum may ward off the risk of per-
foration into the abdominal cavity ;

for this, however, the adhesion

must be tolerably firm, as the pus has often been kno"\\ai to rup-
ture a feeble adhesion, and so to force its way into the peritoneal
sac. Granting this danger to be past, the adhesion guides the

suppurative process step by step to other organs. The diaphragm
is most commonly perforated, at the risk of setting up pleurisy ;

supposing this risk also to bave been eluded, a suppurative
inflamuiation of the lung is imminent

; finally tbe abscess

makes its way into a bronchus and its contents are evacuated

througli the air-passages. Should the li^'er have become ad-

herent to the anterior abdominal wall, the pus never penetrates

to the surface in a straight line. It tends rather to creep roimd

the bellies of the muscles and to point somewbere else, near the

xiphoid appendix or in tbe last intercostal space. Perforation

sometimes, tbougb very rarely, occurs into the stomach, colon,

duodenum and biliary passages.

^510. Ix])UHATiVE ixi L vMMAi'iox. The foundation for this

is laid by chronic or recurrent actia' congestion of the li^^er.

As everybody knows by the familiar sense of fullness and

oppression in the right hypochondrium, tbe liver increases in

bulk after every meal
;
moreover it bas been proved by vivisec-

tion that the liver shares in the digestive hyperaimia of all the

abdominal viscera. Improper food, pungent condiments, and

above all, alcoholic excesses, render this physiological hyj^era^mia

abnormally intense
;
it subsides less completely after each recur-

rence, mitil at last it becomes chronic. Intermittent fc^er like-

wise gives rise to an active congestion of the liver, characterised

by the very marked enlargement, or as it used to be called

^'

cngouemcnt" of the organ (ague-cake). In either case it is

of the first importance that the physician should restore the

organ to its normal size while the condition of hypera)mia is still

imcomplicated. Otherwise they both inevitably lead to a lasting

and absolutely irreparable organic change, which manifests itself

broadly as an overgrowth of the interlobidar connective tissue.
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It is quite possible tliat here, as in suppuration, the cliauge may
partly depend on an immigration of leucocytes from tlie vessels,

especially from the interlobular twigs of the portal vein. We
have hitherto been content to trace indvirative inflammation from

its starting-point in an accumulation of young cells immediately
around the portal vessels. In a preparation given to me by
Billroth, clusters of embrj'onic elements may be seen at the

points of junction of three or more lobules
; they correspond

therefore in position to the terminal brandies of the portal Aein ;

and according as the portal canals have been divided trans-

versely, obliquely, or longitudinally, they present the fonn of

Fk;. 144.

%-

V,

W;.

^

^>-:'U^.->;<^^

liidiiralivc lu'])atiti!?. Fir.st shiiit'. n. liii< ilnlnilar vessels sur-

ruiiiHliil liv nil iiilili latinii (if >iii;ill ('I'll.-; r. Iiitrtdobular

vc>^cl.. iOO-

circular, elliptical or branching tiguics ^iig. il4j. It is seldom

indeed that we have an opportunit}- of observing the overgrowth
of the interstitial connective tissue at so early a stage. As a

general ride, we find the portal canals occupied by a connective

tissue principally made up of fibres, and containing but few

corpuscular elements, a tissue structurally homologous with tluil

of a cicatrix. True embryonic tissue is either wholly absent, or

only appears in the fonn of a narrow belt intercalated between

the cicatricial tissue
{(f)

and the parenchyma (h), (fig. 145).

The latter appearance is very common ;
it gives us some insight

into the mode of extension of the hyi)erplastic tissue, into the
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"
stadiology

"
of tlie process. The elements primarily infiltrated

(fig. 144) into the portal canals, liave already been converted

into cicatricial tissue. This transformation begins in the centre

of the deposit, in the immediate neighbourhood of the portal

vessels, and extends gradually outwards. In the meantime, and

before the whole of the existing embryonic tissue has been

converted into fibroid tissue, the corpuscular infiltration has also

increased and sjjread, forming a marginal zone which intervenes

at all points between the cicatrix and the parenchyma.

§ 511. It is obvious that these newly-formed products must

interfere very much with the secreting tissue of the liver. They

Fig. 145.

Induratht. Iiepatiti-- SLtoucl ^tdjjfo a a Bioxd bancK of fibrous

COUllci^tivi:; tissut;, periiieuteu. ciLuiidctiitl^ b_y vcssclis without

proper walls, and separated from b bj an interrupted layer of

young connective tissue; h. Groups of lobules, infiltrated

with fatty matter at their edges, o Jg.

do this chiefly in two ways. First, the young connective tissue

invades the adjoining lobules
;
this may be seen wherever the

zone of infiltration, so often alluded to, is at all well-marked.

The liver-cells disappear in proportion as the young connective-

tissue elements force their way along the capillary vessels, and

between the columns of secreting cells. Step by step, single

lobules or whole groups of lobules which are included between

any two or three adjacent portal canals, are destroyed. No
sooner have they ceased to exist, than the deposits of embryonic
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lis^sue, advancing; iVom uU sides, meet and coalesce, just as the

waves close over a drowning man
; nothing being left oi" tlio

hepatic structure beyond connective tissue and vessels.

A second, and upon the whole, an even more efficient factor

in tlie disorganisation of the secreting substance, is the con-

stricting force exerted by the connective tissue during its

libroid transformation. The "cicatricial contraction" (^ 93) is

<nninently marked in the present case. Its action increases

l)rogressively in power as we pass from the finest divisions of

the portal canals to their main branches and finall}' to their

tnmk. The inevitable consequence is a contraction of the entire

organ, a shrinking of the liver in all its dimensions. If we go
on to inquire which of its component parts is most affected by
this contraction, we again find the secreting parenchjnna of the

lobules in the first rank, inasnmch as it is least adapted to

withstand mechanical force. The terminal ramifications of the

portal canals are coiled round corresponding bits of hepatic

parenchyma like so many halters, while the traction which

steadih' tends to tighten the nooses, and fuially to run them

close, is proi)agated from their common trunk. The intrusion

of the connecti\ e tissue into the lobules, to which I have alread}'

referred, may be regarded from this point of view as the means

])y which the interlobular traction actually obliterates thelobidav

parenchyma; we might even argue that the advance of the

corpuscular infiltration was directl}' due to the interlobular

pressure; so that the atrophy of the secrefing tissue would thus

be ascribed to a single c(nni(>('f(>(l ])r<>cess insfciul of two inde-

pendent factors.

^ 513. So much for the tcxlural change^ wliich invarial)ly

recur in the same order in all forms of induratiNC hepatitis. We
can distinguish broadly between three varieties of the disease—
the indurated, the granular and the lobulated liver. The occui--

rencc of one or other of these forms is determined by the

localisation of the connective-tissue development either in the

finest ramifications of the i)ortal tree, or in its medium-sized

divisions, or fiiudly in its main branches.

Induhation of tiik liver, a uniform contraction of the

organ in all its diameters associated with a marked condensation

of its texture, with a wooden rigidity and dryness, with a dimi-

mition in the size of the individual lobules which arc framed in
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wliitiHli strips of connective tissue—these are the cliangos, whicli,

taken together, make up what we call
" induration of the liver

""

jxir cjcccJknco. The overgroAvth of the connective tissue is dis-

tributed with the utmost uniformity throughout the whole inter-

lobular system ;
each lobule is sej)arated from its neighbours by

a fibroits septum, each is individually exposed to the Avasting

pressure of the cicatricial tissue
;
and this is the reason why Ave-

fail to observe, in contrast to the cirrhotic liver, any protrusion
of the relatively healthy parenchyma above the level of the-

external or sectional surface, and why the indurated liver seems'

but slightly granular.
Induration of the liver is most common as a sequela of long-

continued ague. Thus we occasionally find it associated with

another series of structural alterations, referred to in § 184,

Hc. the formation of melana^mic pigment in the liver. When
this takes place, the indurated organ is slate-coloured, and we
can see black flakes of pigment in large numbers round tlie

portal veins and capillary vessels. These flakes are either the

remains of ha}morrhages which have previously occurred, or-

they may have penetrated through the walls of the vessels in

their existing form. In any case, they ought never to be mis-

taken for wasted liver-cells
;
for they are ahvays situated between

the pervious capillaries and the intact columns of hepatic cells,

thus presenting all the appearance of having been "
infiltrated,"

of having "forced their way in."

§ 513. GrRANULAR LIVER (CiRRiiosis). Should the growtli
of connective tissue bo restricted to the portal canals of large
and medium calibre, proportionately larger segments of the

secreting parenchyma will be included and " laced off"." The
entire mechanical etfect of the indurative inflammation is con-

centrated in particular directions
;

all the lobules which lie in

these directions are utterly destroyed ;
the adjacent ones suffer

to a greater or less extent
;
while the intermediate portions of

the parenchjTiia continue relatively normal, though they are

subjected to a degree of lateral pressure which makes them

bulge outwards wherever they can find room to do so. The

entire surface of the cirrhosed liver is accordingly studded witli

hemispherical elevations, which vary in proportion to the size

of the parts "laced off"," from the dimensions of half a millet-

seed to those of half a filbert, or more. This "
granular

"
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aspect is also, though less distinctly, presented by the cut

surface of the recent liver. The granular elevations are not

therefore, as Lacnncc erroneously supposed,* the diseased part ;

it is the connective tissue between them which is abnonnal
;

indeed they represent what is left of the healthy parencliyma.
In speaking of the hepatic parenchj'ma as "

healthy," my
words must not be taken too literally. The secreting cells are

very commonly fatty ;
where they adjoin the fibroid tissue, they

often exhibit an intense degree of pigmentary infiltration, which

may reasonably be regarded as a part of the disorganisation
which is here in progress. We arc most struck, however, with

a singular disorder in the ranks of the secreting cells, which

makes it impossible to distinguish the limits of the individual

lobules, and so to ascertain how many of them are contained in

each of the granular nodules.

The hyperplastic connective tissue likewise merits a more

detailed consideration. Its analogy with the fibroid tissue of

scars, to which I have already referred, might leave the reader

imder the impression that it is scantily provided with vessels.

Quite the contrary ;
the white, scar-like tissue is abundantly

permeated by blood-vessels, which, in well-injected specimens,

may leave us in doubt whether they, or the hjqjerplastic tissue

take up most space. These vessels cannot be showni to possess

a projier lining membrane
;

instead of it, we find the most

superficial stratum of the connective tissue covered with a single

layer of epithelium ;
this gives the entire structure a certain

likeness to cavernous tissue. These peciUiaritics are midoubtedly
connected with the great vascularity of the normal liver. It is

only on condition that the greater part at least of the blood

which continues to flow to the liver shall find a passage through

it, that fibroid changes of any magnitude can be permitted to

occur within the organ. !Mucli of course depends on the ten-

sion of the affluent blood
;

this is ver}' much higher in the

hepatic artery than in the portal vein or its branches ;
hence

the curious fact that the lacunar spaces in the fibroid tissue,

as is sho^\ni by injection, receive their blood, not from the portal

vein, but from the artery. The portal vein is often found

obliterated from its mediiim-sized divisions onwards. In one

* Laennec identified them with cheesy tubercles.
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case, tlic greatest force I could exert did not enable me to fill

more than the trunk and its three or four main divisions, from

the portal vein. These proved moreover to be much dilated,

and a more thorough investigation showed that the portal blood

had not been transmitted through the liver at all, but had passed

directly into the inferior cava through a number of dilated

anastomoses between the mesenteric and spermatic veins. In

other cases, the portal blood flows immediately into the granular
islets of parenchyma, from whence it makes its way into the

lacunar system of the cicatrices, while the latter can be directly

filled from the hepatic artery.

The distribution of blood in the cirrhotic liver seems to be

chiefly regulated : (1) by the compression and obliteration of

the branches of the portal vein by the cicatricial tissue, while

(2) the area of distribution of the hepatic artery is steadily

enlarged. The narrowing of the portal vessels gives rise to the

manifold effects of passive congestion in the intestines and

spleen, to ascites, &c., and determines the opening-up of col-

lateral anastomoses between the portal A^ein and the inferior

cava. The extension of the arterial territory allows the hepatic

artery to take some of the duties of the portal vein upon it, the

bile being thenceforward mainly elaborated from arterial blood.

The hepatic ducts seem as a rule to remain pervious. Some-

times, though rarely, we come across a granular islet of

parenchyma, whose dark-yellow, brown, or even green colour

tells us that its eflerent duct has been compressed by the

cicatrix, causing retention of the secreted bile. The tolerably

frequent occurrence of jaundice in cirrhosis of the liver must

therefore be ascribed merely to obstruction of the orifice of the

ductus choledochus by swelling of its mucous lining, in con-

sequence of a simultaneous catarrh of the duodeniim.

§ 514. LoBULATiox OF THE LIVER is usually associated with

granular cirrhosis. Due to the same causes, produced in the

same way, it merely shows what striking deformities must

naturally result when the main trunk of the portal tree,

together with its principal divisions, is involved in fibroid de-

generation. It is then that the natural division of the liver

into lobes, masked during health, and which, as we already

know, is due to the grouping of the parenchyma round the

larger and medium-sized branches of the veins, manifests itself
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inoic oi' less strikiiifj;ly. Tlu' j^^raimlar islets either tonii ^ecou-

daiy elevations on the surface of the lobulated orj^an, or else we
find a iiTadual transition from the smallest granular noduie.t

tliniuiili an ascending series of larger ouv^ to the walnut-sized

Ills (if ]>ar(Mic]iyina wliicli make up Ihe lohulated liver,*'incli

0. TiMorijs.

^•")l-"j. ('\\i;i!N()i> ir\i()ii;s. 'I'lic -.'I.ti luii of subjects by

])athologic'al liisfologists, anfl llie order in wliich tliey have been

lakcii, has not always coincifbHl witli the practical needs of tke

physician. \\n\ for tlii^, we might justly liavc wondered that

wliile some most im]K)rtant (questions concerning the origin and

gi'owth of eanecM'ous tumours of 1h{> liver ar{> still unsettled, a

t iiiiiour wliicli is uttci'ly iu^iuiiificaiit from a clinical point of

view, the cavernous tumour, should at an early period hav<'

attracted the attention of our best observers. Xot oidy do we

possess a thorough knoAvledge of the minute structure of these

occasional gaps in the substance of the liver, varying in size from

a ])ea to a walnut, sharply circumscribed, tilled with erect ih>

tissue, and therefore, e\(n wlicn lialf empty, of a dark puri)le

colour
;
but we also possess a theory to account for their origin

and development, started by Vlirhou', and which is far more

than a mere hypothesis.

§ 51(3. The proper substance of the tumour (consists of a

trabecular netM'ork of coniU'cfive tissue, whose interstices are

open to tlie blood. If wc e.\anin!(> one of lliesc t I'abccula" uiid(M'

the microscope, we tind that it consists of a single layer of pave-

nunit-epithelimn, sj)read over a fibrous basis-substance Avhich

(diitains a limited number of spindle-shaped corpuscles, believed

by some observers to be imstriped museidar fibre-cells. Net-

works of elastic fibres, ])artly .surrounding, ])artly traversing the

spaces, gi\(" tlie entire structure a certain I'esemblance to ihe

*
Pathological lobulation of the liver Jiuist \v>\. el i<Mir~c, l>r (.m-

lonnded with con<j;fiiital Inluilalinn ; in tlic latter, tlicif i- im ()vei;*;i"o\vtli

of eouuective tissue. A-.iin. ii mny be luistakeii for syjiliilitic disease,

;m error for wlii(li tlni, i- ,111, excuse, as indurative inilainination

ruid the produetieii ef ri.;ii 1 j, .., iIk re.dlv form part of tlic latter

discrder (Cf. §o2i;.
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alveolar septa of tlie lungs. Tlie a^'cragc size of the enclosed

spaces also corresponds to that of the air-cells. As regards

structure, I need only add that the septa radiate from one or

more centres situated in the middle of the tumour
;
centres which

are onlj^ distinguishable by their containing a somewhat larger
accumulation of connective substance, but whose nature and sig-

nificance can only be understood from a consideration of the

development of the tumour.

On examining the periphery of the tumour with the micro-

scope, we soon discover that it is everywhere separated from the

hepatic parenchj'^ma, by a moderately wide layer of connective

tissue
; here and there, this connective tissue may be seen to

send a three-cornered process into the interval between two

adjacent lobules. These processes also contain blood-vessels
;

but they are less nimierous, and separated by wider bridges of

connective tissue. Here, if anywhere, we get an insight into

the development of the tumour
;

it consists in an interlobular

overgrowth of connective tissue, followed by cavernous meta-

morphosis (§ 130). The tumour is thus related to interstitial

hepatitis on the one hand, to the development of fibroid tumours

on the other. We found the connectiA^e tissue remarkable for its

vascularity, even in cirrhosis
;

it was then hinted as probable,
that this vascularity might depend on a local cause, A'iz. the

enormous vascularity of the liver itself; and we may invoke the

same cause in the present case also. Here it gives rise to the

development of a telangiectatic or erectile, instead of a simple
fibroid growth.

§ 517. This insight into the development of the tumour

renders it needless to try to refer its lacunar spaces to dilatation

of the pre-existing arteries, veins or capillaries. The hepatic

parenchyma with all its vessels is destroyed, lobule after lobule,

very slowly, but very completelj", without any antecedent dis-

tortion
;

its destruction being due to the pressure of the growth
as it extends along the smallest portal canals. "With the arrest

of the capillar}^ circulation, the corresponding branches of the

hepatic vein collapse, ultimately forming those denser accumula-

tions of connective substance from which the septa of the fully-

developed tumour appear to radiate, because the growth has

converged from all sides towards them, i.e. towards the centre of

the lobules.

VOL. Ti. i
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Vu'chow*s injections show that the lacunar spaces of the

tumour may be filled both from the portal vein and the hepatic

artery, but not from the hepatic vein. This, also, is explaine<l by
the development of the growth. The portal canals contain onh'

branches of the portal vein and of the arteiy, and a tumour

which grows in these canals will naturally get its blood from

these vessels, and not from the hepatic veins, from which it is

separated by the lobidar parenchjTna,

§ 518. The secondary metamorphoses of these cavernous

tumours may be dismissed in a few words. I have once seen a

partial obliteration of the lacimar spaces, xmdoubtedly caused by
a previous coagulation of the blood contained in them. The

central part of the tumour (which was about the size of a hazel-

nut) was occupied by a tough white nodule, as big as a pea ;

this nodule being surrounded by a zone, a line in width, of per-

vious erectile tissue. A vertical section showed, however, that

the septa extended all through the nodide
;
so that the lacunar

intervals must have been filled up by a secondary development
of young connective tissue.

§ 519. Cysts. Putting aside hydatids and accidental cysts

(softened cancer-nodules, abscesses, &c.) there remains only a

small group of hepatic cysts, all of which must be regarded as bile-

ducts, dilated in consequence of retention. Such cysts are some-

times single and of considerable size
; sometimes, though rarely,

we meet with midtiple cysts varying in size from those which

are barely visible, to those which attain the respectable dimen-

sions of a pigeon's egg. In common with other observers [Rohi-

tansTxi, Forder), I have foimd these multiple cysts of the liver

associated with extreme cystic degeneration of both kidneys.
The liver, in the case I examined, was especially rich in cysts at

its anterior part, the free border of the left lobe being entirely

occupied by medium-sized blebs, while towards the inner and

back part of the organ, the cysts were less nimierous and of

proportionately larger size. Accordingly, the opportunity was
favourable for tracing the mode of their development.

At an early period of the inquiry, I was struck with the

great similarity between the first stages in the development of

the cysts and the condition which Ndunyn has briefly described

as "
Cystosarcoma JTepatis." In the middle of certain white

nodules of connective tissue as large as a good-sized millet-seed,
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which lie embedded in the portal canals, a punctiform orifice

can be detected even with the naked eye ;
this proves, on more

minute examination, to be simply a dilated interlobular bile-duct.

These dilatations are lined by a sub-columnar epithelium which

is continuous with the epithelial lining of the efferent duct ;
in

the smallest tumours, their shape is simply ellipsoidal ;
in those

of larger size, they bulge in various directions—nay, they are

often studded with a number of tubular processes which pene-
trate into the adjoining parenchyma. From these appearances

Naunyn wanted to infer that the tumour extended by epithelial

sprouts, and belonged to the class of adenomata {see below).

They can only be said to resemble adenomata, however, if the

term be employed in the sense formerlj^ given to it by Billroth ;

he applied it to tumours of the mammary gland in which a

progressive dilatation of the eflferent duct was brought about by
a sarcomatous degeneration of the subepithelial connective tissue.

We must not on that account ascribe any cancerous quality to

the process, as will indeed be sufiiciently obvious from its further

course (Cf. § 526, Adenoma).
In the same liver I succeeded in finding every intermediate

form between the first beginnings which I have just described,

and simple globular cysts. The transition from the one to the

other is operated by a reduction and perforation of the folds

which separate the individual diverticula given off" from the

central cavity, and to which its chambered appearance is due.

After the disappearance of these folds, the cavity gradually fills

with a thin, watery secretion
;

it becomes a simple retention-

cyst with smooth walls.

§ 520. Syphilis. For information concerning the general
character of syphilitic growths, I refer the reader to the first

part of the present manual. Syphilitic changes in the liver

belong to those profounder lesions which are produced during
the later stages of the disease, and which are also known as

"tertiary." The anatomical alterations consist of two distinct

processes, variously combined with one another
;
of an indura-

tive overgrowth of connective tissue on the one hand, of a

development of gummata on the other.

§ 521. The most common case is that in which one or more

deposits of tough, white connective tissue are found in the paren-

chyma of the liver, in conjimction with analogous changes in
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other parts of the organism (the cranial bones, the pharynx,

larjTix, &c.) ;
these deposits send radiating prolongations into

the smTovrnding parenchyma in various directions, and are

followed by a fissiiring and lobulation of the surface, correspond-

ing to and caused by A'igorous contraction, operating in those

directions (fig. 146). These phenomena are, as a rule, most

strikingly exemplified along the attachment of the suspensory

ligament ;
in this region we occasionally find three or more

stellate cicatrices ; or perhaps the entire thickness of the liver

%\

8}q)hilitic (lisea.se of tlie liver, a. Left ; h. Right lobe ; c c.

Deposit of connective tissue which traverses the organ from

its transverse fissure to the suspensory ligament, and contains

gummiita in its inteiini. ••.

may be traversed by a single fibroid band of colossal size. It is

probable that the traction, however gentle, which the ligament
exerts upon the liver during its to-and-fro movements upon the

diaphragm, may contribute, as a predisposing cause, to the local-

isation of the lesion
; further details concerning s}'j)hilitic altera-

tions in the liver Avill show that its co-operation is not in any

way indispensable.

Gummatous nodules of various age and .sl/e uccur, not

indeed invariably, but very often, in the substance of and near
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the fibroid tissue : tlicy arc more rarely found alone amid the

healthy parenchpna. Yello-\vish-white, cheesy and sapless no-

dules, as big as a cherry-stone, are more common than those

yoimger and still soft fonnations, in which the minute structure

of the specific products of syphilis admits of being- studied. The
latter contain corpuscidar elements, some round, others spindle-

shaped or stellate, which have undergone fatty degeneration, but

which persist in the form of granule-cells ;
the round ones

occupy the centre, while the stellate and spindle-shaped ones

are situated at the periphery of the spheroidal nodules. The
basis-substance is swollen and soft

;
on the addition of acetic

acid it yields a precipitate of mucin. The cheesy nodules are

clearly due to a further metamorphosis of these true gummata,
and ought never to be mistaken for inspissated pus, cancer-

nodules which have become cheesy, and so forth. Sometimes,

though very rarely, these nodides undergo a further change ;

they soften and are reabsorbed
; fortunately, however, they are

usually present to prove the syphilitic nature of the radiating
cicatrices of connective tissue, which might otherwise be ascribed

to a wrong cause.

5^
522. The localisation of the syphilitic products in multiple

foci of smaller size (from thirty to sixty) scattered throughout
the entire parenchjTna, is far less frequent than their occurrence

in single large masses. Suppose from five to ten gummatous
nodides, much smaller than a millet-seed, imited into a small

spheroidal tumour by means of tough connective tissue, whose

basis-substance is as transparent as cartilage, and whose cells

are typically spindle-shaped ;
the connective tissue forming an

areola which sends radiating processes to a variable distance

into the neighbouring textures, and gives the whole of the

affected part a grey, translucent aspect. The central portion of

each single nodide consists of romid-cells, or even of multinuclear

giant-cells which are destined to undergo fatty degeneration ;

moreover a kind of concentric arrangement may often be ob-

served, such as we find in trans%'erse sections of degenerated
vessels. But it is difficult to say what vessels are here in-

volved
;
for the said gvmimata are always situated in the portal

canals, where arteries, veins, bile-ducts and lymphatics rim side

by side. I have succeeded in proving to my own satisfaction,

by the examination of isolated nodules, lying immediately under
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the capsule, that we have to do with Ijinphatics ;
further obser-

vations are needed, however, to decide this point.

§ 523. A third variety of syphilitic liver is that hereditary

cirrhosis which is met with in the new-born infants of a syphi-

litic mother. Whether the mysterious cases of typical and fully

developed cirrhosis which are occasionally met with in children

from ten to fifteen years of age, and which I have found to be

characterised by complete obliteration of the branches of the

portal vein, are a more advanced stage of the former hereditary

variety, it is not easy to decide. This view is supported by the very

perfect compensatory arrangements, which in these cases more

than in any others, regulate the portal circulation, and which

can only be explained on the supposition that the liver had to

accommodate itself to its disordered condition while still in

process of development.

§ 524. Leukil«mic savellixg. In treating of leukhaemia

(§ 177, d neqq.) I laid down the fundamental characters of leuk-

ha}mic infiltrations in general. The liver is their favourite

seat; and it is in the liver that their iiiiiiute structure may be

most satisfactorily investigated.

Ever since we have been aware of the fact that the minute

vessels permit the transit of the colourless blood-corpuscles

through their walls, we have been obliged to regard the "
growth

of lymphadenoid tissue
"
occurring in leukha?mic subjects as an

infiltration, due to the migration of leucocytes from the vessels.

Indeed the increased nimiber of colourless elements in the blood

itself is too suggestive to admit of our shutting our eyes to this

possibility. Moreover, the results of microscopic examination

invariably corroborate the hypothesis of emigration. Owing to

the remarkable analogy in external form between leukhoomic

deposits and hocmorrhagic extravasations in the kidneys, I had

long puzzled my brains to discover how and whether I might
refer the leukha)mic foci to antecedent haemorrhages. I never

got farther than the discovery that the vessels in the aft'ected

areas were peculiarly thin-walled, as shown by the large extra-

vasations from them during injection of the organs. Now in

the liver, we find the leukha^mic infiltration intimately associated

with the course of the vessels. Every section made through a

duly hardened and injected specimen shows the colourless cells

arranged in rows along the capillaries throughout the entire
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lobiJe, Here and there, the cells are so closely aggregated as

to give one the impression of an epithelial layer in contact with

the outer surface of the capillaries ;
this is especially the case

in the marginal part of the lobules
;
less so towards their centre.

It may be taken for granted that this infiltration—like fatty

infiltration, mutatis mutandis—invades the lobule from withorut

inwards. The secreting cells take no part in the process.

Separated from the vessels, the source of their vital and func-

tional activity, they become atrophied ;
a brownish mottling of

the hepatic tissue may often be observed even with the naked eye,

due to little heaps of pigment-granules, the remains of former

liver-cells. This mottling is all the more apparent, as the colour

acquired by the lobule in consequence of leukhajmic infiltration

is a very pure milk-white. We are usually able to see all stages
of the morbid change in the same liver, since the boundaries of

the individual lobules are in no degree efiaced by the adA^ancing

infiltration, but rather made sharper and more distinct. So that

by the side of normal lobules we see others whose edges are

slightly swollen and pale ;
others again which are increased by

about one-third of their normal size, and of a uniform greyish-
brown tint; finally some milk-white lobules of monstrous dimen-

sions, peculiarly dry, and bulging outwards when cut across.

The various degrees of infiltration are usually so distributed

that the parts of the organ which are most exposed to pressure

{e.g. under the edge of the ribs) are least altered, while the parts
farthest removed from these present a higher degree of morbid

change ;
to this rule, however, there are many exceptions. A

rare variety of leukha}mic disease of the liver consists in the

presence of circumscribed greyish-white nodules which in some

respects resemble miliary tubercles, difi'ering from them however

in their softer consistency. The nodules are situated in the

portal canals, and are for the most part associated with the

infiltration previously described.

The size and weight of the leukhsemic liver may be very

great, even equal to those of the cancerous liver (fig. 150, viii.).

Leukhaemic livers have been met with weighing 14 pounds.

§ 525. Tubercle. In general tuberculosis of the serous

membranes, the lungs, the heart, &c., such as is most commonly
met with in children, a variable number of miliary nodules may
also be found scattered through the liver. They are developed
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upon the smallest ramifications of the hepatic artery ;
hence they

are not confined to the interlobular sjxices, but occur also in the

interior of the lobules, where they make room for themselves by

pushing the parenchyma aside. According to Sclmppcl (Archiv

der Heilkunde, Bd. ix. Ileft, \\.) the corpuscular elements of

which these tubercles consist arc develope<l, not on the outside,

but in the interior of the blood-vessels. Supjiosing this to be

true, I should feel inclined to derive them from a proliferation

of the endothelium, inasmuch as I have been able to observe this

mode of origin in the lymphatics and the serous membranes

{nee § 115). Schiippel, on the other hand, regards the tubercle-

cells as the direct progeny of white blood-coiimscles, and totally

lepudiates the view that they originate from the endothelia, with

whose proliferation he is quite familiar, from his investigations

on cancer.

Even should the tubercles in the liver, as occasionally happens,
attain very considerable dimensions, they nevertheless remain of

very subordinate local importance. The larger ones ai-e often

found to be cheesy at their centres, their caseation being followed

by imbibition of bile
;
dead tissues being prone to absorb pig-

mentary matters which they reject while living.

^ 520. Adknoma. True epithelial cancer of the liver is ex-

ceedingly Kirc
;

it is always secondary, and occurs in the form

of very minute nodules. Adenoma, on the other hand, though

equally rare, is always primary, and seems in some measure to

replace the ordinarj- epithelial cancer. Since Rokitamhi first

directed attention to the occurrence of a tumoui--like deposit of

newly-fonned hepatic tissue, more recent observers have often

met with it. After eliminating, on Hoffman^h recommendation,
those cases of superfluous development of true hepatic tissue in

small globular masses, Avhich possess a merely teratological

interest, we have left, as an "Adenoma hepatis," a tumour

characterised by extremely marked features, both naked-eye
and microscopic. The fonner, however, nuiy be so immediately
deduced from the manner of its origin and growth, that I will

consider both sets of characters together.
If we trace the nodules to their smallest rudiments, such as

are invisible to the naked eye
—

(this has hitherto been done in

a solitary ease of multiple adenoma of the liver)
—we find them

represented by circumscribtHl changes in fonn and colour in the
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interior of .single lobules
(lig. 147). If the .specimen has been

previously steeped in carmine fluid, Ave find the diseased portion
•of the parenchyma very deeply stained

;
this makes it twice as

easy for us to notice that at these points the anastomosing
trabeculu) of the secreting network are replaced by independent,

roundly-oval C3"linders of cells, Avhich are elaborately conA'oluted,

4ind occupy a space which is, upon the whole, globular ;
this

space taking up one-sixth part of a lobule without pushing the

.adjoining columns of hepatic cells aside, i.e. simply replacing-

them. This primary alteration is due to a separation of the

trabeculac of the secreting network from one another at their

junctions, within the affected area of the lobule
;
the detached

Fig. 147.

^'^^S

Adenoma of the liver. Smallest nodules:, originating

partial metamorpliosis of a loT)ule. '^f.

trabecida), each for itself, as.suming the form of a c}'lindrical ag-

gregate of cells, such as we only meet with during the develop-

ment of the o]3en glands and in epithelial cancer. This transfor-

mation is associated with a moderate proliferation^of the liver-

cells; the effect of this, however, being provisionally annulled by
a simultaneous diminution in the size of the individual elements.

§ 527. The further growth of the nodule takes place partly

by a centrifugal extension of the morbid process, partly by the

proliferation of the existing corpuscular cylinders. As soon as

the tvmiour has reached the size of a pin's head, its growth
continues in the latter mode exclusivelj'. It acquires a capside of

connective tissue, which isolates it from the surrounding paren-

<;hyma. The latter is simply pushed,''aside and compressed
—

unless it take part in the morbid process by becoming converted

into fresh nodules. The original nodules, from this time forward,

grow independently. The peculiar tendency which manifests

itself in the earliest rudiments of the^tumour, now goes on to
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mimic the structui'c of a tubular gland, such as the kidney.

Figs. 148 and 149, both of which represent sections through
nodules no bigger than a hemp-seed, exhibit central lumitia of

various sizes in most of the pscudo-glandular tubes ; those

lumina being filled with a yellowish jelly, or a clear, watery
fluid. It must be remarked, however, that this acme of

development is seldom reached, and that the process usually

terminates in the production of HoUd cylinders. Fig. 149 in-

cludes a portion of the capside of connective tissue which

bounds the nodule externally. This capsule, in nodules of the

size of a cherry and upwards, is smooth within, and lined

with serous epithelium ;
so that the periphery of the nodule is

really limited by a serous space, which is only bridged over here

Fig. 148.

Fig. 149.

Adenoma of the liver.

Tubular structure of tin

growth, sk-

Adenoma of the liver. Blood-vesselu,

and capsule enclosing the t\unour-

nodules. sio-

and there by the afferent and efferent vessels. Attempts to

inject these tumours have shown me that their blood-channels,

though originally forming part of the capillar)' network of the

lobule, and therefore in communication with all the three main

vessels of the liver, are more and more exclusively supplied

from the hepatic artery as the development of the tumour goes

on. The larger nodules could only be injected from the artery.

We shall find something of the same sort in the true cancers.
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The fully-developed nodule of adenoma Is therefore a globular,

isolated tumour, enclosed in a membranous capsule of connective

tissue; its consistency is soft and elastic, its colour a bright liver-

brown, in some nodules even darker. The ttmiour may be single
or midtiple ;

in the latter case the nodules may attain the very
considerable diameter of tAvo inches. It is only by mutual pres-
sure during growth that the original globular form of the

nodules is variously altered and defaced. At a later period,

individual nodules for the most part undergo softening ;
their

cells grow fatty, the serous lining of the cyst produces a certain

quantity of pus ;
so that we at last get perfect abscess-cavities,

which may burst and give rise to fatal peritonitis. The size and

weight of the adenomatous liver depends upon the number and

size of the nodules
;

it may be very considerable indeed, just as

in cancer (fig. 150, viii.).

§ 528. Carcikomata. Cancer of the liver is exceedingly
variable in its external appearance. We may have milk-white,

tolerably firm nodules, protruding both on the external and the

sectional surface of the organ, ranging in size from a millet-

seed to an orange, sparingly disseminated through the dark

reddish-brown, atrophied parenchyma of the liver (carcinoma

simjjlex). Again, we may have a liver of enormous size

(fig. 150, viii.), which proves on section to be almost entirely
made up of soft cancer-nodules of all sizes and in all stages of

development (carcinoma medullare). Then we may have a

moderately enlarged liver, which, together with a few super-
ficial nodules as big as an orange, with a central depression or

imibilicus, exhibits a countless number of smaller and very
minute nodules (Cancer disscmine of the French). Further, we
have the rare case of a true diffuse infiltration, in which the

lobules retain their form, but grow thicker and broader, assum-

ing more of a greyish-white, and finally a perfectly white colour.

Next we have the radiating cancer (Strahlenkrebs) characterised

by the concentration of the cancer-structure in bands which

radiate from the centre of the nodule
;

this is usually a pig-

mented variety of medullary cancer. Finally we meet with

colloid cancer, which is rare, and only occurs in isolated nodules

of a secondary (metastatic) character.

I 629. In attempting to master the manifold varieties here

enumerated, it is very natural that we should recur to their
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respective origin and histological development, in the hope that

this knowledge may enable iis to understand, first their minute

Fig. 150.

Size of the liver in vunmis ilisoase.s. 1—10, lilw; i. Position of

the diuphrnyin iii extreme enhu-geiuent of tlie liver (cancer) ;

11. II. Normal po.sitiou of the diaphragm ; ll. in. Relative

dvilness on percussion ; ill. Po.sition of the (liai»hragm on the

anterior wall of the chest, indicating also npjter limit of dnl-

ness of the healthy liver
; iv. Edge of the liver in cirrhosis ;

V. In health ;
vi. Fatty liver ; vii. Amyloid liver ; viii. Can-

cer, lenkhrcmia, adenoma. All the above are averages.

•structui'e, and then their coarser featiu'cs. This method is so

very obvious that it has already been adoptx?d over and over

4igain ;
hitherto it has only availed to bewilder us in a primeval
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forest of isolated plienomena, wliicli will giyo to future observers

many an opportunity of distinguishing themselves.

Let us start from the fact that more than three-fourths of

all cancerous growths in the liver are of metastatic origin ;
that

of these metastatic deposits again, two-thirds are secondary to

primary cancer in the portal area, while one-third is secondary
to primary cancer in the rest of the body, both Avith and without

previous implication of the lungs. The numerical preponderance
of metastatic cancers may possibly be due to the entrance of

cancerous emboli into the portal vein or the hepatic artery. In

support of this view we have a series of cases of cancerous

thrombosis of the vena porta? recorded by various authors.

According to Virchow there is a perfectly independent form of

cancer, which originates in the interior of the portal vein, and

is not propagated from cancerous tumours in its neighbour-
hood. A thrombus extending from several branches at once

into the trunk of the vein, without perforating its wall at any

point, is found to consist wholly of cancer-tissue. This appear-
ance can only be explained by sujDposing that one or more

cancerous emboli have caused thrombosis in the portal vein,

followed by a cancerous metamorphosis of the clot. This rare

and curious phenomenon must never be confounded with the far

commoner case in which a cancer of the liver involves the portal

vein, destroys its walls and then proceeds to extend in its interior.

On the other hand, an observation of Naumjii's has more claim

to be considered in connexion with the present subject ; he

found a primary cancer of the kidney with cancerous thrombosis

of the superjacent veins of the mesocolon, associated with a

number of spots in the liver, none larger than a millet-seed,

each of Avhich proved to consist of a branch of the portal vein

transversely or longitudinally divided, plugged with a cancerous

clot, and surrounded by a very minute cancerous tumour. We
might reasonably suppose this to be a perfect example of

cancerous embolism, and of its destructiA^e action on surround-

ing parts. Yet I feel bomid to warn the reader against appljang
this theory too Avidely, inasmuch as appearances of this kind are

not by any means so common as the author in question seems to

believe. We can only regard the general fact as established,

that in very many cases where the cancer takes the form of

nmltiple isolated nodules, these nodules are situated in the
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portal caiials. This, however, is equally true of nearly all

tumours of the liver, and is probably connected witli circum-

stances of another order altogether.

§ 530. A very interesting observation, which transfers cancer-

ous thrombosis ofthe greater vessels with its attendant problems to

the capillaries of the parenchjTua, is that concerning the develop-
ment and growth of the pigment?:!) radiating cancer {Strahkn-

krehfi). The peculiar structure of these tumours is due to the fact

that the capillary vessels, as far as their junction with the hepatic

veins, are plugged mth the black cancer-cells; hence the peculiar
whorled arrangement, which cliaracterises this portion of the

vascular apparatus, is manifested in black stellate figures of all

possible sizes. Fig. 151 represents the peripherj^ of a cancerous

nodide. We distinguish stroma and cancer-nests
;

the main

trabecular of the stroma, however, contain liver-cells, some of

which are much distorted and stretched, here and there abun-

dantly stained with brown and black pigment, but whose real

nature is nevertheless recognisable, partly by well-knowm features,

partly by their direct continuity Avith the contiguous portions of

the secreting network. The finer trabeculii> of the stroma con-

sist of spindle-shaped and stellate cells, which of course have

nothing to do with the liver-cells. The presence of liver-cells

in the main trabecuhTD, however, proves only that it is not from

them that the cancer-cells here originate (in contrast to ordinary

cancer) ;
it also serves as a clue to the place where the cancer-

cells really arc deposited. Xow this is no other than the interior

of the blood-vessels. We can recognise the double contour of

the capillary membrane where it surrounds the smaller cell-nests

completely, the larger ones at least in part ; accordingly it is

quite certain that the cancer-cells are actuallj- situated in what

once was the path of the blood-corpuscles. The next point is

to determine how they got there, to discover their origin. Till

quite lately, I should not have ventured to give any decided

answer to this question. I kept my opinion to myself; it was

this : I believed that tlie cancer-colls were the actual progeny of

the corpuscular elements of the capillary walls
;
for the appear-

ances which are characteristic of this mode of origin
—»e. divi-

sion of nuclei and double niu'lei in the interior of colls intimately

adherent to the wall of the vessel, fonning crescentic projections

into its interior, cells lying on the inner wall of the vessel like a
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proliferating epithelium ;

—such appearances as these are plenti-

ful at the edges of the cancer-nodule
;
the annexed figure shows

them here and there. Nevertheless, I hesitated to proclaim my
belief, until the recent beautiful researches of Thiersch and

Buhl rendered the fertility of the epithelial elements of the

vessels in the highest degree probable. Thiersch ascribes a

leading share in the organisation of thrombi to these epithelial

elements. Buhl proves that the pus contained in the twigs of

the portal vein in Phlebitis thromhotica [see § 505) is produced

by a proliferation of the vascular epithelia. Supported by
these observations, I no longer hesitate to ascribe the origin
and accumulation of cancer-cells in the interior of the vessels.

Fig. 151.

Carcinoma hepatis. Origin and structure of the pigmented radi-

ating cancer. The first rudiments of a stroma are formed by
the secreting network, while the cancer-cells are deposited in

the interior of the vessels, j^j.

characteristic of the radiating form of pigmentary cancer, to a

proliferation of the vascular epithelia ;
and I am happy to say

that the beautiful researches of ScMlppel and his pupils on the

histogenesis of cancer of the liver (Fetzer, Inaugural thesis,

1868) have fully confirmed this view. Fetzer is inclined to
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assign an intravascular ongin and dc^'elopment to most of the^

secondary fonns of hepatic cancer.

^ 5J31. The observation recorded in the foregoing section

brings us to a second series of studies more immediately directed'

to the growth of the cancer-nodules. The plainest and least

complicated opportvmity of investigating this point is afforded by
DIFFUSE CANCER OF THE i.ivER, that curious degeneration of the-

lobules, in consequence of which they are gradually transfomied

into cancerous matter, Avhile retaining in the main their original

shape and outlines. Fig. 152 represents the most instructive-

l)ortion of a lobule, half of which has already undergone degene-
ration. I believe that it will readily convince the observer-

that the livei'-cells arc directly converted, by repeated fission and

change of form, into cancer-cells, while the cai)il]ary network

fonns the rudimentary stroma. The centre of the lobule is at

r—corresponding to the hepatic vein, which is here much dilated,

and from which the capillary vessels radiate in the usual manner.

At a the liver-cells arc normal
;
at c their angles arc roimdetl

off, they are enlarged, and dissociated in the manner which 1

have already alluded to (§ 501), as characteristic of parenchy-
matous inflammation. Next come transitional forms

;
at b we

see the wide meshes of the perfect cancer-stroma filled with the^

iniumierablo progeny of the hepatic cells.

Of course this mode of transformation belongs in the first

place to the difiuse variety of hepatic cancer; there can bo

no doubt, however, that the nodidar forms Jiiai/ also grow in

the same way. Taking the least promising example first : if we
examine the line of jmiction between a large, tough nodule of

cancer and the hepatic parenchyma, we find that the pressure

exerted by the growing tumour has squeezed all the neighbour-

ing lobules out of shape, and converted them into shallow disks

wliich lie parallel with the spheroidal surface of the tumour.

The cancer is girdled by five or more concentric rows of liver-

cells. The impression left on our mind by these appearances is,.

that the livor-cells tend rather to hinder than to assist the

growth of the nodule
;
and this view derives support from the

fact that these very nodules offer the most tji^ical example of the

"per mltum" extension of tumours. Beyond the zone of liver-

cells, and not at first connected with the primary nodule, a new

one springs up ;
this grows independently in all directions, and
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finally coming into contact witli the primary nodule, coalesces

witli it. "We often find the primary nodule quite surrounded by

secondary nodules of this sort
;
and its irregular and bulging

outlines show that these are by no means the first
"
secondary

foci" which it has annexed. From all this we cannot infer more

Fig. 152.

Carcinoma hepatis. Origin and structure of the diffuse form of

medullary cancer. The vascular network is the first rudi-

ment of a stroma, while the liver-cells are converted into

cancer-cells, a. Normal liver-cells ; c. Parenchymatous in-

flammation ; b. Nests of cancer-cells ; v. Vena centralis. ^^.

than that the liver-cells may waste under the pressure of the

cancer, before they can assert their vitality by taking part in

the metamorphosis. The possibility, however, of the cancerous

elements of these smaller nodules having been immediately de-

rived from liver-cells, remains exactly where it was.

Results very different, and far more favourable to the view

under discussion, are afibrded by investigation of the softer

varieties of multiple cancer, which are indeed by far the com-

monest. It is in these that Frerichs was able to establish the

fact that the cancer-tissue invaded the neighbouring lobules from

the portal canals. The numerous injections which he made
VOL, II. k
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convinced him moreover that this growth occurred, so to speak,

under the auspices of the hepatic artery, inasmuch as the cancer-

nodules could only be injected from the trunk of this vessel,

which was invariably much dilated, while the branches of the

portal veinwere compressed, and impervious to the injecting fluid.

His fig. iv. (plato vii. second Fasciculus of Atlas) is highly in-

structive
;
we see the lobules adjoining a cancer-nodule actually

melting into the growth. This figure, whose accuracy is indis-

putable, gives us the impression of a transubstantiation of the

hepatic parenchyma, of the secreting elements themselves, and

speaks a language far more distinct than all the arguments based

upon inadequate observation.

Finally, the direct conversion of the liver-ceUs is also sup-

ported by the high degree of vascidarity exhibited by all the softer

varieties of hepatic cancer. The stroma of all the smaller nodules

consists exclusively of wide and thin-walled capillaries. At a

later period, an independent grox^'th of the stroma by spindle-

cells and connective tissue is superadded {see § 155) ;
the tra-

beculac become thicker, but the main ones always contain a

blood-vessel of considerable size, which I regard as the repre-

sentative of a pre-existing hepatic capillary.

§ 532. I think I have now brought the reader as far as the

point where the threads of our investigation are broken off*. It is

as yet impossible to pronoimce decisively concerning the origin

and growth of cancerous tumours of the liver. But no such un-

certainty hangs over their retrograde metamorphosis ; this, in by
far the majority of cases, sets out from a fatty degeneration of

the oldest and most central cells of each nodule. We can measure

the progress of this change even with the imaidcd eye, by the

extent of a yellowish-brown or yellowish-white discoloration,

and convince ourselves that the discoloured parts are especially

soft, pulpy and diffluent. The fatty debris are capable of being ab-

sorbed. But absorption occurs onlywhen the nodule is superficial,

when one side of it—that towards the peritoneum
—can sink in ;

it is impossible when the nodule is more deeply situated, and sur-

rounded on all sides by a stratum of miiform thickness and

xi^dixiy {GeHchimthticand). Here, therefore, "cancerous abscesses"

are formed, while in the superficial nodules we can observe the

phenomena of umbilication. The umbilicus of a cancer-nodule

is the saucer-shaped depression which forms over its collapsed
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centre. If we cut through, it vertically, we come upon the so-

called "cicatrix," i.e. the residue of the cancer-structure left

after the removal of the cancer-cells, sc. the stroma and the

obliterated vessels, together with the few which are still pervious;
all these structures combining to form a solid cicatricial tissue,

which sends ray-like prolongations on all sides into the stroma

of the still florid portion of the tumour.
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§ 633. It has been rightly suggested that one object of the

study of pathological histology should be to acquire the power of

estimating with the unaided eye (at least to some extent) what-

ever alterations may have occurred in the tissues. This object is

better attained in the case of the kidneys than in that of any
other organ. For this purpose the substance of the kidney

must be divided into certain anatomical regions, within which the

morbid processes either begin, or produce aggregates of structural

change whose appearance is in the main characteristic. First,

we have the primary distinction between the medullary and

cortical substance, indicated by the course of the main divisions

of the renal artery and vein on the one hand, by the restriction of

convoluted tubes and Malpighian bodies to the renal cortex on

the other. Further, wc must distinguish in the corticat,

SUBSTA>X'E—
1. The region of the Malpighian bodies and convoluted

uriniferous tubes (fig. 153, g). This embraces four-fifths of the

entire cortex. Inasmuch as the Malpighian capsules are the

terminal dilatations and the convoluted tubes the terminal seg-

ments of the tubuli uriniferi, the region in question must neces-

sarily correspond to the most important part of the secreting

parench}Tna. Moreover, it contains all the minute arteries and

veins of the cortex, all the rctia mirahilia with their respective
afierent and efferent vessels, and the venous half of the capillary

system.
2. The region of the straight uriniferous tubes. It woidd

be more correct to use the word "regions" in the plural nimi-

ber, inasmuch as the area in question is broken up into as many
subdivisions as the kidney possesses lobules. The medullary

part of each lobule (fig. 153, a o) consists exclusively of straight
tubes of two different kinds

; first, of those relatively wide drains

which open at the apex of the papilla (figs. 153, c, 154, /) ;

secondly, of those extremely narrow looped tubes which commu-
nicate at one end with a convoluted tube, while opening at the
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other into one of the efferent drains, obliquely from below

upwards (fig. 154, c, d, e). The thickness of the bundle

of tubes when cut across at any point, depends upon the num-
ber of these loops. The looped tubes in connexion with the

Fig. 153.

Semi-diagrammatic representation of the structure of the kidney
in vertical section; also in horizontal section through the

cortex, a a a. Tlie bases of the renal lobules, which exhibit

a polygonal form in sections parallel to the surface of the

kidney ;
h. A main branch of the renal artery, situated at the

cortico-raedullary junction, and giving off the Arteriolce ascen-

dentes with their Malpighian tufts to the cortex
;

c. Renal

veins which receive the interfascicular vessels—the latter

form stellate figures in the horizontal section
;

d. Vasa recta ;

e. Surface of the papilla ; /. Fasciculi of straight uriniferous

tubes wliich radiate into the connective substance as pyra-
mids of Ferrein.

Malpighian bodies of the extreme periphery of the cortex, barely

dip into the medullary layer ;
those glomeruli which are most

central in position, which therefore lie close upon the cortico-

medullary boundary, send their loops nearly as far as the papilla ;
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those again which are intermediate between the two extremes,
send their loops down to a variable distance between the papilla
and the cortico-medullary border, a distance proportionate to

their own position. Hence it is, that at the cortico-medullary

junction the ascending and descending limbs of all the looped
tubuli are included in one transverse section, while towards the

papilla those loojjs which are in connexion with the peripheric

capsules, towards the periphery those which are derived from

the central capsules, decrease progressively in number. Accord-

ingly, the bundle of straight tubes belonging to any one lobide

tapers at each end, if we take the cortico-medullary boundary as

a centre. Its prolongation into the cortical layer forms one of

the "pyramids of Ferrein." Now these "pyramids of Ferrein"

are identical with what we call the "region of straight tubuli"

in the cortical substance. Moreover, the fine-meshed capillary

network which surrounds these tubes constitutes the arterial half

of the entire capillary system of the kidney. For the efferent

vessels, after leaving the Mjllpighian tufts, penetrate straightway
into the centre of the pyramids of Ferrein, where they first break

up into capillaries ;
so that the blood in each of the renal lobules

flows from within outwards, notwithstanding that the afferent

vessels, the artenolw ascendentcs (fig. 153, b) are situated at its

periphery.
In the MEDULLARY substaucc we must distinguish between :

3. The region of the straight uriniferous tubes, i.e. the

medullary portion of the lobule (Cf. (2), and also fig. 153,/).
4. The region of the vasa recta. Small bundles of arteries

and veins, starting from the cortico-medullary junction, are

intercalated between the bundles of straight uriniferous tubes

which correspond to the individual lobules (fig. 153, d). Inas-

much as these vessels are also straight, it is hard to distinguish

them, when empty, from the adjoining tubuli uriniferi. Under

such circimistances, the boimdaries of the individual lobules can-

not be distinguished with the unaided eye. It happens, however,

that the vasa recta are nearly always full of blood, and thus

serve as a most valuable guide to the immediate discrimination

of adjacent lobules. The arteries are mostly derived from those

glomeruli which lie nearest to the medullary border
; they are

much elongated vasa efferentia; a smaller number spring

directly from the main divisions of the renal artery, which
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run between the cortical and the medullary substance. The

veins unite, close to the cortico-medullary junction, into short

trunks which open directly into the main branches of the renal

vein. The vasa recta are surrounded by a moderate amoimt of

lax connective tissue, the terminal prolongations of that sheath

of connective tissue which invests the renal vessels at their

entrance into the hilus of the kidne}'.

We shall see hereafter to what extent these regional divisions

of the kidney will aid us in the localisation of morbid changes
w^ithout a microscope

—in microscopy with the unaided eye.

1. Inflammation in General.

§ 534. The morbid anatomy of renal inflammation has been

repeatedly investigated ;
and yet it is still the most incomplete

chapter in the whole of our science. As we are far from being
able to di*aw an anatomical picture of the stages of nephritis, we
must regard the attempts made by Raycr, Forstcr and others, to

draw sharp lines of distinction between simple, albuminous,

parenchjTnatous, interstitial, and croupous nephritis, as wholly

prematiire. This unreadiness and uncertainty in the domain of

morbid anatomy is vividly reflected in the vacillating condition

of clinical diagnosis ;
it is certainly not owing to respect for the

memory of Dr. Bright that the very elastic term "Bright's
disease" enjoys an undiminished popularity. In contrast with

all this perplexity, the position of the pathological histologist

may be regarded as relatively easy. "We are free to view the

alterations exhibited by the individual elements of structure, the

uriniferous tubes, the connective tissue, the blood-vessels, as

independent phenomena, and so at any rate to present the reader

with an account of the constituent elements of the anatomical

changes, without any admixture of liypothesis ;
we may then

endeavour to construct the general anatomy of the principal
diseases of the kidneys by combining those elementary data with

one another.

a. Changes in the Uriniferous Tubes.

§ 535. Desquamative catarrh. If we squeeze the papillae
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of a not very fresh, kidney removed from tlie dead subject, we

usually find that a small quantity of whitish, turbid urine oozes

from the orifices of the ducts
;

its turbidity being due to the

presence of epithelial cells, recognisable as shreds of the epithe-

lial lining of the uriniferous tubes by their partially tubular

connexion with, one another. The constancy with which, this

phenomenon recurs must needs make it appear rather bold to

infer the existence of a desquamative catarrh of the uriniferous

tubes from an occasional discharge of these shreds in larger

amount than usual
;
we are not justified in assuming, because

the cells happen to separate more readily than usual after deatb,

that the epithelium of the uriniferous tubes was loosely adherent

to the 7nemhrana projiria during life
;
on the contrary, we learn

to be on our guard against drawing conclusions, mider any cir-

cimistances, from the presence of denuded uriniferous tubes.

While examining transverse sections of such seemingly denuded

tubes from the renal papilla), I have often come across remnants

of the epithelial rings, remnants which in all probability escaped
destruction during the preparation of the specimen by the merest

accident. They lent all the more weight to the belief that the

missing portions of the particular rings, together with the entire

epithelial lining of those tubes which were wholly denuded, had

been lost during the mounting of the specimen.
The reader might naturally be led to suppose from all this

that I mean entirely to deny the existence of a desquamative
-catarrh of the uriniferous tubes

; such, however, is not my pur-

pose. I only wish to repudiate as evidence of this condition, a

phenomenon on which reliance is very often placed, and which

is nevertheless wholly untrustworthy. Desquamative catarrh of

the tubuli uriniferi runs the following course : it begins with a

granular cloudiness and desquamation of the existing epithelial

lining; this is followed by a more abundant proliferation of

young cells from the connective tissue surrounding the tubuli

uriniferi, which leads to a more rapid renewal of the epithelial

elements, and to the secretion of large numbers of isolated cell-

forms of various ages. Here, indeed, we find oui'selves face to

face once more with the old question concerning the origin of

the epithelial cells
;
and the existence of a memhmna 2)ro2}ria

between the connective tissue and the epithelium is well adapted
to rouse doubt and suspicion concerning the possibility of a
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renewal of the epithelial elements from the connective tissue.

In the meantime our belief in the absolute homogeneity of

the capillary walls has been rudely shaken by the recent

discoveries of Cohnheim {I.e.) ; and the shock will undoubtedly
be propagated to all homogeneous membranes whatsoever. I

have already (§ 367) described the migration of young con-

nective-tissue corpuscles through the basement-membrane of

the mucous lining of the trachea in croup. I refer the reader,

moreover, to the researches of Iwanojf' on the migration of

corneal elements through
'

the anterior elastic lamina into the

epithelium, in certain forms of pannus; again, the tubes oi BclUni

were subjected to investigation years ago by Axel Key with a

view to this very question, and that not without some positive

residts. In conclusion, I refer the reader to the annexed draw-

ings. Fig. 155 represents oblique and transverse sections through
tubuli uriniferi in a state of catarrh. The middle one has lost

Fig. 155.

Transverse and oblitiue sections through imniferous tubes in a

state of catarrh, -j^.

the whole of its normal ejaithelium and contains in its stead only

young and loosely-comiected corpuscular elements. The other

two show the epithelial lining more or less disjointed, with

younger elements both above and below it. The corpuscular
infiltration of the connective tissue is also indicated in the

drawing. I have hitherto observed these alterations only in the

system of tubes which open at the apices of the papillic ;
tubes

which may be distinguished from the looped tubes in the

medullary layer by their greater width ;
from the convoluted

tubes in the cortical substance by the brighter hue of their

epith<ilium, as well as their greater width, though this latter

difference is less marked than it is in the medullary layer.

§ 536. Ci.oiDY swKLLixc;. Cloudy swelling of the secreting

epithelium is among the most serious of the morbid changes to

which the uriniferous tubes are liable. It is characterised by
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the appearance of a quantity of minute dark granules in the

protoplasm, and a consequent increase in size of the individual

elements. The demand for space on the part of the cells is mot

partly by a considerable dilatation of the entire tube, partly by
the intrusion of the ej)ithelial elements into its axial lumen.

They accommodate themselves to the space thus furnished by
alterations in their shape. Some form conical projections into

the interior of the tube
;
others assume more of a spheroidal

shape, making the outline of the affected tube bidge outwards at

intervals
(fig. 156, 1). The nuclei are masked by the dense

cloud of minute granules in the protoplasm ;
but with the aid of

carmine and acetic acid I have succeeded in demonstrating them

even in very advanced cases of cloudy swelling. It seemed,

moreover, as though the process were attended, oftener than is

usually supposed, by fission of the cells and nuclei
; yet I will not

dogmatise on this subject, knowing as I do how very unreliable

all our histological criteria become in cases of cloudy swelling.

The change is confined to the convoluted jportion of the urini-

ferous tubes
;
and we know that in this region a finely granular

cloudiness of the epithelial elements is in some degree a normal

phenomenon ; moreover, the cells here possess more of a cubical

or cylindrical shape than elsewhere
;

it would therefore be ex-

tremely hard to draw the line between cloudy swelling and a

merely quantitative excess of phenomena in themselves normal,

were it not for the farther aid afforded by the irregular arrange-
ment of the altered ej)ithelimn, and the closure of the axial lumen

by the swollen cells. The same is true of the fission of the colls

and nuclei, which may also be observed in the healthy kidney.
Our main reliance must unquestionably be placed on the general

appearance of the tubes as seen in section; their marked dilata-

tion, the varicosity of their outlines, and finally a not inconsider-

able thickening and swelling of their fnnic(B propricc, which is

never lacking in my experience, serve to render our recognition
of the morbid state in question under the microscope, more cer-

tain than it could be from the mere examination of a single

epithelial element.

The true nature of the chemical changes which occur in

the protoplasm during cloudy swelling has not been hitherto

ascertained. It is probably impregnated with some albumi-

noid substance, since the cloudiness, as we have already seen,
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may be dissipated by the addition of acetic acid. From the

point of view of general pathology, cloudy swelling must be

viewed as the result of an irritation of the cell by some morbid

material in the blood. This may commonly be referred to some

toxic or zymotic influence, such as phosphorus-poisoning, variola

and the other acute exanthemata, typhus, puerperal and septic

fevers
;
in all of these the poison is introduced into the system

at a remote point, and conveyed to the kidneys, in common •v^'ith

other organs, by the blood.

Fig. 156.

1. Cloudy swelling aiid commencing fatty degeneration of the

epithelia of the convoluted tubes ; 2. Advanced stage of fatty

degeneration ; 3. Formation of fibrinous casts
;

a. Transverse

section through a iiriniferous tube with a gelatinous cast

occupying its lumen
;

h. Epithelium ;
c. Tunica propria ;

d. Renewed production of colloid matter at the surface of tlie

epithelial cells, detaching the previous layer. ^J^.

§ 537. Fatty degeneration. The further destiny of epi-

thelial cells affected with cloudy swelling is diverse. Minor

degrees of the affection do not appear to offer any hindrance

to a return of the cell to its nonnal state. If the granular

matter be regarded as pabulmn, left unassimilated in the cell in

consequence of some disturbance of the nutritive exchanges, and

precipitated in a solid form, the return of the cell to its normal

state may be viewed as a resolution and elaboration of the solid
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matters. For obvious reasons we have no direct observations

bearing on this point. On the other band, there is the risk of

fatty degeneration of the swollen epithelial elements. "We find

larger and darker granules appearing side by side with the

minute albuminoid molecules; these granules are shown by
their microchemical reactions (solubility in alcohol and ether)

to be oil-globules. I have often been struck by the very great

diversity in size of these oil-globules. Some are as minute as

particles of dust, others so large as almost to suggest the idea of

a fatty infiltration (fig. 156, 2), were it not that the develop-
ment of granule-cells, and their subsequent disintegration into

oily debris, afforded evidence only too certain of the destructive

tendency of the process. The fatty metamorphosis, so long as

the individual cells are still distinguishable, is associated with a

still further distension of the uriniferous tubes
;
but this is only

temporary, and speedily passes into the opposite condition, that of

collapse. The fatty debris would appear to be partly expelled by
the vis (itergo of the urine, partly absorbed; the uriniferous tubes

being naturally left empty and relaxed. That the expulsion of

the fatty debris is quite possible, is shown by the familiar occur-

rence of oil-globules and granide-cells in the urine. Some of

these adhere, moreover, to the outer surface of the fibrinous casts

which are simultaneously voided {see below), thus betraying their

origin in the uriniferous tubes. The greater part of the fatty

matter is, however, undoubtedly removed by absorption. Beer

found the stroma of the kidneys, especially the stellate inter-

stices for the connective-tissue corpuscles, loaded with oil-glo-

bules. His drawings agree so closely with the well-known

appearance of the intestinal villi during the absorption of fatt}^

matter, that no doubt on the subject is admissible. The total

denudation of the uriniferous tubes seems to be far less con-

clusively proved. Indeed, the only evidence which can be

adduced in its favour, is that of the total obliteration of the tubes,

amid the connective tissue of the wasted kidney
—therefore only

in the later stages of its contraction. But I have never seen a

kidney whose cortical substance was made up, either wholly or in

part, of collapsed and denuded uriniferous tubes. It seems likely,

therefore, that the desquamation caused by the fatty metamor-

phosis which follows cloudy swelling is provisionally compensated

by a proportionate aftergrowth and renewal, and that in this way
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a complete restitution of the epithelial lining of the convoluted

tubes lies within the bounds of possibility. Clinical experience
is also in favoiu" of this view.

It is a very different thing indeed when the epithelium of a

uriniforous tube whicli happens to have been strano^led or cut off

from its supply of nourishment by an interstitial development
ol' connective tissue, and whose entire obliteration is merely a

([uestion of time, undergoes fatty degeneration. Such con-

ditions are extraordinarily frequent in those kidneys in which

nephritis, growai chronic, has half completed its work of destruc-

tion {see § 562). Here, however, the fatty degeneration is in

noAvise a result of antecedent cloudy swelling ;
it merely serves

to show that the uriniferous tube is no longer supplied with an

adequate amount of nutrient matter, in consequence of which

the epithelial elements, which contain much protoplasm, and arc

therefore in want of an abimdant supply of pabulum, fall a prey
to necrobiosis. Tlie minuter details, indeed, in this form of fatty

degeneration, are the same as in the acute variety ;
but the

cells do not all die at once
;
on the contrary, all stages of the

process are found side by side, as might have been anticipated
from the etiology of the disorder.

§ 538. FiBRixous CASTS. One of the most important signs
of the existence of h\npcra3mic and inflammatory changes in the

kidneys is afforded by the discovery of the so-called
" fibrinous

casts
"

in the urinary deposit. These are colourless, hyaline

cylinders, which agree so exactly with the knoA\Ti dimensions of

the uriniferous tubes, that their true nature, as casts of the

straight tubidi, woidd hardly be doubtful even although they
had not been demonstrated in fiifn (fig. 157). Another step

brings us to the conclusion that these casts must have originated
after the same fashion as the casts of the bronchioles in croupous

pneumonia ; following up this notion, we arrive at the theory of

a croupous nephritis with a fibrinous exudation into the tubes.

In aid of this view we have the highly plausible suggestion of

Traiihc, that the rise of the blood-pressure in the medullary
cones must needs lead to the filtration of progressively denser

blood-constituents through the walls of the vessels
;

first of

albumen, then of fibrin, lastly of corpuscles. This theory,

owing to Traiibe's reputation as a worker in the field of renal

pathology, is very generally accepted in medical circles. Even
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now, the only objection tliat can be brought against it is, that

the so-called "fibrinous casts" are not believed by chemists to

consist of true fibrin at all. This objection, however, does not

in any way invalidate the main feature of Traiibe's doctrine,

sc. that the degree of albuminuria is directly proportionate to

the degree of congestion of the medullary substance of the

kidneys.
It may be doubted whether the fibrinous casts can be pro-

duced at all without the active participation of the uriniferous

tubes. I have long been in favour of the view that the epi-

thelial cells with which the straight tubes are lined generate a

Fig. 157.

Fibrinous Casts, a. In tlie interior of a uriniferous tube
; b, c.

In the urine, more or less richly coated with fatty mole-

cules. 5^.

colloid material in their protoplasm, which they then pour out

into the interior of the tubes. The appearances in fig. 156, 3,

seem to me to admit of only one interpretation, namely that the

consolidation of a cylinder of fibrin, a, which occupies the axis

of a tube, is followed by a renewed production of colloid matter,

d, from the epithelial elements, b. Yet I must admit with Klehs

that here, as elsewhere, the possibility of some simple exudation

from the protoplasm of the epithelial cells, perhaps of post-
mortem origin, perhaps due to the mode of preparation, cannot

be excluded. The matter is not yet ripe for a decision
;
and as

it has been recently shown {Ileynsius) that the blood-corpuscles
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contain fibrin, we have to bear in mind the possibility that the

fibrinous casts may be a product of the lixi%'iation of extrava-

sated blood-corpuscles. Provisionally, we must content our-

selves with the statement that a fluid substance of albuminous

nature is poured into the urinifcrous tubes, forming a cylindrical

cast by its coagulation. Should there be any detached cells

lying in the tube, as happens in catarrhal states, these will be

fixed in the middle of the cast. Then the outlines of the cylin-

der grow sharper and more defined, and its forward movement
—its expulsion

—
^begins. This is eifected by the ris a tcrgo of the

urine, and meets with no hindrance, owing to the extremely
flexible and slippery character of the cylinders, notwithstanding
the manifold turnings and windings of the path along which

some of them, at least, have to travel (fig. 154). In particular,

the passage of the casts from the ascending limb of tlie looped
canals into the eflerent drains takes place very readily, owing to

the greater calibre of the latter. The majority of the casts are

actually formed in the looped tubes, the thickness of those which

are met with in urinary deposits corresponding more commonly
to the calibre of the looped tubes than to that of the wider

eflerent drains. It is only by way of exception that fibrinous

casts are formed in the convoluted portion of the tubes ; those

casts which occur in sections taken from the cortical substance

Ijdng not in the tuhuU conforfi -pro-pcr, but in the lacunar fissures

of Schivciggcr, or in the eflerent ducts, which, according to the

observations of Hcnk, permeate the whole of the cortical sub-

stance uniformly, forming an independent system of canals, and

which may therefore be met with among the convoluted tubes.

§ 539. Amyloid ixFiLTRATiox. lam convinced that fibrinous

casts which have become impacted in the narrowest portions of

the tubes, particularly in the bent part of the looped tubes, swell

up in course of time and become glassy, exhibiting the micro-

chemical reactions of amyloid matter, e.g. taking a browaiish-

red colour on the addition of iodine. This is the only way in

which I can explain the fact, that in kidneys otherwise pro-

foundly altered, though not lardaceous, amyloid cylinders are

met with in the bent part of the looped tubes, blocking them to

a considerable distance. These cylinders cannot be supposed to

consist of altered epithelium {hcc below), for the epithelial layer

may be seen in a state of excellent preservation between them
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and the basement-membrane of the tubes. Moreover, amyloid
infiltration of the epithelial cells is only found in the extremest

examples of the lardaceous kidney ;
so that in order to account

for these isolated amyloid cylinders, we are compelled to take

refuge in that localised production of amyloid substance from
"
coagulated albuminous matters retained in situ

" which has

been more fully discussed in § 50.

In the generalised form of waxy kidney (Cf. § 564) the

uriniferous tubes are not, as a rule, the first to be involved. The
chief deposit occurs in the transparent hyaline membranes, which

swell up considerably, present a brilliant lustre in transverse

sections viewed by transmitted light, and yield the usual reactions

with iodine. The epithelial cells resist the change for a much

longer period. When they finally succumb, they swell, their

outlines become indistinct, they blend with one another, and the

complete obliteration of the axial lumen of the tube coincides

with the formation of an amyloid cylinder which still retains

indications of its original corpuscular composition in the wavy
bulging of its outlines {Key). Amyloid infiltration of the

uriniferous tubes is found together with a similar alteration of

the vessels, particularly of the vasa recta, chiefly in the papillae

of the kidney ;
from this point, however, it radiates even into the

pyramids of Ferrein. I have never observed it in the convo-

luted tubes
; though I do not doubt the possibility of its occur-

rence in them. But it must always be very hard to distinguish
the diseased tubes from the vessels which are similarly affected.

§ 540. Cystoid degeneeation of the uriniferous tubes is

due either to plugging or obliteration. It takes place according
to the general laws which regulate the development of retention-

cysts, presenting however some very essential local modifications.

A very common obstacle to the escape of urine is offered by
the amyloid cylinders impacted in the looped tubes, as described

in the foregoing section. In their immediate neighbourhood,
minute cysts as big as a pea and under are often found scattered

through the medullary substance of the kidney ;
these cysts are

sometimes few in number
;
sometimes so numerous as to touch

one another, forming beaded rows, &c. (fig. 160,/).
If we divide the entire length of the medullary substance

into four equal parts, the second quarter, counting from the

papilla, is unquestionably the favourite seat of cysts of this

VOL. II. 1
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description ;
from this point they decrease progressively in

number as we approach the cortical layer ;
in the immediate

neighbourhood of the papilla), they are as invariably absent as

they are at the cortico-meduUary boundary, or at that of the

pyramids of Ferrein. As regards the details of their develop-

ment, it would seem as though a gelatinous softening of the

plug itself played an important part in the earliest stages of the

dilatation. Until they reach the size of a pin's head, the cysts

do not contain a clear or urinous fluid, but a substance which

readily coagulates on the addition of alcohol, chromic acid, &c.,

exhibiting a concentric lamination in transverse sections; it takes

up carmine readily, and retains it very firmly ;
it is, in short, a

semi- solid, gelatinous modification of albumen. In the indi-

vidual cysts of this size, neither epithelium nor basement mem-
brane can be detected

;
and they pass so uninterruptedly into

the surrounding tissues, that one cannot but adopt the notion of

a process of centrifugal softening. The latter, indeed, is neces-

sarily confined within very narrow limits
;
the larger cj'sts are

sharply marked off" by a capsule of connective tissue, their con-

tents becoming structureless, transparent and watery. These

more elaborate investigations must not be allowed to shake our

faith in the views put forth by Beckmann, and accepted by
VirchoiPy to the effect that the smaller, multiple cysts of the

medullary substance, which occur in cases of interstitial

nephritis, are really due to retention.

§ 541. Cysts dm to stmnguhtion of the tubes are found in the

cortex of those kidneys in which an inflammatory overgrowth
of the connective tissue has occurred chiefly about the larger

renal vessels at the cortico-medullary junction. These cysts may
either be solitary, or so niunerous as to occupy the entire cortex,

leaving only a small residue of relatively health)^ parenchyma.
In the latter event (that of cystoid degeneration) we have our

best chance of tracing the development of the cysts through all

its stages. Virchow has recently warned us, very justly, against

the notion that each cyst originates from a single uriniferoua

tube. On the contrary, the first rudiment of a cyst is composed
of a round circumscribed spot, about the size of a hemp-seed, in

the region of the convoluted tubes
;
within this area all the

tubes are markedly dilated and their walls fused together; so that

in the aggregate, they present the appearance of a single cyst
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traversed by thin septa. These septa next undergo atrophy
where they are thinnest

;
the dilated tubes communicate with one

another, and finally coalesce to form a single cyst of larger

dimensions. The remains of the septa shrink back like a torn

cobweb upon the walls of the cyst, where they may be found even

in cysts of considerable size. The cysts originally contain a

urinous fluid
;
even in specimens of large size I have detected

urea in considerable quantity (by evaporating the fluid with

several times its volume of rectified spirit, extracting the residue

with absolute alcohol and ether, and treating the extract with

nitric acid) ;
this circumstance being especially noteworthy in

the face of the wholly negative results arrived at by Beehnami.

Blood is not seldom found in these cysts, giving them a brownish

or ochrey tinge ;
albumen may also be present, when it coagulates

on boiling.

§ 542. Congenital cysts of the kidney originate in precisely

the same way as the cysts resulting from interstitial nephritis.

A child is born
;

it dies during birth, or after making a few vain

attempts to breathe. The cause of its death is found to be a

cystoid degeneration of both kidneys, in consequence of which

each of these organs is represented by a tumour some two* inches

in length and an inch and a half in thickness. The diaphragm
is pushed upwards ;

the lower half of the thorax is funnel-shaped
and contains the liver, no room being left for the lungs to

expand. On investigating the mode of origin of these cysts we
find that they invariably start from the Malpighian bodies. Side

by side with some which are perfectly normal, we find others in

which the capsule has retreated from the vascular tufts, leaving a

gaping crescentic interval of variable width. The greater the

size of this interval, the more nearly will the glomerulus resemble

a mere projection from the wall of the cyst; it can still be found,

however, even in cysts as big as a pea. The uriniferous tubes

may also undergo cystoid degeneration in their continuity ;
but

such cysts are always formed by the dilatation of a single tube ;

they never originate or increase in size by the coalescence of

several tubes. On the contrary, the larger the cyst, the thicker

do the intertubular septa appear to become. Moreover, these

septa are abundantly furnished with lymphatic spaces, which may

* Sic.—Tr.
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be admirably injected from the perivascular connective tissue of

the hilus. The development of the vascidar system is excessively

meagre ; the calibre of the renal artery, where it leaves the aorta,

is so narrow as barely to admit u pin ;
the vein is relatively

wider.

The proximate cause of this congenital cystoid degeneration
is said by Virchoic to be the intercalation of a mass of connecti\e

tissue between the calyces and the papillao of the kidney ;
I agree

with his view, without however allomng myself to express any
definite opinion concerning the nature of this connective tissue.

If it be true that the tubidi uriniferi and the calyces grow
towards each other during the development of the organ, then

it would seem as though, in these cases, their jimctiou were not

accomplished.

b. Alteratiom in tJie Connective Tissue.

§ 543. Before proceeding to inquire into those morbid

changes which set out from the connective tissue of the kidney,
we must say a few words concerning the nature and distribution

of this substance in the normal state. On teazing out a bit of

a recent kidney on a slide, and placing it under the microscope,
we might reasonably doubt the very existence of any connective

tissue. The eye can detect nothing but seemingly naked

uriniferous tubes and blood-vessels. A very careful inspection
of the individual tubes is requisite to enable us to see minute

shreds of a substance resembling a coagulum, and often finely

granular, attached to them here and there
;
this it is which must

bo regarded as connective substance. On the other hand,
sections taken from various parts of the organ which have been

soaked for a little while in a solution of cannine, and then treated

with acetic acid, yield far more siitisfactory results. They serve

to convince us most completely, that both in the medullary and

the cortical substance, the uriniferous tubes on the one hand, the

blood-vessels on the other, are held together by an organised
cement which is none other than the connective substance of

which we arc in search. A basis-substance, which clears up on

the addition of acetic acid, contains in spindle-shaped and stellate

interstices of corresponding size, the familiar corpuscles of con-

nective tissue. As a general ride, we find one coi-puscle in each
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of the triangular lacunae whlcli arc left between the circular

outlines of the ducts when these are cut across. This arrange-

ment holds in the region of the convoluted tubes ;
towards the

pupilloD the width of the triangidar lacunae increases, and the

number of the corpuscles becomes greater ;
the tip of the papilla

being formed by a plate of dense connective tissue, very like

a sieve, owing to the numerous foramina for the transmission of

the efferent canals. Larger accumulations of connective tissue,

whose basis-substance may even present incipient fibrillation,

are met with, as has been already stated, round the greater

vessels and the vasa recta.

§ 544. A formative irritation of the connective tissue of the

kidneys, either primary or secondary, difiuse or circumscribed, is

more or less decidedly associated mth all inflammatory conditions

of the organ. Reserving all minutiae concerning the manifold

varieties of this morbid state for our future description of
" the

inflamed kidney," we shall content ourselves for the present
with tracing the sequence of the textural changes. It may
follow different directions. Bco' distinguishes between a simple
and a corpuscular overgrowth (hyperplasia), understanding by
the former a gradual tumefaction of the interstitial tissue, during
which its structure exhibits only one observable modification, sc.

that the corpuscular elements tend to become enlarged ;
their

nimiber remains unaltered
;
as for the intercellular substance, it

seems to increase in amount in proportion to the enlargement of

the connective-tissue corpuscles. The remaining changes are

of a subordinate character; it would seem, namely, that in

proportion as the intercellular substance accumulates in greater

quantity, it takes on more of a "fibrillar" character. On
the whole, the entire series of changes admits of being re-

garded as an overgrowth of the connective tissue, in the

narrowest sense of the word—as a uniform increase of all its

textural elements alike. It is not so much a result of inflam-

matory changes proper, as of prolonged venous congestion ;

here, however, confusion is not unlikely to arise, inasmuch as the

active congestion which ushers in inflammatory changes, is like-

wise associated with a tumefaction of the basis-substance and of

the connective-tissue corpuscles, due to a thorough saturation

with serous fluid.

I 545. Of greater moment for the pathology of nephritis is
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tlic process described by Beer under the name of "
corpuscular"

overgrowth (hyperplasia) ;
it is synonjTnous with the

" recent

inflammatory" or "plastic" infiltration of the connective tissue,

Avhich I have so often described, consisting in the accimiulation

of cells devoid of membranes, equivalent to colourless blood-

corpuscles, embryonic cells, &c., wherever there is room for

them to accimiidate. It is hard to ascertain the source of these

cells. Not that we lack plausible hypotheses to accoimt for

their origin ; on the contrary, we have too many such. We must

therefore leave it undecided to what extent they may be colour-

less corpuscles which have emigrated from the vessels, or the

newly-formed progeny of the connective-tissue corpuscles of

the kidney. Microscopic examination of transverse sections

shows us that the intertubular septu of connective tissue are

often three times as broad and thick as they usually are. Where
the young cells are somewhat sparse, they lie in ordered rows ;

where closely packed, they form continuous masses. A double

or triple zone of such cells usually environs each ^Malpighian

capsule ;
a pregnant fact for the due imderstanding of the next

stage in the degenerative process (fig. 158).

^ 546. It is only in certain very definite cases, that the cor-

puscular proliferation transgresses the limits between embryonic
tissue and pus. The pus invariably collects in the fonn of

abscesses, whose shape and size depend on the cause of the sup-

puration. The embryonal condition of the interstitial connective

tissue, such as we have hitherto observed it, is commonly followed

by a reduction in volume, which we cannot but compare with

the .shrinking of a cicatrix. There are legitimate objections to

this view, however. What really does occur, and can everywhere
be demonstrated with ease, is not an alteration in the quality of

the connective tissue, but u recession and obliteration of those

other tcxtural elements of the kidney which are embedded in

the connective tissue, so. of the uriniferous tubes, blood-vessels,

imd Malpighian tufts. A gradual shrinking, associated either

with a fatty metamorpliosis, or with a condensation of their sub-

stance by compression, may be observed in all these structures.

The Malpighian bodies wither, so that wc find in their stead

minute spheroidal bodies of peculiarly tough and dense con-

sistency, conttiining not u trace of blood. These bodies are

made up of a non-laminatod nucleus, corresponding to the com-
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pressed vascular tuft, and a thick, concentrically-laminated cap-

sule of connective tissue, which invests this nucleus. In the face

of these appearances we can hardly avoid supposing that an actual

strangulation of the rde mimhik has here taken place, due

simply to the spontaneous contraction of connective tissue which

has become cicatricial
(fig. 160, d). This, however, is the only

fact which lends colour to the theory of a quaUtatice alteration in

the young connective tissue. Indeed, simple compression would

suffice to explain the phenomena, since the mere obliteration of

the uriniferous tubes, e.g., would make the most extreme diminu-

tion of the entire kidney intelligible. Even in extreme cases of

contracted kidney, no appearance of delicate strisc, or of fibrllla-

FiG. 158.

Corpuscular overgrowth of the interstitial connective tissue ^.

tion, can ever be detected in the encroaching connective tissue
;

and as for the corpuscles (whose number invariably undergoes a

great reduction during the development of cicatrices), I have
never yet been able to convince myself of any noteworthy dimi-

nution in their number.

§ 547. Very interesting, and bearing closely upon the histo-

logical significance of "
homogeneous membranes," Is the be-
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haviour of the basement-membranes of the uriniferous tubes

imdcr these conditions. It is quite certain that they constitute

an iiideijcndent element in the structure of the healthy kidney,
an element which is more intimately connected with the epi-

thelial lining of the uriniferous tubes, than with the surrounding
connective tissue. When the latter imdergoes corpuscular over-

growth, however, this relation is inverted, and the true nature of

the basement-membranes is made manifest. They may be said

to make common cause with the young connective tissue round

them
; they blend with it, and speedily become no more than a

sharp line of demarcation, separating the connective tissue from

the lumen and the epithelium of the uriniferous tubes. At the

same time, little depressions often make their appearance in them,

irregularities in the roimdness of their outline, corresponding to

those points where the canalicular network ofthe connective tissue

communicates with the free surface ;
at least, these are the points

wlierc the young cells approach the interior of the tube most

closely. I believe that these stomata are nonnally present
in the uriniferous tubes

;
but they are so minute as to elude

direct observation quite as effectually as the minute stomata in

the capillaries. I may add that I have observed all these changes

only in very advanced cases of interstitial nephritis, and hitherto

only in the medullary substance, near the papillae.

c. Alterations in the Vessels.

^ 548. The Malpighian tufts form an element in the struc-

ture of the kidney consisting so entirely of capillary vessels,

and so clearly marked off from the surrounding tissues, that

morbid changes which run their entire course in the tufts are as

little to be classed among alterations in the uriniferous tubes, as

among those in the connective tissue. Klebs (Handbucli der

pathol. Anatomic n*. 644) has described an inflammatory over-

growth of that small modicum of connective tissue which holds

the vascular loops of the glomeruli together, and which was first

noticed in the healthy kidney by Axel Key. In glomerulo-

nephritis, we find the Malpighian tufts deprived of blood
;
on the

other hand,
" the capsule is quite filled with small, somewhat

angular nuclei, which lie embedded in a finely granular sub-

stance." A more minute investigation shows conclusively that
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these corpuscular aggregates are, for tlie most part, infiltrated

between the capillary vessels, which they have accordingly com-

pressed. Inasmuch as glomerulo-nephritis has hitherto been

observed only in scarlet fever, it may at any rate be made to

furnish an adequate explanation of the sudden and often absolute

suppression of urine, the acute transudations, and the rapidly
fatal uraemia (sometimes causing death in from twelve to twenty-
four hours) which occur in the course of this disease.

An exhaustive summary of the anatomical factors of renal

inflammation must embrace some notice of a textural change in

the vessels, which, though not in any way connected with inflam-

mation as such, stands nevertheless in an intimate causal relation

towards it—I mean amyloid infiltration of the walls of the

vessels. In § 48 et seqq. the prominent place taken by the

vascular system in reference to amyloid disease was very fully

considered
;
and the example selected on that occasion was a

Malpighian tuft. Indeed it is almost exclusively in the Malpi-

ghian bodies that the first beginnings of the disease can be

observed. The afierent vessels and arteriolce ascendentes are

usually the next to be afiected
;
while the efierent vessels and

vasa recta, lying as they do on the distal side of the retia mim-

billa, are not involved till a later period. A striking feature of

the process is the lack of uniformity with which the glomeruli
are afiected

; not only are several loops found intact in an other-

wise completely diseased glomerulus, but we very commonly
find perfectly normal glomeruli lying side by side with others

which are in a state of advanced degeneration ;
and we cannot

but infer, that this prolonged immunity must depend in some

way on the collateral fluxion caused by the partial obliteration

of the blood-path, though the precise method of its operation is

still a mystery.
When the degeneration of the cortical substance has reached

this point, the change usually extends to the medullary layer ;

but here, as has already been stated, it is not the blood-vessels,

but the tunicce projmce of the uriniferous tubes, which are the

first to be involved. If, now, we take a narrow disk from the

transverse section of the organ, and after washing it, put it for a

short while into a dilute watery solution of iodine, we can detect,

even with the naked eye, a number of mahogany-coloured dots

and lines in the cortical substance, which correspond to the
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glomeruli and the degenerated arterioles, while the medidlary
substance presents a crown of finely-radiating lines of the same

colour, which are most closeh' aggregated just above the papilla,

becoming more and more scattered as we approach the cortico-

medullary jimction.

In very extreme cases of amyloid kidney, everything en-

dowed with u homogeneous membrane is found infiltrated—
vessels and uriniferous tubes alike

;
the connective tissue alone,

together with most of the epithelial cells, remaining free.

2. The individual forms of Nephritis.

1^
549. Let us endeavour, with the aid of the histological

knowledge we have acquired, to construct a series of well-

marked or frequently-recurring combinations, the individual

members of which are usually grouped together under the

common head of "inflamed kidney." The frequent union of

imdoubtedly inflammatory with non-inflammatory states {e.y.

with conditions of degeneration or of simple overgrowth), obliges

us to include some account of the cyanotic and the purely

amyloid kidneys, though these may not appear strictly to belong
to the group.

a. Ilypcm'mia
—

Cyanotic induration—Ncphriti« due to passive

congestion.

^ 550. In the kidney, as in other organs, we must distin-

guish between active and passive congestion, regarding the

foiTOer as the introductory stage of inflammation, the latter as

the result of some mechanical hindrance to the escape of blood.

To the morbid anatomist, however, the presence of either of these

forms of congestion is annoimced by one and the same phe-

nomenon, which varies, at most, in the degree of its intensity ;

sc. an accumulation of blood in the venous system of the kidney,

extending to a variable distance into the arterial lialf of the

capillary tract ; the arteries themselves, as far as the glomeruli,

always containing but little blood. The glomerulus itself takes

up a position of its own in this respect ;
for it can only be made

to part with a certain quantity of its contained blood, by a direct
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diminution of its capacity in consequence of pressure from with-

out
; apart from this, it invariably presents itself as a red dot

on the cut surface of the organ.

§ 551. The most intense degree of renal hyperajmia is cha-

racterised by a very marked intumescence of the entire organ,

which may increase in bulk by about one-third. The capsule

peels off very readily, owing to the serous saturation of the

parenchyma. The latter is of a bluish-red hue, moist and

smooth
;
the dellulm Verheynii are well marked, and may be

traced even with the naked eye into their finer ramifications,

the inter-fascicular veins. In transverse sections, the main

bulk of the blood is found to have stagnated in the region of the

convoluted tubes
;
the glomeruli are not always exceptionally

gorged ;
and this may possibly furnish us with a means of

discriminating between active and passive congestion. The

medullary substance, particularly in the region of the vasa

recta, presents a number of deep-red radiating striae, obviously
due to engorgement of the veins.

In minor degrees of congestion, the redness and swelling in

the region of the convoluted tubes are wanting ;
on the other

hand, the distension of the stellate veins, of the glomeruli and

the vasa recta, is less only in degree ;
it is never absent, as I

have already said, even in the healthy kidney, and cannot of

course be regarded as a phenomenon intrinsically morbid.

§ 552. Should the renal congestion be a chronic state due to

venous stasis, further alterations ensue
;
foremost among these

is that simple overgrowth of the interstitial connective tissue

which has been more fully described in a previous section

{% 544). This occurs quite uniformly throughout all the regions
of the kidney, differing thereby very essentially from the cor-

puscular form of overgrowth ; the organ as a whole increasing

uniformly in weight, bulk and consistency. Most striking is the

increased toughness of its tissue
;
this is the more likely to lead

to confusion with "
inflammatory induration

"
of the kidney, as a

proliferation of connective tissue actually does occur in the

present case. Accordingly, some authors have set up a category
of "nephritis from passive congestion," although the develop-
ment of the connective tissue is merely a result of improved
nutrition, and is therefore of a distinctly homologous character.

Neither the blood-vessels nor the uriniferous tubes are in any
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way affected by this connective tissue
;
the urine, however, is

usually found to contain albumen from time to time
;
this indi-

cates that the congestion undergoes periodical exacerbations.

The most extreme degree of renal congestion I have ever

seen, occurred in recent cases of Asiatic cholera. In this dis-

order it ushers in a parenchjTtnatous inflammation, and we may
fairly assume that it performs a like office for every form of

parenchymatous and catarrhal nephritis. Congestion from venous

stasis (passive congestion), and the cyanotic induration which

follows it, are always due to heart disease, particularly to con-

traction and insufficiencv of the mitral valve.

b. Acute parencht/matom Nephritis
—

Nephritis Albumiiiosa.

§ 553. Milder form. The kidney is moderately, but dis-

tinctlj^ enlarged ;
its consistency hardly, if at all, altered

;
the

capsule peels ofi" readily ;
the stellate veins are distinctly marked

upon its surface
;
the accumulation of blood in the veins and the

venous half of the capillary network, throws the lobular divisions

of the organ into marked relief. Transverse sections show the

same appearances. The region of the convoluted tubes is

yellowish-grey, soft and doughy ;
it is slightl}^ raised above the

level of the cut surface. The Malpighian bodies are visible in

it as red dots. A moderate degree of cloudy swelling of the

epithelial elements (^ 536) in the convoluted tubes, is associated

with the hyperajmia, and complicates its manifestations. All

else is still quite normal, especially the medidlarj^ substance.

§ 554. More intense form. The kidney is enlarged to

twice its normal size. The capside is thinner than usual and

peels off readily. The denuded surface exhibits only the larger
stellate veins, which contrast vividly with the yellowish-white

parenchjTua. The most striking peculiarity of the parenchyma,
next to its colour, is its soft and doughy consistency. On making a

section through the organ, however, we see at once that both of

these qualities are exclusively confined to that portion ofthekidney
which corresponds to the convoluted tubes. This portion, indeed,

is coextensive with the cortical layer, witli the exception of the

little pyramids of Ferrein, so that the customary description of

acute Bright's disease as a yellowish-white, doughy intumescence
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of the cortex, Avith a congested but not otherwise altered state of

the medullary substance, accords very fairly with
" acute paren-

chymatous nephritis." The Malpighian tufts can no longer be

distinguished Avith the naked eye ;
in common with all the blood-

vessels in the region of the convoluted tubes they are found to be

quite empty after death. Without doubt, an intensified degree
of cloudy swelling of the epithelial elements (§ 536) in the con-

voluted tubes, and the consequent increase in volume of the

latter structures, have primarily resulted in a swelling of the

organ as a whole
; next, inasmuch as there are limits to the

extensibility of the renal capsule, they have led to compression of

the blood-vessels in the interior of the altered parenchyma ;
so

that the cortical substance may be described as actually anaemic.

The blood seems thus to be diverted into the veins and capil-

laries of the medullary substance. Allusion has already been

made to the striking and highly characteristic circumstance, that

the medullary substance of the inflamed kidney appears to be

congested in proportion to the degree of anajmia of its cortex.

Meanwhile we must be cautious in inferring from the presence
of this singular, and certainly very important, anomaly in the

distribution of the blood after death, that the blood is similarlj'^

distributed during life. It is only when the vessels haA^e under-

gone amyloid degeneration, that we are unable to inject the

organ from the renal artery. Now amyloid degeneration is an

excessively rare complication of parenchymatous nephritis.
Should the vessels be healthy, as they usually are, every

capillary in the cortical substance may be filled. It is true

that we remark an increased but yet elastic resistance to the

flow of the injection
—a resistance Avhich must certainly have

existed during life, but which is not powerful enough to have

absolutely prevented the access of the blood. Indeed the cessa-

tion of the vis a tergo after death must have added to the power
of this elastic reaction, and so enabled it wholly to expel the

blood contained in the cortex, and to drive it into the veins and
the medullary substance

;
I repeat therefore, that however ex-

treme we may find this anomalous distribution of the blood

after death, we are not entitled to assume that it existed

during life.

This form of nephritis is clinically associated with scanty
secretion of urine of a dark colour, highly albuminous, and
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abundantly furnished with casts ;
it may or may not contain

blood; it never contains pus. The disorder sets in acutely

with severe pain, and may, owing to the arrested function of all

the epithelial cells in the convoluted tubes—a phenomenon which

is nearly identical with suppression of urine—lead to a speedily

fatal end. Death occurs with symptoms of urajmia and dropsy.
Acute parenchymatous nephritis is always a result of toxaemia,

in the broadest sense of the word. It may be excited by the

acute exanthemata, particularly small-pox and scarlet fever, by

phosphorus, tj^hus, cholera, pyaemia and puerperal processes.

§ 655. Recovery from parenchymatous nephritis takes place,

in the milder forms, by a resolution of the solid albuminates

which occupy the cells of the convoluted tubes
;
in its more in-

tense forms, a process of fatty metamorphosis, whose beginnings
we usually see in cases which prove fatal, occasions a total

disintegration of the epithelial cells. The loss is covered by a

development of cells dc novo ; the connective tissue must un-

questionably be regarded as the agent in this process of repair

(Cf. § 537).

c. Interstitial Nophritia.

§ 556.—1. Circumscribed suppurative form. a. Renal

Abscesses in Pijelitis. The kidney is markedly enlarged. Its

capsule and the adipose tissue in which it lies, are congested and

(Edematous. The foimer does not always admit of being stripped

off without loss of substance
; very commonly, small shreds of

parenchjina destroyed by suppuration remain attached to it—
shreds which previously covered in one of the abscesses to which

allusion will presently be made. The remainder also of the inner

surface of the capsule is not as smooth as usual, but rough and

velvety. At various points on the denuded surface of the organ,

we notice slight straw-coloured elevations, which attentive

examination forthwith proves to be purulent deposits. They are

ofan average size of halfa pin's head ;
either solitary or arranged

in groups of from three to six. If we proceed to examine the

boundaries of the great Malpighian pyramids, which are indicated

by shallow depressions of the surface, we commonly find that all,

or at least the great majority of the abscesses, are situated in the

base of one of these pyramids, while others are absolutely free.
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Each abscess is surrounded by an intensely red areola. It has

been supposed, on the groundof their dimensions, that each abscess

corresponds more or less to one expanded lobule
; this, however,

is incorrect
;
the centre of the abscess corresponds in position to

an inter-fascicular vein, where it emerges from below, as will be

seen on further investigation. The remainder of the surface is

moderately congested ;
this congestion extends uniformly over

the entire surface of section as well; yet everything seems

clouded with a greyish veil—the optical effect of a moderate but

uniform corpuscular overgrowth of the connective tissue (§ 546).

The cut surface (by which I invariably mean the principal

section, which, carried from the greatest circumference of the

organ to its hilus, divides it into two equal halves) also furnishes

data for the determination of the seat and distribution of the

abscesses. These appear in section as long streaks of yellow pus
which correspond, in the medullary substance, to the tissue sur-

rounding the vasa recta
;
in the cortex, to the inter-fascicular

vessels, or rather to the bands of connective tissue which accom-

pany those vessels. They are always most densely aggregated
in the medullary substance, most of the abscesses in the cortical

layer appearing as outward extensions of the suppurative process
from the medulla

;
even the dots of pus which are seen on the

surface of the organ prove, upon occasion, to be merely the outer

ends of abscesses which extend very nearly as far as the papilla.

The uriniferous tubes of the medullary substance are in a state

of desquamative catarrh (§ 535).

The calyces and pelvis are always dilated; their lining

membrane in a state of suppurative catarrh {Pyelitis), in patches

diphtheritic ; they contain a certain amount of very fetid ammo-
niacal urine, which yields an abundant deposit of pus-corpuscles
and triple phosphate. The same condition is found in the ureters,

possibly in the bladder, nay, even in the urethra. The renal

disease is therefore an inflammation which has been propagated
from the greater urinary passages. Beginning as a superficial

affection, it no sooner extends to the renal parenchyma than it

involves all the connective tissue of the kidney ;
and this, in its

turn, culminates in suppuration at various points. The localisa-

tion of the suppurative process may possibly be influenced by
the more abundant accumulation of connective tissue around the

vasa recta and the cortical veins.
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§ 557. Suppurative changes in the kidneys are of course

highly dangerous to life
;

it is obvious, however, that the degree
of danger must depend very much on whether both kidneys are

affected, or only one. In the former event, death usually occurs

from uraemia , In the latter, pro^ ided the patient sur\'ive, there

is the prospect of a further series of structural alterations. A
total arrest of the process

—
inspissation, cheesy metamorphosis,

calcareous transformation of the pus and its encapsidation
—is

only possible within very narrow limits. As a general rule, the

pus forces its way into the pelvis of the kidney at the apices of

the papillaD. Should this have taken place at more points than

one, the medullary cone terminates in the pelvis of the kidney

by an ulcerated surface of very irregular form, which increases

rapidly in size by necrotisation of the most prominent residual

portions of the tissue, and burrows deeply into the parenchjTna

by progressive suppuration. Should diphtheritic changes already
exist in the urinary passages, these are invariably propagated to

the denuded surface of the renal parenchyma. The diph-
theritic sloughs are detached, but only to give place to new ones.

The renal parenchyma is gradually eaten away, a thin layer only

remaining to line the capside.

It sometimes happens (though very rarely) that the pus
makes its way through a rent in the capsule. This leads to the

formation of inflammatory foci and dependent abscesses in the lax

retroperitoneal connective tissue ; these abscesses may burst at

various points, e.g. under Poupart's ligament.

§ 558. h. Embolic abscesses of the kidney. The description

given in § 556 of pyelitic suppuration needs but trifling modifi-

cations to make it equally applicable to the embolic varietj'.

These modifications refer chiefly to the earliest stages of the

mischief, the ha)morrhagic element predominating in embolic

abscesses of the kidney, just as in the analogous lesions of the

lungs. The plug is rarely arrested in one of the main branches

of the renal artery ;
it is usually found in one of the arteriolw

ascendentes or even in one of the ram affcrentia. The size of the

deposit is naturally proportioned to the calibre of the plugged
vessel. The disorder sets in with intense h>'peraDmia, which

waxes till blood is actually extravasated into the uriniferous

tubes. The extravasation occurs, as a rule, in the centre of the

deposit ;
hence the latter, when recent, presents a central nucleus
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of a deep red hue, with blurred edges, like a flea-bite in the skin

{Virchow). At a later period, the centre becomes yellowish-

white ; suppuration has begun, and leads to the formation of an

abscess which no longer differs from the pyelitic variety. In

both forms we often find a multitude of abscesses in one Mal-

pighian pyramid while the rest are free. This is explained by

assuming that an embolus of considerable size has been splintered

against the various forks which it has had to pass ;
all its frag-

ments having penetrated into the finer ramifications of the

afiected lobe. On the other hand, the embolic may be distin-

guished from the pyelitic kidney, even with the imaided eye, by
the absence of catarrhal and diphtheritic changes in its pelvis,

and by the predominant implication of the cortical substance.

In p3^elitis it is the medullary substance, in embolism the cortex,

which contains the greatest number of abscesses.

§ 559.—2. Diffuse non-suppurative form. First stage.

The kidney is much enlarged ;
the capsule peels off readily ;

it is

thickened and jiiicy, showing its participation inthe inflammatory

process. The consistency of the organ is soft and doughy ;
its

surface is of a whitish hue, pale by contrast with a few stellate

veins
;
on bisecting the kidney, we are struck at once with the

singular contrast between the cortical and the medullary layers.

The alteration in volume, consistency and colour, above referred

to, is confined to the cortex
;
this is of a j^ellomsh-white colour

throughout, exsanguine, save for its Malpighian bodies, which
look like red dots on a pale background ;

it bulges from the cut

surface, while the medullary cones, though sometimes much con-

gested, are not otherwise altered. In its naked-eye characters,

the morbid change we are now considering resembles the paren-

chjTuatous form of nephritis very closely (§ 554). The increase

in bulk is not indeed so great, the consistency not so soft and

flabby, the colour not so yellow, tending rather to a milky-
white

;
but some practice is needed before an observer can dis-

tinguish between the two forms on criteria so uncertain. Micro-

scopical examination can never be dispensed with. It shows us

that the appearances in question are essentially due to a corpus-
cular overgrowth of the connective tissue in the region of the

convoluted tubes and the Malpighian capsules (§ 546, fig. 159).
This overgrowth may roughly be called "

difiuse," inasmuch as

no section of the renal cortex of any size is absolutely free from
VOL. II. m
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it
; this, however, does not exclude marked inequalities in the

aggregation of the young connective tissue within the limits of a

microscopic section ; it does not prevent our meeting with places
where the accimiulation in question has increased the thickness of

a septum of connective tissue to two or three times its normal

standard, side by side with others which are still quite normal

(fig. 159). To the unaided eye, these minor degrees of difference

are imperceptible ; the multitude of young cells, here as where-

FiG. 159.

Corpuscular overgrowth of tlie interstitial connective tissue. ^J^.

ever else they exist in large amotmt, giA'ing the entire tissue a

whitish tinge, which is all the more marked in proportion to the

emptiness of the blood-vessels. The blood is squeezed out of the

€ortex just as in parenchymatous nephritis ;
the post-mortem

appearances do not possess an absolute value in either case
; they

serve merely as a clue to what existed during life
;
in either case

the kidney may be readily and completely injected from its

artery. One circimistance alone deserves especial mention here,

inasmuch as Trauhe has assigned a direct diagnostic value to

it : viz. that the Malpighian tufts are somewhat differently

placed from the remaining blood-vessels. They are situated in
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the interior of the uriniferous tubes, and even though they seem

ultimately to be very thoroughly constricted (contracted kidney),

yet they are at first shielded from external pressure by their

intracanalicular jjosition, and therefore continue in a congested
state much longer than in parenchjrtnatous nephritis. Their

engorgement may even go so far as to cause extravasation, and

as the flow of urine into the greater passages is not in the present

case hindered by any swelling of the epithelial lining of the

uriniferous tubes, the extravasated blood makes its appearance
in the urine, and may thus help our diagnosis.

§ 560. Second stage. Contraction of the Kidney. The

kidney shrinks to one-half, or less than one-half, its normal size ;

its diminished bulk is rendered more striking when the organ
is bisected in the usual way, and the simultaneous enlarge-
ment of the hilus thus exposed, due to a retraction of the

papilla) and of the columns of Bertin. If we follow Henle

in regarding the kidney as a sac with disproportionately thick

walls, we may say that the inner and outer surfaces of those

walls are approximated to each other, a phenomenon only ren-

dered possible by a contraction of the substance of the sac itself.

The capsule is very adherent in parts ;
it is of a whitish tint,

tough, and furnished with tolerably capacious vessels which in-

osculate with those of the perinephritic adipose tissue. The
surface of the kidney is irregularly granular. The hemispherical

protuberances vary in diameter from one-tenth of to half a

centimetre
;
their colour is a yellowish-grey, while the retracted

intervals exhibit a pure grey or reddish hue. The leathery

toughness of the entire organ is very striking ;
here and there,

we find cysts which may reach the size of a cherry, filled with

clear straw-coloured, or grey and purulent contents. On cutting
the kidney in two, we find that the diminution principally affects

the cortical layer. This may shrink to such an extent as to form

a layer only a line in thickness over the medullary cones.

§ 561. The annexed drawing (fig. 160) exhibits a segment
of a longitudinally divided kidney, including about three lobides,

under a low magnifying power; the length of the arteriola

ascendens (a) corresponds to the thickness of the cortical layer.
The vessel is tortuous and dilated

;
it gives off several equally

tortuous msa afferentia to the Malpighian bodies which are still

pervious, while the greater part of the blood (in the present case
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of the injecting fluid) has made its way into the capsule of the

kidney. The latter is much thickened, and permeated through-
out by blood-vessels and lymphatic spaces, which give it the

aspect of a perforated network
(fig. 160, h). The main bulk

of the cortex is made up of connective tissue, represented

by shaded lines in the drawing. Embedded in this connective

tissue we notice, 1st, the shrivelled remains of a number of

Malpighian bodies, presenting the aspect of concentrically lami-

nated spheres of connective tissue of various dimensions
((/)

(§ 546) ;
and 2nd, a few scattered tufts of convoluted uriniferous

tubes, greatly dilated, which have escaped the general disor-

ganisation. At c is the cortico-medullary boundary ; the me-

dullary substance forming five-sixths of the entire thickness of

the organ. This, too, is in nowise healthy. We perceive, first •

of all, the dilatation of the efierent canals and their ramifi-

cations. The elaborate tufts and convolutions here and there

exhibited by this system of canals {c, c) forces the notion

of a vicarious development on the observer's mind. At any
rate, these are the passages along which the very great quan-
tities of urine, which are often secreted in the second stage
of Bright's disease, are voided. The compensatory efibrt can

never be really adequate ;
its efficacy depends essentially on the

chances of voiding, together with an enormous amount of the

transuded water of the blood, a proportionate amount of the

urinary solids
;

the associated loss of albumen being only
less hurtful to the organism than the retention of the urea, &c.,

in the blood. But even to allow of this dearly-bought com-

pensation, it is needful that passages should exist through which

the transuded matters may escape ;
and these passages arc tlu^

tortuous and dilated efierent canals.

The looped tubes are either unafiected, or they may exhibit

that cystoid degeneration of their flexures which has been de-

scribed more fully in § 540, and which is ushered in by the

colloid metamorphosis of impacted cylinders of fibrin. The

annexed figure (/) shows a number of these minute cysts,

partly arranged in beaded rows, scattered through the immediate

neighbourhood of the papilla.
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d. Combination of Parenchymatous tcith Interstitial Inflammation.

§ 562. Owing to the great similarity of the naked-ejc
characters presented by a kidney in the first stage of a purely
interstitial nephritis, to those exhibited in parenchjTnatous in-

flammation, the two forms have often been confoimded
;
hence

the notion of a continuous morbid process, beginning with

parenchymatous swelling and terminating in contraction. It

is not by any means my intention to question the possibility, or

even the frequency, of such a combination
;
I need only insist

upon its being a combination of two states which may also occur

independently. As an example in point I will cite the so-called

"mottled kidney," which originates in the combination of a

moderate degree of contraction, with fatty degeneration of the

tubular epithelia. The size of the kidney is but little altered
;

it is rather below than above the normal standard
; tolerablj'

hard and inelastic to the touch. The capside may be strijDped

off with but little loss of substance. The surface is beset vdXk

coimtless granular elevations, which attain an average height
of one millimetre

; they are convex, not always round, but

curiously whorled. They are of an intense yellow colour,

which contrasts very markedly with the reddish-grey of the

intermediate parts. On section, we find that this singular alter-

nation of yellow and reddish-grey extends throughout the

whole of the cortex. Microscopic examination proves that the

yellow parts consist of uriniferous tubes filled with oily matter,

while the reddish-grey substance between them is made up of

tolerably vascular connective tissue, as well as of obliterated

uriniferous tubes and Malpighian tufts.

e. Combination of Amyloid Degeneration tcith Interstitial Nephritis.

§ 563. This is a very frequent combination ;
it may be ex-

plained by supposing that the amyloid change is primary, and

goes on till the Malpighian tvifts have undergone degeneration,

when the interstitial nephritis becomes associated with it. The

mechanical hindrance to the flow of blood through the glomeruli

gradually determines a collateral hyperemia of the cortical

substance, and so paves the way for the corpuscular overgrowth
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which ensues, either directly, or in consequence of some super-
added inflammatory irritant.

The anatomical appearances differ from those in the first

stage of a simple interstitial nephritis, by the red colour taken

by the glomeruli on the addition of iodine, amid the yellowish-
white and swollen cortical substance

;
while side by side with

the contraction of the kidney, we can usually distinguish an

infiltration of the renal papilla with amyloid matter (§ 539).

f. Complete Atnyloid Infiltration.

§ 564. This is very rarely met with. I have only seen one

case of it
;
the preparation is in the Physiological Institute at

Breslau. The kidney is enlarged to nearly twice its normal

size
;

it is very pale throughout, waxy, and—what struck me as

being especially characteristic—the bases of the Malpighian

pyramids were as sharply separated by intermediate depressions
as in the foetal kidney. The application of iodine showed that

all the homogeneous membranes, those of the capillaries as well

as the basement-membranes of the uriniferous tubes, were im-

pregnated with amyloid matter.

3. Tumours.

§ 565. {a.) Cysts. No organ of the body is so rich in occa-

sional cystic formations as the kidney. It not unfrequently

happens at post-mortem examinations, that we are surprised by
the unexpected discovery of solitary cysts in the kidney,
characterised by their perfectly transparent straw-coloured or

colourless contents, and the extreme thinness of their walls.

We know hardly anything about their mode of origin and real

nature. Inasmuch as the rest of the renal tissue is perfectly

healthy, exhibiting at most only certain hollows caused by the

mechanical pressure of the cysts on the parts immediately sur-

rounding them, we must resign all hope of obtaining light from

this quarter. Microscopic examination of the cyst-wall shows a

thin layer of fibrous connective tissue, lined by a polygonal

pavement-epithelium of great beauty. On chemical analysis^

the cysts are foimd to contain none of the urinary solids ;
their
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contents yield albumen, and varying quantities of leucin and

tyrosin. All the remaining varieties of cysts are develoj)ed

from the uriniferous tubes. With the solitary exception of

cystoid degeneration of the foetal kidneys, they occur as com-

plications of inflammatory changes, imder which they have

already been discussed (§ 540, ct scqq.).

§ 566. {h.) Cavernous Tumour. Analogous to cavernous

growths in the liver, tiunours varj'ing in size from a cherry-
stone to a walnut, consisting of erectile tissue, are occasionally

met with in the kidney. From a clinical point of view they are

unimportant. They are chiefly situated on the outer surface of

the organ, immediately beneath the capsule.

§ 567. {c.) Fibroma. In the midst of a perfectly healthy

kidney, we come upon solitary nodules of connective tissue of a

lustrous white colour, very dense and tough, varying in size

from a pea downwards. They are nearly always situated in the

neighbourhood of the larger vessels, in the outer part of the

medullary substance. Virchoic ascribes them to a circumscribed

interstitial nephritis, the uriniferous tubes being traceable into

the interior of the growth.

§ 568. {(l.) Lcuhhamiic Tumours. Lymphoma. In extreme

cases of leukhscmia we find, together with similar changes in

other organs, white marrowy tumours in the kidneys, consist-

ing of colourless blood-corpuscles embedded in a very delicate

reticulmn. They are either globular, when they vary in size

from a mere dot to a small cherry, or they may conform out-

wardly to the structure of the kidney, by equably filling up the

interstices between the lobules, and hence assuming a more

elongated or even wedge-shaped form. The view expressed
above (§ 524), that the case is reaUy one of extravasation, is

singularly confirmed by the fact that a mass of red corpuscles

may very commonly be detected in the centre of these little

tumours, (An observation made by Virchou- which I corrobo-

rate from personal experience.)

§ 569. (c.J Tuberculosis. Disseminated form. Grey, trans-

lucent, miliary nodides arc imiformly but sparingly distributed

through the renal parenchj-ma. They arc developed in the

sheaths of the minute arteries, and elsewhere in the connective

tissue, and owe Avhat interest they possess to their association

with general miliary tubercidosis.
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Localised form. {Phthisis renalis.) Among tlie morbid

appearances which go to make up what is known as
" tubercu-

losis of the genito-urinary apparatus" is an affection of the

kidneys, which, both in its minuter characters and in its coarser

effects, ranks with the disorder of the mucous membranes de-

scribed in § 383. The tubercidar eruption begins in the papil-

lary portion of the kidney, to which it is propagated from the

mucous lining of the calyces. The closely aggregated groups of

grey granulations form at first a continuous infiltration
; they

then undergo caseation
;
and this often occurs simultaneously

over a considerable tract, so that we may distinguish zonesof

cheesy matter quite a line in thickness. The softening and

removal of the cheesy matter is associated with softening and

extrusion of a corresponding amount of the renal tissue. There

results a true tuberculous ulcer of a putrid kind, which burrows

deeply into the substance of the organ, eroding first the medul-

lary substance, and after that the cortex. In extreme cases of

phthisis renalis the kidney forms a thick-walled sac with hemi-

spherical protrusions, each of which corresponds to a Malpi-

ghian pyramid. A continuous ulcer, occupying the interior of

the sac, likewise extends to the surface of the pelvis and ureter,

while the projecting folds which separate the individual calyces

from one another are partly destroyed, partly pressed back upon
the wall of the sac. Of the renal parenchjTna, there may remain

only a scanty residue of cortical substance to line the capsule ;

or it may have wholly disappeared, the floor of the ulcer being
formed by the thickened capsule itself, which is, moreover,
studded throughout with tubercles.

§ 570. (/.) Carcinoma. Cancer occurs in the kidney in all

fonns, both primary and metastatic. Foremost in importance
are the primary soft cancers. These are not common, but

owing to their position and size, they necessarily give rise to the

most serious disturbances when they do occur. Cancerous kid-

neys may attain dimensions of tM^elve inches by six. Owing to

the unifomi distribution of the cancerous deposits, the kidney

usually retains its proper form, at least in its broader outlines
;

in other cases we remark single nodules of colossal size, each of

which replaces a Malpighian pj^ramid, side by side with smaller

deposits which correspond only to groups of lobules. That the

morbid products do really take the place of the normal tissue,
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not merely pushing this aside, is clearly shown by the fact that

we can still recognise, in the interior of a cancerous nodule, what

part of it was formerly medullary substance, and what part

cortical. This marked character of substitution, exhibited by
renal cancer, is so far interesting in regard to the histological

features of its genesis, as it supports the view recently adopted

by WaMcijer, who regards the epithelioid elements of the tumour

as the direct progeny of the renal epithelia. WaUlcyer suc-

ceeded in isolating fragments of a network of cancer-cells, beset

with sprout-like processes, which he took to be cylinders of

tubular epitheliimi thickened by an autochthonous proliferation.

Cancer of the kidney, in common with other cancerous growths,

had hitherto been believed to originate from the connective

tissue
;
the retention of the main features of the organ being

explained by the uniform distribution of the substance under-

going degeneration
—the connective tissue (src § 69, a 1).

§ 571. Cancers of the kidney, like those of the liver and

testicle, are characterised by their richness in wide and thin-

walled capillaries. These vessels are occasionally torn ;
the

blood escapes in variable quantities, a part of the tumour being
studded throughout with such extravasations. Hence it is, that

the term "
fungus ha}matodcs

"
has so often been employed to

designate cancer of the kidney. It is worthy of note, moreover,

that soft cancer of the kidney is especially prone to invade the

efferent canals, veins, and calyces, a tendency which occa-

sionally gives rise to very serious clinical s}'mptonis. For

should the tumour extend along the renal vein, it must ultimately
reach the inferior cava. It then protrudes into the latter vessel

;

fragments are readily broken oflf and carried away by the blood-

current. This accident is inevitablj' followed by pulmonarj^
embolism. Should the cancer, on the other hand, project into

the greater urinary passages, it commonly gives rise to periodical

attacks of hocmaturia which seriously accelerate the progress of

the cachexia towards a fatal issue.
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1. Inflammation.

§ 572. The physiological activity of the mature ovary is

attended with phenomena which, if they occurred in any other

organ, we shotdd not hesitate to call
"
inflammatory." The

functional hyperaemiao with which we are familiar in the mucous

membrane of the alimentary tract, in the liver, kidneys, &c.,

cannot be compared, as regards intensity, with that active con-

gestion of the ovaries which accompanies ovulation. The rupture
of the follicles, without which the ova cannot be discharged, is a

spontaneous laceration
;
blood is poured out

;
and it is only by

a gradual process of repair, a process which is the physiological

prototype of healing by granulation, that the continuity of the

parts can be restored. The associated phenomena of menstrua-

tion, moreover, exhibit the characters of a violent disturbance of

vegetative equilibrium. All this shows that it is as difficult for

the physician as for the anatomist, to draw a hard and fast line

between physiological and morbid, especially inflammatory

changes in the ovary. Their intimate relationship is clinically

proved, as well by the fact that the processes connected with the

extrusion of the ovum may take on an inflammatory character

by a simple increase in degree, as by the circumstance that the

true inflammations of the organ present the symptoms of "pseudo-
menstrual" states. The anatomist has to beware of misinter-

preting hyperaemic and hsemorrhagic phenomena, when confined

to single follicles
;
he must be careful not to misunderstand

thickenings of the tunica alhuginea, and puckered cicatrices on

the surface of the organ ;
he must not be too hasty in assuming

the existence of atrophy and hypertrophy ;
since all these

appearances are manifested in some measure during the natural

evolution and involution of the ovary.

§ 573. Suppurative oophoritis, such as occurs during the

puerperal state, is unq[uestionably inflammatory. The change
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presents but little of histological interest. A thorough saturation

of the organ with sero-fibrinous exudation causes it to swell, often

very considerably ;
on section, the ovarian stroma looks sodden

and ccdematous. We notice purulent stria) along the vessels,

extending from the hilus to the periphery ;
or else circumscribed

collections of pus
—minute abscesses—may be already present ;

and these, especially when near the surface, threaten to burst

into the peritoneal cavity. In the majority of cases, however,

a suppurative peritonitis is already present, and has enveloped
the inflamed ovary in a mass of fibrino-jjurulent exudation. The

follicles attract attention by their intensely swollen and congested
state

; they give one the idea that the inflammatory action is

peculiarly concentrated upon the secreting tissue. Under these

circumstances, the contents of the follicles are rendered turbid

by the admixture of cells detached from the mcmhrana granulosa ;

so that, upon the whole, the morbid changes might legitimately
be included under the head of " catarrhal inflammation." Our

general knowledge concerning inflammation terminating in sup-

puration and abscess, catarrh, &c., enables us to form a very
accurate notion of the histology of the process ;

it is only the

consequences, therefore, which a favourable attack of oophoritis

necessarily entails on the afiected ovary, which demand any

special attention at our hands.

An inflammatory proliferation, however rapidly it may have

run its course, invariably leaves a condition of increased vidner-

ability behind it
;
this shows itself in a proneness to a relapse of

the original inflammation, or to the occurrence of changes of a

more hyperplastic character. The connective tissue of the old

stroma is actually replaced in parts by a young embr3'onic tissue,

rich in cells
;
the greater abundance of corpuscular elements

involves a greater irritability of the organ. Now if we reflect

that the ovary is periodically exposed to recurrent congestions of

great intensity
—if we reflect that its physiological alterations

are, so to say, sjoionj-mous with inflammatory states, we can

easily understand how exceptionally it is predisposed to hj'per-

plastic changes of all sorts, following on the heels of acute

inflammation
; changes which set out from the connective tissue

of the organ, and are concentrated, now in the stroma proper,
now in the follicular capsides.

§ 574. Overgrowth of the ovarian stroma may cause a



CYSTS. 173

uniform enlargement of tlie organ to tlie size of a closed fist
;

indeed, cases of this kind have been recorded as
"
lij'pertropliy

of the ovary." More commonly, however, it leads to a contrac-

tion which lessens the size of the organ in all its dimensions, and

is analogous to cirrhosis and granular atrophy of the liver. An
increased toughness, a milk-white lustre, and a surface more or

less lobulated, studded perhaps with little polypoid excrescences,

afford good evidence of the simultaneous (and often predomi-

nant) implication of the cortical layer. Virchow asserts that

the thickening of the albuginea extends to the collapsed theca

of the ruptured follicle, wherever the surface is puckered by the

cicatrix of a former ovulation. And yet, as I have alread)'-

said, it is very hard to draw a line between what is "normal"

and what "inflammatory" in such a case as this. Rokitansld

was the first to notice that the corpora lutea might serve as

centres and points of origin for fibroid timiours
;
his observa-

tions have since been repeatedly confirmed.

§ 575, Hyperplastic states of the connective tissue, and in

particular of the capsules of the unruptured follicles,

have often been observed and described
;
but they have never

been definitely referred to antecedent ovaritis. And yet the

very frequent concentration of acute ovaritis upon these capsules
would naturally suggest some causal relationship between them.

The circumstance that those follicles which have put on the

appearance of cysts, owing to an accumulation of fluid in their

interior, are principally affected by capsular thickening, is rather

in favour of than against this view. For the capsule which

has undergone inflammatory thickening, unquestionably offers a

more determined resistance to those forces which tend to make
the follicle burst. This explains why the follicles do not give

way ; the amount of fluid they contain may go on increasing ;

the increased pressure from within, instead of causing rupture,
wiU rather give rise to a further degree of compensatory thick-

ening of the capsule. The disease thus enters on a vicious circle ;

it may finally issue in the first variety of ovarian cystoid (§ 579).

2. Cysts.

§ 576. Next to the kidneys, the ovary is the most favourite

seat of cystic formations of various kinds. "We find cysts large
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and small, simple and compound; cysts with waten', colloid,

fatty, sanguinolent or mixed contents. The unbiassed observer

will naturally be prone to refer this tendency to cystoid change, to

the circumstance that the normal ovary contains the rudiments of

cystic structure in its follicles. Careful investigation shows that

the majority, at any rate, of all ovarian cysts originate in the

Graafian follicles
;
on the other hand, it proves that a group of

cysts, quite as important, though not indeed as numerous, must

for the present be assigned to a very different source. In the

foregoing paragraphs I have tried to show how a hyperplastic
state of the follicular walls, excited by inflammation, may, or

rather must, give the first impulse to the development of a cyst.

I do not fail to appreciate, indeed, that it is upon a disproportion
between the forces which have to rupture the foUicle, and the

resisting power of its capsule, that the issue ultimately depends.
The follicle will also fail to burst, and will degenerate into a cyst,

if the centrifugal force be inadequate; and this is apparently
the cause of that form of dropsy of the follicles of which I am
about to speak. What makes the follicular walls give way?
Can it be a transudation of fluid from the vessels ? That were

impossible
—at least if we are to suppose that the increase of

tension in the interior of the follicle is directly due to a trans-

mission of the blood-pressure to its contents. Such a theory
would be incompatible mth the laws of osmosis. "We may justly

assume, however, that during menstruation a chemical compound

(colloid?), endowed with a capacity for swelling by imbibition,

may be secreted by the cells of the mcmhmna granulosa of the

ripe follicle ; that this substance takes up the water abundantly
transuded from the vessels, and bursts the follicle by its expansion,
in much the same way as a skidl is disarticulated by filling it with

dry peas, on which water is then poured. Granting this as-

simiption, we may go on to suppose that in certain individuals

the substance in question is not generated in sufiicient quantity,
and that the active forces designed to burst the follicle are thus

inadequate for the fulfilment of their purpose.

So much for the origin of ovarian cysts from Graafian follicles,

which is still imder discussion. Let us now pass on to consider

the individual forms of the disease.

§ 677. A. Hydrops folliculorum (dropsy of the follicles).

Certain cysts of the ovary are chiefly characterised by the watery
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nature of their contents, wliicli are closely related in their

chemical composition to the serum of the blood
;
these cysts are

imdoubtedly the most common of all those which affect the

ovary ; they are usually discovered by accident, inasmuch as

they do not give rise to any marked symptoms calling for

surgical interference. Even in new-born infants, we not un-

frequently find small examples of these smooth and thin-walled,

sparingly vascularised blebs. In adidts, they may either be

solitary or miiltiple. The affected ovary may reach the size of

a child's head
;
but it does not usually exceed that of a closed

fist. The most conclusive proof that the disease is really a

dropsy of the Graafian follicles, is that given by Roldtansld, who
succeeded on one occasion in detecting an ovum in all the cysts

which were less than a bean in size.

§ 578. B. Ovarian cystoid [Ci/stoma ovarii). By this name
we denote a tumour wholly made up of cysts, or consisting of a

single cyst, which takes the place of an entire ovary, and origi-

nates in a degeneration of the ovarian texture, which, at least in

its final stages, is of a cystic nature. Inasmuch as the size and

weight of these tumours usually exceed the ordinary limits of

morbid formations by a great deal, and call for operative

measures of the most dangerous kind, they are justly numbered

among the most important diseases of the ovary. Moreover, the

study of this group of tumours furnishes us with a series of

appearances of the greatest anatomical interest
; indeed, it

appears to be reserved for the anatomist to establish a rational

classification of cystoid tumours of the ovary on a histological

foimdation. Much importance used formerly to be attached to

the question whether a cystoid tumour of the ovary was made

up of one or more cysts, whether it was imilocular, or multi-

locular
;
we are now aware that this distinction, important as it

is for practical ends, is not of any fundamental moment. It has

been shown that the simple cystoid is not simple from the first,

but that*it originates in the progressive fusion of several con-

tiguous cysts. All cystoid tumours are at first multilocular.

"VVe will therefore assign only a subordinate place to this prin-

ciple of classification, while admitting that the process of fusion,

alluded to above, is undoubtedly most frequent in that fonn of

cystoid disease which depends on a colloid degeneration of the

Graafian follicles (Form I.).
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The naked-eye characters of cystoid tumours of the ovarj-

depend, in the first place, on the size and number of the cysts.

A simple cyst is globular ;
two or more yield a rather elongated

form, and give the surface an irregular appearance, studded with

hemispherical protuberances. The contained fluid shines through
the walls of the cysts, giving them a yellow tint, or some shade of

brown
;
on pricking the tumour, the tense walls of all the cysts

collapse ;
for the latter communicate with one another far

more freely than we might a priori anticipate. The contents

of the cysts are of course an object of chemical rather than of

anatomical investigation. The chief chemical constituent is that

still so mysterious albuminoid substance knowai as "
colloid

"
par

excellence, or some one of its modifications (see § 44). The beauti-

ful researches oi^ic/ncaldhsLvc proved conclusively that in cystoid

tumours of the ovary, two series of chemical transfoi*mations are

usually progressing side by side
;
the colloid matter generated by

tissue-metamorjDhosis being gradiuilly converted into mucous

peptone, while the albuminous matters transuded from the blood

are undergoing transfonnation into albuminous peptone. The

stead}' action of the heat of the body is enough, therefore, to bring
about a sort of slow digestion of these " crude

"
products. The

larger and the older the cysts, the more likely are we to find such

soluble modifications of albumen in them, involving a greater

fluidit}' of their contents. The solid matters, which are often

suspended in considerable quantity in the fluid contents of the

cysts
—such as free cells and niiclci, crystals of cholcstcrin, oil-

globules or oily debris, blood-corpuscles, pigment
—are all

secreted by the lining membrane, and may always be referred,

partly to a desquamation and futty metamorphosis of epithelial

elements, partly to the occurrence of haemorrhage.
All further peculiarities of ovarian cysts must be discussed

under the individual varieties of the disease, of which we are

now able to enumerate three. (Cf Mayiccffs Prize Essay, Uebcr
die Entwicklungsgeschichte der Eierstockcj^stoide. Bonn. 1868.

Waldeyer, Eierstockcystomc. )

§ 579. FoHM I. Multilocular tumours reaching the size of a

man's head, or unilocular cysts which may be two feet in dia-

meter, with a smooth surface little broken by adhesions, and com-

paratively thick, fibrous walls, which are very commonly lined

with cauliflower excrescences, or more knobby papillose growths.
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The smaller cysts contain a higtly concentrated colloid matter

of an amber-yellow tint
;
the contents of the larger cysts are

more fluid, and mingled with abundant fatty and corpuscidar

products, secreted by their walls. The corpuscular elements

are invariably derived from a simple, non-laminated layer of

columnar epithelium, which lines the walls of the cysts, and is

continued over all their irregularities.
If we make a vertical section through the entire thickness of

the cyst-wall for purposes of microscopic investigation, we see at

once that it is almost wholly made up of a well-developed con-

nective tissue, arranged in stratified lamellae. The average thick-

ness of these lamella) is '003 mm. It is only the innermost,

subepithelial layer which, at least in all cysts below the size of an

orange, constitutes an exception to this rule. This is made up of

embryonic tissue, and beset at many points with papillary vege-
tations of various sizes, which project into the cavity of the cyst

(fig. 161). The layer of columnar epithelium, already referred

to, is not only continued over the surface of these papillae, but

usually attains its maximum degree of luxuriance in this region.
The papillae would not present much of special interest, were it

not for the circumstance that their development is modified by its

taking place in a closed and confined space ;
it is, in fact, sub-

jected to conditions analogous to those described in the case of

2)(ipiUo7na c)/sticnni (§ 70). It is plain that papillae which grow
from the inner surface of a spherical cavity, must converge, and

idtimately come into contact with one another. Contact will

take place all the sooner in proportion as the papillae tend to

break up into branches, to spread out in an arborescent form.

Both of these conditions are fulfilled in the present instance
;
and

the result is, that the tips and sides of the papillae coalesce with

one another at an early period and in a variety of ways. Hence,

too, the larger, pedunculated tumours (which may attain the size

of a closed fist), occasionally met with in the interior of the

cysts, often exhibit a smooth surface with only the faintest traces

of lobular division
;
and yet, on examining them in transverse

section, we find them to be most undoubted papillomata. But
even the smaller papillae, which barely project above the level of

the surface, are often united at their tips ;
hence even these may

exhibit a phenomenon alluded to in § 70 as a frequent result of

such coalescence, sc, the development of retention-cysts. The
VOL. II. n
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lacunar interstices lined with epithelium, which we find close to

the inner surface of such cysts, and even to some little dis-

tance from it—originally described by Rokitaiiski, and more

recently by Foa;, as the rudiments of so-called "
daughter-cysts

"

—are in my opinion to be regarded as former interpapillary

spaces. The continuous ingrowth and thickening of the surface-

tissues has, so to say, outrun these interpapillary spaces before

their complete obliteration had time to occur
;
the minute residue

of free epithelial lining being sufiicient to keep up an independent
secretion and so to cause the development of cysts. Indeed this

is the only way in which fresh cysts can be produced in addition

to those originally formed, in this, the first form of colloid disease

Fig. 161,

Section through the innermost layer of an ovarian cyst as big as

an orange, which has originated by the colloid degeneration of

Graafian follicles ;
a. Papillary outgrowtli, slightly compressed,

coated with colmunar epithelium ; b. Sub-epithelial layer of

connective tissue, also split into papillae, and traversed by in-

terpapillary fissures lined with epithelium, which are not im-

like gland-tubuli. 5^5.

of the ovary ;
and if we take into account the very sparing pro-

duction of such daughter-cysts, we may even assign a purely
accidental significance to the entire phenomenon ; nay more, we

may lay stress on the fact that the first form of ovarian cystoid

difiers from the second by a certain limitation in the nimiber of

cysts, and by the recession of all such changes as might tend to

increase their nxmiber. All this is ultimately reducible to the

origin of this first variety of colloid disease of the ovarj' from a

limited number of Graafian foUiclos.

§ 580. The discovery of ova in the smaller, primary cysts,

would be the most conclusive proof of the correctness of this
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Tiew
; hitherto, however, the search has only been successful in

one instance, whore an ovum was found in a cyst about the size

of a cherry. At the post-mortem examination of a woman who
died after the removal of a cystoid tumour of the right ovary, I

found the left ovary in an earlier stage of the same disease
;
and

it was here that I came across the cyst in question. The current

of indirect evidence flows more strongly in our favour. To begin

with, in the present form of cystoid degeneration, we never find

cysts, however rudimentary, below the ordinary size of Grraafian

follicles. Again, the very smallest cysts are lined with a con-

tinuous epithelium, which, from the form and stratification of

its constituent elements, may claim to rank with external or

glandular epithelium (as contrastedwith endothelium), like which,

moreover, it is subject to periodic renewal. Finally, we have the

extensive analogy between these growths and the cystosarcomata
of certain open glands, in particular of the mammary gland and

testicle. The intracanalicular development ofpapillomata which

characterises e.g. the Cystosarcoma mammce pliiillodes, exists in

the present case also
;
with the sole difference that in the ovary,

owing to the Graafian follicles being closed cavities, the formation

of cysts takes a more prominent place than in the mammary
gland. What can be more likely than that the preformed gland-

tissue, i.e. the follicles, should, in the ovary, as in the mamma,
be the starting-point of the disorder ? I may mention by the

way, that the greater frequency of unilocular cysts in this

first categorj^, is explained by the fact that, owing to the limited

number of the follicles, the possible number of cysts is from

the first restricted—though often very considerable
;
these cysts,

when they have reached a certain size, become confluent by
atrophy of their partitions ;

this coalescence being repeated until

the whole supply of existing cysts has been used up ;
the final

result, owing to the non-development of secondary cysts, being a

single sac, often of colossal magnitude.

§ 581. The only question which still requires an answer, is

that concerning the origin of the colloid matter. Whence is it

derived ? Is it secreted by the epithelial cells ? or does it result

from the involution of all the older epithelial elements ? Does
their protoplasm undergo colloid metamorphosis, and so fill up
the interior of the follicle ? I am decidedly in favour of the

view which makes the colloid matter, like mucus, a secretion of
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the glandular elements. Indeed I believe that the cells of the

mcmhrana (jranulosa normally secrete a certain quantity of this

substance at the time when the follicles burst
;
for it would bi'

difficult to account for their rupture, without assuming the pre-

sence of some material capable of expanding rapidly by imbibi-

tion. To substantiate this hypothesis, however, it would be

necessaiy to prove the actual presence of a sufficient number of

epithelial cells in a state of colloid degeneration (fig. 12) ;
this

has not yet been done, though quantities, often very great,

of detached though otherwise unaltered epithelial cells, have

frequently been met with in the contents of the cysts.

§ 582. Form II. One of the ovaries (the other, as a rule,

being perfectly healthy, while in Form I. the disorder is usually

symmetrical) is replaced by a large timiour, often bigger than u

man's head, made up of a few large cysts, together with a great
number of smaller, even of very small ones. The larger cysts
are often narrowed at some point where the remnants of fonner

septa, in the shape of fenestrated membranes or of branching,
vascular cords, obviously undei'going gradual maceration, may
be observed. The surface of the tumour is nearlj- always con-

nected with the peritoneum by a large number of inflammatory

adhesions, traversed by veins of considerable size. The walls of

the cysts are relativelj^ thin and laccrable ;
their inner surface is

smooth, often pigmented. In the gelatinous contents of the

smaller cysts, we here and there notice gauzy films stretching
across the cavity like cobwebs. The smallest cysts can only be

detected with the aid of a microscope. Here, as in the first

variety, the contents of the larger cysts are more fluid than

those of the smaller ones
;
the only feature which may be called

characteristic of the present form, being the frequent admixture^

of blood and blood-pigment with the contents of the cysts,

^ 583. On examining fine sections from the tougher jwrtions
of the tumour under the microscope, we soon become aware that

continuous tracts of fibrous and well-organised connective tissiu^

are rare even in such parts as are white and tolerably dens(\

Avhether fonning the outer wall of the timiour, or one of the

broader trabecula) in its interior. All these parts, indeed, are

made up of connective tissue
;
but throughout this connective

tissue a number of minute cysts arc disseminated, which we are

able to follow up to their very first beginnings (fig. 162). The
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iiniiexed drawing represents tlic minute structure of one of the

trabecula) of the stroma, which separates two cysts of consider-

able size {a, a) from one another. We see at a glance that

the striated connective tissue forming the main bulk of the

structure, breaks xip into a great number of finer trabeculge,

which enclose and traverse a group of smaller cysts. Of course

we must not think of these trabecula) as cylindrical ; indeed,

they are only trabeculae in seeming, being really membranous

partitions of variable thickness, seen in transverse section. Here
and there {e, e) the connective tissue is abundantly infiltrated

with young round-cells, a proof that it is in a state of formative

Fig. 162.

Colloid degeneration in the stroma of an ovarian cystoid. a a.

Large cysts, lined by an imperfect epithelium of sub-

columnar cells
; the contents of the cysts exhibit a radial

cleavage after hardening ; h. Younger cysts devoid of an

epithelial lining, and traversed by remnants of connective-

tissue fibres ; c. Ditto, with a ring of detached epithelial
cells

; d. Colloid infiltration of the connective tissue, which
has not yet reached any cyst-like form and differentiation ;

e. Infiltration of the stroma with small cells, tt^.

irritation. One might easily be led to suppose that some of the

larger clusters of these cells {e) represent cysts in the earliest

stage of their development
—

rudimentary cysts. For some of
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the smallest cysts (to the left of h) look just as if a certaiu-

amount of colloid matter had simply made its way in between

the constituent elements of one of these little clusters, and had

pushed them asunder. Some authors, indeetl, have adopted this

view. For my own part, I would advise the utmost caution.

The knife may have passed through the extreme end of a larger

cyst and so given rise to the semblance of a very small cyst. I

do not on that accoiint propose absolutely to reject the possibility

of such an origin ;
but I would rather extend the limits of my

definition, and only speak in general terms of a circumscribed

colloid softening of the stromal connective tissue, as the first

stage in the development of the cysts. For it seems to me that

certain swollen and transparent points in the stroma {d) which

are not perfectly round and sharply-defined, ought also to be

regarded as rudimentary cysts. In these, the colloid matter is

more diffusely infiltrated among the fibrous elements of the

stroma
; nevertheless, as it expands, it will inevitably tend to

assume a spheroidal form, and to become gradually marked
off from the surrounding tissues as a globular cavity tra-

versed by septa of connective tissue. Now if we compare the

future state of the spot, d, as just foretold, with the actual con-

dition of the smallest cysts, h, c, &c., wc cannot but admit that

our theory gains in likelihood. Most of the smaller cysts are

still traversed by a system of septa, and I can confidently affii-m

that capillary vessels may occasionally be seen to pass through
the interior of the cysts (not represented in the drawing). Such

appearances are utterly incompatible with the supposition that

these cysts, like those in the first form of ovarian cystoid, origi-

nate from Graafian follicles. It is only when the cyst has

reached dimensions which are very considerable, relatively to

these first rudiments, that it begins to remind us of a Graafian

follicle. Waldeyer is accordingly obliged {die epit/tclialeii Eicr-

sfocksgcsc/iiciiktc, insbesondere die Ctjstomc, .iVrchiv f. Gyna?kolo-

gie, Bd. i. Ileft 2) to go back to the earliest stages in the

development of the Graafian follicles
;
he finds that they origi-

nate in certain minute and very irregidar masses of epithelium,
embedded in the foetal ovary ;

he has also discovered them in

the apparently healthy residue of a cystomatous ovary. I would

willingly adopt his views, did not my own observations, which I

have recorded above (fig. 162, d) warn me to be cautious. For



CYSTS. 183

in tlie larger cysts we always find a layer of epithelium, how-

ever imperfect ;
and the colloid matter, apart from any fibrous

admixture, presents a laminated appearance in hardened speci-

mens, which points to its having been secreted by the lining

membrane. There are other reasons, too, which render it un-

doubted that the cysts, after they have reached a certain size,

are to be viewed as secreting cavities. How else could we
account for the quantity of albumen in all the larger cysts, save

on the hypothesis that it transudes from the vessels, and is

therefore secreted by the cyst-wall ? IS^otwithstanding all this,

the cysts do not originate from follicles
; their development is

due to that transformation of "cysts due to softening" into

secreting cysts, which is more fully described in § 70. Finally,

to sum up the results of our inquiry, we conclude that the

second form of cystoid of the ovary, characterised by the un-

limited production of new cysts, is due to a colloid degeneration
of the ovarian stroma

;
not forgetting the possibility that the

rudiments of the cysts may be furnished by an epithelial pro-

liferation, closely resembKng that which normally occurs in the

embryo. In the latter case, we might term the disease a

Carcinoma colloides cysticum.

§ 584, Form III. Both ovaries are found equally afiected

by a kind of "
cysto-coUoid

"
degeneration. They are larger

than a man's fist
; their surface is smooth

;
a large number of

cysts, varying in size from a millet-seed to a pea, and packed

together like the bits of stone in a mosaic, are seen shining

through the tunica albuginea. In transverse sections, this

mosaic is found to extend through the entire thickness of the

organ ;
the largest cysts, which may attain the size of a cherry,

being situated towards its centre. The entire structure reminds

us of a honeycomb. The contents of the cysts are clear and

gelatinous throughout ;
so that the term "

colloid of the ovary,"

chiefly emploj^ed to denote the two former varieties of cystoid

disease, may not inaptly be applied to this form also. This

third variety is very rare
;
and hence it is, in all likelihood, that

we possess no certain knowledge concerning the origin of the

cysts. The solitary specimen at my disposal has been soaked in

weak spirit for so long a time, that no trustworthy results can

be arrived at by examining it. The naked-eye appearances are

very much in favour of the Graafian follicles having been the
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starting-point of the mischief; not even the smallest of the cysts

falls below the Graafian follicle in size ; moreover, each cyst has

its oA\Ti tough, membranous capsule ;
and finally, the arrange-

ment of the cysts, alluded to above, with the smallest ones at

the periphery and the largest ones in the middle, forcibly recalls

the very similar arrangement of the Graafian follicles. I am
inclined to term this condition struma ovarii, in Virchotc's sense

of the word struma.

§ 585. c. Dermoid cysts oi" the ovary. These are uni-

locidar cystomata, whose walls resume the textural and structural

conditions of the skin. The skin, with its appendages, forms a

closed sac with its free surface turned inwards. Most of the

dermoid cysts which have been hitherto observed, have not been

bigger than an orange ; occasionally, however, they attain a

colossal size (that of a man's head). Their growth depends

only in part on the proliferative processes occurring in their

walls; another factor is the accumulation of cutaneous secretions

in their interior. They usually contain a greasy pulp resem-

bling the vernii£ caseosa, made up of detached epidermic scales

Avith sebaceous matter. This is mingled with long hairs, gene-

rally of a reddish-blond colour, very thin, curled up, or matted

together.

The epidermis exhibits its typical differentiation into a horny
and a mucous layer. Ilair-sacs and sebaceous glands are hardly
over present.

The cutis of dermoid cysts is said by some authors to be

I'urnished with papilla) ;
this is denied by others

;
in any case,

however, they do not seem to occur with the same regularity as

in the skin. On the other hand, the pannicuhis adiposus is

always present; it forms the link between the dermoid cyst
imd the connective tissue roimd it.

Among their accidental constituents, teeth deserve a fore-

most place. These are sometimes developed on the surface of

the cutis in enormous numbers. They are not always typical

enough in form to allow of their being recognised as molars,

canines or incisors
;
but there is never any doubt as to their

being real teeth, with fangs, necks and crowns, with enamel,

cementum and dentine complete. They are sometimes planted

in bony sockets. -;\.gain, true bones have occasionally been met

with in the cyst-wall; bones furnished with periosteum and
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vessels, just like the bones of the skeleton. Ilcnle found in a

dermoid cyst, a horse-shoe-sliaped bone 1" in length, furnished

with pointed processes, with which wedge-shaped bodies as large
iis a hemp-seed were articulated by loose capsular ligaments.

The more highly organised tissues, nerve and muscle^ arc

rare in dermoid cysts. Still they have repeatedly been met with.

Dermoid cysts are most common (three-fifths of the total

number of cases) in the ovary ;
next in order of frequency

comes the testicle. It may be that the peculiar nature of the

ovary and testis, as generative glands, predisposes them to the

production of dermoid cysts; but the notion that those cysts

ought therefore to be regarded as rudiments of foetal develop-

ment, is quite gratuitous ;
for dermoid cysts are also met with

in other organs ; e.g. Cloetta has recorded a case in which a

dermoid timiour was found in the lung.

All other cysts of the ovary are secondary ;
due e.g. to the

softening of a solid tumour. Cancer of the ovary, however,

may mimic ovarian cystoid in a very remarkable degree.

3. Carcinoma.

§ 586. "With the exception of the medullary form, cancer of

the ovary is extremely rare. The medullary variety may
possibly originate in the follicles, or the follicular rudiments,

though confirmatory evidence on this point is wanting. The

exquisitely adenoid, or to speak more prudently, "regularly

alveolar," structure of the spheroidal nodides of which the

tumour is made up, supports the above view of its origin. Fig.
163 represents the edge of a cancerous nodule about as big as a

hen's Q^^. The vessels are filled with blue injection. The no-

dule is immediately beneath the thickened albuginea, which is

itself studded with a number of papillary outgrowths. On ex-

amining the substance of the nodule, we cannot but admit its

resemblance to the section of a tubular gland, e.g. of the renal

-cortex
;
the trabecular septa of the cancer-stroma all contain

vessels
;
the cancer-cells clothe them like a sub-columnar epithe-

liirai, interstices resembling the ducts of a gland being left

in the middle of the alveoli. The albuginea itself contains no

<jancer-nests, but forms a dense partition between the nodule on
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the one side, and the papilla) on the other. All the more strik-

ing, and in a certain sense conclusive, is the circumstance that

one of these papillae presents, in its rather swollen body, a distinct

rudiment of fresh cancer-growth. Elongated fissures, running

parallel with, rather than along the vessels, are filled with the

same large epithelial cells, which we recognise as cancer-cells in

the mature nodule. To me it appears that the lymphatics, here

as in the case of tubercle (§ 115), take the initiative in the

Fig. 163.

'^J<'<5l?^* olife"'

"i>;^^. \^/r;:i:^

Glandular cancer of the ovarj'. Ita peritoneal covering, thick-

ened and heset with papillae, exhibits carcinosis beginning in

one of these papillae. ^J^.

developmental process, by the proliferation of their endothelia,

w^hich then become cancer-cells. An outgrowth of the folli-

cular epithelia, which may possibly exist, cannot be admitted to

occur, OAving to the papilla) being separated from the nodules in

the ovarian parenchyma by a broad barrier of connective tissue.

If, therefore, we include ovarian cancer among the glandular

carcinomata, we must at any rate concede that it is capable of

producing nodules in the connective tissue and its interstices as

well, when once it has transgressed the limits of the organ.
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1. Inflammation.

§ 587. Acute inflammation of the testicle (I refer chiefly to

the gonorrhceal and traumatic forms) begins with an intense

serous infiltration of its parenchyma, constantly associated with

a moderate amount of exudation into the sac of the tunica

vaginalis xyropria. The number of lymphatic spaces in the testicle,

their width and distensibility, may have something to do with

this
;
for the appearances are very like those which may be

artificially produced by ligature of the lymphatics in the

spermatic cord. It is only some of the issues of acute inflam-

mation which present any histological interest. Of course the

commonest termination is a complete return to the healthy state ;

induration is less common, suppuration decidedly rare. The

two latter set out from the walls of the lymphatics. In the

indurative form of orchitis, an overgrowth of the connective-

tissue layer narrows the calibre of the lymphatics, while thick-

ening the tunicce projmfe of the seminiferous tubes by apposition
from without, and so obstructing the tubes and interfering with

the seminal epithelia. The complete obliteration of the latter

elements, with a consequent shrinking and flattening of the

entire organ, is therefore the usual end of indurative orchitis.

The course of suppuration is very difierent. The pus-corpuscles

separate from the inner surface of the lymphatics, and find

themselves forthwith in a free space, occupied by a fluid which is

still in active circulation. Should the pus-formation be moderate

in degree, the resulting corpuscles are conveyed into the blood-

vessels as fast as they are produced ;
the whole process difiering

perhaps only in degree from that perfectly normal phenomenon
which is known as the "transit of lymph-corpuscles" from the

rootlets of the lymphatic system to the blood. Seldom, therefore,

do we find pus collected into abscesses
;
even when accumulation

has occurred, the chances are still in favour of the reabsorption
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of the corpuscles, as comi^ared with their discharge by rupture.
Should rupture nevertheless occur, the fistulous openings arc

small in size, and close up very readily ; save when a sort of

outgrowth of granulation-tissue takes place round the fistulous

orifices, a complication more often noticed here than elsewhere,

and occasionally leading to the formation of fungoid, quasi-
sarcomatous growths, exhibiting the structui'al characters of

proud flesh.

55 588. The tenn "chronic inflammation" has rightly been

applied by Forsfcr to a condition of the testicle which has also

been described imder the name of "atheroma testis." The

organ is very considerably enlarged. The sac of the tunica

caginaUs 2^>'opria is obliterated by adhesions
;
the albuginea has

undergone a high degree of fibroid thickening. In the interior

of the testicle, a single large cyst (perhaps equal to an orange)
4ind several smaller ones are usually found, all of which arc

completely filled with a semi-fluid atheromatous pulj). In it are

suspended crystals of cholesterin in enormous quantities, oil-

globules of all sizes,:, granule-cells, with here and there some

vellow pigment. On washing out its contents, the walls of each

cyst appear lined, over a great part of their surface, with a layer

of thickly-set and highly vascular granulations, interspersed

with islets of tissue impregnated with calcareous matter
;
these

vary from a mere roughening of the surface, which seems coated

with a white adherent powder, to the complete incrustation of

H continuous portion of the surface, and its conversion into a

rigid, calcareous plate, half a line in thickness. A vertical

.section through the layer of granulations shows highly charac-

teristic appearances ;
the layer, as a whole, exhibits the ordinary

characters of granulation-tissue, from which it differs, at most,

only by the somewhat larger size of its corpuscular elements ;

nevertheless, it does not secrete pus, but granule-cells (splieroids

of fatty granules). All stages of fatty metamorphosis may be

4idmirably studied in those ceUs which form the surface-layer of

the granulation, and which, as it seems to me, reach this point

by a continuous process of secretion analogous to suppuration.

I have never seen the production of true pus on the inner

surface of these cysts when closed
;

it never occurs unless the

cavity has been laid open by the surgeon.

The smaller cysts usually furnish us with sufficient data for
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determining the mode of origin and development of these in-

teresting fonnations. They are permeated by remnants of the

normal tissue of the testicle, in which we can easily recog-
nise vessels of considerable size together with some con-

nective tissue—i.e. the remains of what once were interlobular

septa. The intermediate cavities present the elongated, conoidal

form of the lobules of the testicle, and often contain long shreds

of sodden tunicce jjrojjncc amid larger masses of oily debris.

Broad tracts of very tough, white and glistening connective

tissue, scantily furnished with vessels, environ even these

smaller cysts, shutting them off from what is left of the rela-

tively healthy parenchyma. The principal cysts, also, are only
lined with granulation-tissue or calcareous plates ;

the main

bulk of their walls consisting of the same tendinous material,

which often forms strata from two to three lines in depth,

especially where it passes into the thickened albuginea.
The process, therefore, is one of indurative orchitis and peri-

orchitis, differing from ordinary induration of the testicle, in it;^

not affecting the whole organ uniformly. It begins by causing
a hyperplastic thickening of several main septa, thereby strang-

ling large segments of the testicular parenchyma, and forcing
them to undergo fatty degeneration. The luxuriant corpuscular

proliferation on the surface of the septa, and the immediate

degeneration of the secreted elements into fatty debris, the reten-

tion of the latter, and their consequent conversion into an

atheromatous pulp (§ 29)
—these are ihe causes why the seg-

ments of parenchyma, when laced off, are transformed into athe-

romatous cysts, often attaining a very considerable size.

2. Tubercle.

§ 589. By
" tubercles of the testis

" we usually understand

certain cheesy nodules of considerable bulk, and more or

less globular shape ; they are commonly multiple ;
after a time,

they coalesce to form a single mass of very irregular, nodulated

or branching form. The cheesy matter is remarkable for its

peculiar elasticity, a property which it retains until central soft-

ening leads to the formation of an abscess. This tends to burst

externally, giving rise to that well-knownvariety of fistula, which
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is clinically remarkable for its extreme chronicity, and the occa-

sional discharge of sodden shreds of seminiferous tubuli through
it. The epididj-mis and vas deferens are also liable to this

disease ; nay, it is especially prone to set out from the paren-

ch}Tna of the epididjonis.

On proceeding to inquire into the origin and extension of

this morbid product, we find hardly any opportunity of s^udpng
the lesion in its first beginnings ;

on the other hand, we very

frequently
—almost invariably

—find a textural change going on

at the periphery of the nodule, which is obviously connected

with its enlargement. The naked eye observes in this region a

thin laj'er of reddish-grey, translucent and somewhat gelatinous

material, highl}'- vascular, and bulging a little towards the

healthy parench}'7na of the organ. In the annexed drawing of

ii vertical section imder a magnifying power of 300 diameters,

a represents the relatively normal parenchj-ma of the testis,

h the proliferating layer, c the cheesy nodule. The wholly inter-

stitial character of the process is suificiently obvious. The
tubuli seminiferi remain quite passive. At a they are entirely

normal
;

the very thick tunicw proprur of connective tissue,

which play so great a part in cystosarcoma (§ 592), barely show

any sign of nuclear or corpuscular proliferation even in their

outei*most layers. In the zone marked h they are being steadily

dissociated by the morbid growth, without anj"^ sacrifice of their

characteristic morphological constituents
;
in the zone c they are

still further apart ; here, too, we find the first indications of a

glassy swelling of the tunica), and a fatty metamorphosis of the

epithelial cells. These are the only alterations which occur in the

tubuli seminiferi
;
but even these do not lead to their complete

disintegration ; for, as has been already observed, the tubuli turn

up once more during the softening and discharge of the cheesy
matter. "VVc arc therefore compelled to assume that thej'- are

preserved in the interior of the cheesy mn'^^ .•i'< srcTi in flio

annexed figure.

Turning our attention to the disease itself, the iir.st point

which demands consideration is its seat. It is localised in

that very region which, according to the researches of Luduiff

and Tomsa, is permeated by an elaborate systeim of Ipnphatic

spaces ;
and if we call in the more recent investigations con-

cerning the development of tubercle to our aid—investigations
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whicii tend witli such gratifying unanimity to the conclusion

that this product, so long enigmatical, is due to a proliferation of

the lymphatic endothelia*—then, indeed, we cannot but suspect
that the disorder we are now considering is also due to some

change in the interior of the Ijonphatics, differing from that

which results in the formation of miliary nodules only by its

relatively diffiise character. True, there are no miliary tubercles

Fig. 164.

Section through the border of a "cheesy tubercle" of the testis.

a. Kelatively normal parenchyma ;
b. Infiltration of the in-

tertubular connective tissue with small cells; c. Fibroid meta-

morphosis and caseation, tj^.

of the common sort to be found in the present case
;
but it must

be borne in mind—first, that tubercles are known to exist (in the

peritoneum) which attain the size of a lentil or even a broad

bean, &c.
; secondly, that tuberculosis is known to take the

very same form which we have here, in other organs also (brain).

This latter analogy extends, moreover, to the further metamor-

* Cf. § 115. Also the more recent researches of Langhans and Klebs;

{Klibs: Beitrage zur Geschichte der Tuberkulose. Virchmifs Archiv, 44.)
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pilosis of the morbid product. On tracing it from the zone h to

the zone c (fig. 164), we still continue to distinguish the

outlines of the cells for a time
;
but they gradually fade, and

the circular cells are replaced by elongated and polygonal, and

finally by spindle-shaped forms, which seem to result from

mutiuil flattening ;
the spindle-shaped elements forming the

transition to a purely fibrous texture. The last prevails through-
out the cheesy portion of the nodxde. Its colour is due to tho

masses of dark (fatty) granules which arc embedded in it
;

its

tough, hardly laccrable, tenacious consistency, perhaps also its

durability, may be ascribed to its fibrous texture. It was not

without surprise that I first stumbled upon the fibres of Lelx^rf

in these tumours
;
I afterwards found them in all the "

solitary"
nodular products of tuberculosis

;
the discovery obliged me to

admit that a tubercle need not of necessity undergo direct

caseation, but that between the stages of recent infiltration and

cheesy metamorphosis, a third stage might intervene, charac-

terised by an immistakeable tendency towards a higher degree
of organisation. I regard the fibrous variety of tubercle as an

analogue of cicatricial, or rather of fibroid tissue
;
and to this

view I shall return, particularly when I come to speak of "
soli-

tary tubercle of the brain."

Tuberculosis in its disseminated and metastatic form is not

met with in the testicle.

3. Syphilis.

§ 590. In the testicle, as in tho liver, syphilis manifests

itself imder two principal forms, one simply inflammatory, the

other gummatous. The former gives rise to a well-marked in-

duration, which destroys large tracts of the testicxdar parenchyma.
The mischief sets out from the interstitial tissue

;
a h^-perplastic

growth of young connective tissue being followed by its fibroid

condensation ;
even with the naked eye, tho white fibrous bands

may be distinguished ;
their shape is conoidal, determined by

the lobular segmentation of the organ ;
the base of each cone

lying in the similarly thickened albuginea, while its apex is

directed towards the corpus Ilighmorianum, where it blends with

the apices of adjoining cones. We ultimately see nothing
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beyond a continuous mass of wliite fibroid tissue, in wbose

interior tbe tubuli seminiferi, and with them all trace of tbe old

divisions of tbe gland, bave entirely disappeared. Tbe testicle is

flattened, tbe tunica vaginalis propria usually containing serous

fluid.

S}^bilitic gummata in tbe testicle usually imply tbe pre-
vious existence of tbe indurative cbanges wbicb bave just been

described. Hence tbe formation of gummata is to be regarded
as only a furtber specialisation of tbe morbid process. Several

nodides about tbe size of a clierry-stone are usually scattered

tbrougb tbe fibroid mass, A vertical section tbrougb tbe junc-
tion of tbe nodule witb tbe fibroid tissue in wbicb it is embedded,
sbows most clearly tbat tbe specific cbanges set out from a pro-
liferation of tbe corpuscular elements of tbe connective tissue,

speedily followed by a fattj^ degeneration of tbe newly-formed

elements. Tbe masses of fatty granules coalesce, bowever, witb-

out in any way impairing tbe continuity oftbe intervening fibrous

tissue
;
and so it comes about tbat tbe nodules, like tbe yellow

tubercles for wbicb tbey may readily be mistaken, are of a very

tougb consistency.

4. Carcinoma.

§ 591. It is not easy to distinguisb soft cancer of tbe testicle

from soft sarcoma, medullary cancer from medullary sarcoma,

witb tbe unaided eye. Botb timiours exbibit tbe same soft con-

sistency, semifluid in parts ;
botb follow tbe same order of exten-

sion from tbe testicle to tbe epididymis, vas deferens, and retro-

peritoneal glands ;
botb are of a milk-Avbite colour. As regards

minute structure, Birch-Hinchfeld bas sbown tbat in soft cancer

of tbe testicle, as in tbat of tbe kidney, liver and mammary
gland, tbe cancer-cells are lineally descended from tbe ej)itbelial

elements of tbe gland-tubuli. Tbe stroma, tbougb abundantly

permeated by young cells, is nevertbeless marked ofi" from tbe

epitbelioid deposits by a sbarp boundary-line ;
tbe resemblance of

tbe cancer-cells to tbe normal epitbelia of tbe testicle carries less

weigbt ;
on tbe otber band, Birch-Hirschfeld succeeded in iso-

lating tubuli seminiferi at tbe junction of tbe morbid growtb witb

tbe bealtby portion of tbe organ, by means of a 15 per cent.

VOL. 11. o
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solution of hydrochloric acid
;
these tubuli exhibited a smooth

surface
; they were studded with nodular, ill-defined protrusions,

or else, expanding somewhat abruptly, they passed continuously

into the tumour itself. That these appearances really correspond
to the beginnings of the growth, and that these beginnings con-

sist of a proliferation of the epithelial elements of the testicle, is

to me, at least, highly probable.
As it grows, cancer of the testicle not unfrequently assumes

the character of "fungus hocmatodes." The transition is ope-
rated by a very exuberant vascularisation of its stroma, such as T

have described in § 156.

Soft cancer is the onlyformwhich affects the testicle primarily.

The recorded cases of scirrhus of the testicle do not bear the

test of our present anatomical analysis ;
melanotic cancer is said

to have been met vdth. as a metastatic deposit.

For the combination of cancer with other tumours, see § 593.

5. Sarcoma and other Histioid Growths.

§ 592. Not every tumour which the surgeon summarily
dismisses as a "sarcoma of the testicle" is a sarconaa in the

stricter sense of pathological histology. The surgeon uses the

word sarcoma only to mark the contrast between a firm tumour,

"fleshy" in the loosest sense of the word, and one with fluid

contents, viz. hydrocele of the timica vaginalis. The testicle,

however, really is a favourite seat of sarcoma in all its principal

varieties. And here I may call attention to a very singidar

circumstance, viz. that when sarcoma affects the testicle, the

tumour almost always contains, not only all the chief varieties of

sarcoma, but all the histioid formations which are met with in

the sarcomata as well. It is in the testicle, more especially,

that the intimate correlation of all histioid growths is clearly

sho\vn. Cartilage, mucous and adipose tissue, striped and

unstriped muscle, enter more or less into the composition of

sarcomata of this organ. Both cartilage and muscular tissue

may occur as independent and primary tumours
;
but after the

lapse of a short time, they are usually converted into round-cell

and spindle-cell sarcomata by a rapid proliferation at their cir-

cumference.
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These frequent combinations introduce an element of great

variety into the structure of sarcomata of the testicle
;
and this

variety is rendered yet more manifold by the very frequent

occurrence of cysts in their interior. The number of these cysts

varies
;
as regards size, we can trace all gradations between a

poppy-seed and a pigeon's egg ;
the contents of the smaller ones

are gelatinous and viscid
; they subsequently become more fluid,

and are rendered turbid by the admixture of blood, crystals of

cholesterin, and oil-globules. Even in the larger cysts, we often

find the contents sjmovia-like and viscid, while a fluid which is

purely watery and serous is absolutely rare. The smaller cysts

are always lined with a continuous layer of columnar epithe-

lium
; papillary outgrowths are not uncommon

;
and these may

become so numerous as actually to fill up the entire cavity of

the cyst {cystosarcoma 2)hijUodes). On endeavouring to trace the

origin and development of these cysts, which are also met with,

though more rarely and always solitary, in cancer of the testicle,

we are first of all confronted with the seminiferous tubes, which,
Avhen compressed at any point by the interstitial growth, de-

generate into retention-cysts immediately behind the point of

obstruction. Such at least is the generally received view
;

I

would onlj^ add the possibility of a whole plexus of seminiferous

tubes—of a circumscribed portion of the testicular parenchyma,

becoming dilated at once, and serving as a starting-point for

the cystoid change. I have not seldom found cysts of very
minute size, traversed by single partitions of sodden connective

tissue, which I could not but regard as the remains of former

intertubular septa.

§ 593. The following are the most usual of the simple and

compound tumours belonging to the histioid series :
—

a. The soft or medullary sarcoma outwardly resembles

the medullary variety of cancer. This resemblance is at its

highest in those very common cases where the two growths are

actually combined. Such tumours are, in the main, soft

spindle-cell sarcomata with broad trabeculac
;
the trabeculai of

spindle-cells enclosing, or leaving between them, certain small

interstices which contain nests of true cancer-cells. The latter

are not unlike seminiferous tubes with their epithelia, seen in

transverse section
;
and the most recent investigations make it

probable that they really are derived from seminiferous tubes
;
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vet the cells are not like ordiuary seminal epithelia : tliov

present the suspicious irregularity of outline, the poly-

morphism, which is peculiar to cancer. Here and there, too,

we find the proper cancer-structure in the ascendant, givin«^

the entire growth the aspect of a cancer with a sarcomatous

stroma

When the medullary sarcoma is micomplieated, or combined

with cartilage and mucous tissue, we are more likely to find a

roimd-celled parenchyma with a well-developed intcrccllulai-

network
;
that type of structure which is known as

"
hnnph-

adenoid," and which differs from the ordinary roimd-cell

sarcoma by its greater softness, and the number of readily

isolable corpuscular elements which may be scraped from its cut

surface
;
this renders it liable to be confoimded with soft cancer

imless it is subjected to microscopical examination.

All medullary tumours of the testicle are in the highest

degree malignant. Should they originate in the testicle itself,

and not in the epididymis, the albuginea continues for a long
time to resist their growtli ;

shoidd the albuginea itself be de-

stroyed, the growth advances with extreme rapidity along the

spermatic cord into the abdomen, involving the retroperitoneal

glands, &c. So that in a short time the tumour of tlie testicle

itself becomes the least important part of the disease.

h. Cystosarcoma testkxli is always a complex tumour.

Its most constant feature is a relation of the sarcomatous growth
to the seminal tubes, analogous to that which was first described

by Billroth in his " adenoid sarcoma
"

of the mammary gland.
The proliferation is concentrated in the sub-epithelial connective

tissue—i.e. it presents the appearance of an enormous thicken-

ing and round-celled degeneration of the timica propria. This

is complicated on the one hand by dilatation of tlie ducts, on the

other by phyllodic proliferation in their interior (Cf. § 605).

Fornfcr, indeed, describes sprout-like protrusions of the tubuli

seminiferi, such as are generally confined to the various six?cies

of cancer ;
for my own part, I am rather inclined to interpret the

appearances he figures, as due to puckering of the walls of the

dilated ducts. Such folds, Avhen cut across, are very like epi-

thelial protrusions. Here and there, we notice cysts without

any papillae on their walls. Yellowish-brown globular con-
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cretions, wliicli arc peculiar to the generative glands, are sus-

pended in tlie fluid contents of the cysts.

These changes in the seminiferous tubes are associated with

histioid proliferation between them. Here we find little deposits

of hyaline cartilage ;
tlicir peculiar beaded and occasionally

branching form reminds us that (as was noticed by Tagct and

Billroth) they correspond to the course of the lymphatics,
whose canal they occupy. Larger deposits of mucous tissue,,

luiy, even muscidar and adipose tissue, have sometimes been

fomid embedded in the interstitial formation. Finally, can-

cerous metamorphosis, which is always imnrinent, must also be

taken into account
;
for the glandular and other organs of gene-

ration are generallj^ far more prone than other parts to exhibit a

transition of simple inflammatory irritations, of iilcers, operation-

wounds, catarrhal overgrowths (hj-pcrplasiic), into sarcomatous,

and vdtimately into cancerous degenerations. The longer a

formative irritation persists at any point in the generative

system
—as ejj. the external os—the more marked docs the

tendency towards luxuriant proliferation, and finally to carci-

nosis, become.

('. ExciioxDROMA in the testicle takes the form of a solitar}',

hyaline nodule, varying in size from a walnut to a hen's q^^.
After it has lasted for some time, perhaps for years, as a pain-

less, sharph' circumscribed, hard lump, a rapid enlargement,

usually attended by pain, sets in
;
on dissecting the testicle after

it is excised, we find the cartilaginous nodule embedded in a

mass of sarcomatous tissue, Avhose growth is iisually found to be

especially exuberant in some one direction, where it has estab-

lished sarcomatous nodules of large size in the neighbourhood of

the old enchondroma.

(L Myoala of the testicle is solitary, lioliitanslci has de-

scribed a specimen as big as a goose's egg; it consisted of

striped muscle. I myself had a tumour sent me by Middcldorpf
in the year 1860, which was made up of unstriped muscle with

numerous nerve-fibres. The latter formed plexuses which sent

many twigs into the muscular substance. The individual fibres

were bent hither and thither in zigzags. The inadequate
methods of research then at our disposal prevented nie from

tracing their course more thoroughly.
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6. Atrophy.

§ 594. Apart from the secondary atrophy of the seminifer-

ous ducts Avhich is due to inilamination']^and tumours, I need

only refer to the premature occurrence of senile involution. As
we all know, the physiological functions of the testicle cease

after the age of 60. The spermatic epithelia gradually suc-

cumb to a fatty degeneration. The entire testicle grows pro-

portionately smaller
;

it becomes soft, and exhibits on section u

yellowish, dark butter-yellow, or even brownish hue.
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1. Inflammation.

§ 595. The tmnours of the female breast have been so early
and so often subjected to active histological investigation, that

the mammary gland may not inaptly be termed the foster-

mother of pathological histology. Our nearly total ignorance
of the histology of mastitis is all the more singular. We must

content ourselves provisionally, with transferring what direct

knowledge we possess concerning other glands of analogous

structure, e.g. the salivary glands, to the mamma
; thereby

elucidating the coarser phenomena of mastitis.

The acute inflammations which occur during lactation are

either diffuse—involving the entire gland
—or circumscribed—

forming nodules from the size of a pigeon's egg upwards. Cer-

tain diffuse forms of inflammation, which we include under the

head of mastitis, run their course, not in the gland itself, but in

the lax connective tissue which surroimds it both in front and

behind. These very commonly lead to abscess
;
and as regards

their histology, come simply under the head of phlegmon telce

cellulosce (§ 94), As regards the nodular foci of inflammation,

we may also consider the interstitial tissue as the primary seat

of mischief. The retention of milk in the efierent ducts of the

affected lobules, when it really occurs, may be very simply ex-

plained by the inflammatory infiltration of the surrounding con-

nective tissue, in the manner already adopted for the pathology
of retention-cysts in general (§ 70). The nodule usually sup-

purates at several points at once
;
some day, perhaps, we may

succeed in tracing the beginnings of the suppurative liquefac-

tion to the individual lobules of the gland. Positive observations

concerning the share taken in the process by the secreting

parenchyma are wanting.
The textural features of those painless indurations which

often persist for years together as nodules from the size of a
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walnut downwards, and which idtimately degenerate, or soften,

or pass into sarcomatous or cancerous growths, are environed by
stiU greater obscurity than even those of acute mastitis. The

case is probably one of plastic, corpuscular infiltration of the

connective tissue, which, as Ave know, constitutes a neutral,

prodromal stage of the majority of morbid growths.

2. Tumours.

^ 596. At the outset of my observations, I alluded to the

fact that pathological histology might be said in some sort to

have got its training in the investigation of tumours of the

mammary gland ;
and this might lead the reader to expect an

exceptionally scholastic treatment of the subject in the following
sections. lie will find himself disappointed, if by a scholastic

exposition he imderstands a sharply-defined and systematic

classification, a series of well-characterised divisions, and a

minute analytical subordination of the subject-matter. The

progressive specialisation of our studies has resvdted rather in

the obliteration of old land-marks than in the erection of new
ones. For my own part, I know of only two great categories
of mammary tumours

;
the fiirst including those which originate

in the epithelial elements of the gland ;
the second comprising

such growths as spring from the subepithelial or interstitial

tissue. Both these groups may encroach secondaril}' upon each

other's territory ;
all the more must we insist upon their place

of origin as the true source of all their subsequent peculiarities.

fi. Tumours ichich springfrom the Epithelial Ekmcnts of the Gland.

i 597. All the morbid formations which come under this

head have one great feature in common
;
an increased promi-

nence, a more vehement expansion of the epithelium which lines

the acini. This, as we know from normal histology, consists of

a single layer of small, low, nucleated cells, in the closest con-

tact with their opposite neighbours, and exerting a moderate

degree of lateral pressure on one another. During lactation,

the number of cells is doubled or even trebled
;
the new-comers,

however, are not piled up on one another, but squeeze in between
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the former elements, so that of course the superficial extent of

the epithelium, and with it the circumference of the terminal

follicles of tlie acinus, are markedly augmented. The periacinous
and interacinous connective tissue, becoming more succulent

and richer in migratory elements, gives way before this active

expansion of the acini
;
the terminal follicles of each acinus soon

come into close contact with one another, remaining separated

only by a very narrow partition, which is, however, persistent.

The utmost possible degree of distension is at last attained.

What epithelial elements are subsequently developed can only
find room on condition that the older cells separate from the

wall of the acinus
;
these pass into its central cavity, where they

undergo fatty metamorphosis, producing a large amount of oily

debris, which we call milk.

§ 598. The course of these physiological phenomena furnishes

many welcome analogies with the present series of manunary
timiours. The first member of this series indeed, trtje HYrER-

TROPiiY of the gland, is still too little known to allow of our

making any confident assertions about its mode of origin.

Birkctt afiirms that the lobules of the gland are abnormally
increased both in number and size, together with a simultaneous

overgrowth of the interacinous connective tissue. This rare

disease would thus consist of an enormous but uniform swellino-

of the breast, exhibiting a perfectly normal texture throughout.

§ 599. Equally rare, though it has been carefully studied,

is a tumour which, in accordance with the definitions laid

down in §§ 148, 152, I am inclined to call adexoma of the

breast. The basis of the growth is unquestionably furnished

by a proliferation of the epithelial elements of the acinus.

It difiers, however, from the physiological form of prolifera-

tion, by the circumstance that the cells are piled on one

imother; also by the absence of the normal fatty transformation.

The young cells are derived from the extreme edge of the con-

nective tissue
(fig. 165) ;

at this point we notice yqvj small

€ells, closelj^ adherent to the wall of the follicle, and seemingly
furnished by a very thin layer of nucleated protoplasm which
lines the whole of the alveolus. The young cells gradually

emerge from this layer and intrude between the bases of the

deepest epithelial elements. These elements themselves are

gradually detached, and pushed towards the alveolar cavity ;
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layer after layer is thus produced, until at last the masses of

epithelium formed on every side meet in the centre of the cavity,

which is thus obliterated. A progressive dilatation of the

cavities then sets in, precisely analogous to that which occurs

physiologically in connexion with lactation, but differing from

it most essentially in not occurring uniformly throughout all

parts of the gland-substance. On the contrary, isolated follicles

expand at the expense of the rest, and an acinus which has

imdergone this form of degeneration soon acquires a very

strange appearance, although its true nature may still be easily

recognised. Moreover, the gland as a whole is not uniformly
affected. On the contrary, the tumour forms nodules which

Fig. 165.

Adenoma nrnmiiix. True epithelioma (Billroth).

see text. uJ^.

For details,

may reach the size of an orange, while the remainder of the

gland wastes.

A characteristic feature of the disease is the comparatively

high development of the individual cells. This always tends

towards the specific type of epidermic evolution ;
it docs not go

beyond the production of transitional epithelia and grooved
cells which never become liomy.

As time goes on, the contiguous cell-nests coalesce more and

more
;
a fatty metamorphosis sets in in the middle of the larger

ones, terminating in the formation of atheromatous cysts, which

may be scattered through the tumour in considerable nimibers,

the individual cysts often reaching the size of a pea. Nothing
is known of an}' rupture of these cysts externally, of their

ulceration, &c.
; so, too, the ulterior fate of patients afflicted with
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those tumours is very doubtful
;
no metastasis to tlie lymphatic

glands of the axilla has hitherto been obserred.

The above facts oblige us to class this tumour with the

glandular cancroids or adenomata
;
I have no obj ection to urge

against the term " true epithelial glandular cancer
"
introduced

by BiUroth and v. Bnmn.

§ 600. "VVe come next to soft cancer of the breast, charac-

terised in its earliest stages by the rapid and simultaneous

enlargement of one or more lobules to lumps of considerable

size, which give the patient a great deal of pain. The origin of

soft cancer from the epithelium is quite as decided as that of the

tumour which has just been described. But they diifer essentially

in the manner of the proliferation. In the former case, we had
" extrusion of epithelial cells from the matrix ;" in the present

one, we have "
fission of existing epithelial cells." The absolute

sharpness of the limit, which is early established in the present
case beween connective tissue and epithelium, is therefore very
characteristic. The connective tissue of the stroma is marked

off by a smooth, wavy boundary, whose outer edge is hyaline
and translucent. It runs exactly parallel to the surface of the

epithelial cylinders, without uniting with them at any point.

We see at once that the proliferation and independent growth of

the epithelium is the chief determining cause of whatever altera-

tions are produced. The epithelium first produces a solid cord

which fills the acinus as far as its terminal follicles. The cells

at the same time take on the character described in § 154, 8C.

that of large, very protoplasmic cancer- cells. In the youngest
of these elements, the protoplasm of each single cell seems to

run into that of its neighbours. Soon, however, a distinct

segmentation takes place, followed by the polymorphism due

to the mutual pressure of the growing cells.

Constriction and fission of nuclei are everywhere apparent.

Next, the epithelial cylinders begin to grow outwards and to

intrude into the connective tissue, which gives way before them.

The interalveolar septa are broken down
;
in a short time the

thick partitions which permeate the acinus are converted into a

delicate and wide-meshed network, which sustains the vessels.

Meanwhile, the thicker masses of connective tissue which separate

the individual acini of the affected lobe, are abundantly infiltrated

with small round- cells. The connective tissue is thereby made
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softer and more yielding; its capacity for taking part in the

growth of the cancer is increased. The cancerous nodule has

by this time assumed the form of a very large tumour, in which,

liowever, all parts of the former lobule, much as they may bo

altered, can still be recognised. IJut now its development enters

on a new phase.
This is characterised by the appearance of fresh nodules in

•ever-increasing numbers in that part of the gland which is still

intact. The fresh nodules grow just like the old ones, with

Avhich they partially coalesce, contributing in this way to form

a large, irregularly tubercvdated and soft tumour, over which

the skin is tightly stretched; ultimately undergoing suppurative

<Hsintegration, and exposing the cancer to the air.

^ 601. Some excellent researches of Kostcr'fi have lately

made us acquainted with a new way in which cancers may
originate and grow. I allude to their origin from the endo-

thelia of the lymphatics, which renders the extension of the

•epithelial cylinders into the IjTnphatic vessels of the adjacent

coiinectivo tissue possible, and at the same time explains it.

Now there is a form of manimar}'- cancer which, setting out

from a moderate proliferation and change of type of the alveolar

epithelia, passes straightway into an infiltration of the intera-

<'inous and interlobidar lymphatic network. In a very tough
nodule of moderate size, which looks more white than grey to

the imaided eye, the microscope shows that the terminal fol-

licles of the acini, and the efferent canals as far as the larger

galactophorous ducts, are dilated and filled with fatty-granidar

(fcbrin, with granule-cells and epithelial elements
;
to these nests

and cylinders, which, as already stated, are distinctly recog-
nisable as the constituent elements of former acini, the infiltrated

lymphatics adhere by a slightly-expanded base. The Ijmphatic
network is as completely filled with cancer-cells as it is with

•fluid after a successful injection. The arcuate contours, the

varicosity, the broad nodal points of the network, are all very

plain, and leave no doubt that we really have degenerated

lymphatics before us. Billroth has aptly termed this variet}- a

riiHULAR CARCINOMA. Yct I canuot consent to draw any sharp
line between tubular carcinomata and ordinary scirrhus; my
reasons will be clear enough from the following considerations.

^ 602. By far the most usual variety of cancerous disease,
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HARD CANCER of tlic breast, in tlic widest sense of tlie term,

depends less upon a "proliferation" of tlie existing glandular

epithelia, than upon an "epithelial infection," which spreads

from them to the connective-tissue corpuscles and lymphatics

epithelia in their neighbourhood. The proliferation of the

glandular epithelia is usually limited to a moderate increase in

the number of the cells, due to fission
;
the cells then taking the

character of cancer-cells and uniting to form a solid mass, whicli

soon ceases to be distinguishable from the nests of cancer-cells

springing up in its neighbourhood. Inconspicuous as is this

metamorphosis, there cannot I think be any doubt, that it gives

the first impulse to all the changes which ensue
;

in large

sections, which embrace the most various stages of the process,

the cancerous infiltration may distinctly be seen to set out from

the immediate neighbourhood of the acini, and to spread from

this point in concentric circles. Its extension, and consequently
the actual growth of the tumour, is due to a direct conversion of

the connective-tissue corpuscles and lymphatic endothelia into-

cancer-cells, arranged in nests and bands.

It is assuredly of importance that we should, as anatomists, .

distinguish clearl}" between the various constituents of the nutri-

tive apparatus, sc. the blood-vessels, the Ijonphatics, and the

intermediate system of "lacunar interstices in the connective

tissue ;" for nature herself furnishes us w'ith trustworthy criteria

for the purpose. We may perhaps find that these elements

exhibit a certain individuality as regards some pathological
alterations. We must not, however, lose sight of their jihysio-

logical relationship, which has its anatomical mark chiefly in

the similarity and equivalence of the corpuscular elements whicli

line the entire system of canals subservient to niitrition. These

elements possess both nuclei and protoplasm; the latter, however,^

in the blood-vessels and Ijonphatics, is chiefly represented by a

thin, homogeneous plate, to whose outer surface (that which is

turned away from the interior of the vessel), the nucleus is glued

by the often very minute residue of soft protoplasm. Even in

the juice-corpuscles (Saftzellen), a f)artial sclerosis of the proto-

plasm takes place, as is seen more particularly in mucous

tissue, in the cornea, in the tissue of the tunica intima of the

vessels
;
but I do not bind mj^self to push the analogy, at present,

into the minor details of structure. The essential unity of all
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these cells is far more strikingly apparent in pathological pro-

liferations.

"We will confine our attention for the present to hard cancer.

The microscopic appearances which it presents have been re-

peatedly and thoroughly studied
; they leave no doubt as to the

fact, that the majority of the cell-irests originate by a direct meta-

morphosis of single connective-tissue corpuscles; so far, at least,

Virc/iow's doctrine remains unshaken. True, we erred in gene-

ralising too hastily from the results afforded by cancer of the

breast
;
for it turns out that cancer-cells /aa?/ originate otherwise

than from connective-tissue corpuscles. All the more trium-

phantly do the general propositions concerning Carcinoma nlmplvx

(§ 158, et seqq.) maintain their ground in refei'ence to scirrhus

of the breast, from which the appended drawings (/. c.) were taken.

The metamorphosis is ushered in by an "epithelial infection,"

Avhich is still purely hypothetical, i.e. by a stimulus propagated
from the actual epithelium to the connective-tissue corpuscles
which lie next to it, inciting them to xmdcrgo a similar indi-

vidual evolution. This is followed by the abundant accimiula-

tion of protoplasm round the nuclei, their division, the fission of

the cells, as already described; and I cannot help even

now regarding each of the fusiform, youngest nests of cancer-

cells as the offspring of a single connective-tissue cor-

puscle. Re-examination of the question has convinced me in-

deed, that the lymphatics may take part in the cancerous produc-
tion

; yet their participation is only prominent in the hardest

members of the series, those known xaT'«|o;^»as "scirrhous;" in

the softer varieties, their share does not admit of independent
valuation.

§ 603. Accordingly, as the reader will observe, I distinguish

between harder and softer forms in a connected series of hard

cancers of the breast. The hardness (as contrasted with the sofb

consistency of medullary cancer), may be ascribed broadly to the

fact that the tough bands of interstitial fibrous tissue, though put
on the stretch by the cancerous infiltration, and perhaps even to

some extent thinned, are never wholly absorbed
;
so that through-

out all the phases of the development of the tumour, they con-

tinue to form a rigid, inelastic web, which permeates its substance.

The intimate cohesion of the fibres yields only to the irresistible

expansile force of growing cancer-cells. But when once the cells
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have passed the zenitli of their life, the elastic reaction of the

connective tissue reassiunes its sway ;
and I do not think I am

over-bold in assuming that this reaction contributes directly to

the degeneration of the cancer-cells. The subdivisions of hard

cancer flow naturally from the above considerations. The more

decided and exuberant the corpuscular proliferation, the larger

the size of the individual elements, the more generally the con-

nective-tissue corpuscles are involved in the morbid process, the

softer will be the consistency of the tumour as a whole, in har-

mony with the character of the infiltration
;
while on the other

hand, a moderate proliferation of cells which remain permanently

small, and a predominant infiltration of the lymphatics, give the

upper hand to the connective tissue, and result in the production
of the harder varieties.

§ 604. Cancerous tumours of the breast occur by preference
in a nodular form

;
the rare exceptions to this rule, the occurrence

of diffuse infiltration of one or more lobules, nay, even of the

entire gland, being usually due to the softer
" connective-tissue

cancers," characterised by the large size and poljmiorphism. of

their cells. As regards the nodular varieties of these latter

species, I may once more refer the reader to the remarks on

Carcinoma sinqilex in the General Part of this treatise.

True sciRRHUS merits a more thorough investigation. Bill-

roth defines it as a "
small-celled, tubular, connective-tissue

cancer." "With the experienced eye of a master, he has hit the

two most important features of the growth. The cells of a

scirrhus really are barely one-third of the size of an ordinary
cancer-cell. They exhibit, notwithstanding, a well-marked epi-

thelial character, which may be most satisfactorily seen where-

ever the interstitial growth approaches the epithelium of the acini

and ducts
(fig. 166). Equally characteristic of these cells is

their great durability. Degenerative changes can hardly be

detected in these cancers. The cut surface of the nodule is tough,

white, in parts of a silky lustre, and devoid of that yellow mar-

bling which distinguishes the zone of fatty metamorphosis in

simple cancer. The second of Billroth''s criteria, the "tubular"

structure, depends primarily upon infiltration of the lymphatics,
and secondarily upon the fact that the connective-tissue cor-

puscles, in undergoing proliferation and change of type, fill the

lacimar interstices more uniformly, in long rows, instead of
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concentrating themselves at particular points and forming nests,

as in simple cancer. The annexed figure (fig. 166) is borrowed

from Waldo!/c)\ who has done good service in pointing out the

connexion of the interstitial proliferation with the eijithelium of

the acini. We see at h, as I think, a bit of the infiltrated

hTnphatic network; thougli I have since obtained specimens

exhibiting the lymphangioid character of certain tubular infiltra-

tions far more distinctly
—sometimes, indeed, showing the morbid

Fic. 166.

Hcirrhu.s mannmc. a. Milk-ducts with hyiH^rplastic oi)itlielimii.

h. Lacunar interstices in tlie c;onni'cti\e tissue (l}^upllatics ?,

infiltrated with cell-. Aft.-r U''>hleije>\

growth exclusively confined to the hnni)hatics (Cf. § 601).

Here the connective-tissue corpuscles seem to take but little share

in the process. But this is decidedly exceptional. To get an

idea of the ordinary tj'pe of structure, we must imagine all the

fine lines which are seen in addition to the infil Crated products,

beset with almost continuous rows of cells.
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Colloid cancer Is also met with, thougli rarely, in the

mammary gland. I have seen it forming a "cancer en

cuirasse."

In conclusion, I append a table of synonyms which will

prove most acceptable to the beginner, owing to the very volu-

minous literature which exists on this subject.

Slaiple hypertrophy of the mammary gland. True ade-

noma {Billroth).

Adenoma or cancroid hypertrophy, according to my no-

menclature. True glandular epithelioma of Billroth.

Medullary' cancer. Soft cancer of the breast. Acinous

large-celled glandular cancer of Billroth.

Carcinoma simplex (Forstcr). Included with the next

variety, under the common name of scirrhus, by practitioners.

The most usual form of mammary cancer. Large-celled (?)

tubular cancer (Billroth). Carcinoma reticulatum of Miillcr.

Scirrhus. Fibroid cancer, small-celled tubular cancer

(Billroth). Shrinking, wasting, cicatrising cancer.

h. Tumours lohich originate in the Connective Tissue of the Gland.

§ 605. This second group of mammary tumours includes

most of the representative forms of histioid growth
—sarcoma,

fibroma, myxoma, &c., tumours which mostly start from a cir-

cumscribed portion of the gland, and, growing in the form of

nodules, often reach an enormous size
;
tumours which, after

radical extirpation, seldom recur or give rise to secondary

deposits in internal organs. The most important of them is

unquestionably the cystosarcoma mamm.t., a tumour which de-

serves our whole attention, because it exhibits the various species

of histioid growth, whether singly or in combination, under a

form highly characteristic to the naked eye, and affords evidence

of the close affinity and intimate correlation which subsists

between them.

Accordingly the term "
cystosarcoma

" must in nowise be

taken to denote a definite variety, say of round-cell sarcoma,

complicated by cysts; it tells us only that a morbid growth, pos-

sessing the textural characters of a histioid tumour, has invaded

the mammary gland, and given rise to dilatation of its preformed
VOL. II. p
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cavities. The way in whicli this dilatation occurs, however, is

so very peculiar, as to give the tumour an exceedinglj'^ strange

aspect to the naked eye. Round cysts, filled with mucus, arc

only found occasionally, and in an isolated fonn. On the other

hand, the cut surface of the tumour exhibits a number of shallow

fissures, communicating here and there with one another, but

for the most part running in parallel or concentric lines, thereby

giving the tumour a peculiar, foliated structure, which Virchow

Fig,

Usual aspect of the cut surface of a cystosarcoma maramsc, as

seen by the naked eye.

aptly compares to that of a split cabbage (fig. 167). If wc
are to speak of "cysts" at all, we must clearly understand

that they are either squeezed flat, or so filled with tumour-

elements that their cystic character is wholly unrecognisable.
Both of these conditions contribute in some degree to the result.

It may be regarded as certain that these fissure-like spaces are

really the altered ducts. In sections of adequate thinness

(fig. 168) we can detect a continuous lining of stratified

columnar epithelium, which pours a clear,

viscid, synovia-like mucus into the cavity
of the fissures. Moreover, the epithelium, as

compared with its normal standard, is in a

state of exuberant proliferation, which per-

fectly corresponds to the abnormal extension

of the surface which it clothes. But this

extension of the surface which supports the

epithelium, i.e. of the subepithelial and in-

terstitial connective tissue, is the essential

factor in the whole process. It is due, either to a uniform

Dilated and distorted

milk-duct lined witli

columnar cpitheliiuu.
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stretching and thickening of the walls of the ducts, or to an

ingrowth of papillose and dendritic vegetations into their interior.

More rarely, and for the most part only by way of complication,
do solid, globular tumours originate at a distance from the ducts,

amid the larger deposits of interstitial tissue. If we add to

the resulting variety of external appearances, the manifold

variety of the tumour-forming materials, we cannot wonder that

nearly every cystosarcoma mamma3 should have some special

features of its own. We will confine ourselves to the most fre-

quent morphological combinations.

1. Cystosarcoma fihrosum (Fibroma intracanaliculare papil-
lare mammrc, Virchow). A rounded, usually lobulated enlarge-
ment of the mammary gland, of very considerable hardness. On

splitting it open, we see some tolerably large nodules (perhaps
as large as a hen's e^^), presenting the colour and quality of

true fibroids, as well as foliated laminae and septa of the same

Fig. 169.

Dilated milk-duct, forming a cyst ;
its cavity is filled with pa-

pillose excrescences from its walls. (After Meckel von

Hemsbach.)

kind
;
besides these, we have small and large groups of' papillae

which may have broken through the skin here and there, and

made their appearance on the surface.

2. Cystosarcoma mucosum (Myxoma intracanaliculare arbor-

escens mammae, Virchow. Cystosarcoma proliferum vel phyl-

lodes, MiiUer). This is the most usual form. It difiers from

the fibrous variety by its more rapid growth and the exuberant

proliferation of papillose and foliated excrescences into the ducts.

These are best seen when an accumulation of mucoid secretion is

associated with the stretching and dislocation of the galacto-

phorous ducts, and globidar or hemispherical sacs are formed

into which papillose vegetations project (fig. 169). The growth
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is made up of mucous tissue, iutermingled with round-cell

sai'comu-tissue.

3. Sarcoma 2)C)'ican((Uculare, adcnoidcs {Billrotlt). A spheroidal
nodide Avhich exhibits, on transverse section, the foliatedwindings
of a white or reddish-grey substance

;
imder the microscope this

turns out to be either round-cell, or, less frequently, spindle-cell

sarcoma-tissue. The growth is limited to the subepithelial layer
of connective tissue, and what we see is really a monstrous

caricature of the normal ramifications of the glandular paren-

chyma.
4. Sarcoma pericanalicuJare diffmiim. This is a perfectly

uniform and for the most part spindle-celled sarcomatous mass,

in whose interior the galactophorous ducts are stretched and dis-

torted into wide, gaping fissures. This growth likewise sets out

from the neighbourhood of the ducts, and subsequently extends

throughout the interstitial tissue of the gland.

§ 006. Compared with the cystosarcomata, the remaining
histioid tumours of the mammary gland are few in number.

Most common among them is a round-cell sarcoma made up of

several nodvdes
;
most interesting, a spindlc-ccll sarcoma with

ii limited degree of malignity, characterised by its exqui-

siteh' radiating structure (Carcinoma fasciculatum of Mitller).

But the tumour is far too rare to allow of my giving any more

complete accoimt of it. Small nodules of enchondroma have

repeatedly been met with in the mammary gland ;
also lipomata,,

although the latter should always be regarded as altered lobules

of the adipose tissue which surrounds the gland.
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1. Hypeeteophy.

§ 607. It has been, recently suggested, and the suggestion
has met with much support in England {Thompson), that the

prostate is to be viewed as the homologue of the uterus. The

quantity of unstriped muscle contained in its stroma, the cir-

cumstance that the recognised equivalent of the womb, the so-

called utriculus prostaticus, is situated very nearly in the centre

of the gland, give this theory some show of likelihood
;
but it

•ought not to be forgotten
—

-Ist, that the utricular glands with

which the prostatic tubuli would have to be considered homolo-

gous, are not embedded in the muscular layer of the womb
;

2ndly, that the utricnlus j^yosfaticus is not a mere cavity, but

possesses a wall of its own which may be distinctly separated
from the substance of the prostate, and which would therefore

have a prior claim to be regarded as the homologue of the uterus.

Nevertheless, it is singular that the most common form of pro-

static disease—hypertrophy
—should present so unmistakeable a

likeness in many of its features, to an equally common disorder

of the womb, sc. the development of fibromata in its walls.

§ 608. Two forms of prostatic hypertrophy may be dis-

tinguished. In the less common variety, we have a uniform

enlargement of the organ in all its dimensions and a marked

increase in its density, due to the presence of an exceedingly

tough, inelastic, whitish, fibrous tissue, which permeates the entire

gland. The muscular bundles are all in a state of active over-

growth, while the gland-tubuli waste and disappear. In extreme

cases of this form of degeneration, the glandular elements are

wholly destroyed ;
no trace of them can be detected, and the

prostate is converted into a homogeneous fibro-muscular tumour.

Matters take a difierent course in the second and by far the

most usual form of prostatic hypertrophy, which may be recog-

nised at a glance by the presence of discrete nodules in the sub-
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stance of the gland. These are round, or at any rate rounded in

shape ;
their diameter varies from '5 to 15 nun.

;
the smaller

ones are invariablj* soft and of a reddish-grey colour, bulging
from the surface when cut across

;
while the larger ones are for

the most part, though not by any means always, of a somewhat

harder and more fibrous consistency and a paler hue
; they too,

however, protrude from the cut surface of the organ. When
these nodules are few in number, they appear to be embedded in

the prostatic parenchjina ;
as a rule, however, they are so nume-

rous that the gland seems actually to consist of a sort of mosaic

of them, the residual iX)rtions of comparatively healthy paren-

chyma being quite effaced. The manifold varieties of external

form presented by the hypertrophied prostate, the implication
now of its right, now of its left lateral lobe, and then again of

the portio superior of the hinder circimxferencc of the gland (tho

80-called "middle lobe"), the immense variety of distortions

and dislocations to which the prostatic part of the urethra may
be subjected

—all these phenomena are explained by the lack

of uniformity in the distribution and rate of growth of the

nodules.

§ 609. Let us now proceed to examine more closely into the

minute structure and development of this important constituent

of the hypertrophied prostate. All the nodules, the smallest as

well as the largest, contain both glandular and muscular ele-

ments. The former resemble the tubes of the normal prostate

both in the sub-coliunnar (almost pavement) character of their

epithelivmi, and by the manner of their division and ramifica-

tion, the branches being given off nearly at right angles. I

have failed to discover anything like a tunica propria in the

usual sense of the word
;
but the fibro-muscidar tissue which

immediately surrounds the tubuli is stratified in planes parallel

to their surface, and may very fairly be regaixled as the "proper
coat" of the epithelium -lined tube. We should be doing vio-

lence to the facts, were we to shut our eyes to the circumstance

that the gland-tubuli play the most important part in the entire

process ;
in so far at least as the whole structure of the nodules is

based upon their form and mode of ramification. I have not been

able to ascertain whether an outgrowth of the glandular epithelium
in the form of solid cellular processes does or does not constitute

the starting-point of the process ;
I think it more likely that it is
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the sub-epithelial tissue which is primarily involved. This

grows hyperplastic, and swells from a barely appreciable lamella

to a stratum of young tissue varying from "05 to '2 mm. in

thickness, and entirely made up of spindle-cells. Most authors

regard these spindle-cells as muscular, and accordingly designate
this growth, like the common fibroid of the uterus,

"
fibro-

muscular." I have my doubts as to the legitimacy of this

nomenclature
;
but I would rather avoid confusing a matter

which in itself is simple enough, by a dispute concerning names

(§ 128). A single gland-tube with its terminal ramifications

attains the form and size of a pin's head, owing to the said

increase of the subepithelial stratum
;

it protrudes as a minute

nodule above the level of the remaining parenchyma. The
further enlargement of the nodule is due, partly to the implica-
tion of adjoining tubuli, partly to the independent outgrowth of

the existing fibro-tubular elements of the tumour. The more

the latter mode of increase predominates, the more isolated does

the nodule become as it grows ;
it may ultimately surround

itself by a proper fibrous capsule.

A sunmiary view of what has been said above, shows us the

necessity of calling the ordinary hypertroph}^ of the prostate a
" fibro-muscular overgrowth of the peritubular stroma of single

segments of the gland, with a coincident elongation and multi-

plication of the tubuli themselves." A similar affection has

been observed by Billroth in the mammary gland, and described

under the name of Adenoid Sarcoma (§ 605, 3).

2. Inflammation.

§ 610. The prostate, in its relation to acute inflammator}'

changes, presents some analogies with the skin. Like the close

webbing of the fibrous bundles in the cutis, so here, the great

toughness of the stroma hinders the rapid extension of the

morbid process. Accordingly we find that acute inflammation

in all its stages restricts itself to minute and isolated, though
often very numerous foci. Of course I am not referring to

suppurations of traumatic origin, whose extension is regulated

by the previous solution of continuity, but to those acute paren-

chymatous swellings, which are rarely protopathic, but originate
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mostly in the spnpathy of tlie prostate with the remainder of

the genito-urinary system, particularly with catarrhal disorders

of the urinary passages.

I believe it possible to discriminate two stages in the

course of acute inflammation of the prostate. The mischief

begins with marked congestion and ojdema of the entire organ ;

this persists throughout the whole of the first stage. Little is

known, unfortimately, concerning the minute tcxtural alterations

which occur. Thompson observed " dots of thickish pus, which

were not really minute abscesses, but gland-cysts." Hence the

process appears to be localised in the tubuli at an early period.

The second stage
—one which is generally obviated by the skill

of the surgeon
—is that of abscess. Pus-corpuscles are abun-

dantly secreted from the inner surface of the gland-tubuli ; they

mingle with the normal secretion of the gland to form a

glutinous, viscid, greenish-yellow fluid, differing in some

respects from ordinary pus. The pre-existing cavities become
distended

;
at a later period some of them may coalesce

;
and we

then find the prostate studded with a variable number of ab-

scesses of different sizes. It sometimes happens, though very
seldom, that one of the lateral lobes is excavated into a single
abscess of larger size. "Weeks and months must elapse before

the inflammation can reach this point, owing to the resistance

offered by the unyielding fibro-muscular stroma of the gland.
The abscesses usually burst into the urethra

; sometimes, how-

ever, they may force their way to the surface, establishing
fistulous passages towards the rectum, the bowel or the penis.

3. Tuberculosis.

§ 611. Tuberculosis only affects the prostate in that form
which causes phthisis of the gland. Tlie nodules, first grey,
then cheesy, are fomid embedded in the neighbourhood of the
tubuli. Their softening and disintegration lead to the formation
of numerous abscesses which increase in size by the progressive
addition of new tubercles, and finally perforate the bladder.

The whole process is analogous to p/if/tms rcnali's and tcsticiili

(§ 569 and § 589).
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4. Cancer.

§ 012. Cancer of the prostate is not common, and is always

protopathic. The medullary variety forms tuberous growths of

large size which usually protrude towards the interior of the

urethra, finally perforating it and forming ulcers. Oscar Wyss
asserts that the disease originates in a primary degeneration of

the gland-substance, particularly of the tubular epithelium,
while the stroma remains passive. I have no views of my own
on the subject. Melanotic cancer, which has also been met
with in the prostate, would only be a variety of the medullary
form.
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GLANDS.

1. Inflammation.

§ G13. Tlic notewortliy progress which has recently been

made in elucidating the normal histology of the salivary glands
has not yet made itself felt in the cognate field of morbid

anatomy. This is principally due to the rarity of disease in the

salivary glands ; also to the fact that inflammation of these

glands does not come under observation until it has reached far

too advanced a stage. Great difficulties have hitherto beset the

experimental investigation of these disorders, owing to the in-

sensibility of the salivary glands in the lower animals to trau-

matic lesions
;
so that there is some excuse for our acquaintance

with the histological details of inflammation of these organs still

continuing to repose on a small number of well-observed cases

of parotitis {Virchoic and C. 0. Wchcr). I have myself been

obliged to rely exclusively on the materials employed by C. O.

Weber, whose specimens have been carefully preserved in the

Pathological Institute of Bonn.

§ 614. It is probable that the inflammatory irritant is always

propagated to the salivary gland from that mucous surface upon
which its ducts open. Even the so-called "idiopathic" form oi'

parotitis is usually preceded by a stomatitis, however trifling in

degree; and as for those cases which are connected with a

dyscrasia, the most important among them, that due to mercu-

rial poisoning, has also been proved to depend on an extension

of morbid action from the buccal mucous membrane
; so that it

is only the parotitis associated with zjTnotic diseases (typhus,

pyajmia, acute exanthemata, &c.) which can still, according to

our theory, be ascribed to the direct influence of the altered

blood which passes through the gland. These a prion views
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concerning the etiology of inflammation of the salivary glands,
are fully borne out by the anatomical changes which attend it

;

for they consist of a catarrhal inflammation of the secreting

parenchyma, combined with catarrh of the salivary ducts.

First, then, as regards the parenchyma. Virclioic deserves

the credit of having put aside the earlier, mistaken view, once

generally accepted, sc. that parotitis was essentially an inflamma-

tion of the connective tissue of the gland. True, that in acute

parotitis both the capsular connective tissue of the organ, and

especially the septa in its interior, undergo a very considerable

degree of infiltration, first with sermn, at a later period perhaps
even with pus. Nevertheless, every inflammation of a salivary

gland sets out from the secreting parenchyma in the narrowest

sense of the term, i.e. from the ej)ithelial elements which line the

short terminal follicles of the gland. The so-called lobules,

barely appreciable by the unaided eye, and which normally
attain the size of a big pin's head at the utmost, and are of a

pale yellowish-grey colour, attract our attention in the inflamed

gland as tense, swollen bodies, as large as a lentil, and of a dark-

red hue. It is obvious that the inflammatory hyperocmia has

concentrated itself very specially upon these lobules. Even
extravasations may here and there be observed on their surface.

If we now proceed to examine hardened specimens under the

microscope, we recognise the following appearances (though
not till our eye has grown somewhat used to the variety and

complexity of the picture) .

Groups of the terminal follicles are seen in various stages
of morbid change, according as they belong to one or other

lobule. Side by side with lobules Avhich are still quite normal,
we find—1st, some, whose epithelial elements are much en-

larged, darkly-granular, and loosened from their connexion with

one another. The swollen cells, which here and there exhibit

nuclear fission, fill up the entire available space, Avhich they dis-

tend to twice its usual size or even more, according to circum-

stances; Weber has also observed endogenous proliferation of

pus-corpuscles in these large cells. 2nd, others, containing a

large number of pus-corpuscles in their alveoli, while their walls

are still lined by a continuous layer of epithelium (fig. 170).

This pus is equivalent to a "catarrhal secretion from an inflamed

surface
"

; we have only to inquire whence it is derived ?



•220 MORBID ANATOMY OF THE SALIVARY GLANDS.

Several answers suggest themselves. We miglit refer to the

endogenous proliferation of pus-corpuscles described by IVr/jrr;

or we might think of a migration of young cells from the

subepithelial connective tissue. I do not regard the presence
of a continuous epithelial stratum as any objection to the

migration hj^pothesis. Thirdly and lastly, it is just possible

that the epithelia which still adhere to the alveolar walls have

generated the yoimg cells lying in their midst by imdergoing

fissiparous multiplication. Active fission may often be seen

going on
;
and when we reflect that this same laj'^er of cells is

probably the source of the normal epithelia as well, we arc

involuntarily led to suppose that a quantitative excess of physio-

logical renewal may have some share in the inflammatory pro-

cess. Even those lobules which are distended with recently

Fig. 170.

Transverse section tlirongh a portion of an inflanaed parotid.

Teniiinal follicle crammed witli pus-corpuscles ; its walls

are lined with epithelial elements undergoing active pro-
liferation ;

the surrounding connective tissue is infiltrated

with small cells. ^Jg.

swollen epithelia, exhibit nuclear fission in those stellate and

anastomosing cells, crescentic in transverse section, and very
rich in protoplasm, which form a special layer between the con-

nective tissue of the alveolar wall and the mature salivary cells.

According to PfliKjor, these cells are most intimately connected

with the nervous system. The theorj'^ that they also provide
for the renewal of the superjacent epithelial stratum (a view

which has been especially advocated by Ilcideuhaiu) does not

appear incompatible with this. Now if we compare the various

altered lobules with one another, we speedily discover that it is

just these cells which persist after the remainder of the epithelial

stratum is shed, and which simultaneously imdergo a morbid

process of proliferation. 3rd, lobules in which no trace of
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epitlielium can be detected, and wliicli merely resemble meshes

of connective tissue filled witli pus. These wholly purulent
lobules coalesce to form abscesses of progressively increasing-

size, which subsequently take the place of entire lobules, nay
even of entire lobes of the gland. 4th, the interstitial con-

nective tissue is at first swollen and codematous
;

it helps the

anatomist to distinguish clearly between the individual lobules

which are inflamed. At a later j)eriod, a corpuscular infiltration

makes its appearance, beginning around the inflamed lobules, and

advancing steadily, both inwards, towards the interior of the

lobules, and outwards into the broader septa of connective tissue,

leading in either case to suppuration and abscess. 5th, the

salivary ducts throughout the whole of the inflamed tract also

generate pus on their inner surface, as was shown by C. 0.

Wehcr ; yet their epithelium continues unaltered for a long time,

and only perishes when the gland has been entirely destroyed

by suppuration.
From all this we may infer that inflammation of the salivary

glands runs its course more or less as follows :
—The first stage

is ushered in by hyperocmia of the lobules and cloudy swelling of

the salivary cells, with (xsdema of the connective tissue
;
in the

second stage, a purulent catarrhal secretion is kept uj), partly
from the epithelial cells of the lobules, partly from the surround-

ing connective tissue
;
the development of a corpuscular infiltra-

tion of the interstitial connective tissue coincides with this
;
in a

third stage, which, hoAvever, is not usually reached, the j)us

generated by the connective tissue penetrates into the alveoli

on the one hand, while on the other it forms abscesses in the

connective tissue itself, and so brings about the destruction of the

entire organ. The active share in the purulent catarrh, so con-

stantly taken by the salivary ducts, leads us to believe that most
of the inflammatory affections of the parotid are really due to

an extension of the morbid action from the oral cavity along the

efferent ducts of the gland. This would also explain the Avell-

raarked catarrhal character of all forms of parotitis.

2. Tumours.

§ 615. Soft cancer of the parotid, a rare disease, seems

from all we know of its minute structure, to be a true glandular
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cancer, i.e. it seems to originate in the epithelial lining; of the

gland itself. An exuberant outgrowth of this layer in the form

of solid cylinders of cells which steadily bore their way in all

directions, partly breaking down, partly stretching the con-

nective tissue, is the main feature in its development. The
stroma consists of thin and smooth trabecula) of connective

tissue, stretched between a network of vessels which is very

abundantly developed in parts. The cancer-cells adhere but

loosely to the stroma, as a rule
; yet an observation made by

SicJc is worth mentioning ;
lie noticed that the cancer-cells

adhered more firmly to the veins and venous capillaries, nay even,

that they seemed to originate there by proliferation of the cor-

puscular elements of the adventitia. C. 0. Weber also insists

on a more intimate relation of the connective tissue to the

production of the cancer-cells, calling attention to the not un-

common occurrence of papillary outgrowths, intruding into

the interior of the acini. I have seen something of the kind

myself, in a soft cancer of the mammary gland. The cancer-

cells were for the most part very sharply marked off from the

connective tissue
;
but here and there, a continuous transition of

connective-tissue corpuscles into cancer-cells coidd be observed.

These appearances coincided, for the most part, with the points

of intersection of the thickest trabeculic of the stroma; but I

failed to ascertain anything more concerning their position and

significance.

Melanotic cancer is even more rare than the simple me-

dullary form
; nothing is known about its textural relations

to the elements of the gland.

§ 616. C. 0. Wchcr has published some statements about

SciRRHUs of the parotid. They tend to show that this tumour

presents striking analogies to scirrhus of the breast
; yet the

implication of the glandular ci)itheliimi is far more decided in

the salivary than in the mammary gland ;
the infiltration of the

connective tissue with small cells presenting more of the character

of a reactive inflammation and fibroid overgrowth. The glan-
dular epithelia form tubes and cylinders which permeate the

tough white mass of the tumour in all directions.

§ 617. No adenoma of the salivary glands has been hitherto

described. Epithelioma, too, never occurs in a primary form
;

yet it not unfrequently intrudes into the submaxillary or parotid.
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in consequence of the peripheral proliferation of a cancroid

growth in the lips or tongue. Here, if anywhere, Koster's

researches (§ 167) are most strikingly adapted to shed light on

this intrusion of the cancroid processes into the structure of an

adjacent organ. In exact accordance with the course and mode
of division of the IjTnphatics, we see the cylinders of cells

forcing their way, first through the capsular connective

tissue, then into the interior of the gland along the broader

septa, and finally invading the individual lobules of the

secreting parenchyma. Each alveolus takes part in the morbid

process as follows : the spindle-shaped or crescentic cells at its

edges, which I described as the matrix of the salivary elements,

are the first to be involved; they divide and multiply very

briskly. A cushion-like layer of large epithelial cells is thus

produced, which surrounds the older salivary cells, and distends

the alveolus to about twice its normal size. Shoidd the changes
have gone a step farther, the old salivary cells cease to be speci-

fically recognisable as such, while the epithelial elements gene-
rated in the alveolus cannot be distinguished from those of the

cancroid processes with which they now appear to be directly

continuous. As regards this latter point
—the continuity of the

epithelial elements produced from either side—I believe that

it is due to an opening-up and expansion of pre-existing

prolongations. JS^othing can be seen of any other mode of

destruction of the glandular elements—say by simple atrophy.
I need only add that the connective tissue is enormously infil-

trated with small cells
;
this change everywhere preceding the

epithelial proliferation described above, without, however, taking

any direct share in it.

§ 018. Besides the carcinomata proper, mention must be

made of the frequent occurrence of an ej)ithelial proliferation
which only complicates certain compound forms of histioid

growth. The salivary glands, as I have said already, are a

favourite seat, next to the bones indeed, the favourite seat of

ENCHONDROMA. Uncomplicated
—

nay, absolutely pure examples
of this tumour, are more often found in these glands than any-
where else. Besides these, however, we find tumours in which
the cartilage represents merely the acme of textural evohition,

while the main bulk of the growth is made up of mucous tissue

with spindle-cell and round-cell sarcoma-tissue {Billroth).
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These tumours invariably originate in the interstitial connective

tissue
; they form lumps whicli may attain the size of a closed

fist, but which, on account of their exclusively central growth,

usually become intolerable when they have reached the size of a

walnut. They very commonly present a radiating structure
;
a

tough, fibrous nucleus, sending out radiating bands of sarcoma-

tissue, here and there inlaid with islets of mucous tissue

and of cartilage. In other tumours again^ the mucous tissue

FlG. 171.

From the cut surface of a myxoma of the pai-otiil. The spaces
filled with epithelial cells and pearly nodules arc prohably
lymphatics. See text. gjjy.

is the dominant constituent; these are accordingly called
"
myxomata of the parotid." It is this variety that BiUrotli

fomid to be complicated by the epithelial proliferations alluded

to above. "Whether they set out from the acini of the gland
or not, is doubtful

;
but it is quite certain that their main

bulk consists of altered lymphatics. This is obvious from a

single glance at Billroth's beautiful preparations, one of which is

now at my disposal. The entire lymphatic network with its

characteristic outlines is seen to be filled with masses of epithe-

lium
;
and even the little fragment of which I made a drawing

before I came across K6dcr\ researches, exhibits the unmis-

takeable contours of three l}Tnphatics cut across transversely

and obliquely. It is a singular fact that "pearly nodules" are

met with in these cases, though they never occur in secondary
cancroid of the salivary glands {% 617).
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[The elaborate researches of R. Virchoiv (Krank. Geschw. iii. 1) havo

exercised so great an influence in elucidating and advancing our know-

ledge of the morbid anatomy of the thjnroid body—which previously
laboured under a certain vagueness and uncertainty

—that I may ven-

ture to handle this rather difhcult topic in the summary way which

befits a text-book.]

1. Goitre (Struma).

§ 619. The thyroid body is liable to few diseases
;
and among

these, goitre is the most important. It consists in an enlarge-
ment of the organ, often very considerable, which occurs every-
where in a sporadic form, but is so common in some moun-
tainous districts, that a healthy thyroid, especially among the

female part of the population, is hardly to be met with.

We might easily enumerate a whole series of goitres differing
from one another in kind

; c.ff. cystic, vascular, gelatinous, fol-

licular and amyloid goitres ;
these forms, however, all group them-

selves round a common centre, the hypertrophic goitre {Struma

lujpertrophica). In other words, every goitre, however singular

may be its ultimate differentiation, begins as a true and simple

hypertrophy of the gland-substance, which of itself, i.e. without

the supervention of further, secondary metamorphoses, con-

stitutes what is known as Struma hypertrophka. What then do

we understand by this term ?

§ 620. I will sketch the anatomy of the thyroid gland in a

few words. As in the open glands, so here, we distinguish be-

tween two elements of structure—1st, the gland-follicles, the

analogues of the secreting tissue of other glands, e.g. of the tubuli

uriniferi of the kidney, of the acini of the mucous glands, &c.

2ndly, a framework of connective tissue which invests the fol-

licles and unites them into little groups or "granules," and into

larger aggregates, the lobules and lobes. The follicles are closed

sacs, consisting of a simple pavement-epithelium, and containing
a single drop of a highly albuminous, clear fluid. The connec-

YOL. II. q
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tive tissue carries a very large number of vessels, which derive

their supply of blood from the four great thyroid arteries. Now
the development of the goitre invariably begins with a prolifera-

tion of the follicular cells. Inasmuch, however, as this prolifera-

tion is more active at some points of the follicular wall than at

others, the follicles come to exhibit protrusions, which, after

reaching a certain length, divide and subdivide, become con-

stricted, and form new follicles. Billroth succeeded in isolating

such branching follicular protrusions entire. The whole process
is accordingly a true overgrowth of the gland-substance proper,

and so long as it keeps within these limits we call it hypertro-

phic goitre {Struma hi/pertropMca).

The outward aspectof a h}^ertrophic goitre depends primarily
on the fact that the gland is seldom uniformly aiFected by the

hyperplastic change ; single lobes and lobules, or even certain

accessory lobules which present themselves at various points of its

periphery, being predominantly affected. In this way there

arise sharply-defined, round nodules, which bulge outwards when
the organ is cut across (goitrous nodules), and which, when
situated at the circumference of the gland, give rise to the most

striking alterations in its form.

Further distinctions are based on the relative share taken in

the hyperplastic process by the connective tissue and the vessels

respectively. A very common form of goitre is due to the de-

velopment of the stroma lagging far behind that of the follicles.

This gives the goitrous nodules a very soft, almost fluctuating

consistency ; they are yellowish-grey in colour, with a slight dash

of red, and are separated from the surrounding textures by a

dense layer of connective tissue, a so-called capsule, from which

they may be more or less readily shelled out {Struma mollis). In

other cases again, the development of the vessels, and particu-

larly of the arteries and capillaries, outstrips that of the remain-

ing elements
; and this to such an extent as to justify the

term Struma ancuri/smatica, first employed by Philipp ron Wal-

ther. The arteries, down to their finest ramifications, arc dilatetl,

thickened and tortuous
; the tumour pidsates, and its elevated

temperature affords additional evidence of the enormous quantity
of blood which flows through the gland in a given time. A
third modification of the hyjiertrophic goitre is due to the pre-

dominant implication of the connective tissue in the hyper-
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plastic process. Broad white septa of connective tissue permeate
tlie entire organ ; tough, fibroid deposits are produced in the

interior of the nodules
;
these extend at their periphery, and fairly

ohokc down the follicular proliferation. Here and there, the

nodules and septa come into contact
;
and finally the connectire

tissue predominates to such an extent as entirely to mask th6

overgrowth of the follicular elements, which is always, never-

theless, the primary change [Struma fibrosa, Fibroid Goitre).

§ 621. Manifold as are the structural modifications exhibited

by hj-pertrophic goitre in the ascending series of its develop-
mental changes, their number is considerably augmented when
we take its subsequent historj'^ into accomit. We come in the

first place to colloid goitre [Struma gelathwsa vcl coUoides). We
know that even the unenlarged, I will not go so far as to say

normal, thyroid contains a certain proportion of colloid matter.

We can occasionallj^ squeeze from the cut surface of the gland
certain amber-yellow, transparent spheres of a tough and elastic,

ov perhaps semi-fluid consistency, and we can readily assure

ourselves that they originate in the interior of the follicles.

Whether they are produced by secretion from the follicular

walls, 'or by a chemical transformation of the albuminous con-

tents of the follicles, is still uncertain
; yet the brilliant pleading

of Virchow cannot but induce many to adopt the latter of these

hypotheses. !N^ow this development of colloid matter is especially

prone to complicate hj^oerplastic enlargement of the follicles
;

hence that familiar variety of goitre which is distinguished by
the uniform, often enormous enlargement of the entire gland.
The appearance presented by the countless alveoli distended with

a yellowish, viscid jelly, and the peculiarly elastic, doughy
consistency of the tumour, are highly characteristic.

The more abundant the masses of colloid matter, the more

does the mutual pressure of the alveoli cause atrophy of their

septa, leading to confluence of the follicles, lobules, and lobes

into common cavities of larger size. In these again, the colloid

matter grows more and more fluid
;
it finally becomes as thin as

an ordinary solution of albimien, from which, moreover, it ceases

to differ chemically. The whole mass is now a cyst, and in

proportion to the number and size of the portions of gland-
substance which have undergone the above-described metamor-

phosis, are the size and number of the cysts which the goitre now
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contains. We find some goitres entirely made up of cysts of

various sizes (Sfrunia cystica). But the morbid change does

not long continue in this stage. "What was originally a cyst

due to softening, becomes a secreting cyst; hence a new and

})owerful cause for its further enlargement. Serum, nay even

Ulood, may be poured out in considerable quantity into the cysts ;^

and some of them may attain proportions perfectly colossal

{RipHcnlxropf, Giant Goitre). On the other hand, the increase of

centrifugal pressure may lead to a further absorption of the

septa in the interior of the tumour
;
the cystic goitre becomes

unilocular, and we may ultimateh* find a single cyst of moderate

size, but with exceedingly thick walls, in the place of the thyroid

body.

^ 622. We have yet to refer to the amyloid and osseous

varieties of goitre (Struma amijloidcs ct ossca). Each of these

corresponds to a special mode of retrograde metamoiphosis,
which in the one case afiects the glandular parench}Tna and the

vessels, while in the other it confines its action to the coimective

tissue of the stroma. As a general rule, it is only single seg-
ments of large goitres which become calcified or impregnated
with amyloid matter. Yet the deposit of earthy salts may go
so far as to enable us to obtain a coherent skeleton by nmceration,

a cyst-wall converted into a bony drum, &c. On the other hand,

the amyloid infiltration of individual nodidcs of the goitre may
attain so high a degree as to residt in the formation of a per-

fectly waxy mass (§ 48) ;
and it is here more especially that the

chemist has an opportunity of getting very large cjuantities of

chemically pure amyloid matter for analysis.

2. Cancek.

§ 623. What used to be laiown as "scirrhus of the thyroid,"
is nothing more than that fibroid induration of the hyi)ertrophic

goitre which has been described above. This leaves soft cancer,,

which is occasionally met with in the thyroid gland, as the sole

representative of the group. When primary, it fonus tumours

of tolerably large dimensions, which tend to burst into the

a>sophagus or trachea. Metastatic deposits of cancer are some-

what rare. We have no histological data concerning either the

one or the other varietv.
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CAPSULES.

§ 624. It is only within recent years that physicians have

come to know and believe in the existence of a series of morbid

alterations in the ^prarenal capsules. In the year 1855,

Thomas Addison made the assertion that a constitutional malady,

consisting of anaemia and debility going on to fatal marasmus,
with a progressive dirty-brown discoloration of the skin, not

absolutely uniform, but darker in some patches than in others,

was the result of a complete disorganisation of the suprarenal

capsules. This assertion has since that time been tolerably well

confirmed as a whole
;
the discoloration of the skin more espe-

cially, the melasma sujurcrenalc, has obtained civic rights in the

realm of science. As regards the causal relation between the

symptoms and the structural changes in the suprarenal bodies,

authors are still at variance. Virchoic, who has devoted special

attention to the inquiry in Germany, has, on mature considera-

tion, arrived at the conclusion that the disorganisation of the

suprarenal capsules involves direct injury to the nervous elements

of the capsules themselves, and to those in their immediate

neighbourhood {e.g. the solar plexus), and that the symptoms
must be explained on this basis, sc. through the agency of the

nervous system. On this view, the precise mode in which the

capsules are destroyed would be of little moment. Experience
has taught us, however, that in the vast majority of cases,

Addison's disease is due to tuberculosis of the suprarenal
bodies.

^ 625. Let us then bestow our attention in the first place

upon this, by far the commonest affection of the capsules. It

begins with an eruption of grey nodides, larger than a millet-

seed, in the medullary layer of the organ. We cannot localise

them more precisely, whether in the sheaths of the vessels, in
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those of the nervcp, or in the hinphatics. The nodules coalesce

to form larger aggregates which may ultimately attain the size

of a pigeon's egg and more
;
these speedily become cheesy. An

infiltration of the connective tissue of the septa with small cells,

which I regard as inflammatory, takes a great part in this pro-

cess. Medullary and cortical substance alike succumb to the

degenerative change. The capsule alone resists disorganisation ;

nay, it is converted by an inflammatory form of reactive over-

growth into a succulent, fibroid lamella, from half a line to two

lines in thickness, which encloses the cheesy deposit on all sides.

I have often seen it adherent to the adjoining surface of the li'scr,

pancreas, &c., and I am of opinion that the lesions of the nervous

plexuses, so strongly insisted upon b}' Virchair, may really be

due to this extension of the inflammatory changes to the neigh-

bourhood of the suprarenal capsules.

§ 626. No histological investigations have hitherto been

made into soft cancek of the suprarenal capsules ;
this may be

prunary, though it is usually fomid in conjunction with cancer

of the generative glands. What used to be called sarcoma of

the capsules, has recently been described by Viir/io>r iia glioma.

Virchow is convinced that the medullary substance of the supra-

renal bodies, so abundantly provided with nerve-fibres and

ganglion-cells, cannot be^^devoid of the connective substance of

nerve-tissue—of neui'oglia ;
hence he regards certain, not very

uncommon, roundish tumours of the medullary substance, vary-

ing in size from a pea to a cherry, rose-coloured and tough,

as partial overgrowths of this neuroglia
—as

"
gliomata."

(Cf. Tumours of the Nervous System.) These must be care-

fully distinguished from another, more unifonn overgrowth of

the entire substance of the gland, which Viir/iow has recently
described under the nameof suprakexal goitke (Sfruina .siip/V'

renaliti). The term is a happy one, owing to the close resem-

blance of the cortical substance of the suprarenal bodies to

the structure of the thjToid gland. In either case we have

closed follicles, filled with epithelial cells; in the outermost layer

of the cortex, the follicles are spherical ;
farther inwards, they

become elongated and tubular
; at the edge of the medullary

substance they are very small, and their contained cells are full

of black and bro^vn pigment-granules (intemiediate pigmentary

layer of Virchoic). Struma suprarcuaUa originates in a prolifera-
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tfon of the follicular elements, and according as this process

extends throughout the entire gland, or remains confined to

single portions of it, we get either nodular or more uniform en-

largements of the organ. The nodules may reach the size of a

walnut, when they exhibit elongated, branching and contorted

follicles, filled with corpuscular protoplasm in course of fatty

disintegration. Wherever the interstitial tissue takes a more

active part in the hyperplastic process, tough, fibroid deposits

are found. Enough has been said to show that the analogy
with goitre certainly goes a long way ;

we may therefore give
in our adhesion to Vtrchow's view with perfect confidence.
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§ 627. The axiom that the phenomena of disease are iden-

tical with those of normal life is justly regarded as one of the

principal results of scientific investigation in our day. The

relation in which the special forms of disease stand towards this

axiom was, and still is, different in each individual case. For

while the teacher of clinical medicine finds it comparatively easy

to persuade his pupils that fever is only a quantitative exaggera-
tion of the nonnal heat of the body, that the severest dyspnoea
results from the very same lack of oxygen and excess of car-

bonic acid which cause the normal besoin tie respircr
—the task

of the morbid anatomist is far more arduous, when he attempts

to give even a limited degree of plausibility, e.g. to the parallel-

ism between physiological and morbid growth (Cf. §§ 60, 67).

Under such circumstances it is especially gratifjnng to the

morbid anatomist, that in the diseases of the bones he has at

least one series of phenomena, in which the analogy with physio-

logical prototypes can be so clearly demonstrated as to bring
home the doctrine in question to the most unpractised eye and

the most prejudiced mind.

Whoever is familiar with the interesting scries of tcxtural

changes attending the normal growth of bone, with all that

is known concerning its development from periosteum and from

cartilage
—^has already mastered the elements of the patholo-

gical histology of the osseous system, and is in no risk of

losing his way among the minor qualitative deviations from the

normal type which nevertheless exist. Many diseases of the

bones depend upon a simple excess or dcficicncj- of normal

growth ;
a far larger mmiber on the predominant acti^^ty of

single anatomical factors,^ whose part in normal growth is more

subordinate
;
in every case, however, .sonw analogy at least may

be discovered between the morbid phenomenon and a nonnal

prototype. The above reflections will be kept in mind as
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anucli as possible in our partition and classification of the

subject.

1. Disorders of Development.

^ 628. I Avill not pause to inquire whether we are right in

ascribing the general excess or deficiency in the size of the

body as a whole, the stature of giants and of dwarfs, so exclu-

sively as is usually done, to a greater or less intensity in the

growth of the skeleton
;
I will only call attention to a single

fact which bears the other way, viz. that the hypertrophy of

single limbs which is occasionally met Avith, does not depend

solely upon an enlargement of the bony framework of the afiected

part. For if we strip the soft tissues from such a limb, and

compare their weight with that of the residual bone, dealing in

the same way with the corresponding extremity of the opposite

side, we find that the aggregate preponderance on the affected

side is not by any means due solely to the bones, but that the

muscles, skin, vessels, &c., have undergone a proportionate
increase in size and weight.

§ 629. A peculiar interference with normal growth is caused

by PREMATURE OSSIFICATION OF THE SUTURES AND SYNCHONDROSES.

Prematiire ossification of the longitudinal sutures of the skull

gives rise to those peculiarly elongated crania with narrow fore-

heads, which we term dolicho-cephalic ; premature ossification

of the coronal and lambdoid sutures causes the brachy-cephalic,

globular form of skull. Prognathism results from a premature
ossification of the cartilage which originally intervened between

the basioccipital and basisphenoid (in the os tnhasilare of

Virchoiv). Early ossification of the pelvic synchondroses gives
rise to arrest of development of the corresponding pelvic arch

{synchondrosis sacro-iliaca dcxtra, sinistra; synipkysis), and con-

sequently to contraction of the transverse and oblique diameters

of the pelvis (P. aequihiUter justo minor—obliquely distorted

pelvis). These changes sometimes attain a pathological signifi-

cance
; they are still, however, so far within the bomids of

health that, inter alia, the cranial and facial characters of the

various races of mankind, exhibit diversities precisely similar to

those which have just been described.

§ 630. EiCKETS {Englischc KranMeit). The manifold ab-
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normalities of the osseous system, the long series of distortions

and swellings of the bones which occur in rickets, depend ulti-

mately on a morbid acceleration of those changes which usher

in and prepare the way for the transformation of cartilage into

bone, and the de^elopment of bone from periosteum. The
actual ossification follows at a slower pace; and hence the

substance which, in the normal course of development, imder-

goes immediate conversion into bone-tissue, and whose existence

is therefore of a very brief and temporary character, accumulates

in disproportionate quantity. Now it is this intermediate sub-

stance which forms the swellings just alluded to, and, more-

over, allows the bones to be bent and broken. But I must not

anticipate.

§ 631. ^Tien bone is developed in a cartilaginous matrix,

the latter, as everybody is aware, melts gradually, layer after

layer, before the advancing line of bone-tissue, into a relatively

soft material, wholly made up of cells
;
the cartilage-cells divide,

and their division is usually repeated twice over, in the cells of

the first and second generation, so that each original element

comes idtimately to be represented by a group, containing on an

average eight corpuscles, which remain provisionall}- enclosed

in a common ca^'ity. This is the former cartilage-cavity. The

thick, glassy membrane by which it is lined, is the former

cartilage-capsule. Both of these are stretched and dilated,

partly by the multiplication of the contained cells, partly by a

peculiar expansion which each of the newly-formed cells of the

third generation undergoes. The hyaline matrix of the old

cartilage is nearly all consumed, so that the large, ovoid cap-
sules of the contiguous groups of cells arc in immediate contact

with, one another. A single, or at most a double layer of such

capsules constitutes the nonnal " zone of proliferation
"

of the

cartilage.

Now it is just these preliminary phenomena, forming, so to

say, the preparatory stages in the growth of bone, which are

markedly distm-bed in rickets. AVe may fairly assume that in

rickets the chemical (?) stimidus which excites the cartilage-

cells to undergo division, is present in abnormal quantity, and

hence occasions a more frequent fission of the individual ele-

ments, as well as a more speedy implication of fresh layers of

cells in the proliferative change. The anatomical api)earances



EICKETS. 236

lend great support to this hypotliesls. From ten to twenty or

more layers of cartilage-cells are found simultaneously engaged
in the process of proliferation. Even the cells of the third

generation have undergone division, so that we have groups of

from thirty to forty elements, which are arranged in elongated

columns, somewhat bent and displaced by mutual pressure, at

right angles to the surface of the bone (fig. 172, a). Whereas
in normal bones the proliferating zone of the cartilage can

Fig. 172.

Part of the " zone of proliferation
"

of an epipliysal cartilage in

rickets, a. Several columns of cells, sucli as result from

the proliferation of single cartilage-corpuscles ; i. Direct

ossification of the cartilage. See § 631. g^^^.

barely be detected by the naked eye as an extremely narrow

reddish-grey stripe, in ricketty bones (fig. 173) it forms abroad,

grey and translucent, very soft cushion (b) between the carti-

lage («), on the one hand, and the perfect bone-tissue {d) on

the other.

§ 632. The phenomena we have just traced in cartilage recur

in a precisely analogous form in the periosteum. The young and
vascular embryonic tissue which is generated by the periosteum on
its inner surface, forms under normal conditions only a thin layer
which can hardly be perceived by the naked eye. The rapiditywith
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which it imdcrgoes conversion into bone does not allow of its

accumulating in any considerable quantity. In rickets the case

is different. Under the influence of this disease, the inter-

mediate substance accumulates in layers which are often a line

in depth. Older authors speak of a ha;morrhagic exudation

between the bone and the periosteum, and compare the deposit,

Fig. 173.

Vertical section through the uinjcr half of a ricketty humerus.

Slightly magnified. a. Hj-aliue cartilage of epiphysis ;

b. Its "zone of proliferation," permeated by mediillaiy

spaces ;
at c a hu"ge piece of directly ossified cartilage (we;

hg, 174); d. The bomidarj- of the hone ; e. The medullary

cavity ; /. The comjMict substance ; «/.

" Zone of prolifera-
tion of the periosteum.

on account of its colour, to the splenic jjulp. More careful in-

vestigation proves that no extravasation has taken place, but

that the red colour of the young connective tissue is due to the

nimiberof wide and thin-walled capillaries it contains
(fig. 173, <7).

The deposit usually extends over the surface of the bone in the

form of broad, flat, uniform elevations. On the cranial bones
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these are, as a rule, sharply circumscribed, a peculiarity which

is not manifested in the same degree upon the bones of the

extremities.

§ 633. The next question which suggests itself is this : how
does the bone itself respond to this exuberant activity on the

part of the cartilage and the periosteum ? Does it, so to say,,

a^-ail itself of the opportunities for a more rapid growth, does it

grow faster than usual or no ? That it does not usually do this

is clear enough from the very fact of the accumulation of the

intermediate tissue. The peculiar histological phenomena, how-

ever, which are manifested in these very accumulations, sponta-

neously convey the idea that nature is fully aware of her duty
towards the bone, that she is doing her best with the means at

her disposal to accomplish the difficult task of ossification
;
and

that although, with her limited resources in the way of earthy

salts, vessels, and medullary spaces, she is unable to produce a

really solid bone, she yet endeavours, to the best of her power,
to distribute these necessary elements throughout the whole of

the proliferating zone, as if she wanted to show how far the bone

ought actually to have reached, if everything had taken its proper
course.

§ 634. Laying aside all teleological metaphor, it is certain

that the process of ossification is not wholly absent in the

interior of the proliferating zone ;
that its individual anatomical

factors at least may be detected. Confining our attention to

the cartilage for the present, we observe in the first place that

well-formed medullary spaces exist in the layer marked h (fig.

173). We know the important part which the formation of

medullary spaces plays in the development ofbone from cartilage.

The spheroidal groups of proliferated cartilage-cells are con-

verted by a renewal of division, which seems to set in very

suddenly, into masses of the same size, but consisting of cells

which are at once far smaller and far more numerous (medullary

cells) ;
a partial liquefaction of the basis-substance enables these

masses to coalesce with the nearest medullary spaces of the

perfect bone
;
almost at the same moment, a capillary loop is

thrown out into the annexed territory, and a new medullary

space with all its attributes is complete. To render this change,
which is perfectly unique of its kind, quite plain to the reader's

mind, I will define it as an ingrowth of the medullary tissue of
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the bone into the cartilage. The medullary tissue is exactly-

like granulation-tissue. Just as the granulations shoot up fi-om

the surface of a wound in course of repair, so here, vascular

processes of medullary tissue spring from the open medullary

spaces at the edge of the bone, and invade the cartilage with

their club-shaped extremities. "Were it not for our confirmed

habit of concentrating our attention, in the present case, upon
the formation of cavities to receive the young tissue—upon what

may be called the negative aspect of the entire phenomenon
—

we might just as well term the medullary spaces
"
medullary

papilla)" ;
and this new way of looking at the matter will per-

haps facilitate our comprehension of some of the individual

phenomena of the process.

During the normal growth of bone, the development of me-

dullary spaces and the advance of the medullary tissue into the

cartilage, take place simultaneously and equably along the whole

line of ossification. Between the adjacent medullary spaces, the

cartilage imdergoes complete liquefaction, the capillary loops

inosculate with one another
;
the development of the first osseous

trabeculfc, sclerosis of the basis-substance, transformation of the

medullary cells into bone-corpuscles, calcification, &c., set in at

the edges of the territories of nutrition
({^ 52). One glance at

fig. 173 is enough to show that no such uniform advance of the

medullary spaces occurs in rickets. On the contrary, we see

that while the main body of the medullary spaces remains in

line (at d), solitary exceptions have pushed their way here and

there far into the proliferated cartilage, nay, have even pene-
trated as far as the boundary of the non-proliferated cartilage

(a). If we inquire further into the matter, by making a hori-

zontal section through the cartilage at h
(fig. 17), we find that

these sporadic medullary spaces are nevertheless distributed with

some regularity, each of them forming the centre of a large

territorj"^ of cartilage, which depends upon the medullary tissue

for its supply of nourishment. So that it seems far from unlikely,

imd quite in agreement with the general laws of nutrition and

vascular!sation, that the whole of this antecedent development of

medullary spaces is really an effort at vascularisation, intended

to supply both the proliferated and the non-proliferated portion

of the cartilage with nutriment
;
the latter of these, more espe-

cially, being removed to a disproportionate distance from its
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source of pabulum, by tbe interposition of so thick a layer of

young non-vascular tissue.

Apart from tbe development of tbese medullary spaces, a

certain number of calcified patches in the interior of the pro-

liferated cartilage recall the phenomena of normal ossification.

In the latter, calcification occurs partly as a provisional in-

crustation of the cartilage at the ossifying border, partly as a

definitive impregnation of the basis-substance of the permanent
bone. With regard to the former, the provisional calcification

of the cartilage, and the curious disturbance which this under-

goes in rickets, I need only refer the reader to § 54, where I

have taken rickets as an illustration of the principles of calcifi-

cation in general. Most of the rough, white particles, grating
under the scalpel, which are disseminated through the ricketty

cartilage, are really bits of this "provisionally calcified car-

tilage." Side by side with these, however, there are also per-

manent deposits of earthy matter, which partake of the nature

of normal ossification. KoUiker was the first to observe the

direct conversion of cartilage into bone in rickets (§ 54). The
annexed figure (fig. 174) is meant to give the reader some idea

of this very curious "
cartilage-bone." It may be seen to

consist of medullary spaces, h h, separated by wide bridges of a

tissue, which, from the stellate form of its corpuscles and the

complete impregnation of its matrix and cell-capsules with

earthy salts, must be regarded as true bone and not merely as

calcified cartilage. There can, indeed, be no doubt that besides

the impregnation with earthy salts, a very slight change in the

position of the individual corpuscles has enabled the proliferated

cartilage to transform itself into the tissue in question. At a a

the latter passes uninterruptedly into the columns of cartilage-
cells alluded to above, and the persistence of a special zone to

represent the capsule of each cell, notwithstanding the calcifica-

tion, would be an unheard-of phenomenon in normal bone. On
the other hand, the attitude taken up by nature herself towards
the cartilage-bone, proves that she means it to be regarded as

equivalent to true bone. For as the drawing (fig. 173) shows,
the cartilage-bone is quite simply and directly adopted into the

structure of the true bone, during the gradual advance of the

ossifying border, d d. We are able to recognise the sharply-
circumscribed bit, c, of the proliferated cartilage, as cartilage-
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l)onc, owing to its lioniogeneous, chalkj' aspect, and the number
of its medullary spaces. The section pourtrayed in fig. 174 i»

taken from this bit. Now if we turn our eyes to the adjoining

part of the already completed diaphysis, we notice a smaller patch
of precisely similar texture, quite independent of the former one,

and quite surrounded by regular medullary spaces. Virchoic

suggests that such residual bits of cartilage-bone may serve in

later life as predisposing causes of enchondromatous degeneration.

§ 635. The "
incomplete ossification of the intermediate

tissue
"

is a much simpler affair in the case of the peiiiostkum.

Fig. 174.

From the "zone of proliferation" of an epiphytal cartilage in

rickets
(fif,'. 173, c). a. Coliinm.s of cells not yet ossified ;

h. Medullary spaces of directly ossified cartilage, -g^.

All the complications due to the non-vascular character of car-

tilage
—the development of medullary spaces, the provisional

calcification, &c., are entirely absent. The only question is,

what amount of true bone is produced from the young and

highly-vascular connective tissue. This amount, which pro-

bably corresponds to the normal quantity, is distributed, in

ricketty bones, over a far larger area than usual
;
the individual

trabecula) are therefore extremely thin, and the gross result is

the conversion of the sub-periosteal "exudation" described in

ii G32 into a very porous and vascular osteophyte, which forms

an imduly thick layer on the surface of the bone, and persists
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moreover, in the osteopliytic stage for an unduly long period',,

while the apposition of compact bone-tissue is wholly arrested

meanwhile.

§ 636. We have now traced the rachitic process everywhere
to the point at which it culminates. We go on to inquire how
the disturbances which it occasions are calculated to cause the

various deformities characteristic of the ricketty skeleton. In

this connexion we must consider, first of all, that the thick layers
of proliferated cartilage which intervene between the epiphyses
and the diaphyses of the long bones, yield to the mechanical

forces to which the skeleton is everj^where exposed, bulging out

laterally, and producing rounded swellings which environ the

bone on every side.

The name "
Zwiewuchs," given to rickets in some parts of

Germany, is based on the mistaken notion that the bilateral

protrusion of the swollen epiphysal cartilage of a single joint is

really due to the presence of two joints lying side by side (arfi-

cuU duplicati). The beaded enlargements of the costal cartilages

at their junction with the ribs, are known as the "ricketty

rosary." Moreover, displacements of the bone upon the cartilage

may occur. The well-kno^vn "
pigeon-breast

"
{j)cctus galli-

naceum) is due to a recession of the sternal ends of all the bony
ribs in consequence of the respiratory movements, while the

sternum, together with the costal cartilages, is pushed forward

beyond the level of the thorax. For this it is necessary that

the costal cartilages should be bent nearly at right angles ;
and

this is only rendered possible by the great flexibility of the proli-

ferated cartilage. Still more important for the physician are the

pelvic distortions resulting from an abnormal mobility of the

sacro-iliac sjoichondroses. For inasmuch as the sacrum is natu-

rally pressed down by the entire weight of the trunk, head and

upper extremities, and as this downward tendency is inade-

quately resisted by the yielding sacro-iliac synchondroses, the

promontory is more or less deeply depressed into the upper

opening of the pelvis, narrowing its cavity from above and
behind to such an extent that the subsequent fixation of the

abnormal state results in a reniform configuration of the pelvic-
inlet.

The disturbance of periosteal growth is chiefly to blame for

the manifold curvatures and infractions to which the bones of

VOL. II. r
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the extremities are exposed. It may seem strange, at first sight,

that a deposit ofnew matter upon the surface of the bones should

not rather contribute to make them firmer. That it ought to

do so is indisputable. But we must recollect that the increased

thickness of the bone, the progressive apposition of new layers

of compact tissue to its outer surface, is always accompanied by
a simultaneous absorption of compact substance from its inner

surface, from that which faces the medullary cavity
—an absorp-

tion exactly proportionate to the apposition ;
and this goes on as

usual in rickets. AVe have already seen that this disorder inter-

rupts the peripheral apposition of compact bone-tissue; the gross
result must therefore be a diminution in the thickness of the

cortical layer of the bone
;
and the effects of this cannot be

neutralised by the osteophytic strata, however thick they may
become. Hence the bones bend, or, what is just as common,

they break on one side only, like a roll of paper, while the other

side is simply stretched across the seat of fracture, and the central

marrow is crushed (willow fracture, ivfrnctio). The most cha-

racteristic deformity is that of the thighs and legs, which inva

riably bend outwards under the weight of the body, while the

tibia at the same time slides inwards upon its lower epiphysis

{(jom varum).

§ 637. The effect of rickets on the growth of the occipital

bone is worthy of especial notice. This bone is more exposed
to mechanical pressure than any of the other flat bones of the

skull. The weight of the brain upon its inner surface exerts a

direct counter-pressure upon any support on which the patient's

head may rest—such as a pillow. Should the pcriostemn midcrgo

any exuberant proliferation, the young and yielding tissue, before

it can become ossified, must necessarily waste imder the influence

of this double pressure; accordingly the occiput is not thickened

by the apposition of new layers from the periosteimi, while on

the other hand the absorption of the talnila ritrea, which keeps

pace with the growth of the brain, proceeds at its usual rate.

The result is that the flat part of the occipital bone comes to

exhibit thin spots here and there, and finally even actual holes,

only filled in by the dura mater and the }>eriosteum. (Soft

occiput, Craniotahc-s.)

^ 638. The degree of alteration wliitli the skeleton mux

imdergo in any single case depends partly on the intensity.
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partly on the duration of the disease. Should it be arrested,

the supernumerary layers undergo a subsequent ossification and

are replaced by an extremely dense, hard and heavy bone-tissue.

The various curvatures and nodular swellings of the bones are

thereby rendered permanent ;
all the more so, as the bones, after

the subsidence of the rachitic process, usually stop growing. It

seems as though the store of material, and the capacity for

regular ossification, had both been exhausted by the violence of

the disease. The patient remains stunted, at any rate below the

average stature, and the lasting deformities of the limbs, the

thorax and the pelvis, are a perennial source of sufiering and

inconvenience.

2. Inflammation.

a. General Remarks.

§ 639. A general view of all the morbid changes included

under the term " inflammation of the bones
" makes us wonder

equally at their great clinical diversity, and their singular ana-

tomical miiformity. Most inflammations of bone run a course

of one-sided acute growth ;
the most striking deformities of out-

line, the most profound qualitative changes, are operated by the

very same means as those employed in the physiological enlarge-

ment of the bone, sc. by the development of bone from periosteum
and from cartilage, by the formation and extension of medullary

spaces in its interior. I have already pointed this out in § 627.

We can now appreciate the bearing of those observations. The

sole deviation from the physiological type, one, however, which

leads to the most serious consequences, is the formation of pus.

The occurrence of suppuration introduces infinite complications

into the whole course of the inflammatory process ; repair can

only be brought about by circuitous methods, which, owing to

the local peculiarities of the osseous texture, are less certain in

their operation than those which enable a wound of the soft

parts to heal by the second intention.

§ 640. Taking the histology of the non-suppijrative forms

of inflammation first, we begin with ossifying periostitis (P.

ossificans). The periosteal inflammation manifests itself as an

augmentation of the physiological activity of the tissue. Ac-
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cording to the nonnal law of periosteal growth, successive layers

of new bone are deposited ;
we get inflaminatorj' h^qierostoses,

periostoscs and exostoses (.sw § 673). Here and there we find a

stage of development which is normally transient, persisting for

an undue length of time
;

thus in the repair of fractures we
often have the large accumulations of "

osteoid cartilage
"

knoMTi as cfdlua ; again, the due conversion of the spongy osteo-

phyte into compact tissue is occasionally much delayed (spina

rcntom) ; upon the whole, however, matters take their usual

course so far as the bone itself is concerned. Not so in the

parts which surround the bone. Virc/iow's careful investigations

have j)roved that in connexion with well-marked ossifying peri-

ostitis, bone may also be developed outside the periosteum

(Parostosis) . The tendency towards, and the capacity for

"bone-formation" spreads, as if by contagion, to the connective

tissue which is continuous Avith the periosteimi, to the inter-

muscular connective tissue, to the sheaths of the nerves and

vessels.

It may be objected that these are really exostoses, which,

although extending to a distance from the parent bone, are yet
invested by its periosteum ;

but though the periosteum in such

cases passes uninterruptedly into the parostotic bone, neverthe-

less, by carefully tracing it from the healthy to the diseased parts,

we may assure ourselves beyond all possibility of doubt, that the

parostotic bone is really situated outside the outermost periosteal

lamella. I know nothing from personal observation about the

way in which the parosteal connective tissue fonns bone
;
but it

seems likely that the same phenomena with which we are alrondy
familiar in periosteal growth, are repeated in this case also.

§ 641. The second factor in the non-suppurative inflanmia-

tion of bone is ossifying ostitis (0. ossificans), an extension of

those changes to which the increase in length of the tubular

bones is due, and Avhich serve to shut off their medullary cavity
from the cartilaginous ejjiphyses or the articular cartilages.

We know that under ordinary circumstances, only a narrow-

meshed and spongy tissue is here developed. Now ossifying
ostitis yields a compact tissue, frequently distinguished by the

extreme tenuity of its Haversian canals, and presenting a very

dense, ivory-like hardness (rhurneafio ossiitni). Histologically,

the process consists merely in a continuous deposition of fresh
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lamelltc of bone on the inner surface of the medullary spaces ;
it

is this which gradually narrows them do"Wn to the size of the

capillary vessel they contain.

§ 642. The third, a very important fiactor, is fungatixg
OSTITIS (0. ccD'HOsa Telf11)10080,) ;

its action is directly antagonistic
to that of the two preceding forms

;
it has its physiological pro-

totype in that centrifugal enlargement of the medullary cavity
which follows close upon the heels of the periosteal and epi-

physal bone-growth, and thus maintains the thickness of the

compact cortex and of the spongy epiphyses at a standard

proportionate to the stature and age of the individual. Inflam-

matory irritation may cause a one-sided acceleration of this

process, leading to the destruction of the compact tissue, and

the conversion of the bone over an area of variable extent into a

soft, fragile, fleshy substance.

§ 643. As regards the histology of the process, though the

physiological rarefaction is the prototype of the pathological
form in its broader and more general features, yet we must not

overlook certain minor peculiarities, presented by the melting
bone-tissue on the one hand, by the growing medulla on the

other, and which are essentially due to the greater rapidity of

the morbid as compared with the healthy process. Among these

are : (1) certain peculiar alterations in form exhibited by the

bone-tissue immediately before its absorption. For while the

edge of the melting bone-tissue, e.g. the border of a medullary

space, is normally entire, we find in fungating ostitis the appear-
ances known as Howship's lacunaD, i.e. the edge is broken by a

series of shallow arches or deeper semicircular excavations, with

their concavity outwards, between every two of which the inter-

vening portion of the bone forms an angular projection (fig.

175). A somewhat rarer phenomenon is the antecedent cana-

liculisation of the bone-tissue, which Volkmann was the first to

describe, and which he called "
vascularisation." Fig. 176 is

borrowed from Volkmann. A bony trabecula is seen to be

fissured by a minute canal, which is relatively wide where it

begins at one side of the trabecula, but which bifurcates about

its middle
;
the two main branches being connected by a great

number of narrower collateral channels forming a rich anasto-

motic network between them. The canaliculi are all bordered

by toothed outlines, which here and there correspond too closely
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to the familiar outlines of the boiie-coii)useles, to leave any
doubt of their origin from lacunar anastomoses. Moreover,

the intervals at which the imaltered bone-corpuscles in the

immediate neighboufhood are distributed, show clearly that the

line ofthe canaliculus coincides in position with a row of former

bone-corpuscles which have been destroyed. The only ques-
tion is whether the canaliculi are really occupied by capillary

vessels, as supposed by Volkmann. I doubt this, inasmuch as I

have never succeeded in injecting them from the blood-vessels, or

in finding the characteristic elements of a capillary tube, sucli

Fig. 175.

Caries fiuigosa. A fragment of bone showing Howship's lacunas

and bone-corpuscles infiltrated with fatty matter. 3^.

as a nucleated membrane, in their interior. Judging from the

way they refract light, the contents of these canals must be

identical with those of the bone lacuna)
;
hence I can only

regard them as a further development of the nutrient apparatus

provided by the system of anastomosing lacmioD.

Both the Howship's lacuna) and the canaliculisation of the

bone-tissue are a result of the increased afflux of fluid pabulum
to the bone. "We may, indeed we must, regard the ordinary
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nutrition of bone-tissue as carried on by tbe transmission of

fluid matter from one bone-corpuscle to another. Should the

amount of fluid passing through the bone-tissue in a given time

be increased, the bone-corpuscles with their anastomotic commu-
nications must necessarily undergo enlargement ;

and I have

reason to believe that this enlargement depends upon a direct

solution of the intercellular substance in the fluid itself {see

Fig. 176.

Fungating ostitis. Canaliculisation of the bone-tissue. After

R. Volkmann. -^^. See text.

§ 656, canaliculisation of cartilage). The solution and enlarge-

ment naturally occur earliest in the lines along which the cur-

rent is most powerful ;
and this is probably the reason why the

liquefaction does not proceed at a uniform rate along the edge
of the melting bone, but gives rise to alternate excavations and

angular promontories {Hoicship's lacunce) ;
it also explains the

perforation of the septa between adjacent canaliculi along the
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•stralglitest and shortest lines of flow, which must nutuiull}' tra-

verse the plane in which the osseous lamellae are stratified, at

right angles {canalicnlimthn). I hold it more prudent to con-

fine myself to this general view of the process mitil further

investigations have supplied us with more certain data ; hence I

^do not follow Billroth in ascribing the formation of Ilowship's
lacuna) to the pressure of advancing granulations and capillary

loops ; neither do I agree with those who regard these lacuntc

as due simply to the enlargement of those cavities which

normally contain the bone-corpuscles. Both of these theories

may occasionally be true
;
but I may suggest, as regards the

former, that the nutrient fluid may perhaps be more abundantly
secreted at the apices of the granulations, at the points where

the capillaries form loops, than elsewhere
;
and as regards the

latter, that the cavity which contains the bone-corpuscle is a

preformed reservoir of the same fluid, which might account for

the more rapid solution of the basis-substance immediately
aroimd it. The Ilowship's lacuna may be filled with cells, or it

may contain a giant-cell ;
I am convinced that these elements

are lineally descended from a pre-existing bone corpuscle ;
but

even such changes as these involve an increased afilux of

nutrient fluid
;

in short we always come back to this as our

idtimate resource, and we cannot wonder when we find (in

mollifies ossium) Ilowship's lacima) on the boundary-line between

the normal bone-tissue and that which has already parted with

its earthy salts, or when we see that even the peg of dead ivory,

driven into a bone for the cure of a false joint, presents the

same mode of liquefaction ;
for we are able to assimie a common

•cause for all varieties of the phenomenon, sc. the irregular
action of a fluid capable of dissolving the calcareous salts only,
or of one which is able to dissolve both the salts and the organic
matrix of the bone.

§ 644. (2.) Another series of peculiarities which distinguish
the morbid from the physiological rarefaction of bone is found

in the behaviour of the medulla.

In accordance with a very generally accepted view of

Virchoic's, the condition of the inflamed medulla (putting suppu-
ration aside) is identical with that of red or foetal marrow. This

view would bring the morbid appearances into the closest possible

relation with their physiological prototype ;
for we know that it
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is tliis very sort of medulla whicli is first produced during the

physiological enlargement of the medullary cavity, and which

is perhaps converted afterwards into the "oily marrow." Its

minute structure also lends support to this analogy. In either

case we have a granulation-tissue composed of small cells and

abundantly permeated by capillaries. Notwithstanding all this,

however, I think more stress ought to be laid on the in-

flammatory character of the whole metamorphosis. Fungating
ostitis is attended throughout its entire course by a very active

hyperemia of the medulla. This is associated with a prolifera-

tion of the medullary parenchyma, causing a direct increase in

its bulk, and that at the expense of the compact tissue. The
cells of the oily marrow part with their oil

; they divide re-

peatedly ;
and this is the point at which we are able to put our

finger on the internal and thoroughly heterologous growth of

the marrow.

But its outward growth, the advance of the medullary

cylinder against the bone-tissue, must now be looked at from its

positive rather than from its negative side. The surface of the

cylinder is studded with fungous granulations which bore their

way into the bone in all directions, detach and perforate the

cartilage, and finally, when they have reached the surface,

spread out in exuberant masses of fungoid proliferation. This

independent, unbridled outgrowth of the medulla, contrasts some-

what with the modest functions of a stop-gap, to which it is

restricted in the course of physiological rarefaction, and de-

serves accordingly to be specially characterised as an " inflam-

matory
"
phenomenon.

§ 645, Suppurative inflammation is met with partly in the

same localities as the non-suppurative forms, partly on the free

surfaces which enclose the joints. Suppuration of the perios-

teum and the medulla represents an exuberant over-production
of those young cells which constitute the inner, osteoplastic layer
of the periosteum, and the tissue of the medullary gramdations.
The result is the same in either case

;
a liquefaction of the

afiected tissue, and a more or less abundant accumulation of

pus. Pus-formation on the articular surfaces must be looked at

from an essentially different point of view. The articular cavity
is an interstice in the connective tissue for purposes of move-

ment (§ 265, et seqq.) ;
as such, it is related to the serous sacs

;
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on the other hand, the structure of the spiovial membrane recalls

that of a mucous membrane by its thick stratum of connective

tissue and double coat of epithelivmi. Pathological, and more

especially inflammatory changes, reflect this hybrid character in

some degree ;
for we find the synovial membranes yielding sero-

fibrinous exudations like those on serous surfaces, and catarrhal

purulent secretions like those on mucous membranes. The

serous and sero-fibrinous transudations (Ili/drarthrus) as well as

the purely fibrinous exudations {Atihrmneuingitis cruposa) offer

no features of histological interest. Suppurative inflammation

of the synovial membrane {Arthromeningitispnniknta) according
to Volkmaiin's views, which I adopt, is, at least in its earlier

stages, an acute purulent catarrh, a blennorrhoea of the joint.

After the normal epithelium-cells have been shed, the connective

tissue furnishes masses of pus-corpuscles, without any break in

the continuity of the surface
;
these render the pellucid contents

of the joint turbid, and gradually convert them into a thickish

pus, rendered viscid by the admixture of sjTiovia. As the

disease progresses, matters take a turn for the worse, owing to

the irritation of the articular cartilages by the stagnant and

therefore in one sense decomposing pus ;
this irritation causes a

superficial ulceration, which may destroy the cartilage layer by

layer, and then invade the bone itself. The disintegration of the

cartilage in these cases is due to a process beginning with a

fissiparous multiplication of its cells, and ending in a total disso-

lution of cells and intercellular substance alike. Vertical sections

through the cartilage exhibit the earliest signs of nuclear and

coii)uscular fission in about the tenth or twelfth layer of cells

counting from the surface. The first steps in the process are

identical with those which usher in simple overgrowth of carti-

lage ;
we find groups of from four to ten elements, which still

retain the distinctive character of cartilage-cells, and are enclosed

in a common capsule. Nearer the surface the cartilage-cavities

are much dilated, the capsules grow less and less distinct, and

the cartilage-cells are replaced by ordinary pus-cells. The
basis-substance has meanwhile become finely-granular and

cloudy ;
towards the surface it wastes progressiveh* away and

finally melts into the contents of the joint. This complete lique-

faction of the matrix naturally lays open those cartilage-

cavities which arc most supei-ficial. The pus-coi-puscles, most of
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wliicli have degenerated into fatty or fatty-granular debris,

mingle with, tlie pus already collected in tlie joint ;
a semi-

circular erosion of tlie free border remains for some time longer ;

and with it, the last vestige of tlie cartilage disappears.

We have no ground for refusing the name of true ulceration

to this form of disease. The terms "
softening

"
or " macera-

tion
"

of the cartilage, which are preferred by many writers,

only express one part of the change, and take no account of the

evident activity of the corpuscidar elements. The ulcer presents

itself to the naked eye as a sharply-defined, and usually verj^

shallow excavation—as a superficial erosion—commonly situated

where the opposed surfaces are in contact with each other, but

which gradually spreads over the entire articular surface, and,

as already stated, increases in depth by involving successive

layers of the tissue.

§ 646. I have already said that suppuration introduces an

element of peculiar danger into the course of inflammations of

bone. This is chiefly due to the circumstance that the structure

of the bones does not yield readily to expansile forces. Suppu-
ration, however, like all changes attended by an over-production
of corpuscular elements, demands space, and sometimes a great
deal of space ;

and the mechanical force exerted by the repeated
division and multiplication of the cells is too great to be resisted

by the tension of the blood in the vessels, when the two forces

are opposed to each other in a confined space which is at once

inadequate and incapable of expansion. In this way, i.e. by

squeezing and tearing the vessels, suppuration gives rise to the

most manifold and profound disturbances of nutrition, which,

so far as the bone-tissue is concerned, are all included under

necrosis. The bone dies, now in small, now in larger portions ;

the sequestra, as foreign bodies, require a fresh inflammation for

their removal. This, however, accomplishes the desired result

but slowly, if at all
;

for the continuity of the compact tissue

can only be dissolved very gradually. Hence the interminable

course of all inflammatory diseases of the bones and joints when

suppuration has once set in.

Having thus reviewed the more important of the textural

changes which attend inflammation of the bones, we will now
endeavour to trace its consequences in a few examples selected

for their frequency and illustrative character.
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b. The ixdividua]. forms of Ixfi.amaimion.

1. Traumatic Inflammation.

§ 647. Tlic great solidity of the skeleton is meant to protect
the organism from external violence. Many a blow and push is

broken by the bones of the craniimi and the extremities, which,

but for their intei-position, would have destroyed or damaged the

most vital organs. But this very function renders the bones

peculiarly liable to wounds and fractures which demand the

utmost care of the surgeon, owing to the great importance of

restoring their interrupted continuity. Does nature help his

efforts? It would almost seem as though she did, when we
see how any injury to a bone, in its capacity as an inflam-

matory irritant, sets a whole train of textural changes on foot,

with a view to the reunion of the separated parts. A few ex-

amples will serve to place this clearly before the reader. For

pui*poses of illustration I choose a case of fracture of the thigh-
bone with longitudinal displacement, such as often comes imder

the surgeon's notice.

§ 648. Suppose the femur of a well-nourished adult fractured

obliquely in its middle third. The line of fracture trends from

below upwards and outwards. The lower fragment is displaced

upwards to the extent of one inch
;
the upper fragment to the

same extent downwards; and both are fixed in this abnormal

position by the contraction of the powerful muscles which sur-

round them on every side. The medullary cavity is laid open in

each of the broken ends
;
numerous vessels, among others a large

branch of the nutrient artery, are torn across
;
in consequence

of this, a fresh blood-clot fills up whatever gaps there may be

between the fractured surfaces and the neighbouring soft parts,

Periostemn and medulla are partly crushed, partly twisted and

detached. They respond to the violent stimulus by the imme-

diate onset of an ossifying ostitis and periostitis.

§ 649. The ossifying periostitis, in a few weeks' time, fur-

nishes a layer of osteoid tissue from 4 to 6 lines thick, which

is known as callus or callus-cartilage {% 139). The proliferation

is most active at the edges of the fractured bones, extending
from 2 to 3 inches in either direction, and sloping graduall}'
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into the level of the normal bone. Where the fragments overlap

each other, and their respective periosteal coverings are in con-

tact, the periosteal proliferations coalesce to form a single mass
;

this imdoubtedly solves the main problem of repair ;
for the

osteoid tissue need only be converted into true bone, to make
the union, already intimate though weak, durable and firm.

This ossification, however, requires rather a long time for its com-

pletion (from four to five months). It begins at the periphery,

where the inflammatory irritation was least active, and spreads
from thence to the fractured surfaces. The resulting bone-tissue

is at first very lax and porous ;
its bone corpuscles still resemble

the plump cells of the osteoid cartilage ; they are large, and

furnished with only a few short processes ;
the similarity of the

fundamental tissue to cartilage is often indicated by the remains

of capsular outlines, like areola?, round the bone-corpuscles. It

i&only at a later period that a series of tj^ical bony lamellae

are deposited on the inner surface of the medullary spaces ;
the

size of the latter undergoing progressive diminution, until at

length Haversian canals alone remain, and instead of the spongy
callus-bone, we have a compact tissue of faultless texture and

hardness,

§ 650. The effects of the ossifying ostitis are far less striking ;

indeed, if we regard the restoration of a nearly normal bone as

the final object of the reparative process, it would almost seem

as though the tendency of the ossifjang ostitis were hostile to its

fulfilment. The restoration of the bone to its normal state in-

volves the restoration of a continuous medullary cylinder ;
but

here it seems as if each of the fractured ends wanted to close up
on its own account

;
for a deposit, first of cartilage, then of bone,

fills up both orifices of the medullar}'' cavity
—a phenomenon

which appears, at least in fractures unattendedwith displacement,
to be rather inappropriate. This plug, in the earlier stages of

its development, used to be known as " internal callus," a term

which, from a histological point of vieAV, is unimpeachable. Its

conversion, first into true bone, then into compact tissue, occurs

just as in the external variet}^ of callus.

§ 651. The following is now the condition of the seat of

fracture : we can feel, even through the soft parts, a hard mass of

considerable size, which is, as a whole, spindle-shaped. On
section, we come first of all upon a succulent connective tissue,
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already tough and fibrous in parts, which is continuous with the

periosteum by its inner surface. Next to this is the callus, with

its irregularly tuberculated surface, in a more or less advanced

stage of ossification. The callus entirely fills the two re-entering

angles formed by the lower fragment with the upper half of the

shaft, and by the upper fragment with its lower half, so that the

transition from the upper to the lower part of the diaphysis is

operated by an S-shaped bridge of bone. On sawing through
the seat of injury in the plane of this S, the line of fracture

through the compact substance may still be distinctly recognised;
this condition endures for a long time. Years elapse before

fungating ostitis breaks through the double layer of compact
bone which intervenes between the corresponding ends of the

interrupted medullary cylinder. This is the final step towards

a restoration of the bone to its former state. The same end is

served by the pecidiar roimding-off" of the fractured part after

the inflammatory irritation has subsided and the excess of peri-

osteal proliferation, to which the irregularities of the fractured

part were due, has undergone a secondary absorj^tion.

§ 652. Matters naturally run a simpler course when dis-

placement has cither not occurred at all, or has been rectified in

time by surgical interference
;
on the other hand, fresh difficidties

arise when the broken ends are not only displaced, but pulled
asimder. In the latter case, either union does not occur at

all (fracture of patella), or what is kno>\Ti as a falsejoint results,

owing to the independent healing of each of the fragments,
which comes to oppose a rounded end, often coated with a per-

sistent residue of osteoid cartilage, to its fellow. It is only
when the separation is very trifling that a firm imion can take

place. This was long believed to depend on the capacity for

organisation possessed by the blood, which is imdoubtedly cx-

travasated between the fractured surfaces during the injury.

Virc/iow's investigations have shown, however, that parostosis

ossificans (§ 640) comes to the rescue and fills up the gap by an

independent formation of new bone from young connective

tissue.

The process of repair after wounds ^f bone is precisely the

same as after fracture. In either case, any profound dis-

turbance of the healing process can only be caused by necrosis

of pieces of bone of various sizes, whether owing to their having
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been splintered off during the original accident, or because their

supply of nourishment has been stopped during the subsequent
inflammation. This subject will be discussed in the ensuing
section.

2. Necrosis.

§ 653. The complete arrest of nutrition in a certain, usually
circumscribed portion of bone, is followed by a series of inflam-

matory changes in its neighbourhood, which finally result in the

separation and expulsion of the dead from the living tissue.

The course of these changes is usually determined by the cause

of the necrosis in each case. In traumatic necrosis, the separa-

tion of the dead bone is occasionally complete (comminuted

fractures, &c.) from the first, but the fragment is too deeply
situated to allow of its being expelled at once. Suppurative

periostitis is usually the proximate cause of necrosis even in

traumatic cases, as it is the first and only cause of it in most

others. Suppurative periostitis culminates, as already said, in

an accumulation of pus between the periosteum and the bone.

No preformed ca"\dty susceptible of dilatation exists in this

region ; but, in young and growing bones more especially, the
"
cambium-layer" (31. SchiiUze) of the bone is so soft as hardly to

ofier any resistance to the detachment of the periosteum. Only
the numerous vessels which pass from the periosteum into the

cortical layer of the bone have to be torn across
;
and the

number of vessels thus damaged depends on the intensity of the

inflammation, i.e. upon the quantity of pus produced. It is to

this rupture of the vessels that the frequency of superficial

necrosis after suppurative periostitis is chiefly to be ascribed.

The cause of the entire arrest of vitality in the outer third of

the compact substance may very plausibly be sought in a direct

interruption of its blood-supply, which is naturally derived from

the periosteum. And though necrosis is not by any means an

invariable consequence of suppurative periostitis, we must not

on that account reject the very obvious causal relation between

the two phenomena ; nay, we ought to ascribe the exceptional
absence of necrosis to circmnstances peculiar to each case, as e.g.

to the timely compensation for the arrested circulation through
the cortical layers, afibrded by the vessels of the medulla. It is

only the pus itself which must be regarded from the first as
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something outside the pale of the organism, as, in this sense,

"dead." Its presence excites a sequestrating inflammation

both in the periosteum and the bone. The former is very soon

converted into a pyogenic membrane which shuts off the organ-
ism from a product which it has itself sebreted. A funguting
ostitis is set up in the bone

;
its task is to shut off the organism

on this side also by a rampart of granulation-tissue. This ostitis

is fed from the medulla
;

it extends into the compact substance

as far as its vessels remain pervious to the blood. Cases occur,

in which it is developed on the outer surface of the bone, where

the Haversian canals become dilated, and a number of highly-
vascular granulations sprout up and ultimately combine to form

a continuous layer, which unites with the detached periosteimi

to fonn a complete lining membrane for the abscess-cavity.

More commonly, indeed, the outermost layers of the compact
substance ha^'c been too long cut off from circulation and

nutrition to allow of their vitality being restored from the

medulla
;
in such cases the fungating ostitis does the work of a

sequestrating inflammation, detaching the lamella) of dead bono

and mingling them with the pus which fills the abscess-cavity.

The dead bone is then termed the "
sequestrum," the fungating

ostitis which separates it, "demarcation." This demarcation

may require months and years for its completion. During the

whole of this period the suppuration never ceases; the

detached periosteum, however, mindful of its old function,

developes a layer of new bone immcdiatel}' luider the i)yogcnic

surface
;

this layer may in time attain a very considerable

thickness. The capsule of bone thus produced is called the

"shell" (Todtenlade) ;
it lodges the more or less isolated

sequestra in its interior. The neighbouring periosteum which

still adheres to the bone takes part in the process by an ossify-

ing periostitis. Osteophytes and exostoses of various shapes are

thus produced to a distance of several inches above and below

the affected part. All these inflammatory phenomena, far as

they may extend, disappear as soon as the sequestrum is re-

moved. Even the shell of new bone shrinks; and as the

abscess-ca%aty undergoes obliteration, the shell becomes applied

to the surface of the bone
;
the exostoses disappear and the bono

resumes its normal form.
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3. Simple Caricfi. [C. simplex.)

§ 654. I have already (§ 645) described the behaviour of

the cartilages during suppurative inflammation of the joints.

I traced the course of the disease as far as the formation of a

true ulcer in the cartilage, which, extending in depth by the

progressive implication of successive layers of the tissue, threat-

ened to destroy the articular covering throughout its entire

thickness. I broke ofi" at this point so as not to encroach on

another process, which is usually evolved from the primary
fomis of articular suppuration, but which I had only time to

point out in those general introductory observations. I allude

to simple caries of the bones.

Caries had at one time a vague and extensive denotation.

Wherever morbid changes had given rise to an eroded and

worm-eaten condition of a bone, caries was at once said to exist
;

so that we could speak of syphilitic and cancerous caries, we
could designate the destructive effects of aneurismal tumours

upon the bones by the word caries, &c. The tendency of the

present day is to limit the term to two forms of true ulceration

of bone, one of which is called "
simple caries," the other

"
fimgating caries." Simple caries corresponds to what, in the

skin, we call an " indolent ulcer." The surface of a bone ex-

hibits a loss of substance which gradually increases in depth,
but remains shallow upon the whole, and from whose floor small

quantities of pus, together with shreds of decaying tissue, are

continuallj' being thrown ofl". The pus, and generally, all the

fluid constituents of the secretion, are derived from the denuded

medullary tissue. This, at a certain depth, is in a state of

hyperccmic proliferation which passes, neai' the surface, into an

exceedingly dense corpuscular infiltration. The cells occupy all

the pores of the bone-tissue
; they leave no room for blood or

blood-vessels
;

the latter are compressed, and finally con-

verted, together with the cells, into molecular debris. These

not vmfrequently form a continuous layer upon the surface,

being held together only by the still intact trabecula) of the

spongy substance of the bone. This intervention of the bone-

tissue in the inflammatory process exerts a positively detrimental

influence upon its course. It renders the free develojjment of a

granulating surface impossible by refusing the necessary space,

VOL. II. s
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and allows the cells to choke one another by their own luxu-

riance
; again, by its firm connexion with the healthy trabeculao

of the deeper layers, it retains the fetid products of decom-

position, which should have been cast off long before, in contact

. with the ulcerated surface, like a slough, and so gives the whole

process an indolent and sanious character.

§ 655. As has been already remarked, the articular ends of

the bones are the favourite seat of "
simple caries." It sets in

as soon as the cartilage which coats the articular surfaces is

finally destroyed, and the bare bone is left projecting into the

cavity of the joint, which is filled with pus and communicates

with the air by fistulous passages. The way in which the

destructive changes arc modified by the mutual pressure and

friction of the opposed surfaces, is highly characteristic. Not

by an inflammatory sequestration as in fungating caries, but by
sheer mechanical violence, minute portions of bone-tissue are

successively detached together with the debris which surround

them. They may be felt like grains of sand in the thin, sanious

pus which is secreted by the interior of the joint. The destruc-

tive process which Volkmann very aptly calls "molecular

necrosis," though slow in its progress, nevertheless causes in

time very extensive losses of substance in the condyles, the

acetabulum, &c., followed by marked shortening and distortion

of the limbs. The ulcer is invariabl}- superficial. It is sharply

circumscribed, and relatively smooth ;
the infiltration extends at

most to a de})th of from one-half to one line into the substance

of the bone. According to R. Volkmann, who, in his admirable

treatise on diseases of the bones, enters very minutely into their

pathological histology, the zone of actual inflammation and sup-

puration is not unfrequently followed by a layer of abnormally
dense bone-tissue a line thick. It looks as though the bone

were trying to protect itself by an ossifying ostitis against the

further spread of the disease. In reality, this sclerosis is due to

a minor degree of inflammation in the tissues adjoining the

actual seat of morbid action.

The non-artifular forms of simple caries originate in circum-

scribed periosteal suppurations ;
these are mostly syphilitic, :nul

are oft^n complicated with gummata. (Sec below.)
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4. Fhugating Caries. (C. fioigosa.)
•

§ 656. While simple caries is essentially an ulcer of bone

and nothing more, fungating caries presents us with a far more

manifold complexity of morbid changes, among which ulceration

plays only a subordinate part, the first place being taken by a

non-suppurative inflammation either of an entire bone, or more

commonly of the adjoining epiphyses of two bones where they
unite to form a joint. Fungating caries may perhaps be

regarded in all cases as a periarticular ostitis
;

for the only
bones which it involves in their entirety are those which, like

the small bones of the carpus and tarsus, the vertebra), &c., are

bounded on several sides by articular and semiarticular sur-

faces, and are, moreover, too small to represent more than the

epiphyses of these articulations. On account of its intimate

connexion with joints, a connexion which becomes more and

more marked as the disease progresses, fungating caries is

viewed by most surgeons as a chronic articular inflammation.

I agree with Vollanann in regarding the joint as merely the

local centre of the morbid changes, and in seeking for their

starting-point, as already stated, not on the articular surfaces,

but in the deeper parts of the parenchyma of the various struc-

tures which make up the joint, especially the bones.

A fungating ostitis, such as that described in § 642, invades

e.g. the lower epiphysis of the femur and the upper epiphysis of

the tibia simultaneously. The hj^perocmic medulla swells, the

bony trabeculae of the cancellous tissue melt gradually away,
while the compact substance of the cortex, though thinned, is

never too thin to maintain the natural form of the epiphysis and

to give it some sort of external consistency. The growth of the

medulla takes the direction of the articular surface from the

first. The medullary spaces and Haversian canals which imme-

diately underlie the cartilage open out—if we may use this

term;—the exuberant granulations of the medulla protrude from

them, and soon form a continuous layer, intercalated between

the cartilage and the bone (fig. 177, h). The cartilage, accord-

ingly, is somewhat raised from the surface of the bone. The
extent of this separation, i.e. the thickness of the pad of granu-
lations, may amount to nearly one line.
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It is obvious that so considerable an inflanmiatoi y nioveniont

in the parts immediately beneatb the cartilage, and from which

it derives its pabulum, cannot take place without affecting the

nutrition of the cartilajje itself. The latter i< bettor nourished—

'

f';l?ii;! ;!|(,uiirrai|iVT*r:'i^-v^M!rtii]P'^l''

Arthritis fittiijOMi. Vertical section, extciniJiiL; ikhh im- iiiiiiiii;ii

surface to the bone. a. Tlie residue of tl>e articular carti-

lage ;
h. Layer of <,'rauu]ation!> Itetween the bone and tlie

cartilage ; c. Karetied texture r)f the hone ; d. Superficial

gianulations Avhich sot uxit from the etlge of the synovial
nienihraiu-. ijjg.

if better nutrition consist in its being jwrmeated, by a larger
amount of the fluid constituents of the blood. This overfeeding,

however, is most detrimental to the specific nature of the tissue,

which gradually ceases to exist as cartilage ; though its corpus-
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cular elements may continue to be represented by a numerous

but degenerate progeny. To the naked eye, a vertical section

gives the idea tbat the cartilage is being penetrated by the

granidations springing from the bone. The microscope corrects

this impression ;
it shows that the cartilage takes an active share

in the task of its own destruction. Fig. 177 is meant to eluci-

date the process. The zone marked a contains the last remnants

of an articular cartilage which is fast disappearing. To the left,

a few normal cartilage-cells are still to be seen, distributed at

the proper intervals through a hyaline matrix. More to the

right, we see the matrix imdergoing rarefaction along those lines

which run most directly from one cartilage-cavity to another.

These obviously coincide with the path taken by the nutrient

fluid in the intermediate form of physiological nutrition. The

increased work thus thrown upon them leads to a sort of gradual

softening, a rarefaction, which idtimately results in the develop-

ment of a complete canalicular network throughout the cartilage.

Shortly before the canals are finally opened, the cartilage-cavities

become enlarged along the said lines
;

and it can easily be

>;hown that at this stage, before any immigration of amoeboid

cells from the granulation-tissue can possibly have occurred, the

cartilage-cells are in a state of fissiparous multiplication. The

resulting elements are much smaller than the parent-cells ;
the

contents of the cartilage-cavities, even before they come into

direct contact with the granulation-tissue, are quite like the

latter in structure. 80 that when the remains of the intervening
matrix ultimately disappear, the proliferated cells of the cartilage

are simply added on to the existing texture of the granidation-
tissue. The canalicidi continue to enlarge at the expense of the

matrix. Capillary loops burrow into them and strive to tuiite

with the vessels which penetrate into the tissue from above.

^ 657. While the cartilage is being permeated in this way
from below, a precisely similar disorder has been extending in

the opposite direction, from above. It Avas not without intention

that I laid stress on the implication of other periarticular
elements besides the bones in the inflammatory process. Among
them we have, first the synovial membrane, then the sub-

synovial connective tissue, the ligaments, and finally all

the connective tissue which is in direct continuity with that

already mentioned, as far as the skin. A difiiise congestion and
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hyperplu.slic t^tutc ol' iho synodal lueiubiaiR", ^\llicll uocd uot. b\

any means be associated from the first with suppm-ation {Caricn

sicca), becomes concentrated in tlie delicate, usually somewhat

overlapping fringe with which the synovial membrane girdles

the cartilage. Starting from this fringe, a membrane of yovmg
connective tissue oversjireads the cartilage from its edges. Ijike

a thin, highly vascular veil, it lies at first upon the surface of the

cartilage, whoso white colour still shines through it. Gradually

however, the most superficial layers of the cartilage take part in

the inflammatory change ;
the cells multiply ;

the capsides open ;

and the young connective tissue, with its vessels, forces its way
in on every side. The texture of the cartilage is accordingly
broken up from this as well as from the opposite side. Finally
the ascending growth meets that which is advancing downwards;
the two coalesce and the cartilage is perforated.

When once this has occurred at a sufficient number of points,

the granulations sprouting from the bone obtain the upper hand;

fungoid vegetations of no great thickness spread horizontally
without check

; they entirely invest the cartilage and conceal it,

so that the articular surface comes to be entirely made up of a

mass of granulations, even though some considerable remnants

of cartilage may stiU exist beneath it.

§ 658. The matter may end here. There are cases of

fungating arthritis—and these cases, thanks to the tunely dia-

gnosis and rational treatment of modern surgery, are more nmnc-
rous from year to year

—in which the stage of suppuration is

never reached, in Avhich the granidations recede and the mobility
of the joint is preserved. Indeed, granulations springing from

bone, even when they form part of an articular surface, do not

necessarily secrete much pus. Even in their texture they are

rather analogous to the permanent fonnations of connective

tissue, and especially to the so-called adenoid tissue of the

lymphatic follicles and the alimentary mucous membrane ;
and

this may account for their limit<3d tendency to secrete pus from

their surface (§ 105).
This shows clearly enough how everything depends on the

time, manner and locality of the suppurative complication. It

must be admitted broadly, that all the affected parts are extraor-

dinarily predisposed to suppuration. First, pus may form and

accumulate in considerable- quantity in the cavity of the joint, at
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any stage of tlie disorder. Indeed the disease may begin as a

purulent arthritis, its true nature unfolding itself at a later

period in a fungoid degeneration of the deeper parts of the joint.

In this case the synovial surface becomes coated with spongy

granidations which unite to form a continuous layer. Should

the pus make its way out, the resulting sinuses (fistulous

passages) are soon lined with fungoid granulations also
;
the

same thing happens when abscesses form in the neighbourhood
of the joint, burst, and persist as blind fistulae for an indefinite

time. As a rule, only a few of the many openings in the over-

lying skin communicate with the interior of the joint; nay,
the articular cavity may not be opened into at all, the sinuses

all ending ccccally.

In fine, the occurrence of periarticular abscesses implies an

inflammatory infiltration of all the connective tissue about the

joint; a complication which is invariably present when the

disease is of long standing. It presents an exquisitely hyper-

plastic character. The connective tissue degenerates into a firm,

white, fibroid mass of relatively large, nay, even of colossal

dimensions
;
a mass which comes ultimately to resemble an in-

dependent tumour, stretching the skin all round the joint, and

shining through it with a whitish lustre {Tumor alhus). Here
and there, the inflammation runs exceptionally high ;

this causes

suppuration ;
an abscess forms in the way described above

;
it

usually opens externally, and simulates a fistulous passage com-

municating with the joint.

Finally, suppuration is especially prone to occur within the

substance of the inflamed bone itself. This, caries proper,

usually starts from the articular surface by a suppurative dis-

integration of the granulations, and spreads rapidly in depth

through the entire thickness of the epiphysis. On section, we
find yellow streaks and dots irregularly scattered through the

congested medulla. The more luxuriant the antecedent pro-

liferation, the more rapid and complete the subsequent disor-

ganisation. The trabeciJar structure of the bone is so much
thinned that a probe can be pushed through it from side to side

without meeting any notable resistance. The secretion which
oozes from the fistulaj communicating with the joint assxmies

more of a sanious character, and contains numerous fragments
of bone-tissue, in which traces of antecedent rarefaction are
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distinctly manifest (tig. 178). The corpuscles of carious bone

have repeatedly been found distended with oily matter. Ilanvier

(Archives de Physiologic normale ct pathologique, Janvier,

1808, p. 09) distinguishes two stages in the death of the bone-

tissue. During the first, the corpuscles present the phenomena
of fatty degenei-ation ;

in the second, the actual death of the

individual trabeculee ensues. Why should we not admit this

view, even though we camiot agree with its respected author in

Fig. 178.

Caries fungo.sa. Detached fx-agineut from the cancellous tissue of

an epiphysis wliich is undergoing suppuration ; exhibits How-

ship's lacuna3 and fattily degenerated bone-corpuscles, ij^.

icgarding the death of the bone-tissue as the pivot of the whole

disorder, and the inflammation as an accessory phenomenon ?

It would lead me too far, were I to describe the extensive

lesions to which fungating caries may give rise in the skeleton.

Not unfrequcntly, all the small bones of the carpus or tarsus,

including the adjacent bones of the ann or leg, are diseased ;

the "white swelling" attains the size of a man's head; and

the surgeon has to resort to amputation as a last chance of

saving the patient's life.

^ 659. As regards tlic cure of the inflinumation, we may
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cherish hopes of it (apart from that early arrest which is alluded

to in § 658) in cases where the articular surfaces are early

involved in the process ;
for the cavity of the joint is then

speedily filled up with granulations, and the surgeon may be

able to moderate the general violence of the inflammation by
derivation to the skin. In this way the articular cavity may
sometimes be quite obliterated

;
the masses of granulations

uniting from every side, and becoming converted into fibrous

cords. The mobility of the joint is at an end
;
but even this

drawback may be subsequently counteracted by the recently

iidopted practice of forcible extension.

§ 660. Scrofulous caries of the vertebral column is, in

my opinion, a mere variety of fungating caries. Here, too, we
have a fungating ostitis. It affects the cancellous tissue of the

vertebral centra
;

if we examine these in section, we find

roundish cavities, more or less confluent, amid the network of

bony trabecula), filled with a perfectly soft, pale red, jelly-like

substance. This substance also extends into the adjoining-

medullary spaces which are obviously undergoing dilatation, and

may be summarily recognised as hyperplastic mediillary tissue.

Most striking is the deficient evolution of a truly inflammatory

hyperacmia. Can it be that this does not occur at all ? I prefer
to believe that the early occurrence of an OGdema or mucous

softening of the young connective tissue compresses the blood-

vessels and so gives rise to anocmia and further nutritive dis-

turbances. These consist of a cheesy metamorphosis beginning
in the interior of the mass of granidations and gradually extend-

ing from this point in all directions. The " crude tubercles
"

(^ 33) which appear in the interior of the bodies of the vertebrae,

must naturally have impressed the unaided eyes of the older

observers more forcibly than the insignificant pale-grey infiltra-

tion which surrounds them
;
hence it is that down to the present

<lay, the process has been called *' tuberculous." Of course it

cannot be denied that it may lead to tuberculosis—I mean to

^constitutional miliary tuberculosis—but it does this only in its

quality of " caseous
"

inflammation, rather seldom, and only in

the case of children.

The further course of the disease justifies us in calling it a
"

caries." The cheesy deposits, chiefly situated in the anterior

half of the bodies of the vertebrae, soften and melt into a pus-
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like fluid; this seeks and finds an issue by stripping oii tiie

periosteiun and the longitudinal ligaments of the vertebral

column, in front of which it accumulates and then gravitates

downwards. Of course, all the pus which is idtimatelj voided

at some remote point, e.g. at Poupart's ligament, is not a

product of the vertebral caries
;
most of it residts from inflam-

mation of the membranes, periostemn, tendons and fascitc along
which the abscess has burrowed its way downwards.

§ 661. A striking fact, and one which militates especially

against the belief that fungating caries is primarily an inflamma-

tion of the joints, is that the intervertebral disks, which are

justly held to be imperfect joints, either escape the inflammatory

changes entirely, or become involved at a relatively late stage in

the disease. They are usually destroyed by suppuration from

without, seldom by a penetration of the fungoid granidations
from the medidla into their substance. Not so with the articu-

lations between the transverse processes and the capitula of the

ribs, which, once within the inflamed region, take part in the

process by an ordinary fimgating caries. The suppurative dis-

organisation of the joints, perfect or imperfect, is of the higliest

clinical interest, inasmuch as it relaxes the union between the

vertebra), and facilitates those dangerous displacements, of

which I need only mention Pott's curvature, and the almost

invariably fatal luxation of the atlas—of the dem epistrophei
—

against the spinal cord.

APPENDIX I.

Arthritis deformans.

§ 662. This disease is also known imder the name of malum
senile articulorum, because it usually afiects persons advanced in

life, or actually old. The process is essentially one of those

lingering inflammations which accompany the decay of the

organism, like the atheromatous disease of the internal coat of

the arteries wath which we are already familiar. The inflam-

matory irritation of the articidar surfaces is not powerful enough
to cause suppuration ; it only sets up a h\*perplastic overgrowth,
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in which all the constituents of the joints, the cartilages, and
the synovial membrane, take an equal part. The synovial
membrane produces a number of pedunculated, fatty polypi of

considerable size, and a quantity of finer dendritic vegetations,
villi and fringes, which give the surface a peculiar roughness,

aptly compared by Volkmcmn to that of a sheepskin. The

cartilage undergoes a perfectly homologous proliferation, like

that in rickets {see § 79). This begins in the outermost, the

most superficial layers of the tissue, and gradually extends in

depth. The cells divide
;
the usual groups of from eight to

twenty largish elements are produced, between which, should

nothing interrupt the course of their development, the remains

of the matrix grow more and more narrow, the final result being
a tissue made up of cells, or, if the term be preferred, of very

large vesicles
;

its consistency being maintained only by the

simultaneously enlarged capsules
—the only remnant of the

former matrix. We have already seen [e.g. in rickets) how

utterly unfit this texture is to withstand the mechanical forces

Avhich act upon the skeleton. No wonder, therefore, that it is

broken down and destroyed at those points of the articular

surface which are subjected to the most active friction upon one

another during the movements of the joint, and which, when the

joint is at rest, are exposed to the mutual pressure of the

opposed surfaces. The overgrowth maintains its ground only
at the edges of the cartilage. Here, the level of the surface

rises, and this not uniformly, as might have been expected, but

in the form of a tuberculated efflorescence, i.e. of a number of

ecchondroses fused into a solid ring. For the structure of this

efflorescence, and the mode in which the cartilages break down
at their point of contact (fig. 179), I must refer the reader to

the descriptions already given in §§79 and 41. We will now
devote our attention to the unavoidable results of this peculiar
combination of formative and destructive changes.

§ 663. The annexed woodcut (fig. 180) represents an imagi-

nary section through an affected joint ;
it shows the coarser

features both of the peripheric overgrowth (c) and the central

softening of the cartilage. The dotted lines [h h) indicate the

normal outlines of the latter. The articular surface a is still

coated with a thin layer of cartilage, fibrillated on its surface,

while the opposite cartilage has been worn down to the bone,
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the latter being laid bare in two places. The disease is not

usually complicated by caries of the denuded bone. On the

contrary, the bone shows a tendency to protect its medullary

spaces, towards the articular cavitj^ by an ossifying ostitis
;

so that to the naked eye, it appears to be coated ^^^th a smooth,

white plate of exceedingly dense bone. This plate usually

presents evident marks of the mechanical violence to which it

has been exposed. The irregularities of the one surface channel

corresponding grooves on the other (Schliffflachcn). And the

matter docs not rest here. A new factor, of the utmost impor-
tance for the further course of the disease, steps in. The brittle

Fig. 17!).

^^P^
Arthritis defonnans. Vertical section tlirougli an articular cartilage

which is breaking up on the surface. ^^.

bone-tissue is as incapable of resisting the continued rubbing
and ebumation to which it is subjected, as two pieces of pumice-
stone when rubbed together. The bone is gradually- worn down,
and the most extreme distortion of the joint becomes possible.
F]ntire epiphyses gradually disappear ;

the neck of the femur is

absorbed, and though we still find a head projecting from that

bone below the trochanter, this is not the old head, but reall}- a

cast of the acetabidiuu, whose centre consists of a remnant vi
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the neck, while its circumference is formed by the peripheric

efflorescence already alluded to, which has become calcified in

the meantime. It is an interesting circumstance that the latter

should continue to retain its original activity during the whole

course of the disease, which may last for years. As shown in

fig. 180, it actually bidges over the edge of the articular surface,

because it cannot find room to grow between the opposed ends

of the mutually destructive bones. It overlaps the edge and

spreads downwards along the outer surface of the bone, pushing

Fig. 180.

Section of knee-joint (senii-diagrannnatic) in malum senile.

a. Lower epiphysis of femur
;

h. The forniei" outlines

of the cartilage ; c. Marginal proliferations ; d. Polished

surfaces.

the capsule of the joint before it, and jamming it between itself

and the periosteum. Its plasticity readily enables it, in such

cases as that just referred to, to fill up the annular depression
which is left between the trimcated neck of the femur and the

spheroidal surface of the acetabulum. A vertical section at once

reveals the true nature of the spurious articular head.

The hip-joint is the favourite seat of arfhrifis dofomuoiH.

^ext in order of frequency come the sterno-clavicular joint,^

the knee, and the interphalangcal joints of the hands and feefc.
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APPENDIX II.

Arthritis uratica.

§ 664. The presence of an excess of uric acid in the blood

is the chemical expression of a constitutional disease of whose

essential nature we are still ignorant, viz. gout ;
it leads to the

abnormal precipitation of urates in various parts of the body ;

among others in the interior of the joints, and in the parenchyma

Fig. 181.

liv^:^"

Arthritis uratica. Vertical section through an articular carti-

lage infiltrated superficially with urate of lime. a. Tlie

surface
; b. Cartilage-cavities with tufts of crystals ;

c. Car-

tilage-cells not yet infiltrated, undergoing division ;
d. Iso-

lated needle-sha])ed crystals in the basis-substance. After

Gomil and Banvier.

of the cartilages, bones, and membranes which enclose the joints.

From a histological point of view, this infiltration of the solids

of the body with uric acid is quite analogous to their infiltration

with earthy salts, amyloid matter, oil, or pigment; but as it

only occurs in gout, I refrained from discussing it in the General

Part of this work.
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The form which the uric-acid infiltration takes in cartilage

is most worthy of notice. The cartilage-cells are the chief de-

positaries of the urates of soda and lime. They form the centres

of the stellate bundles of crystals by which the tissue is per-
meated. I don't wish to say that the cells take any active part
in the morbid process ;

the salts are first deposited where there

is most room for them, sc. in the cartilage-cavities ;
in any case,

however, the appearance of the infiltration imder the microscope
is highly characteristic (fig. 181). In the ligaments about the

affected joint, and in the medulla of the bones, the crystalline

tufts are distributed without any reference to the texture of the

parts. They form actual nodules as big as a pea and bigger,
whose aspect leads us involuntarily to inquire how space can

have been found for so bulky a deposit.

The uric-acid infiltration naturally irritates the affected parts
both chemically and mechanically. It commonly gives rise to

chronic congestion of the synovial membrane and the periarti-

cular connective tissue, with intercurrent paroxysms of acute

inflammatory oedema—and finally to true suppurations, which

may either be superficial, or more profound and leading to caries.

APPENDIX III.

MOLLITIES OSSIUM.

^ 665. The term osteomalacia (mollitics ossium) has very

aptly been conferred on a disease, whose chief and almost only
anatomical characteristic is a decalcification and gradual lique-

faction of the bone-tissue—of that to which the bone owes its

solidity, MoUities ossium has been viewed as a disturbance in

the chemistry of nutrition
;
as an inflammation

;
with more show

of justice, as a result of venous hyperocmia, or as a premature
old age of the skeleton

;
in a word, its etiology is still imknown.

Hence we will do well to begin with an impartial description of

its anatomy, before assigning it any place in our nosological

system.

§ 666. As I have just observed, moUities ossium consists
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essentially of u softeniug of the bone-tissue. If wo biiuk off* a

minute trabecula from the cancellous texture of a bone affecte<l

with this disease, and after soaking it in carmine, examine it

under a magnifying power of 300 diameters, we find a highly
characteristic set of appearances (fig. 182). The trabecula in

seen to consist of two different substances ;
it exhibits two very

distinct zones, an outer one, lying next to the medullary spaces

(d), and the Haversian canals (t), and an inner one which forais

the axis of the trabecula. The inner zone consists of perfectly

^^^

Mollities ossiiuii. Splinter of bone from the .spon<?y substance

of an affected ril). a. Normal l)one-tiasue ; b. Decalcified

bone-tissne
; c. Haversian canal ; d. Medullary spaces ;

d*. A medullar}' space filled with r>-'\ in hikw. Tin- ca]>il-

lary vessels are ga[»ing widely. ^J^j.

normal bone-tiasue
;
the corpuscles, with their countless anasto-

mosing prolongations, the highly refracting, colourless basis-

substance, arc unaltered. The outer layer, on the other hand

(/>), exhibits a finely-striatedbasis-substance, deeply stained with

carmine, in which only a few scattered streaks of shadow indi-

cate the former position of the bone-corpuscles. Of their pro-
cesses not a vestige remains ; it seems, rather, as if a swelling of

the intercellular substance were engaged in obliterating all th«^

laeniv'^ +oo-<-t1i<.i- with tlioir oarialicuH. The alterations remind
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US too forcibly of those which the bone-tissue presents when
soaked in hydrochloric acid, to leave us in doubt for one

moment, that a process of decalcification (halisteresis, Fre]/)

is taking place in the present instance. It attacks each of the

trabeculao from without inwards; we can trace every step

of its advance by the sharp line of demarcation between the

normal tissue and that which has already parted with it»

earthy salts. It is interesting to note that this line does not run

parallel with the external contour of the trabecula, but exhibits

the same sort of semicircular excavations as those which we
found where bone-tissue was being absorbed in inflammation,

caries, &c. (Howship's lacunjc). Hence we conclude that the

removal of the earthy matter proceeds more rapidly in some

directions than in others, and that Howship's lacunae originate
in this unequal progress of the decalcification. Now if, with all

these facts and inferences before iis, we endeavour to frame some

general theory of the process, I believe that many of my readers

will agree with me in thinking that the bone-tissue is deprived
of its earthy salts by some acid contained in the medullary spacesi

and Haversian canals. The close resemblance of the outer zone

of the trabecula to bone-tissue which has been artificially freed

from its salts by acids, argues in favour of this hypothesis ;

moreover we can easily conceive how an acid, starting from the

mediiUary canals, should penetrate with varying rapidity into a

tissue which is not uniformly permeable, but is traversed by
canaliculi

;
the rapidity being projjortional to the width and

number of these channels.

§ 667. Decalcification is the first stage of mollities ossium.

The second follows some time afterwards
;

it consists in the

sobition of the decalcified bone-tissue. This also spreads from

the medullary spaces toAvards the axis of the trabeculae. The
latter endure' for a while as bone-cartilage ; they then grow
steadily thinner towards their middle, until at length they melt

away and disappear. The resulting product, a mucoid substance

of which nothing more is known, mingles with the contents of

the meduUary'spaces ;
a part of it may continue to exist as the

intercellular substance of the proliferated medullary tissue.

§ 668. How well the process just described is adapted, by
gradually enlarging the Haversian canals, to convert the com-

pact substance into spongy bone, and this again into a cavity
VOL. II. t
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without any osseous traboculap, is obvious enough. To get a just

idea of the coarser appearances in mollities ossium, we must bear

in mind that the liquefaction of the bone invariably proceeds
from within outwards. Accordingly it is the medullary cavity
which first undergoes enlargement ;

in the long bones, it extends

from the diaphysis into both epiphyses, while in those bones

Avhich arc naturally devoid of a medullary ca\'ity, such cavities

are developed ;
the compact tissue of the cortex becoming as thin

as cardboard, but never thinner. I have never seen this resi-

dual lamina disappear; its permanence might, indeed, have been

anticipated from the fact that the outermost layer of the bone

derives its nourishment, not from the medullary cavity, but from

the periosteum, and must therefore be less aflPectcd by a nutri-

tive disturbance which so obviously sets out from the former.

I say expressly,
" from the medullary cavity;" for I shoidd

be going a step beyond what is Avarranted by the facts, were I

to say
" from the medulla." Often indeed has the medidla been

proclaimed as the seat of all the mischief; its morbid changes,

however, are susceptible of such manifold interpretations, that it

is really impossible to found any coherent theory of the pathology
of mollities ossitmi upon them. The medulla is always found

loaded with blood in recent cases of the disease. Wherever fat

has accumulat<?d in any quantity, it gradually disappears; so that

medullary cavity, medullary spaces, and Haversian canals come

at last to contain a reddish-brown, semifluid pulp, very like that

of the spleen. Virchoic, in former days at least, was fond of

insisting on the identity of this red pulp with the marrow of

foetal bone. Personal investigation compels mo to oppose this

view. I have found a highly-corpusculated medullary tissue,

like that of the foetus, only in one very interesting case of soften-

ing of the bodies of all the vertebra) in a child five years of

age. The medulla in this case presented an appearance which

at once reminded me of the splenic pulp (tig. 182, d). Its

cells were closely crowded and embedded in a stroma woven out

of exceedingly delicate trabecidit; of connective tissue
;
between

them lay scattered red blood-corpuscles and various particles of

yellow and brown pigment. The blood-vessels were marked oft'

from the parenchyma by a simple outline
; they can hardly be

said to have possessed a proper wall
;
their gaping limaina, like

gimlet-holes, reminded one of the canals in the splenic pulp.
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Vainly did I seek for closer analogies. In all other cases of

inoUities ossium wliich have come under my notice, the medulla

may even be said to have contained exceptionally few young
elements, Extravasated blood-corpuscles are often present in

large numbers, masking the tissue into which theyhave intruded.

Where these are absent, we see a gelatinous, transparent basis-

substance, with scattered roundly-polygonal cells of fair size,

which, were their locality unknown, might readily be taken for

small epithelial elements. These cells are either altered fat-cells,

iis may be inferred from their occasionally containing a large oil-

globule, or they are really elements of recent growth, concerning
whose origin we arc quite in the dark. Their scanty number, as

compared with the amount of basis-substance, does not allow us

to assume any active or inflammatory process of proliferation.

The state of the parenchyma is thrown quite into the shade

by the striking dilatation and congestion of the medullary vessels,

I have already alluded to the constant presence ofparenchymatous

htemorrhages in this disease. The medulla owes its dark colour

to this extravasated blood and the turgescence of its capillaries.

I cannot bring myself, however, to regard this congestion as an

active one. It would be in contradiction to the atrophic aspect
of the medidla and the total absence of inflammatory infiltration

or proliferation. The appearances accord far better with the

hypothesis of a passive congestion, approaching the confines of

stasis, and so, notwithstanding the excess of blood, causing
malnutrition and ultimately degeneration. I am further in-

clined to assume that an excess of carbonic acid is developed by
the blood which stagnates in the medulla, and that this acid may
be the solvent which removes the earthy salts from the bone.

This may be the missing linlc between the morbid appearances

presented by the medulla and the softening of the bone-tissue.

But even assuming that the causal relation between the passive

congestion and the softening of the bones were such as I suggest,
how are we to account for the congestion itself ? Our knowledge
of the conditions under which the blood circulates in the bones is

still very imperfect. It may be that certain morbid changes in

the periosteimi are capable of altering the flow of blood through
the medulla. The vaso-motor nerves may perhaps be at fault.

It has been noticed that the periosteum grows thicker in old

people ;
that it becomes more vasciilar, and that those vessels in
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paiticulur, which pass from the periosteum to tho surface of the

bone, become congested. These changes are associated with a

peripheric (so-called
" concentric ") liquefaction and absorption

of the cortical layer of the bone. The sum-total of these changes
^\ould make an available pendant to that absorption of bone from

within, which occurs in moUities ossium
;
and this comparison is

all the more allowable as we really are acquainted with a senile

mollities, dift'ering in no essential point from the usual form of

the disease. IVIa}' we adopt this view, and regard the mollities

ossium of young people as a premature senile decay of the

skeleton 'i To this question 1 cannot venture to return either an

affirmative or a negative answer
;
I prefer to wait, with the

reader, the results of further investigation. It is worthy of note

that several observers
( Wehcr, Mors) have recently succeeded in

demonstrating the presence of lactic acid in the urine and bones

of patients afflicted with mollities ossium. According to an older

observation of C. Schmidt, the contents of fully-developed cysts

due to softening of bone have an acid reaction. Concerning the

source of this acid nothing more is kno\\ni
;
it may be that we are

now on the point of solving this difficult jiroblem.

§ 6G9. Let us now bestow a glance on the manifold curva-

tures and fractures to which the skeleton is liable in osteomalacia.

The disease affiicts by preference the vertebral column and the

bones of the pelvis and thorax. The spine is bent into the shape
of an 3 ^y ^^^ weight of the body ;

a k}'phoscoliosis in the dorsal

region corresponding to a lordoscoliosis in the loins, while the

cervical region projects anteriorly at its junction with the dorsal.

The ribs are bent and broken, partly by the traction of the respi-

ratory muscles, j^artly by Ihe weight of the upper limbs ;
a line

of prominent fractures can be seen not far from the heads of the

ribs
;
a second row of fractm-cs is directed inwards in the axillary

line ; a third series again projects outwards along tlie parasternal

line. The arms are thus lodged in trough-shaped hollows,

the entire thorax being at the same time thrust forward
; the

sternum, often fractured at several points, is in a line with the

chin, which it may even touch. The form of the pelvis is modified

under the triple influence of the two heads of the thigh-bones
below and the sacrum above. The promontory, and those points

of the ileo-pectincal line whicli correspond to the heads of the

thigh-bones, approach cadi other : while the pubic s\Tnphysis,
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and those points where the ilia are most sharply curved, are

thrust outwards or forwards. The pelvic inlet is thus made to

assume the shape of a trefoil, beaked anteriorly. In extreme

degrees of this distortion, the true pelvis barely allows of the free

expulsion of the lu'ine and fa3ces; to say nothing of the passage of

the foetal head. The bones of the extremities are usually fractured

in several places; the fractures being but slowly and imperfectly

repaired by the formation of callus. Simple curvatures, such as

are common in rickets, are rare in moUities ossium
;
where a

bone appears to be bent at an angle, its deformity is usually due

to fracture, complete or partial (§ 636), such as we occasionally

meet with in rickets.

§ 670. Recovery from moUities ossimn is so very rare that

we can only indulge in speculations with regard to the anato-

mical features of the process. I would not positively affirm that

what is known as "cystic degeneration" of the bones is to be

regarded in this light ;
but I would suggest, first, that the

formation of cystic cavities in the medullary canal represents
an advanced stage in the development of moUities ossium

;

secondly, that the morbid changes are at an end when this

stage is reached. With reference to the former point, I may
state that the total liquefaction of the red and pulpy products of

softening, Avhich occurs in circumscribed foci, and is the first

step towards the development of cysts, may very reasonably
be viewed as an ulterior consequence of the profound disturb-

ance in the nutrition of the diseased bone. Of the details of

the process we are ignorant ;
Ave only know that it results in the

production of a clear, watery, highly-albimiinous fluid
;
traces

of the intense hypera^mia of the earlier stage of softening being-

only retained in the yellow and red pigmentary granules,

abundantly present in the smaller cysts. The second factor

in the "cystic degeneration" is the production of a tough, Avhite

membrane of connective tissue which encloses the fluid and shuts

it ofi" from the surrounding bone. I have already shown (§ 41)
that the bone-tissue itself is capable of undergoing a fibroid

metamorphosis, and I do not hesitate to assume that it does so

in the present instance. The capsule is only furnished Avith a

few vessels of smaU size
;
hence these cysts never take on a

secreting character, but remain unaltered for years.

Cystic degeneration usually afiects all those bones of tlie
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skeleton which were previously afFccted by inuiiiues. The parts

spared by the latter, e.(j. the sub-periosteal residue of compact
tissue which preserves the outlines, at least, of the bone in its

papery texture, many of the small bones of the hands and foot,

and the entire skull, are also unaffected by cystic degeneration.
The cysts themselves are not progressive ; hence their develop-
ment in sufficient number coincides with a real arrest of the

disease.

3. Tumours.

§ 671. In accordance with the programme laid down in

^ 609, wc shall arrange the many tumours of the osseous

system according as they approach or recede from the type of

normal ossification. Hence we shall begin with the various

bony and cartilaginous outgrowths {ExodoxcH and Ecc/iouib'otic-s) ;

next, wc shall take the histioid growths and syphilitic forma-

tions
; and wind up with the carcinomata,

§ 672. The overgrowths of the mature—so-called
"
perma-

nent" cartilages
—are always partial. They usiuiUy set out from

a small, circimiscribed spot of the surface, protruding in the

form of warty
—and later, of fungoid or polyjjoid growths

(EcciroxDRosis). "We sometimes meet with them on the costal

cartilages of people advanced in life, where, however, they do

not reach any great size. In close connexion with them stands

a group of outgrowths from various sjTichondroses, and from

the intervertebral disks, which have been specially studied by
Virc/io/r ; the most interesting example being the Ecchmu/rosis

sp/icno-occipifalis, partly because of its position on the middle of

the cltvKs Blumenhachiiy partly because of its minute structure.

The tumour is seldom as big as a small cherry, and consists of a

soft, tremulous jelly, which turns out, on microscopic examina-

tion, to be a cartilaginous tissue whose matrix has undergone
mucous softening, while its corpuscular elements have been

transformed into large, vesicular cavities (Physalides).

The occurrence of ecchondroses upon the articidar cartilagea

is of more importance. On a former occasion, I described the

marginal outgrowth of the articular cartilages in arthritis

deformans. In close connexion with this we have, on the one

hand, the development of free cartilages in the joints, on the
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other, the exostosis cartllaginea. The former are warty out-

growths from the articular cartilages (more rarely from the

synovial membrane), as big as a pea and bigger, which have

been laced off; they grow in the same place, and consist of the

same large-celled cartilage-tissue, as the senile variety of ec-

chondrosis. They readily become calcareous and are thereby
converted into arthrolithes, which may occasion the most

serious annoyance to their possessor.

The development of the cartilaginous exostoses (Exostosis

cartilaginea) is rather more complicated ;
we give this name

to certain nodulated outgrowths from the long bones, in the

neighbourhood of the joints, which consist mainly of bone, but

are furnished with a more or less complete investment of carti-

lage, and occasionally with a distinct synovial membrane. We
follow VircJiow in assigning their origin to a disturbance in the

development of the bone. Here, too, an ecchondrosis is the

starting-point of the mischief, but an ecchondrosis of consider-

able size, which may spring, either from the edge of the articular

cartilage, or from the strip of cartilage between the epiphysis
and the diaphysis ;

it does not separate, but continues to gro\s-

in permanent union with the bone, thereby causing the latter

to increase in size, not merely in the normal, but in a collateral

direction which is thus determined for it. It is easy to see how
such an ecchondrosis, provided it start from the articular surface

and not from the lower edge of the epiphysis, must at first lie in

the cavity of the joint itself, then push its way further, first into

a protrusion, then into a recess of the synovial membrane, and

finally come to occupy a distinct synovial sac of its own {Exos-
tosis hursata).

§ 673. We learn from the example of cartilaginous exostosis,

how impracticable it would be to separate the hyperplastic con-

ditions of cartilage and bone-tissue from one another. The bono

increases in size only because it follows its parent-tissues in their

proliferation. These, and not the bone itself, are the really pro-
ductive elements, the seat of the morbid irritation. This point
of view must be strictly maintained even when we consider the

EXOSTOSES in the narrower sense of the term
;

i.e. the circum-

scribed bony outgrowths from the skeleton. They all depend

upon some excess of the periosteal growth of the bones
; and

if this circumstance is not indicated in their name, it is onlv
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because the periosteum, in contrast to its almo^t unliinitcd osteo-

plastic power, is a very thin, delicate membrane, which strikes

the eye but little and is easily stripped off.

The textural changes in the development of exostoses arc,

saving some subordinate variations, the same as in noraial and

inflammatory bone-growth from the periosteum. The innermost

Fig. 18.3.

Ostcopliytc. Pi'iiDsteal Ijone-fonmitioii in tlir fiv^t nr >]MtiiLry

staw.

layer of the membrane yields a vascular embryonic tissue. 1

have already described (§ 52) how true bone is evolved from

this embryonic tissue by the deposit of a homogeneous, dense,

highly-refracting basis-substance, calcification, &c. The newly-
fonned bone is at first extremely porous, and adheres but loosely

to the old surface of the bone; it is then termed osiKoi'iiYiK

(fig. 18'J)
: at a later period, the connexion is more close, and

then the osteophyte is converted into compact bone-tissue by
the concentric addition of fresh bony lamelljB to its trabecidic.

It must, however, be noted that this last change may be d- r"ir<"]

for a long time—may, indeed, not occur at all.

The "compact" stage is usually followed, just as in noiiual

bone, by a renewed porosity or "sponginess," as we now call if.
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The latter sets in after a certain time Avitli sucli regularity and

constancy, that one might almost be tempted to think that com-

pact bone-tissue, like cartilage, coidd not exist in layers of more

than a certain definite thickness, did not the history of ivory

EXOSTOSIS {E. ehuniea) prove the contrary. This exostosis is

remarkable for its entire deviation from the usual tj^e ; layer on

Ficx. 184.

mi

From an ivory exostosis of the scapula.

Fig. 185.

Exostosis eburiiea clavata, tVoiu the roof of tlie skull.

layer of bone-tissue being deposited round a minute, nodular

protuberance, without any reference to the vessels or their mode
of distribution. This is gradually converted into a Avarty, poly-

poid, cauliflower-like, white and lustrous formation, which may
attain the size of a man's fist, and nevertheless consist through-
•out of compact bone-tissue (fig. 184).
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This mode of development luidoubtcdly rcculs that of th(

dental cemeutum; and the analog}- is still more striking in tht

case of those peculiar, small, round and flattened outgrowth-
from the roof of the skidl, which look like ivory shirt-stud^,

and have accordingly been termed jji ttox-like exostoses b\-

Virchow. A vertical section through the middle of one of thesi-

growths (fig. 185) shows that its marbled tracer)' is due to a

finel}- striated substance, containing a bone-corpuscle at rare

intervals, which sends out extremely long processes in one direc-

tion only, w. outwards, and at right angles to the stria). Is not

this enough to make us recognise the identity of this fundamental

constituent of the exostosis, whose continuity is only interrupted

secondaril}^ by the formation of medullary spaces, with the

cementimi of the teeth ?

§ 674. Among the causes of the periosteal overgrowth of

bone, inflammatory irritation takes a foremost place, in com-

parison to the simple, i.e. hitherto ujiexplained, anomal}' of

development. It is very true that the growing bone is espe-

cially predisi^osed to these, as to other alterations—but advanced

age and heredity also involve a like predisposition; and it is only
in a few cases of ivory exostosis that we can regard this predis-

posing clement as the sole cause of the mischief. In the majority
of cases, some general disease, such as syphilis, rheumatism, or

rickets, has a part in its causation; and seeing that these disorders

are known to excite inflammation of the periosteum very readil}',

we are the less entitled to disregard this latter fact where we see

the overgrowth caused by an external, mechanical irritant. A
knock or blow is often assigned as the first cause of an exostosis

;

more than one case of mlltii'LE exostosis, developed at the

points of insertion of the muscles, has been placed on record

(the last case of the kind by Virchow, I.e. ii. 84). This case

shows, moreover, how closely inflammatory growth, due to ex-

ternal irritation, and non-inflammatory, normal growth, arc

related to each other. For the normal skeleton also exhibits

rough projections, corresponding to the insertion of a great

many muscles—projections known in descriptive anatomy as

cristiB, tubcrculn and nnincntifr.

§ 675. While, as we have seen, exostoses and ecchondroses

only present insignificant deviations from the normal course of

development in bone and cartilage, the histioid tumours of the
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skeleton can only be referred to physiological types by way of

analogy. We may lay stress on their point of origin, which may
be either in the periosteum or in the medulla, agreeing in this

respect with the two modes ofnormal growth; and we may accord-

ingly distinguish between central and peripheric sarcomata,

enchondromata, &c. Further, in all the peripheric species, we can

distinguish a preliminary stage, during which the morbid proli-

feration does not differ outAvardly from that periosteal proliferation

which ushers in the development of normal bone
; moreover, we

can trace an analogy with the physiological properties of the

periosteum, in the especial proneness of these tumours to become

ossified. Finally, the " Chondroma osteoides,'" described in § 139,

obviously comes very near to the physiological type. Still, we

ought chiefly to lay stress on the heterologous character of the

new growth, regarding all sarcomata, encliondromata, myxomata,
&c., of the skeleton, as qualitative departures from the laws regu-

lating the productive function of the conjoint vascular and con-

nective-tissue system.

§ 676. Taking first the peripheric osteosarcomata, we
find the soft layer of the periosteum, which Kes next the bone,

and which Max Schuttze has so aptly called the " cambium-

layer," mainly involved in the production of this kind of tumour.

Indeed we may conceive the development of the sarcoma to be

ushered in by a quantitative excess in the phenomena of normal

growth proper to this region
—

especially by the production of a

larger amount of embryonic tissue over a circumscribed patch
of the surface of the bone. In its later stages, peripheric osteo-

sarcoma is simply a sarcoma situated between the periosteum
and the bone. Quite apart from its clinical history, from the

metastases and relapses which it occasionally exhibits in their

most striking forms, a very superficial histological analysis is

enough to disclose the sarcomatous nature of the tumour. It

usually contains all the varieties of sarcoma-tissue side by side
;

yet spindle- cell tissue predominates in most cases. This is par-

ticularly true of those enormous tumours which are developed
on the ends of the great bones of the extremities (femur, tibia,

humerus, &c.), and are characterised by their imperfectly radi-

ating structure. They detach the periosteum, overlap the adja-
cent cartilage, and penetrate but a little way into the compact tis-

sue of the cortex. At a later stage, they invade those structures
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which are continuous with the bone, sc. muscles, parostcal con-

nective tissue, capsules of joints, ligaments, &c., while those

which lie more loosely on the surface of the growth, e.rj. belliis

of muscles, and tendons, give rise to corresponding grooves

upon it.

In all sarcomata of the bones, whether they spring from tin

medulla or the periosteum, we occasionally come across bits oi

bone-tissue of various sizes which are developed secondarily ;
as

a constant occurrence, however, ossification is restricted to a

single division of the peripheric ostcosarcomata, which }ia\<

been tenned " osteoid
"

tmnours by Jo/t. Miiller for this ver\

reason. Mulkr distinguishes between a benign and a malignant
fonn of osteoid. The latter is identical with the "cancer ol*

bone
"
which yyiW hereafter be described. AVe will confine our

attention at present to the former variety. The benign osteoid,

which usually affects the bones of the face, exhibits, as a rule, a

markedly radiating structure. From a single point, or rather

from a relatively small surface, fibrous bands, which can bi

distinguished even by the naked eye, radiate uniformly and in

.straight lines towards the periphery ;
moreover tlie tumour can

bo torn in these directions more readily than in others. This is

due to an almost papillary composition of the mass, which con-

sists of long, thin papillic, giving off branches at very acute

angles. Pig. 186 (a horizontal section) shows that the papilht;

are, upon the whole, round, consisting throughout of embryonic
tissue with a scanty intercellular substance. Bands of lax con-

nective tissue traverse the interstices between the papilla) and

till them up. It is Avorth noticing that lacunar fissures are visible

here and there between the sheaths of connective tissue and the

surface of the papiUac. The two present smooth surfaces to eacli

other at these points ;
the fissures can readily be filled witli

injection, and communicate with neighbouring Ipnphatics.

t^ 677. The subsequent ossification is merely a calcification

of the scanty intercellular substance. A circular, not always

stellate, lacuna, takes the place of each coi*puscular element

(fig. 186); the mere textm'e of the parts woiJd not of itselt

induce me to call the process one of true ossification, were it rn''

for the fact that the earthy salts are deposited in zones in tli<

interior of the papillae
—zones which invest the blood-vessels,

iind so betray their analogy with osteophytes. After macera-
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tion, the ossified parts of the tumour are seen to form a radiating^

framework, loosely built up of thin trabecula3 of bone.

I have seen an exquisite example of peripheric osteosarcoma,

consisting throughout of round-cell tissue, and nowhere present-

ing any trace of ossification
;
the specimens are now in the

Ziirich collection. At various points of the skeleton, especially

on the sternum, the inner surface of the skull, and at all those

foramina in the skull and spinal canal through which nervea

enter and make their exit, the periosteum was detached by a

Fig. 186.

Transverse section through the middle of an ossifying sarcoma,

growing from the i^eriosteiim of the lower jaw. It is a round-

cell sarcoma, with its basis-substance calcified in parts. The
calcified portions form elongated splinters, perpendicular to

the surface of the bone, and Avhich are therefore seen in

transverse section, t^^.

layer of substance like fish-roe
;
this layer was only a line thick

for the most part ;
over the sternum, however, it was as thick a»

the finger. The superficial extent of these multiple sarcomata

varied between the limits of a lentil and a dollar-piece ;
at the

points of exit of the nerves, the sarcoma formed circular cushions,

particularly at the intervertebral foramina.

The naso-pharyngeal polypi which spring from the anterior

surface of the upper cervical vertebrae and os trihasilarc, must

be viewed as purely fibrous sarcomata of the periosteum. (Cf,

Virchow, Geschwiilste, i. p. 354.)
Whether it be possible for giant-cell sarcomata to spring

from the periosteal covering of the bones, has not been, in my
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opinion, clearly made out. Virchow has recently iiicluded those

tough and elastic, more rarely soft, sarcomata of the alveolar

processes, which are attached by a broad base and form rounded

protuberances (long known as epulidcs), among peripheral osteo-

sarcoraata in the sense of periosteal proliferations. In this

matter he is opposed to NMaton, who, though also contrasting
two groups of "

myeloplaxic tumours "
(giant-cell sarcomata)

sc. the epulidrs perioHseuacn and the epulidcs infraoxsru-ses with

one another, makes the former variety spring, not from the

periosteum directly, but from the perivascular medullary cells of

the dilated Haversian canals which open on the surface of the

bone. Nelaton wishes the giant-cells always to be recognised
as medullary elements. Virchoic objects to this, that many of

the epulidcs pcriossouscs are situated upon a bony eminence,

which he believes to be an antecedent periosteal proliferation,

and which intervenes between the soft part of the tumour, with

its giant-cells, and the bone. True, he also recognises the great

proneness of the epulides to penetrate into and destroy the

bone
;
I feel inclined to ask, for my part, why the bony basis in

question should not be regarded as a part of the growth itself,

which has become ossified. On this h}'pothesis, it would serve

rather to indicate the continuity of the tumour with the bone,

than to separate them from each other
;

it would thus favour

Nelaton*s view. I speak with caution on this point, because I

have assured myself, in connexion with those giant-cell sarcomata

which spring from the medulla, that the giant-cells are really

bone-corpuscles which have been set free during the absorption
of the bone-tissue, and have then entered upon this peculiar
state of hypertrophy. This, of course, must not be taken to

mean that giant-cells cannot originate in other ways as well.

(Cf. § G7.)

The sarcomatous epulis contiiins giant-cells of enormous size.

When these drop out of fine sections cut parallel to the edge of

the jaw, gaps are left, which are not unlike the alveoli of cancer.

The quasi-stroma is made up of the various species of sarcoma-

tissue, and the tumour is harder or softer, according as one or

other species predominates in its composition. The firmest

tumours are chiefly made up of connective-tissue fibres, the

softest of round-cells
;
those of medium consistency (which are

also the most usual ones), of spindle-cells.
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§ C78. Cp:ntrat> osteosarcomata (Myelogenic Osteosar-

comata, Virchow) occur in three forms. The most common

variety is the giant-cell sarcoma of the lower (more rarely of

the upper) jaw, called eindide intyaosseuse by Nelaton. It

springs from the red marrow of the cancellous tissue, and

continuing to increase by central growth, forms irregularly

rounded masses, which may reach the size of a child's head.

It is obvious that during this enlargement they must come

into conflict with the compact cortical tissue of the bone. The

cortex of the bone is
"
expanded

"
by the tumour from within ;

this is the generally received view, which our first glimpse of

the tvimour apparently confirms. It seems as if the bone lacked

its characteristic hardness and density, and were compelled to

yield, without resisting, to the centrifugal force to which it is

subjected. The phenomenon is one which invariably recurs

whenever a slowly-growing tumour is situated in the interior

of a bone
;

it recurs, not only in all myelogenic sarcomata, but

also in the central enchondromata and myxomata. Volhnann

has attempted to prove that the bone-tissue is really stretched

(innere Verschiebung) ;
but even his acute reflections and my

own conviction that every one of the cases of "
stretching

"
of

the bones, which he examined, must be thoroughly investigated
and taken into account, before any trustworthy conclusion on

the subject can be arrived at, do not shake my belief that the

expansion (Aufblahung) of tlie cortical layer of the bone, at

any rate by central osteosarcomata, is due to apposition and

absorption of tissue. Apposition from without—by a continuous

production of bone from the periosteum ; absorption from within—by a continuous liquefaction of the bone-tissue at the surface

of the growing tumour. Fig. 187 represents a vertical section

from a myeloid tumour as big as a man's fist. It includes the

edge of the tumour, and a trabecula ofbone, which, together with

three or four others of exactly similar texture, represents the last

remnant of the bony cortex of the lower jaw. This trabecula

exhibits both changes in progress. The side turned towards the

periosteum is almost entirely beset with the well-known "
osteo-

blasts
"
of Gegenhaur. The opportunity for seeing the way in

which bone-tissue is formed is most favourable
; every step of

the process is presented with unrivalled clearness {% 52). On
the opposite surface of the trabecula absorption is going on. A
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sharp, arcuate line limits tlie bone at its juiu-t ion with the tumour.

At several points, miiltinuelear giant-cells are seen lying in the-

depressions formed by Howship's lacuna>
;
the size of these giant

-

cells varies
;
the smallest ones are only a trifle larger than tht^

adjacent bone-corpiiscles, and woidd hardly deserve their name,

did they not betray themselves as future "
my^loplaxes

"
by the

uniformly granular character of their protoplasm, and the pre-

sence of intennediate fonns. The youngest
"
myeloplaxes

"
are

so constantly situated at the inner edge of the bone that it is

impossible not to believe them to have originated here, perhaps

by u metamorphosis of the bonc-coi*pusclcs set free from time to

Fig. 187.

Fragmcnt fmni the etlgc of a spindle-ccll ami yianl-dU -.ul.mu.i

of the lower jaw, as large a.s a closed fist. Trabcciila of bone,

Avhicli is disappearing hy absorption on one side, while on tlu-

other it is gi'owing by apposition of new ti.-jsue. For details

see text. ^Jq.

time by the advancing liquefaction of the basis-substunce of the

bone. Now on comparing the distribution of the giant-cells in

the sarcoma with that of the bone-coiiiuscles in the bone, it is

impossible not to be struck by the fact that both the one and the

other set of elements are disposed alternately, at regular intervals.
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in their respective tissues. This coincidence, however, seems to

be very simply explained by the hypothesis that during the

growth of the tumour the bone-corpuscles which are set free and

forthwith converted into "
myeloplaxes," are pushed away from

the bone and incorporated into the tumour with a certain degree
of uniformity, by cellular layers belonging to the growth itself.

This, of course, does not prove conclusively that the giant-cells

of the central osteosarcoma are former bone-corpuscles. Mean-

while, I am happy to say that the physiological occurrence of

giant-cells has recently been explained on this very theory

{BmlicJiin, Centralblatt, 1867, 563). ,

So much for the histology of the "expansion" of bone. It

is obvious that even if apposition keep pace with absorption, a

thinning of the shell of bone must occur in time. It is necessary
that more bone should be added than is absorbed, if the bone is

to invest the continually growing tumour with a layer of compact
substance of unvarying thickness. Since, however, the contrary
is rather the case, i.e. less bone is added than absorbed, we
cannot be surprised to find the shell ultimately deficient in parts—^to find the tumour perforating the bone.

The intra-osseous epulides of the jaws, which we have been

hitherto considering, consist mainly of spindle-cell tissue. The

tendency of the cut surface, when fresh, to assume a yellowish
red or even greenish hue by exposure to the air, is noteworthy.

§ 679. The second kind of central osteosarcoma is principally
met with in the lower end of the femur, the upper end of the

tibia, and the upper end of the humerus. It is remarkably soft

and vascular. The round- cell tissue of Avhich it primarily con-

sists is developed at one point into mucous tissue, at another into

adipose tissue, at a third into spindle-cells and fibrous bands
;
the

tumour is thus rendered compound {Sarcoma mixtuin). Its vas-

cularity often leads to ha)morrhages, whose effects, in the form of

recent coagula, or of older "foci of softening" crammed with

reddish-bro^Ti pigment, may mislead the observer at the first

glance, making him believe that he has to do with an aneurism
of the bone or a fungus haematodes. The latter temi is of course

the only one which can legitimately be applied to the growth ;.

and even that with caution. This tumour, like the last, is dis-

tinguished by containing multinuclear giant-cells; it must
therefore be classed with the giant-cell sarcomata.

VOL. II. u
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§ 680. Thirdly, we have a central osteofibroma, whose close

affinity to the '*

epulides intraosseuses
"

is shown by its predi-
lection for the jaw-bone, and the exactly similar way in which

it expands the cortex. No giant-cells have been detected in it.

On the other hand, it is singularly prone to undergo ossification;

Ave either find a number of small bony splinters in its interior,

giving a gravelly roughness to its cut surface, or ossification on

a vaster scale may gi-adually convert the whole tumour into an

osteoma.

§ 681. Pure myxoma of the bones is described by Virchow

as a growth starting from the marrow, distending the bone and

finally breaking through it
;

its texture resembling the flesh of

an oyster, or the jelly-like disk of a medusa. Owing to the

close relationship between myxomata and enchondromata, it is

difficult to draw a sharp line between them. Most of the soft

and jelly-like tumours of the bones are enchondromata.

§ 682. I have already said, in speaking of the general

histology of enchondromata {% 135), that they are usually
seated in the bones. I may now add, that of the various parts
of the skeleton, the phalanges of the fingers and toes are the

most often affected
;
next come the humerus, femur, and tibia

;

next the jaws, pelvic bones, and scapula ;
the ribs and the basi-

cranial bones are more rarely involved, the vertebra), clavicles,

and sternimi most rarely of all. Joh. Mullcr originally divided

enchondromata into those which are external and grow fix)m the

periosteum, and those which are internal and set out from the

medulla. But here we are met by the same difficulty as in the

case of the epulides ;
there is no question about the internal

variety
—but with reference to the external one, it is impossible

to be sure how far the compact substance of the bone, and how
far the periosteum has a share in their production. Even
Virchow is in doubt upon the subject. To add to our perplexity,
a direct transformation of bone-tissue into cartilage has lately

been asserted to be possible by several observers ( Weber)
* The

The progress of this change can only lie studied in very Uiin lamellso

of bone, taken from the boundary between the bone and the tiunour.

The bone-tissue luidergoes a sort of unifoma liquefaction ;
its basis-

fiubstance grows translucent from its edges, while the coqiuscles lose their

processes, and come to lie in rounded cavities, seemingly produced by a

mere softening of the basis-snbstance, which sets out from the lacimsc, and
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•compact tissue would thus claim more attention at our hands,
more especially if Virchoiv's suggestion should be confirmed,

se. that residual portions of cartilage, forgotten in the compact
tissue, may give the impulse for enchondromatous degeneration.

The internal variety of enchondroma resembles the central

osteosarcomata and myxomata only so far as it expands the

bone into a mere shell, only breaking through it here and there

after it has lasted a long time. In other respects, the growth
of an enchondroma by foci disseminated through the tissue

round it, is the cause of some very remarkable peculiarities.

Among these, I may particularly allude to the more intense

irritation caused by the production of scattered nodules round

the primary tumour. Besides an ossifying periostitis, often on

a considerable scale, we often find a true ossifying osteomyelitis.

The medullary cavity in the neighbourhood of the enchondroma,
often seems to be quite shut off" by a very dense, finely-porous,

compact substance. The ossifying periostitis continues to fur-

nish layer after layer of new bone, thereby adding fresh mate-

rials for the building up of the tumour, and producing a bony

capsule, which does duty for a longer time in the enchondro-

mata than in any other of the central tumours of bone.

Enchondromata of the bones last longer and grow bigger,
without undergoing any internal change, than enchondromata

of the soft parts. In a later stage, they exhibit the secondary

metamorphoses described in § 137, se. calcification, ossification,

conversion into mucous tissue, mucous softening, and cystic

degeneration. It only remains for us to mention several

varieties of enchondroma which have hitherto been met with

only in the bones.

a. Enchondroma hceniatodes. On the right fibula of a boy
admitted into the surgical wards at Bonn, there was a tumour
as large as two fists, which was undoubtedly cartilaginous at

its periphery, and betrayed the lobular structure characteristic

of an enchondroma. But the central lobules presented a gela-

tinous and swollen condition of their basis-substance, and were

is restricted to their immediate neighbourhood. It cannot be denied that

bone-tissue, in this stage of its metamorphosis, presents a great similarity
to cartilage ; yet the process, as a whole, does not give one the idea of a

proliferation, but rather of an organic metamorphosis
—

^not, of course,

synonymous with disorganisation.
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permeated by blood-channels of a verj' peculiar kind, concerning
whose nature only one definite assertion coidd be made, viz.

that they had been produced by the anastomosis of contiguous

cartilage-cavities. They formed a network with well-marked

nodal points, whose edges were concave inwards, "\^^lethcr

they really were blood-vessels, or whethci" the case was simply
one of extraA'asation modified by the peculiar structure of the

parts, we were not able to decide. The softening was associated

with a simultaneous sarcomatous degeneration of the skeletal

framework of connective tissue (C. jffdsterm^nn, Inaug. Disser-

tation, Bonn, 1868).
b. Uiirhojidroma 2^seudopapillosii))i. A peripheric enchon-

droma of the upper jaw, also obtained from the clinical wards of

Goheimrath Bmch ; its surface was distinctly papillose
—beset

with cauliflower excrescences. The massive proliferation, after

filling up the antrum, had perforated the bone anteriorl}'. The
tumour owed its singular structure to its marked central growth,
which fonncd a striking contrast to that of the proper enchondro-

mata. The smallest nodules were continually reproduced in the

connective tissue of the larger ones. At last, the independent

growth of the latter partially detached the tumour from its envi-

ronment. It was broken up and dismembered into groups of

nodules by horizontal clefts and fissures—into groups very like

the branched papilhc of a caidiflower growth. (C Hopmnnu,

Inaug. Dissert., Bonn, 1867.)

§ 683. Cancer of bone will soon be an urgent question in

pathological histology. If it be true, as Thiersch and his ardent

followers assert, that all true cancers set out from the superficial

or from the glandular epithelium, it is plain that all cancers of

bone must originate by a propagation of the infiltration from

cutaneous, mucous, or glandular cancers in their neighbourhood.
This is undoubtedly often the case. E.g. when we see an epi-

thelioma of the face propagated to the jaw-bones, or an epi-

thelioma of the leg to the tibia—setting up a kind of canceroiLS

caries in these bones, what happens is this : cylinders of cancer-

cells are protruded into the vascidar pores of the bone, which

increase proportionately in size, while the intermediate "
terri-

tories of nutrition" disappear. So too, when metastatic nodules

crop up and thrive in the diploe of the cranial bones, or in

the spongy substance of the ribs, or in the medulla of
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the bones elsewhere, we may at any rate admit the possibility

of an "
epithelial infection

"
of the local medullary cells,

even though, as an anatomist, I should have in that case

simply to concede that connective-tissue corpuscles may be con-

verted into epithelial cells, and that cancer may thus be developed
from connective tissue. But how are we to evade the necessity

for recognising that there also exist cancers of bone which are

primary, and which, moreover, show a distinct tendency to

recur in the same place and in the same form ? First, we have

those soft and quickly-growing cancers which are so prone to

spring from the upper end of the humerus or the femur, occa-

sionally arri\dng at an enormous size. They are mainly deve-

loped, now from the medulla, now from the periosteum ;
no

sooner is the latter involved, than the growth of the tumour

proceeds wtth accelerated velocity, Avhile ossification sets about

constructing an extremely beautiful, spongy or radiating frame-

work. It is always the thicker trabecula) of the cancer-stroma

which become calcified, and so furnish a kind of spurious bone-

tissue {carcinoma osteoicles). A second, and equally favourite

seat of primary cancer, is in the bones of the skull. Soft,

rapidly-growing nodules spring up in the diploe and speedily

perforate the cortical layer in both directions. Or else the

central tumour may increase somewhat more slowly, and the

periosteum has time, at any rate to begin the formation of a

shell. This may occasionally be seen in the upper jaw. A third,

less usual, but all the more characteristic variety, is the difiuse

carcinosis of the pelvic bones and adjacent vertebra), which pre-

sents the clinical features of osteomalacia. Here too, the disease

is a soft cancer, distinguished by the degeneration of the medulla

starting from a countless number of minute foci. In all these

primary cancers of the bones, there cannot be any question of

an epithelial origin; and yet our whole conception of cancer

would have to undergo a revolution, were we to exclude these

growths from its domain.*

We are still in need of fuller data concerning the origin of

* In a paper recently published in Langenbeck's Archiv, Billroth

suggests tliat certain varieties of soft cancer ouglit to be regarded as

alveolar sarcomata, due to a liiglier evolution of tbe lynipliadenoid type
of tissue

;
this idea seems to me to apply most admirably to sarcoiixata

of the bones and nerves.
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the first cancer-cells ;
the analogy of the other myelogenic

tumours of bone points to a metamorphosis of the medullary
cells—and, as I add with emphasis

—of the corpuscular elements

of the perivascular adventitia. The bone-tissue melts imresist-

ingly before the advancing growth. Its absorption is usuall}-

preceded by a decalcification, just as in osteonuilacia. The tra-

beculae of the bone are thus—at one stage
—elastic and flexible,

like cartilage. The behaviour of the bone-corpuscles is pro-

bably not the same in all cases. It is comparatively easy to

break a splinter of bone from the middle of a cancerous timiour,

and to investigate it with reference to this point ;
so that I am

able to refer to a considerable number of such observations.

They go to prove that it is only by way of exception that any
active participation of the bone-corpuscles in the growth can be

detected. The annexed drawing (fig. 188) shows how they may

Fig. 188.

Trabecula of bone undergoing cancerous degenei-ation. jjg.

take part in the process. The specimen was taken from the edge
of a soft cancer of the ribs. One of the trabeculaj which sur-

round the growth has been invaded by it and wholly dissolved

on one side, while on the other, its edges are still smooth. The
bone-corpuscles, which still continue normal on the side turned

away from the tumour, increase steadily in size, while the basis-

substance loses its earthy salts and shrinks, in exact proportion
to the increase in size of the corpuscles. On this side of the

trabecula, only a scanty residue of it can still be seen. The

corpuscular elements, on the other hand, have been transformed,

by fission of their nuclei and augmentation of their protoplasm,
into multinuclear elements of larger size, which are speedily
broken up into as many smaller cells as there are nuclei.

Whether these cells afterwards become cancer-cells or whether
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their production is not merely a collateral effect of the int^ise

tissue-irritation, I must leave undecided. The phenomenon
itself is not a constant one.

Colloid cancer has also been repeatedly met with in the

bones—though always in a secondary form. But there are no

histological observations on record concerning its origin and

mode of extension.

§ 684. Syphilitic gummata make their appearance in the

skeleton during the so-called "tertiary" stage of the disease.

The term "
gumma" is probably derived from the peculiar sense

of elastic resistance communicated to the finger, when we ex-

plore the flat, circumscribed swellings of the cranial bones

through the integuments of the scalp. The soft, rapidly proli-

ferating tissue of which these timiours are composed, is primarily
furnished by the innermost layer of the periosteum ;

at this point
we are once more reminded of physiological growth; but in the

very next stage, the minute texture of the morbid product is

heterologous throughout. A delicate, gelatinous, in some parts
fibrous basis-substance, contains a number of roimd and spindle-

cells, beautifully arranged in concentric rings round the vessels

which traverse the new formation in all directions. I regard
these vessels as the periosteal vessels of the bone—those which

normally cross the interval between the periosteimi and the bone,
and dip into the superficial layers of the cortex. The adventitia

of these vessels is the proper matrix of the syphiloma. It is here

that cells and basis-substance are produced in successive layers,

the younger ones pushing the older ones before them, and so

causing a concentric arrangement of the entire texture of the

morbid growth. The mucoid swelling of the basis-substance

developes mechanical forces, with which neither the bone nor the

periosteum are fitted to cope. The latter is stripped from the

bone, the former wastes under the pressure of the tumour,
becomes rough, and finally exhibits deep defects [Caries syphi-

litica). Meanwhile, the syphilitic infiltration creeps along the

Haversian canals into the compact tissue of the bone, destroying
it territory after territory, just like the medullary granulations
in rarefactive ostitis. When once the bone-tissue between any
two vessels is wholly destroyed, the syphilomatous masses from
either side coalesce, and the primary implication of the peri-
vascular sheaths is only indicated by the concentric grouping.
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We shall see an exact repctitiou of these conditions in gununata
of the brain.

Syphiloma of the bones must be viewed as itself a heterolo-

gous, syphilitic inflammation, while, on the other hand, it excites

all forms of ostitis and periostitis in its neighbourhood, by which

the bone is more damaged and distorted than it is by the tumour

itself. Syphilitic inflammation, caries, necrosis, &c., are not

texturally difierent from the simple varieties of the same affec-

tions. Syphilomata are liable to undergo caseation
;

a direct

liquefaction into pus has also been observed. Under the influ-

ence of antisj^hilitic remedies, the mucus of the basis-substance

undergoes a chemical metamorphosis of another kind, which fits

it for being reabsorbed, while the cells are converted into debn'ii,

also capable of being taken up into the blood.

§ 685. If wc exclude the cases of caseous ostitis which have

already been described from tubekcilosis of the bones, the

only true miliary eruption Avhich remains is an occasional,

rather uncommon appearance in the neighbourhood of the cheesy

deposits. According to Virchoic, the tubercles originate in the

red marrow, and do not difier in structui'e from the ordinary

type of miliary nodule. For my own part, I have never had

an opportunity of seeing true tubercles in bone.
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§ 686. One of tlie most striking features in the pathological

histology of the nervous system, is the trifling and always passive

share taken by the proper nervous elements in all those changes
which aflect the brain, spinal cord, or peripheral nerves. As

•every efibrt has been made to refer the diseases of the nervous

system, and particularly psychical disorders and other essential

neuroses, to morbid changes in the ganglion-cells and nerve-

fibres, we may, with perfect confidence, supported by the nega-
tive result of all such investigations, maintain the thesis, that

the causes, perhaps of all (?) diseases of the nervous system, are

to be sought in anatomical lesions of the non-nervous elements.

Bearing this in mind, however, it seems advisable to begin with

a few introductory observations concerning the many ways in

which the nervous and non-nervous elements take part in the

composition of the various sections of the nervous apparatus.

§ 687. We may start from the position, that the finest rami-

fications of the peripheric nervous system
—the solitary nerve-

fibres—are embedded in that continuous mass of connective

substance which fills up all interstices between the organs and

the component parts of organs, throughout the body. Even
after the ultimate fibres unite to form bundles of about twenty
each, we cannot detect any appreciable modification in the quality
of the connective tissue. In harmony with this is the uncon-

strained course of the individual fibres, their incessant twisting
and bending, the peculiar laxity of texture which characterises

these smallest nerve-bundles. On passing, however, to the larger

trunks, we find a very marked difierentiation of the connective

tissue heticeen the nerve-fibres from that which surrounds

them. The softer and more delicate the former, the so-called

"perineurium," the more dense does the latter become,

forming a tough sheath well fitted to protect the nerves from

mechanical disturbance. The perineurium contains no true
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fibrillac of conuective tissue
;

its intercellular substance is homo-

geneous, and, but for the presence of corjjuscular elements,

would not be visible at all. The cells have elongated nuclei,

surrounded by a very small quantity of tinely-granular proto-

plasm. AVhether the sheath of Sc/nrann in the medullatcd

nerve-fibres, forms part of the fibres, or of the perineurium, I

will not take it upon me to decide
;
I woiJd only remind the

reader that the structures, sometimes called the "
nuclei of the

sheath of Schu-ann," are identical with the coq^uscular elements

of the perineurium, since, by taking part in every pathological

proliferation of the interstitial connective tissue, they sponta-

neously identify themselves with it.

The outer sheath of the peripheral nerve-fibres contaLas the

trunks of the vessels which nourish the nerve-tissue ;
it sends a

certain number of fibrous prolongations inwards, which divide

the nerve-fibres into fasciculi of various sizes, and carry the

smallest venous and arterial twigs, while the elongated meshes

of the capillary network are spread out in the perineurium.
In the central organs of the nervous system we find a still

fiirther specialisation of the non-nervous elements. In the

brain and spinal cord, the porineurimn assumes a peculiar

delicacy, while the outer investment of connective tissue is

difl'erentiated into an external, very dense, thick and tough
membrane (dura mater) containing only a few slender vessels,

but all the more fitted to protect the nerve-centres, and u very
delicate layer of lax connective tissue (pia mater) which must be

exclusively regarded as the vehicle of the larger blood-vessels.

The processes of connective tissue along which the smaller vessels

pass into the interior of the organ, are still to be seen in the cord
;

indeed the white substance of the cord difiers but little, upon
the whole, from a peripheral nerve in quality. In the brain, on

the other hand, the smallest arteries and veins are usually said

to penetrate quite
" naked

"
into the holy of holies of the

nervous system. We must not interpret this
" nakedness

"
too

strictly ;
indeed it would be quite inexcusable for any one

familiar with the morbid anatomy of the brain to overlook the

sheath of connective tissue, however slender, by which these

vessels are surrounded. The structure in question has been

described either as a tunica adventitia, or as a perivascular

lymphatic tube. KolUhrt' was the first to strip a homogeneous
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membrane, with, nuclei upon its inner surface, from tlie cerebral

vessels; JSis afterwards proved by injection, that this membrane

was separated from the brain-substance by an interval commu-

nicating with larger perivascular spaces in the pia mater. Jlis

believes that all these spaces are lymphatic canals. I admit his

hypothesis, with the express reservation that these "
lymph-

paths" are far from exhibiting all the characters of true
"
lymphatics." Their endothelium is, to say the least, imper-

fect
;
their walls are incomplete ;

indeed we ought simply to

speak of "
interstices in the connective tissue

;

"
and it would

probably be most correct to include the whole arrangement

among those "
cellular

"
spaces, which formerly caused the

intermuscular and subcutaneous connective tissue to be known
as "

cellular tissue." Their only special feature would in that

case be their continuity with the lymphatic system, a continuity
which is still far from having been satisfactorily demonstrated.

To conclude with a few words about the perineurium of the

brain, the "neuroglia" of Virchow. Neither the precise nature

nor the quantity of this substance have as yet been adequately
ascertained. As regards its nature, a distinction is usually
drawn between the neuroglia of the white, medullary substance,

and that of the grey, ganglionic, cortical layer. As for the

neuroglia of the medullary substance, we may safely affirm that

it comprises whatever elements are met with in the white

matter, apart from nerve-fibres and blood-vessels
;
hence all the

granules and nuclei in the white substance are neuroglia-cells

and nuclei—hence the white, finely-granular, and spongy
material, in which the nerve-fibres are embedded, is the basis-

substance of the neuroglia. In the case of the cortex, it is

much harder to arrive at a decision. At the cortico-medullary

junction in the cerebellmn, and less strikingly in the cerebrimi,

we come upon a crowd of so-called "granules," i.e. ot small,

pale, round, homogeneous, quasi-nuclear bodies which, accord-

ing to recent investigations, are collectively equivalent to minute

cells, since they are all provided with little appendages of proto-

plasm
—a fact which had formerly been overlooked. These

appendages are sometimes produced into slender threads
;
hence

it has been supposed that the granules are continuous with

nerve-fibres and therefore themselves nervous elements. They
diminish in number towards the surface, though stdl tolerably
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liequent
—In little groups of from three to five; besides tlicm, we

have the well-knowii pyramidal ganglion-cells ;
but the main

bidk of the grey matter is made up of a continuous mass of very

finely-granular, and
—

according to the views of M. Sc/ntltze, now

generally received—minutely reticidated and spongy substance.

This substance, obviously destined to support the nervous

elements, is the basis-substance of the neuroglia ;
we have only

to ascertain which of the corpuscular elements contained in it

are to be viewed as the neuroglia- cells. Were we simply to

transfer the experience derived from the white to the grey

matter, we might summarily assign the character in question to

some part, at least, of the granules. I know of no difference

between the "connective-tissue granules" of the white, and

those of the grey matter. But here we are confronted by the

belief of distinguished authorities (to Avhich allusion has been

already made), that the granules of the cortex arc really minute

nerve-cells. Pathological phenomena do not resolve the problem

satisfactorily ;
for although we are able to j^rovc that certain

tumours originate and grow by the proliferation of these cells

(Gliomata), we are at once met by the difficulty, that these very
tumours do not occur elsewhere, with the sole exception of the

i-etina, whose structure is closely related to that of the nervous

centres. All other morbid growths and products, such as

cancer, sarcoma, tubercle—even pus itself—originate in other

ways ;
their evidence is only of subordinate value in connexion

with the inquiry, which elements of the cerebral structui'e are

nervous, and which belong really to the connective tissue ? For

my own part, I believe that any one who has studied the

development of gliomata, of yellow softening, and of several

other morbid changes, with unbiassed eyes, will rather incline

to my opinion that all the granules in the brain are of the same

nature, and are all equivalent to connective-tissue corpuscles.

1. HYPEli/EMIA AND INFLAMMATION.

§ 688. We have already learned that each of the main

divisions of the nervous system has its own special vascvdar

arrangements ;
hence it cannot surprise us to find a considerable

number of independent morbid appearances in the domain of
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hyperocmia, haemorrhage, and inflammation. Dura mater, pia

mater, cerebral substance and spinal marrow, peripheral nerves

—^have all got their special forms of hyperemia and inflamma-

tion. Nay, the peculiarities are so striking, that we cannot

adequately explain them by any mere difference in the distribu-

tion and number of the blood-vessels. The aggregate relations

of the parenchyma to the vessels—their mutual influence—arc

not the same in the dura mater as in the pia mater, in the piu

mater as in the brain. The customarj^ arrangement, according
to which each organ receives its special supply of arteries and

veins, which then break up into capillaries in its interior, is-

really confined to the peripheral nerves. In the spinal cord,,

and still more in the brain, care seems to be taken that only the

finest vessels, those which immediately subserve nutrition, and

which are not subject to any variation in their calibre, should

penetrate into the nervous matter. Accordingly the territories

of nutrition in the brain and cord are everywhere A'ery small
;

hence too, hypera?mic and inflammatory conditions of the central

organs proper exhibit a twofold peculiarity ; first, when due to

local causes {e.g. wounds), they tend to limit themselves to

small areas
;
and secondly, their extension over wider tracts is

usually a consequence of intense//mc^/o;/a/ irritation (Psjxhoses) .

On the other hand, in the pia mater, we haA'e an enormous

number of largish vessels, distributed through a parenchyma
which hardly requires nourishment at all, but which possesses

wide spaces, offering the most favourable conditions for the

propagation of an inflammatorj^ process and the accumulation of

its products. This accounts for the tendency of congestions and

inflammations in the pia mater to become diffused, a tendency
resisted in acute cases only by the unyielding walls of the skull,

while in chronic cases, and before the cranial bones are firmly

consolidated, the field for their extension is practically unlimited

(Hydrocephalus externus). The dura mater, owing to its ex-

treme toughness, and the intimate Avay in which its bundles of

connective tissue are interwoven, is incapable of satisfj-ing

whatever inflammatory tendencies it may possess, within its

own parenchyma ;
hence both hyperccmia and exudation mani-

fest themselves upon its inner surface, where they give rise to a

very interesting series of textural changes, a series which we
shall now proceed to consider in detail.
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a. Pachymoningitis.

§ 689. Acute riRcrMsniiBED suppuration of the dura

mater, following penetrating wounds of the head, erysipelas,
caries of the petrous bone, and occurring round softened thrombi

ofthe venous sinuses, affords but slender materials for histological

investigation. One point alone merits attention, viz. that the

alterations are very prone to assume a gangrenous character, a

tendency fully explained by the ease with which the few and
narrow vcmipropria of the membrane become plugged by coagula,
and islets of parenchjnna, of disproportionately large size, de-

prived of noiirishment in consequence.

§ 690. The non-suppurative, internal, or hocmorrhagic
PACHYMENINGITIS begins with a hyperaimia, which, according to

Kremianshj, primarily involves, in by far the greater number of

cases, the area of distribution of the middle meningeal artery—^the bregmatic region
—

spreading gradually forwards, back-

wards and do^vnwards from this point. The arteries arc dilated,

more tortuous than usual, and surrounded by a much thickened

adventitia. The capillary hypencmia manifests itself as a barely

perceptible rosy flush of the internal surface of the membrane,

usually so white and smooth
; throughout the entire course of

the disease, it remains stationary at this insignificant level. All

the more remarkable are the changes which are developed on the

surface of the dura mater in connexion with this hypencmia.
The naked eye observes, first of all, a lax, gauzy, yellowish efilor-

escence, studded with innimierable bloody points. This may
readily be peeled off with the forceps, and if, while doing this,

we fix our attention upon the line along which separation is

taking place, we notice here and there, reddish threads stretched

out between the dura mater and the false membrane, which

are forthwith torn across. These threads are simply blood-

vessels, passing from the dura mater into the false membrane,
where they break up into stellate ramifications. If wo examine

the membrane microscopically, we are chiefly struck by the im-

mense number of ver^' wide and thin-walled vessels it contains.

The walls of these vessels, which can hardly be called "capillary,"

exhibit a single, very fine contour ; their calibre is, on an

average, from three to four times wider than that of ordinary
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capillaries; moreover, they are irregularly dilated, bulging,

and twisted now to one side, now to another (fig. 189, c). The

substance in which these vessels run, and which is continuous

throughout the whole of the false membrane, I am inclined to

call mucous tissue. An accurate estimate of its true nature is,

indeed, impracticable, owing to the variety ofstructures imbedded

in it. I believe, however, that I have conclusively ascertained

that its corpuscular elements are spindle-shaped and stellate,

connected with one another by anastomosing threads of proto-

plasm ;
that they are few in number, on the whole

;
that the

basis-substance is homogeneous and transparent, but is rendered

cloudy by acetic acid.

As regards the origin of this false membrane, no one can

demand that I should offer in this place a detailed refutation

of the view propounded by Lancereaux, who has done so much
for our knowledge of this disease

;
he assumes the occurrence of

a generatio cellularum mqidvoca. Neither can I adopt the older

theory of German writers, who assume that the first rudiments of

the formation are laid by a superficial haemorrhage, and that the

false membrane is accordingly an organised extravasation. I am
inclined rather to adopt the view first broached by Virc/ioio, and

which has since been very generally accepted ;
he regards the

false membrane as an efilorescence from the dura mater, and

considers whatever hsomorrhages may occur in the course of the

disease as due to the peculiar structure of the membrane itself.

The most recent observations {those of ITrcmianskf/) have taught
us that the epithelium of the dura mater is slightly thickened at

the edges of the false membrane, where it becomes continuous

with its substance. Kremiamky thinks himself obliged by this

discovery to assume that the epithelium has some share, however

limited, in the production ofthe membrane. Supposing this view
to be confirmed, it would still be restricted in its application to

the very first beginnings of the process. Besides, the subepi-
thelial layer of the dura mater is undoubtedly the chief source of

the morbid products. The pores open and yield a passage, first

to embryonic cells (possibly emigrant leucocytes ?), and then to

vessels
;
the former producing the lax connective tissue of the

parenchyma, while the latter remain as the vessels of the newly
formed membrane. The chief stress must therefore be laid on
the development and dilatation of the vessels

;
for we may justly
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regard the newly-developed cai^illary network as a diA erticulun\

or safety-valve for the increased tension in the substance of the

dura mater, due to its being actively congested. The less the

unyielding density of the fibrous tissue allows of a permanent
increase in the calibre of the vessels and a deposit of young tissue

romid them, the greater will be the dilatation ofthe newly-formed
vessels, which has only to contend against the general intra-

cranial pressure.

Fig. 189.

Pachymeningitis chronica, hajmon-hagica. Vertical .seclioii

through the dura mater and a stratified efflorescence on its

surface. The dura mater, wliich contains an artery and a

vein ((/, e), the latter without any proper wall, lies Ix-low a.

It is intimately united with the oldest layer of the false mem-
brane (rt). The latter rcsemhles it in texture, (b). Layer
of medium age, consisting of spindle-cell and round-cell

tissue, separated from (a) by a streak of pigment (/). (c).

Youngest, highly vascular efflorescence, separated from
(ft) by

a thin layer of blood-coi"puscles. j^g.

§ 601. Before speaking of the haemorrhages which asually

complicate the further course of the disease, I will bring the

history of the false membrane itself to a conclusion. "When wo

come across the mischief in a later stage, we find the membrane

made up of several distinct layers (fig. 189). The innermost one

{(')
exhibits (supposing the process not to have been otherwise

arrested) the characters of the "
primary efflorescence" described

in the foregoing paragraph^. Tt is the youngest, last-formed
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layer. The next one (h) differs from it by containing an incom-

parably larger proportion of corpuscular elements
;

its vessels,

too, are somewhat narrower. The third (a) and all the succeed-

ing layers are made up of a web of tough, lustrous fibres of con-

nective tissue, whose texture is almost as dense as that of the

dura mater itself, from which it cannot be distinguished by
the naked eye. The whole process is obviously analogous to

those modes of organisation with which we became acquainted
when studying inflammatory proliferation in general. The

morbid products consist of connective tissue in every stage of

development. The only point of special interest in the present
case is that cicatrisation constantly renews the groundwork

adapted for the superficial efflorescence—that groundwork,
which was originally furnished by the dura mater itself. This

seems to me to explain the rarity of recovery from this condition,

as well as the intermittent progress of the disease. No sooner

has organisation resulted in a certain contraction of the vessels,

than the tension of the blood in the inflamed membrane demands

a new safety-valve; and this is forthwith provided by the efflo-

rescence of a new membrane, furnished with capacious blood-

vessels.

§ 692. "We come now to the consideration of those intercur-

rent haemorrhages, already alluded to more than once, which

play so prominent a part in the clinical history of pachymenin-

gitis. It is self-evident that the arrangement of the vessels in

the false membrane must almost inevitably lead to their rupture.
Even the thinnest efflorescences, therefore, are usually studded

with bloody points, which may reach the size of a lentil. The
thicker the false membrane becomes, the larger grow the haemor-

rhages ;
until at last we find those pools of blood, as broad and

thick as a man's hand, which used to be known as Hcematonm
dnrce matris. All these extravasations, including the haemato-

mata, are interstitial. The smaller bloody points are situated in

the substance of the false membrane
;
the larger ones are inva-

riably found between the youngest, telangiectatic layer of the

false membrane on the one hand, and its older layers
—

or, when
these are absent, the surface of the dura mater—on the other.

The telangiectatic layer is stripped off by the effused blood,

forming a sac which, in the larger haematomata, stretches over

the clot like a fine cobweb. This used at one time to be con-

VOL. II. X
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sidercd as u peripheral, capsular coagiilum of fibrin. Here and

there, we may also find small quantities of blood in the sac of

the arachnoid
;
this is due to leakage through the delicate mem-

brane of connective tissue.

§ 693. Large htcmatomata speedily cause death by compres-
sion of the brain. A rare phenomenon is diflfuse suppuration of

the whole false membrane—a sort of inflammatory reaction

against the extravasated blood, which thus becomes equivalent
to a wound. I have seen an instance of this myself. On the

other hand, we have frequent opportunities of observing the

retrograde metamorphosis of the effused blood, and the develop-
ment of numerous pigment-granules in the interior of the false

membrane. Such appearances are most instructively presented
bv false membranes of old standing:, whose jjrowth has been

aiTested, and which are occasionally (though not very often)

found in conjunction with more recent efflorescences, and are

distinguished by their peculiar brick-red or bright inisty colour.

In such membranes, the vessels are wholly obliterated ;
their

course may, however, be distinctly traced by the pigment
which has collected on both sides of them. The pigment is

deposited in the fonn of red and reddish-yellow granules,

aggregated in groups of from three to seven, in large, round

cells. These pigment-cells are in contact with one another
;

it

is only the interior of the vessel and the centre of each islet of

parenchyma which are free from them, the general effect being

very picturesque.

I). Leptomeningitis {Meningitis, Arachnitis, Hydroceplmlus).

§ 694. Although the textures whose hyperaomic and inflam-

matory conditions we arc now about to consider, form a con-

tinuous whole, yet their separate parts, the arachnoid, the pia
mater proper, the choroid plexuses, and theventricular epend}Tna,

present so marked an anatomical individuality, that we cannot

wonder at each of them playing a part of its o^vn in the disorders

by which they are collectively affected. To this we must add,

that they are seldom or never all involved at once
;
at one time,

it is the pia mater over the convexity of the hemispheres [Menin-

gitis of the convejcity, Iltjdrocephnlm extermis) ;
at another, the

pia mater over the base of the brain and in the Sylvian fissures
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{Basilar meningitis) ; again, the disease may be restricted to the

choroid plexuses and ventricular ependyma ( Ventricular menin-

gitis, Hydroecplialus intcr)ius) ;
and since the localisation of each

of these disorders corresponds roughly to the above-named natural

divisions of the system, the peculiarities of the latter give rise

to certain characteristic local modifications in the former, which

distinguish the individual diseases from one another.

§ 695. Before going deeper into the subject, it seems ad-

visable to devote a little space to some general remarks on the

variations in the amomit of blood contained in the brain and

pia mater. We must first of all consider the influence exerted

by the absolute limitation of the organ by the bony cranium.
^' For every quantity of fluid entering this space, a corresponding

quantity of fluid must leave it
;
and vice versa." This would

seem to entail a singular uniformity on the intracranial circula-

tion. Since the pressure of the blood in the vessels would be

directly transmitted to the parenchyma through the continuity
of the surrounding fluid, the parenchyma, in its turn, being

supported by the unyielding cranial bones, the contents of the

skull (including the blood) would necessarily be everywhere

exposed to the same degree of pressure, and the circulation

would be kept up solely by the difference between the tension in

the carotids and vertebrals before their entrance into the skull,

and that in the internal jugular vein. The flow of blood through
the interior of the skull would therefore be regulated by the

same laws as the flow of blood through rigid tubes
; any varia-

tion in the calibre of the vessels would be impossible ;
the elas-

ticity of the vascular walls would be absolutely purposeless ;

an unusual proportion of the vis a tergo would be transformed

into heat by friction
;
oscillations of tension, and especially any

local rise of tension, a hyperasmia or a haemorrhage, would be

impossible, and so forth, Now all these consequences are actually

realised, up to a certain point ;
we know that the walls of the

intracranial arteries are abnormally thin in proportion to their

calibre
; {e.g. the calibre of the basilar artery is equal to that of

the brachial, while its walls are barely one-third as thick) ;
the

great veins, the sinuses of the dura mater, really are rigid
"tubes. Notwithstanding all this, the consequences we have

deduced are not completely realised
;
and this incompleteness can

only be due to the fact that the cranial cavity is not absolutely
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closed; and this ^ye find actually to be the case. The spinal

marrow occuisies rather more than one-half of the foramen

magnum; the interval affords a free passage to the cerebro-

spinal fluid. The latter can escape from the skull, when neces-

sary for the turgescence of the cerebral vessels
;

it can make its

way back in the contrary event
;
in short, it serves as a valve

within tolerably wide limits
;
and within those limits, we must

admit the possibility of variations in the intracranial pressure.

Increase of pressure, owing to hyperfcmia and exudation, can

only occur within a limited area, and up to a certain point.

The limits of compensation afforded by the valve once reached,

no further rise of pressure can be caused by the afflux of more

blood; it can only be caused by the irresistible growth of a

solid tumour
;
and then it occurs at the expense of the cerebral

blood-supply. The blood is driven out, or not admitted
;
with

the final resiJt of causing the patient's death. We shall often

have occasion to recal these facts, in connexion with many
diseases of the brain. As regards hyperocmia and inflammation

of the pia mater and its appendages, they only afford, for the

present, an explanation of that restriction to particular tracts,

on which, as a characteristic feature, I laid some stress in the

foregoing section.

§ 696. AcL'TE hyper.t<:mia and sirriuvrn j; imlam.ma-

TioN of the pia mater over the convexity of the cerebral hemi-

spheres will now engage our attention. This is the non-specific,

often traumatic, rarely idiopathic form, popularly kno^ni as
" inflammation of the brain." It consists of a tolerably well-

marked congestion of all the vessels in the pia mater, together
with purulent infiltration of the subarachnoid lymphatic spaces.

The most striking point in connexion with it is the strict way
in which the purulent exudation is limited to the jjarenchj-ma
of the pia mater; it never transgresses the arachnoid lamella

which forms its outer boundary. The comparison of the arach-

noid to a serous sac, formerly so popular, met with a severe

sliock from Lmchlca's investigations* concerning the parietal

lamella of the arachnoid
;

it seems now to have lost its remain-

ing adherents, owing to this very striking deviation from tlic

* Luschka proved that the so-called parietal layer of the arachnoid m;i-

merely the epithehuiu of the dura mater.
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superficial character of serous inflammations in general. To me
it seems as thougli this deviation were simply due to the

presence of very distensible spaces immediately around the

vessels. Here, if anywhere, we may apply Cohnhehii^s theory
of inflammatory exudation (§ 89). Even the naked eye can

show us that the pus everywhere originates along the course

of the vessels. Like a double streak of a yellowish- white

colour, narrow at first and growing steadily wider, the pus
follows the edges of the vessels, especially of the large and

small venous trunks which pour their contents into the longitu-
dinal sinus towards the vertex. The longer the process lasts,

the nearer do the purulent streaks accompanying the vessels

approach one another, till they finally coalesce
;
the pia mater

swells up as a whole
;

it often acquires a peculiar stifihess,

owing to the stretching of its fibrous bands, perhaps also to the

coagulation of some lymphatic constituents of the exudation
;

it

may then be stripped from the compressed and bloodless, rarely

softened, surface of the brain, together with the prolongations
which it sends into the sulci—forming a solid mould of the

cerebral irregularities.

On putting a still transparent shred of the pia mater—one

which happens to include a minute vein—under the microscope,
we see, especially if it has previously been soaked in carmine,

the appearances discovered by Cohuheim in the peritonemn of

the frog, most instructively displayed. The plastering of the

intima with colourless corpuscles, and the invariably moderate

infiltration of the middle coat, are best seen in transverse sections

made through hardened specimens ;
to us, however, the direct

inspection of shreds of the membrane is of pecidiar value, as it

convinces us that every one of the pus-cells infiltrated into the

pia mater has really emigrated from the vessels. Just outside

the middle coat, the cells lie crowded together ;
the farther we

recede from the vessel, the less numerous do the pus-cells

become
;
until at length we find meshes of connective tissue

containing only one or two corpuscles, or even none at all.

These appearances can only be explained in one way. The pus-
cells must be emigrant leucocytes.

§ 697. Acute basilar meningitis (also called tubercular

meningitis, because it is invariably associated with miliary

tuberculosis) presents us with a sum-total of morbid appear-
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ances difFering in many ways from that just described. The
inflammation of the pia mater is not the central point of the

disorder
;
instead of it, we may have multiple hoomorrhages

into, and red softening of, the cortical substance
;

it is the fatal

element in the disease
;
but yet it is a secondary one. The

primary and essential phenomenon is the development of u

number of tubercles in that part of the pia mater which lines

the fissures and sulci at the base of the brain. These nodules

are most abundant in the Sylvian fissure, where they originate
in the sheaths of the arteries. This circumstance was fully con-

sidered in § 115, as a part of the general subject of Tuberculosis.

Fig. 190.

A twig of the Sylvian artery whose branches have undergone^
tiioerculous degeneration. The miliaiy nodules developed
i)i the adventitin, coniy)ress and narrow tlio vessel to some
extent.

But little stress, however, was then laid upon the narrow-

ing of the vessel by the miliary nodule
(.syy' fig. 190). The

latter not only projects outwards as a round, or at any rate

roundish tumour, but it pushes the middle and inner coats of

the vessel before it, making them protrude into its interior. At
a later period, both these membranes are actually perforated by
the growth of the tubercle. On cutting open a tuberculous

vessel in the direction of its length, and inspecting its interior,

we notice that at the point where a perforating tubercle i^
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situated, the usual longitudinal pleats of the intima, and the

transverse striation due to the muscular fibres, are interrupted

hj a sharply circumscribed gap, through which the small cells

of the tubercular tissue project. So that not only does the

tuberculosis cause narrowing of the vessels, but it likewise

impairs directly the lirnmess of their walls. We may conceive

how this alone may give rise to the most severe local disturb-

ances of the circulation. The rise in the blood-pressure behind

the point of obstruction must cause extensive collateral flujcions
;

the destruction of the inner and middle coats must lead to

extravasation
;
and these risks will all be increased by the

supervention of any acute congestion. I divide the course of

the inflammation into two stages : during the first and longer

stage, the tubercles are being gradually developed, and a most

favourable soil prepared for the inflammation
;
while during the

second stage, the advent of an active congestion speedily occa-

sions all the morbid appearances characteristic of basilar

meningitis.

§ 698. On removing the brain, we usually find free fluid

which has escaped from the ventricles, in the cranial cavity.

All the ventricles, particularly the two lateral ones, take part in

the disease by serous efiusion into their cavity [Hydrocephalus

aciitus) and small sugillations in their ependyma. The depres-
sions at the base of the brain are coated with a jelly-like exuda-

tion, which fills and distends the meshes of the pia mater
;
here

and there, a yellowish clot may be found lying upon the free

surface. The sero-fibrinous infiltration extends to the Sylvian

fissure, where it assumes a purulent character "in patches,"
without ever developing the typical appearances of suppurative

meningitis. The pus is only present in narrow, yellowish striae,

which accompany the vessels, and appear to the naked eye to

blend with the far more striking tubercular proliferations. The

latter, upon the Sylvian artery, are often a line in depth, cheesy
and friable

;
while on its smaller branches they are still, as a

rule, grey, translucent and less prominent. A special feature in

tubercular meningitis is the implication of the cortex cerebri.

This depends partly on an eruption of tubercles upon all those

vessels which penetrate
" naked

"
from the pia mater into the

cortical substance, partly on a continuity between the inflamma-

tory infiltration of the pia mater, and the surface which it
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clothes. The outermost, white layer of the grey cortex, which

contains fewest corpuscular elements, is densely crowded in

patches with immigrant (?) cells. On stripping off the jjia

mater, these infiltrated products stick to it, and the surface of

the brain presents a rough, eroded aspect. Of greater moment
in every case are the tubercular degenerations of the vasa

propria of the brain. These extend to the very edge of the

centrum of VicKssens, causing mechanical impairments and lesions

Fig. 191.

Vertical section through the pia mater and the adjacent part of

the cortex cerebri in tubercular meningitis, a a. A largish

vessel of the pia mater, whose sheath is entirely filled with

inflammatory products ; h h. Lymphatic spaces of the pia

mater, showing the beginnings of a tubercular proliferation

of the endotheHa
;

c. Miliary tubercles in the pia mater ;

d. The outennost layer of the cortex cerebri, infiltrated

with round-cells ; e. Nonnal brain-substance
; //. Proper

vessels of the brain-matter undergoing tubercular change.

of the cortical substance, not only by obstructing the vessels,

but mainly by the nvmierous extravasations to which they

give rise.

I have a case on record, in which the cortical substance

around the fissure of Sylvius was in a state of red softening ;

and this change could be readily traced to covmtless punctiform

haemorrhages from the tuberculous blood-vessels of the brain-

tissue. JKokifanski also alludes to extravasations caused by the

growth of tubercles.
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§ 699. Venous congestion and cedema of the tia mater.

Hydrocephalus externus. Protracted or often recurring irri-

tative hyperaomia of the brain (Psychoses, Alcoholism) causes

a permanent atony and dilatation of the veins of the pia mater
;

the resulting consequences coming all imder the head of passive

congestion and phlebectasy. That this is so, is clear from the

close analogy of those appearances which follow mechanical

hindrances to the return of blood from the cranial cavity, as in

thrombosis of the sinuses of the dura mater, &c. Accordingly,
the hyperoemia is situated in the region of the cerebral veins,

along the longitudinal sinus. This sinus is either incapable of

undergoing dilatation, or else its dilatation is prevented by the

equable pressure of the soft, erectile edges of the cerebral hemi-

spheres ;
at any rate, it shows no increase in its calibre. All the

more marked is the distension of the six or eight pairs of large

veins, which collect the blood from the entire surface of the

hemispheres, and pour it into the longitudinal sinus. These are

both elongated and dilated. Their elongation is manifested in an

often extreme exaggeration of those spiral curves and angular
flexures which their course presents even under normal circum-

stances. The smaller twigs, under the added influence of com-

pression between the brain and the arachnoid, occasionally

exhibit the most extraordinary loops, figures of eight, &c. The

immediate result of this venous ectasy is an eflusion of serous

fluid, an oedema of the pia mater. The fluid is as clear as water,

and contains but little albumen. It collects in the meshes of

the pia mater
;

it may be freely and completely evacuated by

puncturing the arachnoid at a dependent point. Its amount is

often surprising, when we reflect that the space in which it is

lodged ought by rights to be occupied by very different matters,

and can only be provided by compressing and pushing aside the

brain. Everything depends on the duration of the process ;
we

are also acquainted with sudden efiusions of serum into the

meshes of the pia mater, with an acute oedema of that membrane,
which may either subside rapidly, the fluid being reabsorbed by
the veins, or else prove fatal by compression of the brain. The

issue is difierent when the fluid collects slowly, when the brain

has time to accommodate itself to the abnormal state. The

degree of compression to which this so highly organised struc-

ture may submit, owing to its natural adaptability, is quite
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amazing. Not only are the convolutions gradually separated,
and the sulci widened into trough-shaped depressions, hut there

also occurs a uniform diminution in the thickness of the hemi-

spheres, between the surface of the ventricles and that of the

cortex cerebri. The hemisphere shrinks to two-thirds, perhaps
even to half its normal volume

;
and as the older authors found

it hard to believe in the possibility of so extreme a degree of

compression of the brain, they found a way out of the difficulty

by assuming a Hydrocephalus ew raeiio—i.e. they regarded the

atrophy of the brain as primary, the effusion as secondary
—^as

destined to fill the vacancy left by the recession of the cerebral

substance.

There is only one point of histological interest, and that not

a very important one, connected with Hi/droccphalm externm—I

allude to the so-called "milky opacity" of the pia mater in the

immediate neighbourhood of the vessels. This milky opacity
has been justly viewed as an induration of the connective tissue.

It begins as an infiltration of the tissue with colourless cor-

puscles, and so presents some analogy to purulent arachnitis.

The degree of the opacity depends, in its later stages also, on the

number of the infiltrated round-cells, though in addition to this

change, there occurs a fibroid transformation—a growth of new
connective tissue. The external layer of the pia mater, including
the arachnoid, is ultimately converted into a rather tough mem-

brane, from whose imder surface the vessels which penetrate
into the cerebral tissues arise

; these traverse the interval be-

tween the membrane and the surface of the brain—an interval

which is often very considerable—either naked, or surroimded

by a small quantity of connective tissue. The brain-substance

itself is tough and leathery, dry, in parts sodden
;

i.e. softened,

without the production of pus or any other morphological
elements.

§ 700. IIydkociephalvs ixterms. In speaking of tuber-

cular meningitis of the base, a passing allusion was made to the

implication of the cerebral ventricles in that disease. A moderate

dilatation of the lateral ventricles is a nearly constant pheno-
menon of its morbid anatomy ;

it is due to an acute effusion of

clear, straw-coloured serum into their interior {Ilydrocqiltalm

acutus). The cause of this effusion must be sought in the con-

tinuity of the pia mater at the base of the brain with the choroid
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plexuses. In many of these cases I have found the twigs of the

choroid arteries studded with miliary nodules. The tubercles are

quite as competent to cause disturbances of the circulation,

haemorrhages, and serous effusions here, as in the remaining
branches of the internal carotid, particularly the Sylvian arteries

(§ 697) : we have only to understand how the isolation of the

pia mater from the brain in the present instance determines the

effusion of fluid, not into the parenchyma, but upon the free

surface of the choroid plexuses, i.e. into the cavity of the

ventricles.

§ 701. The pathology of chronic hydrocephalus is beset with

far greater difficulties. A progressive accumulation of watery
fluid in the ventricles of the brain (and of the spinal cord, as we
must add, in order to include the analogous conditions of Hydro-
rachis, Spina bifida, &c.) leads to a proportionate dilatation of

those cavities and to a centrifugal thinning of the cerebral hemi-

spheres, as well as those other parts of the brain which

immediately enclose the ventricles. The distension of the nerve-

centres is propagated to their bony capsule ;
so far at least, and

so long as the sutures have not been obliterated by osseous union.

In the latter case (acquired hydrocephalus), the brain-substance

is subjected to a higher degree of centrifugal pressure, but it is

not thinned to the same extent as in congenital hydrocephalus.

Again, we have to distinguish between two forms of the con-

genital disorder
;
in the first, the effusion occurs during the

earliest period of foetal life
;

it ruptures the cerebral vesicles, and

arrests the development both of the brain and of the skull

(anencephalous foetus, hemicephalous abortion) : in the second,

the fluid is only poured out towards the close of gestation ;
this

gives the child its best chance of life (supposing parturition to

have occurred without accident), since the imunited sutures be-

tween the cranial bones yield to the distension of the brain

without any extreme or hurtful degree of opposition ;
while on

the other hand, the singular capacity of the brain for adapting
itself to abnormal conditions, enables the psychical functions to

go on.

The domain of hydrocephalus also includes those circum-

scribed and partial bulgings of the ventricular cavities and of

the central canal of the spinal cord, which are known as hydro-

rachis, spinabifida, encephalocele, myelocele, encephalo-myelocele.
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§ 702. If we inquire into tlie cause of such eflfusions, into

the essential nature of hydrocephalus, we must own regretfully
that we are still far from having u theory which embraces and

explains all the phenomena. Virc/ioic is disposed, basing his

view on the beha\'iour of the ventricular ependjTna, to assign an

inflammatory origin to the process ;
its analogies with acute

hydrocephalus might fairly be appealed to on the same side.

For my own part, I am also disposed to appeal to acute hydro-

cephalus, but only in order to obtain a basis for further investi-

gation. "VVe have seen that in acute hydrocephalus the effusion

is due to interference with the circulation in the choroid plexuses.

Whatever be the cause of this interference, it suffices to explain
the occurrence of effusion

;
it is our duty, therefore, to examine

the choroid plexuses in chronic hydrocephalus also, in the hope of

discovering in them the source and seat of the disease. Now we
find that the plexuses are invariably congested; on placing
shreds of them tmder the microscope, we see that their surface

is clothed with countless small, unbranchcd, but very vascular

papillae. Each of these papilla) consists of a thick layer of

epithelial cells, investing a central stem almost entirely made

up of blood-vessels. The epithelium presents in all its layers

(from two to three in number) the well-known forms described by
Henk; roimdly-polygonal elements, with thorny processes ex-

tending into the interstices between adjacent cells, and pene-

trating as far as the connective tissue of the papillae. It would

be more correct to say, as far as the vessels of the papillae
—for

their membrana projjria seems really to be the only connective

tissue present ;
I have never seen more perfect examples of epi-

thelium-bearing vessels. We shall learn hereafter that the pro-
duction of epithelium-bearing vessels is a local peculiarity

—not

of the choroid plexuses alone—but of the "cerebral surface of

the pia mater
"

generally, of which the surface of the plexuses is

only a part. Very interesting timiours, which will be considered

among the myxomata and psammomata, owe their existence to

it; and the history of cerebral cancer will show us that the

heterologous production of epithelial cells is also connected Avith

it, and is therefore less heterologous than it might seem to be at

the first glance.

To resume : the presence of such papillfc in certain parts of

the choroid plexuses is so constant, even in healthy persons, that
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we cannot attribute any importance to it, save where tlie number

of tbe papillae is unusually great ;
and even then, their connexion

with the abnormal amount of the cerebro-spinal fluid seems a

very remote one. I would lay far more stress on any hjq^eraemia,

however trifling, whether active or passive, of the plexuses ;

calling the reader's attention to the fact, that it is just these

hyperocmia) and exudations, which, on account of their immediate

relation to the cerebro-spinal fluid—the safety-valve of intra-

cranial pressure
—
might be expected to carry the day more

readily than those in other regions of the cranial cavity.

The importance of the alterations in the ventricular epen-

dyma has, in my opinion, been much overrated. The ependyma

grows thicker and more dense
;
in certain regions, moreover, e.g.

upon the optic thalami, the fornix and the stria cornea, we find

partial thickenings in the form of small translucent nodules,

projecting from the surface like dewdrops. Neither the general
nor the partial thickenings, however, are in any way connected

with the vessels
;
the ependyma

—
by which I mean the limitary

layer of the neuroglia, apart from its epithelial coat—allows the

A-essels of the subjacent parts of the brain, with their main

branches, to shine through it
;
but it never contains any vessels

of its own, and must therefore be regarded as a septum of per-

petually increasing thickness between the free surface and the

cerebral vessels. "When the ependyma is much thickened, it

contains exquisite networks of stellate corpuscles ;
the individual

elements are often furnished with double nuclei, elongated and

branching, chiefly in the direction of their long axes
;
the inter-

cellular substance is finely fibrous, and stratified in such a way
that the fibres of the deeper layers appear in transverse sections

to meet those of the more superficial ones at an acute angle.
The beaded thickenings, which are also met with in the fourth

ventricle apart from hydrocephalus, and associated with a great

A'ariety of clinical symptoms (epilepsy, masticatory spasm, im-

pairment of speech, &c.), are also entirely made up of fibrous

tissue with very few corpuscular elements.

§ 703. In connexion with internal hydroceplialus, some allu-

sion must be made to what is known as white softexixg
;
for

it is still uncertain whether this change be wholly due to
"
post-

mortem maceration" of the brain-substance in the hydrocephalic

fluid, or not. The phenomenon itself would be the same in any
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case ; but the punctiforai hacmorrliages wliicli are occasionally

present can hardly be explained without some vis a tergo
—i.e.

without circulation and life. The changes consist in a softening
and disintegration, first of the neuroglia, then of the nerve-

fibres. Thus there originate, at various points of the ventricular

surface, and especially in the posterior horn, shallow clefts in

the white matter, extending to a depth of from one to two lines

into the wall of the ventricle. No moiijhological elements, such

fis pus-cells, &c., are developed.

0. Haemorrhage.

% 704. Before going on to consider the hypertcmic and in-

flammatory states of the brain-substance itself, we shall pause for

ix moment midway between the pia mater and the brain—i.e.

Ave shall discuss some alterations in the cerebral vessels, and the

various forms of cerebral hajmorrhage ;
for these are variously

and intimately connected with the inflammatory states we have

just been studying, while a knowledge of them is an indis])onsable

preliminary to the study of cerebral inflammation proper.

Apart from traumatic extravasations into the so-called
" arachnoid sac," owing to the veins of the pia mater being torn

from the longitudinal sinus
; apart from the rare cases in which

an aneurism has burst at the base of the brain, intracranial

haemorrhage is always due to rupture of the proper vessels of

the brain, i.e. of those which run in the cerebral substance

itself.

Morbid anatomists usually di*aw a broad line of distinction

between massive and punctiform hirmorrhages, according to the

quantity of blood poured out. This distinction is also an etio-

logical one, inasmuch as massive hicmorrhages are invariably

preceded by disease of the vessels, while the punctiform extra-

vasations are due to a greater variety of causes. Small bleedings
occur in all cases of acute inflammation of the brain

;
we are

familiar with haemorrhage as a complication of hyporajmic and

inflammatory disorders of other organs, such as the serous and

mucous membranes, &c.
;
but nowhere are sugillations so con-

stant an accessory as they are here. Again, the plugging of a

small cerebral artery by an embolus, after causing congestion

and stasis within the area of its distribution, gives rise to punc-
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tiform haemorrliage. Thirdly, endoarteritis (§ 215) affects the

medium-sized and smallest arteries, as well as the greater trunks

at the base of the brain. The vast majority of massive hcemor-

rhages are due to a previous fatty erosion of those medium-sized

twigs of the Sylvian artery, which penetrate through the locn^

perforatus aiificus into the corpora striata. But endoarteritis

may also cause punctiform extravasations, though in a somewhat

different way. The bleeding occurs from the arterioles, which

are markedly dilated, so as actually to constitute fusiform

aneurisms. Of course I am not alluding to those dissecting

aneurisms, which are themselves a not uncommon variety of

punctiform hajmorrhage (see Psychoses), but to a uniform dila-

tation of the wall of the vessel, analogous to the true aneurism of

the larger arteries. The vessels are converted into wide, inelastic,

thin-walled tubes
;
of the structural elements of their wall and

their triplicate arrangement, hardly a trace remains. Instead

of the inner and middle coats, we see a limited number of flat

nuclei
;
their nucleoli are often double, and their edges notched

and constricted
;
hence we may infer that proliferation is going

on. The endothelium, with the inner and middle coats, have

accordingly succumbed to a proliferative change ;
their destruc-

tion, particularly that of the middle coat, entails the loss of that

constituent of the vascular wall which mainly enables it to pass
from dilatation to contraction, and so to withstand the pressure
of the blood. The wall of the vessel, stretched beyond all

measure, gives Avay here and there, and allows the blood to

escape. Fourthly and lastly, the Morbus maculosus Werlhofii

(Purpura hoemorrhagica) manifests itself in the brain by a

number of punctiform ecchymoses. To sum up, then, we find

that massive haemorrhage is a result of atheromatous degenera-
tion

;
while the ptmctiform variety may either be due to this, or

to simple inflammatory congestion, or to embolism, or to purpura.

§ 705. The textural changes associated with cerebral ha3mor-

rhage may be studied far better in the punctiform than in the

massive variety. Accordingly, we will confine our attention, for

the present, to the former. In punctiform ha}morrhage, only a

minute quantity of blood appears on the outside of the vessel,

where it collects in the form of a spherical drop. The bleeding
is kept within these narrow limits by the rapidity with which the

resistance of the surrounding nerve-tissue, augmented by the
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extravasation, becomes equal to the intravascular tension. This

explanation isevenbetter suited to those punctifonnhajmorrhages,

peculiar to the psychoses, in which the blood does not get actually
outside the vessel, but, restrained by the detached and bulging-

adventitia, forms what is known as a dissecting aneurism {sec

§ 714). There can be no doubt that here the arrest of the

bleeding is mainly due to the reaction of the extravasated blood,,

aided by the tension of the adventitia. But in the free variety
of haemorrhage also, the minute orifice in the wall of the vessel,

caused by a momentary separation of its tissues, is immediately
closed. This is the form of ha)morrhage known to the older

writers as "
diapedesis."

Punctiform extravasations are invariably multiple ;
their

naked-eye appearance is partly denoted by their name, partly
modified by the special cause to which they happen to be due.

In purpura and the diffuse inflammations of the cortical substance

(Psychoses), we find the bloody points uniformly distributed

throughout the brain-substance or cortex cerebri
;
in all other

cases, the morbid appearances are limited to isolated patches ;

we can distinguish between a central region which is most

severely aflected, and a peripheral zone in which the morbid

appearances decrease in intensity from within outwards. It is a

singular fact, moreover, that the first of the morbid appearances,
those which immediately follow the hncmorrhagc, are the same,

whether we have to do with a circumscribed inflammation, with

an embolism, or with degenerative changes in the vessels. Wo
find the brain-matter studded with bloody points over an area of

from a quarter to one square inch or more
;
their size is very

uniform, but they increase in nimiber .towards the centre of the

affected part, where they are very closely crowded. The bra In -

substance, partly displaced, partly compressed, exhibits asliglit

reddish discoloration round each of tne bloody points ; wlierc

these are crowded, the reddish areola) coalesce, so that the

aflected part, on a cursory examination, presents the apj^earance

of a reddish-yellow patch, dotted with a large nimiber of bright
red points.

§ 70G. Passing on to consider the further destiny of the

extravasated blood, we come, in the first place, to distinct proof
of its coagulation. In the interior of each drop of blood, we
find the well-known network of coagulated fibrin, in whose
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meshes the blood-corpuscles lie; moreover, we notice a mem-
brane which, invests each globule, and forms a capsule round

it. This membrane is of variable, though never of any great

thickness, and consists of a soft, originally homogeneous and

translucent substance. It is quite plain that these appearances
are due to a secondary precipitation of some albuminous sub-

stance at the periphery of the extravasation, having nothing
whatever to do with the coagulation of the fibrin

;
but if so, we

must find some explanation of its real nature. Now I think

that a simple application of the results arrived at by Ale,v.

Schmidt, with reference to the development and precipitation of

fibrin—results which I have embodied in § 186—will satisfy all

our requirements. The encapsulation of the effused blood would

thus be due to a precipitation of fibrin—the fibrinogen being

supplied by the nutrient fluid which bathes the clot, while the

fibrino-plastic matter is derived from the blood-corpuscles. This

fibrinous capsule is always present ;
I insist upon its real nature,

because I believe it has often been misinterpreted. If we confine

ourselves to the examination of sections from a patch of puncti-
form apoplexy which has been previously hardened, we may
readily mistake the capsule for the wall of a vessel distended

with blood and cut across transversely ;
we should thus extend

unduly the domain of interparietal hoemorrhage. We ought
therefore to assure ourselves, by the examination of shreds

teazed out and treated with glycerine, that the bloody points

are really susceptible of being isolated in the form of spheroidal

globules, each of which is enclosed in a proper capsule. On

pressing down the covering-glass gently, the capsule may be

ruptured, and the blood-corpuscles contained in it squeezed out.

"VVe then have the empty shell remaining, in whose interior we
can now recognise the fibrillar reticulum of the original fibrin.

§ 707. Up to this point, all cases of punctiform ha3morrhage
run the same course. From this point, however, they diverge^
and the apoplectic part advances towards one of three issues :

yellow softening, suppuration, or direct organisation. This

diversity is partly due to the cause of the lesion, partly to the

behaviour of the brain-matter. Of the new morbid appearances
which come before us, one only, sc. cicatrisation, is exclusively a

result of apoplexy ;
the remaining ones stand on a broader basis,

for they may be caused in other ways as well ; they will accord-

voL.^ii. y
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ingly be described, either under inflammation of the brain (red

softening and suppuration), or independently (yelloAV softening).

Here, therefore, we may confine ourselves to the "
direct organisa-

tion
"

of the apoplectic focus. This is naturally divided in the

case of each indi\adual extravasation, into the organisation of

the capsule and that of its contents.

To take the latter first : I used at one time to teach that

colourless corpuscles gradually took the place of the red ones;

This change occurs without any rupture of the capsule ;
it seems

as if the red corpuscles were directly transmuted into white ones.

I still maintain this view, which I have confirmed experi-

mentally; though T quite admit that o-wnng to the migratory

powers of amoeboid cells, which have been discovered in the

meantime, the idea that they may have entered the capsule from

without has acquired probability and deserves further considera-

tion. When once the rod corpuscles have all been replaced by

leucocytes, there is nothing to hinder the direct conversion of

this embr}'onic tissue into fibrous connective tissue
;

this accord-

ingly ensues, the fibres being arranged in concentric lamina?.

In the meantime, the capsule has also become organised ;

interstices are seen, nmning parallel with its surface, which

divide the capsule into several strata or lamellic
;
connective-

tissue corpuscles (probably immigrant leucocytes) make their

appearance in these interstices
; finally the connective tissue of

the capsule blends with that in its interiorto fonn a tough nodule

of relatively small size.

The course of these changes is modified only where the

bloodj' points arc so closelj^ crowded that the adjoining capsules

touch one another. Under such circimistances, T have observ'ed

an intimate coalescence and fusion of the capsules, the final result

ofwhich is a sort of cavernous tissue whose meshes are filled with

clear serum. Now as these meshes formerly contained the extra -

vavsated blood, we may fairly inquire what has become of it. On
this point I have no valid opinion to offer.

§ 708. So much for the metamorphoses which pimctiform
extravasations undergo. Let us now endeavour to apply the

knowledge we have just gained to the explanation of the phe-
nomena presented by massive haemorrhages. Suppose that one

of those larger branches of the Sylvian artery which penetrate

into the corpus striatum from below has given way ;
the blood
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lias rushed througli the opening in a mighty flood, and has torn

up the brain-matter in every direction. It has forced its way
outwards into the centrum of Vieusscns. It has displaced the

optic thalamus inwards
;
it has first elevated the corpus striatum

and then perforated it at several points, escaping into the lateral

ventricle. The region of the lenticular nucleus is occupied by a

pool of blood, two inches long and half an inch in breadth and

depth. The demand for space which such a condition neces-

sarily involves, is satisfied partly by the total expulsion of the

cerebro-spinal fluid, partly by the blood being squeezed out of

the cerebral vessels
;
when we strip the dura mater from the

surface of the brain after death, the sulci are seen to be efiaced,

the gyri flattened, and all the veins about the vertex so com-

pletely emptied, that their finer branches are no longer visible to

the naked eye. We may well ask whether death is not inevitable

in cases of haemorrhage so extensive. But I would remind the

reader, that it is just in cases of massive bleeding into the brain

that the possibility of repair (as regards the individual lesion)

lies within very wide limits. The first shock once tided over,

the mere coagulation of the efiused blood brings some relief to

the compressed brain
;
the clot contracts powerfully in all its

dimensions
;
and although the functional troubles due to the

rupture of so many important communications between the

central and peripheral organs of the nervous system persist for

a lon^ time, the blood is nevertheless readmitted into the vessels

•comparatively soon, and the risk of death from lack of nourish-

ment for the brain is thereby warded off". The repair of the

lesion sets in without delay. Here too, the first step is the

formation of a fibrinous capsule round the entire periphery of

the clot
;
this capsule indeed, is thicker in proportion to the

greater quantity of fibrinogen and fibrinoplastic matter which is

at hand. All writers are agreed in affirming the existence of

this capsule. It is originally a line or more in thickness; soft as

jelly, and of a translucent yellowish tint. At a later period, it

undergoes a metamorphosis analogous to that of the capsules in

the punctiform variety of haemorrhage ;
it becomes converted

into a far thinner, but on the other hand far stronger layer of

fibrillar connective tissue, which permanently shuts off" the apo-

plectic deposit from the surrounding brain-tissue. We know

comparatively little about the changes which the effused blood



.'Vi4 MOliBID ANATOMY OF THK NKRVOrs >^- :;\r.

undergoes. The lucniatin is dissolved, and ultcii souks the

tissue round the clot to a considerable distance, until at last it is

taken up and removed by the vessels. A portion of it is con-

verted into'pigment, which remains in the cicatrix in the form of

3'ellow granides and crystals of hacmatoidin. The rest of the

blood is converted into connective tissue ; though its quantity,
as in arterial thrombi, is most insignificant. Scanty as it is,

hoAvever, it suffices to glue the opposite walls of the capsule

together, and so to convert the entire deposit into a simple strip

of connective tissue—a cicatrix in the usiml sense of the word.

This residt, however, is very rarely accomplished. More com-

monly we find, not a strip of connective tissue, but what is

known as an "apoplectic cyst"; i.e. the walls of the secondary

capsule do not collapse, the interval between them being filled

with a clear, straw-yellow or colourless fluid, in which the con-

nective tissue resulting from the organisation of the clot itself is

suspended like a thin, gauzy veil. To explain this modification,

we must recollect the necessity which exists, that the huge gap
in the cerebral tissues should be replenished ; accordingly, these

cysts are only met with in the interior of tlie hemispheres, where

the gap cannot be otherwise filled up ;
while the rarer apoplectic

deposits on the surface of the brain form simple cicatrices, the

resulting depression being taken up by a small quantity of

meningeal serum.

As regards the changes undergone by the bruiii-mallti- in

the immediate vicinity of the clot, I need only say that the

portion actually torn or broken up is liquefied by fatty metamor-

phosis and then removed
;
to this point we shall return under the

head of yellow softening. It would be interesting to know

something more about the mode of sequestration
—the isolation

of the whole from the injured parts ;
at present, however, we

have no information on the subject.

d. Encephalitis.
—

Myelitis,

% 709. I have touched elsewhere on the grounds which may
in some measure explain the singular fact, that all inflammationsof

the cerebrospinal substance, except those due to functional irrita-

tion, tend to limit themselves to the smallest possible areas (§ 68S .

I must now reassert the fact, calling the reader's attention to tli-
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marked contrast as regards extent, acuity and symptoms, whicli

exists between wliat is popularly known as
" inflammation of

the brain" (Meningitis), and true inflammation of the brain-

substance. The latter is always due to a wound or injury in

the widest sense of the term, i.e. to some local irritation of

extra-cerebral origin. The skull may have been struck or

shaken
;

it may have been penetrated by a cut or stab which

has directly damaged the brain, or a focus of inflammation and

suppuration, originating in the neighbourhood of the brain, may
have been propagated to its tissues at the point of contact

;
or

Anally, the plugging of a vessel, atheromatous disease, &c., may
have caused a circumscribed punctiform hemorrhage, followed

by inflammation as a secondary consequence.

^ 710. In encephalitis and myelitis, the behaviour of the

proper parenchyma of the brain and cord is the main point to

be attended to
;
this is usually said to undergo purulent lique-

faction
;
and the assertion is so far true, that a deposit of pus is

ultimately found in the place of the cerebral substance. But

the statement throws no light on the way in which liquefaction

occurs. And no exhaustive theory can be expected in the

present anarchical state of ovir doctrines concerning suppuration.
We can but express suppositions, keeping a firm hold on indi-

vidual facts of unquestioned certainty to serve as guides. Among
these I include the passive behaviour of the nervous elements

in the suppurative process, and the intense activity of the

Avascular system in every stage of the disease. The nerve-fibres

within the affected area, are partly suspended in the pus as

disconnected fragments, partly protruded from the walls of the

cavity in a state of advancing maceration and decay. I have

not been able to detect any traces either of fatty or of granular

degeneration in them
; drops of myelin separate from their

surface
;
the axis-cylinders grow thinner by degrees and finally

disappear. The ganglion-cells of the affected part become

darkly-granular and break up into splinters ;
I have often re-

cognised well-marked fragments of them in the pulp. The
behaviour of the ganglion-cells in the immediate neighbourhood
•of the focus will be alluded to later.

The coarser appearances of the disorder, and perhaps also its

finer details, are in great measure accounted for by the peculiar

way in which the vascular apparatus is involved. The intense
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hyporoDmia which ushers in the morbid changes invariably gives
rise to a large niunber of minute ecchymoses ; these, of course,

are equally numerous when the hoomorrhage is the primary and

the inflammation the secondary phenomenon. Should the

affected part undergo softening and purulent liquefaction, the

extravasated blood mingles with the pulp, giving it a more
or less intense red colour. Hence the name kkd softexixg, so

generally a2)plied to parts affected by encephalitis and myelitis,

but which, of course, is equall)"- applicable to other cases, in

which similar effects are produced by very different causes. The

presence of pus is characteristic of the inflauunatory form of red

softening ;
so too the presence of an areola, from one to two

lines in width, round the focus of softening, in which the paren-

chyma is studded with numerous blood}-^ points, and swollen by
a commencing purulent infiltration.

The most important of all the questions which arise during
the study of encephalitis, is that concerning the source of the

pus. ^Vnd this has not yet been satisfactorily answered. Meif-

nerf, on the strength of his microscopical researches, assumes

a suppuration of the ganglion-cells by division and endogenous

l)roliferation of their nuclei. My own investigations have taught
me that the pus first collects roxmd those vessels from which

extravasation has occurred. In transverse sections of encepha-
litic foci (red softening), hardened in preservative fluids, we
find these vessels girdled by a relatively wide areola of pus-cells ;

and by dint of careful management, we may even pull vessels

coated with pus
—furnished with regular sheaths of pus-cor-

puscles
—out of the recent specimen. Finally, wc may also see

in transverse sections that the pus has actually pushed the

extravasated, but still fluid, blood away from the vessels, the

blood-corpuscles forming a ring round the pus, instead of a

globular drop. This would lead us to infer that the pus was

generated by the adventitia, or furnished by the emigration of

leucocytes. Nevertheless I am loth to refuse the power of gene-

rating pus to the neuroglia ;
I am quite sure that it is capable

of producing coqjuscular elements (solitary tubercles, gliomata) ;

and though I regard the results of my inquiries, just given, as

trustworthy so far as they go, yet I do not consider them

exhaustive.

Outside the actual deposit of pus, we find (though not in^ u-
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riably), a zone of ajdema, in which, according to 3Ieynerf\-<

investigations, the nervous as well as the non-nervous elements

undergo a series of changes, whose interest is enhanced by
the fact that Meyncrt seems disposed to attribute to them a

considerable share in " chronic inflammations of the brain," as

he justly terms the psychoses. In these ganglion- cells, Mej/nerf

describes a vesicular deformation of the nuclei, a nuclear fission

either simple or repeated, a dropsical enlargement and a

sclerosis, and finally a molecular disintegration and obsolescence

of the body of the cell. Of these metamorphoses, the dropsical

enlargement of the nuclei and cells may be regarded as peculiar

to red softening; the sclerosis has already been described by
Rokitanski imder the name of "

colloid transformation." The

protoplasm is much increased and assumes a homogeneous,

highly-refractive quality ;
the entire cell looks fuller, and its

processes become swollen and clubbed. The nucleus disappears ;

the nucleolus may even precede it. Meynert tries to explain this

condition as an infiltration (of the cell) with protagon, the main

constituent of the nerve-medidla, discovered by Liehreich. These

changes, with the exception of the nuclear fission in the ganglion-
cells (which I have never been able to demonstrate with satis-

faction to myself), are all of a retrograde character; we might
add the calcification and excessive pigmentation described b\'

Forster, the former of which is also met with round old patches
of encephalitis ;

here too, however, we may assure ourselves

that the part taken in the disorder by the nervous elements is

an entirely passive one.

§ 711. We have no positive data concerning either the pos-

sibility or the modus ojierancU of repair after recent encephalitis.

Still, I think it likely that certain forms of yellow softening, as

well as of the so-called "
apoplectic cysts," may prove to be the

final results of encephalitis. In that case, the yellow softening
would represent an arrest of the process, the apoplectic cyst a

cicatrisation; both woidd, however, be "modes of repair" as

contrasted with the far more usual issue of the inflammatory

changes in abscess of the brain. In the foregoing paragraphs,

something has been already said about the way in which this

issue is brought about
;
and it was with especial reference to

cerebral abscess that I left the question concerning the partici-

pation of the neuroglia open. The essential feature in the pro-
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Auction of what is known as an " abscess" of the brain is a tough

tapsule of connective tissue, which shuts oif the pus on every
side from the brain-substance. This capsule, which may even

be half-a-linc in thickness, passes so continuously into the sur-

rounding nervous tissue, that the idea of an independent produc-
tion of connective tissue from the nervous matter suggests itself

fcjpontaneously. We must leave this interesting problem to be

solved by experimental researches, such as have been already

prosecuted in this field {Lcideschrf and Strieker), but which have

not yet touched the root of the matter, .sr-. the source of the

inflammatory corpuscles. For my part, I can offer an accurate

description of the appearances presented by an abscess of

old standing ;
transverse sections including the capsule and the

nervous parenchyma in contact with its outer surface, and ex-

tending well into the healthy tissues, were examined. I shall

take the appearances in their order from within outwards. The

pus is of a greenish-yellow hue, synovia-like in consistency,

usually acid, inodorous and very bland, without any tendency to

decomposition. The pus-cells are, for the most part, multi-

nuclear
; possibly owing to their prolonged maceration in a

feebly acid medium. The surface of the lining membrane is

smooth. It derives a yellowish-white, opaque aspect from a

continuous, tolerably thick layer of cells undergoing fatty dege-
neration. Next to these is a layer of regular embryonic tissue,

which makes the surface uneven and wavy, owing to its thickness

not being uniform. The embryonic tissue is continuous externally
with a very loose spindle-cell tissue, which is distinctly stratified

in a direction parallel to the surface, and only allows a fibrous

band to penetrate obliquely into the summits of the hillocks of

embryonic tissue here and there. This layer consists throughout
of the most perfect spindle-cells ;

each apparently simple fibre

may be recognised as a fibre-cell on more careful inspection, so

that it would really seem as if, in this instance, all the connective-

tissue fibres in the next layer had originated from spindle-cells.

Of the proper fibrous layer of the capsule, on which the varying
thickness of the whole membrane depends, there is little to be

siiid. Besides the fibres, it contains a large number of cells,

some round, some caudate. These increase in number towards

its outer surface, where they are actually in excess of the fibrous

elements and for the most part assume the character of fatty
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granule-cells, thus forming a second zone of fatty degeneration
which separates the walls of the abscess from the nerve-tissue.

I assume that the pressure of the growing abscess, while causing
a certain reaction on the part of the surrounding tissues in its

capacity as an inflammatory irritant—a reaction manifested by
the proliferation of large numbers of young cells—also hinders

the due filling of the vessels, which it can easily do under the

peculiar conditions governing the intracranial circulation. Fatty

degeneration of the newly-formed cells is the residt
;
a zone of

yellow softening between the capsule of the abscess and the

hrain. The softening, however, never amounts to a complete
solution of the parts ;

we can readily assure ourselves that the

softened tract is permeated by a network of coarse fibres, which

xmite with the capsule on the one hand, with the nerve-tissue on

the other. These fibrous bands are bundles of primitive nerve-

tubes, enclosing a few ganglion-cells when the lesion is situated

in the grey matter
; they are compressed, and rmi parallel to

the surface of the abscess, a position which they can only have

adopted under the pressure of the abscess itself. It is only when
the capsular membrane is stripped from the brain-matter, that

they are stretched out in the form of a network. The soaking

they have undergone in the pulp has isolated the individual

fibrillae most beautifully; the ganglion-cells are squeezed flat,

and here and there converted into long spindle-shaped or ribbon-

like forms
;
their axis-cjdinder processes are mostly intact

;
the

only sign of atrophy I could detect, was a gradual loss of bulk

(obsolescence, Meynert), not a fatty, colloid, or other specific

metamorphosis. The neuroglia, in its old form, has wholly dis-

appeared ;
it has been converted into the young cells and their

equivalent
—the fluid products of softening. On attempting to

trace the beginnings of the lesion farther into the surrounding
nerve-tissue, our search will, for the most part, prove fruitless

;

it is only here and there that I have been lucky enough to

observe the first division of the neuroglia-nuclei ;
I do not

scruple, however, on the strength of these, and of analogous
observations on other morbid processes, to conclude, at least pro-

visionally, that the stratum of connective tissue which isolates

the abscess, together with the intermediate layer of cells which
are undergoing fatty degeneration, is entirely derived from the

neuroglia.



330 MORBID ANATOMY OF THE NERVOUS SYsTKM.

The plieuomeiia of acute myelitis leading to abscess, are

exactly similar to those of encephalitis. The form of the atfected

part varies with the injury. Fractures of the spine usually crush

the cord; inflammation and suppuration taking place round the

crushed part and isolating it from the healthy tissue.

c. llypermnia and Inflammation in Psychical disordera.

§ 712. Meynerfs* striking researches into the pathological

histology of the psychoses, vindicate a prominent place for the

nervous elements of the cortical substance in the morbid anatomy
of these disorders. Meynert attempts to prove that the various

kinds of excitement correspond to demonstrable changes in

definite groups of ganglion-cells. We can only wish that more

and more reliable data should be collected in this direction.!

There are no a priori grounds for opposing the physiolo-

gical claims of the nerve-tissue to be the primary seat of

the psychoses. Unfortxmately, however, what evidence morbid

anatomy may have accumidated on this subject, points still

to abnormalities in the distribution of the blood, with their

consequences, as the essential anatomical gromidwork of all

psychical disorders. It is only because the various authors who
have turned their attention to this subject have each bestowed an

exclusive attention on some one feature of the structural altera-

tions, that the mutual connexion and interdependence of the

* Dr. Theodor Meijncrt: Dcr Ban der Grossliinirindc uiid seine (irtliclieii

Verschiedenheiten, iiebst eineni pathologi8ch-iiuatomi.schen Corollarimii.

Vierteljalirscliiift der Psvcliiatrie, 1867. Heft. i. p. 77.

t Meytiert bases his views on a certain niuubei' of highly valuabU; facts

concerning the structure of the gi-ey matter of the cerebrum. He shows

that that inflecteil edge of the cortex cerebri, which, invested on both sides

by meduUaiy substance, forms the uncinate convohition {subicnhnn comu

AmvtonU) and the hippocampus major, contains only multiple jiyramidal—so-called niotor—ganglion-cells ;
that the olfactoiy lobe (much less

derelojied in man than in many mammids) contains only smaller, rounded
—so-called seiisoiy

—
ganglion-cells ;

tliat the claustrmu, amygdaloid nucleus,

and -wall of the Sylvian iissure, are chiefly provided with fusiform nerve-

cells connected with the fibrae arcuata; of Arnold, &c. He refers these local

differences, whose existence no one can dispute, to differences in function,

and goes on to anticipate that their recognition will shed an imjiortant light
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various phenomena have never been pkiced in a sufficiently

clear light.

§ 713. Accordingly, we must concentrate oui' attention

almost entirely on a chronic hypera3mia of the cortical substance,

as the common foundation of all further mischief. In most cases,

and at a certain stage in all, we may regard this hyperajmia as

functional, as identical with that active congestion of the glands
and membranes which coincides with every exaltation of their

activity. Every functional hyperaemia is characterised by its

localisation in the capillaries
—the vessels which are most imme-

diately in contact with the active elements of the organ
—and b}-

its periodicity. The latter feature reflects the fimctional ex-

haustion of all organs, their diminished excitability, their need of

repose and restoration. Suppose, however, that some violent oi-

artificial stimulus prevent the apparatus from enjoying the neces-

sary rest? There is such a thing as over-excitement of the

organs ;
and to this, the central nervous system is peculiarly ex-

posed. Who does not know the feeling of " outwatching sleep
"
f

The over-excitement of the brain may be repeated several times

at continually shorter intervals. It may be caused by emotion,

by overwork of the intellect or the imagination, by bodily

stimulants. A congestion of the cortical substance, of propor-
tionate duration, undoubtedly coincides with this state of over-

excitement
;
and this is the point from which we must set out in

order to gain an insight into the etiology of the psychoses.

Congestion is usually divided into active and passive. The

upon tlie morbid anatomy of tlie psychoses. Unfortunately the very thst

step in this direction, taken by Meynert liimself, can hardly be called a

happy one. He sets out from the assertion that the nucleus of a normal

ganglion-cell is in some measure prolonged into its processes, and retaintnl

in them, so that it ought not to be viewed as naturally round, but rather as

angular, with thorny projections. Hence the rounded form of the nucleus

miist be regarded as abnormal—as the first link in a chain of alterations

which idtimately lead to fission of the nucleolus and nucleus, &c. It may
be objected to this, that in the freshest attainable specimens of ganglion-

cells, the nuclei are all of them round ;
so that when the nuclei, in prepara-

tions which have been hardened in chromic acid, appear to be for the most

part not round, but fusiform or pyramidal, tliis change of form ought to be

ascribed simply to the shrinking of the surrounding protoplasm, i.e. of the

fibrous sixbstance {Schultze) of the ganglion-cells.
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two forms, however, touch each other at several points ; tlicy

often actually pass into each other, as we saw e.(j. in § 510 ;
or

one of them may complicate the course of the other as an inter-

current phenomenon. This last case presents itself, into' alia,

when an active fluxion, due to any of the usual causes, culminates

in a great and uniform over-distension of the capillaries. The

absolute excess of blood present in the affected capillary area

actually hinders its own forward movement by its weight ;
to

overcome this obstacle, there is the increased r/.s' a tctyo conse-

quent on distension of the arteries, and the unhindered efllux

through the veins, which are readily susceptible of dilatation
;

these, indeed, are the means by which the impediment is usually

overcome
;
but they in nowise alter the fact, that during the

course of active congestion a passive clement developes itself,

which resists the subsidence of the abnormal state. And this

clement will be all the more effective in proportion to the violence

and duration of the hypememia, in proportion as this is concen-

trated in the capillaries, in proportion to the thinness and yielding

quality of their walls.^ Now the capillaries of the cortex cerebri,

like all the intracranial blood-vessels (§ 695) are exceptionally

delicate
; moreover, the peculiar relations of pressure and reaction

which subsist in the interior of the skull (§ 695), enable us con-

fidently to adopt the notion of an exclusive, or at any rate pre-

dominant concentration of the hj^eroomia in a certain definite

section of the vascular system ;
in the present case, therefore—

one of functional irritation of the cortical substance—in the

capillaries and arterioles of the cortex cerebri.

It cannot surprise us, therefore, to find that the passive

element so introduced should manifest its worst effects in the

case of cortical hypcrrcmia. A long-continued, or often-recur-

ring, or very severe congestion will here, more than clseAvhere,

cause a sort of stasis
; this, again, leads first to over-distension,

then to atony of the vessels. Just as a piece of gutta-perchu,

when over-stretched, resumes its previous form only by slow

degrees and imperfectly, so with the elastic and contractile ele-

ments of the small vessels. Once the distension has become

habitual, corresponding organic changes are set up in the walls of

the vessels—changes w^hich render a return to their normal

calibre—at first only a matter of time—qxiite impossible ;
and

this is the first step towards making the mischief incurable.
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This theory of the orlgui of acute psychoses has grown up

gradually in my mind from the histological investigation of tlie

cortical substance. I must leave it to the clinical phj^sician to

refer the remaining causes with which we are acquainted (cjj.

age, hereditary transmission, cranial development, variations in

the calibre of the venous apertures, diathesis, acute disease,

alcoholism, sexual excesses, poverty and privation, intracranial

tumours, injuries to the head, and so forth), either to increased

irritability or to increased irritation of the cortical substance, or

to a diminished capacity for resistance on the part of the vessels.

I shall now proceed to describe the histological changes them-

selves, adopting the customary division of insanity into two-

stages, the acute and chronic.

§ 714. I. Aci'TE coNDiTio>-s. Thesc may either be appre-
ciable at the first glance, or they may be difficult of recognition ;

yet they always admit of being recognised if the examination

be conducted with sufficient care. It is a fact, hitherto unex-

plained, that the cerebral capillaries are found more empty after

death than those of any other organ. This is the case even

when they have been over-distended during life. We must not

therefore attach too great an importance to the direct evidence

of hyperaDmia. A slight flush of the medullary substance, a

faint tinge of red mingled with the usual grey hue of the cortex

cerebri, must be taken as very significant indications
;
where

even these are lacking, we must not jump to the conclusion that

they did not exist during life. We are thus thrown back upon
indirect evidence. And here the ease with which the blood

escapes from the cerebral vessels comes to our aid. The problem
for the histologist resolves itself into the detection of antecedent

haemorrhages. Now we find cases of acute insanity, esjjecially

of mania, in which the cortical substance is studded throughout
with numberless minute extravasations, and may even present

patches of red softening here and there. Under these circum-

stances, there can be no difficulty in proving that ha)morrhage
has occurred

;
hence we may infer the existence of hypera)mia

during life even though, as is generally the case, no traces of it

may remain, and the vessels be as empty as if no drop of blood

had ever flowed through them. I have already described the

punctiform variety of hoomorrhage, and red softening, very fully ;

now therefore, I need only allude to a few peculiarities which
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characterise these changes as they occur in the psychoses. First

then, as regards the pimctiform h;TDmorrhagos ;
these mostly take

the form of dissecting aneurisms of the smallest veins (fig. 192) ;

i.e. the hlood, after bursting through the inner and middle coats

<)f the vessel, burrows between the latter and the imruptured

adventitia, forming a spindle-shaped swelling of a dark blood-

red colour upon the vessel. In transverse sections, the effused

blood has the fonn of a round drop ;
and as the detached adven-

titia may easily be mistaken for a peripheric capsule of coagu-

lated fibrin, the detection of the central vessel is indispensably

necessary to insure us against confounding those minute aneur-

isms w^th free extravasations. Not that the distinction is of

iiiiy great moment ;
free and interparietal ha}morrhages usually

Fig. 192.

Dissecting,' {ineurisiii of a minute vein, just ])efore the lattei'

hreaks up into capillaries. The adventitia, known by its

nuclei and single, shaii> contoin-, is stripped from the inner

coats by an extravasation of Idood. jjjj.

•occur together ; only, as has been already stated, in circum-

scribed encephalitis the free variety, in difiuse encephalitis (to

Avhich, from oiu- present point of view, all psychical disorders

must be referred) the interparietal, predominates.

As for the red softening of the cortical substance which is

met with in maniacal patients, stress need only be laid on its

pecidiar, stratified distribution. In most cases, it is the middle

layer of the grey matter which is softened, so that on attempting
to strip the pia mater from the surface of the brain, the outer

layer of the cortex usually comes ofi" with it
;
more rarely does

the softening involve the outer layer itself; in that case, when

the pia mater is stripped off, the surface is left quite ragged, as

if ulcerated ;
rarest of all is the occurrence of a layer of softened
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tissue at tlie junction ofthe cortical witli the medullary substance.

I believe that this singular localisation in strata is connected

with the peculiar distribution of the minute blood-vessels, dis-

covered by Arndt ; after entering the cortex cerebri, they break

up into three tiers of capillaries, one above the other
;
a mode

of distribution which agrees Avith the stages in the development
of the brain, but which is, in all likelihood, more nearly related

to the partition of functional attributes among the several—so

sharply differentiated—strata of the cortical substance
;
a mode

of distribution very like that with which we are familiar in most

of the complex organs of the body. Granting the truth of the

above assiunption, the seat of softening might be held to corres-

pond with that of the maximum intensity of functional irritation.

But the hj'pothesis is only put forth as a guide to further inves-

tigation.

§ 715. Passing now to the more ordinary forms, in which

the ha^morrhagic phenomena are less marked, I must repeat
that "less marked" is not sjmonymous with "absent." If we
take the trouble to isolate the vessels of the cortical substance,

not by simply pviUing them out, but by detaching the pia mater

cautiously under a very gentle stream of water, we shall often

be amazed to see the number of dissecting aneurisms there are,

all of which would be overlooked if we contented ourselves with

simply examining vertical sections
;

still more, to find how

many less extensive, but yet unquestionably haomorrhagic infil-

trations may be demonstrated in the walls of the vessels.

Horizontal sections through the grey matter are also to be

recommended. The red blood-corpuscles which are actually

extravasated, penetrate at once into the adjacent brain-matter to

a variable depth, forming little red areolae round the holes which

contained the vessels, with their outer margin blurred and

indistinct. In the grey matter of a brain which appeared per-

fectly normal on a superficial examination, I detected many
blood-corpuscles lying free in the parenchyma ;

and this first

drew my attention to the great frequency of minute hajmorrhages
in such cases.

§ 716. The conversion of the extravasated blood-corpuscles,
or of their hncmatin, into pigment and connective tissue, begins
even during the acute stage. The pigment presents itself in

round or elliptical flakes of various sizes, lying in the adventitia



JJ36 MOKIilD ANATOMY OF THE NERVOUS SYSTEM.

of tlic blood-vessels in little groups of two, four, or upwards (fig.

Fic 193. 194). Isolated iiarticles of pigment are also

met with lying free in the parenchjTna ;
this^

; however, is not common ;
while on the other

hand, a deeper pigmentation of the ganglion-
cells is very usual. In many cases of acute

insanity, therefore, we find recent hajmorrhages
side by side with the vestiges of older ones;

the combination giving a highly variegated

aspect to the specimen.
8 717. Extravasated blood and blood-

A number of dis- .

'

, . n . j i. x-
..

> pigment are signs oi antecedent congestion

risins on the which are fortunately not easily effaced, and

Iminches of a therefore all the more trustworthy. That
minute cerebral other siffus exist as well, I have alreadv hinted,
^'^"^' when pointing out that certain forms of dis-

organisation occurred after a time in the walls of the vessels,,

and hindered their restoration to the normal state. Of those

Fig. 194.

Small vein and capillaries from the brain of an imbecile. The
vein shows the remains of former haemorrhage into the

adventitia, such as i)igment-j,'raniilea, &c. For the state of

the capillaries see text to fig. 195. gjg.

disorganisations of the vascular walls, one only comes undor

the head of " acute conditions." I refer to the so-called
"
fatty degeneration of the capillaries

"
;

this is not by any
means a constant phenomenon in the psychoses, and it is also

met with after violent and prolonged disturbance of the brain-

matter due to otlier causes, as e.g. in t\'phus, small-pox, &c.

The change consists in an accumulation of oil-globules

immediately around the nuclei. A minute residue of soft proto-
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plasm is always found hereabouts
;

tlie oil-globules appear in its

interior
;
and in tbis way, little tbree-cornered swellings are

produced on tbe outside of tbe vessels, each of wbicb contains

tbe dark oil-globules together with a single nucleus
; they give

the vessel a very variegated aspect (figs. 194, 196). The

only question is whether we have any right to interpret these

appearances as signs of degeneration. Here, if anywhere, wo

may suspect the oil-globules of having had another origin, e.g.

of having been taken up by the protoplasm from the brain-

matter itself; moreover, the immediate proximity of the cells

which contain the oil to the nutrient fluid, might suggest the

possibility of some disorder of nutrition
; finally, Leidesdorf and

Strieker have proved most conclusively that in traumatic in-

flammations, the fatty degeneration in question is compatible
with very active changes in the corpuscular elements, with

nuclear and corpuscular proliferation ;
indeed these observers

seem actually inclined to draw a parallel between the granule-
cells and the cells of the germ-yelk. To this I have only one

objection to ofier, sc. that fatty metamorphosis is universally
admitted to be a frequent mode of degeneration in cells which

are grooving old, or which are badly nourished, or isolated from

their organic connexion
;
that even the most abundant supply

of nourishment is unable, of itself, to arrest their decay, as is

shown by the fate of a great many white blood-corpuscles, and

by the "fatty erosion" of the vessels (§ 220); that this same

fatty degeneration of the vessels is an essential feature of yellow

softening, which is generally due to the direct arrest of circula-

tion and nutrition in a circumscribed portion of the brain.

AVhatever may be the true significance of the fatty matter in the

present instance, my owoi observations lead me to agree with

Leidesdorf and Strieker, in admitting that notwithstanding all

this infiltration with oil the process may yet be of a progressive
character. For what in the present case is progressively

developed on the outer surface of the vessels, and what mainly
contributes to their permanent disorganisation, is an actual

proliferation of connective-tissue corpuscles and fibres, as will

appear on glancing over the second stage of the disorder.

§ 718. II. Chronic conditions. The later phases of the

structural alterations associated with the psychoses are much
better kno^vn than the earlier ones, chiefly because they are

VOL. II. 7,
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more obvious. They may be traced in two difFercnt directions.

On the one hand, the hyperscmia of the brain, -when it has

become chronic, gives rise to that venous stasis in the pia mater

which I have described in § 699, ct seqq., as JTi/droccp/ialus cx-

tennis. The dilated and tortuous veins, the infiltration of the

arachnoid wath corpuscular elements, the oedema of the pia

mater, the atropliy of the brain, combine to form a highlj^

characteristic total of morbid appearances. On the other hand,

the hypcrrcmia of the cerebral vessels is associated with a peri-

vascular growth of connective tissue, which is propagated to the

brain itself, and ultimately causes obsolescence of the nervous

elements.

§ 719. Let us begin with the vessels. Strickcf assumes that

a continuous layer of protoplasm exists on the outer surface of the

capillaries ;
this laj'er he believes to be responsible for the de-

velopment of the vascular system, as well as for that of morbid

growths which start from the vessels. This view is strikingly

corroborated by the behaviour of the capillaries in acute and

chronic inflammation of the brain. I allude partly to the supp\i-

rative encephalitis already described, partly to that sclerosis of

the brain and grey degeneration of the spinal cord of which I

shall have to speak hereafter. In the psychoses we also find a

moderate increase in the amount of perivascxilar protoplasm ;

fresh nuclei appear, originating by fission of the old, somewhat

enlarged capillary nuclei
; finall}^ the thickening of the vascidar

wall and the increased number of cells is manifest even to an

unpractised eye. The diagnosis, however, is rendered certain
b}''

the appearance of a number of fine, feebly-refracting j^roccsses of

protoplasm, which give the vessel a curious, thoray appearance

(fig. 195). These processes are connected with a system of juice-
cells (Saftzellen) which has been developed meanwhile in the

brain-substance itself, and may be recognised in vertical sections

taken from a fresh brain. The addition of Canada balsam,

oil of turjDentine, or even of glycerine, usually makes the

network invisible
;
the only vestiges of it which can then be

detected are hardened, and therefore more highly refracting

fragments, which arc oft<;n enough met with. This network of

juice-cells con-esponds in its distribution, i.e. in the number of

stellate elements furnished to each vascvdar territory, so closely to

that which customarily obtains in other vascular connective
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tissues, that it is difficult not to suspect that some pre-existing

physiological arrangement underlies the process ;
but this, how-

ever, no one has yet succeeded in proving. I believe, therefore,

that it really depends on an actual outgrowth from the surface of

the vessels
;
and we have an excellent precedent for this in vas-

cularisation by the development of processes from the vessels.

(§ 71). L. Meyer, indeed, who has done much to extend our

loiowledge of this subject, speaks of an actual development of

new vessels in the cortical substance. This vascularisation would

then be a further step in the direction inaugurated by the out-

growth of protoplasmic processes from the surface of the capil-

laries, the nuclear proliferation, and the development of an

anastomotic network of connective-tissue corpuscles. The essen-

tial feature of the process is its restriction to the perivascidar

Fiu. 195.

Small vein and capillaries from tire cerebral cortex of an imbecile.

Tlie capillaries liave tlieir walls thickened and fumislied with

numerous processes radiating in all directions. Most of these

processes start from the nuclear points. ^^.

€onnective tissue, as opposed to the neuroglia, which remains

unaltered. We shall have an opportunity of noticing a contrast

precisely similar to this, when we come to speak of timiours of

the brain.

The changes undergone by the ganglion-cells and nerve-fibres

are, as compared with those just described in the vascular appa-

ratus, of a subordinate and passive character. Most frequent
is a certain atrophy of the ganglion-cells associated with the

brownish discoloration already alluded to, which is due to the

imbibition of hsematin. The complete granidar disintegration,

the dropsy and sclerosis, and especially the nuclear fission with
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which Mei/ncrt has made us acquainted (§ 712) occur, so far as

my experience goes, only in a very limited degree. A fission of

the neuroglia-nuclei is more common—but this does not seem to

lead to anything beyond. We only notice that in places where

we should normally expect to find only a few nuclei, there are a

larger number present ;
here and there we find little chains and

nests of nuclei. They are not in any way connected with the

development of the corpuscular network described above.

The naked-eye appearances are mainly due to tlie pressure
exerted by the (edematous pia mater upon the surface of the

brain. The leathery hardness and pallor of the cortex may
partly be ascribed, when present, to the interstitial growth of

connective tissue. I need hardly add that the latter process is,

in my opinion, the actual cause of disorganisation, the lesion

which impairs the utility of the thinking apparatus.

2. Yellow Softening.

§ 720. By the term "
yellow softening," we understand the

total disintegration and liquefaction of circumscribed portions of

the nervous centres by means of fatty degeneration. The most

important antecedent of yellow softening is obstruction and total

arrest of the circulation
; accordingly, it usually results from

acute inflammation, embolism, and hccmorrhago, such as we have

been made acquainted with in the foregoing section. That em-

bolism can cause yellow softening directlj', without tlic interven-

tion of punctiform htcmorrhage, is not, in my opinion, conclu-

sively established
;
the possibility of its doing so must, however,

be admitted for the present. Yellow softening is invariably the

final term of a series, whatever may have been the sequence of

the previous changes. The following sequences are perhaps the

most common :
—1. Embolism, punctiform hocmorrhage, yellow

softening. 2. Punctiform hccmorrhage, capillary tlironibosis,

yellow softening. 3. Punctiform hccmorrhage, inflammation

(red softening), j-ellow softening. 4. Encoi)halitis, punctiform

haemorrhage, red and then 3'ellow softening. Yellow softening

only shows that the morbid changes have reached a point at

which regular nutrition is pennancntly arrested. Accordingly
we meet with it in a great number of other conditions alsov
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TLiis I liave found tlie medullary layer of tlie anterior lobe of the

right cerebral hemisphere affected throughout with yellow soft-

ening, owing to gliomatous degeneration of the grey matter

round it, which had stopped the circulation through the cortex.

Most tumours whose growth is central are surrounded by a zone

of yellow softening, caused by the pressure of the tmnour upon
the neighbouring blood-vessels

;
indeed it is impossible to give

an exhaustive summary of all the cases in which yellow softening

may occur
; every observer must trust to his own ingenuity to

ascertain the cause of the softening in any particular case.

§ 721. The minuter details of yellow softening fall naturally
under two heads

;
on the one hand we have disintegration and

solution of the nervous elements
;
on the other, of the connective

tissue and the vessels. The former takes place without the deve-

lopment of any new morphological units
;
the behaviour of the

nerve-medulla is the only noteworthy point about it. This

begins by coagulating roimd the axis-cylinder (§ 32) ;
it then

escapes from the tubular sheath, and persists for a time in the

form of drops and globules, sufficiently characterised by the mani-

fold and bizarre variety of their external form. Some are club-

shaped with rounded ends, others lobulated, rolled up into tufts,

or drawn out into clavate processes. When the slide is gently

warmed, they run together into spherical drops, which swell and

exhibit cracks and fissures on the addition of water. These

changes may, in their turn, be arrested by adding a saline solu-

tion. Ultimately, even these objects all disappear, and only a

homogeneous, albuminous fluid is left
;

it is possible that the

nerve-medulla may be decomposed into fat and albmnen, the

fatty granules mingling with the rest of the oily debris as soon

as they are set free.

The liquefaction of the connective tissue and the vessels

takes place in a very different way. Here, fatty degeneration

plays a leading part ;
it is the actual agent in the destructive

process. All the corpuscular elements of the neuroglia are con-

verted into granule- cells. In vertical sections through the edges
of the softened part (fig. 196), we can easily trace the aggrega-
tion of groups of fatty granides between the nerve-fibres, until

they attain the size of colossal granule- cells. These last are

suspended in the fluid products of softening, giving them the

peculiar colour to which the entire process owes its name. On a
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black ground, tlie grauule-cells may be seen, even with the

naked eye, floating about like small particles of dust. The

ressels too, succumb to fatty metamorphosis. Spindle-shaped

aggregates of fat-granules may be observed in the place of the

capillary nuclei, and larger, confluent masses of these granules

may be seen beneath the adventitia of the small arteries. I

found the latter tunic (fig. 196, D) detached throughout, as

though an interparietal lymphatic space had been opened up.

The homogeneous membranes of the vessels aud the basis-sub-

stance of the neuroglia imdergo a direct, though very gradual

Fig. 196.
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Yellow softening of the medullary substance of the brain. A.

Junction of the softened part, B, with that which is still

firm, C. D. A vessel undergoing fatty degeneration, r^.

liquefaction, so that the fluid products of softening come ulti-

mately to contain nothing but fat-granules and gramJc-globulcs.

§ 722. So much for the histology of the process. The naked-

eye appearances will necessarily vary according as the position
of the lesion is favourable or unfavourable to the absorption of

the products of softening. Patches of softening in the interior

of the hemispheres cannot be obliterated, because their walls

cannot collapse ;
the granules ma}' possibly be absorbed in course

of time, the fluid may become clear, u cyst may be formed—but
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here the matter ends. Should the lesion be situated near the

surface of a ventricle—as often happens in the corpus striatum
—a slight subsidence of the layer of brain-tissue which separates
it from the ventricular cavity may occur, and the softened patch

may wholly disappear. This subsidence is much more striking
when the mischief is situated in the cortical substance itself.

We not unfrequently meet with cases in which the surface of the

hemisphere exhibits an extensive and often multiple depression,
over which the pia mater may either have collapsed, or be

stretched by a simple serous effusion or even a yellow, fatty

emulsion. The brownish discoloration of the brain-matter in the

immediate neighbourhood points in a general way to hyperacmia
and ha)morrhage as the immediate antecedents of the lesion;

the precise nature of the primary mischief has not, however,
been certainly established. One thing seems clear: that the

final removal of the affected portion of the cortical tissue is

operated by yellow softening ; also, that the complete absorption
of the fluid products of softening has been made possible by the

very superficial site of the lesion.

§ 723. Scattered throughout our exposition of the inflam-

matory disorders of the central nervous system are various hints

which point to an extension of the domain of fatty degeneration,
and especially of the formation of granule- cells, beyond the

limits of retrograde metamorphosis. Such an extension is sug-

gested to us, inter alia, by the experiments of Leidesdorf and

Stn'c/cer on traumatic cerebritis
; by a case of fatty metamor-

phosis of the corpuscidar elements of the neuroglia throughout
the entire medullary substance of the brain, which has recently
been described by Virchow as "encephalitis" in a new-born

infant suffering from hereditary syphilis. To these wo must add

the discovery of granule-cells in certain parts of the spinal cord

in cases of general paralysis of the insane [Westjohal), as also

the fatty degeneration of single colimms of the cord, described

by Tiirk as a consequence of circumscribed disease in the nerve-

centres. These considerations must at any rate warn us against

concluding without further evidence, that fatty degeneration
and the development of granule-cells are identical with yellow

softening.
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*3. Gkey De:generation.

§ 724. Limited patches, stria' or spots, in the white substance

of the brain, the spinal cord, and some of the peripheric nerve-

trunks, arc occasionally seen to exhibit a grey tint like that of

the cortex, instead of their usual white colour
;
and these appear-

ances arc found to coexist with certain tj-pical series of clinical

symptoms. On the groimd of the alteration in colour, these

cases have all been grouped together under the common head of

grey degeneration. The instinct which led pathologists to do

this, was in itself a just one. For if we consider grey degene-
ration 2>('>' -^c, we find that it is always due to the same proximate
anatomical cause, vr. the disappearance of the medidlary sheath

of the nerve-fibres. MeduUated fibres look white in the aggre-

gate ;
non-medullated fibres look grey. It is seldom, however,

that the loss of the medullary sheath is the primary and only
lesion. It ought rather to be viewed as a secondary phenomenon,
as the first step towards atrophy, nay, towards complete destruc-

tion of the nerve-fibres. It commonly precedes this latter change,

just as decalcification precedes the dissolution of bone-tissue.

§ 725. The morbid anatomy of grey degeneration has been

repeatedly subjected to scientific investigation of late years ;
I

refer more especially to the labours of Lci/den, Fromman n and

Charcot. And one result of these inquiries has been to make us

distinguish more rigidlj' between two forms of the disorder, one

of which we may call the simple and non-inflammatory, the

other the indurati^'e and inflammatory
—or simple grey degene-

ration and sclerosis.

The simple form of grey degeneration is most common in the

spinal cord. The posterior columns are more liable to it than

cither the anterior or the lateral ones (fig. 197). After the cord

has been taken out of its sheath of dura mater and washed, we

may see, to use Lri/doi's own words,
" a band of a grey or

greyish-white 1 n u -^1 1 i 1 1 1 1 1 u 1 1 1 r< u igh the pia mater, and extending,
as a rule, along the whole length of the cord." On transverse

section, Ave find that the grey discoloration of the surface is due

to a change in the white matter whicli ( xtcnds into the substance

of the cord. The entire posterior columns are usually converted

into a reddish-grey, somewhat brawny mass. Shoidd there be
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any normal tissue left, it is sharply marked off from tliat wliicli

has undergone degeneration ;
the latter, moreover, is somewhat

depressed below the level of section, and yields a small quantity
of clear fluid when squeezed. The degeneration usually moimts

upwards from the cauda equina, and spreads
—when viewed in

transverse sections—from the periphery and the middle line

behind, towards the central axis and the lateral margins of the

cord
;
so that in cases where the degeneration is incomplete, the

residue of white matter forms a lamella, which, starting from the

Fig. 197.

Unusual localisation of simple grey degeneration. In the cervical

and lumbar regions of tlie cord (top and bottom figures), it is

the lateral tracts Avhicli are chiefly involved ;
in the dorsal

region (middle figure), the entire medulla. After Frommann.

Natural size. Transverse sections.

hinder edge of the commissure, passes along the posterior horns

towards the circumference. The posterior roots of the spinal

nerves invariably participate in the morbid process ;
this fact

seems to have been overlooked in many cases, otherwise carefully

reported.

§ 726. Chief among the textural alterations which underlie

the simple form of grey degeneration, is an increase in the

amount of the interfibrillar connective substance (cement) of

the medullary cokmms. Whether this substance is normally

finely-granular or finely-fibrillated, has not been hitherto
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decided. Each of these views has its adherents, and the oppo-
site camps vie with one another in the dogmatism of their

assertions. Granting for a moment that those are right, who

(like myself) regard it as being of a flnel}-granular, quasi-

protoplasmic nature in health—then a transformation of this

amorphous cement into a finely-meshed fibrous network would

be at any rate the first step towards grey degeneration. The

meshes of this fibrous network are not, indeed, as small as those

of the spongy reticulum which SchiiUze describes as normally

present. It is rather produced by a shrinking or retraction of

the cement, which was at first equably distributed, into certain

branching lines (just as happens on the addition of reagents).

In the prismatic, triangular interval between any three con-

tiguous nerve-fibres, a tolerably stout rod is produced, run-

ning parallel to the fibres
;
from this rod, a countless number of

minuter processes project, which, running transversely and

obliquely between the fibres, unite with one another to form a

delicate network.* This first, so to say preparatory stage, is

followed by a peculiar outgrowth of the fibrilloc
; according to

Fronmiann, minute protuberances spring up at intervals, which

grow larger and again break up into branches. The process

reminds the observer of a crystallisation, or at any rate of a

coagulation, and can only be explained by supposing that the

coagulable matter is continuously precipitated
—and this of

course implies the admission of a previous stage, during which

it was quite soft. This may shed some light on the observations

of older authors, who came across considerable quantities of

amorphous interstitial substance here and there. On teazing out

minute shreds of the grey degenerated parenchjTua with needles,

the felted web of fibres readily breaks up into a number of

roundish balls, which, on more careful investigation, exhibit a

firmer centre containing a nucleus, from which the countless

fibrilla) all appear to radiate (fig. 198). Every one of these

centres corresponds to one of those branched and anastomosing
connective-tissue corpuscles, which are distributed at regular

intervals throughout the nerve-tissue. We know that these

* Frommann was the first to demonstrate these exquisite networks. He
finds tlieni also in the normal coul ; but here I consider them a result of

the shrinking caused by reagents.
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elements are most numerous at the circumference of the cord,

getting fewer in number towards its centre. This agrees with

the appearances presented by the degenerated medulla in trans-

verse sections
;
for we are able, by continued rubbing with the

covering-glass, even without the help of needles, to separate the

individual balls from one another to some extent, when they are

seen to be smaller in size towards the periphery, more bulky
towards the centre of the cord. In the former situation, they
are continuous with the innermost layer of the pia mater, and

may be regarded as a sort of "irradiation" of supporting fibres

into the nervous matter [Hcnle and Merkel). The grey degene-
ration also progresses demonstrably from the circumference of

the cord as its base, and spreads gradually towards its centre.

Nucleated connective-tissue corpuscles, studded all over with

little tufts of fibres ; tliey were obtained by teazing out a

portion of a spinal cord affected Avitli grey degeneration.

;ro(7-

All this compels us to suspect that the chief j)art of the disease

is developed in close connexion with this pre-existing system
of fibrous connective tissue—in fact that the morbid change sets

out from this. The fibroid metamorphosis of the nerve-cement

proves the chemical and morphological identity of the amorphous
interstitial substance with the fibrous interstitial tissue

;
their

physiological relationship is thus established, and the belief

confirmed, that the neuroglia is really a connective substance,

and not, as is still alleged by some anatomists, of nervous

character.

§ 727. Let us now consider the second factor in simple grey
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degeneration, i.e. the obsolescence of the nerve-fibres in the

affected columns of the cord. The fact that this change is co-

extensive with the advance of the interstitial tissue, proves that

the two plienomena are causally connected
;
but it remains lui-

decided, whether the disappearance of the nerve-fibres is the

cause or the consequence of the overgrou-th of the neuroglia.
For my own part, I cannot well conceive of the degeneration of

the nerve-fibres as the primary phenomenon ; atrophic changes
of the nerve-tubes, artificially excited in perijiheric nerves, never

give rise to any analogous cfiects in the perineurium. On the

other hand, we can call to mind imiumerable examples of

Fig. 199.

General view of grey clegencvation. l*artly taken front From-
niann. ^. a. Normal parenchyma of the spinal coixl. The
circular bodies are the neive-fibres in ti-ani?vei*se section

;

b. The region of gi-ey degeneration ; c. A vascular cleft with

its vessel
; d. Limit of the grey matter Qwsterior horn) ;

c. Circumference of the column, abundantly infiltrated with

coii>ora amylacea.

atrophy of nerve-fibres being caused by external pressure. I

quite agree with Frommann in believing that the groAving net-

work of connective tissue forces its way into the space assigned
to the nerve-tubes, and thus ultimately causes their disintegra-
tion. As regards the finer details of the process, I think I

have observed that the neurilenuna, at an early stage, becomes
fused -with the advancing connective tissue, while the medidlary
sheath breaks up, and the axis-cylinder alone continues to resist.

The thicker axis-cylinders retain their form for amazingly long

periods, and may often be discovered in parts which have
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apparently succumbed a long time before to degenerative

changes (fig. 199).

§ 728. The behaviour of the vessels in the simple form of

grey degeneration is of very subordinate importance. True,

they are never quite normal
;
but the alterations they present

are neither important nor constant. Perhaps the most common

among them, in the greater vessels, is a marked thickening of

the adventitia, which comes to consist of wavy lamella) of con-

nective tissue
;
in such cases the adventitia has taken part in the

hyperplastic change affecting the neuroglia ;
here and there, too,

an accumulation of fatty and pigment-granules may be detected

on the smaller vessels, as well as a peculiar rigid, homogeneous,

glistening state of the vascular walls—a condition not unlike

amyloid infiltration, but which fails to yield the typical reaction

with iodine.

A phenomenon which has long been known, but of whose

histological significance we are still quite ignorant, is the presence
of corpora amijiacea, often in large numbers, in the degenerated

parts. These bodies are constantly met with in simple grey

degeneration. They are most crowded near the circumference

of the organ, in the part which has been affected for the longest
time (fig. 199), and along the course of the larger vessels

; they
are not entirely absent, however, even in those parts where the

degeneration is just beginning. Rokitansid held that they were

derived from the fragments of disintegrated medullary sheaths
;

recently however, the view which I believe to be the trvie one,

that the corpora amylacca are really degenerated cells, has been

gaining ground. The uniform size of these bodies, the occasional

presence of an unaltered nucleus in their interior, their whole

mode of distribution, make it almost certain that they are pro-

duced by amyloid infiltration of the round-cells of the neuroglia,

the "
granules" of the normal medulla.

§ 729. The second form of grey degeneration, which I have

termed "
inflammatory induration," has a wider range than the

first variety. The whole of the white substance of the central

organs is liable to this morbid change ;
not only the medullary

columns of the cord, but also the centrum of Yieussens in the

brain, the corpus callosmn, the fornix and the fimbria, the septum

lucidum, the optic tracts, the corpora geniculata, cerebral pe-

dimcles, pons, and medulla oblongata. The mischief starts from
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numerous centres, the smallest of which are about the size of a

pin's head, while the larger ones extend through entire sections

of the white substance, e.g. through the whole fornix, or a tract

an inch long, of the lateral columns, nay, even of the whole

cord. Inasmuch as the process which underlies the morbid

appearances always causes a marked shrinking of the affected

parts, the medullary layer of the central organs is jiroportionatoly
distorted

;
should the change be situated in alternate patches of

the lateral columns, the spinal cord comes to present a series of

elevations and depressions, which give it quite a sinuous aspect ;

should the whole thickness of the cord be involved, it appears to

be constricted at the aflfected point ;
hence the appearance of a

very striking deformity, particularly if the adjoining portion of

the cord be quite normal. (Cf. the beautiful figures in Cruvoilhior.)

§ 730. An attentive examination of the smallest of these grey
foci leads to the curious discovery, that they have all got a red

spot or line in their centre—a distended blood-vessel, cut across

transversely or obliquely. The microscope shows that all these

vessels, together with their finer ramifications, are in a state

which we should not scruple elsewhere to call one of chronic

inflammation. The adventitia is made up of concentric layers of

roimd-cells, often five deep. The calibre of the vessel, far from

being narrowed, is positively dilated—a phenomenon which must
be partly ascribed to a change in the middle coat. I have often

been able to assure m3'self that the smooth muscular fibres of

which the middle coat of these vessels consists, do not present
their usual form and disposition. Changes of a progressive
character may also be detected in the capillaries. Their walls

are surrounded with cells, which have cither migrated from their

interior, or have originated by proliferation of their nuclei.

In these alterations of individual vascular tufts, I see the

first anatomical clement of the disease. The second consists in

a fibroid metamorphosis and overgrowth of the neuroglia, in

every way similar to that described in § 726, from which it

differs only in the more important part played by the corpuscular
elements of the connective tissue. The stellate corpuscles of the

framework, which in this, as in the fonner case, act as " centres

of crystallisation
"

(if the term may be allowed) for the fibroid

development, take the fonn of multinuclcar giant-cells, while

the coimtless, often long and lustrous fibres which sjDring from
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their circumference, give them a very singular and monstrous

aspect. The round-cells of the neuroglia also proliferate, forming
a denser infiltration round the borders of the diseased part. They
ultimately succumb, however, to fatty degeneration. They swell,

and form granule-cells of relatively large size; as such, they are

found scattered in great numbers among the felted fibres of the

diseased part; finally, they break up into oily debris, and are

absorbed. The disintegration of the nerve-fibres takes place just
as in simple grey degeneration. Corpora amylacca are either not

produced at all, or only in small numbers. The ultimate product
is a fibrous web, soaked like a sponge with a mucoid fluid in

which a few free nuclei and small iminuclear cells are suspended.
This fluid may be squeezed from the freshly cut surface

;
but in

proportion as the fibrillac of the web continue to shrink, the fluid

disappears and the fibres approach one another until they finally

come into contact, leaving no interstices
;
and thus arises the

extremely unyielding, tough, dry tissue, of which the cicatricial

or fibroid patches remaining after the termination of the process
are made up.

§ 731. In conclusion, I must not omit to mention that there

is another simple, not fatty, form of atrophy of the peripheric

nerves, which depends solely upon a disappearance of the medul-

lary sheath, and hence also gives rise to a grey discoloration of

the affected part. This is seen, e.g. in the optic nerves, foUoAving
disease of the retina, or extirpation of the optic bulb

;
in the

optic tracts, as a result of gliomata of the thalamus, or other

cerebral tumours by which the tracts are compressed, &c.

The grey degenerationswhich occur in the medulla oblongata,

associated with all sorts of disorders in the area of distribution of

the cranial nerves, have not been adequatelyinvestigated hitherto.

In one case of masticatory spasm, I found a sclerosis, due to the

development of connective tissue, starting from the floor of the

fourth ventricle
;
in several cases of epilepsy, I have noticed a

fibroid thickening of the pia mater over the anterior aspect of

the medulla oblongata, which had not, however, penetrated into

its substance. It was associated with an intense degree of

brownish pigmentation.
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4. Tumours.

tj
732. Tliroiigliout Virchow's work on tumours, that im-

perishable monument of German science, we notice a continual

endeavour on the author's part, now expressed, now implied, to

accustom his pupils to a less abstract way of looking at the

individual species of tumours, and to point out the important
influence which the seat of a growth, i.e. the tissue in which it

originates
—exerts upon its anatomical and physiological pro-

perties. Whoever is not content with a mere superficial determina-

tion and labelling of a tmnour, but is used to explore its inti-

mate structure and composition, and to compare them with its

vital peculiarities, will fall in with Virchoic in hoping for the

best results from this method, as regards the ultimate reconcilia-

tion of that unhappy discrepancy which still subsists between

the legitimate claims of clinical practice and the limited means

at the disposal of morbid anatomy. The instinct of the prac-

tical physician points in the same direction
;
for he grounds his

prognosis quite as much on the seat of a growth, as upon its

minute structure and development. Meanwhile it would be

foolish to give up the results we have already obtained, for the

sake of a knowledge which, however tempting, is still very
remote and shadowy, and which can only be reached by the

painful searching of many years. I propose, in the present

chapter, to do something in the direction indicated above, by

dividing the tumours of the nervous system into three groups,

according to their place of origin :

a. Tumours which spring from the free surfaces of the

meninges and cavities of the nervous system.
b. Tumours which set out from the perivascular sheaths.

c. Timiours which start from the neuroglia (perineurium).

a. Tumours grouiufj on the free surfaces of fhe interstitial apnees

of the nervom system.

§ 733. The arachnoid sac, that of the spinal dura mater, and

the cerebral ventricles, present largo surfaces on which a series

of iiisTioii) TiMoiRs occur imdcr the common form of flat,

rounded protuberances. The similarity of external fonn is
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accounted for by the similar development of all these growths.

They are all of them efflorescences, in the narrower sense of the

term. It is only the most superficial layers of the wall which
are concerned in their production. For a time indeed, the endo-

thelium may be the only tissue affected by the morbid irritant.

Its elements are in a state of active nuclear and corpuscular pro-
liferation in the neighbourhood of all these tumours. But the

growth actually starts from an " exudation of plastic lymph
(embryonic tissue) from the superficial pores." I purposely

adopt this rather antiquated mode of expression, because it really
does give a very pregnant idea of the process. The cells which

crop up on the surface, speedily combining to form little hum-
mocks of embryonic tissue, are emigrants. We have no right
to assume that thej^ are produced by any formative irritation of

the connective-tissue corpuscles at the seat of mischief. Such a

hypothesis would have to contend with the lack of any demon-
strable fission of these corpuscles, and with the general behaviour

of the connective tissue, whose fibrous bmidles, in the A'ery

region of the growth, continue for a long time absolutely intact,

and only begin to be loosened and dissociated when the tumour
has reached a considerable size. Even then, the loosening is

due to an infiltration with morbid elements ah extra ; as though
the tumour, growing at first in an outward direction only, began
to grow inwards also, at a later period. The real course of

events, however, is probably this
;
the corpuscular masses destined

for exudation are dammed back on their way to the surface, in

the interstices of the connective tissue, owing to the resistance

offered by the neighbouring organs to the increase of the tumour.

The latter can only adapt themselves gradually to their altered

circumstances, by undergoing atrophy and loss of substance

at the point where the pressure is most severe, a loss of sub-

stance proportionate to the size and shape of the tumour. The
more time they have for the purpose, the more complete will

be their adaptation. Hence the infiltration of the connective

tissue is always directly proportionate to the rapidity with which

the tumour grows (spindle-cell sarcoma) ;
it is least manifest

when the tumour increases most slowly (Pacchionian granula-

tions, lipomata, &c.). If the tumour met with no resistance

from neighbouring organs
—if it grew into an open space

—the

VOL. II. a a
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infiltration would not occur at all
;
in fact it is absent even in

those tumours whicli protrude into the ventricles.

§ 734. The Pacchioxiax granulations of the arachnoid

may be regarded as in some sort the prototype of this whole

group of tumours. According to L. Meyer, the development of

these minute, but numerous milk-white projections, which are

chiefly found on either side of the longitudinal sinus along the

edges of the cerebral hemispheres, is immediately related to the

so-called
"
respiratory movements" of the brain. The hemi-

spheres, when filled with blood, move from their position just as

the lungs do, when filled with air. The displacement is nvdl at

the base, where the brain is firmlj' attached
;

it is greatest along
the upper angles of the hemispheres, which are farthest from the

fixed points. Under a low magnifying power, the Pacchionian

granulations appear to consist of groups of papilla?, some of

which are simple, while others bifurcate once or even twice ;

they become pedtmculated as they grow bigger, but without ever

separating entirely from their place of origin. They are abso-

lutely non-vascular, and consist mainly of a wavy connective

tissue, poor in corpuscular elements, which grows directly from

a thin but incessantly renewed layer of subepithelial embrj'onic
tissue. The epithelium with which they are clothed con-

sists of several strata, in marked contrast to the normal epithe-
lium of the arachnoid membrane. Meyer actually discovered

epithelial granulations in the neighbourhood of these tumours,

so that the active participation of this element is beyond all

doubt, although the connective tissue is the chief factor in their

development.
The tumours which grow from the surfiice of the dura mater

are far more various. In the first place, we have a spixdle-ceij.

SARCOMA which grows by preference from the dura mater at the

base of the brain, forming tuberculated and often very extensive

protuberances near the cHvm and sella Turcica, compressing the

cranial nerves at their point of exit, and the adjacent parts of

the brain
; the compression leading first to irritation, then to

paralysis, and lastly to destruction of the parts. The same

variety of sarcoma is also met with on the dura mater of tlie

cord. It is characterised by the large size and perfect evolution

of its nucleated spindle-cells, which arc arranged in bundles,
but may readily be separated by teazing with needles. This
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quickly-growing form of sarcoma is closely related to two other

tumours of slower growth, which were first differentiated by
Vircho/c's skill

;
I refer to myxoma and psammoma of the dura

mater. The former of these is of most clinical importance when
it affects the dura mater of the cord

;
for this is its most common

seat, and it proves dangerous by compressing the spinal marrow ;

whereas in the cranium it is usually situated on the convexity
of the hemispheres, and accordingly belongs to that set of

tumours to whose presence the brain is best able to accommodate

itself. The tsammoma is a tumour with a basis of connective

tissue, or even of mucous tissue, distinguished by its containing

globular calcareous concretions. In the pineal gland, where

these concretions are almost physiological, they are commonly
known as " brain-sand," whence the term "psammoma"
(rJ/ai/A/Aoj-, sand). Virchow believes that the psammomatous con-

<iretions result from the progressive dej^osition of earthy salts,

first in the centre, and then towards the circumference, of a con-

centrically-laminated, non-cellular, organic matrix. We should

thus have to exclude from among the psammomata a whole series

of precisely similar tumours, in which the concretions are due to

the incrustation of corpuscular elements (fig. 200).

Finally, small lipomata have occasionally, though rarely,
been met Avith on the inner surface of the dura mater and the

ventricular ependjana. These protrude from the surface ah

initio, and never force their way deeper into the substance of

the brain.

h. Tumours which set outfrom the Pericaseular Sheaths.

§ 735. Let us first of all consider somewhat fully the soil in

which the development of this great and important class of

tumours proceeds. We have already become familiar with the

perivascular sheaths as favourite localities for morbid growth in

inflammation and in miliary tuberculosis. We have seen both

pus-corpuscles and tubercle- cells originating on the surface of

the vessels and forming swellings upon them. We were ham-

pered in our decision as to the source of these elements by the

possibility of their being emigrant leucocytes ;
and we resolved

to view the pus-corpuscles as emigrant blood- corpuscles, and the

tubercle-cells as autochthonous elements. The latter theory was
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based on direct observation. Wc were able to assure ourselves,

that in the development of the miliary nodules the cells of the

adventitia imderwent division, forming the bulk of the tubercle.

These cells must therefore be regarded as actually entrusted

with the neoplastic function. We may therefore inquire what
these corpuscular elements of the adventitia really arc ?

The adventitia of the cerebral vessels is a homogeneous mem-
brane with alternating nuclei. By treatment with silver nitrate

it may be made to display Recklinghausen's lines, which divide it

into lozenge-shaped areas, each with a central nucleus. The
outer surface of the cerebral vessels is thus clothed with an

endothelium corresponding to the ei^ithelium of the lymphatic
Aessels. If the opposed surface of the brain-matter were

clothed with a similar layer of epithelium then the theory of

His—that the cerebral vessels run in lymphatic spaces
—would

stand on an incontrovertible basis. Although this conclusive

proof is wanting, I regard all doubts on the subject as misplaced,
since I find that in the development of morbid products the epi-

thelial cells of the adventitia exhibit all those peculiarities with

which we are now familiar in the case of the lymphatic epithelia,

and that in a very higli degree. For after undergoing prolifera-

tion by fission, they readily furnish material for the construction

of the various kinds of tumours. They do this, however, imder

a predominant tendency to the development of a contrast

lx?tween epithelium and connective substance
;
we shall see how

benign and malignant epithelial growths, cancers and papillo-

mata of the most various kinds, are developed upon tliis basis
;

besides these, however, syphilitic gummata and sarcomata are

also met with, in the form of perivascular tumours; but no

adequate evidence has in my opinion been furnished as yet con-

cerning the latter of these two formations.

The outer surface of the cerebral vessels is continuous, at the

periphery, with the under surface of the pia mater
—in the ven-

tricles, with the surface of the choroid plexuses. The under

surface of the pia mater is clothed with the very same lymphatic

epithelium as the vessels
; accordingly it comes mider the same

category. The surface of the choroid plexuses is coated with a

highly-developed and characteristic epithelium, which has already

been alhided to (§ 702). It shows a very marked tendency
towards the evolution of higher epithelial forms. I may add
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that these forms serve in some degree as types for the elements

composing all those epithelial growths which set out from the

mider surface of the pia mater, or the outer surface of the cerebral

vessels.

The dura mater presents analogous conditions on its ex-

ternal surface—that turned towards the cranial bones ;
numerous

vessels cross from it to the skull, and dip into the Haversian

canals of the bone. Shall we ever find lymphatic spaces here

also? For the present, I can only insist upon the singidar

analogies between the behaviour of these vessels and those of the

brain in the development of cancerous and syphilitic tumours—
analogies about which I shall have more to say hereafter.

The mode of growth is the same, roughly speaking, for all

the tumours belonging to this group ;
the morbid formation

makes its appearance in its proper character on the affected sur-

foco, and then spreads uniformly in a horizontal direction
;
the

increase of the tumour in thickness being devoted to filling up
the space between the productive points of the irregularly curved

surface. This space is originally occupied by the parenchyma
of the nervous organ, e.g. by the cerebral substance. But this

takes no share in the growth ;
it simply wastes and disappears ;

so that the tumours invariably have the character of foreign

bodies, qiiite distinct from the nerve-centres, and intruding into

them from without. They cause death, either by destroying

vital parts of those centres, or by setting up inflammation and

hajmorrhage in their neighbourhood. Meanwhile, they may
attain to a very considerable size without causing death; this is

not wonderful when we remember the great capacity of the brair

for accommodating itself to slow and localised atrophy.

§ 736. The first of the tumours belonging to this group is the

Carcixoma cerebri simplex. It commonly grows from the

imder surface of the pia mater. Even such tumours as appear to

lie free in the centrimi of Vieussens are usually connected at some

point or other wdth the pia mater lining an adjoining sulcus;

still, tumours wholly isolated, attached only to the vessels, are

also found
; these, however, are always small and always meta-

static. The origin of the cancer from the corpuscular elements

of the surface from which it grows, may be most satisfactorily

traced at the edges of the nodide, particularly where the tumour

<3xtends along the vessels into the substance of the brain. The
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irrowine: zoue is about a line in breadtli. It is bounded exter-

nally by the normal brain-tissue, internally by the fully-fonnetl

part of the tumour; to the naked eye, it presents the appearance
of a zone of liquefaction, because a great part of the cerebral

substance is destroyed by fatty degeneration. By treatment

with chromic acid, we may, as is well known, cause the central

parenchjTua to shrink away from the vessels, and so make the

lacunar spaces destined for their reception appear larger than they

really are. Accordingly, this is the best mctliod to employ in

the present case, where our main object must be to distinguish
the vessels with their appendages from the cerebral parenchyma.
It enables us to follow the alterations in the former step by stc]).

The production of large coi-puscular aggregates by the prolifera-

tion of each single element of the adventitia, forms the starting-

point of the disease. The newly-formed cells are large and rich

in protoplasm ; they are each provided with a nucleus and

nucleolus, and present an unmistakeable likeness to the epithelial

elements of the choroid plexuses. Tliey are not so much lami-

nated, as rolled into balls
;
in the centre of the ball they are more

spherical, towards its surface more spindle-shaped. The spindle-

cells of contiguous aggregates unite to form incomplete fibrous

bands, and so constitute those finer septa which usually subdivide

the larger alveoli of every carcinoma. The stromal trabeculao of

the first order consist here, as everywhere else, of the residual

portions of that parenchjaua which is destroyed by the cancer.

The destruction of a great part of the cerebral substance by fatty

metamorphosis has already been mentioned. AVhat is left is

merely a narrow bridge of tissue, consisting of fine, parallel fibres,

passing between every pair of much dilated vascular clefts, and

containing a limited number of smooth nuclei. Whether these

cylindrical, lustrous fibrillo) are the residue of axis-cylinders or

metamorphosed neuroglia, I will not take it upon me to decide ;

but I believe the latter to be the case. If we trace these fibrous

bands deeper into the tumour, we see them gradually becoming
more and more homogeneous, imtil at last they pass directly into

the main trabecuhc of the stromal network.

The further increase of the tumour is mainly due to corpus-

cular proliferation. The stroma here and there shrinks into

threads and lamelliD of extreme tenuity, the intervening spaces

being filled with cells rolled up into huge nests. It is note-
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worthy tliat the vessels, although the starting-point of the disease,

are for the most part obliterated
;

it is only the largest ones

which are pervious to injection, while the rest waste away into

slender bands of connective tissue. When they escape utter

dissolution, they form a second trabecular network, very curiously

interwoven with the stromal system of trabeculao, without how-

ever blending with it. Whoever has been engaged in pencilling
out specimens of cerebral cancer, must have been struck with

the appearance of this double stroma
;

it so happens, however,
that I have not succeeded in finding any mention of it.

§ 737. Cancer of the brain, when it occurs as a primary

growth, might be termed "a fungus of the pia mater;" this

woidd indicate its close relationship to Fungus of the dura
MATER. Not only are they alike in their textural characters

;

they are found growing side by side, nay, even passing con-

tinuously into one another, so that there can be no doubt about

their intimate connexion. The fungus of the dura mater springs
from the outer surface of the membrane, forces its way along
the vessels into the compact tissue of the bone, destroys the

tabula vifrca, extends somewhat less actively in the diploe, but

ultimately perforates the outermost compact lamella of the cranial

bones
; protruding as a fungoid tumour and pushing the scalp

before it. Not unfrequently, too, it extends inwards through
the dura mater ;

the opposed surfaces of the arachnoid are glued

together, and then a fungus of the pia mater becomes associated

with that of the dura mater.

§ 738, Next to genuine cancer stands one of those onco-

logical curiosities of which there are so many in the brain
;
a

tumour which combines the structure of an epithelioma with the

harmlessness of a wart or fibroid thickening ;
the cholesteatoma

of authors, or pearl cancer (Perlkrebs). This is a squamous

epithelioma, whose cellular cylinders are wholly converted into

a mass of pearly nodules with a silky lustre
;

it is usually
situated at the base of the brain, projecting from the hollows

between the central (pons. Medulla oblongata) and the lateral

(hemispheres of cerebellum, under surface of cerebral lobes)

parts of the organ, and forming tumours occasionally bigger
than a walnut. It is invested by the arachnoid

;
on its other

side, it is in immediate contact with the brain substance
;

its

origin must therefore be sought either in or underneath the pia
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mater. The rarity of pearl cancer in the substance of the

brain indicates that its development, like that of simple cancer,

starts from the lymphatic spaces and perivascidar sheaths. As

regards the finer details of its evolution, Virchow speaks of

outgrowing club-shaped cylinders of cells, of epidermic globes
embedded in the meshes of the pia mater, &c.—facts which

accord very well with the hj-pothesis that the cells of the tumour

are generated by the inner surface of the Ijinphatic spaces, sc.

by their epithelium.

Closely allied to pearl cancer is a rare tumour of the third

ventricle, consisting of globes and cjdinders of epithelial cells,

embedded in a very bulky stroma of mucous tissue (fig. 200).

Fig. 200.

Epithelioma myxomatodes psammosum. For details see text jjj^.

At first sight, the tumour looks like a very soft myxoma,
differing only in containing very hard granules of a milk-white

colour. These granules are calcified pearly globes. On putting
them under the microscope and squeezing the covering-glass

gently, they break up into conchoidal fragments which corres-

pond to the calcified cells. Around them we notice the more
recent epithelial proliferations, forming tubes and nests just as

in all true cancers.

The only peculiarity of all the above varieties is that they
are purely local

;
even the fungus of the pia mater seldom giving

rise to metastatic deposits.

§ 739. The next series of tumours is principally characterised

by
" an outgrowth of the proliferating surface in the form of
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true papillae." My first experience of tlie PAriLLOMA vix

]\rATRis ET VASORUM was in tlie cerebellum. A spheroidal tumour

about tlie size of a pigeon's egg bad establisbed itself between

the pia mater and the left cerebellar lobe, in which it had

excavated a hollow corresponding to itself in size and shape.
The substance of the growth was reddish-grey, translucent, soft

and tremulous. When teazed out, it was seen to consist of a

vast number of branching papillae, each of which contained an

axial blood-vessel, a very small modicum of connective tissue,

and a double coat of epithelium, whose outer layer was made up
of short and thick columnar elements. The papillary stroma

could everywhere be traced, in the last instance, to the blood-

vessels which pass from the pia mater to the cerebellmu, so that

the origin of the growth was very manifest.

Another variety of papilloma, closely allied to the above,

seems to have been taken by most authors for a myxoma. It is

much more common than the simple papilloma, from which it

differs only in the abundant production of mucus from the surface

of the papillae. The epithelimn (fig. 201) consists of very long
and well-formed columnar cells

;
and these, just as on the surface

of a mucous membrane, secrete layer upon layer of a viscid,

glassy mucus. As mucus has a great capacity for exj^ansion, it

requires much space. This is why the main bulk of these tmnours

appears to be, and actually is, made up of mucus, the almost

isolated papillary outgrowths from the vascular walls being easily

overlooked amid the mass of mucus. The growth, which may
be called a tapilloma myxomatodes, is usually multiple. In

one case I found a tumour as big as a hen's egg in the region
of the pes hippocampi majoris, where it had sjirung from the vessels

of the choroid plexus which penetrate into the brain at this

point, and had filled the entire cavity of the descending horn.

Several smaller tumours were scattered over the surface of the

hemispheres, lying embedded in the cortical layer just like

simple papillomata.

§ 740. The gelatinous degeneration of the cortex cerebelli

described by Billroth must be viewed as a pure myxoma of the

perivascular sheaths. The naked-eye appearances of the tumour

closely resemble those of the cerebral papilloma described in the

foregoing section. Under the microscope, we see a simple de-

generation of the adventitia—a development of a comparatively
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thick sheath of mucous tissue round all the vessels which jjene-
tratc into the brain from the pia mater. The nervous parenchyma
between the vessels is destroyed. The thickened vessels then

coalesce to form a transparent, glass)', pale reddish-grey mass,

occupying a superficial depression of corresponding size.

§ 741. AYhether this gelatinous degeneration of the perivas-
cular sheaths is or is not connected with constitutional syphilis,
cannot be decided by this one observation. Thus much is cer-

tain, that true sYniiLOMA of the nerve-centres is more nearly
related to this, than to any other kind of tumour. I have so

FiQ. 201.

Papilloma luyxomatodcs, growing from the vessels of the cortex

cerebri. The vascular papillae are separated from one another

by broad bands of stratilied mucus, gj^. (Cf. with tliis and
the previous figure, the dissertation of Le Blanc ; Beitrag zur

path. Anatomic der Hirntumoren. Bonn, 1868.)

often described sj'philitic gummata as made up of highly-cor-

puscidated embryonic tissue with an abundant nmcoid basis-

substance, that I need not go into the matter again. It is less

known that syphilomata of the brain approximate to the type
of the tumours we have just been discussing, in their develop-
ment from the perivascular sheaths. Gmnmata are usually
found near the surjGace of the brain at its base, more rarely in

its interior. They reach tlie size of a \valnut, or even of a heu's

egg. In their interior we usually come across several cheesy

patches, while their circumference is made up of soft, jelly-
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like, and very vascular tissue. Sections through hardened

specimens show that the highly corpuscular parenchjTna of the

tiunour is concentrically arranged round the vessels
;
Virchow

succeeded in demonstrating this fact even in parts which were

already chees3^ On the opposite side, where the growth pro-

jects towards the brain or its membranes, we find that it

advances along the perivascular sheaths, in the interstices Avhich

lodge the vessels, without any active implication of the neigh-

bouring tissues. It is not often, indeed, that we have an oppor-

tunity of stud}'ing the process in an absolutely unequivocal form ;

for the gmmnata are nearly ahvays surrounded by every variety
of softening, of inflammatory and apoplectic changes, which
hinder due investigation.

c. Tumours ickich start from the Neuroglia.

§ 742. I have elsewhere (§ 687) given my opinion concern-

ing the textural peculiarities of the neuroglia ;
here therefore I

need only say, that tvmiours of the neuroglia start essentially

from its corpuscular elements. The small, round, and still

enigmatical corpuscles which are briefly termed the "
granules

"

of the nerve-cement, are capable of producing large and con-

tinuous aggregates of cells by repeated multiplication
—

aggre-

gates which present themselves to us in the form of tumours.

§ 743. Let us begin with the tumoiir to which Virchoio has

given the name of glioma. This was formerly known as a

sarcoma, and I should not hesitate to retain the old name but

for the fact that the local influence of the parent-soil makes

itself felt in these sarcomata to so exceptional a degree, as to

justify their right to a special name. One of the most striking

peculiarities of glioma might be included in its name, if we were

to call it a "
gliomatous degeneration of a particular portion of

the brain." If we have a glioma before us, we are able, as a

ride, to say precisely
—that this or that segment of the brain,

e.g. the optic thalamus, the corpus striatum, the anterior part of

the centre of Yieussens, a large piece of the cortex cerebri—has

been transformed into the glioma. The parts retain their main

outlines, but they have lost all their textural peculiarities ;
the

gliomatous tissue having replaced all the elements of their

proper structure. Spheroidal or nodular gliomata are never
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met Avitli
;
indeed it is often very difficult to ascertain what tlie

shape of a glioma really is, jiartly because it hardly dift'ers in

colour and consistency from the normal tissues whose place it

tills, partly because it passes very gradually into the healthy

parts around it. The first of these points is a great puz/le to

me. I have in my possession a glioma occupying the place of

the left oj)tic thalamus and corpus striatum, and consisting

throughout of true glioma-tissuc (round-cells arranged in

bundles and fibrous tracts), and which yet gives to the naked

eye the impression of a simple true hj-pertrophy of the optic

thalamus and corpus striatum. The grey and white matter

tilternate as usual, and yet I can find neither mcduUated nor

non-medullatcd nerve-fibres, nor yet ganglion-cells. So again
in a glioma of the cortical substance of the right anterior lobe

of the cerebrmn, preserved in the Ziirich collection, the agree-
ment of colour between the diseased and the healthy parts is

most striking, although the former consist entirely of small

spindle-cells and round-cells. MVc can only suggest, by way of

explanation, that the increase of the glioma depends essentially

on infiltration, and that the normal structure continues accord-

ingly to regulate that of the morbid products. The vessels seem

for the most part to be retained. Hence the tumour produces
till the efiect of a sarcoma, when examined in section. The only

peculiar feature about it is that the cells are on the whole very

small, like the ordinary
"
granides

"
of the neuroglia ;

this

Avould be at least singular in a conmion round-cell or spindle-

ccU sarcoma. Still, glioma and sarcoma are very closely allied;

in some gliomata we find parts Avhere the cells are larger than

iisual
;
I have even come across spindle-cells 0*4 mm. in length

and of corresponding thickness {Glioma sarcoma fodes). Their

relationship comes out strongly in their varieties also. Virchow

has taught us to recognise a Glioma myxomatoda which passes

into a pure myxoma by a series of imperceptible gradations.

Hajmorrhagic glioma I have myself had several opportunities of

examining. It is characterised by its relatively wide blood-

vessels and by a tendency to bleeding, which always occurs in

the centre of the tumour. The mass of blood poured out may
be so great as to lead us to think, from the symptoms during

life, and even—at the first glance
—on the post-mortem table,

that the case is one of haimorrhagic apoplexy. The tumour is
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often mashed up, leaving only a narrow zone wliicli environs tlie

pool of blood
; still, this is enough to betray the original nature

of the mischief.

Gliomata are among the most sloA^'-growing of all tumours
;

hence, too, they sometimes attain a considerable size. That they
are capable, to some extent at least, of undergoing retrograde

changes, is sho^yn b}^ the frequent occurrence of ftitty degenera-
tion in their interior

;
but it is more correct to see in these

indications of degenerative change, not so much a prospect
of recovery, as an imminent risk of apoplexy, which threatens

the patient's life as soon as the absorption of the fatty debris

lowers the tension and removes the pressure upon the vessels in

the interior of the tumour.

§ 744. Myxomata of the nervous matter ought to be con-

sidered from very much the same point of view as gliomata.

Myxoma, in contrast to glioma, is more common in the spinal

cord than in the brain, and more common in the peripheral
nerves than in the cord. This may depend on some difference

in the neuroglia, some slight modification in the parent-soil of

the growth. Myxoma replaces glioma in the peripheral parts of

the nervous system. In origin and growth they are alike.

Myxoma sets out from an overgrowth of the nerve- cement, the

perineurium ;
it extends uniformly in all directions by infiltra-

tion. The fibrous bundles of the cord or the peripheric nerves

are pushed asunder and partly destroyed. In the nerves,

myxoma forms spindle-shaped enlargements
—neukomata in

the broader sense of the word.

Following Virc/iow, we draw a sharp line of distinction

between tru.e and false neuromata. The outward form is th©

same in both
;
a nodular or fusiform swelling of a peripheral

nerve-trunk. But true neuroma consists chiefly of newly-
formed nerve-fibres, while false neuromata are produced by a

local proliferation of the interstitial connective tissue. This

interstitial proliferation most commonly presents a fibroid

character
;
more rarely that of a myxoma or of the softer, lipo-

matous variety of sarcoma.

§ 745. Finally, what is known as soi.itary tujjekclk of

the brain must also be regarded as a product of the neuroglia

cerebri. These yellowish-white, extremely tough and dry,

cheesv nodules are more common than all the above-enumerated
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tumours of the neuroglia put together ; they arc met with in all

parts of the brain and cord, either really alone, and then usually
of considerable size—or in several smaller nodules, disseminated

through the organ. Their favourite seat is in the cortical sub-

stance of the cerebrum and cerebellum, where they are developed
close upon the cortico-meduUarj'^ boundary. They are charac-

terised by a singidarly unifonn rate of growth, extending in all

directions with equal rapidity ; hence, so long as they do not

meet with any one-sided obstacle to tlieir advance, they continue

globidar. Caseation begins at their centre before they reach

any great size. The smallest tubercle I have ever seen, was

made up of an aggregate of from three to six nodules no bigger
than a pin's head, but already cheesy. The parts which have

once imdergone this change, either remain quite stationary, or

earthy salts may, though rarely, be deposited in them
; the

latter change, of course, excluding all possibility of further

metamoi-phosis. This stiffening of the formed parts of the

tumour contrasts strikingly with the incessant growth going on

at its periphery. AVe seldom find a nodule which seems to have

completed its term of existence. It is usually surrounded by a

soft, reddish-grey, vascular layer, which contains the formative

elements of the tumour in the shape of an embryonic tissue rich

in nucleated round-cells. The thickness of this layer is in-

versely proportionate to the size of the tubercle. In nodules as

big as a pea, it averages a good line in thickness
;
in those as

big as a pigeon's egg, barely half a line. The tissue is con-

tinuous "with the cheesy nodide on one side, with the healthy
brain-matter on the other. To obtain an insight into the finer

anatomy of the growth and its secondary metamorphoses, we
must therefore make vertical sections which include the unaltered

brain-matter, the grey layer of embryonic tissue, and the cheesy
substance. This can only be done by carefully hardening the

specimen in Miillcr^s fluid and alcohol. What do these sections

tell us ? They show that we are not justified in summarily

regarding all solitary tubercles as identical with one another
;

that we ought, on the contrary, to recognise two distinct varieties,

extraordinarily like each other in their coarser aspect
—

.sr. a

truly tuberculous and a non-tuberculous species of the solitary

cheesy nodide.

§ 746. Let us begin by considering a vertical section through
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the edge of a non-tuberculous cheesy nodule as big as a walnut,

taken from tbe cerebellum (fig. 202). At h we see the layer of

round-celled embryonic tissue—at once the matrix of the tumour

(c, d, e) and the product of the cerebral substance {a). It

includes a divided vessel of some size, whose walls have fallen

together, and whose adventitia is abundantly infiltrated with

cells. No specific characters, nothing peculiarly tuberculous,

can be detected in the embryonic tissue. If we turn our eyes to

the left in order to trace the origin of the embryonic layer, all

we can discover is that the corpuscular elements in the nervous

matter increase steadily in number as we approach the zone of

proliferation. We see them forming little groups of two, four,

Fia. 202.

^'^%\a

o C)

Solitary clieesy nodule (so-called "tubercle" of the brain), a.

Normal brain-substanco, medulla ;
6. Embryonic tissue of the

zone of proliferation, enclosing a thickened vessel ; c, d, e.

Fibroid metamorphosis of the embryonic tissue, forming the

marginal zone of tlie cheesy nodule, j,^.

or more elements—an appearance which would formerly have

sufficed to make us regard them as products of the proliferation

of the neuroglia-cells. This simple interpretation has been

denied us since the adoption of Cohnheim^s migration-theory,
and we are now forced to ask ourselves—especially in view of

the vascular wall, so thickly infiltrated with round-cells—
whether a transmigration of leucocytes from the blood may not

be at the root of the whole formative process ?

On the opposite side of the embryonic zone, the appearances
are less ambiguous. At c begins the transformation of the em-

bryonic tissue into cheesy matter. How does this occur ? In
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the face of the appearances figured above, we can hardly attempt
to retain our ordinary notions of caseation (^ 33). We look in

vain for a fatty-granular metamorphosis of tfic embryonic tissue,

for the shrunken cells—the tubercle-corpuscles of Lchcrf. The

only thing which recals fatty degeneration is a tolerably dense,

finely-granular dust, which masks the oldest i)arts of the tumour

{('),
without leaving iis in doubt for one moment that the texture

is made up, not of cells, but of fibres only. The development
of fibres between the corpuscular elements of the embryonic
tissue (c), is clearly the change which converts the soft embry-
onic tissue into the hard tubercle. But the growth of fibres,

and the condensation, predominate so enormously over the cor-

puscular structure, cAcn at the very edge of the tumour
{(f),

that we may unhesitatingly call the tissue
" fibromatous." Even

the intimate interweaving of the fibrous bands, which we regard
as a sign of increased tenacity where it is physiologically 2)resent

(cutis), and which is so marked a feature in the fibromata, is

here apparent. What evidence for the tubercidous nature of

the growth can we bring against all these facts? That it is-

occasionally associated with miliary tuberculosis ? But that is

common to all cheesy lumps. IMay we regard the productive

layer b as a stratum of miliary tubercles ? Certainly not
;
even

apart from the fact that in this case the tubercles would have to

undergo a" metamorphosis, seemingly cheesy, but really of a

fibrous character.

From all this I conclude, that there are "solitary tubercles""

of the brain and spinal cord, which deserve rather to be calletl

fibroid tumours. Granting this, we have a very satisfactory

agreement between the neuroglia-tumours and the sarcomata

generally ;
we may even recognise in the former the well-known

fibrous and cellular forms of the sarcomata, modified by their

place of origin, and the parent-soil from which they spring.

§ 747. On the other hand, we find small cheesy nodules,

usually multiple, which prove on minute examination to be really

tuberculous. Even with the naked eye, we can see that the

grey zone of proliferation which surrounds thonx is not of a

miiform texture, but consists of spherical nodules, each of which

corresponds in shape and size to a miliary tubercle. If we shell

out the central cheesy lump, we see that even its surface is beset

with roundish elevations and protuberances. The cheesy nodule
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is accordingly made up of dead, the proliferating zone of liNing,

miliary tubercles ; and this view is thoroughl}^ corroborated by

microscopic analysis. Tbe whole process is a PJdJusis tuberculosa

of the brain, entirely analogous to the destruction of the kidneys

by localised miliary tuberculosis, &c.

Disseminated tuberculosis of the nervous system has

already been described under the head of LejDtomeningitis

(§ 697).

VOL. II. bb



XYIII.-MORBID ANATOMY OF THE MUSCULAR

SYSTEM.

§ 748. The two chief constituents of voluntary muscle, sc.

striped fibres and connective tissue, differ in their liability to bo

primarily affected by the various morbid changes to which the

muscle as a whole is subject. I say "primarily," for it is

often in the earliest beginnings of a process only, that it is

exclusively confined to the muscular fibrillac or to the connective

tissue
;
the mischief tending very quickly to spread to the other

constituents also. In certain cases indeed, we sliall find it quite

impossible to decide whether the morbid change has begun in

the connective tissue or in the primitive fibres; I prefer accord-

ingly to follow the customary clinical arrangement of the sub-

jects, instead of grouping them on a strictly anatomical principle.

1. Atrophy and Hypertrophy.

§ 749. The brown variety of atrophy, with which we became

acquainted in the heart, as a consequence of progressive impair-
ment of the general nutrition of the body (senile marasmus,

cachexia)), is never met witli in the voluntary muscles. Fatty

degeneration, too, is very rare (fig. 203), save as a result of

parcnchjTnatous swelling (§ 30). Forsfer refers rROGKKssnr,

Musci i.AR ATRoriiY, wliicli gradually involves a variable number
of muscles, to a fatty degeneration of the muscular fibres. Of

greater moment as regards the voluntary muscles is sniri,E

ATROi'iiY, and that which is complicated with an interstitial de-

velopment of fatty matter. This disorder nearly always affects

such muscles as are kept in forced repose for long jjeriods of

time, as e.g. the flexors and extensors of an ankyloscd joint,
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paralysed muscles, &c. Simple atrophy manifests itself by a

shrinking of the individual fibres. On examining a transverse

•section of the wasted muscle, we may perhaps fail to discover a

single fibre which still fills up the space allotted to it. The
contractile substance separates from the sarcolemma, which re-

mains in connexion with the interstitial connective tissue. It

forms a loose sac, which it is more and more difficult to isolate in

proportion to the length of time the disease has lasted
;
for it

Muscular fibres in a state of

fatty degeneration, ^^^..

Fig. 204.

Simple atrophy of muscle, a. In-

terstitial connective tissue witli

large corpuscles ;
h. Muscular

fibres in various stages of atro-

phy ; g. Capillary vessel contain-

ing blood,
vjjfj.

blends with the connective tissue, whose bulk it actually serves

to increase. The corpuscular elements, too, of the interstitial

tissue appear to contain more than their usual amount of proto-

plasm (fig. 204), and are well suited to convince an unbeliever,
if such there be, of the existence and vitality of the intermus-

cular connective-tissue corpuscles. In the vast majority of cases,

these cells undergo a complementary infiltration with oil ; they
are converted into fat- cells. This combination of atrophy of

the muscidar fibres with fatty infiltration of the connective

tissue, furnishes a very beautiful set of appearances. Fig. 205

represents them in longitudinal section. The fat- cells, ofuniform

average size, are arranged in rows, which, lying parallel with

those muscular fibres which still remain, seem each to replace
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an obliterated fibre. It need hardly be said that this appearance
is purely accidental. The figure also includes a fibre whose

contractile substance has already given way at several points; its

deficiency at these points enables us to trace the sarcolenima as

an empty tube from one fragment to another
;
there is no trace-

of oily matter to be seen in the interior of the tube.

Simple atrophy with interstitial tlcveloiuueut of fat. a. Wastoil

muscular fibres ; h. The rows of interstitial fat-cells running

parallel to the fibres, jjj^.

A precisely similar substitution of adipose tissue for obsolete

muscidar fibres takes place in the muscles of animals which are

being fattened ;
in this case, however, the deposit of fat in the

interstitial connective tissue is the primary phenomenon, while

the disappearance of the fibres, though it may be partly due to

the want of exercise, is really secondar}'.

§ 750. Another step brings us to spurious hypertropiiv of

the muscles, which has lately been attracting renewed attention.

Single muscles, or whole groups of muscles, swell ^^ithiu the

period of a few months
;
but the swelling is so imifonn that their

anatomical form is maintained, though on a larger scale. This

seeming hypertrophy is not, however, attended by any increase

of functional power ;
on the contrary, the muscles grow steadily

weaker, and are at length quasi-paralysed. On examination,
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they are found to be saturated witli oily matter; the fibres

are not wasted, but merely held asimder. Not one of them is

in contact with its neighbours ; they are held apart by a row of

interstitial fat-cells (fig. 206).

Fig. 206.

Transverse section tlirough a muscle i]i a state of spurious

liypertrophy. Tlie unaltered fibres are separated from one

another by an interstitial development of fat-cells. .Jj^.

§ 751. TiiLE HYPERTROPHY is strikingly exemplified only by
the muscular substance of the heart, and has already been fully

described (§ 235). There can be no doubt that the voluntary

mviscles of the trunk and extremities gain both in size and power

through exercise
; yet it is hardly possible, with the means now

at our command, to demonstrate this hypertrophy anatomically.

2. Inflammation.

§ 752. Inflammation of the nniscles {Myositis) may be either

acute or chronic. The acute form begins with parenchymatous

swelling, and passes into suppuration and abscess
;
the chronic

variety is due to long-continued or often repeated hyperscmia

(rheumatism, repeated mechanical irritation), and passes into

overgrowth of the interstitial connective tissue, fibroid and

osseous metamorphosis. The contrast is the same as that between

acute and chronic inflammation of the liver, and seemingly recurs

in all the inflammations of parenchymatous organs.

§ 753. Acute myositis admits of being investigated to most

advantage
—as regards its earlier stages

—in embolic, thrombotic

and apoplectic conditions of the larger muscles. The first and

chief factor in the process is a parenchymatous swelling of the
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muscular fibres. I liuvc already described this as it presents
itself in the muscular substance of the heart (§ 240) ; but I find

that my description -was too narrow to embrace the manifold

variety of the phenomena as they occur in the voluntary muscles.

The granular cloudiness is often subordinated to a peculiar change
in the contractile substance which renders it at once more homo-

geneous and more bulky. The nuclei become invisible ;
the

transverse striae disappear. These changes, however, do not

always affect the whole length of the fibre equally, they are more

often limited to small portions of it
; unstriped, swollen, abnost

glassy tracts alternating with others which arc relatively normal.

The segmentation of the fibre, so often seen and described, by
transverse fissures recurring at brief intervals, makes these differ-

ences all the more apparent. The entire phenomenon gives oug
the impression that the distinction between the more and the less

highly refracting, the more and the less dense siibstancc of the

fibres, is being effaced
;
as though the " sarcous elements

"
were

swollen and dissolved, combining with their cement to form a

homogeneous mass of glassy lustre.

In typhous myositis, where parenchymatous swelling of the

muscular fascicidi also plays some part, we shall have an oppor-

tunity of acquainting ourselves with a further metamorphosis,
termed by Zcnl^cr

"
waxy "; this is directly continuous with the

stage we are now considering. In the common form of acute

myositis the speedy onset of suppuration in the interstitial con-

nective tissue makes it bard to trace the further course of the

morbid changes in the fibres themselves. I have most frequently
observed fotty degeneration of the inflamed fasciculi ; and it also

seemed to me as though their rapid loss of bulk weix? in some way
related to the production of pus-corpuscles witliin tlie sarcolemma
—as if the substance of the muscular fibre were used up by the

pus-cells in the exuberance of their development. Of course,

this cannot actually be seen
;

still leas, however, can one resist

the inference I have just suggested, when observing this simiU-

tancous groA^'th of pus-cells and diminution of muscular sub-

stance
;
and I see no reason why the In^wthosis should not hv

recorded as such.

The pus-cells, which speedily accumulate in largo mimbeis

and form an abscess, originate thei*efore, according to the view
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which has hitherto been received, by proliferation of the cor-

puscular elements of the interstitial connective tissue
;
some part

them are the progeny of the so-called muscle-corpuscles, i.e.

of those scattered nucleated remnants of the embryonic cells

from which the muscular fibre was originally developed, and

which arc left sticking to the inner surface of the sarcolemma

(C 0. Weber). The bellies of entire muscles, e.g. of the psoas,

may be converted into pus ;
more commonly, however, the

abscess is limited to a spot varying in size from a pea to a walnut,

according to the cause in each particular case. In myositis from

embolism the inflammation barely oversteps the limits of the

plugged area. The sequestration and expulsion of the pus, fol-

lowed by repair
—or the resolution of the morbid process, should

the latter occur—ensue according to the known laws of healing

by the second intention.

§ 7o4. CiiROXic iviYOsiTis runs its course without suppuration,
unless this should intervene accidentally. While in acute myositis
a certain degree of anaemia goes hand in hand, at any rate, with

the parenchymatous swelling, or is perhaps caused by it—hyper-
cemia takes up a far longer prodromal stage in chronic myositis.

Rheumatic inflammation of the muscles does not usually leave

permanent vestiges of its presence till it has recurred again and

again, during a period of years, in the same muscle
; so, too, in

the production of the "manual exercise" and "
cavalry" bones,

it is only the incessant renewal of traumatic congestion which

ultimately leads to the development of the ossifying blastema.

Chronic myositis, when once it gets beyond the stage of

hypcra^mia, manifests itself primarily in the development of an

interstitial embryonic tissue. The muscular fibres take no part

whatever in the process ;
the only question is whether the em-

brj'onic cells are derived solely from the corpuscular elements of

the interstitial tissue, or whether theymay not in part beemigrant

leucocytes. Here, as in so many other forms of chronic inflam-

mation, we are able to prove that the sheaths of the vessels are

much thickened, and that this thickening is due to their being
infiltrated with round-cells. As regards the interstitial em-

bryonic tissue itself—the " exudation
"

of authors—it cannot be

distinguished in any respect from the ordinary type ;
it is of a

reddish-grey colour, permeated by newly-formed capillaries, and

spontaneously disposed to undergo further metamorphosis in any
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direction. It usually becomes organised into a tough, dense con-

nective tissue. The development of a "
fibroid patch

"
is espe-

cially characteristic of rheiunatic inflammation. In the interior

of this patcli the muscular fibres wholly disappear, and nothing
is ultimately left beyond a narrow, ribbon-like strip, which re-

presents the entire belly of the former muscle.

The same series of changes (I may remark by the way) occurs

during the imion of the divided surfaces, when a wound has

broken the continuitj' of the muscle. A regeneration ofmuscular

fibres in the cicatrix has been vainly looked for
; observers having

been repeated!}' misled by the appearance of the spindle-shaped
cells which arc normally present in one stage of the healing

process.

§ 755. Ossifying myositis {M. ossificam) is merely a variety
of the chronic form. It underlies the two pathological curiosities

above alluded to, sc. the " manual-exercise bone
"
of the deltoid,

and the "
cavalry bone "

of the adductors of the thigh ;
it is

also met with as a constitutional disorder, affecting several

muscles at once, first in the back and afterwards in other parts
of the body also. The embryonic tissue passes directly into

compact bone-tissue. The "manual-exercise bone" is usually
a three-cornered ossification, developed in the substance of the

left deltoid near its tendinous insertion
; by concentric apposition

of new bone, it may reach an average length of 3 to 5 inches, a

width of from 1 to 2 inches, and a circumference of from -1 to

5 inches. In the old drill of the Prussian anny, there used to

be a very favourite movement, in which the barrel of the musket

was clapped against the spot in question with great force. The
"
cavalry bones

"
in the adductors of the thigh originate in the

same way. We have recently been favoured with an interesting

essay by Munchmcyer on Mi/ositi-s os/iijicrois multipkx progressiva ;

he establishes the histological fact that the disease depends on a

time ossification of the interstitial exudation.

A simple deposit of calcareous matter may take place in the

primitive fasciculi of the volimtary muscles
;
this must not be

confoimded with ossifying myositis. It is a mere pathological

curiosity, and takes a very modest place in comparison with the

terrible deformities of the muscular system to which ossifying

myositis may give rise.
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3. Typhus (Enteric Fever).

§ 756. Pathologists liacl long known that abscesses in the

muscles were occasionally met with in Typhus ahdominalis ; but

Zcnlici-'s beautiful researches, which opened out a new path in

this direction, first taught us that the myositis typliosa, to which

these abscesses are due, was far from being rare. This variety
of myositis chiefly affects the adductor group of muscles on the

inner side of the thigh. There, amid muscles otherwise healthy,

we come upon a circumscribed patch, from 1 to 3 inches in

diameter, distinguished either by the coarser fasciculi being

swollen, pale, and waxy, or by its being softened into a reddish

]3ulp
—the entire mass presenting a superficial resemblance to a

muscular abscess.

The textural alterations which underlie these coarser abnor-

malities are among the most interesting in the whole domain of

pathological histology. We are able to distinguish three pro-

cesses, which go on together, and every one of which originates

and runs its entire course in one of the several constituents of

the muscle. Each forms an independent series, while they all

co-operate in the task of destruction and renewal which is

taking place.

§ 757. Let us first of all consider that factor which may,
and in my opinion, must be viewed as specifically

"
tj'^phous."

I refer to the corpuscular infiltration of the interstitial connective

tissue. In treating of typhus ahdominalis (§ 112, ct seqq.) I

found myself obliged to admit that the morbid process culmi-

nated in the production of a cell-form, which decidedly outran

the ordinary pus-corpuscle in the degree of its Individual

development. The "typhous cells" Indeed, are comparatively

small, uninuclear elements
; j^et they contain more protoplasm,

and are so far bigger than lymph and pus-corpuscles, white

blood-corpuscles, &c. Crowded into a confined space, they

assume an irregular, often quite polygonal form, and begin to

remind the observer of epithelial cells. But degenerative

changes speedily set In, and the cells break up, mostly by fatty

metamorphosis. Into olh^ debris capable of reabsorptlon. The

same sort of cell recurs in those medullary infiltrations caused

by T. ahdominalis in organs not primarily involved, e.rj. on the
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pleural surface; and we undoubtedly find it in the interstitial

infiltration of the muscles. The striking dimensions and poly-

morphism of the "pus-corpuscles" figured in the annexed

drawing (fig. 208, c) between the muscular fibres, must not

therefore be viewed as a graphic error. Nay, I regard the

interstitial products, Avhethcr they result from a proliferation of

the connective-tissue corpuscles, or consist of migratory cells, as

identical with the medullary infiltration of other organs, even

though the naked-eye appearances are not the same, owing to

the difference in the associated elements of the parenchpna.

§ 758. The relation in which the corpuscular infiltration of

the connective tissue stands towards the changes in the muscular

fibres cannot as yet be precisely formulated. WaMcycr has

called attention to fibres which are wholly enveloped in young
cells, nay, which appear to have been actually con^ erted into

such cells. This would oblige us to assume, either that these

cells had immigrated into the tube of sarcolomma, or that the

muscle-corpuscles upon its inner surface had, at least in part,

undergone a proliferation identical with that of the connective

tissue. I say expressly
" in part," for they are mainly held in

reserve for the work of regenerating the muscidar fibres, after

the great bidk of these, sc. of their contractile substance, has

been gradually but comjjletcly destroyed,

§ 759. This brings us to the changes in the muscular fibre

itself. It is clear, from what has just been said, that the

behaviour of the contractile substance has to be strictly dis-

tinguished from that of the muscle-corpuscles. The contractile

substance passes directly from a state of parenchymatous swelling
into that of waxy metamorphosis {Zenker). Indeed the oblong

fragments into which the contractile matter is broken up, are

characterised by a very striking, though soft, waxy lustre
;
and

the comparison with wax is rendered all the more apt by their

melting visibly from their edges to tlieir centre
;
their angles

are blunted
; they accommodate themselves to the structural

elements which claim a place beside them (fig. 207, a). A fatty-

granular cloudiness of the muscular substance has hardly ever

been observed \
the fragments usually grow smaller and smaller

and finally disappear, retaining their lustre and waxy consistency
to the last. With regard to this port of the process, a most
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gratifying unanimity prevails among observers. Not so with

the third stage, the regeneration of the fibres.

I am well aware that I differ from many authors, and

particularly from the meritorious Zenker, in ascribing the re-

generation of the affected fibres to the activity of the pre-

existing corpuscles contained in the tubes of sarcolemma. I do

this only because my convictions on the subject are very firm.

Transverse sections (fig. 207) are better adapted than longi-
tudinal ones or specimens teazed out with needles, for showing

Fig. 207.

Myositis typliosa. Transverse section. ;-^. «. Contractile sub-

stance in a state of waxy degeneration. Next it are seen

the cells destined for its renewal, wliicli are crescentic in

transverse section ; h. A tube of sarcolemma "vvitli a young
fibre, cu'Ciilar in transverse section

; c. Another, with a

young fibre which is still semilunar in transverse section,

and encloses a gap which might have contained a last

remnant of the substance undergoing degeneration ; d.

Another, containing a number of typhous cells, together
with the remains of the old fibre

; e. Interstitial connective

tissiie infiltrated with typhous cells.

that the new fibres are developed inside, and not between the

tubes of sarcolemma. These new fibres, just as in normal

development, present themselves in the form of elongated, fusi-

form and ribbon-shaped elements, furnished with a finely-

granular protoplasm, and a large number of minute, A^esicular

nuclei
;
the latter being arranged in longitudinal rows of from

two to twenty each (fig. 208, h). These cells adapt themselves

to the space at their disposal ; they begin by forming narrow

bands, crescentic in transverse section (fig. 207), and closely f\d-
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lierent to the hitherto little-damaged cylinder of contractile sub-

stance
;
when the cylinder is broken up, and transverse clefts

appear between the melting fragments, the protoplasm of the

growing fibres forces its way into these interstices
;
the fibres

Fig. 208.

Myositis typho.<a. Fibres seen lengthwise ; specimen prepai-cd

partly l>y .section, partly by teazing with needles, a. The

waxy contractile substance of the old muscular fibi-es ; b.

The young fibres. (The shading by ti-ansvei-se lines instead

of dots is merely for the convenience of the engraver,
and must not be taken to denote the presence of trans-

verse stiioB at this early stage.) c. Tube of saivolemma

containing a very large nuniber of tyi)hou9 cells together
with slender remnants of the contractile substance. The
interstitial connective tissue richly infilti-ated with cells, ^f^.

thus appearing to be studded with conical projections. Trans-

verse sections also show how the old muscular fibres as they
shrink and the yoimg ones as they grow, share the space
afforded by the cylindrical tube of sarcolenuna between them.
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The former look like rounded lumps, while the latter are

crescentic, embracing and finally enclosing the former. As a

rule, each tube of sarcolemma contains only one new fibre
;

it

may, however, contain several. In the latter event, they co-

alesce with one another both transversely and longitudinally
without any difficult}'. The last remnant of the old muscular

substance finally disappears, and a single new fibre, produced by
the fusion of several corpuscles, takes its place. This grows

bigger, and assumes a transverse striation
;
the nuclei distribute

themselves uniformly upon its surface, and the new fibre is

complete.
In the meantime, before the restoration of the fibre has

reached completion, the infiltrated round-cells become fatty and

are re-absorbed. The myositis typhosa subsides, like the

medullary infiltration of all except superficial parts, without

leaving any vestige of its presence behind it.

4. Cancee.

§ 760. The primary occurrence of very soft medullary sarco-

mata in the muscles (§ 761) has probably led to their being
confounded with soft cancer

;
we may say broadly, that inde-

pendent cancerous tumours in the muscles are always metastatic
;

they take the form of nodides of A'arious sizes. Of course

muscular tissue may be invaded by such cancers as extend by

continuity of tissue. Epithelioma of the lip involves the labial

muscles, cancer of the tongue is propagated to the lingual

muscles, cancer of the optic bulb may infiltrate the muscles of

the orbit. In every one of these cases, it has been clearly shown

that the behaviour of the muscular tissue is, in the main, passive.

Cancer of muscle is essentially an interstitial infiltration which

separates the muscular fibres jfrom one another, causing them to

waste and filially to disappear. This is unconditionally true of

the contractile cylinders. Doiibts may arise as to how far the

muscle-corpuscles or cells of the sarcolemma may participate in

the morbid growth. That they may do so in every form of

cancer, can hardly be disputed by any one who studies the

drawings given by C. 0. Wchei- in Virchow's Archiv, xxxix.

Plate Y. Whole nests of cells are seen to be developed in the
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interior of the inuscukw fibres, in cases where an epithelioma
extends to the labial muscles, or a scirrhus of the breast to the

peetoralis major. On the other hand, we must remember that

this phenomenon is by no means constant. In all the cases of

soft cancer of the muscles which I have personall}' investigated,
I have been able to assure myself that the muscle-corpuscles in

the wasting fibres remained inactive. The precise range of

Weber's observations must therefore be left undecided for the

present.

5. Sarcoma.

§ 761. Sarcoma of the muscles is also an interstitial growth.
This fact has lately been established by C. 0. Weber in a case of

Gliosarcoma of the crural nerve wliich had invaded the Sartorius.

As regards the soft sarcomata, which occur as pruuary tumours

in the muscles, I would beg the reader to notice the state of the

perivascular sheaths. I do not mean to say that the tumour

originates in them
;
but ^\'ithin and immediatelj' around them

it exhibits a peculiar tendency to vary. For instance, in a

•sarcoma of the deltoid, consisting throughout of round-cells, I

noticed sharply circumscribed areolae round the vessels, within

which the sarcoma presented a large-celled structure, and even

contained a feAV giant-cells. This sarcoma recurred for years
after its extirpation, and proved fatal at last by metastasis.

The occasional occurrence of cavernous tumours in the

muscles has been fully discussed in § 129, et neqq. All other

histioid tumours—fibroids, lipomata, mj'xomata, enchondromata—are but rarely met with in the muscles
;
in any case, they do

not belong to the muscular tissue as such, but are developed in

the intrafascicular layers of connective tissue.
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1858, xiii. 74; xv. 480. BoUcher, V. A., 1858, xiii. 227 and 392.

Rolcitanshj, Ztsclirft d. Ges. d. Wiener Aerzte, 1859. Walter,

V. A., 1861, XX. 426. Ifettenheimcr, Arcliiv fur Wiss. Heilk. i.

Hertz, liber Degeneration und llegeneration durchschnittcner

Nerven, V. A., xlvi.

Fatty Degekeeatio^t of tlic muscular substance of tbc heart. Bizot,

Mem. do la societe d'observ. Baget, Lond. Med. Gaz. ii. Nov. 1847.

E. L. Ormerod, Lond. Gaz. JS'ov. 1849. R. Quain, Med. Chir.

Trans, xxiii. Rokitanshj, (Ester. Jahrb. xxiv. 1, 1840. Weler,

Y. A., xii. 326. Virchow, Y. A., xiii. 266. Gerhardt, Wurzb.

Yerh. ix. Aran, llevue Med. Chir. Aout, 1855. Kennedy,

Edinburgh Medical Journal, in Canstatt's Jahresbericht, iii. 233.

Senjtlehen, Centralblatt, 1865, jS'o. 58.

Fatty Degei^eration of the Liver and Kidneys. Apart from the litera-

ture of acute yellow atrophy of the liver, we have— G. Lewin,

Studien iiber Phosphorvergiftung, Y. A., xxi. 506. Wimderlich,

Arcliiv d. Ileilkundc, iv. 145-160. Leyden und Manic, Ubcr die

AVirkungen der Phosphorsaurc, Ctrlblatt, 1864, p. 659. Ubcr

Albuminuiie u. fettige degcner., &c. Berlin, Klin. AYochensehiift,

1864, ]N'os. 49, 50. Leisering, Y. A., xxx. p. 478. Saikoivalcy,

Ctrlblatt, 1865, No. 23. Senftleben, ibid. 1865, No. 58. Sai-

kowsky, Y. A,, xxxiv. pp. 73-80. Grohe u. Mosler, Y. A., xxxiv.

pp. 208-225. Nothnagel, Berliner Klin. Wochenscrift, 1866, 4.

Sick, "Wiirtcmberg, Med. Corr. BL, 1865. (Centralblatt, 1866,

26.)

Fatty Ijtfiiteatiox. See under Fatty Degeneration, as the two meta-

morphoses have been considered together by most authors.

Glioma. Hoffmann, E. K. Zeitschr. f. rat. Med., vol. xxxiv.

Growth and development: of vessels—His, die erste Anlage des Wir-

belthieiieibes, Schulze's Archiv, ii. A monograph with twelve

plates. Leipzig, 1868. ^j7/ro^7t, XIntersuchungen uber die Ent-
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wickclung der Blutgefiissc. Berlin, 185G. Eberth, Histologic

dcs Gcfass-systems, in Strieker's Lelubucli. Of the lymphatic

glands : Sertoli, Stzgsber. der "Wiener Akad., liv. 1866. Of

the Epithelium : Arnold, V. A,, vol. xlvi. JJi'esiadecki and Pagen-

stecher, "Wiener Stzgsbcr., 21st June, 1867; 23rd April, 1868;
19th March, 1868.

IIaib-sacs, dislocation of, Wertheim, Sitzungsberichtc d. Kaiser.

Akad. Bd. i. April.

Hrakt, hypertrophy of muscular substance of. Uepp, die path.

Yeriindciaingen d. Muskels, Diss. ZUrich, 1853. Wedl, I.e.,

p. 227. Lehcrt, Traitu d'anat. path., i. 448. Forster, 1. c,

p. 659.

IxFLAMMATiox, histology of. Bcsidcs the writings of John Hunter,

Virchow, Ecmak, Billroth, C. 0. "Weber, Kecklinghausen, Cohn-

heim, Strieker, &c., referred to under the head of Morbid Growth,
we have— Wharton Jones, on the state of the blood and the blood-

vessels in inflammation. Guy's Hosp. Rep., vii. 1850. Canstatt's

Jahresber., 1850, i. 21. Virchoio, uber parenchymatose Entziin-

dung, Y. A., iv. 261. Lister, on the early stages of inflamination,

Edinb. Med. Journal, 1868, January. John Simon, article Inflam-

mation in Holmes' System of Surgery. Rcdfern, anormal nutri-

tion in Cai-tilage, Edinb. Monthly Journal, 1849, p. 50. 0. Weber,
iiber den Bau des Glaskiirpers und die entzund. Verlindcrungen

desselben, V. A., xix. Mors, de lentis inflammationc purul.

Diss. Bonn, 1864. C. 0. Weber, in Billroth and Pitha's Hand-
buch der Chirurgie, i. 362. Buhl, Sitzungsber. d. Bayer. Aka-

demie, 1863, p. 59. £. Wagner, Archiv d. Heilk., 1866, vii.

481. Billroth, Archiv d. Chiruig., 1866, vi. 373. Leidesdorf
u. Strieker, Sitzber. d. "Wiener Akad., 1866 (17th Nov. 1865).

Kremiansky, "Wien. Mediz. "Wochenschr., 1868, 1-6. Billroth,

Mediz. Jahrbiicher der Gesellschaft dor Aerztc zu "Wien, xviii.

Cohnheim, Y. A., xlv. 333. Heller, Untcrsuch. iibcr die feineren

Yorgiingc bei der Eutziindung, Habilitationsschrift. Erlangcn,
1869. Key, Hygiea, vol. xxx.

Inflammation, acute, of arteries and veins. Virchow, Ges. Abhandl.,

p. 458.

, Chronic, of arteries (Endoarteritis deformans). Lohstein,

Anat. path., ii. 550. Andral, Anat. path. Brux., 1837, ii. 63.

Gulliver, Med. Chir. Trans., v. 26. Bondeis and Jansen, Archiv
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f. phys. Heilk., vii. Filhrer, Deutsclic Klinik, 1851. Des-

champs, Gaz. Med. de Paris, 1853. Tirchow, Ges. Abhandl.,

p. 496. "Wiener "W"ochenschr., 51, 1856. Lelert, Traito d'anat.

path., plate i., 70-74. Buhl, Ztschrft f. rat. med., viii. 1, 1857.

Borel, de I'atlieroin. arteriel. These, Strasbourg, 1859. Bmidoii,

de I'ath. art., ibid. Rohitanshj, Denkschrift d. ^Yicncr Akad.,

1854, Juli.

I>'^rLAirM:ATioN of the serous membranes. JUodgkin, Lectures on the

morbid anatomy of serous and mucous membranes, vol. ii., Lon-

don, 1836-40. Eefer also to the "works of Btihl and Cohiheim,

cited under '' Inflammation." Tor the vascularisation of false

membranes, see J. Meyer (under Morbid Growth). Neumann^
Archiv d. Heilkunde, 1868, p. 600.

iNFLAMirA.xioN' of Eudocardium. Besides the monographs on Diseases

of the Heart by Bamberger, Priedreich, Duchek, &c., see Virchow,

Ges. Abh., p. 508. Luschlca, Y. A,, iv, 183. Westphal, V. A.,
•

XX. 542. Beyher, Y. A., xxi. 85. Heschl, CEst. Ztschrift fiir

prakt. Heilk., viii. 12, 13, 1862. For chronic endocarditis, see

literature under Inflammation, chronic, of arteries.

Inflammation of the muscular substance of the heart (Myocarditis, ab-

scess of the heart, fibroid patch of the heart) . See the -works of

Laennec, Bamberger, Duchek, &c., on diseases of the heart.

Carswell, Illustrations, Pascic. 8, p. 1. Craiyie, Edinb. Med. and

Surg. Journ., Jan. 1848. Virchow, Y. A., iv. 266. Bittrich,

Prager Ytljrschrift, 9ter Jahrgang, Bd. i. p. 58. SJcoda, Wien.

YV^ochenblatt, 9, 10, 1856. Burrowes and Kirlces, Med. Times,

Dec. 1853. E. Wagner, Archiv der Hlk., ii.
;

i. p. 92. Kcr^fel-

der, YTien, Ztschrift, 1860. Mercier, Gaz. Med. de Paris, IS'os.

32-40, 1857. Stein, TJntersuchungen iibcr die Myocarditis.

Miinchen, 1861. Bemme, Schweiz. Ztschrift, 1862.

Inflammation of Testis. A. Cooper, Structure and diseases of the

testicle. Virchow, Y. A., xv. 263. Curling, practical treatise on

the diseases of the testis, 1856, 2nd edit.

Keloid. Collins Warren, Sitzungsber. d. K. K. Akad., Ivii. 1868.

Keratoses. Zeier^, liber Keratosen, 1864, Breslau. ^ar;?^^?/.;, Reichert

u. Dubois Archiv, 1852, iii. 393.

Kidneys, diseases of. Bayer, Mai. des reins. Bright, Eeports of med.

cases. London, 1827, vol. i. pi. 1-4. Guy's Hosp. Hop., 1836,

1840. Johnson, dis. of the Kidneys. Frerichs, die Brightsehc

JSTierenkrankheit, 1851. Lelert, Traite d'anat. pathol., ii. 331,
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pi. 139-141. (jrarcs, Dubliu Jom-nal, Jan. 18')2. Lcudcf,'SLGm.

de la Socictc dc Biologic, vol. iv. p. 129, 1853. Bcnce Jones,

Med. T. and Oaz., 97, 1852; November, 1853. Johnson, ihid,,

90, 92, 95, 100, 1852; 392-400, 1857; 2-6, 1858. Becquerel,

Arch, gener. Avril, 1855. Union med. 63, 1855. Clin, euro-

pecnnc, 6-27, 1859. It. B. Todd, Clin. Lcct. on dls. of the

urinary organs. London, 1857. 7/m/</, Ztschrift f. rat. mod., N. F.

8 Bd. i. Heft. 1856. liechnann, Y. A., xi. 53. Beer, die Bin-

dcsubstanz der monschlichcu Nierc. Berlin, 1859. Axel Keij,

llygiea, xxii. p. 681, 1862.

Lepeosv. Our knowledge of its histology rests mainly on the writings

of 11. Yirchow
;
a full account of it, with an exhaustive summaay

of the entire subject, may be found in his work on Tumours.

Leucix. Virchow, V. A., viii. 337.

Leuku^mia. Virchow, Froriep's neuc Notizcn, 1845, Novembei-, 7bU.

Gcsammelte Abh., p. 149. Bennett, Edinb. Med. and Surg.

Journal, 1845, vol. Ixv. p. 413. Jul. Vogel, V. A., iii. p. 570.

Virchow's Hdbuch d. specicll. Path. u. Therapie, 1854. For

cases, see Virchow on Tumours, ii. 565, where the entire subject

is fully reviewed. Neumann, Uber path. Veriinderungen dcs

Knochenmarks. Ctrlblatt, 18G8, No. 13.

Liver, diseases of. JSudd, Diseases of the Liver. London, 1845 and

1851. Frerichs, KUnik dor Lcberkrankheiten. Braunschweig,
1861. For individual lesions, see Fatty Infiltration, Cancer,

Tubercle, Leukhaemia, &c.

Lungs, diseases of. Chiefly as regards their liistolog)-. Gairdner, on

the path, states of the lung connected with bronchitis and bron-

chial obstruction. Edinb. Monthly Journal, vols. xii. and xiii.

1850-51. Block, on the pathology of the bronchio-pulmonary
raucous membrane. Edinb. Monthly Journal, January to June,

1853. Copland, the forms, &c., of consumption and bronchitis,

London, 1861. Barthels, V. A., xxi. 1, 2. Beobachtungen Uber

die hcutige Briiune. Doutsch. Archiv, ii. 367. Colberg, Deutsch.

Archiv, ii.453. Zenkcr,J)Q\\\^c\\.\vc\\\y, ii. 116. jB/Vrwtr, die Lehrc

vom Auswurf. WUrzburg, 1855. J/mr/o^sso/*;?, der Mechanismus

der Rcsp. u. Circul. Berlin, 1845. llossignol, Rechcrches anato-

raiqucs sur I'Emphysemc. Bnix. 1849. Bondtrs, Ztschrft f. rat.

Med. Bd. iii. 1-3, 1853. Zietnsscn, Deutsche Klinik, No. IG,

1858. Traule, Beitrsige, 1 Hft. p. 189. Berlin, 1846. Bitrmer,

Virchow's Hdbuch d. spec Path. u. Therapio, Bd. v. Abth. 1, on
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the diseases of the bronchi and the puhnonary parenchyma ;
con-

taining inter alia an exhaustive bibliography of the individual

disorders to which the lungs are liable. Concerning caseous

pneumonia, see Carswell, Path. Anat., art. Tubercle, pi. 1, figs. 1-3.

Virchoto, Wiener Med. Wochenschrift, 1856, No. 25.

LirrTJS. Borger, Diss, do lupo. Greifswald, 1849. Martin, illustr.

med. Zeit. 1852. Pohl V. A., 1854; vi. 174. Ilohs, dc lupi

forma et structura nounuUa. Lipsiae, 1855. Auspitz, (Est.

med. Jahrb. 1864. Geddings, Zur anatomic des Lupus crythema-
ticus. Sitzbcr. dor K. K. Akad. Ivii. 13d. 1868.

Mammaey Gla^td, diseases of. Lunger, iibcr den Bau u. die Entwick.

der Milchdriisen, Denkschrift. der AVien. Akad. Bd. iii. 1851.

Velpeau, maladies du sein. Paris, 1858. '/. Birlett, diseases of

the breast and their treatment. London, 1850. Reinhardt, VixQi.

anat. TJntersuchungen. Berlin, 1852, p. 125. H. Meckel, lUust.

med. Zeit. Miinchen, 1852, Heft 3, p. 141. Busch, Chir. Beob.

Berlin, 1854. Billroth, TJntersuchungen iiber den feineren Bau

und die Entwick. der Brustdriiscngeschwiilste, V. A., xviii.

Krankheiten dor Brust, in Pitha and Billrotli's Hdbuch dor Chirur-

gie, vol. iii. Abth. 2. Erste Lieferung.

Melakjemia . 11. Meckel in Damerow, Zeitschrift, iv. 2, 1847;
Deutsche Klin. 1850, 50. Virchow, V. A., ii. Meschl, Zeitschrft

d. Gcsell. der Acrzte. Juli, 1850. Planer, ibid., Eebruaiy to

April, 1854. Vogcl, in Yirchow's Hdbuch d. spec. Path. u.

Therapie, 1854. Frerichs, Leberkrankhciten, i. 327. Orohe,

V. A., XX. 306
;
xxii. 437. Elerth, Y. A., xl.

Morbid Growtk in general. John Hunter, on the blood, inflamma-

tion and gun-shot wounds, Palmer's edit. vol. iii. Prochaska,

Bemerkungcn liber den Organismus des menschliehen Ktirpers

nebst Theorie der Erniihrung. Wien, 1810. 2)-eviramis, G. E.

Biologic, Gottingen, 1805
;
Die Erscheinungcn u. Gesetze des

organischen Lebens. Bremen, 1831, Band i. ^l;^<?m/, anat. patholo-

gique. Zeicr^, Physiologic pathologique. Paris, 1845. Traite d'ana-

tomic pathologiqtie. Paris, 1857. Virchow, V. A., Eeizung u.

Keizbarkeit, xiv. 1
;
Handbuch d. spec. Path. u. Therapie, i. 271.

Paget, Surgical Pathology. J. Jliiller, iiber den feineren Bau u.

die Eormen der Krank. Geschwiilstc. Berlin, 1838. John Simon,
General Pathology. London, 1850. Pemak, iiber cxtracellulare

Entstehung microscop. Zellen. Miiller's Archiv, 1852, p. 47.

Schuh, Path u. Therapie der Pseudoplasmen, 1854. Billroth,
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iiber den Bau dor Schleimpolypcn, 1855; TTntcrsuchungcn uber

die Entwickclung der Blutgcfasse. Berlin, 1856. Bcitrage zur

path. Histologic. Berlin, 1858. i7/'s, Beitragezurnorraalenu.pathol.

Histologic der Cornea. Basel, 1856. 0. Weher, iiber die Veran-

dcrungen der Knoi*pel bei Gelenkkrankheitcn, V. A., xiii.
;
Ent-

•wickelung dcs Eiters, V. A., xv. Ueber die Betheiligung d.

Geftisse besonders der Capillaren, an den Ncubildungcn, V. A.,

xxix. Rindfieisch, V. A., xvii. 239
;
xxi. 480. Experimental-

studien Uber die Histologic des Blutes, 1863. Recklinghausen,

V. A., xxviii. p. 157. Thiersch, der Epithclkrebs, namentlich

der Haut, 1865. Cohiheim, uber Eutziindung und Eiterung, V. A.,

xl. 1. Klehs, Beitrligc zur Geschichtc der Tuberkulose, V. A.,

xliv. Koster, Die Entwickelung der Carcinomo. "Wiirzburg,

1869. Cohiheim, V. A., xlv. 333. Strieker, Studicn aus d«m

Institute fiir cxperimentellc Pathologic. Wien, 1870. For

general remarks on Tumours, see Liicke in Pitha and Billroth's

Handbuch der Chirurgic, Bd. ii. Abth. i. Heft 1.

Mccous SoFTEXijfG. Virchow, Hdbuch der spec. Path. u. Therapie,

vol. i.,
"
Erweichung."

MuscTJLAB ATKorny (progressive). L. Meyer, Y. A., xxvii. 414.

Myositis: ossificans. jlTuwc/^wjcytfr, Henlc u. Pfeuf. 1869. Typhosa :

Zenker, die Vertinderungen der willkiirlichcn Muskeln im. Typh.
abd. Leipzig, 1864. Waldeyer, V. A., xxxiv. 473. Hoffmann,
V. A., xl. 505.

Myxoma. Johannes Mullcr, M.'s Arohiv, 1836, ccxix. Virchoic,

V. A., 1857, xi. 286. Billroth, Arch. d. Heilk. iii. 47. See also

Virchow on Tumours.

Necrosis. Carswell, article Mortification in 111. of the elementary

forms of disease, 1834. Heclcer, Untersuchungen iiber die brandige

Zcrstoning durch Behind, d. Circulation, 1841. Virchow, "Wiirzb.

Vcrhandl. i. iii. Archiv; i. 272; v. 275. Wiener Wochenschrift,

1851
;
Hdbuch d. spec, path, u. Therapie i. 278; Verhandl. d. Ber-

lin. Med. Ges. 1865, i. Ilartmann, V. A., 1855; viii. 114.

Demme, uber die VerJindcrungen der Gcwcbe durch Brand, 1857.

Kmsmaul, V. A., xiii. 289. Bryck, V. A., 1860, xviii. 377. 0.

Wcher, Hdbuch der Chirurgic von Pitha u. Billroth i. 106 u. 548.

Pasteur, Comptes llendus, Ivi. 1189-94. Sallier, Jen. Ztschrift,

1865, p. 231. Die pflanzlichen Parasiten, 1866. Lemaire,

Comptes Rendus, Ivii. 625. Joh. Ziidcrs, uber Abstammung
u. Entwick. des Bacterium termo., Schulze's Archiv. iii. 318.
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Falk, Zur Histologic vcrwesender Organc, Cutralbltt, 18GG,

No. 28.

Necrosis of bone. Hunter, Experiments on the growth of Bone, &c.

"Works, Yol. iv. Gidliver, Experimental enquiiy on Necrosis,

Med. Chir. Trans., vol. 21. Mieschcr, de inflammationc ossimn.

Berlin, 1836. B. Heine, iibcr die "Wiedcrerzeugung neucr

Knochenmassen n. d. Bildnng neuer Knochen, in Graefe u. Wal-

ther's Archiv, Bd. 24. Stanley, Diseases of the Bones. London,

1849. Mayor, Gaz. Med. 1850, 13; Eevno med. chir. 1855.

Gerdy, Gaz. hebdomad. 1854, i. Hamilton, Dublin Quarterly

Journal, 1854, August. R. Volhnann, Dtsche Klinik, 1857. 0.

Heyfelder, Lchrbuch d. Eesectionen, 1863. JPitha, Allgcm.

Wien. med. Ztung. 1853, 10. R. Volhnann, Langenbeck's

Archiv, Bd. iv. Art. Knochenkrankheiten in Pitha-Billroth's

Hdbuch. ii. 2, 284. Senftlehen, Y. A., xxi. 280.

Neckosis of the Lung. CruveiUiier, Anat. path., Livr. 11. Plate 4

gives a good representation of diffuse, Livr. 3, plate 2, of circum-

scribed gangrene of the lung. Schroder van der Kolh, obs. anat. path.

T. i. p. 202. Laennec, traite d'auscult. mediate. Andral, Anat.

path. ii. 138. Hasse, path. Anat. i. 300. Shoda, Wien. Wochcn-

schrift, 185, 15. Tratile, Dtsche Klinik, 437, 1853. HeucM,

de la gangrene du poumon. Strasburg, 1856. Weinberger, (Est.

Ztschrift f. prakt. Hlkunde i. 45, 46, 1855. Lebert, traite d'anat.

path., i. 655, plate 88. Bittricli, uber Lungcnbrand in Eolge vou

Bronchiectasic. Erlangen, 1850. Tirclmv, Wiirzb. Yerhandl.,

1851, ii. 2. Wunderlich, Hdbuch, iii. 2, p. 208. Leyden u.

Jaffe, Dtsches Archiv, ii. 488.

Neevous System, diseases of. a. Inflammation, ha)morrhage, softening.

Ahercromhie, path, and practical researphes on the diseases of the

brain, 1827. Carsivell, Cyclop, of pract. Med., iv., Art. Soften-

ing, niustr. Eascic, v. pi. 3, 4
;
viii. 1

;
xii. 4. JDurand-Fardel,

Hdbuch d. Krankheiten des Greisenalters, transl. into German.

Wlirzburg, 1856. Gluge,,Mlas d. path. Anat., 7 Lief. pi. 1, 2.

Fcker, Deutsche Klinik, 26, 1863. Leuhnscher, ibidem, 10, 1855.

Traule, Med. Centralz., 91, 1854. Calmeil, Tr. des maladies in-

flammatoires du cerveau. Paris, 1859. Bamberger, W\irzb.\cv-

handl. vi. 306. Bucheh, Prag. Ytcljrschrift, Bd. 37, 1853.

h. Grey degeneration. Frerichs, Haeser's Archiv, x. Heft. 3.

Valentiner, Deutsche Klin., 14-16, 1856. Schnepf, Gaz. medi-

cale, 30, 1854. Robin, Gaz. med. de Paris, 5, 1856. Lebert,

Y. A., X. 78. Traite d'anat. path. ii. 53, 65, 51, pi. 97, 98.
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Eindjfeiach, V. A., xxvi. Leyden, Deutsclie Klin. 1863, No. 13.

Zenker, Ztschiift f. rat. Med. xxiv., Heft 2 and 3. Leyden, die

j^raue Degen. der luntcrcn lluckenmarksstniuge. Berlin, 1S67.

Feltz, Gaz. med. de Strasbourg, 1869. Friedreich, Y. A., xxvi.

xxvii. M'estphal, Tabes dorsuali.s. Allgcm. Ztsclirift. liir Psych,

lid. XX. xxi. Charcot et I'uljjianf Gaz. liebd., 1862. T'irchotc,

V. A., 1855, Bd. viii. llokitamky, Sitzb. d. "Wiener Akad.

1850, 1857, Bd. xxiv. Bourdon, Arch, gener. Xovcmbre, 1861.

Froinmann, Untersuch. iiber die nonnale \i. pathol. Anatomic dcs

RUckenmarkes, 1867. Jena. Ilenle u. Merkel, in Ilenle and

Pfeuffer's Zeitschrift f. rat. Med. 1869.

c. Tumours. Sec catalogue of works under Morbid Growth,

Saicoma, Cancer, &c. Also Virchow's work on Tumours, chap-

ters dealing with Psammoma and Glioma.

OxYCHOGKYPHOsis. Virchow, WUrzb. Yerh. v. 88.

OvAiuES, diseases of. Stcinlin, iiber die Entwicklung d. GraafscliLii

Follikcl, Mitthcilungen der ZUvicher naturf. Gesellsch. 1847, Bd.

i. p. 156. FJiUgcr, allg. med. Centralz. 1861. Die Eierstocke

der Siiugethicrc und des Menschen. Leipzig, 1863. Grohe,

V. A., xxvi. 271, 1863. Chereati, mal. de. Fovaire. Paiis,

1844. Kiicisch, Klin. Yortriige. Prag. 1849, ii. Ilenkcl, Wien,
raed. AYochenschr. 1856, No. 12. Itaciborski, Gaz. des Hopitaux,

November, 1856. Scanzoni, Gyniikologie. Wien, 1857. Jlosler,

Monatschrift f. Geburtskunde, 1860, xvi. 2. Klob, path. Anat.

der weibl. Sexualorganc, 1864, 309. See also under Cyst,

Cancer, &c.

PACcmoNiAN BODIES. Z. Jleyer, \. A., xix. 288.

PAriLLOMAiA. Fcker, Aachiv f. pliysiologische Heilk. 1844, p. 380.

liillroth, Y. A., xvii. 357. Virchoiv, Yerh. d. Bcrl. Gesell. 1".

Gebiu-tshiilfe, iv. WUrzburg. Yerh. i. Fuchs, Die Krankhafttn

Yeriind. der Haut. i. 46.

PiCMEKXAiiON. Bruch, Untei-such. zur Xcnutiuss des Kornigcn I'ig-

mentes der Wirbelthiere, 1844. U. Meckel, Ztschiift f. Psychol.
1847. Deutsche Klin. 1850. Virchow, Y. A., i. 379; ii. 587;
iv. 515; vi. 259. Fdrster, Y. A., xii. 197. Jaffe, Y. A., xiii.

192. Zenker, Jahrcsber. d. Gesell. f. Nat. u. Heilk. in Dresden,

1858, p. 53. Vahntincr, GUnsburg's Ztschr. f. Klin. Med. 1859
;

i. 46. Grohe, Y. A., 1861, xx. 306. Ilcschl, Ztsch. d. Wiener

Aerete, vi. Ocst. Ztsclirift f. prakt. Hlkimde, 1862, Nos. 40,
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42, 44. Valentine}', Eeicliert u. Dubois' Arclilv, 1SG2, 773-777.

Ivtissmaul, "Wiirzb. mccl. Ztschrift iv. Absclm. vi. IFopioe-Senler^

V. A., xxix. 597. Langlians, Y. A., xlix.

Pkostatk, diseases of. Thompso7i, Diagnosis and Treatment of Diseases

of the Prostate. 0. IVyss, Y. A., xxxv. 378. Pauli, Y. A.,

xxvii. 27.

Psychoses. With reference to textural changes in the brain. Z.

Ileijer, Y. A., xvii. 206. Besser, Uber die Yerwachsung der

Gefasshaut, etc., Allg. Ztsclir. f. Psychiatric, xxiii. 331. Clarice^

Lancet, Sept. 1, 1866. 3Ieyncrt, Wien. mod. Zeitung, 1866, 22,

28. Ytjrschrift f. Psychiatric, 1867, i. 77; ii. 198. II. Jahr-

gang: i. 88-113. Lmcenhart, Allg. Ztschrift f. Psych. 24, p. 798.

Elder, De cerebro et med. spin, system, vas. Traject. 1853.

Voppel, GUnsburger Ztschrift, 1856, vii. 161
;
Ztsch. f. Psych.

xiv. 1857, p. 175; Archiv d. ger. Psychiatric i. 1858, p. 49.

Wiener Bericht, 1858. Calmeil, maladies inflam. du cervcaii,

1859. Baillargor, reeherches snr la couchc corticale, etc. Mem.

de I'acad. do med. viii. 1849, p. 172. Pinel, path, cerebr.

Parchappe, Eecherches sur I'encephah', 2mc mem. 1838. IVest-

plxal, Y. A., xxxix. 90.

llrciiKTH. Glissonim, Tractatus de Rhachitidc. London, 1650. Kdl-

liher, mikr. Anatomic ii. 360, 385. IT. Meyer, Ilenle ii. Pfeu-

fcr's Ztschrift, N. F. Bd. iii. vi. VircUw, Y. A., v. //. MiUIer,

uber die Entwick, der Knochensubstanx. 1858. TschoscJn'n,

Petersb. med. Ztschrift xvi. Heft 4.

Salivary glands, diseases of. Pflllger, die Eudigungcn der Abson-

derungsnervon in den Speicheldriiscn . Bonn, 1866. Virchoiv,

iiber Parotitis, Charite-Annalen, 458; viii. 3. 1.; Gesamm.

Abhandl. i. 620 u. 690. Bamberger, Yirchow's Hdbuch d. spec.

Path. II. Therapic, 1855
;

vi. 1. Binz, Beobachtungen zur innern

Klinik. Bonn, 1864. Billroth, Beobachtungen uber Geschwulstc

der Speicheldriiscn, Y. A., xvii. 357 ; Aphorismen iiber Adcnom

n. Epithclialkrebs. Arch. f. Klin. Chir. vii. 860. C. 0. Weber,

Hdbnch der Cliirurgie, von Pitha u. Billroth, Bd. iii. Abth. i.

Lief. 2.

Sarcoma. Besides the works cited under morbid growth, consult:

Virchoiv, Y. A., 1848, i. 195 and 470. In his great work on

Tumours (vol. ii. p. 383), Yirchow says, with perfect justice,

that "the sarcomata have never previously been treated so fully
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and so accurately." Hence I refer the reader in the" first place

to his chapter on the subject, where the literature also is fully

given. Reinhardt, path. anat. TJntersuchungen, 1852, p. 122.

Paget, Surgical Pathology, 1853, ii. 151, 155, 212. Billroth,

V. A., 1856, ix. 172 ;
xviii. 82. Volkmann, Y. A., 1857, xii. 27.

Billroth, Archiv f. Klin. Chir. Bd. xi. Dcrselbe mit V. Czernij,

ibidem, p. 230.

Sycosis. Kohner, V. A., xxii. 372.

SyrHiLTs. As regards the histology of gummata : Bdremprung,
Deutsche Klin. 1S5S, Xo. 17. Virchow, V. A., xv. 221, 325.

• The instnictive discussion between Bdrenspnmg and Virchow may
be found in the Deutsche Klinik, Nos. 21-27, 1858. Bohin, H.

van Ooi-t, Des tumcurg gommeuscs. These do Paris, 1859, p. 30.

K Wagner, Archiv d. ITlkunde, 18G3, Jahrg. iv. p. 1. He intro-

duced the term "
syphiloma." For cases, and a very elaborate

description of S5-philitic formations as they occur in various

organs, sec Virchow, Krankh. Geschwiilste, ii. 387, seqq.

TiLAXGiixTASis. Yirchow includes it together with the cavernous

tumour under the head of Angioma, and goes into it veiy fully.

See also the text-books enumerated at the outset of this index,

and the works referred to under Morbid Growth.

Thrombosis, including embolism and its consequences. Hodgson, a

treatise on the diseases of arteries and veins. London, 1815.

CruveiUiifir, anatomic pathologique, Livre iv. xi. Balling, Vc-

iicnentziindung. "Wfli-zburg, 1829. -4//i#/-^, Rech. sur une occlu-

sion pcu connue des vaisseaux arteriols consideree comrae cause

dc gangrene. 1828. Stilling, Die Bildung und Metamorphose
des Blutpfropfes, &c. 1834. Stannius, Uebcr die krankhafte

Yerschlicssung grossercr Yonenstlimme. 1839. Zwiehg, Die

Metamoi-phoscn des Thrombus. JTasse, Ueber die Yerschlicssung

der Hirnartcrien als niichste Ursache einer Form der Hii-nerwei-

chung. Zeitschr. f. rat. Med. 1846, 91. Tiedemann, Yon der

Yerengung und Schliessung der Pulsadcm in Krankheiten. 1843.

Paget, Lond. med. gaz. 1844. Porta, Dclle alteratione pathol.

delle art., &c. 1845. Virchow, Zcitschrift f. rat. Med. 1846;
Y. Frorieps' Notizen. 1846

;
Traube's Beitrlige. 1846; ii. p. 4

;

Y. A., 1847; i. p. 272; v. p. 275; ix. p, 307; x. p. 179; Ges.

.Vbhandl., p. 57, 219
;

Handbuch der spec. Path. u. Ther., i.

p. 156. 3/einel, Archiv. f. phys. Heilkunde. 1848. Bmnet,

Monthly Joum. 1850. Senh. Kirlces, Med. Chir. Transact
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1852. RiiUe, Y. A., 1853, v. p. 189. Tuffnell, Dubl. Quart.

Journ. 1853. KUnger, Arch. f. phys. Heilk. 1855. Cohn,

Klinik der cmbolischen Gefasskrankheiten. Dusch, Zeitschr. f.

rat. Med. C. vii. Zee, Med. Times and Gaz. Febr. 1855. Fa-

num, Gunsburiir's Zeitscbr. 1856
;

vii. Y, A., xxv. pp. 308, 433.

Wernher, Handb. d. Chir. i. p. 498. Giessen, 1862. Savory,

Med. Chir. Transact. 1856
;

vol. xxxix. Esmarcli, Y. A., xi. 5.

Legroux, des polypes arteriels Gaz. hebd. 1857-58. Wallmann,

V. A., xiii. 550. Meckel, Charite-Annalen. v. 276. Bechnann,

Fall V. capill. Emb. Y. A., xii. 59. Lelert, Y. A., xiii. p. 65.

JR. Volhnann, emb. Knochennecrose. Langenb. Archiv, v. 330.

Langenhech, in Langenbeck's Archiv, i. CO. Weber, in Pitha's

und Billroth's Handbuch d. Chir. i. Ed. Abth. 1, p. 69. Waldeyer,

Y. A., xl. 1867; p. 394. Biihioff, XJeber die Organisation des

Thrombus. Yorl. Mitth. Centralbl. 1867; Nr. 48.

TuBEECLE. Besides the older works, in which cheesy conditions arc,

for the most part, confounded with miliary tuberculosis, the fol-

lowing are of interest for the pathological histologist :
—Reinhardf,

Charite-Annalen. 1850
;

i. p. 362. Fi>(;7io?d7, "Wiirzburger Yerh.

1850; i. p. 72; ii. p. 24
;

u. 70. Wien. Wochenschr. 1856;

l^r. 1 ff. Deutsche. Kl. 1852; Nr. 25. Y. A., xxxiv. p. 11.

Lelert, Lehrbuch d. Skrophel. u. Tuberkelkrankhciten. Uebers.

V. Kohler. 1854. Bull.de I'acad. xxxii. p. 119. Y. A., xi.

Schrant, Nederl. Weekbl. 1854. Jfiiss, Gaz. med. d. Strass-

bourg. 1855. iTesc/i?, PragerYierteljahrsschrift. 1856; iii. p. 17.

Suhl, Zeitschr. f. ration, Medicin. viii. p. 49. W. Midler, Ueber

Struct, ii. Entw. der Tub. in den Nieren. 1857. Demme, Y. A.,

xxii. p. 155. Forster, "Wurzb, med. Zeitschrift. 1861 ;
i. p. 130

;

ii. p. 200. Rmdfleisch, Y. A., 1862; xxiv. 574. Colherg, Obs.

de penitiori pulm. struct. 1863. Villemm, Gaz. med. 1865;

Nr. 50. Gaz. hebd. 1866
;
Nr. 42 ff. Etudes sur la tubereulose.

1868. Niemeyer-Ott, Klin. Yortriige iib. d. Lungenschwindsucht.

1866. JTo/»»ff?m, Archiv fur kliu. Med. 1867; iii. p. 67. Me-

rard und Cornil, La phthisie pulm. 1867. Cohnheim, Y. A.,

xxxix. 49. Panum, Y. A., xxv. Lelert u. Wyss, Y. A., xl.

§578. 7Frt/%c;',Y.A., XXV.218. TLwam/, Centralblatt. 1867; 36.

Baliody, Y. A., xli. p. 155. Langlians, Y. A., xiii. p. 382. lUels

u. Valentm, Y. A., xliv, 1.

Typhus ABDOJiiifALis. Virchoiv, Ges. Abhandl. § 204. Jul. Vbgel,

Path. Anat. des menschlichen Korpers. Leipzig, 1845
; p. 239.



400 lilBLIOGRAPHICAL INDFA'.

Virchoic, Wurzb. Yerh. 1850; i. Bd. p. 86. "Wiener med

Woclicnschrift. 1850; 1, 2, 8. Lopcr, Beitriigc zur patholo

p;isclicn Anatomic der Lyniplidiiiscn. Inaiig.-Dissci-t. "Wurzburg,

1856. Grohe, Y. A., xx, 347. Billroth, Y. A., xxi. 424

Wilks, Guy's Hosp. Rep. 1856: scr. iii. vol. ii. p. 138. Frie

dreicJi, Y. A., xii. p. 53. U. l^rtgner, Aichiv der Hcilkundc

1860; p. 322. Carl Ernd Hoffmann, Untei-suchungen uber die

path. anat. Yerlindcningcn dor Organc boim abdominaltyphus.

Leipzig, 1860.

YiDitioKKfi. Pasteur, Comptcs Itcndus, Ivii. 11 '^0-0 1. Joli. Lvders,

Scluiltze's Archiv, iii. 318.

AYoryDs, repair of. Hedfern, Anornial nutrition in articular cartilages

and the healing of AYounds in articular cartilages. Monthly
Journal of Medical Sciences. Sept. 1851. 7?*/-, Sitzungsberichte

der Wiener Acad. d. Naturw. cl. Iv. 3. 1867; p. 501. His

{see Morbid Growth). Langhans, Zeitschr. f. rat. Med. 3 R. 12 Bd.

1861. V. Recklin(fhausen,\. \.,'s.x\'\\\.'().\nT. Centralblatt. 1867;

31. Cohnheim (see ^lorbid Growtli). Wywcdzoff, Experimentello

Studien, &c., Med. Jahrb. Zeitschr. d. Ge?. d. Aerzte in Wien.

1867; xiii. Bd. Paget, Lectures on surgical Pathology. 1853;
vol. i. p. 194. Thiersch, Die feineren anatomischen Yei-iinder-

ungcn nach Yerwundung der AYeichtheilc. Billroth und Pitha's

Handbxich der Chir. i. 1^1. L>. Abth. c.



ALPHABETICAL INDEX.

Abscess, i., 120.

„ of brain, ii., 328.

„ of heart, i., 276.

,, of liver, ii., 97-

,, of lung, ii., GG.

,. of mammary gland, ii., 199.

., of ovary, ii., 172.

,, of prostate, ii., 215.

,, pyelitio, ii., 158.

Acariis foUiculorum, i., 389.

Acne, i., 393.

Acrochordon, i., 390.

Acrothj-mion, i., 366.

Acute nephritis, ii., 156.

,, atrophy of liver, ii., 91.

Addison's disease, ii., 229.

Adenoma, i., 181.

„ of liver, ii., 120.

„ of mammary gland, ii., 201.

Adhesive inflammation, i., 313.

Alopecia areata, i., 402.

Alveolar epithelium, ii., 1.

,, cancer, i., 195.

Ali'eoH of lung analogous to a mucous
surface, ii., 13.

Amyloid infiltration, i., 43.

„ — of liver-ceUs, i., 45.

„ — of malpighian tufts, i., 46.

Amyloid kidney, ii., 144.

„ liver, ii., 85.

„ matter, i., 43.

Anaemia, i., 213.

Aneurysm, i., 258.

,, dissecting, i., 255.

„ of heart, i., 292.

„ valvular, i., 282.

Aiitliracosis, ii., 49.

Anthrax, i., 396.

Aorta, developmeiit of, i., 296.

Aortic stenosis, i., 288.

Arachnitis, ii., 306.

Arcus senilis, i., 28.

Area germinativa, i., 88.

Areolar tissue, i., 94.

Arteries, structure of, i., 247.

Arteritis, acute, i., 248.

VOL. II.

Arthritis deformans, ii., 266.

„ fungosa, ii., 259.

„ m-atica, ii., 270.

Arthromeningitis, ii., 250.

Atelectasis of lung, ii., 22.

Atheromatous abscess, i., 253.

„ ulcer, ibid.

Atheroma of arteries, i., 250.

Atheromatous cysts, i., 390.

Atheroma testis, ii., 188.

Atrophy of liver, ii., 89, 94.

„ of muscle, ii., 370.

„ of myocardium, i., 272.

Bacteria, i., 18.

Baldness, i., 402.

Basement-membrane of tub. uriniferi,

ii., 151.

Basilar meningitis, ii., 309.

Bladder, cancer of, i., 464.

„ tuberculous ulcer of, i., 445.

„ villous tumour of, i., 454.

Blastema, i., 69.

Blood, composition of, i., 212.

„ morbid states of, i., 211.

Blood-corpuscles, red and white, i., 212.

Blood-corpuscle-holding cells, i., 60.

Bone, calcification of, i., 50.

„ caries simplex, ii., 257.

„
—

, fungosa, ii., 259.

,, in dermoid cysts, ii., 184.

„ development of, i., 100.

„ disease of, ii., 233.

„ expansion of, ii., 289.

„ inflammation of, ii., 243.

,, necrosis of, Li., 255.

„ traumatic inflammation of, ii.,

252.

„ tumours of, ii., 278.

Bony tumour, i., 177.

Brachycep)haly, ii., 233.

Brain, abscess of, ii., 328.

„ cheesy tubercle in, ii., 365.

,, grey degeneration of, ii., 344.

„ inflammation of, ii., 324.

„ in mental disease, ii., 330.

dd
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Brain, red softening of, ii., 326.

„ sypliiloma of, ii., 3(52.

,, tinuoiirs of, ii., 352.

,, wliitc softening of, ii., 317.

„ yellow softening of, ii., 340.

Bi-onchi, dilatation of minute, ii., 20.

„ plugging of, ii., 18.

„ idccration of, ii., 21, 31-.

„ tubercle of, i., 449.

Bronchitis in lieart-disease, ii., 71.

Bronchopneumonia, ii., 13.

Brood-cells, i., 75.

Brown induration of the lungs, ii., 71.

Bulla, i., 342.

Calcification, i., 4^.

,, of arterial tunics, i., 251.

„ of bone, i., 50.

,, of cartilage, i., 53.

Calculi pulmonales, ii., 19, 37.

Callosity, i., 356.

Callus, ii., 252.

Cambium-layer of bone, ii., 255.

Canaliculisation of bone, ii., 245.

Cancer, i., 179.

„ colloid, i., 195.

., epithelial, i., 198.

., glandular, i., 183.

,, medullary, i., 185.

., pigmentary, i., 153.

., sarcomatous, i., 190.

,, scirrhous, i., 191.

„ telangicctatie, i., 188.

Cancer-juice, stroma, cells, i., 186^

Cancer of bladder, i., iiil.

„ of bone, ii., 292.

., of bi-ain, ii., 357.

., of breast, ii., 203.

., of corium, i., 382.

„ of heart, i., 279.

„ of liidney, ii., 169.

„ of lirer, ii., 123, 128.

,, of lung, ii., 77.

., of lymphatic glands, i., 238.

., of mucous membranes, i., 453.

., of muscle, ii., 381.

., of nasal fossae, i., 456.

,, of CEsophagus, i., 457.

., of prostate, ii., 217.

., of rectum, i., 463.

., of salivary glands, ii., 221.

., of stomach, i., -l^S.

., of suprarenal capsules, ii., 230.

„ of testicle, ii., 193.

„ of thyroid, ii., 228.

„ of tongue, i., 466.

„ of uterus, i., 4^3.

Cancroid, i., 198.

„ mucous, i., 209.

Capillaries, dilated, i., 2G6. .

„ structure of, i., 246.

Carbonaceous particles in lung, ii., 50.

Carcinoma ostcoides, ii., 293.

„ reticulatum, i., 192.

Caries simplex, ii., 257.

„ fungosa, ii., 259.

„ syphilitica, ii., 295.

Caro luxurians, i., 127.

Cartilage, development of, i., 99.

„ hyaline, i., 170.

„ with stellate cell.-, : .

' 7 '.

„ tumour, i., 170.

Caseation in lung, ii., 27.

„ of cells, i., 27.

Casts, renal, ii., 142.

CataiTh, epithelial, i., 412.

„ hemorrhagic, i., 413.

„ of mucous membranes, i., 105.

„ punUent, i., 412.

„ of skin, i., 31^.

„ of tubidi uriniferi, ii., 136.

Catarrhal pneumonia, ii., 13.

Cauliflower growth, i., 81.

„ — of skin, i., 366.

Cavalry-bone, ii., 375.

Cavernous metamorphosis, i., 162.

„ tumour, ibid.

„ — in kidney, ii., 168.

„ — in liver, ii., 112.

Cell-theory, i., 70.

„ growth, i., 71.

Cerebi-al aneuiysm, ii., 33 1.

„ circidation, ii., 307.

„ congestion, ii., 332.

„ haemorrhage, ii., 318.

Chancre, i., 134.

Cheesy glands, i., 238.

Chlorosis, i., 213.

Cholera, sloughs in, i., 433.

Choleraic eatan-h, i., 413.

Cholesteatoma cerebri, ii., 359.

Cholesterin, i., 22.

Choroid plexuses, ii., 316.

Chromatosis, i., 66.

Chronic catarrh of mucous mcmbrance,
i., 415.

„ endoarteritis, i., 250.

„ hydrocephalus, ii., 314.

„ rheumatoid arthritis, ii., 266.

Cicatricial tissue, i., 117.

Circulation in brain, ii., 307.

Cirrhosis in infants, ii., 118.

„ of liver, ii., 109.

Cloudy swelling, i., 29.

„
— of renal epithelium, ii., 138.

Coagulation in vessels, i., 221.

Cohnheim's theory, i., 110.

Colberg on alveolar opitbclium, ii., 2.
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Collapse of lung-tissuo, ii., 22.

Collier's lung, ii., 49.

Colloid cancer, i., 41, 195.

„ — of breast, ii., 209.

„ -— of ovary, ii., 180.

,,
— of stomach, i., 460.

Colloid degeneration, i., 39.

Colon, cancer of, i., 463.

Columnar epithelioma, i., 20G.

Comedo, i., 389.

Concretions in the lungs, ii., 19, 37.

Condylomata, i., 367.

Congenital cysts in kidney, ii., 147.

„ malformations of heart, i., 296.

Conjoint vascular and connective-tissue

system, i., 89.

Connective-tissue coi'puscle, i., 95.

Connective tissue, development of, i., 92.

„ —
, non-inflammatory overgrowth

•of, i., 129.

„ — of kidney, ii., 148
Contracted kidney, ii., 163.

Corium, acute inflammation of, i., 375.

„ cancer of, i., 382.

„ diseases of, i., 374.

Corneal tissue, i., 171.

Corns, i., 356.

Cornu humanum, i., 361.

Corpora amylacea, i., 48.

„ •—
,
in grey degeneration, ii., 349.

Craniotabes, ii., 242.

Croup of pharynx, i., 422.

„ of larynx and trachea, i., 426.

Croupous inflammation, i., 421.

„ pneumonia, ii., 55.

Cyanosis, i., 300.

Cyanotic kidney, ii., 154.

Cylindroma, i., 209.

Cynanche parotidea, ii., 218.

Cyst, apoplectic, ii., 324.

Cystic degeneration of bone, ii., 277.

„ — of stomach, i., 418.

Cystic enchondroma, i., 173.

„ kidney, ii., 145.

Cystoma ovarii, ii., 175.

Cystosarcoma hepatis, ii., 114.

„ mammsc, ii., 209.

„ testis, ii., 196.

Cysts, atheromatous, i., 390.

Cysts, i., 82.

„ due to softening, i., 86.

„ in kidney, ii., 167.

„ in liver, ii., 114.

„ in ovary, ii., 173.

Death of tissues, i., 4.

Deformities of skeleton in osteoma-

lacia, ii., 276.

„ — in rickets, ii., 241.

Dementia, ii., 336.
Dermoid cysts, ii., 184.

Desmoid, i., 160.

Desquamation, i., 80.

Desquamative catarrh of tub. virini-

feri, ii., 136.

Development of bone, i., 100.

„ of cartilage, i., 99.

„ of connective tissue, i., 92.

„ of epithelium, i., 103.

,, of lymphatics and lymphatic
glands, i., 95.

„ of muscle, i., 101.

„ of nerve, i., 103.

„ of si^leen, i., 88, 98.

„ of vessels, i., 89.

Diabetes, liver in, ii., 88.

Dilatation of minute bronclil, ii., 20.

Diphtheria (false), i., 422.

„ (true), i., 431.

Diphtheritic pock, i., 354.

Disseminated tuberculosis of luiigs,

ii., 38.

Dolichocephalic skulls, ii., 233.

Ductless glands in chronic catan'h,

i., 420.

Dura Mater, inflammation of, ii., 302.

„ —
, myxoma and psammoma of,

ii., 355.

„ -—
,
sarcoma of, ii., 354.

Dust, inhalation of, ii., 49.

Dwarfs, ii., 233.

Dyscrasia?, i., 211.

Dysentei'y, i., 432.

Eburneatio ossium, ii., 241.

Ecchondrosis, ii., 278.

Ecthyma, i., 344.

Eczema, i., 344.

Elcjihantiasis arabum, i., 376.

,, grajcorum, i., 384.

Embolic abscess of kidney, ii., 158.

„ pneumonia, ii., 66.

Embolism, i., 231.

Embryonic tissue, i., 94.

Emphysema, ii., 5.

Empyema, i., 322.

Emulsification, i., 21.

Encephalitis, ii., 324.

Encephaloid cancer, i., 185.

Enchondroma, i., 170.

„ of bones, ii., 290.

„ of breast, ii., 212.

„ of salivary glands, ii., 223.

„ of testicle, ii., 197.

Enchondroma hajmatodes, ii., 291.

„ pseudo-papillosum, ii., 292.

Endoai'teritis chronica, i., 250.

Endocarditis, acute, i., 279.
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Endocarditis, clirouic, i., 28G.

Endogenous cell-proliferation, i., 75.

Enteric fever, i., 438.

Epcndyma ventriculorum, ii., 316.

Epidermis, i., 334.

Epidermic globes, i., 204.

Epithelioma, squamous, i., 198.

„ columnar, i., 206.

„ of lung, ii., 77.

„ of lymphatic glands, i., 241.

„ of oesophagus, i., 457.

„ of salivary glands, ii., 222.

„ of skin, i., 309.

„ of stomach, i., 4G2.

„ of tongue, i., 45U.

Epithelioma myxomatodes psammo-
8um, ii., 360.

Epithelial growth (morbid), i., 179.

Epithelium, alveolar, ii., 1.

„ development of, i., 103.

„ of serous membranes, i., 803.

Epulides, ii., 286.

Erosions, heDmorrhagie, i., 434.

Eruptions, i., 338.

Erythema, i., 339.

Etat mamelonn^, i., 418.

Exanthemata, i., 338.

Exostosis, ii., 278.

„ ebumca, ii., 281.

„ cartilaginea, ii., 279.

„ multiplex, ii., 282.

Expectoration in pneumoma, ii., 59.

„ in tracheo-bronchitis, ii., 5.

Extravasation-cysts, i., 86.

Exudation-cysts, i., 86.

Exudation, inflammatory, i., 110.

False membranes, i., 319.

„ — in croup, i., 421.

„ — in dijihtheria, i., 431.

Fatty degeneration of arteries, i., 250.

„ — of cells, i., 20.

„ — of nerves, i., 26.

,,
— of renal epithelium, ii., 140.

„ —
, striped muscle, i., 24; ii., 371.

,, erosion of arterial coats, i., 255.

„ heart, i., 273.

„ infiltration, i., 64.

„ metastasis, i., 67.

„ tumour, i., 168.

Ferruginous dust, inhaled, ii., 54.

Fibrinous casts, ii., 142.

„ degeneration, i., 425.

Fibroid patch of hearl, i., 292.

„ transformation of tubercle, ii., 191 .

„ tumour, i., 160.

Fibrocnrtilage, i., 170.

Fibroma of kidney, ii., 168.

„ molluscum, i., 373.

First intention. See Repair.
Follicular dropsy of ovarj, ii., 174.

,, suppuration, i., 409.

Fractures, repau- of, ii., 252.

Fungus, i., 81.

„ duroe matris, ii., 359.

„ pise matris, ii., 357.

Furunculus, i., 395.

Gall-bladder, papilloma of, i., 455.

Ghingrene. See Necrosis.

„ of lung, circumscribed, ii., 7 1.

„ —
, diffuse, ii., 63.

Gastric ulcer, i., 434.

Giants, ii., 233.

Giant-cells, i., 72.

„ in osteosarcoma, ii., 287.

Glanders, i., 135, 387.

Glandular cancer, i., 183.

„ hypertrophy, i., 183.

Glassy swelling, i., 423.

Glioma, ii., 363.

„ sarcomatodes and myxomatodes,
ii., 364.

Goitre, ii., 225.

Gout, ii., 270.

Granule-cells, i., 21 ; ii., 3 13.

Granules of neuroglia, ii., 299.

Granulomata, i., 130.

Granulations, i., 124.

Granular liver, ii., 109.

Great vessels, development of, i., 296.

Grey degeneration, ii., 344.

Grutum, i., 390.

Gummata, i., 133.

„ in bone, ii., 295.

„ in heart, i., 279.

„ in liver, ii., 116.

„ in skin, i., 383.

„ in testicle, ii., 193.

Ha;matin, i., 57.

Hsematoidin, ibid.

Hajmin, ibid.

Utematoma durie matris, ii., 302.

Hcemitis, i., 232.

Hemorrhagic erosion, i., 434.

Ho-morrhage jjcr diabrosin, i., 411.

„ into brain, ii., 318.

Ha;morrhagic infarction of lung, ii., 74.

Haemorrhoids, i., 265.

Hair, in dermoid cvsta, ii., 184.

„ falling off, i.,* 402.

Hair- follicles, disease of, i., 387-

Hairy moles, i., 396.

Hard cancer, i., 191.

Heart, abscess, i., 276.

„ aneurysm, i., 292.

„ atrophy, i., 272.
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Ileart, cauccr, i., 270.

,, development of, i., 296.

;, diseases of, i., 207.

„ —
, causing lung-niiscluef, ii., 70.

., fibroid patch, i., 292.

,, fatty degeiieration, i., 273.

„ gmnmata, i., 279.

,, hypertro2)liy, i., 269.

,, inflammation, i., 275.

,, malformation, i., 296.

,, thrombosis, i., 291.

„ tubercle, i., 278.

Ilepatisation, red, ii., 57.

„ yellow, ii., 60.

Hepatitis, ii., 96.

„ iuduratire, ii., 105.

Herpes, i., 312.

Heteroplasia, i., 108.

Histioid tumours, i., 112, 17i'.

Horn, humaii, i., 301.

Jlowshqj's lacuna?, ii., 2 15.

Hyaline cartilage, i., 170.

Hydrocephalus, acute, ii., 309.

„ internus, ii., 314.

,, exteriuis, ii., 313.

Hypericmia of bi'ain, ii., 300.

„ of kidney, ii., 151.

Hyperplasia, i., 108.

llypcrtroj^hy of cuticle, i, 350.

„ glands, i., 183.

„ heart, i., 269.

„ liver, ii., 87.

„ mucous membrane, i., 41G.

„ muscle, ii., 370.

Ichthyosis, i., 359.

Impetigo, i., 344.

Indurative hepatitis, ii., 105.

Induration of lung, ii., 25.

Infiltration, i., 41, 79.

„ amyloid, i., 43.

„ calcareous, i., 48.

„ fatty, i., 64.

„ pigmentary, i., 56.

Inflammation, i., 110.

„ of bone, ii., 243.

„ diphtheritic, i., 43].

„ of liver, ii., 96.

„ of mucous membranes, i., 405.

„ of muscle, ii., 373.

„ of ovaries, ii., 171.

„ of prostate, ii., 215.

„ of serous membraucs, i.. 305.

„ of vessels, acute, i., 248.

„ —
, chronic, i., 250.

Inflammatory induration of brain and

spinal cord, ii., 349.

Inhalation of dust, ii., 49.

Insanity, acute, 11., 330.

Insanity, chronic, ii., 337.
Intermediate apparatus of nxitrltion,

i., 89.

Interstitial nephritis, ii., 158.

Intestinal haemorrhage in typhoid fever,

i, 442.

„ lesions in typhoid fever, i., 438.

„ tuberculous idceration, i., 446.
Intima vasorum, i., 247.
Intracranial circulation, ii., 307.

lutumescentia, i., 77.

Keloid, i., 372.

Keratoses, i., 358.

Kidney, morbid anatomy of, ii., 132.

,, abscess, ii., 158.

„ acute parenchymatous inflamma-

tion, ii., 156.

„ amyloid, ii., 144.

„ cancer, ii., 169.

,, cavernous tumour, ii., 168.

„ congested, ii., 154.

,, connective tissue of, ii., 148.

,, contracted, ii., 163.

,, cystoid degeneration, ii., 145.

,, cysts in, ii., 167.

„ desquamative catarrh, ii., 136.

„ embohc abscess, ii., 160.

„ fatty degeneration, ii., 140.

„ fibroma, ii., 168.

„ inflamed, ii., 136, 158.

„ lymphoma, ii., 168.

,, mottled, ii., 166.

,, normal structure of, ii., 132.

„ tubercle, ii., 168.

Knot (nodus), i., 77.

Koster on cancer, ii., 204.

Lardaceous matter. See Amyloid.
„ liver, ii., 85.

Laryngeal croup, i., 426.

Larynx, tubercular idceration of, i., 449.

Leiomyoma, i., 177.

Leprosy, i., 135, 384.

Leptomeningitis, ii., 306.

Leptothrix buccaUs, ii., 64.

Leucin, i., 17.

Leucocytes, migration of, i., 110.

Leukhajmia, lymphatic, i., 217.

„ splenic, i., 214.

Leukhajmic tumours in livei', ii., 118.

Lci/den and Jaffe on gangrene of lung,

ii., 04.

Lipoma, i., 168.

„ arboresccns, i., 330.

„ durse matris, ii., 355.

„ manimse, ii., 212.

Liver, morbid anatomy of, ii., 80.

„ abscess, ii., 97.
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Liver, odcnouin, ii., 120.

„ amyloid, ii., 85.

„ atrophy, noute, ii., 91.

„ —
, chi"onic, ii., 89.

„ cancer, ii., 123.

„ cavernous tuinoiir, ii., 112.

„ cirrhosis, ii., 109.

„ cysts, ii., 114.

„ fatty, ii., 80.

„ hypertrophied, ii., 87..'

„ induratetl, ii., 105.

„ leukhwmic, ii., IIS.

„ lobulatcd, ii.. 111.

„ parenchymatous inflammation, ii.,

96.
'

„ syphilitic, ii., 115.

„ tubercle, ii., 119.

Localised tuberculosis, ii., 42.

Loose cartilages in joints, ii., 278.

JiUng, morbid anatomy of, ii., 1.

,, abscess, ii., 6G.

„ cancer, ii., 77.

„ caseation, ii., 27.

„ chronic oedema, ii., 25.

„ collapsed, ii., 22.

„ colliers', ii., 49.

„ concretions, ii., 19, 37.

„ diseases duo to heart mischief,

ii., 70.

„ brown induration, ii., 71.

„ emphysema, ii., 5.

„ cpithcliuni of, ii., 1.

„ gangrene, diffuse, ii., 63.

„ —
, circumscribed, ii., 74.

„ ha;morrliagic infarction, ii., 74.

„ hepatisation, ii., 5G.

„ opdcmatouB, ii., 24.

„ slaty induration, ii., 25.

„ splenisation, ii., 24.

„ tuberculosis, ii., 32, 38.

„ tiinioiirs, ii., 77.

„ Tomicfc, ii., 32.

Lupus, i., 398.

,, syphiliticus, i., 883.

Lymph, inflammaton-, i., 310.

Lymphadenitis, acute, i.. 233.

„ chronic, i., 230.

Lymphangitis tuberculosa, ii., 45.

Lymphatic cndothclia and tubercle, ii.,

45.

Lymjohatic glands, cancer, i., 240.

„ caseation, i., 238.

,, development of, i., 95.

„ epithelioma, i., 241.

„ in leukhffmia, i., 217.

,, sarcoma, i., 239.

„ typhus abd., i., 442.

Lymphoma, i., 130.

„ of kidney, ii., 168.

Malformatiorfs of heart, &c., i., 296.

Maligpity, i., 143.

Malignant jaundice, ii., 92.

Malpighiau tufts, ii., 152.

Mamnuiry gland, abscc-s, ii., 199.

„ adenoma, ii., 201.

„ cancer, ii., 205.

„ colloid, ii., 209.

„ cystosjvrcoma, ii., 209.

,, encLondroma, ii., 212.
• „ hypertrophy, ii., 201.

,, inllanunation, ii., 199.

„ lipoma, ii., 212.

Mania, ii., 333.

Manual-exercise bone, ii., 376.

Margarin, i., 17.

Mastitis, ii., 199.

Medulla oblongata, degeneration of,

ii., 351.

Medullary cancer, i., 185.

„ infiltration, i., 135, 439.

Mclanffiniia, i., 218.

Melanotic tumours, i., 153, 157.

Melasma suprarenale, ii., 230.

Meliceris, i., 390.

Meningitis, ii., 306.

Mesenteric glands in typhoid, i., 4-12.

Metastasis of tumoui-s, i., 145.

Met/neri's researches on the bmin, ii.,

330.

Migration of leucocytes, i., 110.

Miliaria, i., 343.

Miliary tuberculosis of lung, ii., 29, 38.

„ —
, simulated, ii., 43.

Milium, i., 390.

Milky sjwts, i., 327.

Milza nera, i., 220.

Mitral disease, i., 288.

Moles, i., 3G8.

Mollities ossium, i., 35 ; ii., 271.
Molluscum contagiosum, i., 390.

„ fibrosum, i., 373.

Morbid gi-owth in general, i., 68.

Mortification. See Necrosis.

Mucous tissue, i., 88.

„ softening of cartilage, i., 33.

„ bone, i., 35.

,, tumours, i., 175.

Mucus, origin and properties of, i., ^,2,

36.

Mucous membranes, i., 403.

„ cancer, i., 455.

„ chronic catarrh, i., 415.

„ croup, i., 421.

„ hjpertro]»hy, i., 416.

,, inflammation, i., 405.

„ tuberculosis, i., 445.

„ tumours, i., 4^3.

Miunpe, ii., 218.
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Muscular atropliy, ii., 370.

„ —
, spurious, ii., 372.

- „ tumours, i., 177.

Muscle, cancer, ii., 381.

„ development, i., 101.

„ inflammation, ii., 373.

„ morbid anatomy, ii., 370.

,, sai'coma, ii., 38i.

„ in typhoid fever, ii., 377.

Myelitis, ii., 321.

Myeloplaxcs, i., 72.

Myocai'ditis, i., 275.

Myoma, i., 177.

„ of testicle, ii., 197.

Myositis, ii., 373.

„ ossificans, ii., 375.

„ typliosa, ii., 377.

Myxoma, i., 175.

„ of bone, ii., 290.

,, of brain, ii., 3G1.

„ of dura mater, ii., 355.

,, of nerves, ii., 365.

„ of salivary glands, ii., 221.

Nffivus spilus, i., 39G.

Nails, i., 363.

Nasal fossa?, cancer of, i., 456.

Nasopliaryngeal polypi, ii., 285.

Necrosis, i., 3.

„ of adipose tissue, i., 12.

„ of areolar tissue, i., 13.

„ of blood, i., 7.

„ of bone, i., 16 ; ii., 255.

„ of cartilage, i., 14.

„ of muscle, i., 9.

„ of nerve, i., 12.

„ of tendon, i., 14.

„ of nucleated cells, i., 8.

„ living organisms in, i., 18.

Nephritis, acute, ii., 156.

„ interstitial, ii., 150, 158.

Nerves, development of, i., 103.

Nervous system, ii., 297.

Nettlerash, i., 341.

Neuroglia, ii., 299.

„ in grey degeneration, ii., 346.

Neuroma (false), ii., 365.

„ (triie), i., 178.

New formations, i., 108.

Normal as a type of morbid growth,
i., 87.

Nuclear fission, i., 72.

Nutmeg-liver, ii., 83.

OEdema of lungs, ii., 24.

CEsophagus, cancer of, i., 457.

Onychogryphosis, i., 364.

Orchitis, ii., 187.

Organisation after inflammation, i., 115.

Organisation after suppuration, i., }22.

Osteoid chondroma, i., 173.

Osteoma, i., 177.

Osteomalacia, ii., 271.

Osteophyte, ii., 280.

Osteosarcoma, ii., 283.

Ostitis fungosa, ii., 245.

„ ossificans, ii., 244.

Ovary, ii., 171.

„ abscess, ii., 172.

,, cancer, ii., 185.

„ colloid, ii., 180.

,, cysts, ii., 173.

,, dermoid tumour, ii., 181.

„ hydrox3S folliculorum, ii,, 171.

Pacchionian granulations, ii., 354.

Pachydermia lymphangiectatica, i.,

380.

Pachymeningitis, ii., 302.

Papillary body, i., 334.

Papilloma cysticum, i., 85.

„ of mucous membranes, !., 153.

,, myxomatodes, ii., 361.

,, pia; matris, ii., 301.

,, of skin, i., 36G.

Papule, i., 340.

Parostosis, ii., 244.

Parotid, inflammation of. ii., 218.

Pathology, its true c'laractcr, ii., 4.

Pearl cancer of brain, ii., 359.

Pearly globes, i., 201.

Pemphigus, i., 342.

Perforating ulcer of stomach, i., 434.

Peribronchitis chronica, ii., 19.

Pericarditis, i., 305.

Periostitis ossificans, ii., 213.

Peritoneum, cancer of, i., 461.

Peritonitis, i., 305.

Perivascidar spaces in brahi, ii., 299.

Peyer's patches in typhoid, i., 439.

Pharyngeal croup, i., 422.

Phlebectasy, i., 263.

Phlebitis, acute, i., 248.

Phosphorus-poisoning, ii., 92.

Phthisis, calculosa, ii., 37.

„ florida, ii., 36.

,, following pneumonia, i!., Go.

„ pulmonary, ii., 17.

„ renalis, ii., 169.

„ and tubercle, ii., 40.

„ tuberculosa of bi-ain, ii.. 369.

Pia mater, inflammation of, ii., 30(;.

„
—

, nrllky opacities in, ii., 31 1.

„
—

,
oDdema of, ii., 313.

Pigment in skin, i., 368.

Pigmentary infiltration, i., 56.

,,
— of cells, i., 61.

„
— of lungs, ii., 26.
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Pigmented radiating cancer of liver,

ii., 126.

Plaques muqueuscs, i., 367.

Pleurisy, i., 305.

Pleurogenic pneumonia, ii., 47.

Plcuropneunioiua of cattle, ii., 48.

Pneumokoniosis, ii., 49.

Pneumonia, catarrhal, ii., 13.

„ croupous, ii., 55.

„ dissecans, ii., 48.

„ embolic, ii., 66.

„ pleurogenic, ii., 17.

Pneumothorax from abscess of huTr,

ii., 70.

Pock, i., 319.

Polypi, mucous, i., 418.

„ of heart, i., 294.

Polyposis ventriculi, i., 418.

Polypus, i., 81.

Pomphus, i., 341.

Pornim, i., 366.

Progressive muscular atrophy, ii., 370.

Prostate, hyjx'rtrophicd, ii., 213.

„ inflamed, ii., 215.

„ tubercle of, ii., 216.

„ cancer of, ii., 217.

Proliferation, i., 71.

Protoplasm, nucleated, i., 74.

Proud flesh, i., 127.

Psammoma durfe matris, ii., 355.

Pscudo lubercidoiis bronchopneumonia,
ii., 29.

Psoriasis, i., 355.

Psychoses, ii., 330.

Punctiform ha;morrhago in brain, ii.,

320.

PuriUcnt infiltration of lung, ii., 61.

Pus, i., 118.

Pus-corpuscle, i., 119.

Pustule, i., 344.

Pylephlebitis, ii., 97.

Eectum, cancer of, i., 463.

Ecd atrophy of liver, ii., 89.

„ softening of brain, ii., 326.

Eenal epithelium, cloudy swelling,

ii., 138.

Kepair of cuticle, i., 125.

„ processes of, i., 115.

„ by second intention, i., 122.

Resolution, i., 114.

Retained secretions, i., 387.

Rhabdomyoma, i., 177.

Rlieuraatic inflammation of muscles,

ii., 375.

Rheumatoid arthritis, ii., 266.

Rickets, ii., 233.

Rigidity of arteries, i., 257.

Rigor mortis, i., 11.

Salivarj- glands, cancer, ii., 221.

„ —
, enchondroma, ii., 223.

„ —
, epitlu'lioma, ii., 222.

„ —
, inflammation, ii., 218.

„ —
, myxoma, ii., 221.

,,
—

, scirrhus, ii., 222.

Sanies gangrajnosa, i., 16.

Sarcoma, alveolar, i., 152.

„ carcinomatodes, ibid.

„ —
, iiignientatum, i., 153.

„ spindle-cell, i., 154, 156.

,, fibrou.'», i., 150.

., lipomatodes, i., 150.

,, lymphadenoid, i., 149, 2'iO.

,, melanotic, i., 157-

„ myxoinatodcs, i., 151.

„ ossifieuui, i., 149.

„ round-cell, i., 148.

„ of dura mater, ii., 354.

„ in muscles, ii., 382.

„ of skin, i., 371.

„ of testicle, ii., 194.

Sarcomatous cancer, i., 190.

Scirrhus, i., 191.

„ of breast, ii., 207.

„ of parotid, ii., 222.

„ of stomach, i., 459.

Sclerodermia adultorum, i., 376.

Sclerosis of connective tissue, i.. 3ll7.

Scrofulous caries, ii., 265.

„ glands, i., 238.

Sebaceous glands, i., 387.

„ —
, hypertrophy of, i., 307.

Second intention. See repair by.
Secretions of mucous surfaces, i., 411.

Sequestrum, ii., 256.

Serous membranes, i., 302.

„ —
, inflammation, i., 305.

„ sacs, suppuration in, i.. 322.

„ —
, growths in, i., 329.

Serum lacteum, i., 67.

Siderosis, ii., 54.

Simple meningitis, ii., 308.

Skin, diseases of, i., 334.

„ epithelioma, i., 369.

„ flbroma, i., 373.

„ sarcoma, i., 371.

„ pypliilitic deposits in, i., 383.

Slaty induration of lung, ii., 25.

Small-pox, i., 349. •

Soft cancer, i., 185.

Softening, red, ii., 326.

„ yellow, ii., 340.

„ "white, ii., 317.

Specific forms of inflanmiation. i., l.'JO

Spcdalsked, i., 384.

Spinal cord, grey degcjieration, ii., 344.

,,
—

,
inllammation of, ii., 324.

„ —
, tumours of, ii., 352.
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Spindle-cell tissue, i., 117.

Spleen, development of, i., 98.

„ leukhsemic, i., 215.

„ melansemic, i., 220.

„ in typhus, i., 444.

Splenisatiou of lung, ii., 24.

Sputa in empliysema, ii., 5.

„ pneumonia, ii., 59.

Squama, i., 355.

Squamous epithelioma, i., 198.

Steatonia MiiUeri, i., 169.

Stomach, cancer, i., 458.

colloid cancer, i., 460.

catarrh, i., 418.

cystoid degeneration, i., 418.

epithelioma, i., 462.

iilcer, i., 434.

Stomatitis, i., 414.

Slricker on Inflammation, i., 112.

Sti'oma of cancer, i., 186.

Struma (goitre), ii., 225.

Sudoriparous glands, hypertrophy of

i., 397.

Suppuration, i., 118.

„ in bone, ii., 249.

Suprarenal capsules, ii., 229.

„ —
, goitre of, ii., 230.

„ —
, cancer o-', ibid.

Sycosis, i., 394.

Sypliilis in bone, ii., 295.

„ in corium, i., 383.

„ in heart, i., 279.

„ in liver, ii., 115.

„ in lymphatic glands, i., 239.

„ in testicle, ii., 192.

Syphilitic mflammation, i., 132.

Syphiloma of nerve-centres, ii., 362.

Teeth in dermoid cysts, ii., 184.

Telangiectasis, i., 266.

Telangiectatic cancer, i., 188.

Testicle, atrophy of, ii., 198.

„ cancer of, ii., 193.

„ cystosarcoma of, ii., 196.

,, enchondroma of, ii., 197.

,, inflammation of, ii., 187.

„ myoma of, 197.

„ sarcoma of, ii., 194.

„ syphilis of, ii., 192.

„ tubercle of, ii., 189.
Thiersch on primary union, i., 116.

Thrombi, changes in, i., 224.

„ softening of, i., 228.

„ vascularisation of, i., 227.

Thrombus, i., 221.

Thrombosis in aneurysms, i., 263.

„ in heart, i., 294.

„ in vena portse, ii., 99.

Thyroid, diseases of, ii., 225

VOL. II.

Thyroid, cancer of, ii., 228.

Tongue, cancer of, i., 456.

Tonsils, enlarged, i., 420.

„ inflamed, i., 410.
Tracheal croup, i., 426.

Tuber, i., 81.

Tubercle, i., 136.

„ in bone, ii., 296.

„ in brain, ii., 368.

„ in brain, solitary, ii., 865.

„ in bronchial mucous membrane,
ii., 22.

„ in heart, i., 279.

„ in liver, ii., 119.

„ in lung, ii., 45.

„ in kidney, ii., 168.

„ in pia mater, ii., 310.

„ in serous membranes, i., 330.

Tuberculosis of bronchi, i., 449.

„ of larynx, i., 449.

„ of lungs, ii., 38.

„ of prostate, ii., 216.

„ of suprarenal bodies, ii., 229.

Tubercular infiltration of lung, ii., 32.

„ meningitis, ii., 309.

„ ulceration of bronchi, ii., 22.

„ ulcers in bowel, i., 446.

Tumour, definition of, i., 130.

„ dyscrasia, i., 143.

„ histioid, i., 142.

Typhous cells, i., 135 ; ii., 377.

Typhus abdominalis, i., 135, 239, 438.

„ —
,
muscles in, ii., 377.

Tyromata, i., 238.

Tyrosin, i., 17.

Ulceration of bronchi, ii., 21, 34.

Ulcer of stomach, i., 434.

Ulcers in typhoid, i., 439.

Union, immediate, i., 116.

Urate of soda in gout, ii., 270.

Ureters, tubercle of, i., 446.

Uterus, cancer of, i., 463.

Utriculus i^rostaticus, ii., 213.

Valves, perforation of, i., 283.

Valvular aneurysm, i., 282.

„ defects, i., 287.

Varicose veins, i., 263.

Variola, i., 349.

Vascularisation, primary, i., 89.

„ secondary, i., 92.

„ tertiary, i., 90.

Vascularisation of thrombi, i., 227.

Vegetations in serous sacs, i., 330.

„ on valves, i., 281.

Veins, dilated, i., 263.

„ acute inflammation of, i., 218.

Vertebrae, caries of, ii., 265.

e e
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Verruca, i., 366.

„ carnosa, i., 868.

Vosicle, i., 342.

Vessels, devolopnjent of, i., 89.

„ normal structure of, i., 24-i.

Villous tumour of bladder, i., 454.

Volkmann, canaliculisation of bone,

ii., 245.

VomicoD in lung, ii., 32.

Wagner on croup, i., 425.

Warts, i., 364.

Waxy kidiu'j, ii., 1'14.

„ liver, ii., 85.

„ degeneration of nuisdc, li., .'iTT.

Wlieal, i., 341.

White swelling, ii., 263.

Wounds of bono, ii., 252.

„ repair of, i., 115.

Yellow softening, ii., 340.

Zenker on myositis typliosa, ii., 377.

„ on pneumokoni.wi^ ii,, 54.
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