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PKEFACE TO THE FIRST EDITION.

The design of this handbook is to present a concise description

of the various methods pursued in the clinical examination of

the thoracic and abdominal organs in health and disease, and an

estimate of the diagnostic value of the results so obtained; the

examination of the Larynx is treated of in an Appendix.

The general plan of the v\rork, both as regards the order in

which the different methods of exploring each organ are dis-

cussed and the account of the conditions likely to be met with,

is naturally that of a systematic, scientific inquiry.

Our description, however, particularly when dealing with the

purely physical methods of examination, will be found to vary

considerably in form and fulness, according as groups of similar

phenomena, belonging possibly to different diseases, do or do

not admit of being explained by common causes; in the latter

case a detailed account of the symptoms has been given. When-

ever the nature of the subject permitted, I have endeavoured to

preserve a certain uniform order also in the arrangement of

details, taking up first the signs obtained by each method of

exploration, then their causes, and lastly the physiological and

pathological conditions, and the diseases, in which they occur.

In this way only was it practicable to include within our relatively

narrow limits the large number of pathological phenomena elicited

by the various modes of clinical examination. That an account

of this kind, indeed, should not be absolutely complete, that it

should fail to take cognisance of every deviation of the symptoms
from the fundamental pathological type, is unavoidable. Though
in the course of a long official connection with the Poliklinik of

the University of Berlin I have been"enabled to lay up a large
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store of observations of tliis nature, I felt that to introduce tliem

into such a work as the present would be as injudicious as it was

unnecessary, as it is only when viewed in relation to the other

characteristic symptoms of the affection under consideration that

such facts retain their pathological or diagnostic interest ; apart

from the special case in hand they would not merely burden the

text, but the whole work would lose in uniformity and compact-

ness more than it could possibly gain in the value of its contents

or in completeness. In the domain of diagnosis, as in that of

every other subject of study, the principal object to be kept in

view is the arriving at a knowledge of the essential phenomena ;

these and their physio-pathological causes once known, any de-

parture from the type in particular cases is easily recognised and

understood. These considerations have been borne in mind in

the preparation of this work. I trust that my task has been, at

least to a certain extent, successfully accomplished.

Dr. Paul Guttmann.

Berlin, Se/if.. 1871.



PREFACE TO THE THIRD EDITION^.

The third edition differs from its predecessors in many respects ;

not only have important additions and alterations been made in

most of the sections, but large parts of several of the principal

chapters have been completely re-written. Special care has been

devoted to the arrangement of subjects and the order in which

their details are discussed, as I have reason to believe, from

public criticism, that it is to this feature that the former

editions of my handbook owe their favourable reception in

Germany and abroad.* May the same good fortune attend the

present edition.

Dr. Paul Guttmann.

Berlin, Oct., 1877.

* Several translations of this work are in circulation on the Continent. The first

edition has been translated into Italian by Dr. Clodomiro Bonfigli, Ferrara (Milan,

1872) ;
into Russian by Drs. Nikolaj and Chomjakoff (Kasan, 1872) ;

a second time into

Eussian by Dr. Wischnewski (Moscow, 1872) ;
and into Spanish by Dr. Luis Gdngora

(Seville, 1873). The second edition has been translated into French by Dr. F. L. Hahn

(Paris, 1877) ;
into Polish by Drs. Kramer and Pareuski (Warsaw, 1«77) ;

and into

Italian by Dr. Bonfigli (Milan, 1877).
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A HANDBOOK
OF

PHYSICAL DIAGNOSIS.

INTllODUCTION.

In the examination of the thoracic and abdominal organs, the

methods employed are almost exclusively of a physical character ;

this is certainly the case with reference to the exploration of the

respiratory and circulatory apparatuses, and in part also to that

of the abdominal organs. Strictly speaking, the term iiliys'ical

)ncthods of exdminatioii is applied only to the practice of Auscul-

tation and Percussion ;
in the wider sense, however, it includes

also Inspection and Palpation, as these latter frequently give as

direct and valuable information as the two former methods, par-

ticularly with regard to certain of the pliysical properties of the

internal organs, such as their consistence, increase in size, and

the presence within them of air, fluid, Szc. With equal propriety

the term may be made to embrace the estimation of the tempera-

ture of the body by means of trie thermometer, and the measure-

ment of the shape and respiratory movements of the thorax, of

the vital capacity of the lungs (Spirometry), of the respiratory

pressure (Pneumatometry), and of the arterial pulse (Sphygmo-

graphy), all these proceedings, the most important of which is

Thermometry, being merely delicate aids to Inspection and Palpa-

tion, yielding precisely the same kind of information, but with

much greater, even with mathematical, exactness. If to these

methods of investigation be added the examination of the secre-

tions and excretions of the body, and in some circumstances also

that of the blood, we shall have before us all the means which are

usually employed in the exploration of the thoracic and abdominal

organs, and which we propose to describe in the following pages.

It is obviously unnecessary to make use of all of these methods

B
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of examination in every case ;
some of them, indeed, are of but

limited practical application. The mode of procedure depends

chiefly on the organ affected ; thus, diseases of the respiratory

and circulatory apparatuses are recognised principally by percus-

sion and auscultation, those of the abdominal organs by palpa-

tion, those of the kidneys by examination of the urine, &c.

These means taken singly, however, though of greatest impor-

tance in the particular case in hand, do not exhaust all the

sources of information open to us; and it is desirable, especially

in complicated cases, to have recourse also to the other foremen-

tioned methods, in order to secure a full and complete investiga-

tion. The diagnosis gains in certainty and precision as the

number of available methods of examination, and of the resulting

pathological indications, is increased.

It is, further, an essential part of a systematic pathological

inquiry that a certain uniform order be observed in the applica-

tion of the different methods
;
the natural order is that first the

general physical signs, and then the special, be taken up, as,

without a knowledge of the former, the latter are apt to be mis-

understood, and to lead to erroneous conclusions. The examina-

tion should begin, therefore, with the general inspection of the

bod}' ; the practised eye often discovers in this way a multitude

of signs, which not merely declare which of the organs is at

fault, but frequently reveal the nature and stage of the disease

with absolute accuracy. Then only should the special examination

be proceeded mth. This ought never to be limited to the par-

ticular organs or parts concerning which the patient makes

special complaint, as his sensations are often excited by purely
adventitious circumstances. In the graver class of cases the

condition of all the organs must be ascertained
;
the physician

thus frequently lights upon disorders of whose existence the

patient, from the absence of subjective symptoms, had no con-

ception, or complications are discovered Avithout the knowledge
of which a true understanding of the nature of the disease, or

the formation of a sound diagnosis, is impossible. The pathology
of the thoracic and abdominal organs presents numerous examples
of the intimate relation which the various diseases of these parts
bear to each other, and of the importance of keeping this patho-

logical connection before the mind in forming an opinion as to

the origin and nature of the morbid process under investigation.



GENERAL EXAMINATION.

The symptoms of disease of the thoracic and abdominal organs
fall naturally into two groups, general and special : in the first

are included those which are caused by the reaction of the local

disturbance on the system as a whole, and which may be common
to the most diverse disorders, in the second those which are cha-

racteristic of disease of a particular organ, or even of the precise

form of disease by which it is aff'ected.

One of the most prominent symptoms of acute diseases

throughout their whole course, and one which appears also at

various stages of many chronic affections, is

Fever.

The chief indication of the presence of fever is a rise in the

temperature of the body.

In estimating temperature the Centigrade (Celsian) thermometer is

that in most general use, except in England and America, where

Fahrenheit's scale has the preference. Should the accuracy of the

thermometer not be guaranteed by the name of the maker it must be

tested by comparison with a standard instrument. Where circum-

stances do not permit of this it may be verified with sufficient exact-

ness for practical purposes by simply taking the temperature of one's

own body, or that of another healthy person ;
as we know that this

amounts to about 37'3° C. {99*l-i° F.), a thermometer which gives this

result on being tried several days in succession, each day about the

same hour, may be pronounced reliable. Even inaccurate instruments

may be employed when the exact amount of error is known, allowance

being always made for this in reading the scale. The best makers

generally give with each thermometer a guarantee of its accuracy, or of

the precise degree of difl'erence between it and a standard instrument.

The medical thermometer is fitted with but a small scale, as all the pos-
sible variations in the temperature of the human body take place within

comparatively narrow limits
; thus, it is only in verv exceptional cases

that a point lower than 33° C. (91-4° F.) or higher than 43° C.

(109-4° F.) is reached. The degi-ees are divided into tenths, but

difierences of even a twentieth are usually quite appreciable. This is

precise enough for ordinary use, but for special scientific investigation
it is desirable to have a more finely divided scale.

b2
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The temperature is most commonly taken in the axilla, occasionally

in the rectum or vagina. The bulb of the thermometer should be intro-

duced beneath the border of the pectoralis major, the arm brought

close to the side of the body, and the forearm across the breast
;
the

patient then, with his other hand, either keeps the instrument in posi-

tion or supports the arm which is pressed against the chest. In the

cases of cluldren and weakly patients the attendants must look to the

fixation of the instrument. The thermometer must remain in position

15 20 minutes before the mercury can be said to have reached its

utmost height, as it is only when the arm is brought into contact with

the side of the thorax that the axilla becomes a closed cavity ; its

temperature therefore rises slowly to that of the interior of the body.

It thus serves no purpose to warm the instrument before using it
;

time may be economised, however, by causing the patient to close the

axilla shortly before putting in the thermometer, 4 or 5 minutes

being then sufficient for making an observation, which is nearly as

rapidlv as it can be done in the rectum or vagina. This shorter

method may be conveniently employed when observations have to be

frequently repeated, as, for instance, every 3 or 4 hours. In special

cases, when, on account of the surroundings of the patient, the numbers

on the scale can not be read off with accuracy, a aclf-iri/wteruif/ ther-

mometer becomes indispensable. In this instrument the column of

mercury is divided into two parts by a small bubble of air, the upper

portion, the index, being one centimeter in length. When the bulb is

warmed the mercury expands, carrying the air bubble and index before

it, and leaving them behind when it contracts on being removed from

the axilla
;
the position of the index then indicates the maximum tem-

perature reached. Before using the instrument again it must be gently

shaken, so as to drive the index towards the lower end.

The temperature obtained in the closed axilla is that of the interior

of the body and of the blood
;

it amounts to 37°—37-3° C, or 0-2°—
0"4° C. more in the rectum or vagina. This does not represent the

temperature at every period of the day, but only the average for the

whole 24 hours. The temperature of healthy persons is subject to a

tJaiJi/ Jhtctuation, entirely independent of external circumstances, risin;/

contiiiinni.sljj from viorniwi till evcnimj, and suikiiKj wjain fruiii evcnhvi
till vuitninii. It is at its lowest, 30-5°—30-7° C, at two hours after

midnight, remaining about the same point till early morning ;
it then

rises slowly and constantly till 4 or o'clock in the afternoon, when it

is at its highest, 37*5°—37*0° C.
;

this temperature is maintained for

a short time, when it again sinks, at first slowly, afterwards more

quickly, to the morning minimum immediately after midnight. Thus
the diji'craice betiveen tlic viuiniwj tiiinim.uin and the ci-eniiKj iiia.riiiuuii

anionnta to about 1° C. Besides these daily oscillations the tempera-
ture of a healthy individual shows other slight variations connected
with ditl'erent conditions of the body. Exercise according to its vio-

lence and duration, raiaes the temperature to the extent of several

tenths, or even of a whole degree ;
the tahiwj of food has a similar

eflect, whilst the conditions of sleeping and waking appear to have no



TEMPERATURE. 5

influence whatever on the heat of the body. We also find shght dif-

ferences m the average temperature at ditforeut ages ;
it falls 0'1°—

02° C. from childhood to middle age, rising again later in life. Sex

exercises no influence on temperatm-e.
Of the various fluctuations to which the temperature of healthy

persons is subject the most important are the daily periodical oscilla-

tions, these being also distinctly appreciable in cases of fever, when

patients are incapable of such muscular exertion as would be necessary
to produce any change of temperatuz'e. The daily range of the tem-

perature in febrile affections is frequently much more extensive than

under ordinary circumstances, so that it is desirable, in order to be

able to estimate it and the varying intensity of the fever at their

proper value, to make at least two observations daily ;
in severe acute

diseases, however, when the height of the temperature furnishes indi-

cations for the adoption of certain therapeutical measures (such as cold

bathing), and when the effect of these has to be carefully noted, the

temperature must be taken at intervals of 3 or 4 hours.

Though the methodical use of the thermometer in febrile diseases

dates only from 1851 and 1852 (Traubej v. Baerensprung, Wunder-

lich, &c.), many thermometric investigations had been carried out in

the previous decade, and certain important observations, such as the

elevation of temperature which accompanies rigors (de Haen), the effect

of cold bathing on the temperature in typhus (Cun-ie), had already
been made in the previous centmy.

The temperature may be considered febrile wlien it rises more

than half a degree C. (nine-tenths of a degree F.) above the

normal point for the time of day at which it is observed
; as, for

instance, a morning temperature of 37'5°—38° C, or an evening

temperature of over 38° C. taken in the axilla. Such a slight

deviation from the standard of health is known as snJ)fehrile ;

when the temperature reaches 38'5° C. it is that of sluflit fever,

above 39*5° C. that of moderately Jiigli fever, over 40° C. that of

li'ujh fever. The highest recorded temjierature, which occurred

in a case of tetanus, is 44*7° C. (112*4° F.), rising after death

to 45"4° C. (113*7° F.). In the most severe acute diseases

(pneumonia, typhus, scarlatina, &c.), a higher temperature than

41*5°—42*5° C. is seldom met with, except in cases of sunstroke

and relapsing fever.

The mai'cli of the temiierature of the body in acute diseases

presents three distinct types.

1. Simultaneously with the commencement of the disease,

which is usually announced by a rigor, the temperature begins to

rise rapidly and continuously to a certain height, 39°—41° C.
;
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at this point it remains several days, showing only the ordinary

daily fluctuation of 0"5°—1°C. .Under favourable circumstances

the temperature then fiills almost as speedily and continuously as

it rose, usually within 12, 24, or at most 36 hours, to the normal

point or even slightly lower, in the latter case to return again to

the temperature of health when convalescence is established.

The best example of this type is fibrinous pneumonia in the

adult, in which defervescence begins about the seventh day,

seldom earlier. The transition from the temperature of disease

to that of health after this manner is termed Crisis. These

three well-marked stages in the course of the temperature,

namely, that of rapid increase {stadium incrcmenti), that in which

it is stationary (the acme), and that in which it sinks to the

Tiormaliiomt {stadium decrementi
,
or crisis), are clearly defined in

very many acute diseases, though in some the periods are shorter,

in some longer, than in pneumonia. Febrile conditions in which

the temperature during the acme shows little or no variation for

several days receive the name of continued fever.

2. In many other acute diseases the temperature rises more

slowly, so that several days elapse before it attains its maximum
;

this rise may be continuous, the normal daily fluctuations, how-

ever,
—

slight increase from morning till evening, slight decrease

from evening till morning,
—

being still traceable, or it may be

interrupted. The highest point being reached, it is followed by
the period named acme or fastiginm, lasting days or weeks, and

characterised by much greater daily variations than are found in

health. These cxacerhations and remissions resemble those of the

normal range, inasmuch as they occur at the same times—morning
and evening ; the exacerbation is usually at its height in the

afternoon or evening, the remission at its lowest point in the

early morning hours. The daily diflereuce amounts to 1°— 2-5° C.
,

or rarely 3° C. When the disease has a favourable issue the

return to the normal temperature is gradual, and takes place
either in a continuous descending line (that is, without the

evening exacerbations), or in such a way that both the morning
and evening temperatures are each day lower

;
or the morning

remission may be well-marked, while the evening exacerbation

remains, but becomes smaller on each day and thus slowly

approaches the morning temperature. This gradual re-establish-

ment of the normal temperature, which is accomphshed in 3—7
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(lays, is designated Lysis, as distinguished from rapid defer-

vescence or Crisis ; and the fehrile conditions indicated by a

stage of acme, or fastigium, marked by the above-mentioned

oscillations, are named remittent fever.

3. The third typical course which may be taken by the

temperature is found in intermittentfever . The paroxysm begins

suddenly, usually with a shivering, and the temperature speedily

rises to a height otherwise reached only in the most severe acute

diseases, 41°—41'5° C, or even higher : in a few hours it sinks

again as quickly and continuously to the normal point. On the

third day (tertian type), less frequently on the second day

(quotidian type), that is after 24 or 48 hours, the same phe-

nomena are repeated at the same time. When the febrile

paroxysm is later by a few hours (postponing type) the quo-

tidian becomes tertian ;
and similarly, when it is earlier by a

few hours (anticipating type) the tertian becomes quotidian.

The least common type is the quartan, in which the fever returns

at the end of 72 hours. In the intervals of exemption from fever

(apyrexia) ,
the temperature and general condition of the patient

are perfectly normal.

In other cases, of which the type is relapsing fever, the

febrile attack lasts longer, the temperature mounts to 41° C.

or higher, and returns to the normal point in a continuous

line. The intervals between the seizures have not the same

well-defined quotidian or tertian character as in intermittent

fever, but vary in duration from days to weeks. The last-

named temperature-types, the intermittent and relapsing, are

sometimes closely simulated by the occurrence of sudden exacer-

bations in the course of various acute diseases, depending on an

extension or complication of the local affection ;
in these cases,

however, the temperature in the intermissions is never that of

perfect health.

The march of the temperature in chronic diseases, when they

are accompanied by fever, resembles that of the remittent type,

with morning remissions and evening exacerbations, the morning

temperature being slightly above the normal, the evening tem-

perature indicating a considerable degree of fever. In another

class of cases the type is intermittent, the morning temperature

being normal, that of the evening high ;
more seldom the

intervals of apyrexia are of one or more days' duration, during
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wliicli time both morning and evening temperatures show no

deviation from the healthy standard. Both these temperature-

types are frequently met with, as in the caseous pneumonia
which leads to pulmonary phthisis and in the chronic inflamma-

tory diseases of the abdominal organs.
—There remains to be

mentioned a somewhat rare form of temperature course, the

ii/pus inversus, occasionally ol)served in phthisis and other

diseases
;

in it the remission takes place in the evening, the

exacerbation in the morning.

A second sign of fever is acceleration of the irulsc.

The pulse, in a healthy adult, beats at the rate of 60—80

times per minute, averaging I'l ;
in fever its frequency varies

from 80—150. A pulse of 100 may be regarded as indicating-

slight fever, 100—120 moderately high fever, above 120 high

fever ;
a pulse of 140—150 is rare, even at the crisis of acute

diseases, and generally warrants a grave jarognosis. Above

150— 160 the pulse becomes very small and thready, and is

usually the immediate precursor of death in acute organic or

zymotic diseases. A pulse of 150—160 occurs, in non-febrile

alfections, only in certain very rare cases of exophthalmic goitre

(Basedow's or Graves' disease*).

The acceleration of the pulse is for the most part due to the

increased heat of the body. This view is supported by the

fact that when animals are exposed to a great heat the heart

contracts more rapidly, and when they are cooled again it acts

more slowly ;
and further, at the onset of a fever the rise in

temperature often precedes the acceleration of the pulse, and, in

the same way, in rapid defervescence the pulse does not become

slower till the temperature has first begun to fall. The elevation

of temperature, however, though the most important, is not the

only cause of the acceleration of the heart's action, as a given
alteration of temperature is not always associated with a cor-

responding change in the pulse ;
and different individuals, having

The unusual rapidity of the pulse in this affection is most probably referable
to irritation of the sympathetic. Cases of compression of the rof/us by cervical or
intrathoracic tumours are characterised by a very rapid pulse, the cardio-inhibitory
function of that nerve being suij]iended by the pressure. I have, in one instance
in which the vajjfus was involved in a swelling of the lymphatic glands, noted a
pulse of 100 accompanied by no elevation of temperature.
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the same temperature, often show great dififerences in their pulse
-

rates. Those forces which in health produce a quick pulse,
—

such as muscular exertion, mental irritation,
—

operate much more

powerfully in disease, and in that way tend to disturh the relation

which undoubtedly exists between temperature and pulse. TIk;

same result may also follow the occurrence of certain morbid

complications : thus on the accession of an affection of the base

of the brain we may have a high temperature with a slow or even

subnormal pulse, evidently in consequence of irritation of the

origin of the vagus ;
and a rapid pulse with a relatively low

temperature is frequently observed in cardiac diseases, whether

primary or appearing in the course of another affection. Further,

in collapse and shortly before death the temperature may fall

while the pulse rises. It is thus obvious that the frequency

of the pulse cannot be regarded as a trustworthy measure of

the intensity of a fever
; nevertheless, apart from complica-

tions, the influence of a febrile temperature on the pulse is

thus far manifest, that when a considerable alteration of tem-

perature takes place the pulse never remains entirely unaffected,

but invariably responds to a certain extent. The frequency of

the pulse in fever, like the tem])erature, is subject to periodical

daily fluctuations, having a morning minimum and an evening

maximum
; and, other conditions being left out of consideration,

the extent of this daily difference bears a certain proportion to

that of the oscillation of the temperature, so that according as the

remissions and exacerbations of the latter are more or less marked

the frequency of the pulse is more or less affected. The sub-

sidence of the febrile pulse also, like that of the temperature,

may assume the form of crisis or of lysis ;
in the former case it

occurs rapidly, simultaneously with the sinking of the temperature,
and may reach the normal point at the very beginning of con-

valescence, while in the latter case it takes place gradually,
—

sometimes continuously, but more often interruptedly,
—with a

slight rise each evening.

Besides elevation of temperature and acceleration of the pulse,

changes in the urine rank as signs of fever
; these, however, will

be discussed further on.
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INSPECTION.

Many diseases of the chest, and abdomen, acute as well as

chronic, are recognisable at the first glance by a cliange in the

colour of the skill. The most common of these changes is

Blanching.

A high degree of j^allor has always a pathological significance ;

in a less marked form, however, (as it is often seen in perfectly

healthy persons), it can be so regarded only when the symptoms
of the disease, subjective and objective, ofi'er a satisfactory

explanation of its presence. It attracts attention most readily on

those exposed parts which are normally of a red colour, the face,

the mucous membrane of the lips, and the conjunctivaB.

It is caused, in every case, either by a diminution of the volume

of blood 1)1 circulation, by deficiency in the number of red blood-

eorjmscles, or by an unfilled condition of the capillaries.

The decrease in the quantity of the blood may be direct, the

result of haemorrhage from the lungs, stomach, bowels, or

urogenital ajiparatus, or of the effusion of blood or blood-tinged

exudation into the serous cavities. Or it may be indirect, caused

by a deficient supply or malassimilation of food,—as in all febrile

affections, in convalescence from severe acute disease, and in

many chronic diseases of the alimentary canal and the organs
connected with it. Further, we have the same condition produced
when the system, through loss of albumen, is deprived of much

blood-forming material
; instances of this are seen in cases in

which there is copious eflusion into the pleurae, pericardium,
and peritoneum, in general anasarca and in albuminuria.

Blanching from a deficiency in the number of the red blood-

corpuscles comes under our notice chiefly in chlorosis and other

ana3mic conditions (anaemia splenica, pernicious anaemia) and

in leukfcmia. In chlorosis not only is the total quantity of blood

in circulation probably diminished, but the red corpuscles may be

reduced to one-half their normal relative number, giving rise to

such an extreme degree of pallor as is rarely observed in any
other affection

;
in leuka3mia the alteration of the proportion of
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white corpuscles to red is due both to increase of the former and

decrease of the latter. In these diseases, also, owing to the

fewness of the red corpuscles, the blood is markedly wanting in

hasraoglobin, which may be reduced to one-third the normal

quantity ;
this is especially characteristic of some cases of chlorosis

in which, not the number of the red corpuscles, but their haemo-

globin, seems to be lessened.

Independently of any change in the blood, however, extreme

paleness of the skin may show itself when, from any cause, the

heart docs not contract u-ith siijicicnt force to aclequately Jill the

arteries and cajyillarics. Of the many varieties of pallor which

come under this category, the following may be mentioned :
—

that which is connected with emotional influences such as fear or

anxiety, and which is immediately produced by contraction of

the arterioles from irritation of the vasomotor nerves ; that of

syncope, which is due to sudden cnfeeblement or even momentary
cessation of the heart's action; that which appears in fatty

degeneration of the heart, and in those cardiac diseases in which,

from engorgement of the pulmonary vessels, the left ventricle

contains less blood than normally {e.f/., mitral disease). It

should be remarked that while it is true that blanching may arise

from any one of the above-named causes, it most frequently

happens that two or more of them co-operate in producing it.

The skin is sometimes simply white, as in chlorosis, when the

patient, provided there be no disturbance of nutrition, has other-

wise the aijpearance of health. At other times it is of a dull

earthy colour, at once giving the impression of serious organic
disease associated with disordered nutrition and emaciation

;

this is found chiefly in cases of malarial cachexia of old stand-

ing, leukoemia, amyloid and carcinomatous degenerations, and

many other diseases of the abdominal organs. The absolute

colourlessness of the skin is occasionally varied by the presence
of slight cyanosis ;

this occurs most often with those cardiac

affections in which there is a tendency to overloading of the

pulmonary circulation, and in various diseases of the respiratory

apparatus. Caseous pneumonic infiltration, even in its early

stages, is marked by pallor of the face, partly from repeated

hoemoptyses, but principally from the remittent fever which

accompanies it
; the whole countenance may be uniformly pale,

or certain spots may be of a bright red colour,
—the well-
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kuowii *'
hectic Hush

"
of consumptives. In these cases, also,

the colour comes and goes rapidly under slight physical or

mental excitement, the face being suddenly overspread by a fiery

blush, which just as suddenh^ disapj^ears. These symptoms are

most pronounced in Aoung persons with a delicate skin and in

whom the disease runs a subacute course.

Another common change in the colour of the skin is

Cyanosis.

It varies much in intensity, from a light bluish tint to a

dark bluish-black coloration. In the extremities, and wherever
the skin is most delicate and most vascular,

—in the lips, the

point of the nose, the eyelids, ears, nails, tips of the elbows, and
fronts of the knees,—it is earliest and most distinctly seen

;
even

when the cyanosis is extreme, and the whole surface of the body
is discoloured, it is most marked in the parts mentioned. The
mucous membranes have the same bluish hue as the skin.

Together with the lividity the superficial veins (in the arm, neck,

&c.) are seen to be so overloaded with blood as to stand out like

bluish knotted cords. These cases must be distinguished from
others in which the change of colour is merely local, and which
will subsequently be discussed. Cyanosis is always an indication

that the blood is deficient in oxygen and surcharged with carbonic

acid,
—that it is either not completely oxidised in the lungs, or

that, on account of passing slowly through the capillaries, it

gives off" too much oxygen to the tissues and absorbs an excess of

carbonic acid from them. It arises from one or both of these

causes, incomplete oxidation of the blood in the lungs and passive
congestion in the capillaries and veins, in various diseases of the

respiratoi-y and circulatory organs.
Diseases of the organs of respiration lead to cyanosis either

by preventing the access of air to the lungs or by diminishing
the respiratory surface, both causes being usually in operation
at the same time. The Jonitrr condition is present in those
affections in which there is any obstruction in the air-passages,
especially the hinnir or trxrhm, as in spasm of the glottis,

croup, and laryngeal diphtheritic, intralaryngeal tumours in the

neighbourhood of the rima glottidis, enlargements of the thyroid
body, and acute or chronic bronchial catarrh, in which the free
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entrance of air is hindered by the swelling of the mucous mem-
brane of the smaller bronchi.

Cyanosis results also from lesseninr/ of the hreathlnr/ surface,

in those diseases in which tJtc j)ulmonary vesicles areflllecl with

iiifiltration (as in the stage of hepatization in pneumonia), or are

subjected to pressiire from icithout (as in pleuritic effusion), or

lose their elasticity and become inexpansihle (as in emphysema).
In these and similar affections the air is not admitted into

the alveoli, and when the whole of one lung is implicated the

area available for respiration is reduced by one-half. But the

intensity of the cyanosis is not directly proportionate to the

extent of lung surface from which the air is excluded. The causes

of this absence of direct relation are very various, generally

peculiar to each case, and therefore not easily generalised ; the

only constant circumstance is that the cyanosis is most marked

when the obstruction to the respiration is suddenly set up and

when the patient is strony and plethoric. Thus, pneumothorax

following gunshot wound or the bursting of a cavity in the lung
causes very considerable cyanosis,

—a symptom which is not nearly
so noticeable in an equally extensive, but gradually-developed,

compression of the lung by pleuritic efi'usion. There is a

similar contrast between the symptoms of the acute infiltra-

tion of pneumonia and those of the chronic infiltrations leading

eventually to destruction of the air-cells by condensation or

atrophy of the lung tissue. Apart from special individual

difterences, the explanation of the fact that the slowly-advanc-

ing diminution of the respiratory surface in chronic disease is

associated with but little lividity evidently is that the healthy

lung gradually expands, and in that way comes to supply, to

a certain extent, the place of the partially disabled lung. That

robust, full-blooded persons, suffering from embarrassment

of the respiration, should present a higher degree of cyanosis

than those who are anaemic is to be expected, as the more

plethoric an individual is the more completely are his vessels—
and among them those of the lungs

—
filled, and it is well

known that the oxidation of the blood goes on more slowly when
the vessels are distended than when they are partially empty. In

phthisis, on the other hand, as the emaciation and decrease in

the quantity of blood in circulation keep pace with the reduction

of the respiratory surface, the cyanosis is always slight. Cyanosis
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becomes extreme when, as in the emphysema which accompanies

chronic bronchitis, both conditions which tend to produce it

are present,
—obstruction of the air-passages and diminution of

functionally active lung surface.

In vesicular emphysema the lividity of the skin is greatly aggra-
vated hy the state of emjun/ement of the sijstemic veins. In consequence
of the emphysematous dilatation of the air-cells the capillaries

distributed in their walls are partially or totally obliterated, and thus

a considerable resistance is offered to the emptj'ing of the right

side of the heart. This difficulty the heart is for some time enabled

to overcome by hypertrophy and increase of power of the right

ventricle ; eventually, however, its muscular fibre becomes the seat

of fatty degeneration, its action becomes weaker, the right cavities do

not discliarge the whole of their contents into the lungs and there-

fore cannot receive the whole of the blood brought to them by the

vense cavje, so that a permanent engorgement of the venous system is

established, manifesting itself in an overloaded condition of the super-
ficial veins (the cervical and brachial veins, &c.), and in cj-anotic

discoloration of the extremities.

Cyanosis may further be directly caused by congenital mal-

formations of the heart or by acquired valvular disease. Of the

former the most important are the rising of the aorta from the

right ventricle, the existence of openings in the interventricular

septum, and generally such malformations as permit of direct

communication between the two sides of the heart; but

persistence of the foramen ovale or ductus arteriosus does not

usually occasion very considerable cyanosis. Mitral insufficiency,

contraction of the left auriculo-ventricular orifice, tricuspid

disease, and fatty degeneration, being generally accompanied

by overloading of the right heart, of the pulmonary circu-

lation, and finally also of the systemic veins, tend to induce

lividity ; this, however, does not occur so long as the impediment
to the circulation is counterbalanced by increase of power and

hji^ertrophy of the heart, for although in these cases the vessels

of the lungs are over-filled, sufficient oxygenation of the blood is

secured by the gi-eater rapidity of the resinration. It is only
when the right heart is enfeebled by fatty metamorphosis that it

remains constantly overcharged with blood, and the complete

emptying of the venas cavre is prevented ; there is thus developed
a state of passive stagnation of the current through the capil-
laries and veins of the body generally, and cyanosis from the
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consequent free absorption of carbonic acid and the large quan-

tity of oxygen parted with.

In certain diseases of the abdominal organs cyanosis may
be a very prominent symptom. This is observed when the

diaphragm is forced upwards, and the adequate expansion of

the kings in that way hindered, by the presence of fluid or large
tumours in the abdominal cavity (ascites, ovarian tumours, &c.).

Cyanosis from such causes, when it does occur, is usually very
intense. Lastly, marked lividity may result from partial or

complete obstruction of the circulation by compression or ob-

literation of one of the large venous trunks : in this case the

cyanosis is local, not general, and confined to the region in

immediate connection with the vein implicated. The most

common examples of this are seen in the cj'anotic hue of the

forearm and hand on compressing the median vein as a pre-

liminary to venesection, and of the face in severe attacks of

coughing. In the latter instance the increase of pressure within

the chest takes efl:ect also on the large intrathoracic veins, so as

to render turgid the jugular and facial veins. The lividity fol-

lowing occlusion of the veins of the lower limbs by thrombosis

is not of a very marked character, as the engorgement of the

vessels is relieved by a dropsical efiusion into the subcutaneous

tissues, and the circulation in the capillaries of the skin almost

completely arrested by the pressure. In the rare cases in which
the venas cavte are entirely obliterated the cyanosis appears in

the upper or lower parts of the body, according as it is the

superior or inferior cava which is involved.

The livid hue of the skin in rii/ors, and that produced by the influ-

ence of cold on exposed parts, are due to the coutraction of the super-
ficial arterioles and capillaries, and the consequent retardation of the

current of blood through them.

Icterus,

This gcllow discoloration is sometimes perceptible only as a

slight golden glittering appearance of the most transparent parts,
such as the conjunctivae ; at other times it is citron-yellow,

orange, or even green or brownish-green (Melan-Icterus). In
all severe cases it is observable on the general surface of the

body, difterences in intensity at various points arising from
variations in the delicacy and normal colour of the skin

; thus
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the skin of the hreast, and other parts usually covered, becomes

more deei)ly stained than that of the face or the forearms of

working people. When the blood is pressed out of the capil-

laries of such parts, if the jaundice be very marked, the tissues

also are seen to have the same yellowish hue
;

so also the mucous

membranes, the internal organs, tissues, and fluids, all partici-

pate in this discoloration. The perspiration, the urine, and

sometimes even the sputa, are similarly tinged, while the fteces

generally lose their brown colour and acquire a grey or a light

day-like appearance. Icterus almost invariably arises from the

presence of some mechanical obstacle to the free flow of bile

from the ductus choledochus into the duodenum
;
the secretion

thus accumulates in the bile-ducts and, when these become

over-distended, passes through their walls and is absorbed into

the blood. This is known as Jaundice from obstruction or

absorption. The most frequent cause of this impeded flow of

bile is catarrh of the duodenum, the orifice of the gall-duct

being closed by the swelling of the mucous membrane (Icterus

duodenalis). Closure of the common duct, or of the hepatic

duct, or of several of its smaller divisions (by gall-stones, carci-

nomatous tumours, cirrhosis, or echinococcus cysts), or decrease

of the lumen of the various ducts (as by diffuse catarrh), tend to

produce more or less icterus. The most severe form, Melan-

Icterus, is met with almost exclusively in acute yellow atrophy of

the liver.

The only disease of the respiratory organs which is compli-

cated by jaundice and duodenal catarrh, and that in a mild form,

is the so-called h'dious pnciimouia. Icterus appears in the later

stages of cardiac diseases when, the heart's action being no longer

powerful enough to compensate for the embarrassment due to

mitral or tricuspid disease or fatty degeneration, there is conges-
tion of the portal circulation, swelling of the liver, and secondary

catarrh of the hepatic ducts. Even in these cases it is never

very intense, the skin being merely of a dull yellowish colour,

modified, as there is usually also more or less passive congestion
of the whole venous system, by a slight tinge of cyanosis.

Jatinclice sometimes occurs independently of any mechanical

obstructiim to the escape of bile into the duodenum, in pyaemia,

yellow ffver, ana;mia, after inhalation of chloroform and ethei", occasion-

ally after the exhibition of chloral hydrate, and in new-born children.
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This form is named hematogenous icterus,
—as distinguished from the

forementioned hepatof/enous variety,
—as it is generally believed to be

due to partial decomposition of the red blood-corpuscles and subse-

quent change of the colouring-matter so liberated (haemoglobin) into

a substance chemicall}' related to the colouring-matter of the bile

(bilirubin). This theory is based on the experimental facts that bili-

rubin may be detected in the urine, or that there may be a slight

yellowish discoloration of the skin, after the injection of a solution

of the salts of the biliary acids into the veins, these salts having a

solvent power over the blood-corpuscles, or after injecting various

acids which dissolve their haemoglobin. Transfusion, or even the

mere introduction of a quantity of water into the veins, depriving the

corpuscles of their haemoglobin by the operation of the laws of diflfu-

sion, leads to the same result. In old extravasations of blood also

the presence of biliary colouring matter has been demonstrated. Not-

withstanding this physiological evidence, doubt has lately been thrown
on the propriety of retaining in our classification a luEmatoijmous

variety of jaundice, inasmuch as the biliary acids, whose supposed
absence from the urine in haematogenous icterus and presence in that

of hepatogenous icterus have been regarded as sutficient grounds
for the assumption of two genetically different forms of the affection,

have been found also in the urine in pyaemia (Naunyn), and are

stated to exist in traces in all urines (Vogel and Dragendorff) ;
and

further, many cases hitherto considered as of haematogenous origin,

hepatogenous causes not being demonstrable, must now come under
the latter category as, even though the liver be anatomically intact,

jaundice may be produced simply by nerve-influence, whereby the

calibre of the gall-ducts is diminished, the flow of bile mechanically

obstructed, and the bile itself absorbed into the circulation.—Lowering
of the blood-pressure in the hepatic capillaries causes decrease or even

suppression of the secretion of bile, which is then absorbed within the

liver (Heidcnhaiu and Lichtheim). Of this nature are the icterus of

animals which have been starved, that which is associated with free

discharge of bile through a bihary fistula, that connected with closure

of the portal vein, and probably also that of the new-born (as after

birth the stream of blood coming from the umbihcal veins to the

portal vein ceases). The jaundice in poisoning by phosphorus, which

was formerly thought to be haematogenous, is obviously hepatogenous,

being caused by catarrh of the duodenum and partial closure of the

orifice of the ductus choledochus (Virchow).

Pigmentation of the Skin.

From tlie discolorations of tlie skin just referred to, wliicli

have their origin in a change in the colour of the blood, are to be

distinguished other varieties closely resembling them, due to

deposit of pigment in the tissue of the cutis. An instance of this

is seen in the bronzing which most usually accompanies disease

c
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of the snpra-renal capsules (known as Addison's disease), but

wliicli sometimes presents itself when these organs are perfectly

healthy. It occurs in all degrees of intensity, from dull yellowish

brown to bluish black, when it might, at the first glance, be

easily mistaken for extreme cyanosis : in two cases which came

under my own observation the skin was quite as dark as that of a

mulatto or negro. The bronzing usually involves large tracts of

skin,
—when the disease has lasted long generally the whole sur-

face of the body ;
in most cases it affects specially the exposed

parts (the face, backs of the hands), those which in health are

most deeply i^igmented (genital organs, nipples), and those which

are subjected to pressure or friction (the folds of the axillte, inner

surface of the thighs, &c). Its characteristic feature, which

defines it sharply from all similar kinds of staining of the skin,

developed suddenly or slowly in conjunction with disorders of the

generative system, psychical disturbances, &c., is that the con-

junctiva bulbi and finger nails are never implicated. Another

peculiarity noticed specially in cases of long standing is the

occurrence of scattered spots of pigmentation both in the already

discoloured skin and on the mucous membrane of the lips and

mouth. Pigmentation of the internal organs in Addison's disease

has not vet been observed. The cause of the bronzing of the

surface, and the explanation of its connection with disease of the

supra-renal capsules, are still unknown.

Avfiyria, staining of the skin from the long-continued internal use of

nitrate of silver, more rarely from painting the throat with a solution

of the same salt (Silvestri, Duguet, Krishaber), is but seldom met
with, and consists of a deposit of black granular particles of metallic

silver, or of silver compounds, in the cutis.'-' It is exceedingly like the

greyish blue cyanotic hue which is so common in congenital malforma-
tions of the heart, but is distinguished from it, as is also the foremen-
tioncd bronzing of the skin, by the fact that it does not disappear on

pressure. It sometimes extends over the whole surface (though it may
not be of the same deep shade at every point), is at other times con-

fined to certain regions, especially to the exposed parts, and does not

pass away on ceasing the administration of the nitrate of silver. It

has no general constitutional effect. The deposit of silver is found
not only in the skin, but also in the mucous and serous membranes,
and in the internal organs (Riemer, &c.).

* In one case observed by the author, that of a patient suffering from grey degene-
ration of the posterior cohimns of the spinal cord, about 24 grammes of the nitrate of

silver had been taken in the course of three years ;
it was only in the third year that

the firat indications of argyrosis were noticed.
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Pigmentation of the skin in small circumscribed spots comes

very frequently under notice. ]\Iany of these spots are of

artificial origin, appearing after the application of vesicants,

sinapisms, irritating ointments and liniments, while others are

the sequelae of exanthematous eruptions, ulcers, &c. Though
they may have no direct relation to the disease for which a

patient may be under examination, they nevertheless afford

much valuable information regarding his pathological history,

and supply data which enable us to judge better of the accuracy
of his statements.

Pityriasis versicolor is a discoloration of the skin confined to

certain regions, and caused by the growth of a parasite (micro-

sporon furfur) in the horny layer of the epidermis. It is found

in patches of variable size, slightly elevated above the surrounding

surface, irregular in shape, and dull yellow or yellowish brown

in colour
;

its most common seat is on the breast, the back, or

upper extremities, more rarely on the abdomen or lower extremi-

ties. These patches occasionally peel off spontaneously, or

may be easily detached in the form of branny scales, when the

skin below is discovered to be almost unchanged. The scales,

on microscopic examination, are seen to consist of masses of

parasitic filaments, between which numerous roundish spores are

arranged in clusters. Pitvriasis versicolor is often associated with

pulmonary phthisis and other chronic diseases leading to anaemia,

but it frequently appears also in those who are in good health.

Similar staining of the skin, though not of vegetable parasitic

nature, occurs during pregnancy and in the course of diseases of

the female generative organs, such as tumours of the ovaries,

uterus, &c. In phthisis pulmonalis and many chronic diseases

of the abdominal organs the face often assumes a dull yellowish

hue, quite different from that of pityriasis versicolor.

Constitution.—General Nutrition.

The variety of constitution and the condition of the nutrition

of the patient can also, to a certain extent, be ascertained by

inspection. A knowledge of the constitution with which we
have to deal furnishes us with manv indications of great

prognostic and diagnostic value. Thus, those who are feebly

constituted may always be said to be in more danger from an

c2
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attack of acute disease than those who are rohust. This is

especially true of acute diseases of the respiratory organs ;
in

the vif^orous they generally terminate in complete resolution, hut

tend to recur or to pass into other forms of disease (as caseous

degeneration or the various processes resulting in phthisis pulmo-

nalis) in those of a cachectic disposition. In the same way the

bronchial catarrh which sometimes supervenes on measles or

whooping-cough in weakly children often ultimately spreads to

the alveoli. In adults of unsound constitution bronchitis shows

a great tendency to return at intervals, to become chronic, and

eventually to develope into vesicular emphysema of the lungs,

pneumonia runs a longer course, is imperfectly resolved, or ends

in caseous metamorphosis, and pleuritic exudations are only

partially absorbed, or become the starting point of new morbid

processes. It is often of great importance diagnostically to

know the constitution of our patient. It enables us, for instance,

to distinguish between the onset of caseous pneumonia and that

of a simple bronchial catarrh (two conditions which present

much the same physical signs), as those who are of untainted

constitution are not at all predisposed to destructive changes
in the lungs. In this way also, even before making a

physical examination of the chest, we can frequently reassure

patients who, on account of having a chronic cough, are

apprehensive of falling into consumption, as it is certainly but

seldom 'that healthy non-cachectic persons are attacked by this

disease.

Well-nour'ishcd individuals have firm muscles, an elastic skin,

and an ample deposit of fat in the subcutaneous tissue. This

development of fat is usually greatest in those who indulge

unduly in the pleasures of the table, but is sometimes j^resent to

a very considerable degree even in those who are comparatively
abstemious ;

its occurrence is also favoured by a sedentary habit

of life, and to a certain extent limited by active exercise. Women
often become stouter after the cessation of the menses; and

amongst the lower classes the most common cause of obesity is

intemperance in the use of alcoholic liquors.

Emacidtion usually begins with the disappearance of the sub-

cutaneous adipose tissue
; the skin is thus thrown into folds and

wrinkles and becomes less elastic, the epidermis is occasionally
cast off in the form of branny scales {pityriasis tabescentium in
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cases of marasmus in children), and the muscles lose in volume

and power, so that those who are the suhjects of much wasting are

for the most part confined to bed. Extreme emaciation is always

easily recognisable, though when slight it may be apparent only

to the patient himself or his friends. The surest test of this

condition, however, is comparative weighing at intervals
;

in the

chronic affections accompanying consumption this method gives

the most reliable prognostic evidence with respect to improve-

ment, aggravation, or arrest of the disease.

There is always more or less wasting as soon as the weight

of the excreta exceeds that of the food, &c., consumed. Thus

it is seen in all diseases which are attended for any length

of time by fever (the supply of nutriment being almost stopped

and the consumption of albumen increased), in persistent stric-

ture of the oesophagus, chronic catarrh of old standing, dilata-

tion and cancer of the stomach, chronic catarrh and ulceration

of the intestines, carcinoma of the liver and other organs,

diabetes mellitus, &c. Diseases of the circulation, being almost

apyrexial, are unattended by emaciation. In acute miliary

tubercle of the lungs there is rapid wasting, chiefly owing to the

very high fever which accompanies it
;

it is most probable also

that the wasting which is such a constant and prominent symptom
of that form of pneumonia which leads to phthisis pulmonalis is

less due to the nocturnal sweating than to the febrile disturbance,

as, notwithstanding his almost insatiable appetite, the phthisical

patient rapidly loses flesh, but whenever the fever abates, and

the progress of the disease is thus temporarily arrested, he at

once gains in weight.

Emaciation, apart from its prognostic signification, is of some

importance from a diagnostic point of view. Thus, of all the

chronic diseases of the lungs, caseous pneumonia is the only one

in which it is observed ;
the other chronic lung affections, how-

ever, being almost free of fever, may run their course without

being marked by any trace of wasting, though they may give rise

to absorption of the parenchyma and to the formation of cavities,

and offer therefore the same physical signs as are found in

caseous pneumonia; such patients indeed, if only their digestive

organs be in good condition, may present every indication of

being perfectly well nourished.
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The consideration of tlie changes in the skin and in the

general nutrition should always he followed hy an

Examination of the Subcutaneous Cellular Tissue.—Dropsy.

One of the commonest morhid alterations observed in diseases

of the chest and abdomen, is accumulation of fluid in the subcu-

taneous areolar tissue {dropsy, a'dema).

The part so aftected becomes swollen, this being always the

more marked the more lax the structures invaded,-
—as in the

genital organs. The skin loses its natural colour, and becomes

pale, tense, and shining. Pressure with the finger gives the

sensation of kneading a doughy mass, and leaves behind a more

or less deep depression of the surface. This pitting is produced

by the fluid being driven out of certain of the meshes of the

subcutaneous tissue into those near it and communicating with

it
;
on the cessation of the pressure the fluid slowly returns and

the pit disappears. The obliteration of this pressure mark takes

place quickly when the anasarca is slight and recent, but more

slowly when it is extensive and of long standing, as in the latter

case the skin has almost entirely lost its elasticity from the ten-

sion and maceration by the efi"used fluid. Dropsy is invariably

caused by the transudation of the serum of the blood through
the veins. There is a certain amount of transudation constantly

going on even under normal circumstances, but the fluid is at

once absorbed by the lymphatic vessels
;

it is only when the

quantity poured out becomes so great that these vessels cannot

carry it otf that it accumulates in the cellular tissue.

The causes of the increased transudation of fluid are two,—
undue fulness of the veins and consequent increased lyressure on

their n-alls, or an (dmorm<dhi watery condition of the blood which

gives rise to changes in the walls of the vessels and renders

them more easily permeable (Cohnheim and Lichtheim).

Dropsy arising from the first cause is designated Passive dropsy,
as it always originates in obstruction of the current of venous

blood ;
that from the latter cause is known as Hydrcemic

dropsy.

Passive dropsy, when not strictly local, makes its appearance
first in the dependent parts of the body, and on both sides,

—in

the ankles and on the dorsum of the feet. At first, also, the

swelling disappears during the night when the patient is in the
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liorizontal position, the fluid being absorbed by tbc lympbatics ;

it returns in the morning, however, as soon as he leaves his bed.

In time it tends to become stationary, does not diminish during

the night, and mounts by degrees to the legs, thighs, genital

organs and the coverings of the chest and abdomen. To this is

frequently added efiusion of fluid into the peritoneum, pleurae,

and pericardium. It is after this manner that passive anasarca

occurs in cardiac diseases in the stage of compensatory disturb-

ance, in which the venous circulation is embarrassed and

engorged on account of the constant overloading of the right

heart,
—as in mitral insufticiency, stenosis of the left auriculo-

ventricular orifice, in cases of fatty heart, in tricuspid disease

and (seldomer) in the later stages of disease of the aortic valves.

This variety of dropsy not unfrequently appears in advanced

vesicular emphysema of the lungs, and here also is due to the

difliculty experienced by the systemic veins in discharging

their contents into the over-filled right side of the heart
;

it is

usually confined, however, to the feet, ankles, and lower part of

the legs. The most common abdominal causes of venous con-

gestion are diseases of the liver (cirrhosis and cancer) and of

the peritoneum (tubercle and cancer) ;
as it is the portal circula-

tion which is most immediately aflected ascites is the first

dropsical symptom, this being followed by oedema of the lower

extremities only when the venous current in the inferior cava

is impeded. Ascites alone, or followed after a considerable

interval by oedema of the lower limbs, points invariably to

disease of the abdominal organs, in men usually to cirrhosis

of the liver.

In dropsy from the second cause, hydnemia, the watery

condition of the blood induces morbid alterations in the struc-

ture of the vessels themselves of such a nature that the serum

of the blood passes through them more easily than in health.

Hydra3mia depends either on an impoverishment of the blood

in respect of albumen and fibrin, or on retention of water in

the circulation from arrest of the cutaneous transpiration

or diminution of the secretion of urine. It is chiefly in con-

nection with acute or chronic diseases of the kidneys that the

blood is found to be poor in albumen ;
in those afiections

also the increased blood-pressure within the renal vessels occa-

sions albuminuria. The dropsy of recent renal disease is
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distinguished from the passive dropsy of cardiac affections by

the fact that it usually shows itself first in the face, particularly

in the lower eyehds, and by its tendency to vanish from

these parts and to reappear in other situations, as the lower

limbs and the backs of the hands. It subsequently loses this

metastatic, migratory character, and in the later stages of

chronic nephritis becomes stationary ;
it is then most marked in

the lower extremities, spreads upwards gradually so as to involve

more and more of the limbs and trunk, and sometimes, like the

passive cardiac dropsies, gives rise, even at a comparatively early

period, to effusion into the serous cavities.

Dropsy from hydroemia is observed in cases of insufficient

nutrition {(edema pauperum),yfh.ich , however, are unaccompanied

by albuminuria, and in exhausting diseases, such as the last

stages of phthisis. Most commonly the oedema does not mount

higher than the middle of the leg, being often, confined to the

region of the malleoli or the dorsum of the feet. The urine may
be perfectly free from albumen, but should it be present, espe-

cially in phthisis, it indicates renal complication, usually of the

amyloid variety.

One of the most serious complications of scarlet fever in the

stage of desquamation is the occurrence of dropsy and reduction

of the quantity of urine secreted, wdth or without actual renal

disease. When the kidneys are not affected no trace of albumen

or organic deposit is to be found in the urine ; the cause of the

dropsy in such cases most probably is the retention of water

in the blood, arising partly from the diminution of the renal

secretion, but principally as the result of the disturbance of the

cutaneous transpiration. It sometimes happens that sudden

suppression of the perspiration from exposure to cold or wet, in

persons previously in perfect health, is followed by rapidly

developed general anasarca.

Dropsy of a local character, apart from a few cases originating
in certain inflammatory conditions of the subcutaneous tissues,

is always caused by occlusion of one of the larger venous trunks

and arrest of the current of blood within it. This closure is

usually dependent upon the formation of coagula or thrombi in

the veins, from the slowness of the circulation in the very old

and weak, or in those who are much exhausted by prolonged
illness or confinement to bed,—Marantic Thrombosis. Thrombi
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are most often formed in the saphenous and femoral veins, more

frequently on one side only than on both, and if the dropsical effu-

sion be not too abundant the clot may be felt through the skin as

a hard prominent cord. The oedema gradually disappears on the

complete re-establishment of the circulation. Occasionally the

cause of localised cedema of the lower limbs is to be sought for

at a point higher than the femoral veins,
—in the iliac veins or in

the inferior vena cava ;
here again it may be owing to thrombosis,

or to compression by the gravid uterus, by tumours, &c.

In many cases, however, localised anasarca cannot be very easily
accounted for. I have under my care a robust, florid, otherwise

healthy woman, 40 years of age, who for 10 years has suffered from
cedema of the legs, reaching as high as the knees, and which during
that time has varied but little, if at all

;
in another case, that of a

previously healthy man, an enormous dropsy of the legs and thighs

appeared, subsided after a few weeks, and has not since returned. In

both cases, notwithstanding repeated and careful examination, no
local or general disturbance that the symptom could be traced to was
detected

;
the urine was free of albumen.

Dropsy of one or both iqii^cr limbs occurs but seldom, and then

it is usually produced by compression of the axillary vein (as by

enlarged lymphatic glands) or of the subclavian vein. Still more

rare is anasarca strictly confined to the upper half of the body ;

it depends, as a rule, on thrombosis or compression of the vena

cava superior, as by intrathoracic tumours or exudations, or

aneurism of the aorta.

In the case of a woman 30 years of age, formerly in the enjoyment
of good health, I observed dropsy of the upper half of the body,
extreme cyanosis, and enormous dilatation of the veins connected with

the vena cava superior, all these symptoms being fully developed within

three weeks
; the lower part of the body remained perfectly normal.

Several of the superficial veins of the neck and back appeared to con-

tain onl}^ coagulated blood. As no post-mortem examination could be

obtained it can only be conjectured that the origin of all these pheno-
mena must have been constriction of the superior vena cava by
pressure from without or by thrombosis, as physical examination of

the internal organs did not reveal the presence of the sHghtcst morbid

change.

A second and rarer abnormity in the subcutaneous tissue is

the accumulation of air within its meshes,

Subcutaneous Emphysema.

Like dropsy, it gives rise to a certain amount of swelling, but
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as tliis is never so considerable as in that affection, the appearance

of the skin is not altered. Emphysematous parts, like those

which are anasarcous, pit on pressure with the finger, but not so

deeply, nor does the mark last so long, as the elasticity of the

skin is almost unimpaired, emphysema being a condition which

is generally very rapidly developed. Its most characteristic

feature is the feeling of cracJdiu;/ or crepitation communicated to

the hand on pressing the inflated parts, which exactly resembles

that experienced on pinching a portion of healthy lung between

the fingers. Emphysema is very variable in its distribution,

occupying sometimes a smaller, at other times a larger, area, and

occasionally extending over nearly the whole of the body. After

sraininf' entrance the air mav difluse itself indefinitelv in the

subcutaneous cellular tissue, as each mesh communicates with

those around it on all sides ; this may be demonstrated experi-

mentally on animals, in which it is well-known that the inflation

of the entire subcutaneous areolar tissue may be efi"ected from

any part of the body.
Subcutaneous emphysema is usually caused by internal or

external injury of organs which contain air. Eupture of the

oesophagus in the neck by perforating ulcers, from necrosis or

the swallowing of foreign bodies, may produce it by allowing the

air to enter the cellular tissue at that part, whence it may spread

to the breast or further ; but when' the trachea or one of the

larger bronchi is at the same time involved in the ulcerative

process and so made to communicate with the oesophagus

(broncho-oesophageal fistula), emphysema is wanting. When,
in cases of perforation of the stomach or bowel, the aftected part

becomes attached to the abdominal wall, the gas passes from

these organs into the cellular tissue if the opening be large

enough ; where this attachment does not take place the gas is

forced into the peritoneal cavity. Perforation of the larynx and

trachea from ulcer gives rise to emphysema in the region of the

throat, wounds of the costal pleura and surface of the lungs (by

stabbing, gunshot, or fractured ribs, and occasionally by the

bursting of an abscess of the lung) to subcutaneous emphysema
of the chest. In the latter case the air escapes from the ruptured
alveoli or smaller bronchi at each inspiration and passes directly

through the torn costal pleura to the subcostal areolar tissue when

there are inflammatory adhesions between the injured part of the
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lung and tlie chest wall
;
when no such adhesions exist pneumo-

thorax is first developed, the air being subsequently driven from

the pleural sac through the wound in the costal pleura, and so

into the cellular tissue.

Emphysema may also be set up by rupture of the air-cells, not

from external injury but from over-distension
;

here the air is

forced into the interlobular septa, through the mediastinum, and

into the subcutaneous tissue of the Iieck. It appears first in the

fossa jugularis, then in the areolar tissue of the side of the neck,

and finally on the surface of the chest. Weakness of the texture

of the lung, forcible expansion of the air-cells in severe dyspnoea,
violent attacks of coughing, evidently predispose to such tearing
of the alveoli, as most of the cases of this variety of emphysema
are observed in connection with croup, diphtheritis of the larynx,

hooping-cough and bronchitis in children, and advanced pul-

monary emphysema in the aged.

Sclerosis of the subcutaneous areolar tissue is a morbid change which
is very rarely met -u-ith. The extent of surface involved is very vari-

able
; thus, of four cases which I have seen, occurring in adiilts, in

one the skin of both lower limbs and of the abdomen was afiected, in

two that of the arms and face, while in the fourth it appeared in small

isolated spots on the forearms and hands. The indurated skin was
in all the cases shghtly cyanotic, obviously from compression of the

smaller cutaneous veins. The pathogenesis of scleroderma is still

very obscure. In tluree cases examined by the author the internal

organs were perfectly normal
;

in a fourth the patient suffered also

from Addison's disease, as in another case observed by Rossbach. In
a case of almost general scleroderma Heller found small fibroid tumours
and largely dilated lymphatic vessels in the areolar tissue under the

skin, and obliteration of the thoracic duct
; this gives a certain amount

of support to the theory that scleroderma depends on some disease of

the lymphatic vessels by which the flow of lymph is impeded.
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EXAMINATION OF THE ORGANS OF

EESPIEATION.

Inspection of the Thoeax.

The thorax displays endless varieties of build in its outline,

width, length, depth, and in the shape of the different bones

which take part in its formation—the clavicles, sternum, ribs,

and vertebral column. Its size is always directly proportionate

to the volume of the lungs. A typical, uormally-shapen chest is

rare. Our conception of such a chest would include perfect

symmetry of its two sides, both in circumference and in the form

of its constituent parts ;
a slight arching forward of its anterior

walls, beginning immediately below the clavicles, rising gradually

to the nipples, and sloping downwards from that point to the

lower ribs
;
the supra- and infra-clavicular regions should be on

nearly the same plane as the clavicles, the sternum and vertebral

column erect, and the scapula placed symmetrically ;
when the

subcutaneous adipose tissue is abundant and the muscles promi-

nent the ribs may not be perceptible in the upper two-thirds of

the chest, but only in the lower third, where the muscles are

thinner. In men and in virgins the nipple is situated at the

level of the fifth rib, sometimes in the fourth intercostal space.

Below the fifth rib in men is a deep furrow (Sibson's fold) which

marks the lower border of the pectoralis major, especially when

this muscle and its fatty covering are well developed. Among
the j>hysiological deviations from this typical shape may be

reckoned the undue prominence of certain parts, such as the

clavicles, the line of the costo-sternal articulations, and of parts

of the sternum itself, especially near the junction of the manu-

brium with the body of the bone. To this category also belongs

increase of the convexity of the ribs on one or both sides, most

frequently of the second and third, and particularly towards their

sternal ends
;

this malformation, when it involves several ribs,

gives rise to a marked bulging of the middle part of the anterior

chest-wall. Depressions, also of a physiological character, are

sometimes observed in the anterior wall of the thorax, more
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often affecting the sternum than the rihs, and the lower portion

rather than the upper ;
indentation of the lower end of the

sternum is not uncommon among workmen, especially among
shoemakers from the pressure of the last.

Pathological changes in the form of the thorax, of a persistent

or transient nature, are produced by various diseases of the

respiratory organs. These deviations may he arranged in the

following groups :

1. Dilatation (enlargement, bulging), unilateral or bilateral.

2. Contraction (diminution in volume, depression), unilateral

or bilateral.

3. Local depressions, unilateral or bilateral.

Dilatation of one side of the chest of greater or less extent is

brought about by the presence of morbid matters in the pleural

sac (fluid, gas, tumours), more rarely by actual enlargement of

the lung (hepatization of one entire lung).

The most considerable degree of enlargement, involving the

whole of one side, is found in cases of copious pleuritic effusion ;

a less abundant exudation produces only bulging in the lower

part of the thorax, most distinct on the sides and back ;
when

the fluid is but small in quantity it gravitates to the base of the

pleural ca-^ity behind, but makes no alteration in the form of the

chest.

The first indication of distension of the thorax by pleuritic

effusion is flattening of the intercostal spaces; subsequently the

increase of pressure gives rise to more general and marked

enlargement. The levelling of the intercostal spaces is due

partly to paralysis of the intercostal muscles from serous

inflammatory infiltration, partly to the limited range of move-

ment now possessed by the lung, which is reduced in volume

by the pressure and no longer in contact with the thoracic

parietes. When the effusion is not so abundant as to fill the

pleural sac, but leaves the upper lobes of the lung free to

expand and contract, this alteration in the intercostal spaces is

confined to the lower part of the chest, while the muscles above

the level of the fluid remain unaffected. So long as the exuda-

tion makes room for itself at the expense of the lung the thorax

is but very slightly enlarged ;
when the quantity increases to

any gi-eat extent, however, the augmentation of pressure becomes
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more evident in the greater enlargement of the chest and the

dispkcement of neighbouring parts, the diaphragm and the

organs immediately beneath it (the liver on the right, the spleen

on the left) being forced downwards, the mediastinum towards

the opposite side, and the heart, when the effusion is into the

left pleura, towards the right side. Thus the long and transverse

diameters are greatly increased, even more than is apparent from

mere inspection. Should the fluid be absorbed within a short

time the chest usually returns to its normal dimensions, but only

when the lung recovers its natural expansibility and elasticity.

Accumulation of air in the pleural sac (pneumothorax) has

the same effect on the external conformation of the chest as

pleuritic efi"usion, but as it is, as a rule, suddenly developed,

either from external injury to the pleura (by gunshot, stabbing,

or fractured ribs) or from the bursting of a superficial pulmonary

cavity communicating with one of the larger bronchi,* the lung

collapses more quickly and completely, and the aff"ected side soon

assumes the form which it has after deep full inspiration. Actual

enlargement occurs only when the air irritates the pleura and

exudation takes place, and the pneumothorax becomes a pyo-

pneumothorax. If the case progress favourably, and the offending
matters pass off by absorption, which does not often happen, the

chest regains nearly its normal shape ; most usually, however,
the original causes of the pneumothorax bring about a fatal

termination.

Extensive pneumonic infiltration of the whole of one lung is occa-

sionally accompanied by considerable enlargement of the correspond-
ing side of the chest. Vesicular emphj'sema of anc lung can scarcely
ever occur to such a marked degree as to alter the form of the thorax
on that side

;
the author, at least, has never seen such a case.

Tumours within the chest (mediastinal tumours, &c.) may also

produce very perceptible prominence of the affected side, and of

the sternum. Bulging of the lower part of the thorax on the

right side is generally owing to tumour of the liver (hydatid,

&c.), on the left to swelling of the spleen, on both sides to hyper-

trophy of both organs or to distension of the abdomen by ascites,

gas, or ovarian tumour.

* In some rare cases Pnenmothorax has occun-ed after an empyematous effusion had
made its way into one of the bronchi, after the bursting of emphysematous air-cells

(Rheder), and after rupture of the oesophagus or stomach into the pleural cavity
(Heubner, &c.).



SHAPE OF THE CHEST. 31

Bilateral enlargement of the thorax is often observed in marked
and advanced emphysema of the kings ;

in typical cases we have

the barrel-shaped chest, all whose diameters,— its length, breadth,

and depth
—are increased, the parietes being more prominent

both in front and behind, the ribs and sternum more convex, the

intercostal spaces wider but not puffed out to the general level of

the rest of the surface. This change takes place in the upper and

middle parts of the chest, the lower portion usually remaining
flat and of the normal form. In other cases this distinctive

barrel-shape is wanting, the chest appearing to be uniformly

enlarged in every part, even the lower portion being abnormally

prominent ; or the convexity may be limited to the front or,

more frequently, to the back of the chest
; and, lastly, there are

also certain cases of emphysema in which the thorax undergoes
no alteration whatever in size.

These differences in the configuration of the thorax in emphy-
sema depend on the degree of intensity of the affection, the

extent of lung implicated, and the exact locality of the lesion

(upper or lower, anterior or posterior, parts of the lung) ; the

duration of the disease and the more or less yielding character of

the thoracic walls also play an important part in determining
these changes, so that they are more common, cceteris paribus,

among the young than in the aged.

There is only a trifling difference in the circumference of the

emphysematous chest in inspiration and in expiration, on account of •

the very slight amount of expansion and contraction which takes place
in the lung ;

even after full expiration the thorax is abnormally dis-

tended, for which reason the typical emphysematous shape has been

named the permanent inspiratorij p(jsitl(in nf the thorax.

The enlargement of the chest in vesicular emphysema arises

from the fact that the lung becomes inelastic and does not sub-

side naturally in expiration, the parietes of the thorax therefore,

being no longer called upon to execute the usual movements of

respiration, assume permanently the form in question.

The second group ofpathological alterations in the shape of the

thorax include contraction, diminution in size, of the whole or part

of one side. It occurs most often in connection with the absorp-

tion of pleuritic exudation of old standing or when the fluid

discharges itself externally. Thus if the lung be subjected to
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great pressure for months by a large pleuritic eflfusion its elasticity

is more or less completely destroyed and it does not expand on

being relieved from this pressure by the disappearance of the

fluid,
—it is completely void of air and takes up much less room

than when fully inflated ; the chest-wall, therefore, sinks gradually

as absorption goes on. The same explanation applies also to

those cases of empyema which burst outwardly. In extreme

cases of this nature all the dimensions of the affected side are

reduced,
—most strikingly antero-posteriorly ; there is no trace of

bulging at any point, the thorax is flat and sometimes shows on

its anterior surface a considerable depression ;
its long diameter

is shortened, the diaphragm being dragged upwards, the ribs

made to approach more closely to each other, and the shoulder-

blades drawn downwards ;
its transverse diameter is less, the

ribs being forced together, bringing the nipple nearer to the

sternum and the shoulder-blade to the vertebral column than

on the sound side, while the anterior mediastinum is displaced

towards the afiected side. Further, there occurs in these cases

a distortion of the spinal column, the convexity of which is

towards the sound side, the dorsal muscles on the affected side,

like the intercostals, becoming paralysed from the persistence of

the exudation, so that those of the sound side have no counter-

acting force opposed to them
;
in this way also the shrunken

side of the chest has its transverse diameter diminished.—The

upward displacement of the diaphragm and the dragging of the

anterior mediastinum towards the diseased side have an im-

portant influence in altering the position of such organs as stand

in immediate relation to those parts. Thus, in contraction of the

right side the liver rises and the heart encroaches on the right

pleuritic cavity ;
in shrinking of the left side the heart is found

situated further towards the left than in health, and above the

level of the nipple. The heart's impulse may, nevertheless, in

cases of sinking of the left side, be felt at a point more or

less to the right of its normal position, when it has pre-

viously been dislocated towards that side by effusion into the left

pleura and has there formed adhesions. The most marked

contraction of one side of the chest, after the absorption of long-

standing exudation or the escape externally of empyematous
fluid, takes place in children, because in them we have the

dijBference in growth of the two sides to add to the other dif-
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ferences. The diseased side has its development arrested while

the sound side assumes vicarious functions and increases in size

accordingly.

I have observed one case, that of a lad 18 years of age, who in

childhood had suffered from empyema of the left side ^Yhich had
burst through the skin and discharged outwardly, in which the left side

was at most but a third of the size of the right, while the heart pul-
sated below the riijht nipple ;

it is thus evident that in the early stages
of the complaint the heart had been driven over to that position, and
had there contracted adhesions.

The shrinking after the absorption of old pleuritic effusion is

not always of such a striking character
; sometimes certain parts

of the lung become again expansible, and then it is only over

those portions which remain collapsed that the chest-wall sinks.

The same form of atelectasis as that produced by pleuritic effusion,

and the shrinking of the thorax associated with it, might, a jiriori, be

expected to occur after the absorption of the gas of pneumothorax of

old standing ; as the latter disease usually ends in pyothorax, or pyo-

pneumothorax, its secondary effects generally coincide with those of

pleuritic exudation.

The tJiii'd group of pathological changes in the shape of the

chest consists of circumscribed deprcssiuiis of the surface, which

are to be distinguished from the foregoing forms of contraction

chiefly by their being less considerable in degree and less ex-

tensive. They follow shrinking of the lung, from whatever cause

it may arise, and owe their existence to the fact that collapsed

portions of lung occupy a much smaller space than those which

contain air
;
and as the spare room cannot he filled up by another

organ the corresponding parts of the chest-wall yield to atmos-

pheric pressure and form depressions. By far the most common
cause of these concavities is caseous condensation of the lungs,

and as this takes place most often at the anterior and upper parts,

in the supra- or infra-clavicular regions, sometimes on one side,

at other times on both, it is in these situations that they may he

most confidently looked for. On the lower part of the posterior

surface of the chest these depressions are seldom seen, even when

there is considerable shrinking of the subjacent lung-tissue, as

the powerful dorsal muscles prevent their appearance.

It not unfrequently happens that in chronic interstitial pneumonia
and contraction of the pulmonary substance in childirn there are

D
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depressions on the surface of the chest of greater or less extent,
sometimes even as marked as those connected with pleuritic exudation.
In a case attended by me, that of a boy twelve years of age, there

was such extreme shrinking of the right lung that the chest showed a

very marked depression on that side, reaching as high as the fourth

rib
; the diaphragm and liver were carried upwards to about same

level, while the heart was displaced towards the right side, and pul-
sated in the third intercostal space close to the sternum.

The abnormities in the conformation of the thoracic parietes
which have so far been under discussion are caused by diseases

of the respiratory organs. There is another variety, however,
which depends on imperfect development, and which itself not

unfrequently gives rise to caseous degeneration and tuberculosis

of the lungs. It is characterised by a long, narrow, and shallow

chest, by sloping of the supra- and infra-clavicular regions,
wide intercostal spaces (on account of the diminished power of

the intercostal muscles), wing-like projection of the shoulder-

blades (from the feeble action of the serrati), undue prominence
of the acromial ends of the clavicles, and diminution of the antero-

posterior diameter. The manubrium sterni takes part in the

flattening, it sinks and so forms an angle (the angle of Louis)
at the point where it joins the body of the bone. This is known
as the jiaralytic form of thorax, the phthisical habit. Such
individuals have an elongated neck, a delicate skin, long ex-

tremities, and clubbed fingers ; they may, nevertheless, in spite
of all these drawbacks, enjoy perfect health, but when attacked

by disease of the respiratory apparatus can never feel assured of

making so complete a recovery as those who are of a more

powerful build.—There is another group of deformities due to

diseases of the bones,— to rickets and diseases of the vertebral

column. A description of these, however, does not lie wdthin

the scope of this work.

Mensuration of the Thorax.

Very slight variations in the form and dimensions of the

thorax are easily recognisable even by inspection alone, especially
when only one side is concerned. In cases in which such a

difference has to be determined once for all a special measure-

ment is scarcely necessary, more particularly as the slighter

degrees of difference, which may escape notice on account of
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the trifling inaccuracies often unavoidable in working with in-

struments, are distinctly appreciable to the practised eye. When,
however, the form of the chest undergoes certain changes in the

course of the disease,
—when, for instance, one side is first

enlarged by pleuritic effusion and afterwards contracts, it may
be desirable to ascertain definitely the extent of these variations,

in order to obtain a numerical statement of them with which to

compare the state of matters at a later period. With this end

in view we take the measurements of the circumference and

diameters of the chest and the extent of the movements of

respiration,
—the circumference by means of a tape divided into

centimeters, the diameters by means of calipers.

The circumference of the thorax at the level of the nipple in

front and of the lower angles of the scapuhie behind, when the

arms are raised and outstretched, amounts to about half the

length of the body ;
in well-built men the average is 82 ctmr.

(32"28 inches) at the end of an ordinary expiration, and 89 ctmr.

(35*04 inches) after a deep inspiration; at the ensiform cartilage
the circumference is about 6 ctmr. ('2'36 inches) less. In old age
it diminishes considerably, especially at the upper part, so that

the lower circumference becomes the greater. Perfect symmetry
of the two sides of tho chest is rare, the right being usually 1—2

ctmr. (0"39—0"78 inch) larger. In measuring only one side

of the thorax it is necessary to avoid those sources of error

which are apt to arise from differences of attitude on the two

sides.

The above numbers are those of Froblich, and represent the average
circumference in 725 men of 20 j'cars of age, well developed, and
destined for the military service. Krug's measurements, made on

3,331 men of 30—34 j-ears of age, agree generally with those of

Froblich, and show that the girth of the chest varied from 80'9—83-3
cmtr. (31-8o

—32-79 inches) during expiration, the average being 82-2
cmtr. (32-3G inches), and from 89-4—93-3 cmtr. (35-19—36-74

inches) during inspiration, the average being 90-7 cmtr. (35-71 inches) ;

the maximum range of the inspiratory movements was thus 8-5 cmtr.

(3'35 inches). The circumference of the upper part of the chest in

women is about 70 cmtr. (29-92 inches), that of the lower part 70
cmtr. (27*55 inches).
A knowledge of the circumference of the thorax throws but little

light on the condition of the internal organs ;
we learn merely that the

chest is weakly or powerfullj' built. It is a well-established fact that a

perfectly healthy state of the lungs is quite compatible with a chest-

circumference of 78 cmtr. (30-7 inches) or even less.

d2
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The diameters of the thorax are, 1, the long diameter,

measured from the clavicle to the base of the chest
; 2, the

transverse diameter (the hreadtk), a line drawn from a given

point on one side of the chest to a corresponding spot on the

other side ; 3, tJie antcro-'posterior diameter {the depth), a line

passing from any part on the anterior surface to a corresponding

point posteriorly, most usually taken from the sternum to the

vertebral column, whence the term sterno-vertehral diameter.

There are various other special comparative measurements which

are sometimes made on the two sides of the chest, such as the

depth at the apex, from the clavicle to the spine of the scapula,

the distance between the sternum and the nipples, or between

the nipples and vertebral column, &c. The changes in the

diameters of the thorax occasioned by diseases of the respiratory

organs have already been stated (p. 29 et seq.). The long diameter

is very variable, so much so that it is scarcely possible to fix on

any one number as expressing its normal length ;
the trans-

verse diameter in the upper and lower parts of the chest in adult

men amounts generally to about 25— 26 cmtr. (9*84
—10*23

inches), in women to 23—24 cmtr. (9*05
—9*44 inches), and

to 1 cmtr. (0*39 inches) more a little above the level of the

mamma ; the antero-posterior diameter is about 16 cmtr. (6*29

inches) superiorly, 19 cmtr. (7*48 inches) in the middle and

inferiorly.

When the chest is very much misshapen, especially from

spinal curvature, the tape, as it cannot be accurately ajDplied to

the various parts, gives no useful or reliable information. In

such cases Woillez' cyrtometer should be used ; this instru-

ment follows closely all the heights and depressions on the

surface of the chest, and when removed furnishes us with an

exact tracing of its circumference at the part examined.

This cyrtometer consists of a number of small rods of whalebone

1^ cmtr. iu length so united by stiffly-moving joints as to form a non-
resilient chain

;
at two points, coloured white, are hinges which are

more freely movable than the others. The apparatus is to be applied

closely to the chest and by pressure made to adapt itself to its form,

dipping into its various depressions (intercostal spaces), &c.
;

it is

then carefully removed, and its outhne, drawn on paper, represents

accurately that of the part of the chest examined. This measurement,
repeated from time to time, afibrds valuable indications as to the

progress of the disease under observation.
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The Movements of Respiration.

In ordinary circumstances the dilatation of the thorax in

respiration is effected simply by the action of the diaphragm and

of the intercostal muscles, aided, in women, by that of the

scaleni. In men the diaphragm is the most important of these

agents ;
when relaxed it projects into the thoracic cavity in the

form of a dome, but when contracted it becomes flattened and

descends, pushing before it the abdominal organs, elevating the

abdominal walls, and forcing outwards the cartilaginous parts of

the lower ribs. This is termed, for obvious reasons, the costo-

ahdominal type of respiration. In women the enlargement of

the chest takes place chiefly in the upper part (costal type of

respiration), and is produced principally by the action of the

intercostal muscles, and to but a slight extent by the contraction

of the diaphragm. This type of respiration is not, as some hold,

the result of embarrassment of the action of the diaphragm by

tight lacing and the pressure of the various parts of a lady's

attire, as it is observed in children of both sexes, who certainly

are not exposed to these influences
;

it seems to originate rather

in the greater flexibility of the ribs in both sexes during child-,

hood, and in the female sex during the whole of life, the

action of the intercostal muscles being more effective under these

conditions. When respiration is very full and deep, in old age,

and in certain pathological states, it occasionally takes the

costo-abdominal form, even in women. All the diameters of the

chest are increased in inspiration, the transverse and antero-

posterior diameters by the movements of the ribs and sternum,

the long diameter by the contraction of the diaphragm ;
it is by

the latter means that the capacity of the chest is most of all

increased.

The movemeuts executed by the ribs are of two kinds, elevation and

rotation. The antcrinr extremity of each rib is raistd and carried

forward, its fixed point being at the vertebral cokimn
;
the rib is at

the same time rotated, so that its convexity, which was before turned

do^\Tlwards, is now directed upwards and outwards. Further, as the

ribs have a general inclination downwards and forwards from the spinal
column to the sternum the effect of elevating them is to bring them
more towards the horizontal position ;

this is clearly seen in deep in-
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spiration and in attacks of dyspncsa. The sternum is raised and

carried forward by the movements of the ribs. The antero-posterior

diameter of the thorax is increased by the simultaneous forward and

upward movement of the ribs, its transverse diameter by their

rotation.

The lung follows every movement of the chest-wall. Its ex-

pansion in inspiration, as has been proved by exposing the

pleura, and by carrying on artificial respiration after opening the

thorax, takes place in two directions, from above downwards and

from behind forwards
;

for the former movement the fixed point

is the apex, for the latter a p)oint on the posterior surface of the

lung. If the lung at any part does not immediately expand
when the thoracic cavity dilates— a common enough pathological

phenomenon—this is at once indicated by the occurrence of a

corresponding depression on the surface.

The diminution in the capacity of the chest in expiration is

due solely to the relaxation of the inspiratory muscles and to

the elasticity of the lung ;
the ribs and sternum return to their

former position, and the distended lung contracts by virtue of its

elasticity and expels the air which it contains.

The extent of the movement executed by the several parts of

the thorax, which in normal and quiet respiration should be

equal on both sides, is usually measured by passing an ordinary

tape round the chest about the level of the nipples ;
in adults it

amounts to 7—8'5 cmtr. (2"75
—3*34: inches) when standing

upright, to \ cmtr. less when sitting. The changes in the

transverse and antero-posterior diameters are indicated on the

scale of the calipers. Inequality in the range of the movements

on the two sides, even when slight, is usually readily detected,

and points to the existence of some obstacle to the respiration on

the side which lags behind, especially to such impediment as

arises when a portion or the whole of one lung is completely

collapsed or partially deprived of air. In the former case the

corresponding side is generally motionless, or moves but little,

in the latter case it expands, but not so freely as the sound side.

These points may be observed even when the patient is breathing

quietly ;
a full inspiration, however, brings them out more

clearly, as the difference in extent of the respiratory movements
in superficial and deep respiration is more marked on the

healthy than on the affected side. Minute diff"erences ma}^
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often be recognised by examining the cliest in profile, frequently

also by watcbing tbe movements of tbe sboulder-blades. Tbus,

in patients suffering from large pleuritic effusion, when standing

with the arms hanging downwards, the scapula on the diseased

side is almost motionless, while that of the other side is con-

siderably raised and has its lower angle turned forwards. If

respiration be embarrassed in both lungs, as in bilateral emphy-

sema, neither side of the chest moves much, sometimes not

more than 5—6 cmtr., or even less. Should the obstruction be

situated in the upper lobe of one or both lungs,
—which occurs

most frequently in phthisis pulmonalis,
—the limitation of the

respiratory movements is confined to the upper part of the

chest on one or both sides. In the latter case the finer degrees

of divergence from the normal range of movement are recognised

with some difficulty, as we have no longer the advantage of

being able to compare one side with the other.

Sometimes certain parts of the surface of the thorax near the

apex on one side, more rarely on both sides, are observed to

sink markedly in insjnration and to bulge outwards again in

expiration. On close examination it is usually found that those

parts, which are, as a rule, situated on the front of the chest

and between the first and third ribs, are, even in the respiratory

pause, somewhat less prominent than those in their immediate

neighbourhood. These depressions are generally connected with

condensation and the formation of one or more cavities in the

subjacent lung tissue, and arise from the inability of the dense

inexpansible lung parenchyma to follow the chest-wall when it

is raised in inspiration, and the consequent yielding of the cor-

responding parts of the surface to the external atmospheric

pressure.

Inspiratory depressions are also very common in the lower

lateral intercostal spaces on both sides, in the epigastrium, in

the region around the ensiform process and sternal insertions

of the lower ribs, in the supra-clavicular regions and the supra-

sternal notch. These phenomena accompany the more severe

forms of vesicular emphysema of the lungs and stenosis of the

larynx (from croup, &c.). The cause in both cases is the rare-

faction of the air within the lungs, and the consequent pre-

ponderance of the external over the internal atmospheric pressure.

Direct proof of the accuracy of this explanation is found in the
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facts that inhalation of rarefied air from a pneumatic apparatus

produces sinking of the supra-clavicular regions and of the flexible

parts at the base of the chest, and that those concavities, when

due to emphysema or stenosis of the larynx, disappear on the

inhalation of condensed air.

It is evident that the air in the lungs must become rarefied in

severe emphysema and in constriction of the larynx or trachea, as,

notwithstanding the dilatation of the thorax and the expansion of the

lungs produced by the energetic contraction of the inspiratory muscles,

very little air enters the chest
;
the internal pressure is therefore ab-

normally lowered, the external pressure becomes the greater, and the

most yielding parts and those most distant from the larynx are forced

inwards. The diaphragm is quite unable to overcome this pressure
from without, and is rather driven upwards by it. The r?V/iV/ parts of

the chest, as they offer sufficient resistance to the weight of the atmos-

phere, are not subject to these inspiratory depressions. These symptoms
are much intensified on taking a deep inspiration, and are more observ-

able in those who have wide intercostal spaces and are of spare
habit.

In many cases of dyspnoea of old standing, especially in aged
emaciated persons suffering from emphysema, a shallow horizontal

sulcus (Harrison's Sulcus) marks externally the lower border of

that j^ortion of the diaphragm which rises from the xiphoid

cartilage.

An important diagnostic point is often found in the relative

extent of the movements of respiration in the upper and lower seg-
ments of the chest. When the impediment to the free entrance

of air into the upper lobes is considerable the lower lobes act more

vigorously and exercise vicarious functions, the diaphragm con-

tracts powerfully, the lower part of the thorax is widely distended,

while the movements in the upper parts are restricted. This type
of respiration is often seen in consumptives. On the other hand,
if the action of the diaphragm be more limited, as is often the case

when it is carried upwards by the pressure of fluid or tumour in the

abdominal cavity, or is forced downwards by pleuritic effusion or

pneumothorax, the lower j)art of the chest-wall takes a less pro-
minent share in the movements of respiration. Besides being

hampered in its action from these mechanical causes the diaphragm
may be partially paralysed from the persistence of the pressure
and from the spread of the inflammation to its serous covering.
In acute fevers having a protracted course (such as typhus) there

is usually a temporary enfeeblement of the diaphragm.
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More or less complete paralysis of the diaphragm from ncm-opathic
causes is rare, and is distinguished by the position of the diaphragm

(which is pushed upwards into the thorax), and by the passive retrac-

tion of the epigastrium and of those parts of the chest-walls from which

the diaphragm springs. The appearances are thus the same, though
not so well marked, as those which follow section of the phrenic nerve

in animals, the diaphragm being passively drawn up into the chest at

each inspiration and forced downwards into the abdomen at each ex-

pu'atiou. lu one case of partial paralysis, long under my own care,

occurring in a man otherwise healthy, the bulging of the surface of the

abdomen was wanting in shallow inspiration ;
with deep inspiration

there appeared in the upper part of the abdomen a series of wavy
elevations following closely on each other which, on expiration, returned

and disappeared in the same order. These peculiar phenomena had

lasted many months.

Stcthography.

(The graphic representation of the movements of respiration.)

Various instruments have been invented for the purpose of graphi-

cally registering the movements of respiration. Vierordt and Ludwig's
consists of a two-armed lever, the end of the shorter limb of which
rests on the abdominal surface of the diaphragm, whilst the longer

limb, litted with a pencil, records its movements on a slip of paper
which is caused to pass before it. In other appai-atuses (Rosenthal's,

Gerhardt's, Marey's, Fick's, &c.), though they ditier much in form, the

principle remains the same,—an arrangement of levers gives a tracing
of the extent of the movements, on a plate which glides past the body
at a certain rate. It is obvious that with these instruments the move-
ments of but one spot can be noted at one time. Riegel, however, has

constructed a " double stethoiiraph
" which enables us to examine at

the same instant any two points on the surface of the chest, no matter

how far apart, and thus to compare their tracings directly with each

other. It consists of a strip of paper which is carried forward horizon-

tally by clockwork, of two pencils which are kept applied to the two
sides of the paper by means of lever-work, and of two separate levers

which are set in motion by the rising and falling of the walls of the

chest, and which communicate their oscillations to the pens. The

tracings from the two sides of the chest, being on the same piece of

paper, can be easily compared with each other. The tracings may be
increased in size by lengthening the arm of one of the levers

;
in this

way the slightest action of any part of the thorax may be demonstrated.

The "whole instrument rests on an iron stand, on the longer beam of

which it is mounted and on which it is movable
;
the shorter beam

bears the counter-weight. A simpler instrument than lliegel's has

lately been devised by Haenisch
; it, however, does not indicate all

the variations in the respiratory movements, but only the length of

the inspiratory excursion at two corresponding points, such as the

apices.
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Investigations carried on by means of the double stethograph
show that under normal conditions inspiration is generally somewhat
shorter than expiration, and that between them there is no pause,

—
that inspiration, having reached its termination, is at once, though
almost insensibly, followed by expiration ;

and further, that the pause
between any two respirations is exceedingly short. All parts of the

thorax are not engaged in the same stage of the respiratory act at a

given moment
; inspiration may be completed at one point but only

begun at another, or in one part expiration may be only ending when
in another inspiration has already commenced. There may be abso-

lutely no quiescent interval when respiration is much accelerated
;

on the other hand, it is well marked when the breathing is slow. A
comparative examination of the tracings also shows that in men both

sides of the chest, all the intercostal muscles, and the diaphragm,
are called into action simultaneously, and that the inspiratory elevation

is equal on both sides
;
that in young persons not unfrequently the

upper part of the thorax moves more than the lower (a condition which
is reversed in old age) ;

and that in women the range of movement
of the parts of the thorax decreases from above downwards.

AVhen pathological changes take place in the respiratory apparatus
the stethograph gives much the same indications as simple inspection,
but usually of a more striking character

;
thus the slight degree of

elevation shown in the inspiratory tracing of a partially or completely
collapsed lung presents a marked contrast to the high curve of the

sound lung. Obviously the tracings are not diagnostic of the varioiis

causes of collapse of the lung (pleuritic exudation, pneumothorax,
pneumonia, phthisis, &c.), as they show merely that the respiratory
movements are restricted

;
the greater the collapse the deeper the

curve. Parts which sink in inspiration and become prominent in ex-

piration give a reversed tracing, the inspirator}^ line descending the

expiratory line ascending. The most characteristic tracings are those

of stenosis of the larynx and trachea, and of emphysema of the lungs.
In the first the expiratory curve is normal, while the inspiratory curve
is much prolonged, corresponding to the long duration of inspiration

produced by the blocking up of the air-passages ;
in emphysema it is

the expiratory line which is the longer, as it is the escape of air from
the chest which is most impeded. In severe and extensive emphy-
sema the expiration is somewhat irregular, being relatively rapid in

its first two-thirds
;
the obstacle to the expulsion of the air is then

suddenly encountered, when, in spite of the powerful action of the

respiratory muscles, the rest of the expiration is accomplished slowly
and with difficulty. This is all very clearly shown in the tracing, the

accession of the hindrance to expiration being indicated by a sharp
angle. In chronic catarrh this phenomenon is quite absent, expiration

being uninterrupted ; it is therefore graphically distinguishable from

emphysema.

FkEQUENCY OF THE RESPIRATION.

This, in health, amounts to 14—18 per minute in adult men,
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to a somewhat larger number in women and children, and to 40

or more in the new-born. One respiration usually corresponds to

four beats of the pulse. Position has but little influence on the

frequency of the respiration, though it is rather faster when sit-

ting or standing than when lying. The most extensive control

is exercised over it by the will,
—it may be voluntarily deepened

or made superficial, accelerated or retarded, or even arrested for

30— 60 seconds. It goes on most quietly and regularly when Will

and Perception are in abeyance, as in sleep.

Of the deviations from the normal frequency acceleration is

more common than retardation. The rate may increase to 70, 80,

or even to over 100 per minute
; generally, however, it rises no

higher than 40. Abnormal rapidity of respiration is called

dyspnoea. Respiration is sometimes not merely quickened, but

each inspiration may gain considerably in depth ;
at other times

respiration is simply fuller, while its speed is scarcely increased,

or may even be diminished. The latter condition also is known
as dyspncea.

Piespiration is physiologically accelerated by physical exertion,

such as rapid walking, running upstairs, and generally by all

those circumstances which tend to increase the action of the

heart. Those who are convalescent from severe acute diseases,

therefore, begin to breathe more quickly as soon even as they sit

up in bed, as the heart is thereby excited to more powerful
and rapid contraction

;
the same eftect is produced in some

patients by mental depression or even by the knowledge of the

fact that they are being observed by others. All these disturbing
influences have to be carefully weighed or excluded when we
wish to determine the presence or absence of abnormal frequency
of respiration, a symptom which, even when but slightly developed,
has always great pathological significance.

Acceleration of the Respiration takes place as a pathological

phenomenon in the following circumstances—
1. When there is pain in any part of the thorax or abdomen to

which the movements of respiration are communicated. The

patient breathes hurriedly but superficially, in order to avoid

adding to his suffering by causing disturbance of the parts

afiected,
—a condition of which the onset of pleurisy afi'ords a good

example. Painful affections of the ribs and of the muscles of the

thorax (as in acute muscular rheumatism) are, in the same way,
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associatccl with increased frequency of respiration, to but a slight

extent, hovvever, when the pain is located in the investing (pec-
toral and dorsal) muscles, most markedly when the proper

respiratory muscles (the intercostals and diaphragm) are impli-
cated.

In cue case of acute rheumatism of the entire muscular system of
the chest I found that the respirations numbered 40 per minute

;
in

another case, in which the symptoms seemed to point to inflammation
of the diaphragm, the respiration Avas over 50 per minute, while the

diaphragm remained almost motionless, the shghtest attempt at deep
inspiration being cut short by agonising pain.

The breathing of those who are suffering from acute pain in

the abdomen (as in diffuse peritonitis) is exceedingly shallow,
and therefore very rapid, as the contraction and downward
movement of the diaphragm and the consequent displacement of

the abdominal organs are thus reduced to a minimum.
2. Increased frequency of respiration is an unfailing concomi-

tant symptom in all febrile conditions of any considerable degree
of intensity, from whatever cause they may arise; it does not,

however, increase proportionately to the severity of the fever.

In very high fever the number per minute may reach 30— 40, in

children 50—GO, without necessarily implying the existence of any
lung complication. This is attributable to various causes,

—to

the acceleration of the pulse and the greater velocity with which
the blood circulates through the lungs, to the augmentation of the

quantity of carbonic acid contained in the blood, but most of all

to the abnormal elevation of temperature. Through those in-

fluences the respiratory centre in the medulla oblongata is

more often and more powerfully stimulated and the reflex

movements of respiration are more frequently excited.

That the rapidity of the breathing in fever depends more on the

temperature of the blood than on the rate of the pulse is proved by the
facts that many cases occur in which a high degree of heat and a

relatively slow pulse are associated with acceleration of the respiration,
and that, on the other hand, there are cases in which respiration be-
comes gradually slower as the temperature is reduced by the use of
cold baths, the pulse-rate remaining unchanged. Dyspnoea from this

cause (heat di/.ynuca) is the result of direct irritation of the respiratory
centre, as has been shown by numerous experiments on animals, in

which the blood, as it passed through the carotids, was artificially
warmed.



DYSPNOEA. 45

3. The most marked increase in the frequency of the breathing
takes place in those diseases in which the lutet'changc ofgases that

should go on in the lungs is disturbed, diseases whose seat may be

either in the respiratory organs themselves or in other parts. In the

former case the dyspnoea arises from the blocking up of some of

the avenues by which the air reaches the breathing surface, either

by diminution of the calibre of the air-passages or by conditions

which render the pulmonary vesicles impermeable.
The cases in which the air-canals are narroived may be divided

into two classes, those in which the obstruction is situated in the

larynx or trachea, and those in which it occurs in the larger bronchi

or their finer subdivisions. To the former group belong oedema

glottidis, croup, diphtheritis of the larynx, and thyroidal tumours

which compress the trachea
;
the latter group includes especially

catarrhal swelling of the bronchial mucous membrane, which,
when it is extreme, afiecting a large number of the finest air-

tubes, produces all the effects of constriction higher up—in the

larynx or trachea.

The alveoli may become impervious from infiltration with

plastic or fluid exudation (in pneumothorax, cheesy degeneration,
oedema of the lungs), or from compression (by fluid, air, tumours

in the pleura, &c.), or from loss of elasticity to such an extent

that they do not sufficiently expand in inspiration nor adequately
contract in expiration (as in vesicular emphysema). When,
from one or more of the above-named causes, the air-cells are

closed the decarbonisation of the blood is interfered with, the

blood becomes deficient in oxygen and contains an excess of

carbonic acid, and the respiratory centres are more frequently
and more strongly excited to action. The degree of the dyspnoea

depends on the more or less complete occlusion of the alveoli and

on the area involved in the changes which lead to this result
;

with certain reservations it may be said that, other conditions

being the same, it increases with the magnitude of the obstacle

to respiration, that is, with the diminution of the available

breathing surface. As a rule it is the more marked the more

suddenly the respiratory surface is reduced
; thus, in collaj)se of

one lung from pneumothorax, developed within a few hours, it

reaches a high degree of intensity ;
but should the collapse be

brought about by the pressure of a slowly-accumulating pleuritic

effusion, the dyspnoea is less considerable.
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When, as in pleuro-pneumonia, pain and fever co-operate with

the cause just described in accelerating the respiration, the rate

shows a very rapid increase and may soon rise to 40 or more

per minute ; on the other hand, certain varieties of chronic

consolidation of the lungs, inasmuch as their course is painless
and free of fever, are accompanied by much less disturbance of

the respiration than pneumonia, even when they disable a larger

portion of the lung. I have seen cases of complete atelec-

tasis of an entire lung, produced by pleural effusion of long

standing, in which the respirations were not more than 24 per
minute nor appreciably increased in depth.

In chronic affections in which respiration is obstructed its

frequency varies greatly, particularly according as the body is

well or ill nourished. Thus in phthisis pulmonalis, even when
it is far advanced and the breathing surface extensively destroyed,

respiration is often not at all hurried, because, on account of the

emaciation, the quantity of blood in circulation is decreased and a

much smaller volume of oxygen suffices for its decarbonisation.

In those destructive processes, however, which are not attended

by wasting, such as bronchiectasis, breathing is usually greatly
accelerated. Eespiration becomes exceedingly rapid also when
a new obstacle is suddenlv added to one of older standinsf.

Emphysematous patients feel tolerably comfortable as long as

their shortness of breath is due merely to inexpansibility of the

air cells
;

but should a diffuse bronchial catarrh supervene or

should the original disorder be seriously aggravated by cold

weather, their dyspnoea immediately becomes very distressing.
The frequency of respiration is further increased by certain

diseases of the heart, especially by those valvular affections which

give rise to overfilling of the jpulnionary circulation and thus to

interruption of the free interchange of gases in the pulmonary
capillaries. Among such conditions are insufficiency of the

mitral valve and stenosis of the mitral orifice
; in the first case

a quantity of the blood in the left ventricle passes backwards into

the auricle at each systole, in the second the free flow of blood

from the left auricle is prevented. Under these circumstances the

left auricle, and subsequently the pulmonary capillaries and

veins, become engorged, the necessary consequence of which is

that the blood is insufficiently arterialised in the lungs, the

respiratory centre is more powerfully stimulated, and the move-
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ments of respiration more frequently repeated. A second, but less

important, element in the production of dyspnoea in mitral disease

is the occurrence of bronchial catarrh from the passive congestion

of the circulation through the lungs. Those heart affections in

which the pulmonary circulation is intact, such as diseases of

the aortic valves, usually produce at first no dyspncea ;
but

in their later stages, when the left ventricle undergoes fatty

degeneration and is no longer able to propel the whole of its

contents into the aorta, and so fails to accommodate the whole

of the blood which should enter it from the left auricle, the

pulmonary vessels are overloaded and dyspnoea is established.

Slight dyspnoea, however, is set up iu aortic disease, from the in-

creased rapidity of the heart's contraction, and when the hypertropbied
and dilated left ventricle encroaches on the neighbouring parts of the

lung, causing them to shrink and so diminishing their respiratory sur-

face. The dyspnoea attendant on large aneurisms of the aorta may be

explained in the same way, though in this case it often arises from

pressure on the trachea. Disease of the tricuspid valve or of the

valves of the pulmonary artery very seldom occurs alone, but is usually
combined with aortic or mitral disease, so that dyspnoea in these cases

is of a somewhat complex origin.

Increased rapidity of the respiration may be due to diseases of

the abdominal organs in which the abdominal cavity is distended,

the diaphragm being pressed upwards into the chest and its

movements in this way limited. Dyspnoea is thus frequently

observed in cases of ovarian tumour, ascites, and tympanites,

especially when the patient assumes the dorsal position. The

greater the number of these exciting causes which coexist in

any given case the more marked is the dyspnoea ;
it takes

probably its most agonising form in the later stages of mitral

disease, when ascites, hydrothorax, and pericardial effusion make

their appearance together.

Not unfrequently we have dyspnoea proceeding from no obvious

cause, or at least from no cause which corresponds to it in

apparent importance. In most of these cases it is owing to a

temporary diminution in the calibre of the bronchi, from spas-

modic contraction of the bronchial muscles
;

it is therefore named

bronchial asthma. This variety of dyspnoea occurs in paroxysms
of relatively short duration, while in the intervals, Avhen the case

is not complicated with other affections, especially bronchial

catarrh, respiration may be almost normal.
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The theory that these dj'spnoeal attacks are referable to bronchial

spasm is well supported by experimental evidence. Irritation of the

vagus nerves in the neck is followed by contraction of the imstriped
hronchitil viusclci, and therefore by diminution of the lumen of the

bronchi
;

its effect also on the contractility of the lungs is indicated

by the rising of a column of fluid in the tube of a water manometer
attached to the trachea (Donders, Bert, Gerlach, &c.). It is especially
the finer and smallest air-tubes which take part in this spasm, though
it is not impossible that the larger bronchi may likewise be affected,

as the trachea of animals has been shown to contract on electrical

stimulation (Horwath). It has not yet been definitely ascertained

whether the alveoli themselves also shrink on irritation of the vagus.
The bronchial catarrh which almost always accompanies asthma has

manifestly but an inconsiderable influence in causing the dyspnoea, as

the latter occurs in paroxysms which, when they subside, are suc-

ceeded by an interval in which the breathing is easy and natural, this

remission being altogether independent of any change in the catarrhal

symptoms. In other cases, more rare than those just described,

dyspnosa may be periodical and of great severit}', while not the

slightest morbid alteration may be found in the respiratory or circula-

tory organs. It may be assumed that these phenomena are caused by
some transient irritation of the vagi, though the particular circum-

stances in which this irritation is excited are still unknown. In
the case of a young girl, whose internal organs wcTe perfectly healthy,
I have seen the respiration become as rapid as 40 per minute, and
sink again in a few days to the normal rate. For many years I have
had under observation another case, that of a woman, whose organs
of respiration and circulation have remained perfectly intact, but who
is subject to extremely severe paroxysmal attacks of dyspnoea, accom-

panied by a feeling of intense anxiety, during which the frequency of

the respiration increases to 70, 80, sometimes almost to 100 per
minute

;
the violence of the seizure then gradually abates, and respira-

tion again becomes slow and quiet. These attacks sometimes take

place daily, at other times they are absent for months together.
Bischofl' has recorded a somewhat similar case

;
the breathing, during

the paroxysms, was greatly increased in rapidity, sometimes to 160

per minute, but in the intervals was perfectly normal.

From ohjective dyspnoea is to he distiiiguislied a subjective

variety. Many persons complain of occasional shortness of

breath, especially those who have a sense of weight or pain in

the epigastrium from diseases of the stomach or from other

causes, those who have a feeling of oppression in the cardiac

region, hysterical individuals and others, in whom no trace of

any physical condition which might explain this subjective

dyspnoea can be detected. While it lasts no dyspnoea is objec-
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lively apparent, or the patients, while breathing superficially but

at the normal rate, only now and then draw a full, deep inspira-

tion,
—a state of matters very frequently met with even in perfect

health.

Genuine dyspnoea is distinguished by another peculiarity,

namely the greater depth and therefore the longer duration, of

each respiratory act. As a rule the depth is inversely proportion-
ate to the frequency. Thus, in the severe acute diseases of the

respiratory organs (such as pneumonia) the breathing is rapid
but not appreciably increased in depth,

—the respiratory muscles

being evidently unequal to a task demanding so much exertion,

as, in common with all the muscles of the body, they participate
in the general emaciation caused by the high fever. On the other

hand, in those chronic lung diseases in which the physical

strength is not reduced,—vesicular emphysema for instance,
—

respiration is often very deep and full while the increase in its

frequency is but slight. There are two forms in which this

gi'eater depth or longer duration of respiration may manifest

itself,
—it may affect principally the inspiration or the expiration.

Prolonged inspiration, inspiratory dyspnoea, is observed when
the air enters the lungs with difficulty, as in stenosis of the

larynx and trachea
;

its most typical and simple form is seen

in paralysis of the posterior crico-arytenoid muscles, the margins
of the glottis in that rather rare afi"ection being approximated to

each other in inspiration and relaxed in expiration,
—the reverse

of the normal movements. Prolonged expiration, expiratory

dyspnoea, occurs when the escape of air from the lungs is in any

way impeded, as in diffuse bronchial catarrh associated with

vesicular emphysema, though in these circumstances the inspira-

tion also is lengthened.
The greater depth of the respiration is the result of the

increased action of the ordinary respiratory muscles assisted by
that of the accessory muscles, the latter term including those

which, though they take no part in the thoracic movements when
the breathing is normal and quiet, contract powerfully when it is

desired to expand the chest to the utmost.

The accessory inspiratory muscles in the neck are the scaleni

and the sternomastoids. The anterior and middle scaleni raise

the first rib, the posterior scalenus the second ; these, however,

especially in the female sex, are not entirely inactive even in

B
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ordinary respiration. When the head is fixed the sternomastoidi?

elevate those parts into which they are inserted,
—the clavicles

and sternum. Certain of the thoracic muscles also may be

considered accessory muscles of inspiration.

The pectorales (major and minor), when the dyspnoea is very

intense, raise the ribs (second to sixth) when the head and

shoulders are fixed ;
it is by availing themselves of the action of

these muscles that emphysematous patients, when sufi'ering from

an attack of asthma, seek to obtain relief in grasping firmly some

object above their heads. The scrrati j^ostici superiores elevate

the upper ribs
;
the suhdaviiis has a similar action on the first

rib when the clavicle is stationary ;
the levatores costarum (breves

and longi) draw the posterior portion of each rib towards the

vertebral column
;
the levator angidi scapula, that part of the

trapezius which rises from the occiput and is inserted into the

clavicle and acromion, and probably also the scrrati antici majores,

act as inspiratory muscles, inasmuch as they move the lower and

middle ribs upwards and outwards when the shoulder is fixed.

Finally, it has been proved by experiments on animals that in

asphyxia the elevators of the head and spinal column aid in

inspiration ;
in men it is only when sufi"ocation is threatening, in

croup and spasm of the glottis, that these muscles are called into

action.*

While the above-mentioned muscles are to be regarded as

dilators of the thorax, others, such as the levatores alee 7iasi and

the levator palat'i mollis, co-operate with them by enlarging the

openings by which the air enters
; the sterno-hyoid, sterno-

thyroid, thyro-hyoid and omo-hyoid muscles also, by depressing
the larynx, facilitate the admission of air into the lungs. The -

most important of the accessory muscles of this kind are the

crico-arytenoidei postici ; when respiration is at all embarrassed

they at once contract powerfully, separate the arytenoid cartil-

ages, and so dilate the rima glottidis.

In animals the various groups of accessory muscles of inspira-

tion are brought into play in a certain order, according as the

difficulty of breathing increases; thus Traube states that first

the elevators of the upper ribs are thrown into violent contrac-

* One may easily, by simply fixing the arms, demonstrate on his own person the,

fact that these muscles are really instrumental in adding somewhat to the forces which
dilate the chest
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tion, then the scaleni, the elevators of the lower ribs, the sterno-

hyoids and sterno-thyroids, and lastly, the scrrati postici

superiores. In the human subject no such order is observed,

the additional movement is sometimes accomplished b}^ one set

of muscles, at other times by another. In general, however,

when the dyspnoea is considerable, the cervical muscles (especially

the scaleni and sternomastoids) are the first to come to the aid

of the ordinary inspiratory muscles
;
when the dyspnoea is still

more severe these are joined by the levaLores alte nasi, and in

the worst cases by the muscles of the breast and shoulder-blade.

Expiration, even when abnormally prolonged by the presence
of diffuse bronchial catarrh or other obstacle to the emptying of

the lungs, is usually effected by the elasticity of the lungs alone.

When this elasticity, however, is much diminished, as in the

advanced stages of emphysema, it is supplemented by the action

of various muscles
;

the thorax is thereby as far as possible

reduced in volume, and so made capable of greater expansion
at next inspiration. The principal expiratory muscles are those

of the abdomen
; they compress the abdominal organs and

thrust them upwards towards the diaphragm, the transverse

diameter of the abdomen being shortened by the action of the

transversalis, the long diameter by that of the recti. Other

muscles assist in expiration by drawing the thorax downwards ;

the ohliqui (external and internal) and the triangularis sterni

depress the anterior part of the lower ribs, the scrrati postici

inferiores (antagonists of the serrati postici superiores) have a

similar influence on the four lower ribs, and the quadratus lum-

borum on the lowest rib.

The existence of some difficulty of breathing may frequently
I be recognised at the first glance by the marked contraction of

several of the accessory muscles of inspiration, such as the

sternomastoid, scalenus, omohyoid, and upper part of the

trapezius. Should these muscles become hypertrophied by fre-

quent exercise of their function, as often happens in patients

who have long suftered from emphysema, each contraction

causes them to stand out prominently in their whole length, a

phenomenon which is exceedingly striking when the neck is

thin and emaciated, and when the supra-clavicular regions sink at

each inspiration. The contractions of the accessory expiratory

muscles also are sometimes visible.

E 2
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The effective operation of these accessory muscles depends

essentially on the position of the patient. When decubitus is

dorsal the muscles of the back, when lateral those of the under-

most side, act but feebly; the patient therefore instinctively

assumes such a posture as is best adapted for the vigorous

contraction of the most powerful of the inspiratory muscles or

which permits of the co-operation of the greatest number of them.

Accordingly the position of the dyspnoetic patient,
—

excepting

those cases in which he is not perfectly conscious, and does not

therefore select the most comfortable attitude,—furnishes us

with a useful indication of the greater or less gravity of the

impediment to the respiration. Thus, the obstacle cannot be

one of any very great magnitude if the patient habitually

lies on his back ;
with every aggravation of the difficulty of

breathing he assumes a higher position, and ultimately has to

remain almost constantly in the sitting posture (orthojmoea) .

In the most intense forms of dyspnoea, such as occur in the

asthmatic attacks connected with old- standing emphysema, in

diseases of the heart associated with ascites, hydrothorax, &c.,

the patient is sometimes unable to sit in bed, but is obliged to

pass many sleepless nights in a half-standing position or in an

arm-chair.

The semi-erect posture is often adopted even when the inter-

ference with the process of respiration is not of a very serious

character, especially if the affection of the lungs or air-passages

is attended by a profuse fluid secretion ;
in this position the

accumulated matters are more easily expelled on account of the

greater assistance which the muscles of expiration are then able

to render.

The exact seat of the obstacle to respiration has also consi-

derable influence in determining the habitual attitude of the

patient. If it involves one side of the chest only, as in pleurisy

with eff"usion, it is found that breathing is more easily performed

when he lies on the affected side, as the muscles of the sound

side are thus left completely unencumbered, and the healthy

lung is at liberty to dilate to its fullest extent and so to

partially compensate for the disablement of the other lung.

Should the patient turn to the sound side the dyspnoea is at

once greatly augmented, for not merely does the hindrance to

muscular contraction on the affected side continue as before, but
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on the sound side also the action of the chest is hampered, and
the weight of the fluid pressing on the healthy lung still further

reduces its available respiratory surface. On the other hand, at

the commencement of painful unilateral pleurisy the patient

generally elects to lie on the unaflected side, as resting on the

diseased side increases the pain. For the same reason when
there is a painful condition of one side of the chest arising from
other causes decubitus is usually on the sound side. These
observations regarding decubitus apply only to those diseases

which are characterised by the severer forms of dyspnoea; in

milder cases the patient reclines indifterently on either side,

according to habit.

When the function of respiration is in any way impeded, in-

crease in frequency and in depth are the most common changes
that the act of breathing undergoes. But in some rarer cases

respiration is not at all accelerated, or is even somewhat sloioer

than in health
; inspiration, however, is then always prolonged

and much more full. This type of respiration is observed in two

conditions :
—

1. In stenosis of the larynx or trachea, acute or chronic.

2. In lung diseases which are followed by affection of the

brain.

The first condition is best illustrated by laryngeal croup
—in

children the most frequent cause of laryngeal stenosis
;

in it

inspiration is prolonged, slow, and deep, and accompanied by a

pecuHar crowing noise (stridor) which is audible even at some
distance. This retardation of the respiration is due to the con-

striction of the rima glottidis which must always occur on the

deposit of croupous exudation above and below the glottis, but

which may also take place independently of the presence of the

croupous membrane, from inflammatory swelling and consequent

partial paralysis (paresis) of the muscles which govern the vocal

cords, especially those which relax them. It is thus only by
dint of very violent effort on the part of the dilators of the glottis

that the passage of air is permitted, so that inspiration becomes

laborious and deep; superficial, though frequent, respiration
would be of little avail under such circumstances. Further, in

those cases in which the vocal cords are covered with exudation

expiration also is obstructed and prolonged ; and as both inspi-
ration and expiration thus occupy a longer period respiration as
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a vhole is slower. Section of the recnrrer." _ . ^_t _

animals produces narrowiiio; of the glottis and gives r:- '.--.

same phenomena
—diminution in the frequency of resj :::::_

and deepening of each indiiddual inspiration.

This explanation of the eanse of retardation of the respiration is

appheable to most eases of stenosis of the larynx, even to those in

idueh expiration is not ohstracted. Thns, if a patient sniSering from

paralysis of hoth postenor erieo-arytenoid mnsdes, in vhieh there is

only irmpiratmy contraction of the glottis, shonld hreaOie rapidly he
would he dcToting as nmch time to expiration (which is free) as he
does to inspiration (idiith is diffieoH) ; he instinctiTelv prefers, there-

fore, to profraet inspiration at tiie e^iensr :: ez-
'

::.

E^tenments on animals famish : _t : :e explanation of the

slowness of respiration in the secci iety of cases, those

which are complicated hy the occurrence of brain disease. I: is

well-known that the respiratoxy centre is situated in the medulla

oblongata, close to the point of origin of the vagus nerves. It is

through these nerves that the respiratory impulse is excited and

the rythmical character of the movements sustained ; when they
are divided in the neck the frequency of respiration sinks con-

siderably, someune; :•:- even one-third its normal rate per

minute, while es. . _ inspiration becomes exceeding^

deep and is accomplished only by great muscular exertion ; and

if the respiration of the animals so operated on be still farther

embarrassed, as by puncturing one side of the chest or 1^ inject-

ing fluid into the pleura till one lung is fully compressed, and

the functionally active lung-suifrice in that way suddenly reduced

by one-half, the breathing nevertheless remains slow and quiet
as before. Similarly in men, respiration, notwithstanding the

existence of a considerable obstacle to its proper performance,

may be unduly retarded when the normal stimulating influence

of the vagi is withdrawn, an accident which is apt to happen
when their medullary roots and the adjacent parts of the brain

are compressed by fluid exudation, extravasation of blood, and
other changes in the basis craniL This same symptom, pro-

longed and deep inspiration, is observed also in limited regional
brain diseases ^eerderkrankungen] affecting even parts distant

frt)m the vagus,
—^in the coma which follows apoplectic seizures,

and in circumscribed softening.

"WLen the vagns is compressed by tmnoars ir .li ^- .L_ :
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during operation or by gunshot, respiration becomes less rapid, though
not to such a marked degree as when the nerve is divided in animals.
I have elsewhere recorded a case of this nature, in which the respira-
tions were 12 per minute and inspiration was abnormally deep, depen-
dent on paralysis of the vagus from diphtheritis of the fauces.

There is a special form of dyspnoea, known as Cheyne-Stokes'

Respiration, which is met with in some diseases of the heart and

brain, and in certain other affections in the course of which
cerebral complications arise. It consists in a regularly-occurring

pause, lasting \
—

I minute, during which respiration is com-

pletely suspended, and which is preceded by the following
characteristic train of dyspnoeal phenomena : inspiration, which
is at first short and shallow, becomes gradually deeper, and finally

markedly dyspnoeal ;
when this dyspnoea has reached the acme

of its severity respiration becomes again more and more superfi-
cial with each successive inspiration, and eventually comes to an
absolute standstill. When the pause has continued

-\
—

\ minute
these symptoms are repeated in exactly the same way. In

the most pronounced cases the dyspnoeal period, during which
the respirations number about 30, occupies h— | of a minute,
and the pause is of nearly the same duration. The whole cycle
of phenomena therefore takes up 1—1^ minutes; in less marked
cases it lasts only about 5 minute, and may easily be overlooked,

especially when the pause is very short. This variety of dys-

pnoea rarely occurs in the early stages of any disease, usually

appearing only a few weeks, days, or even hours before death
;

it is,

therefore, with but few exceptions, a fatal indication.

Stokes' respiration is observed in a great many different affections,

relatively most often in those diseases of the brain which give rise

to compression in the neighbourhood of the medulla oblongata,
—

haemorrhage, exudation, oedema, tumours, urasmia,—in certain cardiac

diseases, such as fatty degeneration, sclerosis of the coronary arte-

ries, stenosis of the aortic or mitral orifices, &c. As all these con-

ditions have one common feature,
—diminution of the arterial blood

supply, and so of the supply of oxygen, to the brain or respiratory
centre in the medulla oblongata,

—Traube has assumed it as the starting

point of his explanation of Stokes' phenomenon. His theory is that

tlic
irritabilitij of tJie rcsjnratori/ centre is so materially lowered by the

inadequacy of the supply of oxygen that a much larger accumulation
of carbonic acid in the blood than is usual is necessary fur the excita-

tion of the inspiratory impulse, that thus the time required for the

taking up of the requisite quantity of carbonic acid from the tissues is

longer, and that therefore the intervals between each inspiration are
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more protracted. In opposition to this hypothesis, Filehne, founding
his views on some observations made on animals (which, when strongly

narcotised, breathe in the above-described fashion) and on men, has

shown that though the irritability of the central organ of respiration is

indeed diminished, this alone is not sufficient to produce Stokes' respi-

ration, but that it is further essential that it be less easily excited to

action than the vasomotor centre. The symptoms are caused there-

fore in the following way : at the end of the respiratory pause there

is a large disappearance of oxygen from the blood, carbonic acid has

accumulated, the vasomotor centre is thereby stimulated, and the

arteries (the cerebral arteries among the rest) at once contract
;
this

produces a gradually-increasing anfemia of the respiratory centre, and

inspiration becomes more and more deep ; this, however, supplies the

wanted oxygen to the blood, the arterial spasm is relieved, the anfemia

of the respiratory centre passes off, and with it the exaggerated

impulse to respiration, and breathing once more becomes superficial.

When the arterial spasm has entirely subsided, so that the respiratory
centre is abundantly provided with decarbonised blood, the stage of

apnoea, the pause, is reached, and lasts till, by the abstraction of

oxygen from the blood, the irritation of the vasomotor nervous centre

is renewed and the whole series of operations again gone through.
That the arteries are strongly contracted is proved by the increase of

the arterial tension and of the blood-pressure, while the ansemic condition

of the brain is demonstrated by the fact that in young children, at the

end of each respiratory pause, immediately before the re-commence-
ment of respiration, and also while inspiration is gaining in depth, the

great fontanelle is depressed. And further, this form of dyspnoea

may invariably be arrested at the very commencement of each seizure

by the inhalation of nitrite of amyl, which dilates the vessels. We
are thus able to produce experimentally in animals all the phenomena
which go to form Stokes' type of respiration ;

we can diminish or even

cut off the blood supply of the brain, and so set up a gradually-

increasing dyspnoea, and we can then re-establish the circulation and in

that way reduce the dyspnoea or even arrest respiration.

Spirometry.

(The estimation of the vital capacity of the lungs.)

By the term vital capacity is understood the greatest volume

of air that can be inhaled by the fullest inspiration after the

most forcible expiration ; it must not be confounded with the

term total capacity, which means the vital capacity with the

addition of that quantity of air which still remains in the lungs
even after the most complete expiration. The latter, the residual

air, is displaced only when the lungs collapse on opening the

thorax.
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The vital capacity of the lungs may be most conveniently mea-
sured by means of Hutchinson's Spirometer.

This instrument consists of two cylinders, the outer of which is

open above and filled with water, on which the inner one floats : the

inner cylinder is open at the lower end, and properly balanced by
weights placed on its upper closed end. A piece of elastic tubing,

through which the patient is directed to breathe, is connected with the

larger outer cj'linder. In expiration the inner cylinder rises, in inspi-
ration it sinks, and the distance through which it moves is registered on
a scale graduated to show the number of cubic centimeters of air inhaled

or expelled. It is seldom that the apparatus is used for determining
the volume of air taken into the lungs, inspiration from the cylinder

through the tube being somewhat unpleasant. To measure the amount
of expired air the receiver is lowered so as to cause the index to point
to a low figure on the scale, the nostrils are closed, a deep inspiration
is drawn, and the air driven from the lungs through the tube and into

the cylinder ;
the latter is buoyed upwards by the air which enters it,

and remains fixed on the completion of expiration. If, for example,
the index has advanced on the scale from 2,000 ccm. to 5,000 ccm.,
the vital capacity of the individual is said to be 3,000*ccmtr.

The vital capacity of the lungs of healthy persons varies con-

siderably,
—from 3,000 to 4,500 or 5,000 ccm. in men, and from

2^000 to 3,000 ccm. in women. Besides sex the elements whose

variation seems to influence it most are height and age. It increases

at the rate of 60 ccm. for every centimeter of stature above 155 ;

thus if the vital capacity which corresponds to a height of

162 cmtr. be 3,000 ccm., that associated with a height of 167

cmtr. should be 3,300 ccm. Its relation to age is seen in an

increase of about 160 ccm. from the fifteenth to the thirty-fifth

year, and a decrease of about 900 ccm. from the fortieth to the

sixty-fifth year ;
it is further very low in the extremely aged and

in young children. Sedentary occupation and deficient nutrition

lessen, the opposite conditions augment, the vital capacity ; it

also undergoes diminution in the sitting posture, and when the

stomach is distended with food. The average in men of 20—40

years of age and of medium height may be assumed to be 3,600

ccm., in women 2,500 ccm.
;
in shorter individuals it may be

3,000 or less, while in tall persons it may mount to 4,000 or

more.

The vital capacity is diminished in all diseases of the respira-

tory organs in which the expansibility of the lungs is interfered

with
;
in the later stages of such afifections it may sink to half
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its normal amount, or even lower. This fall is dependent on,
but is not exactly proportionate to, the extent of breathing sur-

face encroached upon ; thus, if half of the respiratory area is dis-

abled, as by compression of one lung by pleuritic effusion, it

does not follow that the vital capacity will be similarly lowered

by one half, as under such circumstances the healthy lung
expands more freely, and so compensates somewhat for the loss

of function in the affected lune:.

Like every method of examination which involves the use of

large or unwieldy instruments spirometry has never come to be

regularly employed as an aid to diagnosis in the diseases of the

thoracic organs, more especially as the data so furnished are, as

a rule, less trustworthy than those easily obtainable by other

means. In those cases also in which physical examination alone
is sufficient to make it perfectly clear that the capacity of the

lungs is diminished,—as in pleurisy with copious effusion,
advanced emphysema, &c.,— it is superfluous to demonstrate that

fact further with the spirometer. Spirometry is thus most useful

when the decrease in the vital capacity is so trifling as to escape
detection by other tests,

—as when infiltration is beginning in the

apices of the lungs ; even then, however, it is scarcely to be

expected that so slight an organic change should very markedly
hamper the breathing, as complete infiltration of one apex lowers
the vital capacity by little more than 100 ccm. Further, the
results may vary to the extent of 100 ccm., according as the

operation is performed with due care and attention to all essen-
tial details or otherwise ; even persons practised in the use of
the apparatus do not always succeed in raising the index to the
same point. The vital capacity also differs so widely in indi-

viduals of the same height, age, and sex that, unless the usual
and normal capacity of the patient under examination be known,
one is warranted in making pathological deductions from it with
confidence only when it falls decidedly below the physiological
minimum. Finally, when the full dilatation of the lungs is

from any cause prevented (as by pain), when respiration is

abnormally frecjuent, or when the patient is very weak, spiro-

metry can scarcely be said to be available as a means of

diagnosis.

Nevertheless comparative spirometric observation, carried on
for some time and often repeated,—the above-named sources of
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error being excluded,
— comes to be of considerable value, as

indicating the progress of the disease (whether improving,

stationary, or being further developed).
The vital capacity is uicrcased, in health as well as in disease,

by residence in elevated rcnioim and by the use of certain 2>»''u-

matic a2)2)a ratuses,
—

by insjnration of compressed air, which pro-
duces greater expansion of the lungs, and by expiration i)ito

rarefied air, which permits of the more complete emptying of the

lungs : in the latter case a portion of the residual air also is

expelled, the total quantity of air displaced is greater than

usual, so that the lungs are made to dilate more fully in the fol-

lowing inspiration.

The most widely-known pneumatic instrument is the portable appa-
ratus introduced some 5-ears ago by Waldenburg, which is so con-
structed that the patient can at will inhale or expire into condensed or

attenuated air. For therapeutical purposes the vital capacity may be

augmented by expiration into a chamber the pressure within which is

1-GOth, l-40th, or l-30th, less than that of the atmosphere, or by
inspiration of air whose density is 1-GOth— l-iJOth greater than tbat of

the atmosphere. Inspiration of rarefied air does not add to the vital

capacity, but it stimulates the inspiratory muscles, making them
act more energetically, and in that way overcome the difficulty experi-
enced in breathing in such circumstances. Expiration into compressed
air does not affect the vital capacity, and is therefore not resorted to in

the treatment of disease. Though the volume of air set in motion in

each act of respiration may thus be increased either by expiration into

rarefied air or by inspiration of condensed air, these two metbods of

accomplishing that object cannot be used indifierentl}'. In pulmonary
emphysema, for instance, in which the alveoli are abnormally dis-

tended and inelastic, taking almost no part in the movements necessary
for the expulsion of air from the chest, the deficiency is chiefly in the

expiration ; here the ritnl capacity shauld he increased bj/ crpirin;/
into an atinusplicre of less than the nornud pressure, as by this means
the contraction of the vesicles themselves is favoured and a much
larger volume of air (1,000

—2,000 ccm. more) given out than in the

most forcible expiration under ordinary conditions : inspiration of

compressed air, however, would only have the ellect of still further

stretching the walls of the pulmonary vesicles and so of reducing the

dyspnoea (for which purpose, indeed, it is sometimes practised) but
not the emphj-scma. "When, on the other hand, the lung has become

partially consolidated by compression (as in cases of pleuritic etfu-

sion), in stenosis of the air-passages, and in phthisis, the lowering of

the vital capacity is owing to the inability of certain parts of the lungs
to expand sufficiently, so that the defect is principally in inspiration ;

here it is evident that the most appropriate method of treatment is to

promote the expansion of (he Inuf/s by the inhaUainn of condensed air.
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The benefit resulting from these proceedings is not of a merely tempo-

rary character, lasting only so long as the apparatus is in use
;
the

changes are frequently permanent, especially if the treatment be per-

sisted in for some time and the disease be not of a kind involving the

destruction of tissue. Thus there are numerous instances on record

in which pulmonary emphysema has been much diminished, in less

aggravated cases actually removed, by expiration into rarefied air

continued for weeks and months
;
not only has the dyspnoea been

abolished and the vital capacity greatly augmented (sometimes nearly

doubled), but the lower margin of the lungs has also been observed to

rise gradually to its normal level in the thorax. Equally favourable

are the results of this pneumatic treatment in chronic bronchial

catarrh, and in bronchial asthma (uncomplicated, or associated w^th

emphysema or catarrh). In the early stages of phthisis also the

capacity of the lungs may be permanently increased by the inspiration

of compressed air.

Pneiimatometry.

To Waldenburg also belongs the credit of having been the first to

applv the estimation of the force exerted in respiration,
—an operation

which, till his time, was regarded as of merely physiological interest

(Valentin, Donders, Hutchinson, &c.),
—to the diagnosis of diseases

of the lungs. The manometer in most common use consists of a glass

tube open at both ends, bent double, and supported on a wooden

stand
;

each vertical limb is about 270 mm. high and is half-filled

by a column of mercury, the top of which marks the point assumed as

zero. One limb is turned horizontally at its upper end and is inserted

into a caoutchouc tube; this is connected with a mask which fits closely

on the face, absolutely excluding the air from the mouth and nose.

On drawing breath through the caoutchouc tube the column of mer-

cury rises in that limb of the manometer nearest to the patient and

sinks in the other, movements which are, of course, reversed in expi-

ration. The extent of the fluctuation is read-ofi" on millimeter scales,

of which there are two, one on each side of the instrument, placed on

the glass tubes, and reaching above and below the zero points.

Obviously the numbers so obtained must be doubled, as the quick-
silver descends in the one limb exactly the same distance that it

ascends in the other.

It has been abundantly proved by the researches of the above-men-

tioned observers that in healthy persons the power put forth in expira-
tion exceeds that of inspiration, usually by 20—30 mm. on the scale

just described. The following table gives more nearly the limits

within which the pressure of forcible inspiration and expiration may
vary in health :

—
Inspiration. Expiration.

Mm. Mm.
In moderately strong men... ... 70—100 80—130
In very powerfully-built men ...120—IGO 150—220
In women ... ... ... ... 50— 80 60—110
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These points on the scale are reached only when the movements of

respiration are executed rapidly and with the utmost exertion of the

respiratory muscles
;
the mercury is then maintained at its maximum

height for scarcely a second, and falls again immediately. When
inspiration and expiration are performed slowly the manometer indi-

cates a much lower pressure, and the mercury remains longer at its

highest point, oscillating slightly upwards and downwards. For

practical purposes the former method recommends itself to the investi-

gator, as we therehy ascertain the positive maximum of inspiratory
and expiratory power the patient is capable of exerting.

As these pneumatometric signs have such a wide range even within

the bounds of perfect health, it is important to know at what point

they overstep these limits and acquire a pathological significance.

Generally speaking it may be inferred that an absolute diminution of

pressure exists in those cases in which it is decidedly below the

physiological minimum ; further, in largely-built individuals the physio-

logical vn'((7i should be taken as the standard, any downward deviation

from which is to be regarded as indicating disease
;
above all, how-

ever, the comparison of the inspiratory with the exph-atory mano-
metric pressure furnishes the best guide to a decision in this matter.

The diseases of the respiratory organs may be divided into two

principal pneumatometric types : in the first the conditions of health

are reversed, the positive expiratory pressure being less than the

negative inspiratory force, while the latter may be somewhat increased,

normal, or subnormal
;
in the second the negative inspiratory pressure

is lower than the physiological minimum, while the positive expiratory
force may be normal or subnormal, in the latter case being still

slightly greater than the inspiratory force. To the first class, that in

which the expiratory jjressure is diminished, belong indmonari) emphy-
sema (the lowering of pressure being here due to diminution in the

elasticity of the lung- tissue), bronchitis and nercous asthma. In the

second class, in which it is particularly the inspiratory poiver that is

lessened, are found ^^Af/i/sis indmonum (the manometric difi"erence

being observable here even when the disease is of but shght extent),
stenosis of the larynx a7ul trachea, and generally those diseases of the

respiratory organs which ofier increased resistance to the expansion of

the lungs (pneumonia, pleurisy) ;
in the more advanced stages of su(A

cases the expiratory pressure may also be decreased. Among
diseases of the heart mitral lesions most usually produce diminution

of expiratory power, the result of the consecutive hyperaimia of the

lungs (Waldenburg). Tumours of the abdominal organs (pregnancy,

efiusions, &c.), inasmuch as they impede expiration rather than inspi-

ration, tend chiefly to lessen the expiratory force (Eichhorst).
It is worthy of notice that in comparing the pneumatometric

with the spirometric signs, in health and disease, we find no evidence

of any fixed relation between respiratory pressure and vital capacity ;

the former may be high while the latter is low, and vice versa.
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PALPATION OF THE THOPAX.

The phenomena discoverable by palpation, with the exception of

those elicited in the examination of painful spots, do not belong

exclusively to this method, most of them being recognisable also

by means of auscultation and percussion. Palpation is therefore

most commonly resorted to merely as a means of confirming or

modifying the results of other methods of examination.

1. Movements of the Thorax.

The movements of the chest in inspiration may be as accurately

ascertained by palpation as by inspection and mensuration. The

palmar surfaces of the hands should be ^^laced on the sides or on

the anterior and posterior surfaces of the chest according as we

wish to observe its lateral or antero-posterior movements ; in

this way even a very slight lagging-behind of one or other side is

easily detected, frequently more readily than by inspection.

2. Examination of Painful Eegions.

The seat of a painful sensation is often very vaguely indicated

by the patient and can usually be determined with accuracy only

by the application of the finger. Pain arising from affections of
the bones forming the framework of the thorax, such as periostitis

of the ribs, is aggravated by pressure. Pleuritic pain, which

may quite escape the notice of the patient if the irritation of the

pleura be not very intense, is frequently elicited only by pressure
in one or more intercostal spaces and is always thereby con-

siderably augmented ; deep inspiration and forcible expiration,
as in coughing, produce tlie same results. Pain in the inter-

costal nerves, intercostal neuralgia, is similarly increased by

pressure. The pain of pleurisy may be distinguished from

that of intercostal neuralgia by the fact that in the latter it

generally extends along the whole course of the nerve in the

intercostal space or becomes peculiarly acute on exercising

pressure at certain spots (

"
painful points." ) Pain in the

muscles of the thorax, muscular rheujnatism, is invariably aggra-
vated by compressing the muscles between the fingers in a
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direction transverse to that of their fibres
; occasionally it is felt

only when this is done, and it is further never so perfectly
localised as the pain of pleurisy or neuralgia. Patients some-

times complain of undefined uneasy sensations in the chest which

it is impossible to trace clearly to any of the above-named causes
;

these are most probably propagated from some organ or nerve

situated in the immediate neighbourhood.

3. Pectoral (or vocal) Fremitus.

By this term is designated a vibration of the walls of the thorax

felt whilst spcakinrj, singing, or screaming, by placing the hands

on the chest. The vocal cords, thrown into vibration by the

expiratory current of air, transmit these vibrations to the whole

column of air in the bronchi and, if there be no special obstacle

in the way, to the walls of the bronchi and through them to the

thoracic parietes. The intensity of the pectornl fremitus depends,

apart from the mere strength of the voice, on the following con-

ditions : 1st, On the j^iteh of the voiee
,-

the ^dbrations of the

vocal cords in the production of a low-pitched tone being neces-

sarily larger than those concerned in the production of a tone of

high pitch, the sonorous wave is carried outwards with greater
force ; just as in musical (stringed) instruments the vibrations of

the lower strings are much more perceptible than those of the

upper strings, being fewer in number in a given time, so in the

human voice diff'erence in tone gives rise to variety in the strength
of the vocal fremitus, the latter being more marked in men than in

women, most distinct in those ha\-ing bass voices, and most feeble

in high sopranos. 2udly, On the diameter of the hronehus into

ichicJi the voeal vibrations are conducted, and its position relativehj
to the thoracic wall

,-
it is most intense therefore on the right side,

the right principal bronchus being wider, joined to the trachea at

a less acute angle, and situated nearer to the vertebral column than

the left, which is also separated from the spine by the oesophagus
and the aorta. 3rdly, On the marjnitude of the resistance offered
to the -passage of the sonorous vibrations through the walls of the

chest ; the vocal thrill will therefore be most perceptible in patients
in whom the subcutaneous fat is scanty and the muscular system
but slightly developed. 4thly, On the distance <f the spot under

examination from the larynx ; the fremitus is strongest over

the larynx, is distinctly appreciable in the upper parts of the
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chest (in the clavicular regions in front, and between the shoulder-

blades behind), and diminishes in force inferiorly.

Under certain pathological conditions the pectoral fremitus

is diminished or even abolished, at other times it is increased,

these modifications being rarely bilateral, usually confined to one

side, and extending over a greater or less area of the chest-wall.

It is diminished by the efi"usion of a large quantity of fluid into

one side of the chest, and disappears entirely when the exudation

fills the cavity of the pleura and causes complete collapse of the

lung. In the latter case the total suppression of the fremitus is

obviously due to the fact that the vocal vibrations are but feebly

conducted through the compressed bronchi and are still further

weakened and difi"used in the mass of the fluid efi"usion. The

pleuritic exudation here checks the sonorous waves, acting exactly
like the damper of stringed instruments, or the cloth covering
which is placed on a tuning fork to deaden its sound.

Efi"usion which is small in amount, not encysted, limited to

the lower and posterior part of the pleural sac, has little efi'ect on

the vocal fremitus
;
a decided diminution in its intensity takes

place only when the thickness of the exudation reaches or exceeds

2^ cmtr. In cases of double pleurisy with efifusion, in which the

quantity of fluid thrown out is usually small and occupies the

lower and hinder part of the chest, the pectoral fremitus is

slightly feebler on both sides.

Diminution of the vocal thrill in the lower and posterior part
of the thorax is of great value as enabling us to distinguish
between pleurisy and pneumonia in the inferior lobe of the lung
when the other symptoms alone are not sufficiently pronounced
to warrant an exact diagnosis ;

it clearly indicates the presence
of the former aff'ection, as in the latter the fremitus is never

decreased but always increased.

In the stage of absorption of pleuritic exudation the pectoral

fremitus, which had previously been abolished, becomes again

perceptible. This sign is of considerable importance, as it may
sometimes be observed when the other symptoms of absorption
are still absent

; more especially the level of the fluid may remain

unaltered though absorption has gone on to a considerable extent,

the mass of exudation being simply reduced in thickness and the

resistance to the propagation of the vocal -sibrations in that way
lessened.
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Similarly iu pneumothorax the vocal fremitus disappears
because the sonorous vibrations penetrate the lunpf with difU-

culty and are arrested in the gaseous medium inteqiosed between

the lung and the chest wall. A slight diminution of the thrill is

frequently noticed when the bronchi are loaded with secretion

from the mucous membrane, as iu chronic bronchial catarrh, the

cause here also being that the abundant secretion presents an
obstacle to the entrance of the waves of sound into the air-

passages ;
after free expectoration the fremitus returns.

When the parenchyma of the lung is consolidated by infiltra-

tion and so rendered void of air the pectoral fremitus is increased,
the condensed lung-tissue being an excellent conductor of sound.

In normal conditions the voice is heard only very faintly over the

side of the chest, as the healthy lung, consisting, as it does, of

non-homogeneous tissues,
—

air-spaces and fibrous septa,
—offers

continual interruption to the outward passage of the waves of

sound
; when, however, the lung is infiltrated and impermeable

to air it becomes a firm, homogeneous body, and acquires a higher

conducting power. Further, the vibrations emanating from the

vocal cords, when transmitted to the bronchi of a condensed

jDortion of lung, are concentrated, being prevented from entering
the infiltrated alveoli; they must thus reach the surface of

the thorax iu an exaggerated form. But it does not invariably

happen that the pectoral fremitus is increased when the pul-

monary tissue is consolidated
; that this may be the case it is

necessary that the bronchus leading to the part of the lung
involved be in free communication with the trachea

; should this

communication be interrupted, as by superabundant bronchial

secretion, the fremitus completely disappears, but returns when
the mucus is expelled by coughing. Amongst those diseases

which cause condensation of the lung-tissue, that in which the

vocal fremitus is most frequently and most markedly augmented
is the stage of hepatization in pneumonia ; here the impermeability
and solidification of the parenchyma are most pronounced, both

as regards intensity and extent. Condensation from other causes

is generally less complete ;
and in certain cases (of caseous pneu-

monia for example) it is not unusual to find that the voice, from

concomitant disease of the larynx, is very feeble even over the

vocal cords, so that its vibrations are no longer conveyed with

distinctness to the surface of the chest.

P
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A second cause of increase of the pectoral fremitus is the !

existence of cavities in the lung, situated superficially. Since

these cavities always contain air, communicate freely with a

bronchus of large calibre, and are surrounded by dense walls, the

sonorous vibrations have easy access to them and are increased

in intensity by reflexion from their parietes. The propagation

of these vibrations is also greatly facilitated by the fact that

those morbid processes which determine excavation of the lungs,

especially phthisis pulmonalis, are always accompanied by well-

marked emaciation of the thoracic parietes.

Vocal vibrations transmitted to the surface are perceptible not only

by palpation but also by auscultation
;
indeed it is by the latter means

only that the finer degrees of difference are appreciable. (See
" Bron-

chophony.")

4. Pleural Fremitus,*

(friction-sound perceptible to the touch.)

During respiration the visceral and parietal layers of the

pleurae, which are constantly in contact in their whole extent,

rub on each other, this action being the more forcible the deeper

and stronger the inspiration. In health these movements give

rise to no sound, as the pleural surfaces are everywhere per-

fectly smooth ;
when the latter, however, become roughened, as by

the fibrinous inflammatory deposit so often met with in pleurisy,

the respiratory movements are attended by friction recognizable

both by the hand and by the ear. (The characters of the friction

sound will be discussed in the chapter on Auscultation.)

This sign is seldom observed at the outset of an attack

of pleurisy, but appears usually in the later stages, when the

absorption of the fluid exudation has proceeded so far as to

allow the surfaces of the pleurae, now covered with a deposit

of lymph, to come into direct contact
;

it may sometimes be felt

during the Avhole of inspiration and expiration, but is commonly
' most intense at the end of inspiration. In many cases friction

fremitus is of a dull grating character, and consists of a

quick succession of detached sensations— peculiarities which

may be best compared with the creaking noise produced by the

bending of new leather. This jerky, non-continuous character

* This term commends itself chiefly on account of its shortness.
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is due to the fact that even in circumscribed areas the roughened
pleuraB do not touch each other at all points at the same
time ; but when inspiration is rapidly performed the individual

vibrations that go to form the pleural fremitus follow each other

very closely.
—In another series of cases the gliding of the pleural

surfaces over each other communicates to the finger the impres-
sion of scraping or scratching, or ofmerely the lightest //ra^^i^.

—
The intensity of the palpable fremitus depends on the amount of

the inflammatory deposit and on the energy with which respiration
is carried on. Very marked roughness produces usually a grating

sensation, slight unevenness merely a sensation of scratching or

rubbing ; the former condition is much more easily detected by
palpation than the latter. Pleural fremitus is increased by deep
inspiration, and frequently also by pressing the finger deeply
into the intercostal spaces so as to cause the costal and visceral

pleurje to bear more strongly against each other. Very often

the patient is himself sensible of this feeling of friction, and is

able to indicate to the examiner the exact seat of the affection.

Friction thrill becomes weaker when the pleuras become less

rough, from fatty degeneration of the fibrinous exudation
; it

may also be greatly diminished, or even caused to disappear for

a time, by repeated deep inspiration,
—a circumstance often

noticed in auscultation, and obviously owing to the surface -of

the pleurte becoming smoother by being rubbed forcibly against
each other ; after a short period of quiet respiration the fremitus

may again be felt. The area over which it is appreciable is

variable in extent, being sometimes limited, at other times com-

paratively large ; occasionally it extends over the greater part of

one side of the chest, in front, behind, and laterally, and in the

rare cases in which both pleurae are involved (double pleurisy) it

occurs on both sides. It may be stated as a rule that there is no

part of the thorax in which this pleural fremitus may not present

itself; it is observed most seldom in the apices, partly because

pleuritic effusion so abundant as to reach the apex of the lung
is somewhat rare, and also because the movements of the pleuroe

on each other in respiration are here much less free than at other

parts of the chest. Pleural fremitus limited to the apex, how-

ever, though it is very infrequent, may arise from absorption of

effusion encysted in that situation by pleuritic adhesions
;

in

other cases, in which the friction phenomena are perhaps better

f2
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detected by the ear than by the hand^ the pleura becomes in-

flamed and covered by fibrinous deposit when the cheesy pneu-
monic process going on in the apex approaches sufficiently near

to the surface of the lung. Pleural fremitus varies considerably

in its duration ;
it sometimes remains only a few days at one

part and then shifts to another according as the level of the fluid

in the thorax alters, at other times it is fixed for a longer period

at one spot ;
fremitus may thus persist for weeks or months

according as the process of absorption is more or less prolonged.

The differential diagnosis between pleural fremitus and other

similar sensations connected with the respiratory apparatus is

given below.

5. Bronchial Fremitus,

(vibrations caused by the movement of fluid secretion in the

bronchi) .

If the bronchial mucous membrane be extensively swollen,

and the calibre of the bronchi in that way reduced, or if the air-

j)assages be loaded with a very abundant fluid secretion, the

entrance and exit of the current of air are obstructed ; the bronchi

are thus thrown into vibration and the fluid contained in them

set in motion by the air as it passes through. The bronchial

vibrations and the movements of the secretion are transmitted

through the lung to the parietes of the chest, and these take the

form of the fremitus under discussion, a very exact conception of

the jieculiar character of which may be obtained by applying the

finger to a bass string which is vibrating powerfully.* As
bronchial fremitus, when present, usually manifests itself over a

large area, sometimes over the whole of the thorax—though pos-

sibly not with equal intensity at all points,
—it is necessary, in

order readily to ascertain its extent, to lay the palmar surfaces

of both hands first on the back and front and then on the sides,

directing the patient at the same time to make several deep

inspirations. It may be of much the same intensity both with

inspiration and with expiration, though occasionally it is more
distinct with the latter,

—a circumstance which is explained by
the unusual slowness of expiration when the calibre of the

* I would recommend the term bronchialJt-emitus to designate the impression above

described, especially as it presents an analogy with the expressions pectoral fremitus
and pleuralfremitus.
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bronchi is reduced by widespread catarrhal swelling of the mucous
membrane.

Bronchial fremitus is distinguished from pleural fremitus by
the following points : it has none of the irregular, jerky cha-

racter which marks the latter, in expiration it is as strong as, or

even stronger than, in inspiration, and it may be temporarily
diminished or even made to disappear by violent coughing, and

especially by expectoration of mucus
;
in some other cases, in

which the cough is unaccompanied by expectoration, the fremitus

becomes weaker at certain parts of the chest but intensified at

certain other parts,
—a phenomenon which has its origin in the

fact that forcible coughing displaces the fluid bronchial secretion

and causes it to occupy less space than before. Pleural fremitus,

on the other hand, is not at all modified by cough. (Various

other diagnostic characters are revealed by auscultation, which

see.)

Bronchial fremitus indicates the presence of difuAchronchial catarrh.

This agitation of the bronchial secretion is not only perceptible to the

hand but is also audible, even at some distance from the patient, as a

large bronchial r;ile. (See chapter on Rales.)
It is usually one of the most prominent symptoms in the bronchial

catarrh of young children, as the mucus secreted in that disease, from
the inability of patients of tender years to expel it by the act of cough-

ing, accumulates largely in the bronchi.—The part at which the fluid

secretion has chiefly collected maybe determined with a certain degree
of probability by simple palpation, the fremitus being at such points

rougher and of a moi'e rattling character ;
an exact diagnosis, however,

is attainable only by means of auscultation. (See chapter on Rales.)

6. Vibrations dependent on the Mo\'ements of Fluid

Secretion within Pulmonary Cavities.*

The agitation which is caused by the movements of respira-

tion in the fluids contained in cavities in the lungs is communi-
cated to the walls of the thorax, but only when these cavities are

situated in the upper lobe, and near the surface of the lung, and

when the chest itself is much emaciated. These vibrations

differ markedly from those which have just been under conside-

ration
; they are feebler and finer, give the impression of the

bursting of small bubbles, and are usually noticeable only at the

end of inspiration, in the upper part of the chest in front, and

*
[Cavernous Fremitus.—Trans.]
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over a limited area. They are entirely wanting when the exca-

vation has taken place in the lower lobe, as the thickness of the

muscular covering in that region offers great resistance to their

transmission. Cough, especially when followed by expectoration,
weakens them very much, or abolishes them for a time. (See

chapter on Rales.)

7. Fluctuation in the Thorax.

In cases of pleurisy in which the effusion is very considerable

in quantity, almost completely filling one side of the chest, a

feeling of fluctuation may sometimes be elicited by placing the

palmar surface of one hand on the side or back of the thorax and

tapping on the front with the finger of the other hand.

One might a priori expect to find fluctuation in such a case ; occa-

sionally, however, the rigidity of the thorax is such that the force im-

parted by the finger does not reach the fluid, or the chest-wall does not

yield to the wave even when the fluid is set in motion. The presence
of a thick covering of exudation on the pleurae may also prevent the

production of fluctuation,
—a further consideration which also explains

the comparative rarity of the phenomenon.
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PEECUSSION OF THE THOllAX.

Historical Note.

The discovery of thoracic percussion we owe to Auenbrugger, who
was born at Gratz in 1722 and died at Vienna in 1809. When en-

gaged in the study of empyema and the indications for the practice of

thoracentesis he learned in 1753 to distinguish the healthy from the

diseased side by the different sounds which they yielded to percussion.
After having worked at this subject about seven years he published, in

1761, his " Inventum novum ex percussione thoracis humani ut signo
abstrusos interni pectoris morbos detegendi." Auenbrugger himself

recognised the value of his new method of exploration in the diagnosis
of diseases of the chest,

—
though he had no conception of the wide

application it was to receive in our day,
—and insisted on its importance

in his " Monitorium
"

addressed to his fellow-physicians. It was,

nevertheless, much neglected by them : to some it remained quite un-

known, by many it was confounded with the Hippocratic succussion

observed in pyopneumothorax and accordingly ridiculed as the " In-

ventum novum antiquum," while by others (van Swieten and de Haen)
it was set aside as unworthy of serious consideration. It was only by
a very few, the principal of whom was Stoll, that it was employed in

practice ;
and when the latter died in 1787 the great discovery passed

into utter oblivion. Not until 1808, shortly before Auenbrugger's
death, did the " Inventum novum "

become generally known to German

physicians, through Corvisart's French translation. Corvisart extended

the application of percussion to the diagnosis of cardiac diseases and
aneurism of the aorta. But it is to Piorry and Skoda that the most

important advances in the study and practice of percussion are due.

The former invented the Pleximeter (in 1826), and was also the first to

avail himself of percussion in the examination of the abdominal organs ;

the latter clearly traced the special qualities of the percussion- sounds
to their general physical causes, he originated the doctrine on which
all our notions regarding percussion in normal and pathological con-

ditions are based, and added to our knowledge of the sounds that may
be produced by striking on the thorax by his exhaustive researches on
the subject of tympanicity (1839).

For many details concerning the interpretation of the various quali-
ties of the percussion sounds we are indebted to Wintrich (tympanicity),
Traube (the pitch of the sound), Biermer, Geigel, Wintrich, Gerhardt

(variations in the pitch of tympanitic and amphoric sounds), and many
others.

Wintrich invented the percussion-hammer in 1841.
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Methods of Percussion.

Tliere are two methods, immediate and mediate.

1. Immediate percussion, the method employed by Auen-

brugger and also for some time by those who came after him, is

performed by striking the thorax directly with the points of the

fingers. In this way the more obvious of the differences in the

intensity of tbe percussion sound are easily enough recognised.

We thus obtain in the upper part of the chest a sound which we
at once perceive to be distinctly clearer than that of the hepatic

region ;
and we may also, by this means, define the various

organs from each other with considerable exactness, and succeed

in determining the presence and extent of many pathological

conditions, such as pleuritic exudation, pneumonic hepatization,

&c. The sound elicited by immediate percussion is loudest over

the osseous portions of the thorax, more especially over the

broad smooth surface presented by the sternum. Much less

clear is the tone yielded by the direct percussion of the softer

parts,
—the intercostal spaces, the supra-clavicular and supra-

spinous regions, and the abdomen. This method has now, how-

ever, been generally abandoned, as it does not enable us to

distinguish with sufticient precision between the finer shades of

diflerence in the pitch or quality of percussion sounds.

2. Mediate percussion. It may be practised in three difi"erent

ways,
—with the finger of one hand interposed between the body

and the percussing finger, -^^-ith the finger and pleximeter, or with

the hammer and pleximeter.
a. The method which consists in applying the second or index

finger of the left hand to the skin and striking it with the middle

finger of the right is best suited for the examination of the

irregular or uneven parts of the thorax, to which the pleximeter
cannot be made to adapt itself accurately ; it is thus applicable
in cases of depressed sternum, of undue j)rominence of the ribs,

(particularly in emaciated persons), when the intercostal spaces
are narrow, and Ave wish to define sharply the boundary line

between solid organs and those permeable to air.

h. As the interposed finger is apt to become the seat of con-

siderable pain and swelling if frequently percussed upon a

pleximeter is usually substituted for it.
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This instriament is commonly made of ivory, though sometimes
vulcanite or other hard substance is used in its construction. The
most useful form of pleximeter is an oblong, slightly oval plate of

simple ivory, about 2| cmtr. in breadth, and fitted at each end with

small vertical ears roughened on their outer aspect. The accurate

delimitation of organs is much better accomplished by narrow than by
broad pleximeters. Instruments made with movable metallic handles

should not be used, as the handles become loose and make a clattering
metallic sound when the plate is struck. In using the pleximeter it is

above all necessary to see that it is closely applied to the surface of the

body, especially when examining uneven parts, as otherwise a small

quantity of air may lodge between the instrument and the skin, the

disturbance of which by percussion may give rise to accessory vibra-

tions.

In percussing parts whose surface is very unequal the double

pleximeter proposed by Seitz, made of caoutchouc and shaped some-
what like the bent tongue spatula, will be found very convenient. In

such cases also we may percuss on the end of the finger, which forms
a pleximeter having the advantages of being easily adaptable to all

parts and of being smaU enough to serve for minute examination. The
same object is accomplished by placing the pleximeter not on its flat

side but erect, endways, and percussing on one of the fixed ear-like

handles should these be large enough to answer the purpose ;
in such

circumstances, however, percussion with the fingers alone is easier and

gives the most trustworthy results.

In percussing, both on the finger and on the pleximeter, the finger
with which the stroke is delivered should always be half-bent, while

the movement of the hand should be entirely from the wrist. The

proper execution of this manoeuvre demands a degree of skill which is

acquired by many only by long practice ; those, however, who are ac-

customed to play on musical instruments, especially the piano, already

possess the necessary command over the wrist.

c. Percussion performed on a pleximeter with Wintrich's

hammer. This method is the easiest to learn, it is, as the

finger is not used, the least disagreeable to practice, and by it

louder and more definite sounds may be educed than when the

finger is used as the striking agent. Very marked differences in

resonance, such as that between the lung and liver sounds, are

most clearly demonstrated in this way. Nevertheless, with this

powerful percussion-sound is associated the gi'eat disadvantage
that in it the finer degrees of difi'erence in tone are completely

lost. It may be laid down as a rule that the stronger the per-

cussion the larger the area over which the vibrations are distri-

buted. It is on account of possessing more of this penetrative

power that hammer-percussion is apt to lead to erroneous
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conclusions, that a clear sound may be produced even though
the medium immediately behind the part struck be void of air,

the neighbouring air-containing structures being thrown into vibra-

tion
;

this source of error has to be specially guarded against in

examining the cardiac and splenic regions. Another objection

to the practice of hammer-percussion is that it involves the

loss, to a great extent, of the sense of resistance which is

experienced in finger-percussion. Both disadvantages may be

partially overcome by percussing with a light stroke, and by

grasping the hammer, not at the end, but at the middle of the

handle, and at the same time keeping the index finger closely

applied to the hammer-head
;
the finger is thus brought nearer

to the percussed structure, and the sense of resistance commu-
nicated by the latter more readily detected. AATien the utmost

precision is demanded in mapping out the size of organs and in

tracing the boundaries which separate parts containing air from

those which do not, when, for instance, we propose to define

with rigorous exactness lung from liver, heart, spleen, &c., it is

better to use the finger rather than the hammer, as by this tactile

system of percussion the slight resistance of parts permeable to air

and the greater resistance of those which are impermeable, are

most distinctly appreciable.

Whatever be the method of percussion adopted, if the examiner have

acquired sulSicient skill in its performance an absolutely accurate result

may always be obtained.— Although hammer-percussion, being the

most easily mastered, is most generally employed, it will be found ad-

vantageous to percuss always with the finger and pleximeter so long as

we can thereby elicit a distinctly defined sound. He who is skilled in

diyital percussion will be able to percuss equally well with the hammer,—
an axiom the inverse of which docs not hold (jood. It is also obvious

that besides being proficient in the technical part of the proceeding it

is necessary to possess a sensitive ear, educated to distinguish between
the finer gradations of sound.

Rules regarding the employment of forcible or gentle percussion can

be set forth only in a general way.
—The stroke should be somewhat

forcible in examining those parts of the chest which are covered by a

thick layer of fat or muscle,—the mammary and supraspinous regions,—in order that the vibrations may be carried through them to the

lung beneath
; gentle percussion in these parts would not give the true

pulmonary resonance but only the dull sound of the superficial soft

parts. Similarly, a strony percussion-stroke is necessary to determine

the condition (as regards the presence of air) of deeply-seated structures,

lying below other internal organs or tissues which may or may not

contain air. (See p. 79).
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On the other hand percussion must be (/entle where solid and air-

containinfi onfam (lung and liver, lung and heart) border on each other

superficially, and in all cases in which it is desired to ascertain the

density of parts situated immediately below the surface. The line of
demarcation between lung and liver may thus be most sharply defined

by percussing downwards with so little force that on reaching the
Uver only the sound caused by striking the pleximeter is heard

; just
at this point, however, at the end of a full inspiration the lower border
of the lung encroaches slightly on the liver, and we then again obtain

the clear pulmonary sound. In this way we find that the ear appre-
ciates more promptly the difierence between absolute dulness and slight
resonance than that between the (jreater or less clearness of the tone

produced by more forcible percussion.
—The percussion-stroke must

also be less energetic in children than in adults, because in them the
thorax is more yielding and the internal organs are smaller, so that

the vibrations generated by percussion at any part are more widely
conducted through the tissues, and in that way the more delicate altera-

tions in the nature and quality of the sound are hidden
; thus it often

happens that in percussing the chest in children a powerful stroke is

answered by a sound of a tympanitic character proceeding from the

simultaneous vibration of air in the intestines.—It is advisable also to

percuss less vigorously in the vicinity of inflamed and painful parts,
over pulsating aneui-isms (to avoid the danger of biu'sting them) and
cavities in the lungs ; rough treatment of patients in whose iungs
destructive processes are going on gives rise not only to pain but fre-

quently also to attacks of coughing. Those who have shortly before

suffered from haemoptysis, or are still bringing up blood in the expec-
toration, should not be subjected to examination by percussion ; cases—

usually phthisical
—are not wanting in which hemoptysis has fol-

lowed repeated percussion of the chest performed for the purpose of

practical clinical teaching.
One of the most important rules is always to percuss the thorax

symmetricalhj on the two sides. Although the more marked de\'iations

from the normal resonance are usually at once appreciated by the ear,

it is only by careful comparison with the sounds given by the corres-

ponding part on the healthy side that the slighter variations can be

satisfactorily made out. Thus in examining the lungs in front they
should be percussed symmetrically from the supraclavicular regions
downwards to the fourth rib, at which point the heart is encountered
on the left side

; laterally and posteriorly the same comparative method
of examination may be continued downwards quite to the lower borders

of the lungs. The muscles on both sides should as nearly as possible
be in the same state of tension

;
if they be more tense or prominent on

one side than on the other the resonance will be somewhat diminished
on that side. In percussing the back of the chest the arms should be

crossed in front in order to increase the space between the shoulder-

blades and to ensure that the muscles of the back shall be in an exactly
similar state of contraction on both sides. In like manner in per-

cussing the supraclavicular fossae the patient must hold his head
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erect, with the face looking directly forwards
; should he incline it to

one side, as he is apt to do for the convenience of the examiner, the

sound becomes less clear from the increased tension of the soft parts of

the neck. So far as the percussion of the lungs is concerned it is

immaterial whether the patient assumes the sitting, standing, or

recumbent posture.

The Thoracic Percussion- Sound.

This sound is of a complex nature. It is produced essentially

by the vibration of air contained in the indmonary air-vesicles,

in part also by the vibration of the thoracic parietes, and is to a

certain extent influenced by the degree of tension of the paren-

chyma of the lungs. That the normal clear percussion-note

depends principally on the vibration of air in the lung is proved

by the facts that it becomes decidedly duller as the capacity of

the lung diminishes, and that when a lung which has become quite

impermeable to air {e.g., consolidated by pneumonic hepatiza-

tion) is extracted from the thoracic cavity and percussed it gives
a perfectly dull, almost inaudible, sound. That the vibration of

the chest-wall also is concerned in the production of the sound

under discussion is indicated by the circumstance that the lung,
when removed from the chest and inflated, is less resonant than

when still within the thorax. And lastly, that the percussion-
sound is to a certain extent modified by the varying state of the

lung as regards the tension of its tissue, is shown by some

pathological observations, to be mentioned further on.

Many authors deny that the chest-wall participates in any degree
in the causation of the percussion-note, by others the part it plays is

much over-estimated, while by some it is considered the only part
concerned in the production of the sound. Williams explains the

normal thoracic resonance excJiisiveJij in this way ;
he believes that

the vibrations of the thoracic parietes, which are readily propagated
through a lung filled with air, are disturbed in their transmission or

completely arrested by an impermeable lung, or by the presence of

fluid or solid exudation in the pleural sac,—just as the tone emitted

by a violin-string becomes feeble when the mute is placed on the

bridge of the instrument. Such a theory is fitted to explain only
the diminution in the intensity of the sound in condensation of the

lung, though it is not to be forgotten also that a hepatised lung, when
taken from the chest, is just as non-resonant as before its removal

;
it

does not, however, satisfactorily accoimt for the production of tones

having a tympanitic and metallic timbre. "Williams' theory requires
no detailed refutation. It is evident, on the other hand, from the
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following considerations, that the chest-wall dors cmtrihute in some

degree to the formation of the percussion-sound : Mazonn has shown
that when the free vibration of any part is prevented by the pressure
of the hand or of weights laid on the surface the note obtained in the

region concerned loses in resonance, even after extraction of the tho-

racic organs ;
increase in the tension of the ribs or skin raises the

pitch of the sound, decrease in the tension of the ribs (as after

removal of the sternum) lowers it
;

the elevation in pitch which

accompanies deep inspiration depends chiefly on the greater tension of

the ribs caused by the expansion of the chest and on the contracted

state of the muscles
;

this raising of the pitch also occurs at various

parts behind which no portion of the lung is situated,
—a fact which

negatives the idea that the inspiratory expansion of the lungs has any-

thing to do with it
;

it is moreover well known that increase in the

volume of the lungs in inspiration has the opposite efiect,
—it lowers

rather than raises the pitch (Rosenbach ; see p. 88).

The Properties of the Percussion-Sound.

The classification of the properties of the percussion-sound is

based ou that of the qualities of a musical tone, though strictly

speaking these two species of sounds cannot be regarded as

absolutely identical with each other in all respects. A musical

tone is described as possessing Pitch, Timbre, and Intensity.

The pitch of a musical tone varies with the number of vibrations (as
of a string or a column of air) which take place in a given unit of

time.—Its timbre depends on the construction of the musical instru-

ment, all those made of like materials (stringed instruments, for

example) giving tones of an exactly similar character
;
timbre is also

slightly different according to the particular variety of instrument used,
so that a cultivated musical ear is able at once to tell whether a given
note has been sounded on a violin or violoncello.—The intensitij of a

musical tone depends on the amount of force expended in producing
the sonorous vibrations, and consequently on the ampHtude of the

latter.

The three qualities which distinguish musical tones are not

found in the normal thovacic percussion-sound,
—it possesses pitch

and intensity, but not timbre
;

it is not, in fact, a musical tone

in the sense in which that expression is used in physics, but is

better described simply as a sotind. As this normal sound, how-

ever, does acquire timbre, the tone ("klang") which renders it

of musical quality, in certain pathological conditions, a third

property must be ascribed to it,
—that of absence of timhre (want

of distinct musical character, non-tympanicity). Of these three
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qualities,
—

intensity, pitch, and absence or presence of the pecu-

liarity called timbre,—the most important is the first.

The Intensity of the Percussion-Sound.

(Clearness and dulness.)

The opposite extremes in the intensity of a sound are strong
and weak, loud and soft

;
but in the terminology of percussion

which prevails in Germany, the extremes are designated loud

and dull, the intermediate vai-ieties of resonance muffled or

obscured.

However convenient this nomenclature may be, if we wish to indi-

cate the qualities of the percussion-sound as far as possible in terms

similar to those employed in describing musical tones the above

expressions must be considered badly chosen, as dull is not the"

opposite of loud but of clear. On the other hand clearness and
dulness are not tbe opposite extremes of intensit}/ of a tone, because

a clear tone may be very weak (soft) and a dull one very loud
;

nevertheless hud and didl may be used to designate contrary quali-
ties of a tone with respect to timbre and pitch.

—It would thus be
more appropriate to speak of the normal pulmonary sound as being
both loud (strong) and clear, the opposite of which would be soft

(weak) and dull ; in this way we should indicate both the intensity and
timbre of the sound. The term soft ("/mf "), however, is one that

has never been definitely adopted into tbe terminology in question.
—

Muffled is a very fitting term by which to express the transition from

loudness (clearness) to dulness, as a muffled sound is not only less

loud but also less clear.

Apart from the mere force exerted in percussion, the intensity

of the sound depends, 1st, on the structure and thickness of the

chest-iccdl ; and, 2ndlY, on the quantity of air contained i}i the

lungs.

1st. The shock produced by the percussion-stroke is much
diminished in force in its passage through the thoracic parietes
to the lungs, this enfeeblemont during transmission being the

more marked the thicker the tissues through which the impulse
has to be conveyed ; frequently, therefore, the amount of vibra-

tion set up in the lung is but very slight. Thus the sound that

is given by the lung, even when the latter is in a normal condi-

tion as regards air-contents, is always somewhat duller at those

parts at which the subcutaneous fat is abundantly developed ;
in

the mammary region in females, when the breasts are large, it is
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almost absolutely dull, especially on percussing gently ;
it is

also less clear over those parts occupied by large masses of

muscle, as over the whole posterior surface of the thorax,

especially in the supraspinous regions ;
it further diminishes in

intensity when the covering of the thorax is thickened by cede-

matous swelling. Similarly, the percussion-sound becomes

duller, sometimes even to a considerable degree, when the ribs

are strongly curved and the chest-wall thereby increased in

thickness
; this is especially noticeable on the posterior surface

of the thorax in those suffering from kyphosis.
2. The sound is muffled when the quantity of air in the chest

suffers diminution, and is rendered positively dull when the sub-

stance of the lung becomes completely impermeable to air. The
sound obtained on percussing a lung which is entirely void of

air is quite indistinguishable from that yielded by any other

solid organ, such as the liver or the tlnffh ; the typically dull

sound is therefore sometimes called the femoral sound.

The decrease in the volume of air in the lung, however, must
be considerable, and must implicate the organ somewhat exten-

sively before it can produce any very sensible effect on the per-

cussion-sound
;
a very slight diminution does not alter it in any

degree. In percussing a lung removed from the body and

powerfully inflated we obtain a clear sound
;

after allowing a

small quantity of the air to escape we find that the sound

remains quite as clear as before. In like manner it is frequently
observed that in the beginning of acute, or in the course of

chronic, diseases of the lungs the percussion note remains unaf-

fected, notwithstanding the marked falling-off in the volume of

air which the lung is capable of accommodating, a diminution

which is the inevitable consequence of the nature of the morbid

process going on, and the existence of which is proved also by
certain auscultatory signs to be subsequently considered.

It is necessary, in order to the production of any marked

decrease in the intensity of the percussion-sound, that the por-

tion of lung rendered less permeable to air should have an area

of at least 4 square cmtr., and that it should lie near the surface.

Very circumscribed portions, even when situated superficially

and perfectly consolidated, do not modify the sound, and still

less is this effect produced by more deeply-seated lesions, even

when thev are of considerable extent. In the first case the
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sound continues unchanged because it is impossible to confine the

vibration caused by the percussion-stroke to an area so limited,
in the second case because the condensed parenchyma is at all

points covered by lung tissue which contains air and which gives
a clear sound.

It has aheady been stated (p. 74) that in order to detect deep-
seated consolidation it is necessary to percuss with a fair amount of

force, when it is found that the tone rendered by the part in which
such consohdation occurs is less loud than usual

; positive evidence of
its existence, however, is attainable only when it is comparatively near
the surface and involves a somewhat large portion of the lung. The
generally-accepted view, that this muffling of the resonance over those

parts of the lung in which consolidated tissue is sheltered behind
tissue that is freely permeable is due to the diminished depth of the
stratum of air thrown into vibration, is supported by the fact that the

percussion-sound of large portions of lung removed from the body
and fully distended is clear, that of smaher pieces being somewhat
duller. This is in accord with Weil's statement that the dulness is

not owing to any quahty communicated to the sound by the solid part,—a theory that is founded on the following simple experiment ; Weil
found that two portions of lung of equal size, removed from the body,
gave an equally clear sound to percussion, and that the relation was
not disturbed even when one of the pieces was placed on a sohd sub-

stance, such as the hver.

When the ear is accustomed to the normal pulmonary percus-
sion-sound very marked dulness is at once recognised without

any comparative examination of the healthy side, though it is

only by the latter method that the slighter deviations from the

normal resonance are detected. Should the sound be of nearly

equal intensity at two symmetrical points,
—above or below the

clavicles for instance,
—

percussion of the surrounding parts must
be trusted to show whether or not it is normal.—Obviously the

stroke must be equal in force on the two sides.

The diseases of the respiratory organs associated with decrease

in the intensity of the percussion-sound may be arranged in two

groups, those in which the air vesicles are infiltrated with plastic

exudation, and those in which they are subjected to pressure, and
thus temporarily or permanently closed (by the presence of fluid

or tumours in the pleuras).

1. Dulness due to infiltration of the lungs.
In pneumonia in the stage of hepatization the percussion-
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sound becomes dull, the alveoli of the lung being completely
filled with a fibrinous exudation which displaces the air they

normally contain. The more nearly this hepatization, which

usually involves one entire lobe,
—most commonly the lower,

—
approaches the surface of the lung the more marked is the dul-

ness, so that fi*equently the latter closely resembles the perfectly
dull liver-sound. The absence of resonance, on the other hand,
is less appreciable when the consolidated parts are separated by
healthy lung tissue, and the sound suffers no sensible diminution

if the induration be in very small isolated patches (see p. 79),

even when these are superficial ;
and similarly when the aftection,

though comparatively extensive, occupies the central parts of the

lung, as in central pneumonia, the percussion-note remains quite
unaltered.

In the first stage of pneumonia, when, though the pulmonary
capillaries are engorged with blood, the alveoli are still free of

exudation, the thoracic resonance is normal
;

it is only towards

the end of this stage, when a certain amount of exudation has

been poured into the air-cells, but not enough to completely dis-

lodge the air, that the intensity of the percussion-sound dimi-

nishes
; it becomes slightly muffled, and acquires a tone of a

somewhat tympanitic character (see p. 99), from the relaxa-

tion of the pulmonary parenchyma ;
in the third stage the

exudation disappears, the air again gains entrance into the

alveoli, and we have the same physical conditions as at the end
of the first stage

—the presence of both air and fluid in the air-

cells producing a dull percussion-sound, which gradually becomes

clearer, and at the same time assumes a tympanitic quality as the

absorption of the infiltration goes on. This tympanitic character

is lost when the process of absorption is ended and the lung has

returned to its normal state. In those cases in which the infil-

tration, instead of being absorbed, passes into cheesy degenera-

tion, or a state of chronic induration, the capacity of the alveoli

is permanently lessened, and the thoracic resonance is more or

less diminished.—It is not unusual to find all three stages re-

presented simultaneously in the chest of one patient, one part of

the lung being hepatized, another part having reached the stage
of resolution, and a third portion of the same or another lobe just

taking on inflammatory action
;

it is in that way that we are able

to explain the sudden transition from an absolutely dull to a

G
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muffled or even a clear sound in the immediate vicinity of con-

solidated portions of the lung.

Pneumonia occurs most frequently in the lower lobes of the

lunf^, especially on the right side, more seldom in the upper lobes

or rio-ht middle lobe, or in both lower lobes at the same time. If

only a part of a lobe be consolidated the form of the non-resonant

re«3-ion, mapped out on the surface of the chest, presents nothing

characteristic ;
in hepatization of an entire lobe, on the contrary,

we are able to trace externally its exact outline. When the whole

of the lower lobe is affected resonance is diminished posteriorly

as far upwards as the middle of the shoulder-blades ;
in con-

densation of the whole of the upper lobe the dulness extends

downwards to the fourth or fifth rib in front, to the fourth rib

laterally, and is recognisable also in the supraspinous regions ;

in hepatization of the right middle lobe dulness is most readily

detected in the axillary line, between the fourth and fifth ribs.

—As a pulmonary lobe, when completely consolidated, increases

considerably in bulk the region which it renders dull to percus-

sion is correspondingly enlarged.

In certain cases pneumonia does not pass regularly through its

three stages, nor does it confine itself to the locality in which it first

appears ;
it wanders from one lobe or part of the lung to another,

and resolution follows at once on the onset of the inflammation,

without the occurrence of hepatization ;
the disease may thus run a

course lasting several weeks, attacking successively all the lobes

of the lung, and sometimes occurring in the same parts more than

once.

In the pneumonia of children, which is seldom fibrinous,

but usually catarrhal and following on capillary bronchitis, the

thoracic resonance is never so strikingly diminished as in that of

adults, because in the former the substance of the lung is not

completely emptied of air, but contains islands of permeable

tissue in the midst of the consolidated parts.

As in pneumonic hepatization, which is the type of complete

consolidation of the lung, so in every other variety of pulvionary

condensation, from whatever cause arising, the percussion-sound

is muffled or absolutely dull. To this category belong the differ-

ent forms of cheesy pneumonic condensation of the lung and

chronic iiiterstitial piienmonia usually designated by the collective

term phthisis. The intensity of the dulness is determined by
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the degree of infiltration and blocking-up of the air-cells and by
the extent of lung concerned

; thus the thoracic resonance may
be perfectly normal during the first stages of phthisis, and it

certainly suffers but slight modification when patches of healthy

lung tissue are still found between the condensed portions.
—The

apices of the lungs are the parts most subject to this caseous

pneumonic degeneration ; they may both be attacked, but seldom

simultaneously, or with equal violence; at other times the disease

is unilateral, occurring then most frequently on the right side.

Dulness so produced is accordingly most commonly found in the

supraclavicular regions and on the clavicles; if the infiltration have

invaded the whole thickness of the lung, which is very frequently

the case, the tone in the supraspinous regions also loses in re-

sonance, and should it be more abundant posteriorly than ante-

riorly the dulness will be less marked in front than behind, or

may even be absolutely wanting over the clavicles. When the

condensation spreads gradually to the lower part of the superior

lobe the dulness to percussion extends similarly to the infracla-

vicular region as far downwards as the third and fourth ribs,

and also, though not to so marked a degree, to the upper part
of the shoulder-blades.

Acute miliary tuberculosis never diminishes the resonance of

the chest, as it does not cause consolidation of the lung sub-

stance.

Effusion of serum into the pulmonary vesicles {oedema of the

lungs) gives rise to but very slight muffling of the percussion-

sound, as the air-cells are not completely filled with fluid but

still contain a certain quantity of air, the lungs being thus

in a condition analogous to that presented at the end of the

first stage of pneumonia.
—Effusion of blood into the pulmonary

vesicles (hfemorrhagic infarction) produces dulness to percussion

only when the infiltration is so abundant as to totally exclude the

air, and when the affected part is more than 4 cmtr. in dia-

meter and situated near the surface of the lung.

Hasmorrhagic infarction, as the result of mitral lesion, occnrs most

often in the middle and lower lobes of the right lung. Infarction is

also rarer in the centre than at the periphery of the lung.

2. Dulness due to compression of the lung.

This results generally from the presence of fluid in the pleural

g2
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sac. A small quantity does not obscure the sound, this taking

place only when the effusion has a thickness of at least li cmtr.

Experiments performed on the dead body, in adult males, showed

that it is only after the injection of 400 ccm. of water into the

pleura that the area of dulness rises two fingers'-breadths above

the posterior lower margin of the lung ;
when augmentation of

the mass of exudation is attended also by increase of the diameter

of the layer of fluid interposed between the lung and the chest-

wall the percussion-sound becomes less and less clear, and when

the layer measures more than 5 cmtr. in thickness the sound

becomes absolutely dull. So long as the collapse of the lung
from pressure is not complete we can, by percussing forcibly,

demonstrate the presence of the residuum of air, the sound so

elicited being distinctly more resonant.

Slight exudations gravitate towards the lower and posterior

parts of the pleural cavities, so that it is to these regions that

the alteration in the thoracic resonance is at first limited
;
as the

eifusion increases in volume it spreads to the sides, and then to

the front, of the chest, when the non-resonant area is found to

extend from the vertebral column behind to the middle line in

front. The level of the fluid, as traced by percussion, is not

perfectly horizontal, but is often higher posteriorly than at the

side or in front. Further, as the layer of fluid is of less thick-

ness in its upper than in its lower part the dulness is more

decided towards the bases of the lungs. And finally, when the

diaphragm is forced downwards, as it is, both laterally and ante-

riorly, when the efiusion is very abundant, the non-resonance to

percussion is found to be co-extensive with the displacement ;

thus, in exudation into the left pleura dulness is detected at the

anterior and lower part of the thorax, where normally the tym-

panitic sound of the stomach is heard, while in exudation into

the right pleura the dulness in the hepatic region is considerably
increased. When the visceral and costal pleurae have contracted

adhesions in the course of a former attack of pleurisy, the fluid

does not move freely in the pleural cavities, but is enclosed in

such spaces as are left between the adhesions, forming the so-

called encysted pleuritic effusion
;
in these circumstances the

dulness has no characteristic shape, and a definite diagnosis
is possible only by calling to our aid the other methods of

exploration.
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When the exudation is undergoing absorption the lung begins

to expand again gradually, and the dulness diminishes—both in

extent, as the level of the fluid sinks, and in intensity, as the

thickness of the layer of effusion, and with it the distance

between the lung and chest-wall, decrease,
— the air which enters

the lungs making its influence felt in clearing the percussion
-

sound. If, notwithstanding the complete absorption of the fluid

or its discharge outwardly through perforation of the thoracic

parietes or by operative puncture, the lung shows no tendency to

return to its former dimensions, having become collapsed from

persistent compression, the percussion-sound remains perma-

nently dull.

Certain recent experimental investigations by Garland and by Ferber,

consisting essentially of the injection of slowly-coagulating fluids into

the pleural cavities of dogs, give results more or less confirmatory of

the foregoing statements. A slight efiusion first of all separates the

peripheral part of the diaphragm from the thoracic wall, making room

for itself in the complementary pleural sinus which, in ordinary super-

ficial respiration, is not occupied by the lung ;
dulness begins to be

appreciable only when the level of the fluid rises above the margin of

the lung. The upper surface of the fluid has a constant tendency to

run into the horizontal position, and alters therefore with each change
in the posture of the body ;

its upper boundary is never perfectly hori-

zontal, however, but presents many curves, while the mass of the fluid

is continually rising and falUng,—a fluctuating motion which depends to

a certain extent on movements proper to the fluid itself, but principally

on the movements of the respiratory organs and of the heart. It is

possibly owing to these undulatory movements that when at a later

stage peripheral adhesion occurs at the upper margin of the exudation

it does not take place in a horizontal, but in a somewhat irregular or

wavy, line. The position and outline of the mass of fluid, however,

depend chiefly on the habitual posture of the body ;
thus it usually

reaches to a considerably higher point behind than it does in front when

the patient has been long confined to bed lying on his back, and it

remains at this level on the formation of inflammatory adhesions, while

its upper boundary is generally nearly horizontal when the patient is

able to be up and to move about during the time that the exudation of

lymph is going on.—Further, the distribution of the fluid, and the

consequent conformation of the non-resonant area, are influenced to an

important degree by the occurrence of partial adhesions between the

visceral and costal pleura at an early stage in the disease, and also to

some extent by the retractibihty of the lung, this not being equal

at aU points even in health. In these considerations may be found

the explanation of the fact that while most commonly the upper margin
of the dulness is higher behind than in front m some cases it does not

deviate much from the horizontal line.
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"What lias just been stated with regard to pleuritic exudation

is applicable also, with certain modifications, to the transudation

of fluid into the pleural cavity, HydrotJiorax ; but whilst the

former, with very rare exceptions, is unilateral, the latter is

invariably double, not originating simply in inflammation of the

pleurae but in disease of the heart or kidneys. Cardiac diseases,

mitral disorder for example, give rise to this transudation by

producing an overloaded condition of the pleural veins, and renal

disease by causing hydr?emia. If the quantity of fluid transuded

be not excessive the intensity of the percussion-sound may be

considerably modified by changing the position of the body, as

the liquid always sinks to the lowest part of the thorax. Thus

in patients suflering from Hydrothorax the fluid stands at the

same level in front and behind so long as they maintain the

upright position ;
but when they lie on the back the fluid gravi-

tates to the posterior parts of the chest, and the percussion-sound
becomes clearer in front. (This change in the thoracic reso-

nance from alteration of the position of the body is also fre-

quently observed, but to a less marked extent, in cases of ordinary

pleuritic eff"usion.) In general the transuded fluid, which is not

usually very abundant, occupies only the posterior and lower part

of the pleura and is scarcely observable in front
;
the dulness

caused by it therefore does not equal in extent or intensity that

of pleuritic exudation.

Solid bodies situated between the lung and the chest-wall have the

same muffling effect on the percussion note. Amongst these must be

reckoned tumours of the mediastinum. The sound is similarly rendered

dull when the lung is subjected to pressure by the development within

itself of certain morbid growths (carcinoma, sarcoma), by tumours of the

bronchial glands, by marked hypertrophy of the heart, and by large tu-

mom's of the liver or spleen which push the diaphragm upwards. In these

cases and in othersof a like nature the non-resonant region, even when the

dulness is of great intensity and distributed over a considerable surface,

has not the outline which is so characteristic of pleural exudation, but

is usually somewhat irregular in conformation
; obviously also the dul-

ness is to be attributed to the solid body which gives rise to the pressure
rather than to the impermeability of the portion of lung so acted upon.

Diseases of the bronchi, unaccompanied by structural change
in the substance of the lung, never diminish the thoracic reso-

nance ; the calibre of the bronchi may be very much reduced by

swelling of their mucous membrane, by ver}- abundant catarrhal
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secretion, or, as in croupous bronchitis, by firm fibrinous exuda-

tion, yet there is always sufficient room left to permit of the

access of air to the alveoli
;

it is only when bronchial diseases

invade the parench}ina of the lungs, exciting secondary infiltra-

tion and consolidation (broncho-pneumonia, bronchiectasis), that

muffling of the percussion-sound is observed.

Increase in the Intensity of the Percussion-sound.

Conditions the opposite of those which obscure the percussion-

sound (see p. 78 ct seq.) increase its intensity ;
it is clearer there-

fore when the thoracic parietes are thin (in patients, for example,
whose muscles and subcutaneous fat are slightly developed),

as the force of the percussion stroke is more readily and with

less loss of intensity conducted through them to the lungs, in

which organs, accordingly, more vigorous vibration is set up. In

old people therefore, and in those who are much emaciated, the

percussion note is loud and clear. If the loss of tissue be

confined to one side (progressive muscular atrophy) the chest,

as in a case which I had an opportunity of examining, in which

the right pectoralis major had almost entirely disappeared, may
be so resonant at that part that the normal sound given at the

corresponding point on the healthy side seems almost dull in

comparison. Full inspiration intensifies the percussion note,

as the volume of lung thrown into vibration is larger ; in quiet

respiration such differences in the intensity of the sound are not

appreciable. In pulmonary emphysema the chest is sometimes

abnormally resonant (the tone being also usually somewhat

higher in pitch), especially in severe cases. Biermer designates

this the Bandbox sound [Schachtelschall". There are no other

conditions to be noticed in which the thoracic resonance is

simply increased in intensit)\ No special diagnostic value, there-

fore, attaches to this sign.

Pitch of the Percussion-sound.

The pitch of the percussion-sound depends on the degree of

tension of the chest-wall on the one hand, and on that of the

tissues of the lung on the other. The tension of both parts is

increased in inspiration and diminished in expiration, so that in

full inspiration the tone becomes slightly higher and in forced
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expiration slightly lower ; and tliis same rise and fall in pitch

is observed both in healthy and in diseased lungs. As has been

already stated, the most important of the circumstances which

determine the pitch of the percussion-note is the tension of- the

chest-wall, the least important that of the lung substance
;
that

the latter indeed exercises but little influence in this respect is

evident from the mere fact that the inspiratory rise in pitch above

referred to takes place also in certain pathological conditions in

which changes in the tension of the pulmonary parenchyma are

scarcely possible, such as diseases involving destruction of tissue.

—The simple increase of volume that the lungs undergo in inspi-

ration, apart from the forementioned greater tension, takes no

part in causing the simultaneous rise in the pitch of the percus-

sion-note ;
it might rather, on the contrary, be expected that the

sound should become lower during inspiration, as the volume of

air in vibration is greater than during expiration. This lowering

of the tone, however, does not occur, as any tendency in that

direction is more than compensated for by the other factors,
—

by
the increased tension.—When the breathing is quiet the pitch

remains practically the same during both phases of respiration.

In the normal thorax differences in the pitch of the percussion-

sound at different parts may be recognised by a cultivated

musical ear
; thus, on the right it is usually found to be deeper

than on the left, though occasionally the reverse condition is

met with. Even on the same side of the chest the sound is not

of the same pitch at all points : in the neighbourhood of the

liver it is somewhat higher than at other parts,
—at least in the

sitting and standing positions. A slight elevation in the pitch

of the tone is noticeable on the front of the thorax on raising

the body from the recumbent to the sitting posture, due, evidently,

to the increased tension of the thoracic parietes ; this phe-
nomenon is observed also in the dead body, a fact which ex-

cludes Ptosenbach's theory, that it is caused by change in the

respiration.
—The variations in the pitch of the percussion-sound

in the thorax are occasionally so trifling as to be appreciable

only when carefully watched for ; in other cases they are so

marked that inexperienced examiners not unfrequently mistake

them for differences in intensity, regarding the grave sound as

dull in comparison with the acuter or clearer sound yielded at

other points. These variations possess no diagnostic significance.
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as they depend only on physiological differences in the tension of

the chest-wall.

The percussiou-uote becomes ahnormally deep in those patho-

logical conditions which are accompanied by diminution in the

tension of the lung tissue at any part : these are pleuritic exuda-
tion and pneumonia (Traube), of moderate intensity.

1. In moderate pleuritic exudations, occupying, for instance,
not more than the half of the pleural cavity in front, laterally,
and behind, the percussion-sound in the infraclavicular region

*

becomes deeper in pitch than at the corresponding point on the

opposite side
;

this is caused by the gradual retraction of those

parts of the lung still permeable to air and situated above the

level of the fluid, by their slow return to their natural volume in

the undistended state,
—that is, by the loss of tension in those

parts.

A retracted lung contains less air than one in its normal state, but
the gravity of the percussion-note is not due to this, as diminution in

the volume of air present io the Inng usually raises the pitch of the

sound, as is seen in almost every case in which the latter is muffled or
dull.

2. In pneumonia also the pitch of the sound is lowered over

those parts of the lung which remain accessible to air, and are

situated near the hepatised portion. If, for example, the lung
in its posterior aspect is completely consolidated while air is still

freely admitted to the parts in front, the infraclavicular region

gives an abnormally deep note on percussion. Here again, as in

cases of pleuritic exudation, the same cause is in operation,

deepening the sound,—decrease of tension in the non-infiltrated

portions of the lung.
This lowering of the pitch of the percussion-sound is not

invariably present in cases such as those described, as the re-

traction of the permeable parts of the lung does not always reach
the precise degree which is favourable to the production of the

phenomenon. Its duration must obviously be short in pneu-
monia, and it disappears rapidly in pleurisy also when the exuda-
tion undergoes any very great increase

;
I have observed it lasting

only a few days, or even a still shorter time, in some cases in

* When the anterior part of the upper lobe of the lung is entirely emptied of air,
and the posterior part slightly reduced in volume (as in cases of encysted exudation,
glandular tumours, &c., situated in front) the percussion-sound in the supra-spinons
region is abnormally low in pitch.
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Avliicli the exudation was stationary. And further, at the com-
mencement of the stage of ahsorption of very large effusions,

when the compressed lung begins again to expand, the sound in

the infraclavicular region may become abnormally deep.
The percussion-sound in the above-mentioned circumstances,

in pleuritic exudation and in pneumonia, may be simply lowered

in pitch, or it may also be attended by a tone of somewhat

tympanitic character, or may even eventually become perfectly

tympanitic ;
in another class of cases of the same diseases the

note is tympanitic from the very outset, without having been

previously lowered in pitch (see p. 97 et scq.).

Elevation of the pitch from jiathological causes never occurs

alone, unaccompanied by decrease in the intensity : the

sound generally rises in pitch as it loses in clearness. An
abnormally high-pitched percussion-sound is thus of no special

diagnostic importance, as it never exists alone as a pathological

phenomenon.

The Tympanitic Percussion-sound.

This sound owes its name to its resemblance to the sound

of a drum, though the timbre in the two cases is not exactly
identical. In its physical characters it closely approaches the

musical tone,* inasmuch as it is a sound the pitch of which can

be easily and accurately determined. The percussion-sounds of

the larynx (with the mouth open or closed), of the distended

cheeks, and of the stomach and bowel, illustrate well the dif-

ferences in the pitch of the tympanitic note.

Tympanicity is not an unusual symptom in many of the dis-

eases of the organs of resinration, but is never found on

percussing the normal chest. In tracing the manner in which

it is produced we must go back to its physical cause, which is

most simply demonstrated by percussing the larynx or intestine,

* Gerhard has tried to prove, by means of Konig's sensitive gas-flame, that the

tympanitic tone is composed of a succession of similar and regular sonorous waves, the

non-tympanitic sound, on the other hand, of dissimilar waves. If a tympanitic sound
or a tone of low pitch be received in the funnel of the apparatus and directed on the

flame, a series of equal indentations, with non-tympanitic sounds a series of unequal

indentations, appears in the curved bands of light on the rotating reflecting prism.
H. Jacobson, on the contrary, whose experiments I have had the pleasure of witnessing,
denies that the tympanitic sound is distinguished from the non-tympanitic by any
marked difference in the flame-tracing.
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or by striking on the upper part of a drinking-glass, and so

throwing into vibration the column of air contained in it.

If we percuss with the hammer on a pleximeter held over the

mouth of an empty or only partially filled vessel (a glass or jug),

a tone is heard which is louder the nearer the margin, and the

more forcibly, the stroke is delivered. This sound is exquisitely

tympanitic, and retains the same pitch whether we percuss

forcibly or gently, with a narrow or a broad pleximeter. On

performing this experiment with different glasses the tone will be

found to vary in pitch with the breadth and depth of each vessel,

being high In direct proportion to the shallowness of the glass
and the width of its mouth. The tympanitic character is given
to the tone by the vibration of the column of air within the glass
and the regular reflection of the sonorous Avaves from its smooth

inner surface.

The conditions presented by the larynx, stomach, and bowel,

are exactly similar to those detailed above ; we have here to deal

with a body of air set in vibration by the percussion-stroke, and

enclosed in a cavity whose walls reflect the waves of sound with

perfect uniformity. That the tympanicity of the intestinal per-
cussion-note is due simply to the vibration of the air contained

in the bowel may be proved negatively. If the whole bowel, or

a portion of it, be removed from the abdomen and fully inflated,

a ligature being placed on each end, the sound it gives to per-
cussion is no longer tympanitic ; the tense intestine becomes

capable of entering into simultaneous vibration with the air it

surrounds when the shock of the blow is communicated to it ;

but the vibrations of a membrane (that is, of a soVul body),

being different in kind and extent from those of the intestinal

gases, the different sonorous waves interfere with each other,

become broken and irregular, and constitute merely a sound,—
not a tone in the physical sense. But as soon as a portion of

the air is allowed to escape, the relaxed state of the bowel de-

prives it of the power of vibrating, and the sound again takes on

the tympanitic character.

The alteration in the intestinal percussion-sound thus brought
about by artificial means finds its parallel in the change
which accompanies pathological distcnsi())i of the bowel

within the abdomen by gas ; in cases of meteorism of the

intestines tympanicity disappears, the percussion-sound over
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the abdomen becomes louder and deeper in pitch, but not

tympanitic.

The physical cause of the normal tympanicity of the intes-

tines at once explains also the non-tympanicity of the normal

thoracic sound. The lung in the thorax being always during

life slightly over-distended, not only the pulmonary air but the

pulmonary tissue also vibrates in response to the percussion-

stroke ;
the sonorous undulations originating in the tissues of

the lung mingle with and distui'b those of the air, just as the

vibrations of the tense intestinal wall obscure those of the intes-

tinal gases, so that no tone is given out, but only a sound of a

non-musical character. This explanation is supported by the

fact that the lung, when relaxed and reduced to its normal size

by removal from the body, yields a note of tympanitic quality,

only the air within it, and not the lung-tissue, being thrown into

vibration ;
and if the lung be now inflated the tympanitic tone

disappears and is replaced by the ordinary percussion-sound of

the lung while it is still within the thoracic cavity.

This simple phenomenon— that the lung when raised from the

thorax and shrunk to its normal volume gives a tympanitic sound, the

distended lung a non-tympanitic sound, to percussion
—has been the

subject of numerous controversies. Does the tympanicity of the

sound depend on the vibration of the pulmonary air ? or of the pulmo-

nary substance ? or of both combined ? These are questions to which

very different answers have been given by Wintrich, Mazonn, Ktirner,

Hoppe, Geigel, Schweigger, &c.

Wintrich holds that the tympanitic sound given by the shrunken lung
in the dead body originates in the pulmonary parenchyma, and not in

the air contained in the alveoli or bronchi ;
the pulmonary vesicles are

too small, the smallest body of air which can give rise to a tympanitic
tone having, according to this author, a height of at least six lines, and

the pulmonary sound also is somewhat higher in pitch, even than that

obtainable from a column of air six lines high ;
neither can the air in

the bronchi be considered as the cause of the tympanitic sound, as

narrowing or dilatation of the principal bronchus, or even closure of

the same by ligature, makes no change on the pitch of the note,—an

effect, however, which is invariably produced by similarly altering the

conditions of a column of air contained in an open cavity (see p. 91).

Rosenhach, on the other hand, states that such a change docs follow

closure of the principal bronchus
;

that in these circumstances the

sound becomes to a corresponding extent deep'er.

The tympanicity of the percussion-sound of the collapsed lung in

the dead body can be satisfactorily accounted for, not by regarding the

pulmonary cells as columns of air sm-rounded by membranous walls,
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and each one capable independently of entering into vibration,
—their

small size forbidding such an assumption,
—but rather by considering

them as rontiniioiis, forming one lanie resonant cavitij subdivided by

very thin membranous septa which are everywhere of homogeneous
structure. These septa, like the relaxed icalls of the intestine or

stomach, can indeed rejlect sound, but are themselves unable to enter

into vibration, as they lack the principal condition necessary to the j)er-

formance of this function,
—a sufficient degree of tension; it is thus

physically impossible to cause them to vibrate. So soon, however, as,

by the inflation of the lung, this condition is realised, the tympanitic

quality of the percussion-sound is lost, because now not merely the

pulmonary air, but also the tense pulmonary tissue, responds to the

percussion-stroke, and the substance of the lung, being a solid body,

naturally gives vibrations quite difierent in nature from those of the

air in the alveoli. The result is that these dissimilar sonorous waves

to a certain extent neutralize each other and render the production of

a tympanitic or musical tone impossible."

The percussion-sound of the thorax is tympanitic in the fol-

lowing pathological conditions :

1. In cases of excavation of the lung substance ;

2. In cases of accumulation of air (gas) in the pleural

cavity ;

3. When the tension of the lung tissue is diminished.

1. Tympanitic Percussion-sound in Pulmonary Cavities.

Pulmonary excavations, being invariably in direct communi-

cation with the bronchi, always contain air, and thus form

resonant or reverberating chambers similar to the glass used in

the experiment already described. To the production of the

true tympanitic sound, however, certain conditions are neces-

sary :

a. This air-space must be surrounded by firm walls, capable

of reflecting waves of sound. The condensed tissue in which

vomicae are usually enclosed constitutes a solid wall of this

character ;
in the absence of this induration, which is compara-

tively rare, no tympanitic sound is heard.

b. The cavity must be of a certain size,
—as large as a

pigeon's egg at least,
—and be situated quite close to the surface

of the lung ;
over deep-seated cavities, even when they are of

much greater dimensions than above indicated, the percussiou-

* Although tympanicify is more nearly related to the physical idea of a tone than to

that of a sound, the latter term (as in the expression tijmpanitic sound) being the one

best known and longest in use, is retained in the following pages.
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sound has no tympanitic quality. Large vomicae render a tone

which is the more clearly tympanitic the more superficial they
are and the thinner the thoracic parietes ; ca^'ities, therefore, in

the upper lobes of the lungs, in which region the chest-wall—
which suffers also in the general emaciation connected with the

original disease—is naturally thinnest, give a more decidedly

tympanitic percussion-note than those occurring in the lower

lobes, chiefly on account of the greater thickness of the layer of

muscles covering the latter on the lower part of the dorsal

aspect of the chest.

The tympanitic character of cavernous resonance is never so

intense as that of the intestinal percussion-sound, as it originates

in the vibration of a much smaller body of air. It may be either

mufiled or clear,
—mufiled when the quantity of fluid in the

cavity is greater than the volume of air, clear when these condi-

tions are reversed.

There is one very important sign which is, with very few excep-

tions (see pp. 96 and 99), associated only Avith the tympanicity

dependent on pulmonary cavern,
—

provided always that the

cavity communicates freely with one of the larger bronchi
; that

is that the jj?7c7i of the percussion-sound is higher when the

mouth is open, lower when the mouth is shut, and lower still

when the nostrils also are closed (Wintrich). The cause of this

modification of the note lies obviously in the variation in the size

of the external orifice of the cavity, as it has been already shown

(p. 91) that the pitch of the sound given by an air-space which

is not completely closed depends not merely on the length of the

column of air in vibration, but also on the width of the opening

by which it joins the outer air; thus, the tone rises in pitch

when the outer orifice is enlarged, and falls Avlien it is contracted,

the length of the column of air remaining the same. A similar

change can also be demonstrated by percussing on the side of

the larynx or on the cheek, the sound becoming lower when
the mouth is shut and higher when it is open. It has been

observed further that the tympanitic cavernous sound is raised

in pitch by full inspiration (Friedreich) ; this is not wholly
attributable to dilatation of the glottis, as the inspiratory rise

in pitch takes place even when the bronchus into which the

cavity opens is blocked up by mucus,—a condition which is

recognised by the disappearance of the sign described by Wint-
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rich, the modification of the percussion-sound by opening und

closing the mouth ; it proceeds rather from the increase in the

tension of the chest-wall, which takes ])\ace when the lung ex-

pands (see p. 87). In expiration, on the other hand, the

t_ympanitic sound becomes deeper ;
or it may almost entirely

disapi^ear, giving place to a muffled or less clear sound, especially

during an attack of coughing. In the latter case the air in the

cavities is compressed and for the most part driven into the

bronchi by the great augmentation of the intrathoracic pressure,

so that the only vibrations which are appreciable are those of the

condensed lung tissue.

When the excavations are of very large size, so disposed that

their lung diameter corresponds with that of the lung and of the

body as a whole, containing both air and fluid, it is sometimes

observed that the intensity of the tympanitic sound is modified

by changing the position of the patient ; when he is standing

or sitting the sound is of a dull tympanitic quality inferiorly,

of clear tympanitic quality superiorly,
—the fluid gravitating

naturally to the lower part of the cavity, the air rising to the

upper part ;
in the recumbent posture the tympanitic note

becomes everywhere clear, owing to the uniform distribution of

the fluid over the entire posterior surface of the cavity. Not

only the intensity but also the pitch of the percussion-sound of

large excavations is altered when the position of the body is

changed ;
when the cavity is of such a form and so situated that

its lontr diameter is directed from above downwards the tone

becomes higher when the patient assumes the sitting posture, as

in this way the vibrating column of air is considerably shortened ;

when the cavity is deepest antero-posteriorly the pitch of the

percussion-note is lowered in the upright position (Gerhardt).

The last-mentioned sign, when unmistakeably present, is abso-

lutely pathognomonic of the existence of cavity, because under

physiological conditions a deepening of the pitch of the percus-

sion-sound is never produced by raising the body from the

recumbent to the erect posture ;
the occurrence of the former

phenomenon, however, the elevation of pitch in the sitting pos-

ture is less conclusive, as it may also be determined by the

increased tension of the thoracic parietes (see p. 87).

Gerhardt also believes that the dimensions of pulmonary vomicacj

may be definitely ascertained by means of Helmholtz's resonators. If
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a suitable resonator be held before the patient's mouth, which should

be open, the tympanitic cavernous percussion-note is greatly increased

in intensity ;
and as the size of the cavern and that of the resonator

which produces this effect stand in direct proportion to each other the

diameter of the one may be taken to represent that of the other.

The researches of Eichhorst and H. Jacobson do not confirm these

statements ;
it was found on post-mortem examination that the actual

size of the cavities differed very considerably from the estimate

formed by means of the resonators, being sometimes three, five, or

more times larger or smaller than had been expected. It was further

shown that the same resonators which, when held before the open
mouth, intensified the tympanitic cavernous sound, rendered more
clear also the percussion-sound on the healthy side of the chest. This

method of examination, therefore, cannot be depended on to give

trustworthy results.

2. The Tympanitic Percussion-sound in Pneumothorax.

In pneumothorax the air with which the pleural cavity is filled

is caused to vihrate by the percussion-stroke, while the waves of

sound are regularly reflected by the chest-walls
;
the same con-

ditions are thus provided for the production of the tympanitic
sound as in percussing the larynx or the glass used in the experi-

ment formerly described, (p. 91). The area rendered tympanitic
varies in extent, being large or small according to the greater or

less amount of compression of the lung which has taken place.

Opening or shutting the mouth has no effect on the pitch of

the sound, the cavity occupied by the air being a closed one
;

enlargement or diminution of the vibrating column of air there-

fore, in the sense in which these changes occur in pulmonary
cavities which are in free communication with bronchi, is out of

the question. It is only in very rare cases, in which the fistula

through which the air has entered the pleural sac continues

patent and is of sufficient size, that it is possible to drive a

certain quantity of air from the cavity of the pleura with each

percussion-stroke : in these cases the pitch of the sound may be

varied by opening or closing the mouth.

Tympanicity in pneumothorax persists only so long as the

tension of the imprisoned air continues moderate in degree. If

the bronchial fistula or the rupture in the wall of the pulmonary
cavern (the latter being the most common cause of pneumothorax)
be not immediately closed by the products of adhesive inflam-

mation, air rushes into the pleura at each inspiration, till the
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lung is reclucetl to a state of complete collapse
'''

;
tlie tension of

the air in the affected side of the chest thus becomes so great
that the tympanitic quality is lost from the percussion-sound
and is replaced by the metallic or amphoric sound to be sub-

sequently discussed.

The irritation consequent on the admission of air into the

pleura usually provokes an attack of inflammation in that struc-

ture, followed by more or less copious effusion
;
the fluid, as in

most cases, may not rise above the lower and posterior part of

the cavity, or it may encroach on it to a still greater extent, con-

stituting the condition known as pyo-pneumothorax ; it may
even completely fill one side of the chest (pyothorax) and in that

way bring about the cure of the pneumothorax. In the latter

case the percussion-sound on the affected side is absolutely dull,

in the former cases it continues tympanitic above the level of the

exudation. In pyo-pneumothorax also change in posture developes
(I cJumge in the character of the sound, as in each position in

which the body may be placed the fluid invariably seeks the lower

level, the air the higher. Thus the dull sound of the anterior

and lower part of the chest in the standing or sitting position
becomes at once tympanitic as the patient assumes the recumbent

posture, that of the one side of the cliest being similarly modified

when decubitus is on the opposite side, that of the lower and

posterior parts of the thorax when the patient lies prone on the

abdomen. Should the pleurae at any point have formed adhesions

before the occurrence of the pyo-pneumothorax the air is excluded

from certain parts of the cavity, and encysted pyo-pneumothorax
is the result

;
in such cases change of attitude is attended by no

modification of the physical signs.

3. Tympanitic Percussion-sound due to Diminished Tension
OF the Lung Substance.

Those conditions which favour the retraction of a greater or

less portion of lung, (that is, its return to its dimensions in the

relaxed state in which it is found when respiration has ceased,

the pulmonary tissue being always more or less on the stretch

during life), give rise very frequently to a tympanitic percussion-

* The air forced into the pleural sac during inspiration does not, or does to but a

very slight amount, escape during expiration, as the pulmonary fistula is closed valve-

fashion by the increasing pressure of the air in the cavity.

H
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sound,—just as it occurs in the lung when removed from the

thorax and so allowed to resume its natural volume.

Amongst these conditions are : a. Pleurisy, h. Pneumonia,
c. (Edema of the lungs, d. Caseous pneumonic degeneration in

the upper lobes.

a. In exudative pleurisy the lung shrinks to a degree pro-

portionate to the amount of the exudation, and it consequently
loses to the same extent in tension ; when this retraction reaches

a certain point, which is not the same in every case, the per-

cussion-sound takes on the tympanitic quality. Even at the

beginning of the exudative process, when the layer of effusion is

not yet of sufficient thickness to give rise to percussion-dulness,

the sound at the posterior and lower part of the thorax is often

found to be of a dull tympanitic character; this speedily dis-

appears with the augmentation of the exudation, and the parts

become completely non-resonant.

In pleurisy with moderate effusion, the tympanitic sound is

observed above the level of the fluid, in the anterior and lateral

parts of the thorax. The tympanitic quality is more or less

distinctly appreciable according to the degree to which the free

portions of the lungs are reduced in volume ; it is lost as the

exudation increases, and reappears at the beginning of the stage

of absorption when the lungs commence to expand again.

But not in every case of pleuritic effusion is the sound

tympanitic above the region occupied by fluid ; it is often merely

deepened in pitch, and sometimes even shows no departure from

the normal standard (see p. 89 et seq.). The causes of these

differences in apparently identical physical conditions, so far as

the exudation alone is concerned, should probably be sought in

the unequal tension of the lung-tissue in different individuals.

A greater degree of tension is necessary for the development of

a tympanitic sound than for the production of one which is

abnormally low in pitch but non-tympanitic. In some cases, in

which the percussion-note above the efiusion undergoes no

change, a decrease in the elasticity of the lungs may be shown to

exist, rendering any great degree of retraction impossible,
—in

chronic bronchial catarrh, for instance, especially when associated

with vesicular emphysema ; at other times there are other causes,

such as a more rigid condition of the thoracic parietes, to account

for this phenomenon.
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It was Skoda who first drew particular attention to the occurrence
of tympanicity in cases of pleuritic exudation, and satisfactorily made
out the nature of the physical conditions on which it depends, though
these seem to have been not quite unknown even to Auenbrugger.
This sound is sometimes named the " bruit scodique

"
by French phy-

sicians.

b. A tympanitic percussion-sound is- sometimes also heard in

pneumonia, especially in the first stage and in that of resolution,

though it is not unusual to find that in the stage of hepatization
the permeable parts of the lung in the immediate neighbourhood
of those which are completely consolidated give a sound of this

character
;

it is further more common in the upper than in the

lower lobes. Its cause may be of a twofold nature. Thus, when

the superior lobe is hepatized a tone of tympanitic quality, arising

from the vibration of the column of air contained within the

principal bronchus of that lobe, may be elicited by forcible per-

cussion ; in these circumstances also the sound, like that of

pulmonary cavern and of the larynx, is observed to vary in pitch

on opening and closing the mouth. In hepatization of the loicer

lobes, on the other hand, where there are no large bronchi, the

cause of the tympanicity is evidently loss of tension in the lung
substance

;
the lung r.hrinks somewhat in the vicinity of hepatized

parts, these latter being rendered abnormally large by the infil-

tration of the alveoli. In the first and third stages of pneumonia
the relaxation of the pulmonary tissue is due to infiltration of the

air-cells, caused by engorgement of the capillaries (first stage) or

by the presence of fluid and air in their interior (third stage).

The tympanicity of the first stage merges gradually or rapidly

into absolute dulness as the process of hepatization begins ;
in

the third stage it slowly jmsses off, gi'V'ing place to the normal

sound when the exudation has been removed from the alveoli by

absorption.

c. The occurrence of the tympanitic p)ercussion-sound in oedevia

of the lungs, in which the pulmonary vesicles are filled with

transuded fluid and air, may be explained in the same way : the

lung-substance loses in tension, the quantity of air contained in

the alveoli being smaller.

This variety of tympanicity may be reproduced after death by

forcino; fluid throujj^h the trachea into the vesicles and at the

same time uijiating the lungs ; inflation is an absolutely

h2
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necessary part of the proceeding, as the non-distended lung
gives naturally a tympanitic sound).

d. The percussion-sound is frequently observed to be tym-

imnitic in the supra- and infra-clavicular regions when the

summits of the lungs become the seat of caseous jmeumoiiic

infiltration ; in such cases it is always somewhat muffled and
does not change its pitch when the mouth is opened or shut,—
features by which it may be distinguished from the tympanitic
sound of pulmonary cavity in the apices. It is produced only
when the infiltrated tissue has not yet been completely deprived
of air, or when small scattered patches of permeable tissue are

still found between the portions which have become consolidated.

Here also the tympanicity depends on the relaxation of the lung-
substance and diminution of its air-contents. Infiltration of the

apices specially favours the development of the tympanitic tone,
as the chest-wall over these parts is thin and becomes still

thinner as emaciation goes on.

There is a special form of tympanicity which is observed in

certain cases of condensation of the lung, most markedly in the

first and second intercostal spaces and usually on the left side ;

this is

The Teacheal Resonance of Williams.

In percussing the trachea a tympanitic sound is obtained,

which, like that given by pulmonary cavities, rises in pitch on

opening the mouth and falls on shutting it, and which becomes
still lower when the nostrils also are closed. This sound is lost

at a point on the surface corresponding to the bifurcation of the

trachea, being overpowered by that from the tissue which covers

the principal bronchus. When, however, the upper lobe is com-

pletely consolidated this predominance of the ordinary pulmonary
percussion-sound ceases, and the tympanitic sound from the

column of air in the bronchus is appreciable on striking the front

of the chest somewhat forcibly. The tone, Hke that furnished by
excavations in direct communication with the trachea, becomes

higher in pitch and louder on opening the mouth, and consider-

ably deeper on closing it.
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This tracheal resonance, therefore, is most usually observed

when the upper lobe of the left lung is completely solidified by

pneumonic infiltration, and
'

occasionally also when this takes

place from other causes,
—when, for example, the lung remains

in a state of collapse after the absorption of pleuritic exudation,

and in those rare instances of encysted pleuritic exudation situ-

ated at the upper and anterior part of the left side of the chest
;

it is met with also in some cases of pleurisy in which the effu-

sion is not confined by adhesions, when the quantity of fluid is

not so great as to separate the lung too much from the front of

the chest. The ribs, being somewhat flexible toward their sternal

ends, yield to the force of the percussion-stroke, and in that way
favour the production of the sound, whilst at the corresponding

part of the posterior surface of the thorax this sign may be

entirely wanting, owing to the greater thickness of the layer

of muscles and to the rigidity of the chest-wall in that region.

That this treacheal resonance is found almost exclusively on the

left side is probably due to the greater length of the principal

bronchus on that side.

Skoda regards the tracheal resonance of Williams as identical with

the tympanitic sound of the retracted lung in pleurisy ;
this view,

however, is opposed by the facts that it is audible in complete hepa-
tization of the upper lobe, where no retraction exists, and that the

pitch of the sound is subject to the usual variations on opening and

closing the mouth, which is not the case with the true " bruit

scodique."

To these three qualities of the percussion-sound Skoda added a

fourth, fulness and scantiness of the sound. These terms are still fre-

quently used by scientific writers and are generally considered as

synonymous with loudness and dulness, though Skoda gave to them

quite another signification. He intended them to bear reference to the

size of the vibrating body, as is indicated by his citing, as an illustration

of his meaning, the difierence in the sounds given by bells of difi'erent

sizes : he says,
" the faintest sound from a large bell, or the loudest

ringing of a small one, conveys to us at once the idea of the size of the

bell in vibration,
—the former sounds /»//, the I^Hqy scantij."

This fourth quality, which is still defended by Skoda, is now, on

physical grounds, almost universally rejected. The following are the

principal objections urged against it by various authors (Mazonn,
Schweigger, Wintrich, &c.) :

—that which in music is designated as

fulness coincides sometimes with the inten.siti/, sometimes with the

pitch, of a sound
;

the sound of a large bell is invai'iably deeper
than that of a small one, and is louder also even when both are struck
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with equal force. This difference does not depend on the volume of the

resonant chamber, but on the material of which its walls are composed ;

a small violin may yield a fuller sound than a large one. Similarly
in the human voice diiference in sonorousness does not arise from
difierence in the size of the vocal cords. Even the examples quoted by
Skoda in support of his theory regarding this quality of percussion-sound
in the human chest and abdomen show tha,t J ubwss is identical with loud-

ness and depth, st'rtHtMZt'iS with dulness and elevation of pitch. Thus,
if an entire lobe of the lung be hepatized, with the exception of a small

spot situated near the surface, this isolated and permeable patch of

tissue gives, according to Skoda, a sound which is indeed clear, but

which is also scanty, inasmuch as only a very small body of air is

caused to vibrate, whilst the rest of the pulmonary substance is in-

capable of entering into vibration
;
in the classification we adopt the

percussion-sound in such a case is regarded as neither so loud nor so

deep as that of the healthy lung, but as somewhat duller and higher in

pitch. On the other hand, when the air has free access to all parts of

the lung with the exception of a small superficial patch, the sound
obtained over this hepatized spot is, according to Skoda, somewhat
duller but still moderately full, as only a very small portion of lung is

rendered unsusceptible of vibration
;

in our terminology, however, such

a sound is described as less intense (muffled) but still moderately deep.
In the same way the full sound rendered by the stomach is considered

loud and deep, and the scantier intestinal sound is spoken of as being

higher and less intense. The opposite of the full sound, the typically
"
scanty

"
sound, is absolutely indistinguishable from the perfectly dull

sound. As the fulness and scantiness of the percussion-sound are

traced to the longer or shorter duration of the vibrations of the resonant

body, the scanty sound has also been named the short or shorter sound,— a term which seems inappropriate, as its opposite, the longer sound,
has never been admitted into the nomenclature of percussion ; muffled
or obscured would be a more fitting term.

Two qualities of sound occasionally met with still demand

consideration, the cracked-pot sound and the amphoric or metallic

resonance.

The Ckacked-pot Sound.*

(Bruit de pot fele).

This is a hissing or rattling noise, which may be imitated in

two ways : by percussing with the hammer and pleximeter, apply-

ing the latter somewhat loosely to the chest-wall, so that beneath

it is left an interspace containing air, though in this case the

sound produced is wanting in the tympanitic or metallic quality;

* Lfennec was the first who employed this expression. Baas has more recently
described it as the j)ercuto-auscultatorfj blowing-sound.
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and by laying the palms of the hands on each other crosswise, in

such a way as to form a hollow chamber, and then striking the

back of one of them against the knee. In the latter case the con-

cussion produces a noise which is exactly like the chinking of

money, a sound which well-marked bruit de pot fele simulates

exceedingly closely. In both of the experiments above described

the sound is caused by the sudden escape or discharge of air

subjected to pressure. In hfealth the cracked-pot sound may be

elicited by percussing forcibly the chest of children when scream-

ing, or that of adults when singing a long-sustained note, the air

being thus suddenly compressed by the force of the percussion-

stroke and made to rush out with a hissing sound.

When the chest is plentifully covered by hair this sound is not

unfrequently heard, especially over the sternum ;
here it is caused by

the presence of a small quantity of air which lodges in the meshes of

the crisp wiry hah which grows in this region, and by its sudden escape
when the percussion-stroke is delivered. It disappears on moistening
the parts, the hair then lying flat and close to the surface of the chest.

The cracked-pot sound occurs in the following pathological

conditions :

1. When there are cavities of moderate size in the lung-sub-

stance, communicating freely with a bronchus of medium calibre,

situated superficially and at parts over which the chest-wall is

sufficiently yielding and the covering of soft tissues has been

rendered thin by emaciation. It is heard almost exclusively at

the upper part of the anterior aspect of the thorax, from the first

to the fourth rib, more especially in the infraclavicular region,

being more distinctly audible when percussion is practised during

expiration, and most clearly wlien the patient keeps his month

u-idely open. After repeated examination, or accidental closure

of the bronchus leading to the cavity, the bruit disappears, to

return as soon as the cavity is refilled with air or the superabun-

dant secretion of mucus has been expelled by coughing. To

produce this sound a firm blow is necessary, so that it is better

to use the hammer than the finger.
—When connected with

vomicae in the lungs the percussion-note is further always of

tympanitic or metallic quality, which, indeed, is the element from

which it derives its "chinking" character; this tympanitic

tone becomes inaudible at the instant in which the hissing

sound is produced by the rush of air from the relatively wide
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cavitv into the relatively narrow bronchus, when the resralar

refiection of the sonorous waves, which is necessary to the forma-

tion of a tone, is interrupted. Should the cavern contain much
fluid it also is agitated by the shock of percussion, and something

resembling a rale is heard mingled with the cracked-pot sound.

2. In some cases of pleurisy, and at those parts of the lung,

situated above the level of the fluid, to which the air still has

access. The condition of the pulmonary vesicles, retracted and

approximated to each other on account of the diminution of their

air-contents, seems here to favoiur the escape of the air on per-

cussion.—The bruit de pot fele sometimes observed in the vicinity

oi pericardial exudation (Leichtenstem) originates also in the

retraction of the pulmonary substance compressed by the effusion.

3. Occasionally in cases of pneumonia, over those permeable
and relaxed parts of the Itmg immediately adjoining those which

are hepatized. The cause of the phenomenon is here the same

as in pleurisy. Sometimes, however, it is heard also over the

condensed portion ; this, as in the case of a cavity containing

air, can arise only from the sudden expulsion of air from one of

the larger bronchi leading to the affected part.
—At other times

both causes, relaxation of the Itmg-tissue and concussion of the

air in the bronchi, are in operation in pneumonia (Lob).—In

pleurisy and pneumonia the cracked-pot sound does not become

louder on opening the mouth.

4. In cases of thoracic fistula, such as those which sometimes

occur after paracentesis thoracis. The air in the pleural sac

escapes through the- fistulous opening with a hissing noise on

percussing in the immediate neighbourhood of the orifice ;
when

the latter is closed the cracked-pot sound is not developed.
—The

same explanation is applicable in some instances oipneumothorax
from stabbing or gunshot wounds.—In certain rare cases of

pneumothorax from internal causes, ia which the pleural cavity

is in direct communication with a large bronchial fistula

(Oppolzer, Eollet), the bruit de pot fele may be heard.

The cracked-pot sound is, as the foregoing facts indicate,

always dependent on the same causes, though the particular

conditions in which it is found may be very different anatomi-

cally; it is most frequently due to the presence of vomicae in the

upper lobes of the lungs, the cases of pleurisy, pneumonia, and

pneimiothorax in which it is observed constituting a very small
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fraction of the total number met with. The occurrence of the

sound, therefore, in the course of a pulmonary affection known to

be phthisical, may be taken as absolute proof of the formation of

cavity.

Amphoric Resonance.

(Metallic percussion-sound, metallic echo.)

This sound is identical with that obtained on striking on the

side of an empty cask, a pitcher, or large india-rubber ball, &c.

On the whole, it most closely approaches in quality the tym-

panitic note, differing from it in being somewhat metalhc in

timbre, by being higher in pitch (its fundamental tone, which is

variable, being also accompanied by overtones, or segmental

tones), and by being of longer duration. The ordinary tym-

panitic sound ceases at once after the percussion-stroke ; this

amphoric resonance (the metallic "klang"), however, lasts some

time longer, as the higher overtones die away much more slowly.

This modification of the tympanitic sound 'by the addition of a

metallic echo may easily be studied in one's own person : the

cheeks, when relaxed, the mouth being closed, give a sound

which is simply tympanitic, when powerfully distended a sound

of amphoric character.

The examples cited above show that amphoric resonance is

produced in large air-filled caveriu, surrounded by smooth walls

which regularly and uniformly reflect the waves of sound, com-

pletely enclosed on all sides or communicating with the external

air by means of a narrow opening. Aj)art fi-om the force of the

percussion- stroke, the intensity of the sound depends chiefly on

the size of the cavitv ; an audiblv metallic note is obtainable

only from a chamber whose transverse diameter is at least 3— 4

cmtr,, as has been proved by Merbach and Leichtenstern in a

series of experiments with cyhndrical vessels having tense elastic

walls. The pitch of the metallic tone in vomicae which are not

spherical in shape varies with the length of the longest diameter ;

percussion in the direction of the shorter diameter gives a higher

note, in the du-ection of the long diameter a lower note.

In the thorax amphoric resonance is heard over large pul-

monary cavities, and in cases of accumulation of gas in the

pleural sac.

Excavations in the lungs must have a length of at least 6 cmtr.
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in the direction in which force is apphed (Wintrich) to give rise to

an amphoric sound, and even then it is heard only under certain

conditions : the cavern must be quite superficial, bounded by
walls of homogeneous structure, entire, not subdivided into

smaller cavities by portions of lung-substance which may have

escaped disintegration (bands of connective tissue, &c.), and must
not contain too much fluid ; it is further necessary that the

thoracic parietes be not over-resistant, otherwise the sonorous

vibrations are much weakened in transmission through them. In

phthisical cavities in the upper lobes, if the other conditions

necessary to the development of amphoric resonance be present,
the thoracic resistance is usually also sufficiently diminished, as

the chest is always considerably emaciated Avhen the disease has

reached this stage.
—The sound is further increased in intensity

by opening the mouth when the vomicae communicate freely with

one of the larger bronchi,—In cavities of bronchiectatic origin

the metallic echo is wanting, partly because the disease is not

one which causes general wasting, partly because the spaces are

seldom of the necessary size, but chiefly as the afi'ection is most

common in the lo2ver lobes, where the resistance of the posterior

wall of the chest is undiminished.

The metallic percussion-sound is heard with great distinctness

in pneumothorax, as soon as the air confined in the pleura
reaches a certain (not over-exaggerated) degree of tension.*

Sometimes the sound is metallic from the very outset, at other

times it is tympanitic and attended by a metallic echo. It is

not always so loud as to be audible at a distance from the chest ;

this is particularly the case if the thorax be much distended,

when its walls are tense and rigid. In such cases it is proper
to combine auscultation with percussion, by striking the afl"ected

side of the chest with the pleximeter, or percussing on the latter

with the hammer, while with the ear to the surface we listen for

the sound so produced ; should the metallic sound still be inap-

preciable it will be necessary to percuss on the pleximeter with

a hard unelastic body, such as the handle of the hammer or a

* If the tension of the air in the thorax be too great the metallic sound is absent
;

it returns, however, after death, as the cooling of the air reduces its tension. Similarly,

on the dead body, a pre-existing amphoric sound may be caused to disappear by open-

ing the abdomen and pushing the diaphragm upwards and so augmenting the pressure

within the pleura (Traube),
—provided that the gas has no avenue of escape, such as a

persistent pulmonary fistula.
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rod of metal. In this way the overtones are brought out with

great clearness, and free from the tympanitic note which other-

wise precedes the amphoric sound (Heubner).

As pneumothorax is always followed after a certain time by
effusion of fluid into the pleural cavity the region in which

amphoric resonance maybe elicited gradually decreases in extent,

and, even though a sufficient volume of air remain above the

effusion, the sound frequently disappears entirely, giving place

to a tone of purely tympanitic character.

On changing the posture of patients suffering from pyo-pneu-
mothorax the percussion-sound undergoes modifications analogous
to those described at p. 97 ;

there is at the same time an altera-

tion in the pitch of the amphoric sound (Biermer), it becomes

higher on shortening, deeper on lengthening, the long diameter

of pneumothoracic cavity.

According to Biermer thie amplioric sound is more acute when the

patient is in the recumbent posture, as the fluid sinks to the back of

the chest, and the diaphragm, freed from pressure, rises, so that the

long diameter of the resonant chamber is shortened
;
whilst in the up-

right position the diapln-agm is forced downwards by the weight of the

effusion, the air-space is lengthened, and the tone becomes graver. It

may liappen, nevertheless, as was observed by Bjornstrom in three cases

and by me in one, that the opposite effects may result from change of

posture,
—the space containing air may be shortened when the patient

stands erect (from the extension upwards of the fluid) and lengthened
when he lies prostrate ;

in the former case the pitch of the sound rises,

in the latter it falls. Next to the quantity of the eftusion the resistance

oflered by the diaphragm to the downward pressure of the fluid exer-

cises the most important influence in determining the pitch of the

sound, as it is to it that the greater or less degree of displacement of

that structi;re in sitting and lying is due.—In inftjiiration also the

descent of the diaphragm increases the length of the air-fllled

cavity, and renders the pitch of the amphoric sound lower than in

expiration (Bjornstrom) ;
Biermer states, however, that inspiration may

r^ise the pitch of the sound.

In a few instances, as in certain cases of pneumonia (Skoda), a ringing
metallic sound, supposed to be caused by an unusually rapid, severe, and

extensive relaxation of the lung-substance, has been detected, apparently
unconnected with the presence of cavities in the lungs. This explana-
tion can scarcely be said to be satisfactory, as it is exactly in these

circumstances that the tympanitic percussion-sound is developed in

pneumonia.

Topographical Percussion.

The formation of an opinion regarding pathological alterations
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of the percussion-sound is impossible without a knowledge of the

normal pulmonary sound, of the boundaries of the areas over

which it is audible, and of the physiological differences in its

intensity and pitch at various points on the surface of the thorax.

In the practice of percussion, therefore, the study of the normal

sound must precede that of its pathological modifications ;
but

the didactic representation of the results of topographical per-

cussion, on the contrary, can be properly understood only after

the causes and diagnostic significance of the difi"erent qualities of

percussion-sound and its pathological alterations have been dis-

cussed.—Besides the ordinary anatomical descriptive terms, such

as supra- and infra-clavicular, supra- and infra-spinous regions,

Sze., the ribs and intercostal spaces, the sternum and vertebral

column, are all made available in topographical nomenclature.

The numbering of the ribs starts at the first,
—when it cannot

be distinctly felt, at the second, the sternal insertion of which

stands out prominently. The number of any of the lower ribs

is best determined by counting from below upwards, the twelfth

being always easily made out.—As aids to more exact topo-

graphical description the anterior, lateral, and posterior surfaces

of each side of the thorax are divided by vertical lines drawn at

nearly equal distances from each other : the median line passes

vertically through the middle of the sternum, the sternal line

parallel with it at the edge of the bone, tlie viammillary line

through the nipple, the iiarasternal line midway between the

two last- mentioned lines, the middle axillary line through the

middle of the axilla (in front of and behind this being the anterior

and 'posterior axillary lines), the scapular line perpendicularly

through the inferior angle of the shoulder-blade.

1. The Normal Limits of the Lung.

a. The upper limit. The lungs on both sides rise anteriorly

3 to 5 cmtr. above the clavicles, occupying there a triangular

space the outer side of which is formed by the free edge of the

trapezius muscle, the inner by the clavicular portion of the

sternomastoid, the base by the clavicle. Posteriorly the apex
of the lung occupies an area bounded externally by the trapezius

muscle, inferiorly by the spine of the scapula, superiorly by the

spinous process of the seventh cervical vertebra.

b. The anterior {inner) limit follows the line of the anterior
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inner mai-f^ins of the lungs. These, passing downwards from

the apices, approach each other and meet hehiud the sternum at

the level of the second rih, and remain in apposition, separated

only hy the anterior mediastinum, as far as the level of the

fourth rib ; beyond that point they diverge, the left, after turning

abruptly outwards, inclines again slightly towards the sternum

behind the cartilage of the fifth rib, and ends, opposite the sixth

costal cartilage, in the left lower margin ;
the right runs nearly

perpendicularly behind the sternum from the level of the fourth

rib to the sixth costal cartilage, where it joins the inferior border

at almost a right angle.

c. The inferior limit is formed by the lower borders of the

lungs. When the diaphragm is in a moderate state of con-

traction, as during quiet respiration, the inferior margin of the

right lung is found at the upper edge of the sixth rib in the

parasternal and mammillary lines, at the upper edge of the

eighth rib in the axillary line, at the ninth rib in the scapular

line, and at the tenth rib close to the vertebral column. The

lower margin of the left lung is situated at the lower border of

the sixth rib in the mammillary line, at the upper border of the

eighth rib or in the eighth intercostal space in the axillary

line, at the ninth rib in the scapular line, and at the tenth rib

close to the vertebral column.—In aged persons the pulmonary

boundaries are about a rib's breadth deeper, in children about

the same distance higher.

The lungs, when expanded in inspiration, pass over these

limits, especially inferiorly and anteriorly, least of all in the

upward direction. In ordinary circumstances, when respiration

is slow and tranquil, any extension of the boundaries of the

lung which may take place is but trifling, almost imperceptible,

the displacement at the right lower border, in the mammillary

line, amounting only to about 1 cmtr. "When inspiration is

forced, on the other hand, the lower edge of the right lung may
sink to the extent of 3 cmtr. in the parasternal and mammillary

lines, or even as much as 4 cmtr. in the axillary line
;

the

ascent of the upper part of the lung varies from ^ cmtr. when

breathing is quiet to 1| cmtr. on making a full inspiration.

Change of posture also gives rise to some displacement of the

mardn of the lung ;
on turning from the back to the side while

in the recumbent position the lung which is uppermost descends
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usually about 3 cmtr. in the axillary line, and about 2 cmtr. in

the mammillary line.

For diagnostic purposes it is of the greatest importance to

define accurately, by means of percussion, the lower border of

the right lung, inasmuch as if it be shown that it does not go

beyond its normal limits the possibility of the existence of one

of the most common lung diseases, vesicular emphysema, is

excluded. This, fortunately, is easily accomplished, as the lung,

anteriorly and laterally, is separated from the liver merely by the

thickness of the diaphragm, so that a marked difference between

the clear pulmonary sound and the dull hepatic sound is at once

perceived. The line of demarcation of the lower margin of the

right lung is thus identical with that of the upper edge of the liver.

The delimitation of the right lung inferiorly affords an excellent

opportunity of studying the gradual transition of the percussion-sound
from perfect resonance to absolute dulness. In the first place, during

quiet respiration or, still better, after forced expiration, the upper
boundary of the aJu^uhdchj dull hepatic area in the mammillary line should

be defined and marked on the skin with black dermograpliic crayon

(crayon lithographique), when it ^\'ill usually be found to coincide with

the lower edge of the sixth rib. In the same way the lowest point at

which the pulmonary-sound is still perfectly clear, which is generally
about the level of the fifth rib, is to be ascertained and shown on the

surface. The region lying between these two points is about an inch

in depth, and constitutes the zone of transition from resonance to

dulness
;
in it the percussion-note is somewhat muffled or obscured.

If this part be further examined by percussing with one finger on the

other the definite boundary line between lung and liver is found, as a

rule, at the upper edge of the sixth rib. The same method of procedure
is adopted in delimiting the lung in the parasternal and axillary lines.

The extreme accuracy and trustworthiness of the results so obtained

have frequently been shown on the dead body, by inserting long needles

into the tissues along the lines indicated hj physical examination.

It is of importance from a diagnostic point of view also to

ascertain the mohiUty of the lower border of the hings. As in

full inspiration the lung stretches downwards to a point 2 to 3

ctmr. lower than in expiration, the upper part of the area which

in the latter condition gives a dull liver-sound, is in the former

case perfectly clear and resonant : this change, when present,

proves the complete mobility of the lung. When this rising

and falling movement of the margin of the lungs is wanting, as

in cases in which the visceral and costal pleurte are extensively

adherent, the percussion-sound of the region in question remains



DELIMITATION OF THE LUNGS. Ill

unaltered in botli phases of respiration. In severe cases of pul-

monary emphysema, also, the edge of the lung is nearly or quite

motionless in inspiration ; here, therefore, percussion reveals to

us the fact that the alveoli of the lower part of the lung are no

longer elastic, but have lost their capability of expansion.
To determine the upper margin of the lung, the highest point

at which the clear pulmonary percussion-sound is appreciable

should be noted during expiration ;
if the apex of the lung be

expansible the clear area extends upwards during inspiration, but

if, as so frequently happens, it be the seat of cheesy degene-

ration, the clear percussion-area is lower in point of position

even during expiration (Seitz) and rises but slightly or not at all

during inspiration. The difference in the extent of the move-

ment at the apices on the healthy and the affected sides,

measured with Haenisch's stethograph, varies from 4 to a

little over |-
ctmr. If the percussion-sound be absolutely dull,

the apex being completely consolidated and void of air, inspira-

tion does not make it clearer. When the apex of one lung is

affected, however, the range of movement possible on the healthy
side is also generally somewhat restricted.

The movements of the anterior inner borders of the lungs may
be traced by the percussion-sound becoming louder (clearer)

over the sternum and in the cardiac region during insj)iration.

In deep inspiration the edges of the lungs creep forward, so that

the greater part of the heart is covered and the cardiac dulness

almost entirely masked.

When the anterior border of the left lung is pathologically

distended (by emphysema) the cardiac dulness is diminished in

area or completely obliterated, and the sound over the heart is

loud and clear ; if, on the other hand, it be adherent to the

costal pleura, incapable of expansion or forward movement, the

area of cardiac dulness is unaltered either in inspiration or ex-

piration. When this part of the left lung atrophies it retreats,

the base of the heart comes to a large extent into contact with

the chest-wall, the pulsation of the heart is seen and felt as far

upwards as the third or fourth intercostal space, and the region of

cardiac dulness is enlarged. The mobihty of the anterior margin
of the riglit lung is recognised by the greater clearness of the

sternal percussion-sound in inspiration.

The movements of the posterior upper and lower borders of
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the lungs, also, are well-marked and easily made out by the

extension of the clear percussion-sound during inspiration.

Pathologically the posterior ujiper margins of the lungs recede

in, contraction of the apices, while the posterior lower borders

extend downwards to the eleventh or twelfth rib in pulmonary

emphysema.

The position of the lobes of the lungs, with relation to the

thoracic wall, is as follows :
—

Right lung (three lobes).
—The upper lobe reaches downwards

on the front of the chest to the fourth or fifth rib, laterally to the

fourth rib, posteriorly to the spine of the scapula ; the lower lobe

lies between the spine of the scapula and the tenth rib posteriorly,

and laterally between the sixth and the eighth ribs. Between

the upper and lower lobes comes the middle lobe, which laterally

occupies the space included between the fourth and sixth ribs,

and anteriorly extends to the lower margin of the lung.

Left lung (two lobes). The upper lobe comes down on the

front of the chest to the sixth rib in the mammillary line, (to

the inside of which point lies the heart), and laterally to the

fourth rib ; below this, and reaching to the base in front and

from the sj)ine of the scapula to the base behind, is the lower

lobe.

2. Eegional Percussion.

On the right side of the chest in front, from the apex to the

fifth intercostal space, the percussion-sound is loud (clear), deep,

and non-tympanitic ;
resonance is greatest from the clavicle to

the fourth rib,
—the clavicle itself giving a note scarcely less

clear than that of the supraclavicular region,
—and least at the

apex (on account of the smallness in volume of the subjacent

portion of lung) and in the fifth intercostal space (owing to the

thinning of the lung at this point and its proximity to the liver).

From the sixth rib to the margin of the thorax the sound is

absolutely dull
;
but about the lower edge of the liver, more

particularly in children, the intestines give to the percussion-
sound a more or less distinctly tympanitic quality.

In the neiglibouvlioocl of the sternal insertions of the two first ribs

on both sides, most often on the right side, the percussion-note is

usually less clear than (for example) in the infraclavicular region. This
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is caused by tlie thinness of the lung towards the border, the vokime of

air thrown into vibration being small.

On the sternum the sound is clear, deep, and non-tympanitic.
On the manubrium sterni it is somewhat less clear than on the

body of the bone, but is nevertheless nearly as clear as that

obtained at the apices. That the manubrium sterni should be

resonant to percussion though there is no portion of the lung-
tissue behind it, but only the trachea, the oesophagus, blood-

vessels, &c., admits of explanation only on the supposition that

its power of entering into vibration is such that the movements

excited in it by the blow are at once transferred to the neigh-

bouring lung-tissue. This is what occurs also at the lower part

of the sternum,—though here and over the xiphoid cartilage the

sound is less loud and clear, owing to the proximity of the right

ventricle of the heart and of the left lobe of the liver.

The sternum may be rendered less vibratile if during the examination

an assistant press firmly with both hands on the sides of the thorax

near the sternum (Mazonn), when the sound over those parts of the

bone behind which no part of the lung is situated, becomes decidedly
duller.

The percussion-sound is clear on the left side in front, from

the apex of the lung to the upper edge of the fourth rib, and

dull from the fourth rib downwards through the cardiac region

to the point at which the apex-beat of the heart is perceptible

(the fifth intercostal space). On the sixth rib we have the first

trace of the tympanitic stomach-sound, which, lower down, about

the margin of the thorax, passes into that of the colon.—At the

base of the left side of the chest, lying along the anterior lower

border of the ribs, is a certain region in all parts of which the

percussion-sound is tympanitic ; it reaches posteriorly to the

ninth or tenth rib, is about 8 or 9 cmtr. in breadth at its

broadest part and somewhat crescentic in general conformation

(Traube). This space is encroached upon by the lung at each

inspiration, when its upper part yields the clear pulmonary
sound

; and, similarly, it becomes smaller in all pathological

conditions (pulmonary emphysema, for example) involving

downward displacement of the diaphragm and stomach, and

is enlarged in those conditions (atrophy of the left lung, for

instance) in which the diaphragm is drawn upwards. It is

reduced in size also in cases of effusion into the left pleura,

I
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when the fluid is so abundant as to occup}- the front of the

cavity, the pressure from above pushing the diaphragm, and
with it the stomach, downwards

;
the semilunar shape is then

completely lost, and the area formerly resonant is now dull to

percussion. The beginning of the process of absor^jtion of the

fluid is often announced by the return of an obscurely tympanitic

percussion-sound in the region described.

On the posterior surface of the chest the pulmonary percus-
sion-sound is heard on both sides as far down as the tenth or

eleventh rib
;

it is less clear than in front, owing to the ample
development of the dorsal muscles and the greater resistance

ofiered by the ribs. The sound is least clear in the supra- and

infra-spinous regions and at the lower part of the thorax.

Bending of the body to one or other side, asymmetry of the

shoulders, and frequently the fuller development of the muscles
on the right side of the back, give rise to physiological differences

in the percussion-note ; these, however, may usually be elimi-

nated by directing the patient to assume such a position that

the parts on each side are brought into the same condition

during examination, particularly by making him cross the arms
in front and stoop a little forward

;
in this position the posterior

surface of the chest is alike on both sides and the muscles in an

equal state of tension.

On the right lateral surface the sound is loud and clear down
to the eighth rib, at which point the liver-dulness begins.

—On
the left lateral surface the pulmonary sound may be elicited as

far downwards as the ninth rib
; between the ninth and eleventh

ribs the percussion -note is rendered dull by the spleen, while at

the eleventh rib the tympanitic sound of the colon is first

detected.

The Sense of Eesistance Accompanying Percussion.

The more solid the consistence of any body the greater is the

sense of resistance experienced by the fingers in pressing or per-

cussing upon it
; it is from this cause that in ascending a stone

stair the resistance perceived by the soles of the feet is greater
than in ascending one constructed of wood. Hard bodies, such

as wood or stone, off'er very considerable resistance to percussion,
soft bodies, such as cotton-wool, feathers, &c., almost none.

Similar diff'erences are observable, in percussing the organs
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removed from the thorax and abdomen, between the resistance

of a compressible, permeable lung and that of a firm, hepatized

lung or any other solid body (liver, heart, spleen, &c.). But
this sensation depends not only on the consistence but also on
the thickness of the solid body ; thus, the thin spleen, removed
from the abdominal cavity, is considerably less resistant than
the thick liver, while the relatively thin left lobe of the liver

gives this feeling to a much less intense degree than the right.—The existence of these varied degrees of resistance may also

be demonstrated on the body by simply percussing the lungs,

liver, spleen, breast, &c., though the differences will be found
to be hardly so well marked as when examining the organs
outside the body, as the resistance of the thoracic walls has to

be taken into account.

The resistance of the lungs may be increased or diminished ;

the former is an exceedingly common condition, the latter some-
what rare.

Increase of the sense of resistance at various points occurs,
even though the lungs be normal, from the presence of certain

obstacles which the structure of the thorax and the soft parts
offer to the proper performance of percussion. Amongst those

unfavourable conditions are excessive development of the bones

forming the framework of the chest, narrow^less of the intercostal

spaces, unusual convexity of the ribs, and the presence of a

large deposit of fat (especially in and around the female

mamma).
The principal pathological change which gives rise to increased

resistance in the lung is impermeability of its tissue to air,

whether produced by infiltration, atrophy, or compression (by
fluid or tumours in the pleural sac) ; it is thus usually traceable

to the same causes which are known to render the percussion-
sound dull. Hence increased resistance and a dull percussion-
sound are always found associated, and point to the same conclu-

sion—that the subjacent media are imrtially or wholly deprived

of their capability of entering into vibration.

Other things being equal the feeling of resistance increases

progressively with, though not proportionately to, the diminution

in the air-contents of the lung ;
the completely air-less hepatized

lung is thus much more resistant than that which is solidified

(but less completely) from other causes
; large pleuritic effusion

i2
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offers still greater resistance than even a consolidated lung, while

in cases of tumour in the pleura this symptom is usually present

in its most intense form.

This augmentation of the sense of resistance is a very valuable

sign. When, as is frequently the case, the ear fails to distin-

guish between the finer shades of difference in sound which mark

the transition from air-containing to solid media the sense of

touch fully compensates for this deficiency. For obvious reasons,

(though exactly the contrary has been maintained by many
authors), percussion with the unaided fingers, or with the finger

and pleximeter, is much better adapted to secure the correct

appreciation of this sensation than the ordinary system of per-

cussion with the hammer. Even in the healthy subject one may
convince himself of this by comparing the impression commu-

nicated to the finger on striking over the lung and over the liver
;

it is found that the less palpable degrees of difference entirely

escape notice in examining with the hammer.

Diminution of resistance is rare, though it is sometimes ob-

served in very aggravated cases of pulmonary emphysema and

pneumothorax. In emphysema it is probably due to widening
of the intercostal spaces ; in such a case, however, this sign,

apart from its insignificance from a diagnostic point of view, is

of little specific value, as the affection, being usually bilateral,

affords no opportunity for comparative examination.—In pneu-
mothorax it arises from the facts that only the air within the

pleura is thrown into vibration, and that air is a much more

yielding medium than the substance of the lung.
—In percussing

the chest in pneumothorax a peculiar sensation, very difficult to

define, but giving the idea of undulation, is frequently perceived

by the finger. This is noticed only in the upper part of the

affected side of the chest, the part filled with air, not towards the

bases of the lungs, where the fluid accumulates when the case,

in running its usual course, assumes the form of pyo-pneumo-
thorax. At the latter part, at the base of the chest, the feeling

of resistance is augmented.

Piorry was the first to draw attention to the increased sense of

resistance which invariably accompanies the dull percussion-sound.
As the various organs of the body (liver, spleen, heart, for instance)
differ considerably in consistence and size, and so offer very different

degrees of resistance to percussion, these tactile phenomena were at one
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time regarded as strictly analogous to the acoustic properties of the

percussion-sound ;
in this way a nomenclature sprung up, in which

sounds peculiar to the heart, liver, spleen, &c., were spoken of,
—terms

which have long been abandoned, as they are quite imsupported by

physical science.

Phonometry.

Under this name Baas has described a new method of investigating

the condition of the thoracic and abdominal organs. It consists in

placing a vibrating tunhuf-fork on the surface of the chest or abdomen
and determining, by the intensitt/ or the feebleness of the tone it gives,

whether the subjacent organs do or do not vibrate svnultaneousUj, that

is, whether they are permeable or ini2)ermeable to air. The problem pro-

posed to be solved by phonometry is thus the same as that to which per-

cussion is directed."—As regards the manner of conducting this method

of examination, the fork (sounding A or a somewhat deeper note) is

struck with a moderate amount of force and, while still vibrating, is

set perpendicularly, handle do^naiwards, on the thorax, and allowed to

remain there a few seconds
;

it may be appHed directly to the skin, or

through the medium of the pleximeter. In going over the chest in

this way each time the tuning-fork is placed on the surface it must be

again made to vibrate by striking it anew, and in order that the

results so gained may be of any value this must always be done

with as nearly as possible the same amount of force. As in percus-

sion, so in phonometry, it is obvious that much practice is necessary
to enable the examiner to strike in exactly the same way many times

successively and to appreciate clearly the difl'erences in the intensity

of the sounds obtained. On applying this mode of exploration to the

normal chest the sound of the tunimj-fork is found to be loud and stromi

at all points ivithin the pulmonarij boundaries, but tceak over orgaTis of

dense consistence, especially the liver
;
the ear also appreciates these

variations in intensity almost as readily as those of the percussion-

sound. A thorough investigation of this subject has satisfied

me that it is impossible to place phonometry on the same level with

percussion as regards delicacy and certainty in the delimitation of air-

containing and dense organs, either in health or disease
;
I invariably

found the figure obtained by phonometry, representing the dimensions

of the liver, heart, or spleen, considerably smaller than that furnished

by percussion of these organs, and the comparative examination, by
both methods, of cases of condensation of the lungs (from phthisis)

of all degrees of intensity, pulmonary cavern, pneumonia, pleuritic

exudation, emphysema of the lungs, dilatation of the right heart,

tumours of the liver, ascites, &c., gave the same general result.—It is,

further, of the nature of phonometry that it indicates only the condi-

tion of the organs ^ath respect to absence or presence of air, or dimi-

nution in the quantity of air they should uonnally contain,—exactly

the purpose which is served by the clear, dull, or muffled sound of per-

cussion
;
but it gives no information regarding those physical changes
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whose existence we infer from alteration in the pitch of the pereussion-

note, from the presence of the tympanitic sound, from variation in the

pitch of the sound on opening or closing the mouth, from the bruit de

pot fele and the amphoric resonance. The increased sense of resistance,

by which dense organs may at once be detected on percussion, is

perceptible to but a very slight degree in the phonometric method.—I

consider phonometry badly adapted for the examination of the abdomen,

except, perhaps, in the delimitation of the Hver and spleen. There is

almost no difference between the phonometric sound of the thorax and

that of the abdomen, though the percussion-notes of these pai'ts are so

exceedingly unlike and characteristic
;
while even the most pronounced

pathological changes in the abdomen,—very abundant ascites, for

instance,—announce themselves very much less distinctly by phono-

metry than by percussion. Finally, a phonometric examination of the

whole thorax, as may be inferred from the description of it already

given, cannot be made in a shorter time than a period at least three

times as long as that required for examination by percussion. For all

these reasons phonometry,
—however interesting it may be scientifically,

and however certain it may be that in the hands of those skilled in

its use it may suffice for the recognition of very fine shades of

difference in resonance,—has hitherto found little favour with practical

physicians as a means of physical diagnosis.
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AUSCULTATION OF THE LUiXGS.

Historical Note.

The knowledge of at least some of the phenomena of auscultation,

more particularly of the sign known as Hippncratic siicciissiim,*

observed in pyo-pneumothorax, dates from the time of Hippocrates.
That Hippocrates was also acquainted with the frictionf-sound of

pleurisy and many of the catarrhal sounds seems equally unquestion-
able, not merely from the description of these given in his works, but

also from his account of the diseases in vehich they were heard.

His observations, however, seem soon to have been entirely for-

gotten, as there are only a few scattered and obscure references to

auscultation, but no precise enumeration of signs, in the works of

certain of the ancient writers who came after him.

The real discoverer of auscultation, and of almost all its pheno-
mena in the domain of the respiratory and circulatory organs, is

Lannec (born 1781, died 1826). The discovery was made in the

year 1816, the first stethoscope which La3nnec used, to enable him to

hear better the beat of the heart in a case of cardiac disease, being a

roll of paper. Three years' further study and observation in the

Hopital Necker made him acquainted with nearly all the auscultatory

signs, the result of his labours being first given to the world in 1819,
in a work entitled " Traitu de 1'Auscultation mediate et des maladies

des poumons et du coeur."—Skoda has submitted La3nnec's teaching
to a most searching criticism, and, by tracing each of the auscultatory

phenomena to its physical cause, has worked as great a reformation in

this department of physical diagnosis as in the science of percussion.
He has not only simplified matters by setting aside many of the points
which found a place in Lsennec's system, but has also established, on

physical principles, a classification of the phenomena of auscultation

which has found universal acceptance up to the present time.

Our knowledge of the signs revealed by auscultation has received

v\rupiiav to n-aeos \jjo4>er]. (Another holds the hands of the patient, whilst thou, shaking
him by the shoulders, listenest from which side the sound proceeds.)

j- Tpi^f I TO nvfvfia olov iiaaBkr]^ (the respiratory sound is attended by a

creaking, as of leather.)

Another passage, relative to the presence of fluid in the chest, is to the following

effect :
—tovtu af yvoiri<:, OTi oil ttvov, aAAa vSu>p fcrri, Ka'i rjv ttoWov \p6vov 7rpo<re'\i«)i' to ovs axovdir)

irpb? TO. irAevpo, fCTTiv fauOfv olov \Ij64>o^ . (Hereby inayst thou know that the fluid is water,

not pus,—by holding thine ear to the side and listening, when it is aa if a sound came

from within.)

Catarrhal sounds also are repeatedly mentioned by Hippocrates. A very complete

collection of the passages in which he treats of the above subjects and of physical

diagnosis generally, has been made and published by Kuchenmeister.
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certain not unimportant additions smce the time of Lcrnnee ; amongst
these should be mentioned the sound of pleuritic friction (Reynaud,
1829), that of pericardial friction (Collin, 1831), and the proper

interpretation of the sounds heard over the vessels, and of many
other facts connected with the auscultation of the heart and abdomen.

(See the chapters in which these points are discussed.)

Methods of Auscultation.

Of these there are two, immediate and mediate ; in the former

the ear is applied directly to the chest, in the latter the stetho-

scope is interposed.

1. Immediate auscultation has these advantages, that the

sounds generated within the respiratory apparatus are heard

more loudly with the unaided ear than through the stethoscope,

and that a larger area can he examined at a time
;
when it is

necessary, therefore, that the chest should he gone over rapidly,

especially its posterior surface, (as in very exhausting diseases,

in which the patient is unahle to sit up any length of time),

immediate auscultation is to he preferred.

It has many drawbacks, however
;
not only is it, from the form

of the thorax, attended by great inconvenience both to the patient

and to the examiner, but it also involves many sources of error.

It is frequently a matter of considerable difficulty, sometimes it

is even impossible, to apply the ear accurately to certain parts

the exploration of which is of the utmost importance,
—the

supraclavicular regions, for instance, especially when, as is so

commonly the case, they are hollowed out by emaciation. In

the supraspinous regions also this method is usually equally

inapplicable.

The practice of immediate auscultation is, further, always

associated with certain circumstances which are very apt to

mislead ; thus, the rubbing of the hair in the neighbourhood
of the ear on the surface of the thorax in inspiration, and

to a certain extent also in expiration, may give rise to artificial

sounds which, as they closely simulate the so-called crej>itant

rales, sometimes prove very deceptive. And in those cases in

which abnormal soimds are strictly limited in distribution, or

in which the sounds vary greatly in character within a small

area, immediate auscultation is obviously an untrustworthy method

of examination.
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Auscultation is best practised on the exposed skin. When female

delicacy absolutely forbids this,—which comparatively seldom happens,
most of the laity being fully aware of the great importance of auscul-

tation,—the parts may remain covered by the chemise
;
and although

in such circumstances perplexing friction-sounds are usually mingled
with the proper respiratory murmur, the practised auscultator soon

learns to recognise these and to distinguish them from the sounds

really originating in the organs of respiration. A skilful examiner is

able also to appreciate, through the clothes, both the normal and the

abnormal respiratory sounds. No one will, of course, rest completely
, satisfied with such a superficial examination, more particularly when
the disease is in its earlier stages and when it is desired to determine

exactly its extent and nature.

2. Mediate auscultation, by means of the stethoscope. The

various forms of stethoscope, though there are a great many in

general use, are widely known and need little description. In

the most useful form of instrument the ear-plate is somewhat

concave and fits closely to the external ear, so as to facilitate

the free and unobstructed entrance of the waves of sound. This

condition is still more completely fulfilled when the stethoscope

is furnished, not with an ear-plate, but with a small conical

plug which is introduced into the auditory meatus ; the flexible

stethoscope, the auricular and thoracic ends of which are con-

nected by a tube of india-rubber, is constructed in this fashion.—
All the acoustic phenomena are heard much more distinctly

through the binaural stethoscope,
—a simplification of that so

much used in America, having one cup-shaped thoracic end

from which proceed two flexible tubes, each provided with a

small conical ear-piece to fit the meatus. But its great advan-

tage, the exceeding clearness with which it conveys sound, is

nullified by an objection which even long practice is not always

able to overcome, namely, that the slightest movement of the

tube or of the ear-piece in the ear excites loud accessory sounds.—
This variety of stethoscope is obviously well suited for self-

auscultation.

In applying the ear to the stethoscope it is necessary to guard

against pressing too firmly on the thorax, as this is decidedly unplea-
sant even to persons in good health, and is often positively painful to

those sufiering from any illness, especially if they are to any extent

emaciated. In cases in which the acoustic phenomena are feeble and

difficult to catch, the ear which is not employed in auscultating may be

filled with cotton-wool, to exclude such sounds as would be likely to

confuse those coming from within
;
a little experience, however, renders
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this unnecessary.— In auscultating the lungs the examination should

be begun at the apices and continued regularly downwards towards the

bases, the symmetrical spots on each side being compared with each

other, though this latter part of the proceeding is not absolutely

indispensable.
—The sounds may be rendered more audible by causing

the patient to breathe deeply, especially if the respiration be shallow.

The objects aimed at in auscultating the lungs are :

I. To obtain a knowledge of the sounds which accompany
both of the respiratory acts. These fall naturally into

three groups ;

a. Simple respiratory murmurs ;

h. Holes, produced during respiration, by the presence
of fluid in the bronchi or in the substance of the

lung ;

c. Friction sounds, arising from the rubbing of the

roughened pleural surfaces on each other.

II. The auscultation of the cough and voice."O'

Simple Respikatory Murmurs.

Strictly speaking this expression includes only those breath-

sounds which may be heard over the thorax; more generally,

it comprehends also those which originate, during respiration,

in the nose, mouth, and larynx. The sounds produced by
the current of air in the nasal and buccal canities (the mouth

being open) and in the pharynx not unfrequently, especially

if the breathing be hurried or irregular, become intermingled
with and obscure the true respiratory phenomena, and as they

possess the same blowing character as the laryngeal and bronchial

sounds they often prove a source of great confusion to beginners.
To eliminate the buccal sound the patient should be made to

close the mouth and to brea,the only through the nose; with

regard to the nasal and pharyngeal sounds it is necessary to

be able to recognise them readilv and to distinguish them from

the pulmonary respiratory murmur, as they are sometimes

audible even over the whole of the thorax. The laryngeal sounds

do not complicate the auscultation of the chest, as, if the laryngeal

mucous membrane be normal and the passage of the current of

air be unimpeded, they are quite inaudible over the thorax, except
at certain parts, which are mentioned in detail on p. 130.

The simple respiratory sounds produced in the lungs, both in
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health aud in pathological conditions, are divided by Skoda into

three groups :

1. Vesicular respiratory murmur.

2. Bronchial respiratory murmur.

3. Indeterminate respiratory murmur.

The Vesicular Eespiratory Murmur.

The characteristic features of this sound may be easily repro-

duced by nearly closing the lips and gently drawing a current of

air inwards ; there is obtained in this way a sighing or slightly

whiffing sound, which closely resembles that of vesicular respira-

tion.—The vesicular respiratory murmur owes its name to the

circumstance that it is produced at the instant at which the air

enters the alveoli. That it is generated just at this stage of the

resjDiratory act seems placed beyond doubt by the fact that the

sound disappears in all cases in which the entrance of air into

the vesicles is prevented (as when they are lilled with fluid), even

though the bronchi, from the largest to the smallest, be perfectly

free aud pervious.
—With respect to the actual cause of the

vesicular murmur no adequate explanation can be given. Whilst

most hold that it is no way connected with the bronchial sound,

some authors have lately attempted to show that it is merely a

modification of the sound originating in the larynx,
—that the

sonorous waves, in passing from that part into the relatively

wide resonant chamber presented by the lungs, travel more

slowly, are reduced in force and intensity, and lose the timbre and

other properties they possessed while still in the larynx (Baas).

It is undoubtedly the case that the laryngeal sound suffers

considerable alteration in transmission through permeable, air-

containing lung tissue. If, for example, a piece of the lung of

some animal be inflated (but not too much) and laid on the

larynx the characteristic laryngeal sound is no longer heard

through it, but a sound which, in proportion to the thickness of

the portion of lung used, is less tubular in quality and less

clear in tone, and which may even possess all the properties

of the ordinary normal vesicular murmur (Penzoldt) ;
but if

a piece of liver be substituted for lung the laryngeal sound is

heard through it quite unchanged. Possibly the sound of

vesicular respiration noticed in the experiment described may
have had its origin not merely in the propagation of the laryngeal
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sound throngli other resonant spaces, but also in the simultaneous

vibration of the inflated and tense lung-substance (see below).

The various theories regarding the cause of the vesicular respiratory
murmur are the following:

—
According to Laennec, Skoda, and others, it arises from the friction

of the air against the walls of the alveoli while the latter are being
dilated

;
the results of experimental investigation, however, teU

against this view, as the inflation even of large chambers (large caout-

chouc balloons, for instance) is accomplished noiselessly. If the

ultimate ramifications of the bronchi be represented by a piece of

Indian cane (which consists of extremely fine tubules of equal dia-

meter), and to this a thin elastic bladder be attached, it is found that

on blowing through the cane and distending the bladder no sound is

produced.
—Others ascribe the vesicular murmur to vibration of the air

as it enters the alveoli
;
the condition necessary to the occurrence of this

"oscillation
"
of the current of air Chauveau, Bondet, P. Niemeyer, &c.,

professed to find in a constriction of the most minute bronchioles which
takes place at the point at which they open into the funnel-shaped
infundibula

; they thus held that the vesicular murmur is made up of

numberless stenosis-murmui'S.—Talma adduces certain experiments, in

which a cm-rent of air was forced through india-rubber tubes, in sup-

port of the hypothesis that the vesicular murmur is caused by the
"

friction of small bodies of air on each other." Over the middle of

these tubes the bruit heard is continuous, while on contracting the

orifice of entrance the sound becomes weaker at the middle of the

tubes, but stronger at the constricted point ;
from these facts he

infers that the sound heard at the centre originates at that part

(from friction of the particles of air on each other) and is not trans-

mitted to it from the orifice.—Baas, in opposition to those who look

upon the vesicular murmur as an independent phenomenon, uncon-
nected with the other respiratory sounds, holds that the tracheal

sound is the one source of all the pulmonary respiratory murmurs, and
that it is merely variously modified at difierent parts according to the

dimensions of the resonant spaces to which it is conducted
; thus, in

the bronchi it becomes bronchial, in the alveoli vesicular.—Gerhardt
and Penzoldt attribute the vesicular murmur to still another cause, to

vibration of the lung tissue, as its state of tension is increased during
inspiration ; they suppose that these vibrations, when added to the

bronchial sound, give it the vesicular character. Penzoldt was led to

that conclusion by the following experiment : if a stethoscope, formed
of several separate parts screwed together, having a thin tense mem-
brane (the air-bladder of a fish) interposed between each two pieces
to represent the tissue of the lung when distended, be applied over

the larynx, or over those parts of a diseased lung at which, with an ordi-

nary instrument, the respiration is bronchial, the sound now heard is

no longer bronchial but vesicular.

The vesicular respiratory murmur is audible only during
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inspiration, usually throughout its whole duration, hut only
towards the end of the act if breathing be superficial. The in-

tensity (clearness) of the sound depends in most cases on the

energy with which respiration is carried on
;

in general, however,
it varies greatly in difterent individuals, even though their lungs
be equally well developed and respiration be equally energetic.
These diflerences have no great diagnostic significance.

In health the vesicular murmur is heard over the whole

thorax, most loudly at those parts where the soft coverings are

thinnest and offer least opposition to the propagation of the

sound. The inspiratory murmur is therefore louder anteriorly
than posteriorly, loudest in the infraclavicular region, feeblest in

the supra- and iufra-spinous regions ;
it is also weak wherever

the subjacent layer of lung is thin,
—at the apices and the

anterior and inferior borders. The two sides of the chest often

show marked differences in the intensity of the sound, the latter

being louder sometimes on one side, sometimes on the other.

Occasionally, though not always, there are obvious local causes

for the enfeeblement of the murmur at certain parts,
—such as

increased thickness of the soft parts and abnormal convexity of

the ribs, both of these conditions being highly unfavourable to

the transmission of sounds.—If inspiration be sufficiently vigorous
the vesicular murmur may be perceived not only in those parts

behind which lung substance is situated, but also at other parts—the hepatic region, for instance,
—to which the sound is con-

ducted.

With regard to the character of the vesicular respiration, a

distinction is made between the soft and the harsh or rough
vesicular murmur. In normal circumstances, when the mucous

membrane lining the air-passages is in a healthy state, the

sound is soft ;
but in catarrh and sivelling of the membrane,

it becomes rough, the normal sound being altered by the addi-

tion of vibrations from the folds and prominences on the mucous

surface. Following the distribution of the catarrhal affection,

this harsh respiratory murmur may be strictly circumscribed or

may be diffused over the whole thorax.—^The detection of rough

respiration over a limited area is of diagnostic importance as

serving to determine the cause of the catarrh. Experience

shows, for example, that catarrh of the apices is seldom primary,

but usually secondary, indicating the beginning of caseous con-
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densation in these parts. A rough respiratory murmur, there-

fore, locahsed in one or both apices, presenting no variation as

regards its site on repeated examination, furnishes good ground
for the suspicion that the catarrh is secondary to a phthisical
affection

;
the same sound, however, is heard over the whole of

one or both lungs, both in primary simple bronchial catarrh

and in the secondary catarrh associated with various diseases of

the lung-substance and air-passages.

The harsh vesicular murmur occurs sometimes alone, but

more frequentlj^ combined with certain accessory sounds,—the

rales, to be considered further on.

Harsh respiration is, nevertheless, quite consistent with perfect

health
; thus, in children, till they are about twelve years of

age, the vesicular murmur is exaggerated and rough, and so

characteristic is this sound that harsh respiration generally is

often spoken of as puerile. This peculiarity of the respiratory
murmur in children may be due to the fact that comparatively
little opposition is offered to the transmission of sound by the

thin chest-wall, and to the resistance to inspiratory expansion

presented by the greater elasticity of the lungs in early life.—
After the twelfth year the peurile breath-sound passes gradually
into the softer vesicular murmur of adults.

A special variety of the vesicular respiratory bruit is the

jerking inspiration. This term is used to describe a vesicular

inspiration divided into two or more parts,
—a phenomenon

which may be imitated by contracting the lips and drawing the

air through them in several quick, sudden draughts repeated at

short intervals. Such an interrupted inspiratory sound is

often audible over a large extent of the thorax when the indi-

vidual under examination breathes irregularly or very slowly, in

such a way that the air gains earlier access to one part of the

lung than to another. A quick deep inspiration, by which the

lungs are speedily and evenly expanded, causes this physio-

logical variety of jerking respiration to disappear.
—From this is

to be distinguished an interrupted vesicular murmur of patho-

logical origin, occurring in one or both apices, and usually

confined to these parts. Thus if the air-cells in the apices be

partially occupied by infiltration, and the finer bronchi be also

somewhat reduced in calibre by tumefaction of their mucous

membrane, the affected portions of the lungs are less readily
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accessible to the air, and are rather later in expanding, than the

freely permeable lung-substance lying between them, and in-

spiration becomes jerking or interrupted. After repeated deep

inspiration, or an attack of coughing, it disappears for a time,
but returns shortly afterwards.—From the physical point of

view interrupted inspiration indicates merely the existence of

some obstacle to the entrance of air into the pulmonary jjaren-

chyma ;
this obstacle is sometimes of short duration, and then

is of no particular moment ;
at other times it is found to persist

for a considerable period, and then may be accepted as pointing
to incipient catarrh in the apices. In such cases also there are

usually other auscultatory phenomena (prolonged expiration,

perhaps even a few feeble rales) which warrant the same diag-
nostic inference.

Another modification of the normal respiratory sound is the

so-called systolic vesicular murmur, sometimes heard at the

borders of the lungs, near the heart
; it is caused by the sudden

rush of air into the alveoli of these parts of the lung, which

rapidly expand and occupy the space rendered vacant by the

shrinking of the heart in systole. This sound, nevertheless,

occasionally occurs quite independently of inspiration, and in

such circumstances is very feeble, though most commonly it

is perceptible only when inspiration happens to coincide with

a cardiac contraction,
—when the portions of lung immediately

adjoining the heart receive more air than the other parts of the

lung.

The only diagnostic conclusion that can be drawn from the

existence of the vesicular respiratory sound is that wherever it is

audible the subjacent lung-tissue is permeable to air
; but it

does not necessarily follow that the part is capable of admitting
a normal quantity of air.—The expansibility of the lung may,
from various causes, be considerably diminished without in-

volving any marked alteration in the vesicular murmur, so long
as between these denser parts others intervene still having the

normal spongy texture ;
and any deficiency is still further

masked by the breath-sounds proceeding from the adjoining

healthy tissue. In all these cases, however, the diagnostic

inference, that the part under examination has sufiered diminu-

tion of its air-contents, is rendered easier by the presence of

other physical signs, such as changes in the percussion-note
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(muffling of the sound) and certain auscultatory phenomena,

especially fine bubbling rales.

If the air be entirely excluded from a larger or smaller portion

of the lung the vesicular murmur within the region so afi"ected is

lost, being either totally suppressed, or replaced by a sound of

no determinate quality or by bronchial breathing.

The vesicular respiratory murmur is abolished over a large area,

sometimes even over the whole of one side of the chest, when the

lung is completely collapsed by the pressure of fluid or air in the

pleural cavity or by any other cause
;

it disappears to a less ex-

tent when the lung is compressed by mediastinal tumours, large

pericardial effusion, an excessively hypertrophied heart, &c. ;

it becomes inaudible on both sides in very aggravated cases of

vesicular emphysema ;
and finally, when the lung is completely

solidified the vesicular murmur is no longer heard, but is replaced

by other auscultatory signs.

The vesicular respiratory murmur is weakened, over a greater

or less extent of surface, by the presence of minor degrees of the

above-named affections, by marked reduction in the calibre of the

larynx and trachea
; temporarily, also, by obstruction of any of

the larger bronchi.

Such constrictions of the air-passages may result from the formation

of croupous membranes, swellings, cicatricial (sypbiUtic) adhesions,

&c., more rarely from paralysis of the dilators of the glottis on both

sides
;
when it arises from the latter cause the rima glottidis, instead

of dilating in inspiration, contracts, sometimes even to absolute closure,

the vocal cords falling asunder again only in expiration.
—In cases of

obstruction of the bronchi by superabundant mucous secretion the

vesicular murmur is weakened only in circumscribed spots, and regains
its intensity after an attack of coughing. If the embarrassment of

respiration be due to the partial or complete closure of one of the

principal bronchi by the impaction of a foreign body (a somewhat rare

occurrence), the vesicular murmur over the greater part of one side of

the chest is so enfeebled as to be almost inappreciable.

Weakening, or even abolition, of the respiratory sounds may
thus spring from so many diverse causes that it admits only of

the general diagnostic interpretation,
—that the air gains access

to the alveoli with difficulty or not at all.

In those pathological conditions in which vesicular respiration is

abolished (in cases of compression of the lung by pleuritic exudation or

air, or of severe pulmonary emphysema, for instance), insphation is
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attended either by no audible sound or only a faint, undefined wbiffing

generated in the bronchi.—In another group of cases, characterised by
complete infiltration of the air-cells, the respiratory sound is no longer

vesicular, but bronchial, and accompanied usually by rales, when the

bronchus leading to the hepatized part is not stopped-up by secretion.

The vesicular murmur, in becoming weaker, becomes also less clearly
defined in character, till it passes gradually into the indeterminate

respiratory murmur. i

The Expiratory Murmur.

In auscultating the normal chest in expiration only a weak and

soft ivhiffing or buzzing, indefinite sound is heard, which bears

no trace of resemblance to the vesicular inspiratory murmur ; it

is usually much shorter than the latter, and is produced by the

outward current of air through the bronchi.

The principal pathological alterations of the expiratory murmur
are prolongation and harshness. Very frequently, indeed usually,
both changes are observed together and are due to the same
cause.

Prolongation of the expiratory murmur occurs over extensive

or circumscribed areas, the breath-sounds being either otherwise

unaltered or accompanied by accessory sounds. It always indi-

cates that there exists some hindrance to the free escape of the

respired air. It is one of the physical signs, therefore, that attend

severe bronchial catarrh, being caused by the diminution in the

lumen of the bronchi which takes place from swelling of their

mucous lining ;
it is met with particularly in the diffuse bronchial

catarrh which is associated with vesicular emphysema.—It is also

very frequently heard, but more strictly localised, as the result of

the bronchial catarrh connected with condensation of the lungs.
Limited to one or both apices, prolonged expiration is one of the

earliest signs of incipient catarrh, and may then be regarded as

evidence of the commencement of cheesy degeneration ;
in such

circumstances it is often combined with other auscultatory

phenomena (dry or moist rales) pointing to the same conclusion.

A harsh expiratory murmur, like one which is prolonged, being
caused by obstruction to the expiratory current of air and vibra-

tion of the swollen bronchial mucous membrane, indicates equally

clearly the presence of bronchial catarrh. It merges gradually
into that form of expiration to which the accessory sounds,—
particularly the dry rales, sonorous, buzzing, sibilant,

—are
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added ; these rales, however, may be so loud as to completely |

cover the proper expiratory sound.

The Bronchial (Laryngeal, Tracheal) Respiratory Murmur.

In auscultating the larynx there is heard, both in inspiration

and in expiration, a loud, rough murmur, which may best be com-

pared with the sound of the aspirate "h," or with the puffing

sound produced by blowing through a tube, such as that of

the stethoscope. The pronunciation of the German word
*' haucheud

"
reproduces fairly the peculiar characters of the

laryngeal respiratory sound
;
when the latter is soft the quality

of the "h" predominates, when rough, that of the guttural "ch."

The laryngeal sound is also sometimes described as tubular, from

its complete identity with the hollow, blowing sound caused by
the rushing of air through a tube. It is loudest at the rima

glottidis, this being the narrowest part of the tube through which

the aerial current passes. From the larynx it is propagated
downwards into the trachea and both bronchi, but with gradually

decreasing intensity ;
in the trachea, however, it is quite as

loud as in the larynx, and is of almost equal strength in in-

spiration and in expiration. Opposite the bifurcation of the

trachea, (between the shoulder-blades and near the fourth

dorsal vertebra), the laryngeal respiratory murmur is already

considerably feebler and softer, and is clearly audible only in

expiration ;
it is more distinctly appreciable on the right side

than on the left, the right bronchus being wider than the left

and lying nearer to the surface of the thorax. From the point

at which the trachea divides the tracheal murmur is carried on-

wards into the bronchi, so that it may sometimes be heard over

the whole interscapular, and occasionally even in the supra-

spinous, regions.

Lippe examined 203 healthy individuals, to detei-mine the limits of

the area of bronchial respiration. He found that it was invariably
bounded superiorly by the seventh cervical vertebra, that it extended

downwards from that point and to both sides of the chest, in only four

cases being limited to the right side. Interiorly its boundary varied,

being lasually marked by the second, fourth, or sixth cervical vertebra,

and but rarely reaching further do-^mwards.

Outside of the region described bronchial respiration is not

heard in the normal thorax, although, as may be inferred from
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certain pathological phenomena, the laryngeal sound is con-

veyed even to bronchi of medium calibre, its tubular quality

being obviously modified or suppressed by the low conducting

power of the spongy lung-tissue.

In pathological conditions bronchial respiration may become

audible at any part of the thorax, and during both inspiration

and expiration ;
it is usually louder during expiration, rarely

louder during inspiration.

The pathological bronchial respiratory murmur is, in well-

marked cases, very similar in character to the laryngeal sound,

that is, it has almost the same pitch and timbre, so far as it

can be said to possess these properties of a true musical tone
;

but in the majority of cases it resembles more nearly the

bruit heard at the bifurcation of the trachea, which is softer

and weaker than the laryngeal sound, and which, therefore, has

a better claim to the attention and study of beginners, to whom
the correct appreciation of the qualities of bronchial breathing

always presents considerable difiiculty, as the type of bronchial

respiration.
—It frequently happens that the bronchial character

of the sound is not so pronounced as usual, and in such circum-

stances it is easily mistaken for harsh and prolonged expiration ;

no sure guide can be given for the accurate discrimination of

these phenomena, except the already-mentioned aspirate quality

of "h "
or the guttural quality of

" ch
"

in the bronchial sound.

Practice and experience can alone confer the power of forming a

certain diagnosis when the sounds are badly defined, or when the

bruit is of the indeterminate class, on the border-land between

bronchial and vesicular respiration. These indistinct respiratory

murmurs are designated as
" somewhat bronchial ", "obscurely

bronchial", or
"
approximately bronchial" sounds.

In bronchial respiration of pathological origin two qualities

are distinguishable,
—it may be harsh or soft, high-pitched or

low-pitched. It becomes rough when the tracheal or bronchial

mucous membrane is swollen, and the lumen of the bronchi in

that way diminished. Similarly the bronchial murmur may take

on an excessively harsh character, audible even at some distance

from the patient, when the upper part of the wind-pipe is com-

pressed by glandular tumours or reduced in calibre from other

causes,
—

croup in children, diphtheritis of the larynx and

, trachea, &c. It is particularly in these cases that the tracheal

I

k2
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bruit is conducted to any great distance downwards into the

bronchi, when in the whole of the upper part of the thorax the

vesicular murmur may be accompanied by the sound generated

in the trachea.—The circumstances which give rise to variation in

the pitch are less clearly understood
;
these differences, however,

have no diagnostic importance, as in the same patient there are

often rapid alternations of high-pitched with low-pitched bronchial

breathing without any change in the other physical signs of the

disease.—The intensity of bronchial respiration is also very

variable ;
the sound is sometimes almost as loud as at the level

of the larynx or trachea, at other times it is very feeble, as if it

proceeded from some distant part. These differences are due,

apart from the energy with which respiration is carried on, more

particularly to the nature of the morbid process in which the

bronchial breathing has its origin, and to certain other factors

still to be discussed.

The Conditions which give rise to Bronchial Respiration.

Bronchial respiration occurs in cases of ^jwiwionar?/ cavity and of

condensation of the lung-tissue, under the following conditions :
—

1. In pulmonary caverns, when these are situated superfi-

cially, surrounded by rigid and dense walls, and at least so large

as to involve one of the larger bronchi, the air of which freely

communicates with that of the cavity on the one hand and with

that of the trachea on the other. In the absence of any of these

conditions bronchial respiration ceases, or loses its distinctive

character : thus, if the excavation be deep-seated, covered over

by normal air-containing lung-substance, the bronchial quality

of the respiration in the cavity is lost in the vesicular sound

coming from the expansible tissue
;
even if the vomica be near

the surface, but invested by healthy lung, the waves of sound of

bronchial quality from the former are scattered and broken up by
the adjoining lung-substance, which is of feeble conducting power.

Further, if the cavern be too small to be in free communication

Avith a bronchus of moderately large calibre, the sonorous undula-

tions are propagated from the larynx so feebly as to be inaudible.

And finally, should the bronchus leading to the cavity be oc-

cluded by mucus the production of the bronchial sound is

obviously rendered impossible, as the respiratory current cannot
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penetrate beyond the obstruction
;
but as soon as free intercom-

munication is re-established by coughing and expectoration, the

bronchial bruit reappears. Its intensity, in cases of pulmonary

excavation, depends, other things being equal, on the size of the

cavity, on the diameter of the bronchus opening into it, and on

the energy of the act of respiration.

2. Bronchial respiration is observed in partial or complete
condensation of the lungs, whether the result of compression or

infiltration of the air-cells.

The highest degree of infiltration takes place in pneumonic

hepatization ; here, therefore, bronchial respiration is louder

than in cases of less complete consolidation from other causes.

That the hepatized portion of lung may present a sound of

bronchial quality it must fulfil the same physical conditions

that have been already described as necessary in the case of

pulmonary cavities. The larger the part hepatized, and the

greater, therefore, the number of bronchi ramifying in it, the

louder the bronchial sound. As pneumonia attacks most fre-

quently the lower lobes bronchial respiration is most common in

the posterior lower regions of the chest ; and when the whole of

the lower lobe is afi'ected the bruit is audible from the base of

the lung up to the middle of the shoulder-blade.—The bronchial

respiratory murmur in pneumonia disappears at the beginning of

the stage of resolution, when the air again gains access to the

alveoli.

In cases of condensation of the lungs from other causes, such

as caseous degeneration, chronic interstitial pneumonia with

consecutive dilatation of the bronchi, &c., the parts so affected

frequently have isolated patches of healthy tissue scattered in

their interior
;

bronchial respiration in these circumstances is

much less intense than in the hepatization of pneumonia.
More often bronchial respiration is obscured by the presence of

rales originating in the air-passages ;
after coughing, however,

especially if it result in free expectoration, the bronchial cha-

racter of the respiratory sound comes out more distinctly. But

if the portions of spongy texture, enclosed within the indurated

tissue in the above instances, be relatively of large size the

respiratory murmur may be almost perfectly vesicular. In all

varieties of condensation of the lungs, from whatever cause

arising, the same conditions are necessary to the production of
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bronchial respiration as in pneumonic hepatization, which simply
serves as the type of the most complete solidification.

Bronchial respiration may also be observed in all those con-

ditions in which the lung is rendered void of air by compression.

The most marked degree of pulmonary collapse takes place from

pleuritic exudation, that from pneumothorax being scarcely less

complete ; more partial collapse is caused by copious pericardial

eflusion, large aneurisms of the aorta, excessive hypertrophy of

the heart, morbid growths within the pleural sac, and tumours

of the abdominal organs, which push the diaphragm upwards.

Nevertheless, bronchial respiration occurs in but a small propor-
tion of the cases of pleuritic effusion, and only when the fluid

is moderately abundant, that is, when the air-cells and finer air-

tubes, not the larger bronchi, are pressed upon ; small efi'usions

occasion no bronchial respiratory murmur, as they do not usually
exercise sufficient pressure to drive all the air from the lungs,
but produce only retraction of these organs, reducing somewhat

the quantity of air they contain. The weight of a great mass of

fluid in the pleura, on the other hand, tends to obliterate also

the larger bronchi, and so to hinder the free transmission of the

waves of sound from the larynx downwards into the lungs.

Further, on the front of the chest, in cases of pleuritic exudation,

bronchial respiration is never heard, as the fluid comes between

the lung and the anterior wall of the thorax, and to a great

extent absorbs or suppresses the respiratory murmur. But

posteriorly, where the shrunken and dense lung is in close

contact with the chest-wall, the bronchial sound transmitted

from the trachea is heard in considerable intensity,
—It is a much

rarer event to find the lung compressed to such a degree as to

favour the production of bronchial respiration, from the presence
of air in the pleural cavity than from pleuritic eff"usion ;

in such

cases there is generally no respiratory murmur, or only one of

indeterminate character, which is sometimes accompanied by a

metallic echo (see
"
amphoric respiratory murmur," p. 139).

The other morbid changes above enumerated, giving rise to

compression of the lungs, very seldom induce a state of complete

collapse in the parts concerned, so that the respiratory sound

does not commonly, from these causes, assume the unmistakeably
bronchial quality.
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Physical Cause of Pathological Bronchial Respiration.

The bronchial respiratory murmur heard in disease is nothing
more than the laryngeal sound, carried with scarcely diminished

intensity through consolidated lung-tissue. This was the expla-

nation adopted by Lfennec, though in certain details his views

must be held as erroneous. His theory is to the following

effect :
—in normal conditions the bronchial sound is so blended

with the vesicular sound as to be inaudible as an independent

phenomenon ;
but if the pulmonary tissue become consolidated,

and the vesicular respiratory murmur in that way abolished,

the bronchial bruit is heard, not merely in its original intensity,

but more strongly, as the dense, airless lung-substance is a better

conductor of sound.

This explanation is inaccurate in only one point. The occur-

rence of bronchial respiration is not dependent merely on the

disappearance of the vesicular murmur, for if that were the case

respiration should be distinctly bronchial in severe pulmonary

emphysema, in which every trace of the vesicular sound is lost.

But the second part of Laennec's proposition
—that consolidated

lung-tissue is a good conductor of sound, and that thereby the

bronchial bruit is rendered audible,
—must be accepted as well-

founded, notwithstanding the objections urged against it by
Skoda (see p. 136).

It is a matter of daily observation that the cardiac and vascular

sounds are conveyed to the thoracic parietes in a much more

intense form through indurated than through expansible lung ;

when condensation takes place in the left apex the sounds

from the pulmonary artery, when in the right those from the

subclavian, are heard with great distinctness. Similarly, marked

increase in the size of the liver, or the presence of morbid

growths in its immediate neighbourhood, magnifies the sound of

the abdominal aorta. The reason that dense pulmonary tissue

forms a better conductor of sound than that which is normal and

expansible, is that the structure of the former is homogeneous,
whilst that of the latter is not, the air contained in the alveoli

alternating with the bands of tissue constituting the parenchyma
of the organ ; and when a sound is made to traverse media

differing in consistence it is weakened and finally suppressed.
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These observations show that it is necessary to modify L£ennec's

theory, and somewhat in the following manner. In health bronchial

respiration is heard only at the larynx and over the trachea and its

bifurcation, which lies close to the chest-wall
; but from the point

at which the bronchi enter the lung bronchial respiration disappears,

as, though sounds of bronchial quality are undoubtedly transmitted

to the larger, perhaps also to the medium-sized air-tubes, they
never reach the surface, being arrested in their course by the pul-

monary tissue, which, being non-homogeneous, is a bad conductor.

But should the lung become consolidated, and thereby acquire the

property of conducting sound clearly, the bronchial murmur is conveyed
with undiminished intensity to the thoracic parietes, provided that the

portion of lung affected is of sufficient size to include a large bronchus,
in which tracheal respiration is audible.

Skoda has sought to overthrow Laennec's teaching, which ascribes

bronchial respiration to the superior conducting-power of a condensed

lung. His objections are based on a long series of experiments, the

general tenour of which led him to the opposite conclusion,—that as a

conductor of sound expansible, air-containing lung-substance far

excels consolidated tissue. One of the simplest of these experiments

may be here mentioned : two lungs, one normal, the other hcpatized,
are removed from the thorax and examined by applying a stethoscope
to its surface ;

into this instrument one experimenter speaks, while

another auscultates the voice through another stethoscope. As the

result of this comparative investigation it was found that the sound was
heard over a somewhat more extensive area in the healthy than in the

hepatized lung.

Choynowski obtained very different results. In his experiments he
eliminated one likely source of error,

—the varying intensity of the

human voice, and substituted for it the constant sound given by an

ordinary watch
;

this was, further, held as far as possible from the

auscultating ear and surrounded by substances of low conducting power,
to exclude the possibility of the transmission of the ticking sound

through the air. The result was that the sound was carried with

ijreater intensitij through hepatized than through normal lung.
—Bondet

and Chauveau, also, having introduced a cannula into the trachea of a

horse suffering from pneumonia, and whispered into the instrument,
heard the voice clearly over the hepatized lung, but not over the

healthy lung.
Skoda asserts further that to the production of a bronchial respira-

tory murmur as loud as that which is usually audible over hepatized
tissue a strong current of air is necessary ; such a current, however,
can scarcely exist in the hepatized lung, as it neither expands in in-

spiration nor contracts in expiration, its volume remaining unchanged
throughout the whole of the act of respiration. In opposition to this

Choynowski justly observes that the air in the bronchi is in motion,
even when the alveoli are completely infiltrated

;
its density varies in

respiration, becoming less in inspiration and greater in expiration,

provided that it is in free communication with the column of air in the
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trachea. But wlien the air contained in two communicating cavities

is subjected to unequal pressure, a current is at once set up from the

chamber in which the density is greatest to that in which it is least
;

and this takes place in the lung during each new inspiration. The

probability of the existence of such a current is also rendered more

evident by the fact that in a completely consolidated lung very minute

rales are frequently heard, which obviously can originate only in the

finest ramifications of the bronchi,

Skoda combats Lfennec's views on the further ground that in hepa-
tized tissue bronchial respiration is instantaneously abolished when the

bronchus is closed by a plug of mucus, and returns equally quickly

when the obstructing body is expelled and free communication re-

established. If condensed tissue, argues Skoda, were a better con-

ductor of sound than normal lung, it should make no diflerence whether

the bronchi of the portion of lung concerned be pervious or impervious.—But conduction has nothing to do with this phenomenon, as the dis-

appearance of the respiratory murmur on occlusion of the bronchus is

caused simply by the inability of the waves of sound to penetrate

the hepatized tissue on account of the opposition offered by the ob-

struction.

In the same way may be refuted Skoda's objection, that if dense

bodies are really the best conductors of sound the respiratory murmur
and voice should be louder, not weaker, m cases of pleuritic exudation.

It is the fact that very frequently bronchial respiration is heard

in the interscapular space, close to the vertebral column, where the

compressed and airless lung is closely apphed to the thoracic wall ;
but

on the front of the chest no respiratory sound is perceptible, as the

lung is separated from it by the mass of fluid exudation ;
the sonorous

vibrations, therefore, in their passage through non-homogeneous media,

lung and fluid, are so considerably enfeebled as to be no longer audible

on reaching the surface or the auscultating ear.

Skoda has endeavoured to define bronchial respiration as a pheno-

menon of consonance.

The basis of this consonance-theory, which will be described in

detail on another page (see "Bronchophony"), is that bronchial

respiration is generated or magnified in caverns and in the bronchi of

condensed lung substance by the air in these cavities and bronchi

vibrating in consonance with that of the trachea ;
the condition neces-

sary for this consonance is provided in the circumstance that the air

is pent up in confined spaces, whose solid walls (the indurated paren-

chyma surrounding the bronchi) reflect the sonorous undulations.^
This theory is capable uf but a very Hmited application, having a

bearing only on those cases in which the bronchial respiration is of

metallic character, or is accompanied by an amphoric echo (in caverns

of large dimensions) or by rales of metallic timbre. But here it is not

the bronchial respiration, hut the vietallic {amphoric) qualiti/ which is

added to it and to the rales, that constitutes the comonance-phenovmion.—Skoda bases his theory almost exclusively on the ground that in it may
be found the explanation of his observation that bronchial respiration
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is sometimes louder over the thorax than over the trachea. Such
cases have never yet come under my observation ;

at best they must
be exceedingly rare.

The Metamorphosing Eespiratory Murmur.

(Das Metamorphosirende Athmungsgerausch.)

This is a special modification of bronchial respiration. It has, accord-

ing to Seitz, who was the first to describe it, the following characters :

it occurs only in inqiiratiun ; at the outset it is distinguished by an

unusual harshness, which is quite diSerent from that of harsh vesicular

breathing, and which may be imitated by placing the tongue against
the palate, as in pronouncing the letter g (hard), and making a forcible

inspiration ;
the sound so obtained is that which is so often observed

in stenosis of the bronchi, as in the diffuse bronchial catarrh associated

with emphysema of old standing. This harshness lasts only about

one-third of the inspiratory period, when it suddenly ceases, and gives

place, during the rest of the inspiration, to bronchial breathing

accompanied by a metallic echo, or to ordinary rales.

Seitz has met with this variety of respiration only in cases of cavity
in the lungs (most often in the upper lobes), and has accordingly
classed it as a cavernous phenomenon.—The harsh sound with which

metamorphosing respiration begins manifestly has for its physical
cause the fact that the air, in entering the cavern, passes through an

opening which in relation to the size of the cavity may be regarded as

narrow, and which is often further diminished in diameter by mucous
secretions

;
it is lost at the instant in which powerful inspiration effects

the dilatation of the orifice, and in its place we have either bronchial

respiration or rales caused by disturbance of the fluid lying in the cavity.
The metamorphosing respiratory murmur is usually heard only when

respiration is vigorously caiTied on, seldom when it is tranquil and

easy ; its peculiar characters, also, are not always so pronounced as

above described. It cannot even be considered a constant symptom
of pulmonary cavity ;

it comes and goes, and varies to some extent,
like the bronchial respiratory sound, ordinary rales, &c. But when it

has once been clearly made out in any individual case, repeated
and prolonged examination rarely fails to reveal its presence on

subsequent occasions.

The fully-developed form of this murmur, as defined by Seitz, is

rare ; much more frequently there is, in excavation of the upper lobes,

a respiratory murmur which resembles it thus far,
—that it begins with

a short, harsh, hissing sound, followed by rales and indeterminate

respiration. If the simple fact that the inspirator}^ act consists of two

sounds be held as sufiicient warrant for designating it as a metamor-

phosing respiratory murmur, the relative frequency of the occurrence

of this phenomenon is greatly increased.
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To the category of bronchial respiratory sounds belongs

The Amphoric Eespiratory Murmur.

(The respiratory sound with a metallic tone or echo.)

By this name is understood a bronchial, rarely an indeter-

minate, respiratory murmur, accompanied by a tone of metallic

quality or to which is added a metallic echo. It owes the appel-

lation amphoric to the perfect analogy it presents to the

sound produced by blowing into a pitcher or bottle.— This

murmur occurs sometimes in inspiration alone, sometimes in ex-

piration, at other times in both, but is almost always loudest and

most distinct when accompanying expiration. Its fundamental

character, as already mentioned, is generally that of the bronchial

sound, the physical conditions which give to it its amphoric

quality being precisely those which are most favourable to the

development of bronchial respiration. It is only in very excep-

tional cases (see p. 141) that the indeterminate respiratory

murmur is found attended by the amphoric echo.

The amphoric respiratory sound arises, as the production of

an analogous sound by blowing into a pitcher teaches, only in

large jiulmonary cavities and in cases of accumulation of air in

the pleural sac {pneumothorax). Its occurrence is subject to the

following conditions :
—

1. The excavation in the lung must be at least of the size of

the closed fist, enclosed by walls of uniform density and thickness

throughout, in free communication wdth one of the larger bronchi,

and situated close to the surface of the lung. The first condition

is a necessary one, as it is only in cavities of some considerable

magnitude, possessing walls of uniform density, that the sonorous

waves generated by the respiratory current of air can be reflected

with that degree of regularity which is required for the formation

of a really musical tone. Since, however, the amphoric quality

is frequently wanting, even in cases in which the foregoing con-

ditions are present, the explanation of the causation of the

amphoric echo is incomplete without the addition of another

factor, namely, consonance. The air-space of the cavern forms

a resonance-chamber, in which the breath-sounds are intensified

and, through the regular reflection of the waves of sound, so

modified as to acquire a tone of distinctly musical quality.
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The secoucl condition,
—free communication between the vomica

and the bronchus leading to it, requires Httle argument in its

support, as it is obvious that if the bronchus be blocked up the

respiratory sound must disappear or become confused and indis-

tinct ;
it returns, however, after repeated and forcible coughing,

particularly when this is accompanied by expectoration.
—The

third condition,
—the proximity of the cavity to the surface of

the lung, is rarely absent when the vomicae are of large size.

The clearness of the amphoric respiratory murmur is in no

way influenced by the presence of a certain amount of fluid, as

well as air, in the cavity. This may be shown by blowing, first

into an empty pitcher, and then into one nearly full of water. It

is essential only that the vomica do not contain so much fluid that

the volume of the latter greatly exceeds that of the air-contents,

as in such circumstances the respiratory murmur is usually com-

pletely hidden by abundant moist rides, and, more particularly,

the existence of consonance, on which, to a great extent, depends
the amphoric character of the breath-sounds, is rendered im-

possible.

As the great majority of pulmonary vomicae occur in the upper

lobes, so it is chiefly at the corresponding parts of the thorax that

amphoric respiration is heard
;

it is loudest anteriorly, owing to

the greater facilities ofl"ered by the front wall of the chest for

the conduction of sound. In cases in which the cavities were

very large I have observed it also on the posterior surface of

the chest.

The metallic echo is always clear and acute, and its musical cha-

racter often so marked that its pitch is accurately and easily deter-

minahle. Frequently several tones, the harmonic over-tones of the

fundamental tone, are recognisable in it, and the impression then con-

veyed to the ear is precisely that given by the sweeping of the wind

over the strings of an iEolian harp.-
—The amphoric echo may be the

sole abnormal quality distinguishable in the respiratory sound, when
there happens to be little or no fluid in the cavity, or when the patient
breathes so feebly that the fluid is not agitated by the breath-current

;

but in the greater number of instances the amphoric respiratory
murmur is accompanied by rales having a ringing metallic character

{^metallic tinkliuf/, see p. 156).
At those parts where the respiratory murmur is amphoric the per-

cussion-sound is also frequently modified in a similar wa}'.

2. Amphoric respiration is a.ls,o met v^iih in pneumothorax, hut
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only when the lung is still able to expand so far as to permit the

entrance of a certain quantity of air. This is possible only when

the pulmonary fistula, through which the air reached the pleural

sac, closes again relatively quickly ;
this rapid closure takes

place in most cases, while persistence of the fistula, that is, the

establishment of free communication between the air in the

pleura and that in the bronchi and trachea, is the rarer event.

If the bronchial fistula be obliterated, and if the lung be not

completely collapsed, but still capable of a certain amount of ex-

pansion, a breath-sound may be heard at those points (usually

posteriorly) which correspond to the position of the permeable

portion of lung ;
this respiratory murmur is most commonly of

the indeterminate variety, more seldom bronchial, and attended

by a metallic clang or echo.

Here the explanation of the occurrence of amphoric respiration

is that the sonorous waves borne along by the air entering the

lung,
—those constituting the ordinary respiratory murmur, are

transmitted through the pulmonary substance to the air confined

in the pleural cavity, throwing it into simultaneous vibration.

In certain rare cases, in which d^-spnoea is the most prominent

symptom, amphoric respiration is sometimes developed altogether

independently of the existence of cavities. It arises in the pharynx,
on making a deep inspiration with the mouth widely open, and may
be conducted to the surface with such intensity as to be audible over

the greater part of the upper thoracic region, more especially in the

interscapular area. This variety of amphoric respiration is sometimes

at once abohshed by closing the mouth.—Friedreich asserts that in

some very aged persons an amphoric respiratory murmur may be

heard between the shoulder-blades, unconnected with any dyspnoea ; I

have never seen such a case.

Indeterminate Respiratory Murmur.

A large number of respiratory murmurs have not the cha-

racters of either vesicular or bronchial breathing ; these, on

Skoda's suggestion, are named indeterminate respiratory sounds.

Strictly speaking, however, this category includes also all those

transition-murmurs which, though somewhat undefined, are

more or less distinctly bronchial or vesicular ;
these are desig-

nated, as formerly stated, as
" somewhat vesicular," "obscurely

vesicular,"
"
obscurely bronchial," &c., the term indeterminate

being reserved for those in which no trace of either fundamental
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quality is appreciable. The more practised the ear in the

discrimination of the less-marked shades of difference between

bronchial and vesicular respiration the more limited becomes the

domain of the indeterminate respiratory murmur. It is those

transition-murmurs which seem to present most difficulty to

learners, the truly indeterminate sounds being as easily recognised

as the purely bronchial or purely vesicular sounds.

As the indeterminate respiratory murmur resembles no other

known sound it scarcely admits of description ; a knowledge of

its properties, therefore, is obtainable only by personal investiga-

tion and practice. A general conception of its qualities may be

arrived at by auscultating the chest of a robust man, directing

him at the same time to breathe exceedingly superficially ,
when

the respiratory sound heard at those parts in which the muscles

are well developed (the supra- and infra-spinous regions, for

instance), will be found to be no longer vesicular but of the

indeterminate class. The cause of this lies in the fact that in

shallow inspiration the aerial current enters the alveoli with so

little force or energy that the respiratory sound, in its transmission

through the thick covering of muscles about the shoulder, is wholly

deprived of its vesicular character
;
but on deep inspiration the

indeterminate murmur becomes clearly vesicular. The gradual
transition from vesicular to indeterminate breathing may be

demonstrated by slowly increasing or decreasing the depth of

each inspiration. An equally good method of exercising the ear in

the study of the transition sounds is to auscultate the respiratory

murmur at a point some distance removed from the part at which

it originates,
—as by passing the stethoscope slowly downwards

from the borders of the lung into the hepatic region ; the nearer

the instrument is brought to the margin of the ribs the more

obscure, the more indeterminate, becomes the respiratory sound.

As a pathological phenomenon the indeterminate respiratory

murmur is of very frequent occurrence
;

it is sometimes persis-

tent, at other times of short duration, confined to a limited area

or diffused over a considerable extent of surface.—The causes

giving rise to it may be arranged in the following groups :
—

1. Insufiicient expansion of the alveoli. This may be the

result of diminution of their elasticity, as is so often observed in

vesicular emphysema ; or of infiltration of the air-cells (with

fluid or plastic exudation), or of compression or atrophy of the
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lung. In all these cases the volume of air which gains access

to the alveoli is so small that the vesicular murmur is not deve-

loped,
—in shallow respiration at all events. The intensity of the

indeterminate sound is still further lessened when it traverses a

mass of fluid, such as ahundant pleuritic exudation. Effusions

into the pleura are the most common conditions which are found

to obstruct the free transmission of the breath-sounds; com-

pression of the lung also, by air or tumours in the pleural sac,

acts in the same way.
2. Obstruction of one of the larger, or of several of the smaller,

bronchi of an infiltrated portion of lung, by the presence of super-

abundant mucous secretion. In such cases, as only a very small

quantity of air reaches the vesicles, the respiratory murmur is

indeterminate. This occurs extremely frequently as the result of

the bronchial catarrh which accompanies infiltration of the lung-

tissue. If the mucus be expelled by coughing, or shifted from

one part of the air-passages to another, the bronchi of the part

affected again become pervious, the indeterminate quality dis-

appears from the respiration, and breathing becomes vesicular or

bronchial according as the lung substance is still capable of

expansion or is completely consolidated.

3. All respiratory murmurs become indeterminate ivhen masked

by loud accessory sounds (rales) ;
hence the frequency of indeter-

minate respiration in all cases in which the bronchi, alveoli, or

pulmonary excavations are occupied by fluid secretion, the agita-

tion of which by the breath-current gives rise to numerous rales.

According to the distribution of the latter the indeterminate

murmur is strictly circumscribed or widely diffused. Free

expectoration also, or vigorous coughing, may so far alter or

diminish the intensity of the rales that the true respiratory sound

becomes again audible, this being vesicular if the lung still

possess its normal spongy structure, bronchial if it be totally

devoid of air. But in other cases, notwithstanding the diminution

in the intensity and number of the rales, the indeterminate

character of the breath-sound remains. Li many instances a deep

inspiration on the part of the patient Causes the indeterminate

respiratory murmur, on whatever condition it depends in the

particular case, to become vesicular or bronchial,
—

vesicular, for

example, in pulmonary emphysema, or bronchial in infiltration

of the parenchyma ;
it is only in cases of very copious pleuritic
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exudation that deep inspiration does not cause it to take on the

vesicular character.

It is often possible to determine, and that with a considerable

degree of certainty, to which of the above-named causes the

indeterminate respiratory murmur owes its origin. They may all

be in operation together : thus, in an infiltrated lung, the bronchi

of which are also in a state of intense catarrhal inflammation,

it is due to the slight amount of expansion of which the

consolidated part is capable, to diminution in the quantity of air

which reaches it (from tumefaction of the bronchial mucous

membrane), and to the masking of the respiratory sounds by

moist, catarrhal rales. In other instances, as in severe pulmonary

emphyseina without catarrh of the bronchi, or in cases of

complete atelectasis of the lung-substance from the presence of a

large pleuritic efiusion, but one cause can be alleged for the

indeterminate character of the breathing,
—the insufficient expan-

sion of the alveoli.—From these examples it may, with justice, be

inferred that the indeterminate respiratory murmur possesses in

general no precise diagnostic signification. Whilst the vesicular

murmur or bronchial breathing at once discloses the condition of

the subjacent lung, the former showing that it is still permeable,
the latter that it is consolidated, indeterminate respiration alone

gives no information of this kind, as even where it is heard the

lung may or may not contain air ; it is only on taking into account

the other auscultatory phenomena that it may, in certain cases,

be traced back with confidence to its physical cause. But occa-

sionally, even when occurring alone, it may, if strictly localised,

be sufficient to warrant a diagnostic conclusion. Thus, if it be

audible and persistent in one apex, whilst in the other respiration

has its ordinary vesicular character, it points decidedly to incipient

condensation, to diminished expansibility from commencing
disease in the part. Nevertheless, such instances (the occurrence

of indeterminate respiration without accessory sounds) are rare,

as the morbid process beginning in the apex usually excites also

a catarrh of the finest air-tubules, giving rise to small, fine rales.

Sometimes, however, an unaccompanied indefinite respiratory.

murmur may be observed in one apex when the disease has been

arrested and to a certain extent cured, some condensation only

remaining ;
here the catarrh has disappeared, and the rales,

accordingly, are wanting.
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Rales.

When the organs of respiration are perfectly normal the

unmixed vesicular inspiratory and indeterminate expiratory

murmurs are the only breath-sounds heard over the whole thorax ;

rales are entirely absent, as the mucous lining of the air-passages

is everywhere smooth and secretes no more fluid than is just

necessary to keep it moist. But as soon as this membrane

becomes rough and uneven through swelling, and an augmented
secretion of fluid takes place at any part of the bronchial ramifi-

cations, certain accessory sounds, named rales, are added to the

respiratory murmur.

The manner in which these rales are produced in the larger

and smaller bronchi, in their most minute subdivisions, and in

the air-cells, varies very considerably. In bronchi of large

calibre and in pulmonary vomicae the passage of the respiratory

current of air (both in inspiration and in expiration) through the

fluid products, causes the formation of numerous bubbles which

burst with an explosive, craclding sound,—like those rising in

soapy water or other frothing or fermenting fluids, or in liquids

which are forcibly shaken.* The disturbance of the fluid

secretions also, by the breath-current, (which can obviously take

place only within very narrow limits), may give rise to rales

ivithout the throwing up of bubbles, as in a body of fluid roughly

shaken ;
and finally similar crackling sounds sometimes originate

in bronchi in which no fluid is present, from vibration of the

folds of the swollen mucous membrane. But in the bronchioles

and in the air-cells the force of respiration is so slight as to be

insufficient for the raising of bubbles in the secretions, and

the alveoli, further, scarcely afford room enough ; doubtless the

rales here owe their existence to the circumstance that at the

instant in which the smallest air-tubes and the air-vesicles are

dilated in inspiration their walls are suddenly separated from

their fluid contents to permit the passage of the current of air.

* Talma has recently asserted, as the result of a number of physical researches

conducted by him, that the bursting of bubbles is of itself noiseless, and that rales

depend on the agitation of the fluid and the formation of a multitude of little projec-

tions on its surface
;
these little tongues vibrate and awake secondary vibrations in the

mass of air pent up in the tubes which contain the fluid (in the case of the lung—the

bronchi and cavities).

L
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In expiration, on the other hand, when the vesicles shrink again

to their former dimensions, the above-named cause is not in

operation, and in fact rales are somewhat rare in this phase of

respiration ;
but in those cases in which they are heard their

occurrence may be explained on the supposition that the viscid,

tenacious exudations offer considerable resistance at parts to the

expiratory air- current, which, nevertheless, forces its way through

them, and so breaks them up and agitates them again.

That the rales developed in the bronchioles and air-cells containing
fluid secretions do not depend on the formation and bursting of bub-

bles, but on the rapid and violent separation of the agglutinated walls

of these finer air-passages from each otber, may be inferred from

certain physical analogies and some physiological and patbological
observations still to be mentioned

; thus, a very similar sound is

obtained by pulling asunder two fingers previously gummed together

by their palmar surfaces, by applying the tongue to, and suddenly

detaching it from, tbe roof of the mouth, or by inflating the collapsed

lungs in tbe dead body (VVintrich), tbe walls of the alveoli being in con-

tact after death. From the last of these examples, the sound generated
in which bears a very close resemblance to a ride often heard in the

living subject (the crepitant rale, to be subsequently described), an

important diagnostic inference may be drawn : that the rales oriijinati)Uf

in the air-eells and in tlie finest air-tuhes do w/t nccessarihj depend on the

jiresence of jiuid secretions in these parts, but that they maij sometimes

arisefrom the sudden separation of the coheriiu/ ivalls of the aiceoli, quite

independentbj of the existence of any trace of exudation.

Rales are classified as moist and dry according to their char-

acter, that is, according to the impression they convey to the

ear. The difference results from the varying consistence of the

bronchial secretions, the former variety being produced when it

is thin and watery, the latter when it is thick and tenacious.

Moist rales most usually resemble the sounds caused by the

breaking of bubbles in a fluid, such as the bursting of soap-
bubbles in water, or of the bubbles which come to the surface of

water beginning to boil
; other, finer rales are more comparable

to the sound elicited by rubbing the hair between the fingers, or

to the crepitation of salt thrown on the hot-plate of a stove.

But rales are subject to so much modification, and vary so

considerably in character even in one and the same case, that to

describe them fully by the common sounds of ordinary life is

scarcely practicable, these latter being too few in number and

not permitting of an accurate enough definition of the acoustic

phenomena observed.
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It is very seldom possible to determine, from the nature of the

rS.Ies, the constitution of the fluid in which they are generated,

that is, to affirm with precision whether it is serous, mucous,

purulent, or sanguineous ;
such inferences are deducible only

from a general knowledge of the character of the local morbid

process.
—But the seat of the rules, on the other hand, whether

in the largest, medium-sized, or smallest bronchi, or in pul-

monary cavities, may usually be ascertained with the greatest

, exactness, by a consideration of the various qualities of the rale,

now to be described in detail.

1. Stage of Eespiration in which the Eales occur.

Rales are audible sometimes in inspiration alone, more rarely

in expiration alone, or during both inspiration and expiration.

They usually appear at the acme of inspiration and at the begin-

ning of expiration, when the fluid in which they originate is

lodged in the finer bronchi. But if the secretion be so abundant

as to occupy the larger as well as the smaller air-tubes, and if

respiration be carried on with sufficient energy, the rales are

heard not merely during the whole of the inspiratory period but

also—though necessarily considerably enfeebled by the resistance

offered to the escape of the expired air—throughout expiration ;

the rattling sound is then, in fact, almost continuous. The best

example of this condition is found in diffuse bronchitis, though
even here the rale is only temporarily, and not at every exami-

nation, continuous. Violent coughing, accompanied by expec-

toration of mucus, deprives it of its continuous character for a

longer or shorter period.

Sometimes rales occur even in the respiratort/ j^aiise. These are

described as jwstexpiratonj relies by Baas, their peculiarity being that

they follow, or prolong, the expiratory rales, whilst the chest-walls

are in a state of absolute repose.
—I have not unfrequeutly observed

this postexpiratory rale, in cases of large pulmonary vomicae contain-

ing much fluid, and am of opinion that its production may be most

consistently explained on the assumption that the commotion set up in

the contents of the cavity by the respiratory air-current does not at

once subside, but goes on for a short time in certain small portions of

the fluid. It can be shown by a simple experiment,
—

watching the

bubbles that form on the surface of soapy water shaken up in a vessel,—that the bursting of bubbles in a fluid does not begin and end pre-

cisely with the act of agitation, but continues after the vessel is at

l2
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rest.—I have not noticed the postexpiratory rale in any other condi-

tions than those mentioned,—large pulmonary cavities.

2, Amount of the Rales.

Rales may be abundant or scanty. Their abundance depends

on the quantity of fluid in the bronchi, air-cells, or cavities, on

the proximity of the affected part of the lung to the surface, (by

whicli the explosion of every individual bubble is transmitted

more or less accurately to the ear), and on the violence of the

agitation of the secretions by the aerial current. Numerous

riles, therefore, always indicate free communication between the

diseased part of tbe lung and the bronchi leading to it
;
and

if this be interrupted temporarily by the impaction of mucus

in the air-passages, they are either abolished or become very

scanty, even though the parts be loaded with fluid secretions.—
Very abundant and persistent rales are designated as fiurgling,

from their resemblance to the bursting of large bubbles in a

viscid substance. These present themselves most frequently in

pulmonary vomicae of considerable size containing a large quantity

of fluid, and occasionally also in the smaller bronchi a, hen these

are filled with catarrhal secretions.

The less the amount of fluid the scantier become the rales and

the stronger the inspiratory effort necessary to produce them.

Occasionally they are so scanty that only a few bubbles form

or burst during each inspiration, whilst during several consecutive

respiratory acts absolutely none may be heard, or they may
become appreciable only after prolonged coughing. A very

scanty rale often disappears completely when the patient breathes

deeply and strongly for some time, as when undergoing exami-

nation by auscultation. An extremely scanty rale, consisting,

for instance, of but one or two isolated bubbles, appearing only

after deep and forcible inspiration, is not necessarily dependent
on the presence of fluid in the air-passages or alveoli, but may
be caused by the rapid and violent separation of the adhering

folds of the mucous membrane lining the bronchioles, or by the

distension of collapsed alveoli. Perfectly healthy persons may
thus, on making a sudden and deep inspiration, present a few

scanty rales at various parts of the lungs,
—in the apices, the

lower borders, and some other regions ; these, however, are lost
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at the next inspiration. In other respects they do not differ

from the scanty rales which characterise the earhest stages of

catarrh in the apices ;
a knowledge of the fact, therefore, that

these sounds are sometimes produced in the above-mentioned

way becomes of the greatest importance, as one is always tempted
to refer the slightest trace of' a rale in the summits of the lungs
to commencing catarrh.

3. Intensity (Clearness, Loudness) of the Rales.

Rales showvery marked differences in intensity in different cases,

and are very variable even in one and the same individual. Their

intensity is the greater the more abundant the secretions, the

more energetic the act of respiration, the wider the lumen of the

bronchi within which the fluid is accumulated, and the closer the

affected part of the lung to the thoracic parietes.
—The more

abundant the fluid the more numerous the bubbles formed by
each draught of air and the greater the total volume of sound

produced. Rales are similarly intensified also by energetic

respiration, as by this means more bubbles, and those frequently

of larger size, are thrown up on the surface of the fluid. It is

for this same reason, further, that rales occurring in the principal

bronchi are louder than those formed in the smaller air-passages.

There are certain rales, however,—such as those arising in the

larynx, trachea, or bronchial trunks,
—which, though they may

be, and commonly are, so intense as to be audible even at some

distance from the patient, (a phenomenon known as
"
a rattling

on the chest
"
among the laity), yet do not necessarily indicate

the presence of any very large quantity of fluid in those parts ;
it

is but seldom, also, that rales generated in the finer ramifications

of the bronchial tree, even though exceedingly numerous, are

observed otherwise than by mediate or immediate auscultation,

and in these exceptional cases they are feeble. Rales originat-

ing in pulmonary excavations, though extremely loud as heard

through the stethoscope, are never so intense to the ear held

away from the chest as those produced in the large bronchi.

Rales, finally, are invariably stronger the nearer their place of

origination to the part to which the stethoscope is applied. They
are all capable of transmission through the tissues to points more

or less remote, the loud being carried farther than the feeble;
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we are never, therefore, warranted in concluding that the sjjot at

which the rale may be detected corresponds precisely to the part

at which it takes its origin. Very loud rales,
— those met with

in. the right lung, for example,
—may be propagated, though

feebly, as far downwards as the hepatic region. But the ear,

with a little practice, soon learns to distinguish with sufficient

readiness between rales arising immediately under the auscul-

tated spot and those which are transmitted thither, whether from

adjoining or more deeply-seated parts of the lung. Transmitted

rales are always scanty, as only the loudest of the bubbling

noises, not all of them, are conducted to any distance
; they are

also feebler and duller, in this respect showing themselves sub-

ject to the same laws as other sounds. If rales of nearly equal

intensity be heard over a large extent of surface, it may be in-

ferred that the cause producing them is in operation at all parts

throughout the whole of the space indicated
;

if at different,

opposed j)arts of the thorax,
—on the right and left sides, for

instance, they belong to both lungs, as the conduction of rales

from one lung to another is rare, taking place only when they
are exceedingly loud and abundant in the region in which they
are set up.

Galvagni has stated that r;des developed in the deeper parts of the

lungs are best heard tltruwjh the mouth, in the cavity of which they are

considerably intensified by consonance, and that they lose in intensity
in transmission through the spongy lung substance (which is of very
low conducting power) and the thoracic parietes.

I have been led, as the result of a long series of original investiga-

tions, to modify this view considerably. It is perfectly true that

certain rales, those in the apex, for instance, appear surprisingly loud

and clear if the trumpet-shaped extremity of the stethoscope be placed
in, or even close to, the open mouth of the patient ;

in this way dull,

indistinct rales acquire a clear resonant character, while those which
are already of this nature become exquisitely metallic. Rales, there-

fore, are intensified by consonance in the buccal caiitj/, as the same
sound is heard much more feebly over the larynx than at the apex of

the lung. But I have never been able to convince myself that rales

arising in the deeper and lower portions of the lungs, sounding faint

and scanty on the surface of the chest, are louder and more numerous
when auscultated in the mouth, though I have observed that dull, non-
resonant rales originating even in the lower lobes, may be audible in the

mouth, and assume there a ringing character.—Ihese methods of

auscultation obviously do not enable us to decide whether a rale comes
from the right or left lung, from the upper or lower lobe, &c.
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4. Size of the Eales.

Different rules convey very cTitFerent impressions to the ear

with respect to the size of the hursting bubbles.

The size of the bubbles is determined by the quantity of fluid

present and the strength of the current of air passing through it,

above all by the lumen of the bronchi in -svhich the rules are

developed.
Rales are divided, according to the apparent size of the bubbles,

into Jine bubbling and coarse bubbling m/es, those of intermediate

magnitude, or which present a combination of the two preceding

varieties, being designated as medium-sized bubbling rales.

The fine bubbling rales are generated for the most part in the

smaller and smallest subdivisions of the bronchi, the coarse

bubbling rales in the larger bronchi ;
but even in the largest

and widest parts of the air-passages very fine moist rales

mav arise. If the fine and coarse bubbling be combined,—a

condition readily detected by the ear,
—

they are termed un-

equal or irregular bubbling rales ; if, on the other hand, the

bubbles seem to the ear to be equal in size, they are named

uniform bubbling rales.

Among the fine bubbling rales there is one variety which

demands special attention. It originates in the extremities of

the bronchioles and in the air-cells,
—

air-spaces of the very

smallest capacity ;
the bubbhng of which it consists is therefore

exceedingly minute
;
as the alveoli, also, are all equal in diameter

the individual explosions are of uniform size. Such a rale is

spoken of as afne, uniform bubbling rale ; it is known also as

the moist crepitating rale of Liennec, from its resemblance to

the sound produced by rubbing the hair of the head, especially

in front of the ear, between the fingers. It is usually only at

the acme of inspiration, seldom at the beginning of expiration,

that it is heard.

When crepitation is distinctly appreciable we have proof that

the air-vesicles still admit air, and the proper diagnostic inference

with regard to the state of the pulmonary parenchyma is simply

that the alveoH contain both air and fluid. This condition

occurs in the most pronounced form in the first and third stages

of pneumonia, so that uniform crepitation may be considered as

almost pathognomonic of the disease in these stages.
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Crepitation in which the bubbles are uniform must be sharply dis-

tinguished from that in which the}' are irreiiulav in size. The latter

is specialh' characterised by the fact that in it not only fine and regular
bubbles, but also some others of much larger size, are heard. Diag-

nostically this distinction is of some importance, as the genuine
uniform crepitation of Laennec is developed in lung-substance which is

still permeable to air, the irregular form very frequently in conso-

lidated tissue, that is, not in the air-cells, but in the finest bronchi or

their terminations.

Pneumonic crepitation lasts, provided there is no obstruction of any
of the larger bronchi leading to the infiltrated part,

—a condition which
would weaken or abolish the rule,

—till the alveoli are so completely
filled with fluid that the air is entirely excluded

;
it returns as soon as

the fibrinous exudation begins to be absorbed and the air once more

gains admission to the vesicles.—Crepitation is also usualhj nnaffccted by

cowjiiiwj ,
as the contents of the alveoli cannot in this way be dislodged.

In pulmonary oedema, also, a serous exudation,
—not fibrinous,

as in pneumonia,
—is poured into the air-cells, so that here too

are furnished the conditions necessary to the existence of the

crepitant rale,
—the intimate intermingling of air and fluid

;
but

in this instance the rale is not so well defined as in the fore-

mentioned stages of pneumonia, as the bronchi also are filled

with fluid, and the irregular huhhling rales produced in them being

added to the crepitation proceeding from the alveoli, the general

impression given to the ear is no longer that of the uniform crepi-

tant rale as in pneumonia.
—In the catarrhal affection of the most

minute bronchi which usually attends the various diseases of the

lung-substance, a few' non-uniform, but nevertheless very fine,

crepitations may be heard here and there over the chest, and

these may be of merely temporary duration or persistent.

Crepitation is also occasionally audible for a short time in

collapsed conditions of the lung, in those, for instance, in which

the organ has been for a long period subjected to pressure

by pleuritic effusion, or in the retracted pulmonary parenchyma
situated above the level of a pleuritic exudation ; here it may
possibly be the result of a catarrh of the extremities of the finest

air-tubes,
—a condition often associated with pleuritic exudation,—though it frequently arises, altogether apart from the presence

of fluid in the bronchioles, solely from the tearing asunder of the

collapsed and adherent alveolar walls (compare p. 146).

There is a very deceptive kind oi artificial crepitation which must be

guarded against in auscultating the thorax. In those in whom the
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skin on the front of the chest is plentifully covered by hair each inspi-'
ration is accompanied by a sound the exact counterpart of the

crepitant rale, produced by the rubbing of the little crisp hairs on the
end of the stethoscope. This noise is often so loud as to interfere

seriously with the perception of the true respiratory sounds. It is a

source of error, however, which may be completely eliminated by
simply wetting the hairs with water, when they apply themselves

flatly and closely to the surface of the chest.

The medium-sized buhhling rales, by wliich is meant, as already

noticed, the transition-form between fine and coarse rales or the

sound which results from the mixing of these, is set up in

bronchi which differ considerably w^ith respect to calibre, but not

in the very finest or in the very largest ;
in the smaller air-

passages the fine bubbles greatly outnumber the large ones, in

the larger bronchi the reverse is the case. In pulmonary ex-

cavations, also, in which there is a very abundant fluid secretion,

the rales are usually composed of bubbles of medium size.—
These rales may be still further subdi\'ided into two classes,

according as the bubbles are over or under the average size,
—a

degree of refinement which, as it depends almost entirely on

subjective appreciation, is of no practical value.

Coarse buhhling rales occur chiefly in the principal bronchi

and in the trachea, and are usually loudest and most prolonged
in expiration ;

to this category belongs the death-rattle in the

air-passages of the dying. The ability to distinguish between

medium-sized and coarse bubbling rales,
—a point of no great

diagnostic importance, is easily acquired by the ear, with a little

practice, while the difi"erence between fine and coarse rales is so

obvious as to strike every one at once.

The medium-sized and coarse rales, which are always louder

than the fine rales, are found not only in simple primary catarrh

of the bronchi, but also in the secondary bronchial catarrh which

accompanies the parenchymal diseases of the lungs, and in pul-

monary cavities. These rales, therefore, can have but one

diagnostic signification,
—that fluid is present in some of the

larger air-passages ;
but without a consideration of the character

next to be discussed, (resonance or non-resonance of the rales),

and of the properties of the respiratory sound, such phenomena
alone are not sufficient to indicate whether the tissue of the lung

is still freely permeable to air or is consolidated.

Skoda has for this reason applied to the whole group of rales just
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described the collective term indeterminate rales, regarding them as

analogous to the indeterminate respiratory murmur, as neither class of

phenomena ofiers any indication of the condition of the lung-tissue
with respect to aii'-contents. Practised auscultators, nevertheless, are able

to determine, from certain peculiar qualities of the non-uniform bubbling
rales, whether they are due to a simple catarrh, or to the secondary
catarrh dependent on condensation of the lung-substance. No general
rules can be laid down for guidance to the formation of such a diag-

nosis, which is, indeed, rather a matter demanding skill and experience ;

it must suffice, therefore, to point out some of the principal differences

between the rales of primary and of secondar}- catarrh. In simple
bronchial catarrh the rides are heard over the greater part of one or

both lungs, they vary greatly in intensity at different points, consisting
of bubbles of very unequal size, and are usually accompanied by dry ^
rales (see p. 158) ;

the vesicular inspiratory sound, further, is generally V
of the rough, harsh type, and a characteristic thrill is often lelt by the

hand laid on the chest-wall. These details are applicable also to the

bronchial catarrh associated with pulmonary emphysema. But the

rales of secondary catarrh, catarrh consequent on condensation of the-

pulmonary parenchyma, are more limited in distribution, being fre-

quently confined to small circumscribed spots ; they are usually much
finer,—as such catarrh most commonly has its seat in the smaller

bronchi,—are more seldom accompanied by dry rales, and are very
rarely, and then but feebly, appreciable to the hand placed on the

surface of the chest.

5. Resonant and Non-Resonant (Toneless) Rales.

Resonant (or sonorous) rales are those in wliicli a tone of

somewhat musical quality is distinguishable, the non-resonant

those which make on the ear the impression only of a non-

musical sound or noise. The former usually appear to the ear

clear and high, the latter dull and loiv in pitch ; in well-marked,

typical instances, therefore, the distinction between the two

varieties is easily made, while in the transition-forms, which are

designated, on the one hand, as obscurely or approximately

resonant, or on the other as almost toneless, much has to be left

to the subjective appreciation of the individual examiner.—All

fine, coarse, or medium-sized bubbling rales, with the excej^tion of

the small uniform rale (the crepitant rale), may become resonant

under certain circumstances described below'.

Resonant rales arise only in consolidated lung-tissue and in

cavities, and should therefore be interpreted in the same way as

bronchial respiration ;
on the other hand, riiles which originate in

parts of spongy texture are invariably non-resonant.—The cause
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of this resonance is to be found, not in Skoda's assumed conso-

nance,* but in the favourable conditions offered by tlie dense tissue

for the transmission of each individual sound to the surface.

As the rale generally loses its resonant quality in passing

through expansible, air-containing lung, it is usually toneless

at some distance from its point of origination.
—If in listening

to a resonant rale special attention be directed to individual

bubbles, it will be found that they do not all burst with the same

musical sound, that many, in fact, are absolutely non-resonant ;

the more numerous the bubbles having the sonorous character the

more distinct is the resonance
;

this resonance is also greater

the more complete the consolidation of the lung, the closer the

indurated part lies to the surface, and the larger the bubbles

thrown up in the fluid. But it is far from being invariably the

case that the rales heard in condensed lung-substance are re-

sonant ; thev are sometimes perfectly devoid of the sonorous

quality, this being specially apt to occur if the dense part is

small, or if between the portions of solidified tissue the lung is

still quite spongy in texture.

But frequently, with w^ell-marked physical signs of consoli-

dation,—percussion-dulness and loud bronchial respiration,
—

the rules may appear non-resonant, whilst at a subsequent

examination they may again be distinctly resonant ;
this change

does not in all cases admit of ready explanation.
—The most

clearly resonant rales are those generated in cavities situated

close to the surface of the lung and surrounded by dense, firm

parenchyma.

Thus, whilst resonant rales indicate with certainty the presence of

condensatiun or excavatiun of the lung-tissue, nnn-nsunant rules da not

necessarily exclude the existence of tliese conditions. In the absence

of the resonant rale the diagnosis of consoHdation of the lung-substance

rests on the results of percussion (dulness), and of auscultation of the

respiratory sound (bronchial breathing). In those parts in which the

rales are of resonant quality the respiratory murmur may be bronchial,

or amphoric, or indeterminate, but obviously never vesicular.

The non-resonant rales, yielding, as they do, no direct evi-

dence as to the condition of the lung-substance, fall naturally

into the category of indeterminate rales already mentioned.—
Sometimes, however, they bear no resemblance whatever to the

* Skoda names the resonant rale the consonating rale, in conformity with his view

of its origin.
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usual sound of bursting bubbles, being of a peculiar creaking or

ereiclding quality. Such a rale, which constitutes the transition-

form between moist and dry rales, indicates great swelling of the

bronchial mucous membrane, and a scanty or very tenacious

secretion. These creaking rales occur very frequently both in

primary bronchial catarrh and in the catarrh which accompanies
chronic induration of the lung.
As the apices of the lungs are the parts most commonly

affected by condensation it is here that the creaking and crack-

ling sounds,
—more frequently the former,—are oftenest iheard.

These peculiar phenomena are observed only when the rales

are scanty ; they appear, also, to originate in the immediate

\icinity of the ear, in the most superficial parts of the lung.
—

After remaining audible for a considerable period they may
completely disappear, on account of diminution in the quantity
of the bronchial secretion. In general their characters are

subject to much variation, like those of all the other moist

rales.

Metallic Eales.

The most exquisite form of the resonant rale is termed the

ringing, metallic rale.

These rales are accompanied by a tone of genuine musical

quality, very clear and of accurately determinable pitch. Fre-

quently all the bubbles formed by the agitation of the fluid

secretions have this ringing metallic character; in other cases

only a few of them possess it, while the remainder are obscurely

resonant ;
and in still another class of cases the rale, especially

when it consists of but a few bubbles altogether, gives the

impression as of drops of fluid falling from a height with a

sound of acutely metallic intonation.

Rales of metallic timbre, especially single bubbles, may be

best imitated by causing drops of water to fall some distance to

the bottom of a metallic vessel.

Lcennee employed the term vietalUc tinkling to designate the phe-
nomenon just described,

—the intensely metallic sound of single burst-

ing bubbles, simulating the dropping of water, occurring in large

pulmonary excavations or in pneumothoracic cavities occupied by a

certain quantity of fluid. It is certain, however, that the soimd is

exceedingly deceptive ;
it is not produced by the dropping of fluid,
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but, as above stated, by the explosion of single bubbles, whose tone is

intensified by resonance in the cavity.

Kales of metallic timbre arise exclusively in cavities of con-

siderable size, as large, at least, as the closed fist, which are

enclosed by walls of uniform density, and are situated near the

surface of the lung. These are precisely the conditions enume-
rated as necessary to the occurrence of the metallic percussion-
sound and of the amphoric respiratory murmur. But the free

communication which, in order to the development of amphoric

respiration, must exist between the air of the cavity and that of

the bronchus leading to it, and between the latter and that of

the trachea, is not an indispensable condition in the case of the

metallic rale
;

this is obvious from the fact that in the some-

what rare cases in which there is absolute closure of the

bronchus opening into a large cavity,
— as indicated by the total

suppression of the respiratory murmur,—the ringing metallic

rale may be at once elicited by sharp coughing, when the fluid

and air in the excavation are thrown into violent agitation. The

metallic rale has been justly explained as a true phenome)W)i of

consonance, in contradistinction to the simply resonant rale,

which owes its peculiar qualities to the better conduction of

sound through solidified tissue. Amongst the many resonant

bubbles which go to constitute it, but few have the pure mctalUe

resonance
;
these are they whose pitch corresponds to the proper

tone of the cavity, and for them the cavity acts as a resonance-

chamber, in which the ringing quality of the rale is intensified

(compare Bronchophony, p. 169). By using a suitable resonator,

also, (see p. 95) the metallic sound may be greatly increased

in intensity. It is often possible to recognise in the metallic

rale several tones (fundamental tone and overtones) stanchng in

harmonic relation to each other.

In those cases in which this rale is heard the respiratory

murmur,—Avhen not temporarily suppressed or rendered indeter-

minate by plugging of the principal bronchus, in which circum-

stances the metallic rale also is wanting during the respiratory

act and is audible only on coughing,
—is amphoric (accompanied

by a metallic echo), so that amphoric respiration and metallic

tinkling have come to be shortly designated metallic phenomena,

or, as they occur almost exclusively in cavities, as cavernous

phenomena.
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The Sound of Succussion in Pyo-pneumothorax.

There remains for discussion a special variety of the metalHe

rale,
—a splashing, accompanied by a ringing sound, heard in

cases in which the pleural sac is occupied by air and fluid (pyo-

pneumothorax), on shaking the patient while the ear is applied

to his chest. This method of exploration was practised by

Hippocrates,
—hence the name by which it is generally known,

Hippocratic Succussion. On shaking a jug partially filled ^yit]l

water a fair representation of this sign is obtained. In some

cases it is very feeble, appreciable only by immediate auscultation

or through the stethoscope, whilst in others it is audible even

at a considerable distance.

In one patient who was under my care, suffering from pyo-pneumo-
thorax on the left side, the splash could be heard in all parts of a large

class-room, when he raised himself quickly on his toes and dropped
back again on bis heels.

When the cure of a pneumothorax is effected by the outpouring
of a pleuritic exudation which, by its increase, gradually takes

the place of the air, the sound of succussion is no longer appre-

ciable. In encysted pyo-pneumothorax also, especially if it be

of limited extent, the splash is wanting ; and, further, it does

not appear to be present even in every case in which the effusion

is free and unconfined by adhesions, but only in those in which

it is also of very fluid consistence (serous), and in that way easily

thrown into commotion by shaking the patient.

The splashing succussion-sound ma}/ also be observed in prdwonmy
vomica', when they are of the .s(^^ of the. closed fist at least, and contain

a very abundant and thin fluid secretion
;
but as the latter condition

is exceedingly rare in phthisical and bronchiectatic cavities, it is only in

very exceptional cases of this kind that the sound in question is heard.

Gangrenous cavities do certainl}- contain a secretion of this character,
but are seldom so large as to form a resonant chamber sufficiently

spacious for the proper development of the splashing sound.

Dry Eales.

By this term are meant rales which do not create the impres-
sion of the bursting of bubbles or of liquid in motion, but which

are comparable rather to the whirr of a revolving wheel, to the

crisp noise produced by walking on frozen snow, to the crackling



DRY RALES. 159

of a dried bladder, &c. These comparisons come far short of

exhausting the varied characters of the sounds under considera-

tion ; they cannot be regarded as minutely descriptive of them,

but merely as expressive of some of their most striking and

prominent resemblances. A little practice, however, will soon

enable any one to distinguish readily between moist and dry
rales. The transition from moist to dry sounds is gradual ;

the

creaking and crackling sounds described on p. 156 may be taken

as representing the forms intermediate between the two definite

t}"pes, though they are almost entitled to be looked upon as dry

rales.

The general diagnostic inference to be drawn from the pre-

sence of dry rales, with reference to the condition of the

bronchi, is that the mucous membrane is swollen, and covered by
a scanty, exceedingly viscous secretion.

From these dry rales is to be carefully distinguished still

another class of sounds, in which there is no longer to be found

any trace of the characteristic features of the rale ;
these are

known as the snoring, hissing, and ichistling sounds. As the

sensory impression produced by them corresponds exactly to that

indicated by the names they bear, (the sonorous rhonchus, for

instance, resembling closely the deep tone of a bass string), their

recognition presents no difficulty. These sounds are caused by

the passage of the respiratory current of air through bronchi

whose calibre is encroached-upon by swelling of the mucous

membrane, or which are at parts temporarily obstructed by plugs

of mucus. These conditions alone are enough to render the

respiratory murmur loud and harsh, as may easily be shown ex-

perimentally by blowing through caoutchouc tubes which are

compressed at certain points ;
but besides these causes the vibra-

tion of the prominent folds of the swollen mucous membrane

and of the tough secretions adherent to them, take an important

part in the production of the sounds. The snoring sounds

(sonorous rhonchi) originate in the large and medium-sized

bronchi, the hissing and ichistling sounds (sibilant rhonchi) in

the small and smallest air-passages. The former are low-

pitched, the latter high ;
and this is exactly in accord with the

teaching of physical science,— that the pitch of a tone, like that

of a rale artificially produced in tubes, rises as the diameter of

the chamber in which it is generated diminishes. These rhonchi
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are very common iu chest affections, and are most marked in

acute and chronic bronchial catarrh,
—both in the primary

form and in that which results from the various diseased con-

ditions of the pulmonary parenchyma, especially emphysema ;

they are generally audible over a large part of one or both sides,

sometimes even over the whole, of the thorax, and vary in in-

tensity with the degree of the swelling of the mucous membrane

and the lumen of the bronchi attacked by the catarrhal process.

The loudest are the sonorous rhonchi, occurring in the large

bronchi. The character of the sounds depends on the size of

the bronchi involved, being snoring or hissing and whistling

according as it is chiefly the large or the small air-tubes

that are affected ; occasionally all three varieties are heard

simultaneously, at the same or at different parts of the thorax.

They are considerably louder than the moist rales, and are

appreciable, even at a distance from the patient, in both

inspiration and expiration, sometimes throughout the icJiole of

the respiratory act, as sighing, moaning, or cooing sounds. As

in these circumstances the elasticity of the lungs is diminished

and expiration prolonged, the duration of the expiratory rhonchi

is much longer than that of the inspiratory sounds. If the

bronchi contain also a certain amount of fluid secretion moist

rales are added to the dry sounds, and as fluid is found more

frequently in the larger than in the smaller bronchi it is the

sonorous rhonr-hus which is most often accompanied by rales (of

the coarse or medium-sized bubbling variety), whilst the sibilant

rhonchi are commonly free from such indications of the presence

of liquids in the air-passages. The respiratory murmur is some-

times audible along with the sonorous or sibilant sounds
;

it is

vesicular so long as the lung-substance remains permeable to air,

or may disappear entirely, as in aggravated cases of pulmonary

emphysema ;
it may be completely masked by the loudness of

the dry rales, or may possess the characters only of indeterminate

respiration.
—All these dry sounds, which are shortly designated

as catarrhal, may be modified by the assumption of the ringing,

resonant quality, when the lung-substance at the affected part is

completely consolidated ;
it is scarcely justifiable, however, to base

the diagnosis of consolidation on this sign alone, as even while

the lung is perfectly expansible these rhonchi show a greater

tendency than any of the other rales to take on the character



PLEURITIC FRICTION-SOUND. 161

referred to ; this is clearly indicated in the names applied to them,

sonorous, sibilant, &c. It is only necessary to auscultate a few

cases of severe emphysema attended by dry catarrh, to become

convinced of the frequent occurrence of this almost musical pro-

perty of the dry catarrhal rales. They are all, especially the

sonorous rhonchi, appreciable ou the surface as palpable fremitus

(see p. 68), but may also become unrecognisable, either by
auscultation or palpation, for a longer or shorter period, or at

least suffer considerable diminution in intensity, when the

patient succeeds in expectorating some of the mucous secretions,

which in these cases are always scanty and tenacious.

Several of the moist and dry rales, the special characters of which

have been described, may co-exist in the same individual. Or the

different orders of rales may assume the most diverse forms, merging
into each other through multiform modifications, and that not only
at different stages of the morbid process but within very short periods
of time, in the space of a few minutes, for example, on coughing sharply.
In the same way similar rales may be observed accompanying very
different respiratory murmurs

;
thus with vesicular respiration all the

rales, excepting the resonant and the metallic varieties, may be heard,

with indeterminate respiration rales of every description, without ex-

ception, and with bronchial respiration rales of all kinds except the

genuine uniform crepitation.

Pleuritic Friction-Sound.

This phenomenon presents to the ear much the same charac-

ters which are felt by the hand in Pleural Fremitus (p. 66).

It gives the sensation sometimes as of the lightest rubbing, if

stronger, that of shuffling, grating, or creaking, &c. ; in the latter

form, which is the most common, the sound is divided into

several distinct portions of different intensity. It is sometimes

audible only at the height of inspiration and the beginning of

expiration, at other times, especially when breathing is vigorously

carried on, throughout the whole of both phases of respiration.

It is also generally, though not always, possible to form some

preHminary conception of the intensity which the sound should

present to auscultation from the distinctness of the thrilling

sensation communicated to the hand. In some cases it is only

its rougher, or more striking features that are thus perceptible

to the sense of touch, whilst the ear takes in not merely these,

M
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but also the fainter, less-marked indications ; so that the signs

of friction may persist much longer to auscultation than to

palpation.
—

Occasionally pleuritic friction is so feeble as to be

recognisable only by the ear, but absolutely inappreciable by

palpation, particularly when it is exceedingly soft and not jerky

or interrupted.

Very rough friction-sounds are accompanied by fremitus so easily

detected and of so marked a character that to mistake them for any of

the other chest-sounds giving rise to vibration which may be felt by the

hand,—such as the rales of diffuse bronchial catarrh (see p. 69),
—is

scarcely possible. And it is only with rales perceptible to touch that

friction-sounds are likely to be confounded, as the very general palpa-

bility of the latter constitutes a perfect diagnostic distinction between

them and the non-tangible rales. That confusion should arise is

scarcely conceivable, except in those cases in which the friction-signs

are either so exceedingly weak as to escape detection by the finger,

when the diagnosis must be made by means of auscultation alone, or

in the rare instances in which fremitus due to the presence of rales

occupies a space as chruDi.'icrilird as that of the friction-sound, though
even here simple palpation suffices, as a rule, to establish the distinction

(see p. 69) ; or, finally, when friction-sounds and rales co-exist side by
side. In all these cases, however, the diagnosis can easily be made

by auscultation. To auscultation rales and friction-sounds are dis-

tinfjuished from each other by the following points : the former make on

the ear the impression either of the Imrstinrf of bubbles, or of rough

snoring, whistling, hissing, dnj sounds, and undergo various modifications

071 coughing, particularly with respect to the loudness, number, and size

of the bubbles
;
the latter, on the contrary, show no trace of the acoustic

properties expressed in the words moistness and dryness, while they are

also absolutely uninfluenced by coughing. Friction-sounds, further, are

not uncommonly intensified by the pressure of the stethoscope, as in

this way the opposed surfaces of the pleura are brought into closer

contact, and the friction increased at the part under examination ;

rales, on the other hand, are not affected by this manoeuvre.

Friction-sounds may be associated with the most diverse varieties of

dry or moist rales, when the pleurisy is combined with diffuse bronchial

catarrh. They may be heard accompanying the respiratory murmur,
or the latter may be completely hidden by the loudness of the rubbing ;

or the bronchial catarrh which so generally attends pleurisy may render

the vesicular respiratory murmur so loud and harsh that friction-sounds

existing in the same part of the chest, provided they are only of the

rubbing or shuffling, not of the creaking character, are heard with

extreme difficulty. In these and similar cases the question as to the

possible association of friction-sounds with rales may be most readily

settled by repeated auscultation, especially when this is supplemented

by a consideration of the phenomena produced by coughing and by

superficial and deep respiration.
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Pleuritic friction in the neighbourhood of the heart is apt to be
mistaken for pericardial friction. But suspending the respiration
distinguishes between them at once : pericardial friction remains,
pleuritic friction disappears.

The pleuritic friction-sound is rarely heard at the be^innino-

of an attack of pleurisy, as the inflammatory products seldom

have, at that stage, the requisite degree of roughness, and the

patient, also, is constrained to breathe very superficially, on
account of the acuteness of the pain. In the succeeding stao-e

of the disorder likewise, when effusion has taken place, there is

j

no sound, as the roughened pleural surfaces are separated by
I the fluid. It is usually first observed when the process of

absorption of the efi"usion begins, and the more rapidly this pro-

gresses the greater the number of points at which the sound

becomes audible. It is not present, however, in every case of

pleurisy, as the exudation is not invariably fibrinous, but is

occasionally simply serous. Pleuritic friction is always wanting,
therefore, in cases of transudation of fluid into the pleural cavity.

The sound, further, is sometimes heard in pleurisy without

, efl'usion {jileuritis sicca), but only in circumscribed spots, usually
I those which the patient complains of as painful ;

it is then also

usually of the light rubbing or shuflling character.

I When the friction-sound is absent in such cases the diagnosis of

circumscribed pleurisy rests, so far as anamnestic symptoms are con-

cerned, on the occurrence of localized pain, increased in deep inspiration
• or on exercising pressure on the spot in question.
I But circumscribed friction occasionally arises from quite other

causes : it may depend on fractures of the ribs, when the sound is

' produced, not merely by means of the fingers, by rubbing the frag-
' ments on each other, but also by the movements of respiration ;

or on
certain morbid conditions, afiecting primarily the osseous or carti-

laginous portions of the ribs, and subsequently involving the adjoining
part of the costal pleura, causing the deposition of inflammatory
products upon it.—Inequalities of the surface of the visceral pleura, a

somewhat rare condition, may also generate friction-sounds. A ease

of this nature, occurring in a patient suffering from acute miliary
tubercle, is recorded by Jiirgensen ;

the friction arose, as was seen on

post mortem examination, from the constant rubbing of the smooth
costal pleura on the surface of the lung, which was closely studded
with numerous little prominent tubercles. And even during the

patient's life the sound, which was soft and widely distributed over

I
the chest, perceptible both to the hand and to the ear, gave the

'

impression of rubbing against a surface covered by a multitude of

I small excrescences.

i
M 2
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Auscultation of the Cough.

The cough of the patient is sometimes made use of as an aid

to auscultation, but in many cases is also itself made the subject
of direct examination.

As an adjuvant to auscultation it answers many purposes :

1. After repeated coughing inspiration becomes deeper and
the respiratory murmur louder.

2. Casual obstruction of the bronchi by plugs of mucus is

removed by coughing, especially if followed by expectoration ;

communication between the air-passages and the substance of

the lung is thus re-established, and the respiratory murmur,

pre\dously suppressed or indeterminate in character, becomes

clearer. The nature of the respiration after coughing depends
on the state of the lung itself, being bronchial in consolidation

or excavation of its substance, vesicular if it be still of spongy
texture.

3. Rales are often first called into existence, or are considerably

intensified, by coughing ; it agitates the fluids which are lodged
in the pulmonary vomicae and in the bronchi, throwing them into

more violent commotion than ordinary respiration ;
it frequently

also has the eff"ect of collecting and dri\dng the secretions into

more confined spaces, and thus of increasing the number and

intensity of the rales. During the cough, therefore, and in the

deep inspirations following it, the rales are heard with great
distinctness. Occasionally, however, the rales, notwithstanding
the complete absence of expectoration, become weaker at certain

parts after coughing, and stronger at others
;

this is plainly due

to the shifting of the liquids in the air-passages.—These changes
in the rales, as the result of coughing, are observed with great

frequency in diff'use bronchial catarrh.

4. The ringing character of the metallic rale is generally

brought out by coughing, if it is not already observable in

ordinary respiration.

The cough itself is auscultated, as it developes certain peculiar
acoustic phenomena in consolidated lung-tissue and in cavities :

it becomes exceedingly loud in solidified lung, louder, at least,

than in lung which is permeable to air, and in large superficial

cavities it further acquires a distinct metallic ring. Auscultation

of the cough alone, therefore, is sufficient to decide whether the
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subjacent part of the lung is solid, of spongy texture, or hollowed

out into cavities.

The cause of the greater distinctness of the cough over con-

densed tissue and excavations lies in the superior sound-conduct-

ing power of indurated lung-suhstance.

It remains now to discuss the coKt/h «.<? a symptom in diseases of
the respiratory organs and its sUjnijication from a diagnustic point
of view.

Congh is produced by the sudden and forcible opening of the glottis

by the expiratory current of air. It is frequently an entirely volun-

tary action
;

at otber times it occurs independently of the wiU, as

a rejJex action, when the terminations of the sensory nerves in any
part of the mucous membrane lining the air-passages, from the

larynx down to the smallest bronchioles, are subjected to any abnormal
irritation. The most sensitive part of the mucous membrane is that

which protects the larynx (especially the inter-arytenoid region) and
the trachea as far downwards as its bifurcation

; coughing may at any
time be artificially excited in animals by irritating any part of this

portion of the membrane (Xothnagel, Kohts). The mucous lining of

the bronchi is much less sensitive. These views find ample corrobora-

tion in certain pathological observations
;
thus it commonly happens

that most violent coughing is set up on the intrusion of foreign bodies

into the larynx, and that, further, if the eSbrts made to expel these

bodies be unsuccessful, if they rather sink deeper into the bronchi, the

coughing becomes less distressing and may finally entirely cease.—
Irritation of the costal pleura, also, provokes coughing, while stimula-

tion of the visceral portion is powerless to produce this efiect, as has

been shown by experiments on animals and some observations in

the human subject. Whether coughing may be brought on, by
reflex action, from irritation in the stomach, is still doubtful, though
some of the phenomena met with in disease seem to point in that

direction
;

it has never yet been accomplished experimentally.
—

Stimulation of the vagus in the neck, of the superior laryngeal nerve,
and of the nerve-centres from which the constituent fibres of the vagi;s

spring, induces attacks of coughing (Kohts) ;
in those cases, therefore,

in which coughing appears as a symptom accompanying some disease

of the nervous system, and apart from the existence of any concurrent

pulmonary disorder,
—as in some instances of hysteria,

—it may be

referred to an abnormal condition of irritation in the course of the vagus.
Further evidence of such a purely neurotic origin is found in the fact

that the cough usually comes on in paroxysms, like that of tussis con-

vulsiva.—Most attacks of coughing are preceded by a tkhlbvi sensation

in the larynx, even when the aflectiou which excites them is not located

at that point, but in the bronchi. This tickling forces on the cough,
or at least makes it difficult to refrain from endeavouring to find rehef

in that fashion.

The irritation necessary to the provocation of coughing, apart from
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the accidental admission of foreign bodies into the lar^'nx, is furnished

in diseases of the respiratory organs by the swollen condition of the

bronchial mucous membrane, or the presence of fluids in the air-

passages,
—such as bronchial mucus, inflammatory exudations, estra-

vasated blood, pus, or serum
; occasionally, also, simple engorgement

of the lungs with blood, independently of any change in the mucous

membrane, appears to be sufficient to cause coughing. Inasmuch,
therefore, as almost all the diseases of respiration are, at some stage
or other, attended by bronchial catarrh, localized or diffuse, it is plain
that in almost all these afiections coughing can scarcely fail to be a

more or less prominent symptom, lasting either throughout the whole
of the disorder, or developed only at some particular part of its course.

Coughing is thus a symptom of the greatest importance in many
diseases, especially in incipient phthisical affections, as, in the absence

of other indications, it is not unfrequently the first sign which directs

the attention of the medical attendant to the lungs.

Complete absence of cough in pulmonary diseases, either during
certain longer or shorter periods or during the whole of their course,
is exceedingly rare

;
the most probable explanation of such an occur-

rence is that in these cases the sensitiveness of the nerve-termina-

tions in the bronchial mucous membrane is blunted. This may take

place even under physiological conditions : in sleep, for instance, this

irritability is much less marked than during the waking hours
;
and

in certain pathological circumstances it may be similarly affected,
—

as when there is disturbance or enfeeblement of the sensorial activity,

in collapse, and in profound exhaustion from disease.—But in the

total absence of such morbid conditions, also, diseases of the respi-

ratory organs may run their entire course without cough,
—and

it is these cases only which are above referred to as "
exceedingly

rare." Nevertheless even in these instances it cannot be said

that cough is absolutely wanting, but only that it is so trifling, and
that it appears at such long intervals, that it escapes the patient's
notice.'"

The frequency of the cough is variable : the intervals at which it

occurs are very irregular, sometimes long, at other times short
;

at

certain periods of the day, however, coughing is more frequent and

violent,—in the evening, for example, especially in simple bronchial

batarrh, or in the morning, shortly after waking from sleep, as in

morbid processes of phthisical character. In general the frequency of

the cough is directly proportionate to the intensity and distribution of

the bronchial cataiTh, increasing with each exacerbation of the affection

and decreasing with the remission. Thus, emphysematous patients,
and some others suffering from lung complaints, cough but little in

summer, as the (secondary) bronchial catarrh almost disappears at that

* I have never yet met with a case of total absence of cough in lung disease. On
careful cross-examination of the patient one rarely fails in obtaining from him an

affirmative answer, even when the existence of cough is at first strenuously denied.

Very many patients, also, do not regard a slight hawking from which they may suffer

as a genuine cough.
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season of the yeai', while in winter both the disease and the cough
return with all their former violence. Aggravation and mitigation of

the cough, therefore, are signs which enable us to form at least an

approximate opinion with regard to the progress of the original morbid

process going on in the lungs, though they are obviously of such value

only when the patient comes frequently under observation.

The cough presents great diversity in respect to its special characters ;

these vary according to the frcquencij of the cough, its intensity, its

tune, and whether it is moist or dnj.

1. Each attack may consist of one or of only a few short, slight

expiratory efibrts ;

2. Or of a series of several coughs, of somewhat greater intensity;

3. Or of a constant and rapid succession of violent paroxysmal
seizures, broken only by a few deep, usually sonorous, inspirations.

The first variety, known in Germany by the name hustehi, is met
with most commonly in phthisical patients, and is regarded even

among the laity as an ominous sign, though it is occasionally observed

in diseases of a non-phthisical nature. This slight cough is generally
not the only form which accompanies phthisis ;

it alternates very fre-

quently witii that described as the second variety. In particular, the

cough which attacks the patient in the morning, soon after waking, is

usually of a somewhat severe and persistent character, as the bronchial

secretions which have accumulated in the air-passages overnight keep

up a continuous irritation until expelled. Violent and prolonged

coughing often excites vomiting, the sensory nerves of the stomach

being irritated by the repeated and rough concussion.

The second variety of cough is the most common
;

it presents itself

in all the diseases of the respiratory organs.
The third variety appears in its most typical form in tussis convulsiva,

a disease of childhood which obtains its name from the nature of the

cough. It occurs in distinct paroxysms of even several minutes'

duration, separated only by a few deep, crowing inspirations ;
it is

laborious and spasmodic, the countenance becomes darkly cyanotic,

and the seizure not unfrequently ends in vomiting. In the intervals

the fits of coughing are shorter and milder. In other diseases of the

respiratory organs also the cough sometimes takes on this spasmodic

character, but the attacks are then of shorter duration and not so

typical.
—The classification of the cough with regard to its intensitt/

is embraced in the three foregoing categories ;
it is least marked in the

first form {husteln), most marked in the spasmodic cough, and also, as

in dry bronchial catarrh, when the secretions are very tenacious and

therefore expectorated with some difficulty.

The cough is designated as moist or dnj according as it is accom-

panied or not by expectoration. At the outset of any disease of the

organs of respiration, especially bronchial catarrh, when the mucous

membrane is still merely congested or swollen, but not yet covered by

secretion, the cough is' invariably dry; at a later stage it becomes

moist. The expulsion of an ofi'ending portion of mucus is not

generally effected by a single efl"ort of coughing, and the process is the
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more difficult and troublesome the more deeply situated the part of the

air-passages from which the secretion has to be brought.
The tone of the cough is exceedingly variable, and depends chiefly on

the character of the cough in other respects,
—whether it is forcible or

feeble, moist or dry. The more violent the cough the clearer its tone,
the feebler it is the duller its tone. It is also clearer when dry, and
scantier when moist. The cough of laryngeal and tracheal catarrh,

when very dry, is not unfrequently of a peculiar loud, clear character,

(the
"
barking cough

"
of the laity). If the cough be dry and extremely

laborious it is generally accompanied by a hissing sound, audible at

some little distance from the patient, due to the forcible rush of air

through the glottis ;
this same sound, moreover, is heard in every

variety of cough, when auscultated by means of a stethoscope. It is a

matter of daily experience also that the tone of a moist cough is subject
to great modification by being mixed with the sounds caused by the

agitation of the expectorated fluids.

From these considerations it will be seen that, apart from the very
characteristic phenomena of hooping-cough, there is in general nothing
in the nature of the cough that throws much light on the actual morbid

changes going on in the lungs ;
at best it is only when taken in

conjunction with the previous history of the case, especially as regards
duration, that it assumes any diagnostic value. This diagnosis is most

easily made in cases of chronic character, in which the principal

question to be settled is simply whether phthisis exists or not ; but
even here the nature of the cough is not the sole, or even the chief,

guide,
— it should be supported by a minute physical examination of

the chest, and an inquiry as to the presence or absence of the other

phthisical signs, emaciation, &c.

It is not merely in diseases of the lungs themselves that cough is

observed
;

it occurs also in afi'ections of the pleura (pleurisy, for

instance), but always in its less marked forms. In such cases it

probably arises from irritation of the sensory nerves of the pleura,

partly also from the slight bronchial catarrh which often attends

inflammation of the pleura.
—Cardiac diseases excite cough only when

they set up secondary congestive catarrh of the lungs.

Auscultation of the Voice.

The vibration of the thoracic parietes, caused by the voice,

and felt distinctly on the surface as pectoral fremitus, has

already been discussed in the section on Palpation (see p. 63).

Auscultation of the voice is also frequently employed as a

diagnostic aid in diseases of the organs of respiration, to supple-
ment or confirm the results obtained by auscultation of the

respiratory murmur.

When the respiratory apparatus is in its normal condition the

words spoken by the person under examination are absolutely
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indistinguishable from each other, either through the ear appHcd
directly to the chest-wall or through the stethoscope ; the voice

is heard merely as an undefined buzzing. The intensity of this

sound at any part corresponds exactly to that of the vocal thrill
;

the conditions, therefore, on which depends the greater or less

audibleness of the voice at any point on the surface of the thorax,
are precisely those formerly enumerated as similarly affecting the

intensity of the pectoral fremitus.

Pathological alteration of the voice, with respect to the distinct-

ness with which it is conducted through the tissues to the surface,

takes place in one of two directions : the voice may be rendered

so feeble as to be totally inaudible
; or it may be intensified to

such a degree that a large number of the words become clearly

articulate, and the auscultator has the impression as if the

patient were speaking directly into his ear. Increase of the

intensity of the voice is termed hronchophony ; amphorophony
(a metallic I'ing or echo produced by the voice), and negophony
(the bleating voice), are modifications of bronchophony.

Enfeeblement of the Voice.

The sound of the voice, at the surface of the chest, is weakened

or suppressed by the same conditions which lessen or abolish its

perceptibility to the hand, that is, by copious pleuritic exudation,

pneumothorax, and to a moderate degree also by the presence of

a large quantity of fluid in the air-passages (see p. 64 et seq.)

Increase in the Intensity of the Voice. Bronchophony.

Bronchophony, like bronchial respiration, occurs as a physio-

logical phenomenon, in the larynx and opposite the bifurcation

of the trachea
; but at the latter level it has already lost

much of its force, and is heard only to the right of the vertebral

column.

Pathologically , bronchophony may occur at any part of the

thorax
; but other conditions being equal, it is louder superiorly,

both in front and behind (in the interscapular space), than it is

inferiorly. In its more exaggerated forms its recognition is easy

without the institution of any comparison with the healthy sounds
;

when its special characters, however, are less markedly developed,

such a comparison is necessary, with the vocal resonance at the
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corresponclmg points on the sound side of the chest, or indeed

with that at any part of the lung which may have preserved its

normal texture.

Bronchophony is invariahly an indication that in the region
auscultated the lung is somewhat extensively consolidated or

contains a large cavity enclosed hy solid loalls.

The expression "consolidation of the luugs
"

embraces a well-

known class of pathological processes, amongst which the hepatization
of pneumonia and caseous condensation (phthisical) are found to be

the commonest causes of bronchophony.
—This intensification of the

voice-sounds is observed more often in phthisical than in bronchiectatic

vomicae, the former being more favourably situated for its develop-
ment

;
it is but seldom, also, that gangi-enous cavities attain sufficient

size to give rise to bronchophony.
—In very large phthisical excava-

tions Jtronchojihoni/ has a metallic, ringing character, exactly as in

the case of the respiratory murmur and the cough (see p. 164). This

ringing sound, however, is not so loud as that which accompanies
the cough, as the latter tbrows the air within the cavity into more

powerful vibration
; phthisical patients presenting caverns in the lungs,

also, are usually greatly reduced in physical strength, the voice, there-

fore, is weak, and is further frequently rendered husky from concurrent

lai^ngeal affection.

Bronchophony has, with regard to the determination of the

physical condition of the lung, exactly the same diagnostic signi-

fication as the hronchial respiratory murmur, and in all instances

its occurrence^ its distinctness, its temporary disappearance and

its reappearance, are dependent on precisely the same circum-

stances as in the case of hronchial respiration ;
this is true more

particularly with reference to the size of the condensed part or

of the cavern, which must be at least so large as to include one

of the more important bronchi, and to the free communication

which must subsist between this bronchus and the trachea (see

p. 66).

Since bronchial respiration and bronchophony arise from the same
causes they are always found associated, though not mvariably of

equal intensity. The presence of large accumulations of fluid in the

condensed portions of the lung or in cavities, irregular infiltration of

the alveoli, or the existence of spongy lung-substance between patches
of consolidation, diminish the clearness of bronchophony, or prevent its

development altogether.
—Like bronchial respiration, it is always com-

bined with increased pectoral fremitus,— a fact the reasons for which
are self-evident

;
but much finer shades of difference may be detected

by auscultation than by palpation, and when, moreover, bronchophony
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is confined to a very circumscribed area, examination by the latter

method gives very unreHable results. It is customary, therefore,

except in cases of copious pleuritic effusion and other affections which
render large parts of the lung void of air, to investigate the anomalies
of the voice by auscultation rather than by palpation.

Laennec drew a sharp line of demarcation between two forms of
increase in the intensity of the voice,—pectoriloquy and bronchophony.
By the first term he designated the loud and exaggerated quality of

voice heard in very large and superficial pulmonary caverns. But pec-
toriloquy is in no essential respect different from bronchophony ;

it is

simply the same character of voice in its highest degree of intensity.
If so disposed, therefore, one may, with Skoda, distinguish between a

faint and a loud bronchophony, the latter being merely Laeunec's pec-
toriloquy, though these slight dilTerences have no particular diagnostic

meaning, just as there is no special physical condition corresponding to

loud and feeble bronchial respiration.
—

Bronchophony is generally
loudest in cavities

;
but this is not the invariable rule, as it is occa-

sionally observed to be weaker in such circumstances than in tissue

which is simply infiltrated, but free from excavation.

Broncliophony is also heard when the liiug is compressed by

pleuritic exudation, but only at those parts of the chest at which

the dense lung is in immediate contact ivith the chest-ivall, that

is, j)osteriorly ,
between the vertehral column and the scapula,

when the effusion is non-encvsted.—One condition which seems to

be essential to the development of bronchophony is that the

larger bronchi must still be patent, to permit the entrance of

the waves of sound
;
should these too be closed by reason of

the greatness of the pressure bronchophony is wanting. At those

parts, on the other hand, at which the lung is separated from

the chest-wall by the effusion, the vocal resonance, like the

pectoral fremitus, is feebler than on the sound side. Never-

theless, all exudations do not offer the same opposition to the

transmission of the voice- sounds
;
Baccelli has shown that the

more fluid and homogeneous the effusion the more easily and

completely is it penetrated by the vocal vibrations, and that in

favourable circumstances even a whisper may be audible through
effusion

;
but through fibrinous, and particularly through purulent

exudations the weaves of sound pass with difficulty or not at all.

There is thus a possibility of ascertaining, by auscultation of the

voice, especially of the w^hispered voice, whether the exudation is

serous, fibrinous, or purulent. To facilitate the appreciation of

these differences in the intensity with which the voice is con-

ducted Baccelli recommends that the auscultating ear should be
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pressed firmly against the spot under examination, that the other

ear should be closed with the point of the finger, and that when

the patient speaks, either aloud or in a whisper, he should turn

his face away from the head of the examiner.

Compression of the lung from other causes than the presence of

fluid is seldom so extensive or so complete as to offer conditions

favourable to the production of bronchophony ;
for the same reasons,

also, pneumothorax is not characterised in every case by bronchophony,
and in those instances in which it does occur it is heard only

posteriorly, where the collapsed lung lies close to the spinal column,
whilst anteriorly and laterally the vuice is weakened or suppressed.

Physical Cause of Bronchophony.

The cause of Bronchophony is to be found in the superior

sound-conducting power of impermeable lung-tissue. This in-

creased vocal resonance is never observed in the thorax in

health, as spongy expansible lung is composed of non-homo-

geneous (dense and rare) media, namely, air and pulmonary

substance, or the tissues forming the walls of the bronchi ; the

vocal sounds are thus constantly refracted, and therefore

weakened. But should these unfavourable conditions be re-

moved by pathological processes which render a large part of

the lung more or less solid, and so change it into a body of

uniform consistence, the development of bronchophony is cer-

tain.—This theory, which was first started by Lsennec, and

which has already been described in detail when treating of the

causes of bronchial respiration, explains in a perfectly satisfactory

manner all the phenomena of bronchophony.

In accounting for both bronchial respiration (see p. 136) and bron-

chophony Skoda combats the idea that either of the phenomena arises

from the better conduction of the voice-sounds through the dense pul-

monary parenchyma ; the incorrectness of his views on this subject,

however, has been shown on the above-mentioned page. This, never-

theless, seems to be the most fitting place in which to discuss fully the

theory of consonance, which Skoda brings forward as the cause of

bronchophony in all cases in which it occurs. He developes his theory
in the following way :

—
When the voice as heard in the thorax has the same intensity as at

the point at which it is formed (the larynx), we have to do with a con-

dition which must obviousl}' have its origin in one of two ways : either

the voice is concentrated whilst being propagated from the larynx to

the ear of the observer,—the principle on which the speaking-trumpet
is constructed, or it is reproduced and intensified by consonance.
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Should the voice be loudrr in the thorax than over the larynx the con-

chision that this change is the result of consonance is unavoidable.—The
voice as it issues from the mouth is augmented in volume and force by
consonance, the shock of the original sound generated in the larynx
throwing the air in the buccal and nasal cavities into simultaneous
vibration

;
closure of the mouth and nose, also, produces an immediate

alteration in the timbre of the voice. The vocal sounds must further

consonate in the air of the trachea and bronchi in the same wav as in

the air-spaces just mentioned (the pharynx, mouth, and nose"! ; this is

clearly indicated by the pulsation of the trachea in speaking. But this

vibration is not transmitted directly through the walls of the larynx
and trachea to the bronchi, this being prevented by the dissimilar

structure of these parts, otherwise bronchophony should be heard over

the whole of the thorax
;
the voice can therefore consonate only in the

air of the bronchi, and that only when this air is pent up in an enclosed

epace, as in the sounding-board of a stringed instrument. In normal

circumstances, however, the bronchi constitute but very imperfectly
enclosed spaces, their parietes being composed of non-homogeneous
tissues

; thus, whilst the trachea and its two primary divisions are

tubes of a perfectly uniform cartilaginous structure, forming chambers
well adapted for the manifestation of consonance, the bronchi immedi-

ately beyond are not surrounded on all sides by complete rings, their

walls being strengthened only by small cartilaginous plates, which

become fewer and thinner the further the ramifications of the bronchi

are followed out, and finally disappear entirely in the bronchioles. The
voice in these bronchi, therefore, becomes progressively weaker and is

ultimately almost lost to the ear, its sonorous waves being broken up
and dispersed through the substance of the lung and the thoracic

parietes. But if the walls of the bronchi become more solid, and so

acquire a uniform structure, by morbid processes which condense the

pulmonary parenchyma and render it void of air, the air-passages are

transformed into closed spaces, surrounded by dense rigid parietes, and

present then the most favourable conditions for the development of

consonance of the voice ;
that is, the air within them is caused to

vibrate by the voice, and the vibrations so aroused are reflected by the

firm walls and go to add to the force of the originally feeble waves of

sound proceeding from the larynx. Intensification of the voice in this

manner furnishes at least one explanation of the fact that it is occa-

sionally audible over the thorax even in the presence of conditions

which hinder its free transmission to the surface
;
but it seems pro-

bable also that these reinforced voice-waves excite the surrounding
airless dense tissue to simultaneous vibration, exactly as in the case of

the walls of the larynx, so that the voice reaches the ear of the

auscultator unimpaired in intensity.

In the first place it must be stated that the circumstance on which

this theory is chiefly founded,—that the voice in the thorax is, under

certain pathological conditions, louder than over the larynx,
—is one of

exceeding rarity, and one the existence of which seems to me, in com-

mon with many other observers, to be open to doubt ;
but even if such
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cases do occur they offer no conclusive proof that the voice as gene-
rated in the larynx is iceaker than that heard over a pulmonary cavern

or consolidated lung-tissue, as in auscultating over the larynx onlj' a

portion of the laryngeal voice-waves which pass in a downward direc-

tion in the air-passages is collected in the tube of the stethoscope,
the latter being placed perpendicularly on the surface,—an unfavour-

able position for receiving the whole of the sound. To ascertain the

real strength of the laryngeal voice it is necessary to auscultate in

the mouth, and here the voice is found to have such a degree of

intensity as it never has over the thorax. And Skoda's argument
that the same obstacles are encountered in the propagation of the

voice through the thoracic parietes as through the wall of the larynx,
is inapplicable to very large and superficial caverns,—and it is only in

such cavities that very loud bronchophony is heard,—as in these

the waves of sound reach the ear undiminished in intensity, being
transmitted in the direction of the periphery of the lung, that is,

exactly in the direction of the stethoscope (Wintrich).
—Further, the

assertion that the vibration of the larynx in speaking is communicated

only to the column of air enclosed by the bronchi, is incorrect ;
the

walls of the bronchi also are caused to vibrate.—Apart from these

considerations, on purely physical grounds, the theory of consonance is

rejected by many authorities (Wintrich, Schweigger, &c.) as untenable

as an explanation of the causation of bronchophony in most of the

cases in which it is observed. Thus, in enclosed spaces the air can

consonate only with tones whose sound-waves are of equal length, and

therefore of equal height, that is, usually with only one tone, the fun-

damental tone
;
and further when this fundamental tone is characterised

by a certain degree of intensity consonance may take place with those

sounds to which it bears a harmonic relation (1:2:3:4, &c., that is,

its octave, its twelfth, its double octave, &c.)
—in other words, with its

higher harmonic soimds.

Skoda is also of opinion that the air-containing spaces in the

lungs cannot be properly compared with those formed by closed tubes,

which are capable of entering into consonance only with certain

sounds ; he holds that the bronchi, or pulmonary excavations, are

rather "
air-spaces of very varied form and structure, differing widely

as regards their mode of communication with the larynx, so that the

number of their consonating notes must of necessity be large, and that the

compass of the voice in speaking is not so gi-eat that enclosed spaces
of so exceedingly diverse conformation are unable to supply the

appropriate harmonic sounds."—This, however, is a somewhat forced

argument ;
if such spaces, adapted to the production of consonance

^•ith any tone whatever, really existed in the lungs, the thoracic voice

at parts corresponding to the situation of pulmonary cavities should,

even in speaking, and still more when tones of different pitch are

sounded, show great differences in intensity according as the original

tone is or is not in unison with the proper tone of the cavity. But
this is not usually the case

;
it is only in very large excavations, (but

never in simple consolidation of the lung), that signs are observed
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which point unquestionably to the presence of consonance of the voice
in the hmgs. Such an indication is the formerlv-mentioned (p. 170)
ringing metalhc quahty acquired by the voice-sounds, amphorophony,
heard when single words are spoken in a tone of a certain pitch. The
appHcabihty of Skoda's consonance-theory is therefore hmited to the so-

called metallic (amphoric) phenomena which may accompany the voice,
the cough, the respiratory murmur, and rales (see pp. 139 and 156).

^GOPHONY.

This term is employed to designate a peculiar tremulous, in-

terrupted quality of voice, Avhich in timbre resembles the bleating
of a goat, the nasal twang of the human voice when the nostrils

are closed, or the sound produced by speaking against a comb
which is covered with paper and held in front of the teeth

; it

very frequently creates the impression also as if it came from a

great distance. It is very commonly met with in cases of mode-
rate pleuritic exudation, (not if the effusion be exceedingly abun-

dant or of very small amount), and usually towards the upper

margin of the fluid
;

it is most often heard in the space included

between the axillary line, the inferior angle of the scapula, and

the vertebral column. All the sounds uttered by the patient do

not assume the bleating character, and those which do so have

not all the same timbre. When such a change, from the bleating

to the non-bleating voice, takes place in pleurisy, the former is

higher in pitch and seems remote from the ear, the latter deeper
and closer to the ear.

^Egophony lasts, in some cases, for a considerable length of

time, when the condition which gave rise to it, the presence of

exactly the requisite amount of fluid in the pleura, undergoes
no change ;

but it quickly disappears on increase of the exuda-

tion.

-^gophony is most probably produced by the vibration of the

walls of the flattened, compressed bronchi ;
this vibration is

excited by the voice, and transmitted to the thin layer of fluid

which, at the upper part of the exudation, lies between the lung
and the chest-wall. This tremulous movement of the sides of the

bronchi gives the voice-sounds a quavering, interrupted character;

and as they have to pass through a fluid medium to reach the

surface they lose in clearness and precision, and acquire the nasal

twang.
The diagnostic signification of aegophony, so far as it reveals
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the phj'sical condition of the pulmonary substance in pleurisy

with exudation, is the same as that of bronchophony, of which,

indeed, it is simply a modification. It is not unusual to find

segophony and ordinary bronchophony in the same patient, and

at points not far distant from each other.

According to Skoda aegophony occurs not only in cases in which

there is fluid in the pleura, but also in the absence of such fluid, in

some cases of pneumonia, in caseous pneumonic infiltration of the

lung substance, with or without excavation, and sometimes even

between the shoulder-blades of children in perfect health
;
no satis-

factory explanation has yet been offered of its causation in such

circumstances.
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EXAMINATION^ OF THE SPUTA.

Almost all diseases of the organs of respiration are accom-

panied by more or less considerable catarrh of the bronchial

mucous membrane, the secretions resulting from which are

expelled by cougliing. This coughing is characteristic of the

expectoration of fluids secreted by the lining membrane of the

respiratory apparatus proper, those from the pharynx or nares

being got rid of by a quick, hawking expiration. Expectoration

may also be entirely wanting at various stages, or during the

whole course, of the pulmonary affection
;

its absence therefore

does not exclude, nor does its presence prove, the existence of

disease of the respiratory organs. Still another source of error

has to be guarded against : the secretions may pass downwards

from the fauces or nose into the larynx, and are then naturally

discharged by coughing.

The sputum in the different diseases of the lungs consists of

very diverse morphological and amorphous elements, by which

its appearance and general characters are so modified that a rough

estimate of its composition may usually be made even on exami-

nation with the naked eye, though its exact constitution can be

determined only by means of the microscope.

Morphological Elements of the Sputa.

1. Epithelium. The expectoration usually contains pavement

epithelium, more seldom columnar epithelium, most rarely of all

ciliated epithelium.

The pavement epithelium may be derived from the upper por-

tion of the air-passages ;
it usually comes from the buccal mucous

membrane, however, and is mechanically mixed with the sputum

in the passage of the latter through the mouth.

It is easily recognised by the polygonal outline of the individual

cells, by their size, and their large nucleus.

Epithelium of this kind is most abundant in the sputa of those

suffering from catarrh of the pharynx and mouth. The epithelial

cells of the deeper layers of the buccal mucous membrane are more

N
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flattened, have a very indistinct nucleus or none at all, resemble more
the cells of the epidermis, and are in no way distinguishable from the

pavement epithelium of the upper part of the air-passages.

Columnar epithelium is somewhat rare as a constituent of the

sputum, though the air-passages are lined with it from the larynx
down to the finest bronchioles. Its attachment to the mucous

surface is of the most intimate nature, severe catarrhal swelling

of the membrane, or even destructive morbid processes, being
insufficient to separate it in any quantity. The ejnfhelium of the

pulmonary alveoli occasionally, though rarely, ajjpears in the

sputum.

Ciliated columnar epithelium is very seldom present in the expecto-
ration in diseases of the air-passages ;

it is found oftener in catarrhal

secretions coming from the mucous membrane of the nose and the

sinuses connected with it.

2. Pus corpuseles (colourless blood-corpuscles).—These are

simply the white blood-corpuscles, which pass through the walls

of the capillaries in inflammation (Cohnheim); they occur in

variable proportion, according to the intensity of the catarrh

or inflammatory process, and are sometimes so abundant as to

form the sole representatives of the morj^hological element

in the expectorated matters. The sputum acquires certain mac-

roscopic characters, which vary with the amount of pus present ;

it is thus rendered more or less opaque, and yellow or j'ellowish-

green in colour.

Besides pus corpuscles there may usually be recognised in the sputa
mucus corpuscles, shrunken or fatty cells, cell-nuclei, and granular
masses.

3. Red hlood-corpuseles.
—Blood is expectorated sometimes

merely in traces, at other times in more perceptible quantity, and

occasionally so abundantly that it seems free of any intermixture

with other matters, and itself to constitute the whole of the

sputum. The presence of even the smallest trace of blood is

generally indicated by its colour
; but if the tinge be so slight as

to leave any doubt, the question may be easily settled by micro-

scopic examination.

Blood-corpuscles in the sputum exhibit their normal histolo-

gical form and colour, as they are placed in precisely similar con-
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ditions as while still iu circulation, that is, they are in a fluid of

alkaline reaction and containing alkaline salts. No distension

or discoloration of the corpuscles takes place, therefore, from

absorption of water
;

it is only when the quantity of blood present
is very small, and the proportion of water consequently large,
that the phenomena of difiusion are observed.

4. Dehris of lung-tissue.
—Elastic fibres. These are met with

in the sputum only in those diseases which involve destruc-

tion of the tissue of the lungs and bronchi,—caseous pneumonia,
bronchiectasis with ulceration of the bronchi, and pulmonary
abscess. The portions of sputum in which they are suspended
may often be distinguished, by their dull grey opaque colour,

from the clearer mass of the expectoration. On being allowed to

stand for a short time in a vessel they sink to the bottom with

the heavier constituents, which are generally free of air-bubbles.

The elastic fibres appear either as isolated, detached filaments,
or collected into bundles, and these may be either straight or

coiled and twisted
; occasionally, also, they are interlaced after

the fashion of trellis-work, or are so perfectly meshed as to closely
resemble a net, and in the latter case present exactly the appear-
ance of the fibrous framework of the alveoli. They are brought

markedly into prominence by their dark colour when under a

powerful light, particularly on the addition of acetic acid, which
renders the rest of the tissues more transparent but has no effect

on the elastic fibres.

The presence of elastic fibres may generally be regarded as

diagnostic of phthisical disorganisation of the lungs, phthisis

being the most common of the pulmonary diseases leading to

destruction of tissue. Lung-tissue, however, occurs also in

the sputum in cases of pulmonary abscess, of ulceration of the

bronchi, and of bronchiectasis, but not, or only for a short time

and in small quantity, in cases of gangrene of the lungs. In

the last-named affection the elastic fibres are destroyed by the

action of some imperfectly known substance, which is apparently
of the nature of a ferment (see p. 203).

The discovery of these fibres in the expectorated matters in phthisis

gives no indication as to the exact seat of the morhid process ; they

may come either from the walls of the alveoli or from those of the
finer bronchi. The distinction which was formerly made, according to

which the long, straight or slightly coiled fibres were supposed to

n2
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belong to the bronchi, and the reticulated fibres to the alveoli, is now

generally admitted to be erroneous.

Schroder van der Kolk and Remak, who seem to have studied and
written upon this subject simultaneously, were the first to direct attention

to the presence of elastic fibres in the sputa.

Jjhvge frayinents of lung-tissue are very rarely found in the phthisical

sputum, and then only when the cavities formed are of very consider-

able dimensions. Smaller pieces, usually laden with a most offensive

odour, are very frequently seen
; being heavy they sink to the bottom

of the receiving-glass on standing for a short time. They contain

amorphous, diphtheritic detritus, derived from the walls of the excava-

tions.

Unstriped muscular fibre, fragments of cartilage (from the bronchi,
in cases of bronchial ulceration), and connective tissue, are also occa-

sionally observed in the sputum. The last-mentioned constituent

appears as small particles or membranous shreds, opaque, and dark

grey in colour, easily separated from the rest of the sputum by diluting
with water

; microscopically, on the addition of acetic acid, these

shreds have the appearance of an amorphous tissue, thickly beset with

black pigmentary granules.

5. Fihrinous coagula.
—These are firm coagula of somewhat

variable size, enveloped in the mucus of the sputum, of a whitish

yellow colour modified with a slight tinge of red, and generally

recognised by their property of adhering to the sides of the

expectoration- glass when it is tilted over or turned round ; they
are often observable only after washing with water, which

unrolls them and causes them to assume a nearly pure white

colour.

They consist of masses of coagulated fibrin, dichotomously

branched, forming almost perfect casts of the finer bronchi.

Rarely they exhibit ramifications of some considerable extent
;

more often they are broken short off, and are composed of rudi-

mentary and exceedingly delicate filaments, the finest of which

are visible only through a magnifying glass. In certain very

rare instances these coagula occupy all the bronchi of one of the

lobes of a lung, reaching as far upwards as the principal bronchus;

this has been noticed by Lebert in a series of cases of epidemic
influenza {Grippe). They are always the result of a fibrinous

bronchitis, and occur very frequently in the croupous pneumonia of

adults, which is generally accompanied by a fibrinous inflamma-

tion of the finest air-tubes. They appear in the sputum from

the beginning to the acme of the stage of hepatization, that is,

usually from the third to about the seventh day of the disease.
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but are absent in the first stage, as exudation has not yet taken

place, and in the third stage, the plastic exudation having then

become fluid and in great part absorbed. In these later days

of the aftection, however, small fragments of fibrin may still be

seen in the exudation discharged by expectoration, but they

consist merely of minute flakes, showing no trace of dichotomous

subdivison. Not uncommonly, {in about 10—20 per cent, of

the cases), fibrinous coagula are entirely wanting in pneumonia,
when the sputum is scanty and the patient weak and exhausted

and unable to cough with any degree of force
;
in such cases,

also, much less fibrinous matter is exuded than in more robust

persons.
—In the catarrhal pneumonia of children and the aged,

and in chronic interstitial pneumonia, the bronchi are free of

fibrinous exudation ;
in these conditions, therefore, fibrinous

masses are never met with in the sputa.

Fibrinous casts of the bronchi are most numerous and most

perfectly formed in cases of croupous bronchitis, acute as well as

chronic.

The characters of the casts vary with the intensity of the morbid

process and the caUbre of the passages attacked by the croupous
aflfection ;

in well-marked cases they are of considerable size, the

primary stem being thick and rough, the dichotomous system of sub-

division being followed out even to its smallest branches, till the ulti-

mate twigs become of capillary fineness and display a beautiful

whitish coloration. They are usually rounded, though some arc also

slightly compressed or ribbon-shaped, and arc either solid, or contain,

especially in the larger trunks, a small central canal. Occasionally they

attain a length of 5—8 cmtr.
;
the thicker branches are also firm in

consistence, the finer twigs softer. Such coagula may continue to

be expectorated for weeks, months, or even years, though variable

intervals occur in which simply catarrhal, not fibrinous, sputa are

discharged, or in which the patient may even enjoy perfect healtli.

Relapses are frequent ;
in two out of three cases which came under my

own notice the fibrinous bronchitis recurred after intervals of some

years' duration.—The objective symptoms of croupous bronchitis

are simply those of dry catarrh ;
it is therefore not usually regarded

as a serious disease. In some cases, nevertheless, the size of the

casts, and their distribution over a wide area, have led to death by

asphyxia.
These fibrinous coagula were not unknown to the physicians of the

seventeenth century, who wrote of them as Polypi. In 1845 Remak

rediscovered them in the expectoration of pneumonic patients, and

first made out their true nature.
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6. Crystals.
—Those which occur most frequently in the sputum

are the crystals of the fatty acids, which, though formerly

thought to be simply margaric acid, are now known to consist

of a combination of palmitic and stearic acids. Under the micro-

scope, with a magnifying power of 300 diameters, they have

the appearance of long, slender, colourless needles, lanceolate

in shape, usually straight, sometimes curved, and occasionally

also somewhat varicose. They are sometimes observed singly,

detached from each other, at other times grouped in tufts or

sheaves. In the sputum they are always found adhering to shreds

or masses of matter of a dull greyish colour, and of exceedingly

offensive odour. These shreds are met with in the expectoration

which comes from gangrenous or bronchiectatic cavities, and

in that of putrid bronchitis. The presence of crystals in the

sputum is thus indicative of some morbid process involving

destruction of tissue
; they are observed, similarly, in gangrenous

discharges from other parts of the body. They were first

demonstrated by Yirchow.—Their microscopic appearance is so

characteristic that they can scarcely be mistaken for anything
else ; when the needles happen to be curved, however, they
resemble somewhat closely the elastic fibres formerly referred

to. In the latter case their chemical reaction serves to dis-

tinguish them at once ; on the addition of chloroform or ether,

the needles are quickly and completely dissolved, while the elastic

fibres undergo no alteration.

Another kind of microscopic crystals, having the form of

elongated, very pointed octohedra, of rhombic plates, or of fine,

sharp, spindle-shaped bodies, has been found in the sputum in

various diseases. They are colourless, the largest 0*01—0*02

mm. long, the smallest visible only under a manifying power of

500 diameters. Their chemical nature is still obscure, though

they are supposed to be of organic origin. They are insoluble in

alcohol, and may therefore be preserved in spirit ; but con-

centrated acids and alkalies dissolve them rapidly. They resist

also for a long period the disintegrating action of putrefaction.

These crystals, which were first noticed by Charcot, and with

which his name is now usually associated, occur very frequently

in leukaemia,
—in the spleen, the blood, and the marrow of the

bones. They may also be seen, and apparently not unfrequently,

in the sputum in various afiections of the bronchi, in chronic
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bronchial catarrh, in pulmonary emphysema, in the expectorated
casts in bronchial croup, but relatively most often in bronchial

asthma, (as in six out of seven cases investigated by Leyden)

particularly during, and immediately after the attacks, not

usually in the free intervals.

Leyden thinks it not improbable that these crystals are the direct

causes of the dyspnoeal seizure in bronchial asthma, his hypothesis

being that they irritate the terminations of the vagus in the mucous
membrane of the air-passages, and in that way, by reflex action, give
rise to spasm of the liner bronchi

; the remissions would thus follow

the expectoration of the crystals, and the patient would have ease till

the renewed formation of crystals produced another attack. But in

a great many cases, in which there is no preceding dyspnoeal seizure,

such crystals are found in the sputum, as Zenker observed in his own

case, and in two instances of bronchial croup, in which the crystalline

masses were incorporated in the fibrinous casts, embedded chiefly in

their periphery.
Other crystalline formations also are occasionally seen in the

sputum : Jiamatoidin, for instance, ocurriug as rhombic rods or as

slender needles arranged in tufts, in cases of bronchiectasis, of

empyema and peritoneal or hepatic abscesses which have opened into

the bronchi
; ci'ystals of chulestcrin, in cases of pulmonary abscess or

empyema penetrating the lung, and sometimes in the phthisical

sputum ; tyrusin, also, is met with in the expectoration in putrid
bronchitis.

7. Fungous growths.
—The parasitic fungi which occur in

the sputum are the thalli and spores of the Leptothrix buccalis

and the thrush-parasite {Oidium albicans), and in rare cases

Sarcinoe.

When the buccal cavity is lined with fungous gi-owths, such as

the more common and widely-distributed oidium albicans or the

leptothrix buccalis, these parasitic vegetations frequently appear

in the sputum, being detached from the mucous membrane and

mixed with the expectoration in its passage through the mouth ;

in these cases their quantity is not great.
—But such minute vege-

tations, found in the sputum, may come also from the lungs :

they are sometimes transplanted from the mouth to the lungs,

beiug carried downwards by the inspiratory current of air ;

there they grow rapidly, finding in the stagnant secretions of

dilated bronchi and pulmonary cavities a soil which favours their

development.
—

Leptothrix and oidium albicans are observed

in the sputum in putrid bronchitis and gangrene of the lungs.

It is not improbable that the oflensive decomposition of the
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bronchial and cavernous secretions which is so characteristic

of these affections is due to the presence of fungi or of the

bacteria which gain entrance with them. It appears also that

even in healthy respiratory organs, under certain conditions, the

introduction of microscopic fungi is sufficient to excite a kind of

putrefactive action leading to putrid bronchitis (Rosenstein).

Large numbers of fungous growths, both thalli and spores,

have been detected in the sputum in hooping-cough (Letzerich).

On treating such a sputum with iodine and concentrated sulphuric
acid the filaments assume a beautiful blue colour, while the spores
become brown.

Letzerich regards these bodies as the cause of hooping-cough (?);

the frequency of the spasmodic seizures, according to him, depends on

the greater or less rapidity of the development of the vegetations and on

the irritability of the affected part of the mucous membrane, while the

disease becomes less severe as soon as an abundant secretion of mucus
takes place, along with which the parasites are expectorated. These

fungi, taken from the sputum of a patient sufiering from hooping-

cough and introduced (through a fistula) into the trachea of a rabbit,

produced in the latter catarrhal symptoms and a paroxysmal cough,
and the sputum discharged contained growths exactly similar to those

found in the original disease in the human subject.

Multitudes of vihriones are also frequently observed in the

secretion of bronchiectatic and gangrenous cavities, and in that

associated with various other disorders. When discovered in

large quantity in sputum recently coughed up they probably
come from the respiratory passages ; they are found, however,

in every sputum which has been exposed some time to the air.

Occasionally, also, they are mechanically mixed with the expec-
toration in the mouth, being abundantly developed in the tartar

which loads the teeth of those who do not regularly cleanse the

mouth.

In a few cases of phthisis (recorded by Virchow, Cohnheim, and
Heimer in Ziemssen's clinic) Sarcince have been seen in the sputum
and in the lungs in considerable numbers, while at the same time no
trace of their presence in the stomach was discernible

; "they were
found in none of the other organs and were of very small size.

Echinococcus-vesicles, whole or in fragments, occur equally rarely in

the sputum. When present they may proceed either from the liver,

when a hepatic hydatid cyst, making its way through the diaphragm
into the lung, perforates a bronchus, or from the lung itself, when the

parasite is primarily developed in that organ.
—There are more than

40 well-authenticated cases in which hydatid vesicles were expecto-
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rated
;

in only one out of fourteen cases of hydatids that have come
under my own observation was this symptom present.

Particles of food, muscular fibres, grains of starch, vegetable fibres,

&c., which may all be accidenttiU;/ mixed with the constituents of the

sputum, are so readily distinguished by microscopic examination that

a particular description of them is unnecessary.

Amorphous Elements of the Sputum.

These constitute the basis of the sputum, and consist chiefly

of mucus, albumen, and the watery fluids by which the mouth is

kept moist.

Mucus (Mucin) is the proper secretion of the bronchial mucous

membrane, and is present in every sputum. It is of varying

consistence, being sometimes fluid, and at other times more

viscous and capable of being drawn into threads ;
to the naked

eye it is transparent. The chemical test by which it is most

commonly distinguished is the formation of a cloud or precipi-

tate on the addition of acetic acid.—The presence of mucus in

the sputum has absolutely no diagnostic significance ; persons

in perfect health expectorate more or less of it every day, and in

all forms of lung disease, from the mildest catarrh to the most

severe afi'ections, it is a constant constituent of the secretion.

Water, also, forms a considerable part of all sputa. The more

abundant it is the more fluid is the expectoration. The water is

commonly supplied by the mucous lining of the mouth, and in

that case contains also some pavement epithelium ;
in certain

other cases it comes from the air-passages, (when the bronchi

are flooded with a profuse secretion of serous fluid), or from the

pulmonary aveoli, (as in cedema of the lungs). The sputum in

bronchial catarrh is at first thin and aqueous, but subsequently

becomes more tenacious and deficient in water.

Albumen occasionally enters into the composition of the

sputum, and it is always more abundant the severer the inflam-

mation of the air-passages or pulmonary substance. It is present

in greatest quantity in cases in which there is plastic exudation

into the parenchyma of the lung and into the finer bronchi,
—

that is, in pneumonia.
—Albumen is detected by acidulating the

alkaline sputum with acetic acid, filtering, and boiling, or by

adding nitric acid : in both cases the albumen is coagulated.
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General Classification of Sputa.

Biermer arranges the sputa into the following groups, accord-

ing to the nature of their principal constituent and the pre-

dominance of one or other microscopic element, conditions which

are usually more or less easily distinguished even with the

naked eye.

1. The mucous sputum. This consists almost exclusively of

mucus, and is frequently brought up by perfectly healthy indi-

viduals, and in the earlier stages of bronchial catarrh.

2. The miLco-purulent sputum, containing mucus and pus-
cells. The latter constitute the sediment which falls to the

bottom of the crachoir when the sputum is allowed to stand a

short time, whilst the mucus and the air-bubbles usually

scattered through it occupy the upper part of the vessel, floating

on the top of the water. The miscibility of these sputa with

each other depends on their consistence ; they either run

together, forming a thin, uniform fluid, or fail to coalesce,

being divided into numerous viscid, globular masses. They
occur both in simple bronchial catarrh and in every other affec-

tion of the bronchi and of the substance of the lungs, and are

consequently the most common variety of sputum.
3. The purulent sputum is homogeneous in character, has

exactly the colour of pus obtained from an abscess, is thick,

though not capable of being drawn into threads, and sinks to

the bottom of the expectoration-glass. Microscopically it is seen

to consist almost entirely of pus-cells.
—It is derived from sup-

purating pulmonary vomicae, or from a pleural cavity filled with

pus, which perforates and discharges through a bronchus (em-

pj-ema).
—A purely purulent sputum is somewhat rare.

All sputa, may, with more or less justice, be included in these

three groups, as all contain mucus or pus. But when, in

certain circumstances, other constituents come into decidedly

greater prominence, in respect either of their quantity or their

morbid significance, the term by which the sputum is designated

is determined by these ;
a good example of this is found in the

sanguineous sputum.

This classification of the sputa into mucous, muco-purulent, puru-

lent, and sanguineous, has this practical advantage, that the element

most characteristic of the secretion in the individual case is at once
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and plainly expressed. It is obvious, however, that it is only approxi-

mately, and in a small proportion of the cases, that the origin of the

particular sputum and the nature of the disease which gives rise to it

are indicated by these terms. A strictly accurate estimate of the

nature and diagnostic importance of the sputa is possible only on

taking into consideration a number of other signs, which are now
about to be discussed : these are the form, consistence, weight, colour,

odour of the sputum, and very specially the presence of the formerly-
mentioned histological elements (fragments of lung-tissue and patho-

logical products).

Physical Characters of the Sputa.

Consistence of the s2)utiLm. This varies within very wide

limits, all intermediate conditions being met with, from a con-

sistence almost watery to that presenting the utmost degree of

viscosity. The tougher the sputum the firmer is its consistence ;

the mucous and muco-purulent secretions, therefore, attendant

on acute bronchial catarrh and the parenchymatous diseases of

the lungs, (the cavernous sputa, for example), possess this

character in a high degree.
—If the sputum be deficient in

mucus, the substance which binds together the various histo-

logical elements, it becomes less coherent ;
the simply purulent

sputum is thus much less tenacious than the muco-purulent

form.—Persistent expectoration of very viscid sputum points to

a state of intense irritation of the bronchial mucous membrane.

The form of the sputum depends on its consistence. Very

fluid sputa, such as the serous expectoration of pulmonary

oedema or the purulent discharge from a pulmonary abscess or

an empyema w^hich has perforated one of the larger bronchi, do

not remain separate but become intimately blended with each

other in the crachoir, forming a homogeneous mass ; very tough

sputa, on the other hand, are irregularly globular in form, while

less tenacious secretions become somewhat flattened or num-

mular. Mucous and muco-purulent sputa sometimes coalesce,

and at other times assume various shapes determined by the

greater or less consistence of the mucus. The spherical or num-

mular form prevails in the muco-purulent sputa proceeding from

phthisical cavities, the configuration of each sputum being the

more distinctly preserved the less the quantity of fluid bronchial

secretion subsequently mixed with it. If the latter be very

abundant, the circular, coin-shaped sputa, at first quite distinct
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from the catarrhal secretion, unite with and are ultimately

uniformly diffused through the homogeneous layer of mucus

after standing some time in the vessel.

Weight of the sputa. The denser the sputum, and the fewer

the air-hubbles it contains, the greater its weight. Sputa,

therefore, of firm consistence and free of air sink to the bottom

of the glass, while those of more fluid consistence and full of air-

bubbles float about at the top. Sputa which sink in water pre-

serve their form (cavernous sputa) ; the other less dense varieties

soon break up into several layers, the lighter elements, air and

mucus, swimming on the surface of the water, the heavier con-

stituents, such as pus-cells, subsiding and forming a sediment

at the bottom. The weight of the sputum thus indicates only

its consistence, and usually also the elements which enter into

its composition, but gives no clue as to its origin ;
the expecto-

ration observed in bronchial catarrh in the stage of resolution

may be just as heavy as that secreted by a pulmonary cavern.

The quantity of the sputum is exceedingly variable, in the

acute as well as in the chronic diseases of the respiratory

apparatus. Occasionally in the course of acute affections there

is absolutely no sputum, and in chronic disorders also it may be

wanting for a considerable period. In the severest types of

disease the quantity of matter expectorated may be very small,

while in much less grave aff"ections it may be extremely great.

General rules, therefore, with regard to the prognostic value of

increase or decrease in the amount of the sputum in the diff'erent

diseases of the respiratory organs cannot be laid down. Never-

theless, the following may be accepted as a generalisation, so far

as this is possible, of what is known on the subject : in acute

bronchitis, hooping-cough, and pneumonia the expectoration

becomes more abundant,—and is then often a critical indication

of the approaching termination of the disease,-
—

simultaneously

with the disappearance of the difficulty with which it is brought

up, and when it begins to assume more definite shape and con-

sistence
;
each exacerbation of the afi"ection, on the other hand,

materially diminishes the amount of the previously profuse

secretion, while the difficulty and pain of expectoration increase,

and the sputum acquires greater density. When, in acute

diseases (bronchitis asid pneumonia, for instance), the expecto-

ration becomes scantier or fails altogether, while at the same
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time the morbid process is obviously extending and increasing
in severity, and while auscultation shows that the bronchi are

loaded with an accumulation of fluid, we have direct evidence of

a lowering of the irritability of the sensory terminations of the

vagus in the lungs, or of the profound exhaustion of the patient ;

this sign is therefore one of grave import. The stertorous

respiration of the dying, accompanied by rattling sounds pro-
duced in the chest and audible at some distance, furnishes the

most familiar example of this condition.

It is in BroncJtiectasis, of all diseases of the respiratory appa-

ratus, that the largest quantity of expectoration is discharged at

one time. This fact, in the absence of such other signs as

would establish the diagnosis between this and like conditions,

becomes a criterion of the first importance. The expulsion of

several tablespoonfuls, and often more, of a muco-purulent,
fcetid secretion, as the result of one effort of coughing, is far

from uncommon in this affection.—In like manner the bursting

of a 'pulmonary abscess, or of a ipnrulent j^lcwal exudation, into

one of the larger bronchi, is marked by the sudden evacuation of

a large quantity of purulent, homogeneous sputum.
Odour of the sputum. This is quite wanting in very many

cases, or is at most faint and of a somewhat mawkish or mouldy
character. The sputa in pulmonary abscess, bronchiectasis, and

putrid bronchitis, have a decidedly foetid odour, that of the dis-

charge in gangrene of the lungs being extremely offensive. In

the latter case the expired air is already considerably tainted

even before any trace of a disagreeable smell is perceptible in

the sputa. The foetor is caused by the gangrenous putrefaction

and disorganization of the tissues.

Putrefying fragments of food, such as those which adhere to the teeth,

may communicate this offensive odour to the sputum in its passage

through the mouth. Caries of the teeth, and especially certain affec-

tions of the mouth, are apt to produce the same result
;

it is from

this source that, in the last stages of phthisis, in which various

disorders of the cavity of the mouth, associated with the development
of fungous growths, are so common, the sputa derive their odour of

putrescence. This is lost when the expectoration has stood some

time in the vessel.

Colour of the Sputa.

A slight coloration, varying from white to yellow or yellowish-

green, is given to the sputum by the presence of a large number
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of pus-cells. A deeper tint is usually due to the admixture of

the colouring-matter of various tissues
;
these are, enumerated in

the order indicated by the frequency of their occurrence, the red

colouring-matter of the blood and its different modifications, the

bihary colouring-matter, and a black pigment.

Eed, Sanguineous Sputa.

These consist either of blood alone, or of blood and other

elements intermixed.

1. A sputum composed solely of blood, and expectorated in any
considerable quantity, is invariably the result of rupture of some
of the vessels of the lungs. The amount of blood thus lost at one

time is very variable
;

it may be only a teaspoonful, or as much as

several tablespoonfuls, or even more.

H(rvwptyms frequently occurs at the outset of pulmonary phthisis,
at a time when the physical signs of the affection are still undeveloped;
or it may take place, either once or repeatedly, in the course of the

disease. Haemoptysis may also be caused by affections of the cardiac

valves, when these lead to overloading of the pulmonary circulation ;

an example of this is seen in hcEmorrhagic infarction of the lungs fol-

lowing lesions of the mitral valve.

Blood effused into the lungs is for the most part coughed up
immediately after the hsemorrhage.*

This fact affords one of the readiest means of distinguishing pulmo-
nary haemorrhage from haematemesis (in cases of round ulcer of the

stomach, carcinoma, &c.), the blood in the latter case being rejected

by romitinff. The hrir/ht red colour, the f!uid condition, and frothy

appearance of blood proceeding from the lungs, are further points
which aid in establishing the diagnosis, blood coming from the stomach

being usually dark reddish brown or chocolate-brown in colour, having
* Whether the blood remaining in the alveoli and ultimate bronchi after pulmonary

haemorrhage, when not entirely absorbed, excites inflammation and becomes the starting-

point of caseous infiltration (F. Niemeyer), is still a disputed question. It has been

clinically proved (Traube) that after the lapse of a certain time no trace of bleeding
is discoverable in the lungs. Experiments on animals give different results according
as the blood injected penetrates only to the finest bronchi or reaches the alveoli.

Should the blood not go beyond the air-tubes its absorption is completed within twelve

hours, and no inflammation follows (Perl and Lipmann) ;
if it be forced into the alveoli,

however, catarrhal pneumonia is set up, which, in healthy animals, ends in resolution

(Sommerbrodt), but in men placed imder unfavourable conditions (men of feeble con-

stitution, &.C.), results in caseous infiltration and phthisis. That hremorrhagic infarc-

tions in cases of cardiac disease never give rise to catarrhal pneumonia is probably
in some way connected with the immunity from phthisis which the subjects of diseases

of the heart seem to enjoy.
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a close resemblance to coffcc-firoiimh, and sometimes, when it has

remained some little time in the stomach, forming clots in which arc

embedded fragments of food.—The mere external appearance of the

blood, however, does not always furnish sufficient data on which to

found an opinion regarding its origin. On the one hand, blood

poured into the lungs may be retained there for some time, lodging

particularly in dilated bronchi or in pulmonary cavities, when it

becomes much darker in colour and is slightly coagulated, being thus

not unlike that discharged in ha^matemesis
;

blood effused into the

stomach, on the other hand, may be vomited immediately after

escaping from the ruptured gastric vessels, when it has no longer the

appearance above described, but resembles rather blood coming from

the lungs. And finally, blood flowing from the nose, mouth, or

pharynx, may, during sleep, pass through the larynx and into the

bronchi, when it takes on a brighter red colour and receives a certain

admixture of air, and as it is eventually brought up by coughing it

may possess all the characters of blood originally extravasated in the

lungs. In such cases the source of the haemorrhage can be deter-

mined only on consideration of the patient's previous history and of

the results of careful physical examination.

2. Blood may be mingled with the sputum iu various propor-

tions, intimately, or in streaks, or simply dotted through the

mass. In these cases the presence of the blood need not neces-

sarily be assumed to be due to rupture of any of the pulmonary

vessels
;

it may be caused by the passage of red blood-corpuscles

through the uninjured walls of the vessels {^Aeediixigperdlapedcsin;

Cohnheim).
The depth of the coloration of the sputa is in proportion to

the quantity of blood present ;
whatever he the amount the

fundamental colour is always red.

The lighter shades of red are produced by the greater or less

predominance of the other constituents of the sputum; they

depend also, to a certain extent, on the physical characters of the

expectoration, varying according as the latter is of fluid or firm

consistence, mucous or purulent, or has become tainted by

putrefaction, &c.

The blood is the more intimately mingled with the other

elements of the secretion the longer it has been iu contact with

them ;
the more tenacious the bronchial mucus the longer the

time necessary for the efiecting of such a thorough blending of

blood and sputum as is observed when the expectoration is very

thin (serous, for instance). The diffusion of the blood through

the sputum is most complete in cases of fibrinous pneumonia. It
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is only in very confined spaces, such as are presented by the

alveoli and finest air-tubes, that a uniform and intimate mingling
of pathological secretions and blood can take place.

Blood disposed in streaks through the sputum does not usually

proceed from the pulmonary parenchyma but from the upper

parts of the air-passages, and gives no indication, therefore, of

the nature of the morbid process going on.—SjJecks of blood

frequently appear in the sputum, both in the earlier and later

stages of caseous pneumonic infiltration.

The expectoration may also show by its red colour that it

certainly contains blood, though at the same time no red blood-

corpuscles can be detected under the microscope ; in such

circumstances it is probable that the corpuscles have undergone
considerable modification, are possibly shrivelled up, and indis-

tinguishable from the other figurate elements of the sputum, or

that their disintegration has been complete and their colouring-
matter in that way set free.

Metamorphosis of the ColouPvIng matter of the

Sanguineous Sputum.

The longer the sanguinolent sputum is retained in the bronchi

the more marked and extensive is the change in colour which it

undergoes. It first becomes gi-adually reddish-brown, then

yellowish-red, and finally loses all trace of red coloration
; it

subsequently takes on a yellowish hue, which deepens into

safi"ron-ye]low, yellowish-green, or even grass-green. All these

tints are given to it by the substances which are produced by the

higher oxidation ofthe colouring-matter of the blood (haemoglobin) ;

they represent the successive stages of that process,
—a metamor-

phosis which is often observed in parts in which blood has been

efiused under the skin. Green is the last of the series of colours

displayed by the haemoglobin and its products when exposed to

the continued influence of oxygen.^ So long as the colouring-

matter remains unchanged, and the expectoration continues

distinctly and unmistakeably red, the blood-corpuscles are easily

recognised, as they still possess their normal aspect and outline;

but immediately the process of oxidation begins they are more or

less altered in appearance, or may even be completely disintegrated,

leaving behind them no visible trace of their previous existence in
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the sputum.
—The first of the above-mentioned shades, reddish-

bro^Ti or rust-colour, is characteristic of the sputa in the stage

of hepatization in pneumonia, while the yellowish-red, or citron-

yellow, or safiron-yellow tints mark the stage of resolution.

Greenish, or even grass-green, sputa (coloured thus, not by

biliary pigment, but by altered haemoglobin) occur sometimes in

croupous pneumonia when it ends gradually (by lysis, not criti-

cally) in perfect resolution
;
in pneumonia also, which is followed

by pulmonary abscess, and at the beginning of subacute caseous

pneumonia (Traube). In all these affections the secretions are

retained some time in the lungs,
—

usually for a period long enough
to permit their colouring-matter to pass through all the grades of

oxidation and become distinctly green ;
but in pneumonia of the

ordinary type the sanguinolent sputum is coughed up and

expelled before its haemoglobin is so far changed as to become

green, so that it is merely of a yellowish tint.

Microscopic examination of gi-een sputa reveals the presence of

yellow pigment, j'ellow pigmented molecules, and here and there

yellow pigmented epithelial scales.

Sometimes in the warm summer months there is observed a peculiar

variety of yellow sputum, the eyg-yolk sputum (Traube, Lower), in

which the coloration seems to be due, not to the presence of modified

ha-moglobin, but probably to the development of fungous growths.

The first trace of it is usually noticed after the sputum has stood a

short time in the vessel, and in the frothy layer at the surface ;
it

may appear in any sputum of a frothy, tenacious character, and disap-

pears when the weather becomes cooler or when the expectoration

undergoes further change.
Under the microscope this sputum is seen to contain numerous

masses of spores, resembling closely the leptothrix buccalis, and here

and there also undoubted filaments of leptothrix. It is from the

larger gi-oups of spores that the yellow colour is derived. These fungi

are probably introduced mechanically into the sputum as it passes

through the mouth, and develope in the expectoration-dish under the

favom-ing influence of heat. As the leptothrix is naturally of a some-

what yellow tinge, the colour is of course intensified by the multiplica-

tion of filaments. Microscopic examination has shown, also, that in

the mouth and between the teeth of those patients whose sputum was

of this nature were lodged large numbers of leptothrix thaUi. Diag-

nostically and prognostically this "egg-yolk" sputum has not the

sbghtest signification.
—Another variety of sputum, identical with the

foregoing in microscopic and other characters, difi"ering from it only in

colour,
—which was grass-green, was observed by Rosenbach in a case

of bronchial asthma ;
the coloration was developed only about 24

hours after the sputum had been expelled.

o
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Biliary Pigment in the Sputum.

The presence of biliary pigment communicates to the sputum
various shades of colour, from yellow to green or even to deep

grass-green. In appearance, therefore, they are absolutely

indistinguishable from the above-described yellow or gi-een sputa

which, as already stated, derive their colour from the products of

the higher oxidation of their haemoglobin. A yellow or green

coloration of the sputum is known to be due to biliary pigment

only when the skin and mucous membranes have the same

jaundiced hue, usually the result of a duodenal catarrh. The

ordinary test for the presence of the colouring-matter of the bile,

the occurrence of the well-known play of colours on the addition

of nitric acid, is not satisfactory, as this same reagent produces
a slight greenish tinge in the usually colourless mucous sputum.

This complication, the association of icterus (duodenalis) with

a disease of the respiratory apparatus, is met with in the bilious

form of pneumonia, though not in every case of bilious pneumonia
is the sputum also necessarily yellow or green. On the other

hand, it may happen that any other affection of the respiratory

organs, simple bronchial catarrh, for instance, may be compli-

cated by the occurrence of duodenal catarrh with icterus, when

the sputum at once turns yellow or green ; I have seen one well-

marked case of this nature.

Black Pigmented Sputa.

The sputum may be blackened throughout almost its entire

extent (a somewhat rare event), or only in certain parts. This

staining is commonly caused by 2^<^rticles of carbon which have

been carried into the air-passages and mixed there with the fluid

secretions ;
the greater the number of these jDarticles the more

intimate is their combination with the sputum and the deeper

the shade of the black pigmentation.

Quantities of carbonaceous matter are often seen in the

sputum of those who are exposed to the habitual inhalation of the

sooty smoke of a badly-burning lamp ;
in such circumstances it is

not unusual to find that the secretions coughed up in the morn-

ing are black. Small quantities of snuff also sometimes slip

down from the nose into the air-tubes and are recognised in the
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catarrhal secretion as minute black particles. This black

pigmented sputum probably occurs most frequently among those
who work in coal-pits. In all these cases microscopic examina-
tion shows that the amorphous granules of carbon lie loose and
free in the sputum ;

but they may also penetrate even into the
substance of the lung itself, and are then incorporated with the

epithelium of the air-vesicles and with the pulmonary texture.

Accurate investigations, carried on by Traube and Cohnheim, into
the nature and surroundings of this carbon-dust have prov.d most
clearly that it comes from without, and that it insinuates itself into
the epitheUum of the alveoli and into the interstitial tissue (in one case
it had reached even to the bronchial glands) ; this is evident from the
fact that the particles of which it is composed dilier in no respect from
those which float frech/ about in the atmosphere. In one of the two
cases observed by Traube the specks of carbon found in the sputum
resembled exactly those which the patient had habitually inhaled in

the timber-yard in which he worked, their structural identity with the
cellules of the pinus sylvestris being completely estabhshed. Eottcher
has recorded an exactly similar case.

Absolute proof, however, that fine powdery matters, conveyed into

the trachea, may be carried downwards into the air-cells and may work
their way even into the tissue of the lung, is furnished by the experi-
ments of Slayjansky. He introduced a certain quantity of cinnabar
into the trachea of several animals, and afterwards found the particles
of that substance in the epithelium of the alveoli, some of them scattered

irregularly through the cells, others showing a definite and orderly

arrangement ;
he discovered them also in the interalveolar septa, in

the bronchial glands, and even in the blood, to which they had probably
gained entrance through the lymphatic glands and vessels.

There is, further, sometimes seen in the sputum, a black jmlmonary
jngment (Melanin), in the form of black, unifonnh/ jiif/tnentcd cells.

There is little doubt that this Melanin, which ditiers from all other

organic pigments in being insoluble in alkaline lye and in resisting the

bleaching action of chlorine, is simply inhaled carbon-dust, by which
the pulmonary epithelium is stained of a uniform black colom\ Phthisis

melanotica is thus merely a chi'onic form of pneumonia, excited by the

inhalation of carbonaceous particles.

Besides carbonaceous matters other variously-coloured particles,
such as the dust of cinnabar or iron, are found in the sputum ; these

not only communicate their colour to the secretions but also give rise

to more or less serious aftections of the an-passages and pulmonary
parenchyma (catarrh, or chronic pneumonic infiltration), which Zenker

classifies as " diseases from the inhalation of dust." To the cases of

siderosis pulmonum recorded by Zenker may be added one of great
interest reported by Merkel, in which the lung was of a brick-red

colour from a deposit of oxide of iron
;
the patient had been employed

o2
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in a tile-work. Another patient, who had worked in an ultramarine

factory and had suflered from chronic bronchial catarrh, brought up an

exquisitely blue-coloured sputum.

The Sputa in Diseases of the Am-PASSAGEs.

Catarrh and inflammations of the respiratory passages,

whether seated in the larynx or the larger or smaller bronchi,

are always attended by the same species of sputum, as all parts of

the mucous membrane have exactly the same structure.

At the beginning of an attack of catarrhal inflammation the

sputum is simply mucous, consisting chiefly of a tough, vitreous,

transparent mucus, with only a few figurate elements,— the

mucus-corpuscles ;
in the expectoration-vessel it runs together

and contains air-bubbles, and is therefore frothy and clear in

colour. This is the sputum crudum of the ancients.—At a later

stage of catarrhal aff'ections it becomes richer in cells, contains,

besides mucus and mucus-corpuscles, a few pus-corpuscles, and

is thus of somewhat firmer consistence ; as the inflammation

abates the cell-elements are present in still greater numbers, the

sputa take the form of irregularly globular masses (the sputa

coda of the older authors) and assume a dull yellowish colour.

Both these stages, marked by a mucous and a muco-puru-
lent sputum, are observed in every catarrhal or inflammatory
bronchial aft'ection

;
when the inflammation is of a croupous

character, however, it is not sputum, in the ordinary acceptation

of the term, that is expectorated, but chiefly the fibrinous bron-

chial casts already described on p. 180.—In putrid bronchitis and

in bronchiectasis, also, the sputum has special characters, given

in detail on p. 202)2.

The Sputa in Affections of the Lung-Substance.

The Sputum in Croupous Pneumonia.

The three stages of this disease are usually characterised by
three distinct varieties of sputum.

1. In the stage of engorgement of the lungs the sputa, if pre-

sent, are very scanty and tough, are composed mostly of mucus,
include numerous bubbles of air, and are therefore transparent ;

they contain comparatively few morphological elements, are occa-

sionally marked by streaks or spots of blood, and are of no definite
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shape when expectorated. They coalesce in the receiving-glass,

in which, on account of the large quantity of air enclosed in them,

they float, forming a spumous layer on the surface of the water.

The blood, which is present only in minute traces, is generally

seen only on the surface of the sputum, and is not intimately

mixed with it.—The expectoration of such a sputum, beset with

specks of blood, is a point of great diagnostic importance, as by
it pneumonia may be recognised some time before the physical

signs of the disease are developed ; lobular, central pneumonia
is often first noticed, and distinguished from other acute affec-

tions of the respiratory organs by this symptom alone.

2. In the stage of hepatization increase of the plastic exudation

in the alveoli and in the terminal bronchi is associated with a

sputum more copious in quantity, exceedingly tenacious, less

aerated, and more deeply tinged with blood
;
the latter is more

intimately mixed with the mucus, and gives to it the rust-colour

described as pathognomonic of the affection. The depth of the

coloration varies with the relative amount of the blood and the

length of time it lodges in the alveoli and bronchi. Reddish

brown or rusty sputa are thus obviously of less recent date than

those which are bright red. In the former are found, on micro-

scopic examination, numerous altered blood-corpuscles, some

distended, others shrivelled up and disintegrated, their colouring-

matter being dissolved out and the round of oxidation-changes

to which it is subject being already begun. The number of cor-

puscles seen under the microscope, therefore, is by no means

proportionate to the intensity of the colour of the sputa when

looked at with the naked eye. In bright red sputa, on the other

hand, the histological structure and the colour of the corpuscles

are preserved intact.—The tenacity of the sanguineous pneumonic

sputum is such that the patient has often the greatest difficulty

in getting it out of his mouth ;
it adheres to the sides of the

crachoir and does not flow out when the latter is inverted. This

toughness, and the transparency of the sputum, depend on the

presence of mucus ;
increase of the number of the morphological

constituents (blood-corpuscles and pus-cells) renders the sputum

less transparent. The quantity of air, also, which is mixed in

the sputum varies with the intimacy of the contact into which the

respired air and the secretions are brought in the bronchi.

Gradually, keeping pace with the advancing consolidation of the
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lung and the consequent greater abundance of the pus-corpuscles,

the sputum becomes less and less tough and adhesive, and is

thus less confluent and more easily brought up ;
it begins rather

to take on a more or less distinctly nummular or irregularly

globular form.

Fibrinous clots, also, are found in the sputum, and constitute

one of its most important elements
;

their presence indicates

that the terminal bronchi are occupied by the same plastic

exudation that fills the alveoli (see p. 180). They may be recog-

nised while still in the expectoration-dish, on turning up the

latter and examining the secretion which clings to its sides. On

separating and washing these portions of the sputum with water

the fine arborescent ramifications of the casts may be seen under

a powerful magnifying glass.
—Towards the end of the stage of

hepatization the secretions become more fluid and less transpa-

rent, and the fibrinous coagula increase in numbers ; the blood

present in the sputum diminishes in quantity, its colour deepens
into a dark reddish-brown, and in the event of there being no

new exudation into any part of the lung all trace of bright-red,

recent blood entirely disappears.

The various characters described so far do not always present

themselves in the exact order mentioned, as it frequently occurs

that after complete hepatization of one section of the lung
another part, hitherto exempt from the inflammation, is attacked

and goes through all the phases of the pneumonic process. Thus,
whilst some of the sputa have the properties of those associated

with the end of the stage of hepatization and the beginning of

that of resolution, certain others, coming presumably from the

j)ortions of lung most recently aff"ected, may be loaded with blood

and be exceedingly viscid.

3. In the stage of resolution the rust colour fades, and the

sputum becomes yellowish or of a darker, citron-yellow tint, from

the metamorphosis of its haemoglobin ;
it is expectorated with

less difficulty, as it diminishes steadily in viscosity and no longer

adheres to the sides of the vessel ; it grows gradually more and

more opaque, from augmentation of the number of pus-cells it

contains, while the fibrinous bronchial casts disappear or break

down in fatty degeneration. The secretions thus come to resemble

closely those of simple bronchial catarrh. They are at first cpn-

siderably more abundant than in the stage of hepatization, but
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become by degrees scantier, more mucous, watery, transparent,
and colourless ;

and finally, when the resolution of the pneu-
monia is complete, expectoration ceases entirely, or for a few

days longer a scanty, mucous, bronchial secretion is dis-

charged.
The features which have been enumerated as characteristic of

the sputum in the various stages of pneumonia relate only to

croupous pneumonia running an absolutely normal course. Should
the disease, however, not end in resolution, but tend rather to

fatal termination from exhaustion of the vital powers of the

patient, or from pulmonary oedema, the ordinary pneumonic
sputum is replaced by a secretion of more fluid consistence, con-

taining numerous air-bubbles, extremely frothy, and often stained

of a dark reddish-brown colour from the continued presence of

blood (the prune-juice sputum).
In the rare cases in which the pneumonia results in j)ulmonary

abscess a certain period usually elapses in which no sputum
is expectorated ;

this is followed by a sudden and profuse dis-

charge of greenish-yellow, perfectly purulent sputum, very fluid

in consistence, and more or less oflensive in odour, possessing all

the properties of pus obtained from an abscess in any other

situation.

This homogeneous sputum, when examined either with the naked

eye or with the microscope, is found to contain numerous shreds of

dead pulmonary tissue, consisting of elastic fibres, fat-crystals, crystals
of hsematoidin, and black pigmentary matter and micrococci.—Chronic

pneumonia, also, occasionaUy terminates in the formation of abscess.

In the purulent or muco-purulent sputa brought up at intervals from

such an abscess, similar fragments of lung-tissue are seen, having a

densely fibrous, cicatricial appearance, quite in keeping with the

stony hardness of the diseased structure from which they come
;

elastic fibres, also, and plates of cholesterin (Leyden), are often present
in this sputum.

When pneumonia runs into gangrene of the lungs, (not a

common occurrence), the expectoration becomes excessively

foetid and of a dirty greyish colour, and is loaded Avith shreds

of necrosed tissue and acicular crystals of the fatty acids

(see p. 202).

The sputum of catarrhal pneumonia shows many points of

difference from that of croupous pneumonia, the former affection

being one which attacks primarily the bronchi, and spreads
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downwards so as eventually to involve the aveoli
;
of this nature

is the broncho-pneumonia which occurs in children and the aged,

and not nnfrequently also in persons of middle age. As this

form of pneumonia is not attended by any extravasation of blood

the sputum presents the characters only of a catarrh, being

simply muco-puruleut, or containing at most, when the lungs
are deeply congested, a few slight and transient traces of

blood.

2']ic Sjnitinn in Tuberculosis and PlttJiisis of the Lunrjs.

Acute miliary tuberculosis of the lungs gives a sputum in no

respect different from that of simple bronchial catarrh.

The sputum in chronic cheesy degeneration, before the process

of excavation has begun, consists almost exclusively of the

catarrhal secretion of the bronchial mucous membrane, and is

consequently indistinguishable, with the naked e3-e at least, from

that of ordinary catarrh. On microscopic examination, however,

elastic fibres are sometimes seen, an observation which of itself

is conclusive evidence that a destructive process is going on,

even in the absence of the usual physical signs of such a condi-

tion. The presence of pulmonar}' epithelium in the sputum, on

the other hand, at one time looked upon as an infallible indica-

tion of that form of phthisis which is essentially a desquamative

pneumonia, is not entitled to be so regarded, as pulmonary

epithelial scales similarly altered in structure are occasionally

found in the sputum of simple catarrh.

The quantity of the sputum generally depends on the intensity

and extent of the bronchial catarrh accomjoanying the phthisis;

it is therefore scanty at the outset of the disease, and becomes

more abundant in its later stages. The expectoration may also

be completely suppressed, at least for a time, particularly in case

of remission or definite arrest of the progress of the disease.—
Occasionally there is blood mingled with the secretion, in reddish

specks or streaks, seldom in the form of a generally diffused

coloration ;
if the admixture be of long duration or of frequent

recurrence we may infer, Mith almost absolute certainty, the

existence of chronic caseous infiltration of the lungs, even

when the physical signs which mark this affection cannot be

distinctly elicited.
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On the formation of cavities in the lung-substance the sputa

at once take on more specific characters ; they are of firmer

consistence, assume a rounded or nummular form, become

more or less ragged at the edges, opaque, of a yellowish-

green or dirty grey colour, contain little or no air, and sink

in water (the sjjuta rotunda, fandum petcntia of the early

physicians).

Now and then the cavernous sputum contains blood, recently

effused or of older date, disposed either in a thin layer on its

surface or intimately mixed up in its substance ;
the secretion

then presents a more or less intense coloration, varying from

light red to reddish brown. The blood in this case has evidently

leaked from the smaller vessels, whose walls are disorganised

and broken down by the extension of the morbid process. In

this sputum is usually also included a variable quantity of catar-

rhal bronchial and buccal secretion, which, being very thin and full

of air-bubbles, floats on the surface of the fluid in the expectora-

tion-glass. The larger the quantity of this catarrhal exudation

and the more crowded it is with air-bubbles, particularly if it be

brought up with considerable pain and effort, the greater diificulty

is there in distinguishing between it and the proper cavernous

sputum. Very frequently the latter, in these circumstances, does

not sink to the bottom of the vessel, but is suspended in the

general mass of expectorated matters, in the frothy, mucous

layer near the top.

On microscopic examiuation of the cavernous sputum there

are found multitudes of pus-cells (hence its opacity), free nuclei,

detritus, and occasionally elastic fibres.

The cavernous sputum, fluctuating in quantity from time to

time according as the morbid process is aggravated or arrested,

retains for a considerable period the physical properties above

described
;
but if the excavation be occupied by a profuse fluid

secretion which stagnates there for some time, the sputa become

of a dull muddy colour, acquire a somewhat oftensive odour,

diminish in consistence, lose all appearance of having any defi-

nite shape, and tend to coalesce in the crachoir.

In the species of consolidation of the lungs which do not lead

to phthisis,—for example, in atelectasis of the lungs, due most

commonly to prolonged compression by pleuritic exudation, or

more rarely (when it is usually only partial) to compression
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arising from some other cause, and, further, in the forms of

collapse dependent on the blocking-up of large bronchi, and in

condensation from hypostasis,
—no characteristic sputum is

discharged, but only such as owes its existence to the catarrh

which accompanies these affections.

The Sputum in putrid Bronchitis and in Gangrene of the

Lungs.

These two diseases have at least one feature in common,—there

is associated with them a certain destruction of pulmonary tissue,

the result of a putrefactive process, which, again, is probably set

up in consequence of the introduction of bacteria or spores into the

air-passages ; as might be expected, therefore, the sputa also

present some characters which are common to both. These,

enumerated by Traube, are as follows : the sputa are very abundant,

have a somewhat fluid consistence and a dirty greenish yellow

colour, and separate into three strata on standing ;
the uppermost

layer is greenish yellow, opaque, and frothy ;
the middle layer is

strikingly transparent, albuminous, and almost serous in con-

sistence ; the undermost layer is yellow and opaque, and is

composed almost exclusively of swollen pus-corpuscles and a

detritus which contains a number of dull yellowish-white, soft

corcs,^ whose size varies from that of a grain of millet or oats to

the bulk of a bean
;
these cores have also an excessively /tf^ic^

odour, and contain the needle-shaped crystals of the fatty acids

described on p. 182.

The chief condition which seems to be necessary to the formation

of these crystals is that the sputum should be retained for some

time in the ulcerated gangrenous bronchi or cavities ;
this occurs

particularly in sinuous excavations not in communication with

any of the larger bronchi. Fatty crystals are therefore wanting
in the secretions of a large cavity opening freely into a bronchus

of considerable calibre, as in such a case the sputum is always at

once ejected. In the same way also may be explained the fact

* Traube recognises four different stages in the development of these cores. In the

beginning of the affection, when they are first discovered, they for the most part con-

sist of pus-corpuscles and detritus
;
at a later period they become dirty grey, a colour

which they always afterwards retain, while the de'bris enclosed in the purulent mass

shows globules of fat. In the third stage they are composed chiefly of debris, within

which not only the fatty globules but acicular crj^stals of fat are observed. In the

fourth stage they are greatly increased in number and gathered together into

bundles.
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that putrefaction takes place so readily in broncliiectatic cavities

while it is so exceedingly rare in those of phthisical origin ;

broncliiectatic cavities are situated in the loiver lobes of the lung,
and their secretions are brought up and expelled with greater

difficulty, and therefore remain stagnant for a much longer period

than those of phthisical cavities, which are generally situated in

the upijer lobes.

The sputum of pulmonary gangrene and that of the putrid

stage of bronchiectasis are distinguished from those of other

affections involving destruction of tissue (caseous pneumonia,

pulmonary abscess) by containing few or no elastic fibres. The

latter seem to be completely destroyed by the action of the

putrefactive material, the chemical properties of which, however,

are still unknown ;
the connective tissue of the lung, on the

other hand, is not in any way affected by this material. .

The element which effects the decomposition of the elastic fibres is

evidently present in the sputum, as the filtrate of gangrenous sputa,

while alkaUne in reaction, completely dissolves elastic tissue (taken,

for example, from the ligamentum nuchae of the calf) and boiled white

of egg in 1—4 days, but has no influence whatever on gelatin-yielding

tissues
;

this process is therefore exactly analogous to that which goes

on within the lungs. The material on the pi-esence of which this

action depends appears to be of the nature of a ferment. It, too, is

subject to disorganization, as the filtered gangrenous sputa no longer

have the power of dissolving elastic fibi-es when, at the end of a few

days, they become cloudy and undergo further decomposition. The

contents of gangrenous cavities also, after removal from the dead body,

and indeed all other putrid fluids whatsoever, proved equally powerless

to eftect the solution of elastic tissue (Filehne).

Chemical examination (by Jaffe) has shown that ammonia, sul-

phuretted hydrogen, leucin and tyrosin, volatile fatty acids (butyric

acid), enter into the composition of the sputum in pulmonary gangrene

and putrid bronchitis.—On being introduced into the trachea of

animals, the gangrenous cores described above convey infection to the

healthy tissues, if not at once expelled by coughing. This is usually

followed by the occurrence of local, circumscribed pneumonic inflam-

mations (particularly in the case of rabbits), or even by gangrene of the

lungs (Leyden and Jaffe). The inflammation seems to be really due to

the presence of vegetable parasites, which have been discovered by

Fiirbringer in great numbers in the gangrenous masses ;
the fungi

consisted chiefly of the aspergiflus niger aud mucor.— These same

fungous growths and, under certain circumstances, even acicular fatty

crystals, like those of
'

the sputum in pulmonary gangrene, may be

developed in a simple catarrhal sputum which has been exposed some

time to the air.
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The SjJutuin In Bronchiectasis.

It Las the characters of the muco-purulent sputum, is generally

yellowish- green or dirty greenish-white in colour, homogeneous
and confluent. In colour and consistence, as in its microscopic

elements, it thus differs in no respect from the expectoration in

chronic bronchial catarrh
;
in both cases it is the result of hyper-

secretion from the bronchial mucous membrane. Since, however,

the bronchial secretion stagnates for a longer or shorter period in

the dilated bronchi, not only when the latter are cylindrical in

shape but also when they are sacculated, both of which conditions

are generally present together, it acquires an offensive odour,

which frequently has a certain resemblance to that which pervades
a soap manufactory ; the smell is most penetrating when the

sputum is recently expectorated, and becomes less intense when
the secretion has stood some time in the vessel.—The bronchi-

ectatic sputum is, further, brought up only at long intervals, and

then in large quantity. As the sensibility of the walls of the

bronchiectatic cavity is greatly diminished the fluid accumulates

till it reaches the orifice of the communicating bronchus
; violent

coughing is now excited and the sputum is ejected, when the

patient has rest again for a period usually of several hours,

expectorating at most only a little catarrhal sputum, till the

cavity is tilled anew, and the same process is repeated.

The quantity of sputum discharged in the twenty-four hours

may amount to several hundreds of grammes ;
it is usually

somewhat greater in the morning, as the secretion gathers in the

cavity during the night. The fostid odour and the periodical

evacuation of a large quantity of sputum, serve to distinguish the

bronchiectatic secretion from that proceeding from phthisical

excavations.

In the expectoration-dish the bronchiectatic sputum usually

separates into two or three layers, the upper of which is trans-

parent and very fluid, the lower opaque, almost exclusively puru-

lent, and resting on the bottom of the glass ; the middle stratum

consists chiefly of a quantity of flocculent mucus.

On the subsidence of the bronchial catarrh which attends every

case of bronchiectasis, considerably less fluid is secreted, and as

expectoration becomes more easy the sputum loses its foetor, and

is then almost identical in character with the muco-purulent
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sputum of bronchial catarrh. If, on the other hand, simple
bronchiectasis is followed by ulceration of the dilated bronchi,

and if, further, under the influence of minute vegetable or animal

organisms, which find their way into the air-passages and there

multiply and develope, a putrefactive decomposition of the

secretions sets in (particularly in summer), the needle-shaped

crystals of the fatty acids, mentioned on p. 202 when discussing

putrid bronchitis and pulmonary gangrene, are found in the

sputum.
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EXAMINATION OF THE OKGANS OF

CIRCULATION.

Inspection of the Precordial Region.

The contraction of a heart which is structurally sound, normal in

position and acting quietly, usually manifests itself externally as

a slight elevation of the tissues in the fifth intercostal space,

between the parasternal and mammillary lines
;

it is synchronous
with the systole, does not raise the skin above the general level

of the ribs, and is perceptible only over a small, circumscribed

area, Ij
—

2, or at most 2^ ctm. in breadth. The normal impulse,

commonly called the apex-heat
* of the heart, never passes, to

the right or left, beyond these limits. In children, however, it

is not always situated in the fifth, but sometimes rises as high
as the fourth, intercostal space, the diaphragm being drawn up-
wards with greater force by the lungs ;

in children also it not

unfrequently passes a short distance (almost 1 ctm.) over the

mammillary line towards the left side. On the other hand it

occasionally happens, though relatively seldom, and only in the

aged, that the heart's impulse is seen in the sixth intercostal

space ; in this case the displacement is due to diminution in the

attractive force of the lungs and in the elasticity of the large

vessels springing from the heart.

The situation of the apex-beat varies with the rise and fall of

the diaphragm in the movements of respiration and on turning
over towards the left side. The influence of respiration in alter-

ing the position of the heart's impulse is noticeable only on

making a very deep inspiration, when the apex sinks, sometimes

even behind the sixth rib, so that, the opposition to the trans-

mission of the stroke of the heart on the chest-wall being

increased, the heaving impulse can no longer be felt
;
in expira-

tion it mounts again to its normal level. In quiet respiration

* By the term apex-beat is understood not only the impulse of the actual apex, but

also that of the lower segment of the heart. The proper ajyex does not lie in the fifth

intercostal space, but behind the sixth rib, and is also covered ia front by a tongue-

shaped process of pulmonary tissue connected with the lower border of the left lung.
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no change takes place in the situation of the cardiac impulse.

Lying on the left side brings it a little over the left mammillary
line, occasionally as much as 2 ctm.

;
on turning on the right

side no displacement, or the very slightest, is observable.

The apex-beat is not always visible, but is generally per-

ceptible to the finger pressed deeply into the intercostal space ;

it escapes the eye also when the heart is acting very feebly, when
the chest-wall is rigid and covered by a thick layer of fat and

powerfully developed muscles, when the intercostal spaces are

narrow, and when the heart, during full inspiration, is over-

lapped by the margin of the lung. (For the pathological
conditions which cause the disappearance of the apex-beat, see

p. 213).

In addition to the apex-beat, and occasionally also when it is want-

ing, a diffuse impulse, or undulation of the tissues in the prascordial

region, may be observed, more particularly when the heart's action is

abnormally strong.
—A certain amount of vibration is also often felt

between the third and sixth costal cartilages and over the lower portion
of the sternum

;
it arises from the systolic tension of the mitral and

tricuspid valves, and is designated the valvular imjjulse.

Vivisection teaches that the finger placed on any part of the

exposed heart's surface experiences a distinct shock on the occur-

rence of each contraction ; but in normal circumstances, from

the relative position of the heart and lungs, only the stroke of

the apex is felt. The entire base of the heart is covered by lung,

which renders the transmission of its impulse to any distance a

matter of difficulty ;
and this difficulty is increased by the back-

ward movement of the base at each systole, by the resistance

ofiered by the ribs, and by the thickness of the thoracic parietes

(including the pectoral muscles and adipous tissue) in that

region. The apex, on the contrary, is in immediate contact

with the chest-w^all, is formed chiefly by the powerful muscles of

the left ventricle, and lies behind the yielding soft parts of the

intercostal space ; the most important consideration, however, is

that this portion of the heart is tilted forwards at each systole,

so that the tissues over it are of necessity raised along with it.

If the forementioned conditions, described as unfavourable to

the occurrence of a visible impulse over the base of the heart, be

removed, the apex-beat is accompanied by a distinct base-beat ;

this is the case in children with thin and fielding chest-walls, in
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all cases in which the heart, in consequence of retraction of the

anterior margin of the left lung (from atrophy), is in close con-

tact with a large part of the thoracic parietes, and in all hyper-

trophies of the heart, especially of the left ventricle.

In a few instances a double impulse, accompanying with more or

less regularity each systole, has been observed (Skoda, Bamberger,

Leyden). It occurs in aggravated cases of mitral insufficiency, and

arises from the non-coincidence of the contractions of the two ven-

tricles. To the first of these strokes alone the pulsation in the arteries

corresponds, with the second it is wanting. This non-simultaneous

contraction may be explained in the following way : when the mitral

valve is markedly incompetent the overfilled right ventricle is unable

to empty itself completely during the systole, and the next instant

(during the diastole) is again distended with blood and so excited to

renewed contraction
;
the left ventricle, on the other hand, takes no

part in the second phase of the contraction of the right heart, as it

contains at this stage but a small quantity of blood, or if it does act in

concert with the second contraction of the right ventricle, it does so

with gi'eatly diminished force.—It is quite conceivable that the so-

called abortive contractions, that is, those which are so feeble as to

produce no arterial pulse, often associated with grave mitral lesion,

arise from the non- simultaneous contraction of the two ventricles ;

though if this assumption were correct a double impulse should

accompany the cardiac systole, which is not actually the case.

Cause of the Heart's Impulse.

During the diastole the intracardiac pressure is equal at all

points on the inner surface of the ventricular walls, but when

the heart contracts and the blood is thrown into the great

vessels this pressure suddenly becomes less over the heart's

outlets than at the part diametrically opposite to them,—the

apex of the heart
; the latter, therefore, in consequence of the

recoil so generated, moves downwards and forwards at each

systole. It is the operation of the same force, the sudden deve-

lopment of a difference in pressure, that sets in motion Segner's

water-wheel, that produces the recoil which follows the discharge

of firearms, and that causes a freely-suspended cylinder, filled

with water and provided with an escape-pipe at its lower end, to

move backwards, in a direction opposed to that of the jet of

water, when the stopcock is opened (Gutbrod, Skoda). But the

recoil-theory explains only the impulse of the apex of the heart,

and not that of the base
; the latter arises from the hardening
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and sicdUnrj of the heart at the beginning of the systole (Arnold,

Kiwiscb, Ludwig).
It appears to me, therefore, that the theory of Guthrod and

Skoda and that advocated by Aruokl, shoukl not be regarded as

antagonistic : each, taken alone, is capable of explaining only
certain of the pathological phenomena dependent on the heart's

action
;
taken together, they satisfactorily explain them all.

The essential appearances seen on exposing the pulsating heart by
vivisection are : locomotion dowiuranlfi and forwards combined with

rotation from the left side towards the right, and incn'ase in thickness

during each systole ;
all these factors must be taken into account in

studying the causes of the cardiac impulse, no theory being free from

objection which is founded on only one of them. While it is generally
admitted that the impulse of the base of the heart is due simply to

systolic increase in thickness and firmness of the cardiac tissue at that

part, authorities are far from being unanimous in their explanations as

to the manner in which the downward and forward movement of the

apex, which gives rise to the apex-beat, is brought about. That the

apex of the heart actually does move in the direction described, and at

the same time rotates from left to right, has been frequently demon-

strated, both in animals and in men suffering from thoracic fistula in

the praecordial region. Bamberger teaches that the change in the

position of the heart is the result of the systolic stretching of the

aorta and pulmonary artery, and Kornitzer that the movement of

rotation depends on the somewhat spiral arrangement of these vessels

as they spring from the heart,
—the elongation which they undergo

making this spiral to turn slightly round on its vertical axis, carryiug
the heart with it. But Kornitzer's further hypothesis that this rotation

has the efiect of tilting the apex of the heart forwards, and should

therefore be ranked as the special cause of the cardiac impulse, has not

yet been satisfactorily proved. The same objection apphes to another

theory, more recently introduced by Aufrecht, which finds the cause of

the heart's impulse in the systolic flattening of the aortic arch, and

which seeks to explain exclusively on this ground all the physiological

and pathological phenomena connected with the heart's beat
;
the

observation that with each systolic discharge of blood into the aorta a

diminution of the curvature of that vessel takes place, the aorta itself

rising and the base of the heart sinking, is essentially corroborative of

Bamberger's theory that the locomotion of the heart downwards is

produced by the systolic stretching of the vessels, Aufrecht, however,

holding that the pulmonary artery takes no share in the production of

these changes. But whilst Bamberger does not attempt to found any
doctrine as to the cause of the heart's impulse on this systoHc depres-

sion of the heart by the elongation of the great vessels, Aufrecht argues

that to it is added a forward movement of the organ, and that these

together give rise to the impulse. The two theories thus agree so far,

in regarding the injection of the blood into the arteries as the cause of

P
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the apex-beat (the latter, indeed, instantly disappears, as Hiffelsheim

and Jahn have shown, on cutting off the supply of blood to the cham-
bers of the heart), but differ concerning the manner in Avhich this

cause operates.
—The view which has found most wide acceptance is

that advanced by Gutbrod and adopted by Skoda, based on the physical

principle of recoil.

The two most important objections to the Gutbrod-Skoda theory are

the following : 1st, Bamberger, Kurschner, Scheiber, and others,

maintain that the physical principle of recoil is not applicable to the

heart, as those parts on which the force of the recoil should fall are

precisely those which by their contraction generate the original force ;

a recoil, therefore, at the apex would be overcome by the counter-

pressure arising from the contraction of the heart from the apes
towards the base.

This counterpressure, however, is in part neutralized by the down-
ward movement of the heart at each systole, but chiefly by the fact

that the heart, as Skoda points out, does not contract simply from the

apex towards the base, in the direction opposed to that of the recoil,

but concentricalhj, so that the increase of pressure on its walls is

everywhere equal ; in this case the cardiac parietes are placed under

exactly the same conditions as the sides of a cylinder filled with water,—
they are subjected to a uniform pressure.

2ndly. The second objection rests on the observation that that

point on the inner surface of the heart which is diametrically opposite
to the arterial orifices does not coincide with the apex, but with a spot
on the wall of the right ventricle (Scheiber) ;

the recoil from the orifice

of the pulmonary artery takes eliect on the side of the right ventricle,

that from the aorta exactly on the apex of the heart, so that the result-

ant of these two forces passes through a point situated somewhat to

the right of the apex. It is only in cases of unequal hypertrophy of

the different parts of the heart that these relations are appreciably dis-

turbed.

Skoda meets this objection by the statements that the aortic and

pulmonary orifices do not lie in the same plane ;
that the heart may,

on account of the intricate disposition of its muscular fibres, be con-

sidered as a single-chambered tubular organ, the lower part of which,

diametrically opposite to the arterial orifices, suffers a certain amount
of pressure from the current of blood flowing from it into the great
vessels, the area so afiected being equal to the sum of the transverse

sections of the pulmonary and aortic openings ;
and that this pressure

is distributed over the surface of the lower segment of the heart, which
assumes a conical form during the systole ;

and he concludes that it is

not essential to the general accuracy of his theory that the force of the

recoil should light exactly on the ape.r. Jahn has also recently shown
that the resultant of the lines of recoil from the aorta and pulmonary
artery falls precisely on the apex of the heart, as indicated by Gutbrod
and Skoda.

Hifl'elsheim has demonstrated the recoil experimentally in a caout-

chouc heart filled with water, discharging into an artificial aorta
;
he
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found that the force of the recoil is proportional to the volume of fluid

contained, to the thickness of the walls of the artificial heart, and to

the diameter of the aortic orifice.

On p. 214 have heen mentioned certain clinical facts which admit of

satisfactory explanation by means of the Gutbrod- Skoda theory only.

Pathological Alterations of the Normal Cardiac

Impulse.

These affect the situation, force, and extent of the impulse.
Alteration in the situation of the apex-beat arises from dis-

placement of the whole heart, which is very frequently the result

of change in the position of the diaphragm,
—when the latter is

depressed the heart sinks, when elevated the heart rises.

Depression of the whole diaphragm may be caused by bilateral

emphysema of the lungs, lowering of one-half by the presence of

gas or fluid in one of the pleurae. The dislocation of the heart

in pulmonary emphysema takes place downwards and to the

right, in effusion into the left pleura, when the fluid is mode-

rately abundant, simply downwards, or when the quantity is

excessive, to the right side, sometimes even as far as the right

mammillary line
; pyo-pneumotliorax of the left side has the

same effects, though not usually to such a marked degree. On
the absorption of the exudation, should the left lung fally

expand as the fluid is removed, the heart, if it have not formed

adhesions to its new surroundings, returns gradually to its

normal position.

If the displacement of the heart towards the right be hut slight the

apex-beat remains at the natural level or, if the diaphragm be forced a

little downwards by the weight of the fluid, sinks to a trifling extent
;

the position of the heart with regard to the direction of its axis usually
continues normal, however, that is, the apex is still the part which lies

furthest to the left. But as the heart approaches the sternum its' axis

becomes more and more vertical
;

if it be thrust beyond the middle

line of the sternum the apex rises, from the greater elevation of the

miihUc segment of the diaphragm,
—the part over which the apex must,

of course, pass when pushed over into the right side of the thorax; tho

impulse may then be felt in the fourth right intercostal space. The

apex forms now the portion of the heart situated furthest to the right,,

as its movement is not hampered by its anatomical relations, whilst the

base, from the manner in which it is bound down by the great vessels,

is less capable of being altered in position.
—Very copious eflfusions

into the riijht jAcura push the heart beyond its normal limits towards

the left side, sometimes even as far as the axihary line. In most

p2
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cases also in which the heart is displaced by pleuritic exudation the

apex-beat is considerably augmented in force, on account of the greater
resistance offered by the fluid to the emptying of the right ventricle

;

the pulsation not only of the apex but commonly also that of a large

portion of the heart's surface may then be seen.

The diaphragm may come to occupy an abnormally high posi-

tion as the result of atrophy of one lung, or of atelectasis of a

lung after absorption of pleuritic exudation of long standing ;
or it

may be driven from below upwards by increase in the volume of

the abdominal organs, particularly by hepatic, splenic, uterine,

and ovarian tumours, and by ascites or meteorism. The heart

rises higher in the thorax in proportion to the extent of the

upward disj)lacement of the diaphragm, and in extreme cases

may pulsate in the third intercostal space.

Contraction of the left lung causes the heart to beat not only at a

higher level but also frequently to the outside of the mammillary line,

or even in the axillary line, as the mediastinum, like the diaphragm, is

also dragged further into the diminished cavity of the thorax. In con-

traction of the right lung the heart, with the anterior mediastinum,

passes over to the right side, sometimes as far as the right border of

the sternum and even beyond it.

Cowjcnitdl tudlpoHition of the heart exists in cases of Inversion of the

Viscera ; the heart is here found on the right side, beating in the fifth

right intercostal space, and the cardiac axis is directed from above and
behind downwards, forwards, and to the right.

The position of the apex-beat (or cardiac impulse) may further

be modified by increase of the size of the heart, hypertrophy with

dilatation.

When the left ventricle is hypertrophied and dilated it is

chiefly in its long diameter that its size is augmented, so that

the impulse is shifted downwards to the sixth, seventh, or even

the eighth intercostal space ;
as the ventricle also gains sensibly

in breadth the pulsation of the heart extends outwards beyond
the mammillary line.

In hypertrophy with dilatation of the right ventricle it is prin-

cipally the breadth of the heart that is added to
;

its impulse,

accordingly, passes further to the right than normally, some-

times to the right margin of the sternum or even to the right

mammillary line. In cases in which the dilatation of the right

ventricle is moderate in amount the cardiac impulse to the right
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is not SO distinctly visible as it is to tlio left when the left

ventricle is hypertrophied to an equal degree, the intercostal

spaces becoming considerably narrower towards the sternum.

In dilatation of the right heart the cardiac impulse oversteps
the normal boundaries also to the left and downwards

;
it reaches

outwards to or even beyond the left mammillary line, and interiorly

often to the sixth intercostal space. Both these conditions are due

chiefly to a change in the relation of the axis of the heart to that of

the body : the heart, when the dilatation of its right half is consider-

able, assumes a less upright and more horizontal position.
—In very

pronounced cases of hypertrophy and dilatation of the left side of the

heart the impulse, though most marked towards the left, is appreciable

beyond its normal limits also towards the right.

The force of the hearfs imimlse presents great differences

even amongst individuals who are in perfect health, and is found

also, other circumstances being the same, to vary chiefly with the

energy with which the heart contracts. The impulse may be so

weakened as to escape detection either by eye or hand, or may, on

the contrary, become so forcible as to elevate and throw into

vibration a large part of the chest-wall.

Enfeehlcment of the carcliac impulse, even to such a degree that

no perceptible shock is communicated to the hand, takes place

(apart from the physiological causes already mentioned on p. 207)

in the following circumstances :

1. When the heart's action becomes less vigorous than in health.

This may occur as the result of fatty degeneration of the cardiac

muscular fibres, or of inflammatory changes in the latter, due to

myocarditis or arising in the course of severe acute aftections ;

or it may be owing to the prolonged influence of a high febrile

temperature (from the so-called albuminous infiltration of the

muscular fibres), or to abnormally feeble innervation of the heart.

This disorder of the innervation may be of a transient character,

as in an ordinary case of fainting, or it may be more lasting or

recurrent, presenting itself frequently as a concomitant symptom
in many diseases of the nervous system ; and, finally, it usually

appears shortly before death, indicating paralysis of the nervous

system.
2. When the heart is separated from the chest-wall by any

medium, which may either be interposed between that organ and

the pericardium (—the presence of fluid, or rarely air, in the
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pericardium), or which covers the heart (an emphysematous

lung, for instance), or which comes between the heart and the

thoracic parietes (such as pleuritic exudation, air in pneumo-

thorax). Displacement of the heart from the causes just men-

tioned does not abolish the cardiac impulse, the latter being in

such conditions usually visible at some other than the normal

spot.

3. When the heart has contracted adhesions to the pericar-

dium. In these cases, as the systolic movement of the heart

downwards and forwards is rendered impossible, the impulse
is absolutely wanting, and instead of the raising of the tissues

by the apex-beat we have systolic retraction taking place in the

region where the former is normally felt, (see p. 222).

FiDally, it is sometimes observed that when stenosis of the aortic

orifice or of the left aiiriculo-ventricular orifice reaches a certain degree
of intensity the apex-heat is absent ; in such circumstances also the im-

jniJse of the huse is, on account of the consecutive hypertrophy, much
increased in force and spread over a larger surface than naturally.

The absence of the apex-beat in severe stenosis of the aortic orifice

admits of very satisfactory explanation by means of the Gutbrod-

Skoda theory of the causation of the normal impulse, and in the fol-

lowing way :
—the force of the recoil depends, not only on the energy

with which the ventricle discharges its contents into the arterial

system, but also on the rapidity and volume of the current of blood,

that is, on the diameter of the aperture of exit. When this diameter

is encroached upon in stenosis the quantity of blood propelled from

the ventricle in a given unit of time becomes less, so that the diminu-

tion in pressure at the aortic orifice is not so marked, nor is the

systolic dijf'erence between the pressure at the aortic orifice and that at

the apex of the heart so great, as under normal conditions
;
the recoil

of the apex, therefore, that is, its systolic locomotion downwards and

forwards, is also less, and may become so slight as to be no longer

appreciable.
In like manner the want of the apex-beat in severe stenosis of the

left auriculo-ventricular orifice may readily be accounted for
; the con-

striction prevents the left ventricle being so completely filled with

blood as it should be before its contraction, and the systolic difierence

between the pressure over the aortic orifice and that at the apex of the

lieart is consequently ahnormalhj s)nall.

The force of the cardiac im2)ulse is increased by whatever

strentrthens the heart's contractions : in health, therefore, this

takes place from mental excitement or violent physical exertion ;

pathologically it occurs in all febrile conditions, in inflammatory
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diseases of the heart, endocarditis, pericarditis (in the latter,

however, only so long as the exudation is insufficient in quantity to

ohscure the perception of the shock), in the various neuroses of

the heart (which may exist independently of any other disease, or

may complicate other morhid processes of the most diverse kinds),

and in all those conditions which favour the transmission of the

heart's impulse to the surface, such as condensation of the upper

lobe of the lung, retraction of the margin of the left lung, &c.

This phenomenon is met with most often and in its most aggra-

vated form, as the result of increase of the muscular substance

{hypertropliy) of the heart.

The impulse is the more forcible the more the h}-pertrophy of

the muscular structure of the heart preponderates over the dila-

tation of its cavities ;
should the hypertrophy cease to increase,

or should it even decrease, as it frequently does in the more

advanced stages of the disease, from fatty degeneration of the

muscular fibres, so that the dilatation comes to be a more promi-

nent feature in the case than the hypertrophy, the impulse of the

heart grows feebler ;
this is observed in the later stages of all

cardiac lesions.

The heart's impulse is stronger in hypertrophy of the left

ventricle than in that of the right. When the power of the left

side of the heart is increased to a considerable degree the impulse

takes on Si heaving ch&YRcter, and in severe cases the greater part

of the front of the left side of the chest is elevated and thrown

into distinct vibration each time the heart contracts ;
in the dias-

tole the raised portion returns sharply and with some force to its

original position. Such a heaving impulse is never observed in

hypertrophy of the right ventricle, as in the latter the thickening

of the cardiac muscle is not so great as in the left ventricle ;

while the thickness of the hypertrophied wall of the right heart

amounts only to |—1 ctm. or very little more, that of the hyper-

trophied left" heart reaches 2— 2^ ctm., or even shghtly exceeds

that measurement. In a large number of cases also an increase

in the force of the cardiac impulse from hypertrophy of the right

ventricle is not very readily detected by the eye, as the right side

of the heart is not so favourably situated anatomically as the left

for the conduction of its stroke to the surface (compare p. 212) ;
it

may, nevertheless, always he felt, by placing the hand on tlie lower

part of the sternum.—Other things being equal the impulse of
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the heart is most powerful in enlargement of the whole organ.
—

When the hypertrophy of either ventricle is considerable it may
give rise to very marked 2Jroininence in the precordial region,

particularly in young persons, whose thoracic parietes yield

readily to pressure.

The following is a short statement of the general causes of hyper-

trophy of the heart.

Hypertrophy of the heart is almost invariably the result of the exis-

tence of obstacles to the free circulation of the blood
;
to overcome

these obstacles more energetic contraction of the heart is necessary,
and this, as in every case in which a muscle is habitually called upon
to exert its full power, leads to an increase in the bulk of the cardiac

muscular substance. The development of hypertrophy is always

preceded by dilatation of that ventricle which, on account of the

resistance encountered in the sj'stemic or pulmonary circulation, is

unable to empty itself completely of its blood at each contraction.

Hypertrophy is thus always associated with dilatation of the corres-

ponding ventricular cavity. This is known as excentric hypertrophy.

Hypertrophy (with dilatation) of the left ventricle arises from the

presence of some impediment to circulation in the aortic system, hyper-

trophy (with dilatation) of the ri(iht ventricle from obstacles in the

pulmonary system. Other conditions being similar, the thickening is

usually the more marked the nearer the obstruction lies to the

ventricle.

Hypertrophy of the left ventricle may be caused by atrophy of the

kidneys, by sclerosis of parts of the aortic system, by atheromatous

degeneration of the walls of the aorta, by stenoses of the aorta, by
aneurisms of the aorta (when comphcated by lesions of the aortic

valves), by insufficiency of the aortic valves, and stenosis of the aortic

orifice.

Hypertrophy of the riyht ventricle may be due
1. To enijuryement of the pulmonary circulation. It is in this way,

by impeding the return of the blood through the pulmonary vein,

that mitral lesions (insufficiency and stenosis), cause enlargement; in

order to enable the right ventricle to rid itself of the whole of its con-

tents, notwithstanding the opposition presented by the overloaded con-

dition of the pulmonary vessels, its muscular mass undergoes large
increase.

2. To ohliteration of a larye number of the pulmonary capillaries.

This arises from vesicular emphysema, atrophy of the lung from

chronic interstitial disease, prolonged compression of the lung by

pleuritic exudation, and from lateral and angular curvatiu'es of the

spinal column. In these cases it is inevitable that the right ventricle

should undergo a certain amount of hypertrophy, that it may contract
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witli sufficient force to open up a pathway for the blood througli the

already reduced area in which it circulates in the lungs."''

3. To vah-iih(r lcsio}is at the orifice of the pulmuitarij artcrij (stenosis

of the conus arteriosus or of the ramifications of the pulmonary artery,

insufficiency of the semilunar valves at the root of the same vessel,
—

both very rare affections).
—

Incompetence of the tricuspid valve is

usually associated with hypertrophy of the right ventricle, which,

again, is chiefly the result of the concomitant mitral lesion, and which,

in uncomplicated cases, is exceedingly slight.

If the circulation be obstructed both in the aortic and the pulmonary

systems, (as in cases of lesion of the aortic and mitral valves), hyper-

trophy of both ventricles takes place. Severe aortic lesions alone may
occasion thickening of the right as well as of the left ventricle, as in

the more advanced stages of aortic valvular disease congestion of the

pulmonary cu'culation also appears.
The auricles also under(jo htjpertrophij when, from contraction of the

auriculo-ventricular orifice, they are unable to empty themselves

enthely, or when, from insufficiency of the auriculo-ventricular valves,

the blood regui'gitates at every systole from the ventricles into the

auricles, so that the latter are kept constantly in a state of overdisten-

sion ;
in both afiections the complete evacuation of the auricles becomes

impossible, and conditions are presented which are favourable to the

development of hypertrophy of these parts, (of the left aui'icle, for

instance, in stenosis and insufficiency of the mitral valve).

Hypertrophy with dilatation of the ventricles may also arise inde-

pendentli/ of the existence of any mechanical hindrance to the circula-

tion, and due simply to overaction of the heart. Though the truth of

this doctrine has often in the past been held doubtful it has recently

been firmly established on the strength of numerous and accurate

observations. This form of hypertrophy without any trace of valvular

lesion is developed especially after violent and prolonged physical exer-

tion, as in soldiers as the result of long and fatiguing marches, &c., and

amongst the labouring classes ;
its production is also sometimes favoured

by undue indulgence in spirituous Hquors and by immoderate smoking.

Extent of the Heart's Lmpulse.

An impulse whose breadth within the fifth intercostal space

* Baumler has recently made the assertion that extensive, but more particularly

complete adhesion of the pleural surfaces to each other gives rise to a disposition to

the development of hypertrophy of the heart, as the free expansion of the various parts

of the lungs is thus hampered or prevented and the elasticity of the lungs diminished.

But as diminution of the elasticity of the pulmonary tissue impedes the outflow of

blood from the pulmonary veins towards the lefc ventricle the pulmonary circulation

becomes overloaded, and the work which the right heart has to perform is increased.

There is thus produced a disposition to hypertrophy of the right heart, the occurrence

of which in such cases is generally further favoured by other concomitant circumstances.

—When at a later stage the congestion extends also to the systemic veins, and the left

ventricle is thus called upon to contract more energetically, the left side of the heart

also becomes enlarged, though not usually to such a considerable degree as the right.
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amounts to more than 2j ctm., and which thus passes beyond
the mammillavy Hne to the left or the parasternal line to the

right,
—

provided there he no displacement of the organ as a

whole,—invariably indicates hypertrophy of the heart.

The heart's impulse in hypertrophy may be distinctly appre-

ciable, botli to the eye and hand, in two or even three intercostal

spaces at once ; when the enlargement is considerable and

limited to the left heart the pulsation may manifest itself in

these spaces with greater or less intensity as far outwards as the

axillary line, or when the right half of the organ is affected it

may extend in the other direction to near the right mammillary
line.

It is to be borne in mind, however, that the heart may pulsate

in at least two intercostal spaces and yet show no trace of hyper-

trophy, as when it lies in immediate contact with a larger part

of the chest-wall than usual, from retraction of the anterior

border of the left lung as the result of atrophy. But never, in

such cases, is the apex-beat felt to the outside of the mammillary
line to the left or beyond the parasternal line to the right, a

fact which, apart from other points brought out by further

examination, renders it impossible to mistake this condition for

a genuine hypertrophy of the heart.—Hypertrophy, especially in

children and young persons, announces itself not only in the

character of the impulse, but also by giving rise to a certain degree

oi prominence of the praecordial region ;
in older patients, whose

chest-walls are more rigid, this prominence is more seldom

observed.

The various signs which have been discussed in this section

always enable us to recognise whether the heart is normal with

regard to position, whether it is hypertrophied and dilated,

whether the increase in size is limited to the left or right

ventricle or affects both
;

and the diagnosis so arrived at is

almost invariably a sound one, particularly when the examination

of the impulse by inspection and palpation is followed up by the

inspection of the arteries (see p. 223) ;
but a moderate amount

of hypertrophy of the right ventricle may escape notice by

inspection when the heart is covered by emphysematous lung.
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Systolic Pulsations,

(proceeding partly from the heart and partly from the great

vessels).

1. Systolic Pulsation in the Epigastrium.

This may be synchronous ^vith the apex-beat in the normal

situation, or may exist alone, when no other impulse is percep-
tible in the prsecordial region.

—The first condition is very

frequently observed when the heart is acting with increased

energy, and is then simply owing to the transmission of the

normal impulse to that part ;
it disappears when the heart again

begins to act quietly.
—In another class of cases the epigastric

pulsation accompanying the normal apex-beat is merely the

transmitted
_2:>»Z.S6' of tJie abdominal aorta. In such circum-

stances it depends on the presence of conditions which either

strengthen the pulse of the abdominal aorta or which facilitate

its conduction to a distance ;
the force with which that vessel

expands is increased in hypertrophy of the left ventricle from

whatever cause arising (excepting only that connected with

stenosis of the aortic orifice), and the impulse is more readily

conveyed through thin and lax abdominal coverings (as in women

after several pregnancies) and through an enlarged and depressed

left lobe of the liver.—Epigastric pulsation propagated from the

abdominal aorta appears an instant later than the heart's impulse,

and is also not strictly confined to the epigastrium, but extends

over a considerable part of the abdominal surface ;
in cases of

aneurism of the abdominal aorta and of the caeliac artery the

greater part of the abdominal wall may be caused to pulsate.
—

The recognition of epigastric pulsation conducted from the abdo-

minal aorta is thus comparatively easy, as that vessel may be

directly examined by the hand, provided the tension of the recti

muscles do not interfere to any great extent with the proper per-

formance of palpation. By compressing the abdominal aorta at

a more distant point the epigastric pulsation may be increased in

force.

The second variety of systolic jndsation in the epigastrium, that

in which the heart's impulse is either entirely wanting in the

normal situation or is weak and difi'use, occurs when the

diaphragm is depressed, particularly when at the same time
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the right ventricle is hypertrophied. Both factors are present

in the severer forms of vesicular emphysema of the lungs : here

the heart is drawn downwards and to the right, so that each con-

traction of the enlarged right ventricle gives rise to an impulse
in the epigastrium.

The objection that the epigastric pulsation in emphysema can have

no connection with the right ventricle, as the latter does not move
towards the epigastrium during the systole (Friedreich), but that it is

due rather to the expansion of the abdominal aorta, is disposed of by
the observation that in emaciated subjects the heart may be felt as a

pulsating body through the tissues in the epigastrium ; the results

also of the dissection of the dead body previously frozen, show

that in pulmonary emphysema the heart is displaced laterally, towards

the sternum.—In those cases in which besides the epigastric wave
there is also an apex-beat, the latter is always feeble and appears at a

lower level and nearer the inner border of the costal arch than nor-

mally.

(For some remarks on the systolic wave seen in the upper part of

the abdomen, occurring in certain rather rare cases and caused by pul-

satwn of the hepatic veins, see p. 232.)

2. Systolic Pulsation in the Great Vessels.

To this category belong the pulsations of the aorta and the sub-

clavian artery, and the pulsating aneurisms of the aorta (aneurisms

of the ascending, transverse, and descending portions of the

arch of the aorta).

The pulsations of the aorta and subclavian artery are seen

externally when the left ventricle undergoes any considerable

degree of thickening ; they are most distinctly visible, and

perceptible also to the linger, at those parts at which these

vessels approach most closely to the chest-wall,
— in the case of

the aorta, in the second right intercostal space at the sternal

insertion of the third rib, and also a little below that point,

and in the case of the subclavian artery, the region immediately

above, and more especially that immediately below, the clavicle,

towards its acromial end.

The stroke is still more energetic when the aorta (rarely the

subclavian artery) is the seat of aneurismal dilatation. Aneurism

of the ascending aorta (the most common variety of aneurism)

forms a pulsating tumour in the second right intercostal space

near the sternum ;
that of the transverse part of the aortic arch

is situated at the level of the manubrium sterni, but reaches to
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a variable distance to the left of that bone according to the size

of the aneurismal swelling; that of the descending aorta renders

prominent a part of the left posterior surface of the thorax, in

the neighbourhood of the lower dorsal vertebrae.

The foregoing statement of the anatomical relations of thoracic

aneurisms is applicable only to such as are of but moderate size, not
to those which exceed ordinary dimensions. Very largo aneurisms

(of the arch, for instance), which cause a certain bulging outwards of

the surface of the chest, form large pulsating tumours in the left half

of the thorax
;

and the external appearances, with respect to the

situation and extent of the pulsation, are found to vary according as

the aneurismal swelling springs from one or other part of the arch, its

convexity or its concavity.
—The same remarks apply to aneurisms of the

descending aorta.—The seat of the pulsation in aneurism of the

ascending aorta is almost invariably that indicated above, though I

have seen one case in which an aneurism limited to this portion of the

vessel showed itself as a pulsating tumour to the outside of the left

border of the sternum.—The rarely-occurring aneurisms of the abdo-

minal aorta cause a visible and rhythmical undulation of the surface

in the upper part of the abdomen. Their diagnosis may usually be
effected by direct examination, as both the saccular variety and the

cyhndrically dilated abdominal aorta are easily accessible to palpa-
tion; nevertheless, if the tumour be situated at a high point in the

course of the vessel, behind the Uver, it is obviously beyond the reach

of examination by the finger.

All these pulsations are either exactly synchronous with the

heart's beat or take place immediately after it. Before an

aneurism has become sufficiently large to produce any bulging of

the surface, the diagnosis between aneurismal pulsation and that

due to the transmission of the cardiac impulse or an abnormally
forcible arterial pulse, is based partly on the circumstance that

between the two centres of pulsation, the aneurism and the heart,

intervenes a region in which there is no pulsation. Other difieren-

tial signs are obtained by palpation (see p. 238), percussion (the

aneurismal swelling is dull to percussion), and auscultation.

Concerning the diastolic pulsation often seen (but much more

clearly perceptible to the touch) in the second left intercostal space
and produced by the closure of the valves of the pulmonary artery,

and with reference to a simdar, though somewhat rarer, pulsation in

the second right intercostal space, caused by the closure of the aortic

valves, see p. 239.

Instead of systolic pulsation systolic retraction of certain points

in the precordial region is sometimes observed, either accompany-

ing the apex-heat or occurring in its absence.
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1. Those systolic retractions which accompany the normal

apex-beat apj)ear in the third and fourth intercostal spaces ; the

heart is sometimes in these cases in all respects normal, generally
it is acting unusually energetically, most commonly it is hyper-

trophied, and in contact with a correspondingly large portion of

the chest-wall, the margin of the left lung being pushed back
;

such depressions are more frequent in young persons, particularly

in children, whose thoracic parietes are thin, than among adults,

whose thorax is less yielding and is protected by thicker cover-

ings. In these circumstances, when the heart acts with undue

force each systole is attended by an exceedingly rapid undulatory
movement passing over the precordial region from above down-

wards, and a slight recession of the surface in the third and fourth

intercostal spaces. The explanation of these phenomena is very

probably this, that with the systolic locomotion of the apex to the

left, downwards and/oruYorZ-s, is comhrnQdmrnovemcntof thehase

of the heart hackicards and to the right ;
this creates an empty

space between the base of the heart and the chest-wall, to fill up
which the superficial soft parts are dragged inwards. These

depressions have no diagnostic importance.

This explanation of the occurrence of systolic recession in the inter-

costal spaces at a point situated above that at which the apex-beat is

seen, is, however, not perfectly satisfactory; the objection to it which
has most weight is one suggested by Friedreich, that during the systolic
movement of the apex downwards the space left vacant by the contracting

portion of the heart, to occupy which the tissues immediately over it

are said to be retracted, is at once taken up by another part of the

heart in a similar state of contraction. It is nevertheless quite con-

ceivable that the upper segment of the cardiac muscle is less consider-

ably enlarged, particularly in the direction of its autero-posterior dia-

meter, than the lower portion, and that in that way the depression of

the intercostal spaces may be brought about.

2. The less common form of systolic retraction is also the

more important of the two, that in which the apex-beat is com-

pletely wanting. In these cases the soft parts in the fifth

intercostal space recede, are not elevated as they should be, on

each contraction of the heart
;

this change may either be limited

to the area usually occupied by the normal apex-beat or may
extend over nearly the whole of the proecordia, so that even the

sternal ends of the ribs and the lower end of the sternum are drawn

inwards. This phenomenon is pathognomonic of adhesion oi the
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heart to the pericardium (Skoda) or of the pericardium to the

substernal connective tissue and the diaphragm. The degree and

extent of the adhesion may be inferred from the depth and area

of the depression : thus, if the heart be adherent to the pericar-

dium and the vertebral column on one side, and to the sternum

on the other, its movement downwards and forwards on contrac-

tion is prevented, and as all the diameters of the heart are

shortened during the systole, and as the spinal column is a fixed

point, the lower end of the sternum is retracted
;

if adhesions

have also been formed with the connective tissue investing the

ribs, the latter also are similarly acted upon ;
and finally, if the

heart be completely adherent to the tissues round it on every side,

the systolic depression involves a large part of the surface of the

left lower segment of the thorax. To overcome all these diffi-

culties in the way of the proper performance of its functions, the

heart necessarily acts with increased energy.
—It is nevertheless

sometimes observed that depressions limited to the region in

which the apex-beat usually manifests itself, may be dependent on

adhesions of very trifling extent.*—When the contractile power of

the heart is greatly diminished, the systolic retractions disappear,

notwithstanding the existence of extensive and intimate adhesions.!

The parts of the thorax which, on account of the adhesions

formed by the heart, are at each systole dragged inwards towards

the vertebral column spring back again during the diastole to

their former position ;
if the systolic retraction is confined to the

spot at which, in normal circumstances, the apex-beat is felt, this

region becomes markedly prominent during the diastole, consti-

tuting a diastolic csLvdiac impulse or apex-beat,
—the only exception

to the general rule that the apex-beat is systolic in rhythm.

Inspection of the Arteries.

The increased pulsation of the aorta in hj-pertrophy of the left

* Traube has described one case of distinct si/stolic retraction, in which there was

no adhesion of the heart to the pericardium. The retraction was found, on post mortem

examination, to be caused by the presence of a congenital fold on the posterior

surface of the heart, passing from the upper end of the pulmonary artery to the left

auricle, so situated that the systolic movement of the heart to the left and downwards

was prevented, or at least limited.

t A case of this kind has come under my own notice : on examining the body

of a patient who had died in the stage of asphyxia in cholera, the heart was discovered

to be adherent at nearly every point to the surrounding tissues, yet during life no

trace of retraction was seen (the cardiac impulse was not perceptible).
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heart and in cases of aneurism has ah-eady been under considera-

tion. In the same way the force of the pulsation in the further

ramifications of the aorta,
—the carotid and subclavian arteries,

&c., may be taken as a measure of the degree of power being
exercised by the heart.

While the heart is acting quietly the arteries in the neck

pulsate feebly, the carotid wave appearing only in the fossa

between the sternomastoid muscles, and that of the brachial and

radial arteries only when the arms are held in a suitable position.

When the heart acts more powerful^, but still within physio-

logical bounds, arterial pulsation is to a corresponding degree

increased, and is particularly noticeable over the larger vessels.

In hypertrophy of the left ventricle the pulse becomes still more

forcible, that of the carotid being clearly seen through the soft

tissues of the neck; and smaller vessels which at other times

are scarcely visible, such as the temporal arteries and the smaller

branches of the brachial and femoral arteries, pulsate prominently
and appear dilated and tortuous.—The phenomena attendant on

hypertrophy of the right side of the heart are characteristically

difi"erent from those in the domain of the systemic vessels in

enlargement of the left ventricle. Here the arterial pulse is not

only not rendered stronger, but it is frequently feebler than

usual, as, from the engorged condition of the pulmonary circula-

tion, of which the hypertrophy of the right ventricle is but

another of the results, the aortic system of vessels contains a

smaller volume of blood than normally. Enlargements of the

right and left ventricles are therefore often distinguishable from

each other at the first glance by simple inspection of the arteries.

And further, as any considerable degree of hypertrojjhy of the left

ventricle, if the strongly pulsating arteries are at the same time

dilated and tortuous, is generally due to insufiiciency of the

aortic valves, and as, on the other hand, hypertrophy of the right

ventricle is most commonly caused by mitral lesion, a careful

inspection of the arteries often enables us to come to at least a

general conclusion regarding the seat of the impediment to the

circulation.

Inspection of the Veins.

The pathological phenomena observed on inspection of the

veins are
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1. Engorgemerit of the venous system, antl therefore visible

dilatation of the superficial veins
;

2. Certain movements, seen almost exclusively in the jugular

veins, the result either of the respiratory expansion and

contraction of the thorax {undulatory movements) or of

the movements of the heart {venous pulsation).

Venous Congestion.

Of all the superficial vessels near the heart the cervical veins

show the greatest differences with regard to the amount of blood

they contain at different times in health and disease
; they are

therefore well adapted for examination by inspection. Even in

normal conditions the external jugular vein as it crosses the

sternomastoid muscle may, by simply turning the head to one

side, be made to stand out prominently on the skin as a thin,

somewhat bluish-coloured cord ;
the internal jugular vein, on the

contrary, placed deeply as it is between the two lower divisions of

the same muscle, never comes into view.—The reason for this is

found in the fact that the vertical course of the cervical veins

promotes a rapid flow of blood from the head towards the

heart ; this tendency is still further favoured by the act of

inspiration, which lessens the pressure within the innominate

veins and the superior vena cava (into which the jugular veins

empty themselves), and in that way, by a kind of aspiratory

action, quickens the current through these vessels.

As a pathological phenomenon congestion of all the veins of

the body, particularly of those of the neck, is met with under the

following circumstances :

1. When the contractile power of the right ventricle is

diminished : the latter is then unable to discharge itself of the

whole of its contents, and so fails to accommodate all the blood

which should enter it from the right auricle, and the auricle

itself, and eventually also the venous trunks and the whole venous

system, become unduly distended with blood.— Of all the changes

in the organs of circulation, mitral insufficiency and constriction

of the left auriculo-ventricular orifice, and of the aftections of the

respiratory apparatus those which lead to persistent congestion of

the pulmonary circulation, and so to hypcrtroiihy of the right

heart, and at a later stage to fatty degeneration of the cardiac

muscular fibre, are the diseases which most commonly give rise

Q
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to swelling of the cervical veins in the manner described ;
a good

instance of such a sequence of events is furnished by chronic

vesicular emphysema of the lungs.

2. When the pressure on the venous trunks within the thorax

(the ven£e cavse) is from pathological causes so augmented that

they are no longer able to receive all the blood flowing towards

them.

As in normal conditions the increase of the intrathoracic pres-

sure which takes place during expiration checks the flow of the

venous current,
—an effect, however, which is neutralized and even

more than compensated for by the accelerating influence of

inspiration, and which, therefore, in health is never seen externally,—so also in pathological circumstances a persistent increase of the

same intrathoracic pressure results in an equally persistent over-

loading of the veins of the neck
; copious pericardial and pleuritic

efi'usions, large mediastinal tumours and aneurisms of the aorta,

pneumothorax, and the severer forms of pulmonary emphysema

(in which expiration is much prolonged and usually effected only

with the aid of the auxiliary muscles of respiration), are among
the affections in which the phenomena under discussion are

observed. In the more advanced stages of emphysema the swell-

ing of the cervical veins (and also of those of the body generally)

becomes a very striking symptom, because not only does the

right ventricle act more feebly, as already pointed out, but the

pulmonary capillaries are extensively atrophied and obliterated

and the volume of blood permitted to circulate through the lungs
thus greatly reduced.

In rare cases, particularly of fibrous mediastinitis, the reverse of

these appearances may be seen, distension of the jugular veins with

each inspiration : the fibrous cords developed in this affection exercise

a certain amount of traction on the intrathoracic veins each time the

chest is expanded in inspiration, and in that way lessen the lumen of

the vessels in question (compare p. 244).
—

Congestion may also be

limited to well-defined districts drained by particular veins, when it is

probably due to some local cause, such as thrombus, obliteration, or

compression of one of the larger venous trunks
;
of this nature are

certain of the congestions of the veins of the neck, from compression

by large goitrous tumours or swollen cervical glands.

The swelling of the veins of the neck is much more con-

spicuous while the patient is lying on his back than when

standing or sitting, as in the former position the flow of blood
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into the auricle is considerably retarded. The rcspiratoj-y

movements, also, have an important influence on the cervical

veins with respect to their state of distension, an influence

which is, further, more marked when decubitus is dorsal
; in in-

spiration the veins tend to collapse, the blood they contain being

rapidly drawn off", while in expiration they are speedily refilled

and stand out on the surface as distinct bluish cords. Coughing
renders the veins still more turgid, the sinus of the jugular vein

then becoming especially prominent and appearing as a large
bluish-coloured swelling. These efiects of the difi'erent phases
of respiration, however, are noticeable only in those pathological

conditions in which the jugular veins are persistently dilated and

overfilled. In the healthy subject engorgement of the veins of

the neck (or of the facial veins, causing cyanotic discoloration)

may be excited by repeated complete expiration, by fixing and

for some time retaining the chest-walls in the position most

favourable to expiration, or by prolonged and severe coughing.

M0"VEMENTS IN THE VeINS OF THE NeCK.

These consist occasionally of a rhythmical dilatation of the

veins, determined by the movements of respiration ; or they may
be of an undulating character, taking the form of a continuous,

but non-rhythmical succession of waves passing along the dis-

tended vessel, due jointly to the expansion and contraction of the

chest in respiration and to the action of the heart
; or, finally,

they may be of the nature of a indsation, dependent solely on

the movements of the heart (venous pulse).

Undulation of the Jugular Vein.

Undulatory movements, like the various degrees of congestion

of the jugular veins coinciding with the difi'erent phases of

respiration, indicate a state of engorgement of the pulmonary

circulation. They, however, are also considerably modified by

the action of the heart : an obstructed lesser cu-culation always

leads to overloading of the right auricle, each systole of which

throws a small quantity of blood back into the vena cava superior,

engorgement of the latter ensues, the current of blood through

the jugular vein becomes slower (or is possibly sometimes arrested

for an instant), and local congestion is developed. This mass of

q2
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blood thus forced backwards into the vena cava by the contraction

of the over-filled right auricle, on the one hand, and the simul-

taneous retardation of the outflow of blood from the jugular

veins, on the other, combine to dilate these veins and communi-
cate a distinct impulse to their contents ; and as the veins once

thrown into commotion do not immediately return to a state of

quiescence, and as they are further also subjected to some dis-

turbance and caused to swell up by the expiratory movements,
the agitation of their walls, when the impediment to circulation

through the lungs is of a serious character, becomes undidatory
and almost continuous.

Undulation of the veins of the neck, therefore, which occasionally
also extends to the smaller vessels opening into the jug^^lars, can arise

only in those cases in which the cervical veins show a considerable

amount of engorgement even during inspiration, when circumstances
are most favourable to the rapid passage of the venous current.—Expi-
ratory distension {noi undulation) is observed in the superficial brachial

veins, but only during severe attacks of coughing.
—Of all the diseases

which involve congestion of the veins of the neck it is in intense pul-

monary emphysema and in stenosis of the left auriculo-ventricular

orifice that undulation of these vessels occurs most frequently and in

its most marked forms.

Venous Pulsation.

This presents itself as a rhythmical elevation of the walls of the

internal jugular vein, coinciding with the systole of the heart or

sometimes barely preceding it, always clearly perceptible to sight
and touch,

— most clearly when decubitus is dorsal. The vein

pulsates either in its whole length, the impulse being always

propagated from below upwards, or only its lower part, the sinus,

partakes in the movement.

The venous pulse frequently consists of only a single throb, syn-
chronous with the systole of the heart

; at other times the wave is

double, in which case the first part, that preceding the systole (presys-

tolic), is the weaker, and the second, that coinciding with the systole,
the stronger. When the systolic pulse is double the diastolic collapse
of the veins is divided similarly into two distinct movements. A
double systolic wave (Anadicrotism) and a double diastolic subsidence
of the walls of the vessel (Katadicrotism) are usually readily detected

by simple inspection and palpation ;
the reduplication may be more

accurately demonstrated, however, by means of the sphygmograph.

The persistent distension to which a pulsating jugular vein is
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subjected largely increases its calibre : in one case tbat was

under my own care the breadth of the vessel was 1 ctm.—To
mistake the venous pulse for that of the carotid artery is hardly

possible ;
if it be suspected that the pulsation is commvnicated

from that artery to the jugular vein such a source of error may
easily be excluded by so altering the position of the head tbat

these vessels are brought into less close relation to each other.

If the pulsation be presystolic as well systolic, and somewhat

feeble, it rather closely resembles simple undulation, from which,

nevertheless, it may be at once distinguished by pressing upon
the vein with the finger : undulation disappears helozv the point

at which pressure is made, (that is, in the central part of the

jugular vein, that nearest the heart), ichile pidsation conVmues,

and is even intensified, by the proceeding described.

Venous pulsation is caused by the regurgitation of a wave of

blood which, during the systole of the heart, passes upwards
into the vena cava superior and through it into the innominate

veins and the jugulars. Such regurgitation most commonly

depends on insufficiency of the tricuspid valves ;
each contraction

of the right ventricle drives a portion of its contents backwards

through the right auricle into the superior cava and the inno-

minate and jugular veins. The greater part of this backward

wave reaches the ?7^/ii jugular vein through the right innominate

vein, as the latter is continuous, in almost a direct line, with

the vena cava superior, while the left innominate vein joins it at

nearly a right angle. The venous pulse is therefore viore marked

on the right side than on the left ;
in the latter situation it may

even be completely wanting.
—In the early stages of the affection

the upward progress of the impulse is checked by the closure of

the valves with which the jugular veins are furnished, and the

pulse is thus confined to the lower part of the vessels, particularly

to the sinus, and coincides exactly with the systole of the heart;

beyond the pulsating sinus undulation of the vein may be ob-

served, the result partly of the shock which is transmitted

through the whole length of the vein, and partly of the obstruc-

tion presented to the free outflow of blood. Gradually, however,

the jugular valves are overcome by the persistent pressure from

below, they lose their elasticity or are perforated or torn, and so

become incompetent; the regurgitating wave then rises above
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the valves, and pulsation is perceptible in the jugular vein as

high even as the angle of the jaw. In cases of insufficiency of

the tricuspid valve, besides the systolic pulsation just mentioned,

there may be a distinct, though much feebler, presystolic pulsa-

tion, due to the regurgitation of blood which takes place on

contraction of the overfilled right auricle. Presystohc and

systolic pulsations of the jugular veins are thus always, without

exception, pathognomonic of absolute or relative insufiiciency of

the tricuspid valve.

Absolute insufiiciency of the tricuspid valve is the result of

organic lesion, while relative insufficiency is caused by excessive

dilatation of the right auriculo-ventricular orifice from the unduly

large quantity of blood contained in the right heart, the valves

themselves being intact. Eelative insufficiency of the tricuspid

valve occurs also with stenosis of the mitral orifice *
: venous

pulsation is set up therefore in these cases, the whole length of

the jugular vein being involved when its valves are incompetent,
or only its lower part so long as these structures continue to

perform their office.—But venous pulsation may also be observed,

independently of the existence of any relative insufficiency of the

tricuspid valve, in cases of stenosis of the mitral orifice ; this

symptom, indeed, is comparatively common in the severer forms

of this valvular lesion. It is produced by the contraction of the

overloaded right auricle, (and is accordingly presystolic), is but

feeble, and limited to the lower part of the jugular vein.—And
finally, in certain rare cases venous pulse is developed in the

absence of any affection of the heart, that is, without mitral

lesion, from simple uncomplicated insufficiency of the valves

of the jugular vein (Friedreich). In pathological conditions,

(pulmonary emphysema for example), which give rise to per-

sistent obstruction of the current of blood through these vessels,

their valves yield gradually to the strain they have to bear in

each expiration, they become relatively or really insufficient, and

on the contraction of the right auricle a quantity of blood is

* This may occasionally arise even though the mitral valve be structurally unaffected,

as in a case which I recently had an opportunity of observing, in which a consider-

able dilatation of the right ventricle appeared as one of the results of pulmonary

phthisis ;
on post mortem examination the tricuspid valve was found to be normal,

the orifice, however, being wide enough to admit three fingers, while the mitral valve

and orifice showed no trace of morbid alteration. During life a systolic murmur was

audible at the lower part of the sternum, and the extremely dilated jugular veins

pulsated synchronously with the systole of the heart.
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thrown back into the jngular vein
;
but a venous pulse generated

in this way is necessarily very feeble.

In uncomplicated cases sufficient evidence is usually furnished by

simple inspection of the venous pulse to enable us to tell wbether

it is caused by incompetency of the tricuspid valve, or, the latter

being normal, by insuthciency of the valves of the jugular vein from

prolonged distension of the right auricle : in the former case the

throb is distinct, forcible, and systolic, in the latter case it is always

presystolic ;
auscultation of the heart also shows that tricuspid

insufficiency is marked by a loud systolic murmur, audible even in

the jugular vein, while if the valvular apparatus in question be

intact only a pure systolic heart-sound is heard. Whether, on the

other hand, the pulsation arises from a real or only a relative incom-

petency of the tricuspid valve, can not be made out with confidence in

every case, as in both conditions, in addition to the similarity of the

appearances so far as the pulse itself is concerned, there is the same

systohc murmur over the right heart, though in absolute insufficiency

it is much louder than when the defect is merely relative. If in the

later stages of tricuspid insufficiency the contractile power of the right

ventricle is diminished the venous pulsation becomes feebler, and may
even disappear entirely if the backward impulse do not travel so far

peripherally as the jugular veins.

But it is not possible by means of inspection alone to determine

with certainty in every case whether the pulsation is limited to the

sinus of the jugular vein or extends also to a further point in the course

of the vessel, a variable amount of undulation being generally added

to the pulsatory movement, as the vein when agitated does not at once

retm-n to a state of rest. In such circumstances palpation oilers more

rehable information : thus, if the finger be placed on the pulsating jugular

vein at the parts at which it is provided with valves there is felt a systohc

thrin, which owes its existence to the regurgitation of blood through

the incompetent valves, when the heart's action is sufficiently strong,

and particularly dining an attack of coughing. This phenomenon is

naturally also appreciable to the ear as a more or less loud murmur.

If, on the contrary, the jugular valves be competent this fremitus is

wanting, and is often replaced by a clearer sound, the sound of the

jugular valves (Bamberger), produced by the sudden tension of these

parts from the impact of the regurgitant wave.

In general the retrograde impulse does not go beyond the in-

ternal jugular vein
;

in other cases, however, smaller vessels

which join it also pulsate, relatively most frequently the external

jugular and thyroid veins, more seldom the veins of the face.

Should a portion of the wave pass from the innominate into the

subclavian veins, the larger veins of the regions drained by these

venous trunks, the axillary, brachial, and the superficial veins of

the arms, exhibit similar pulsatory movements.
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Occasionally the pulsation is propagated not only through the

vena cava superior but also into the inferior cava ; but it

appears in the latter vessel and in those discharging into it, only

when the force of the impulse is sufficiently great, and that

occurs only in cases of absolute insufficiency of the tricuspid valve.

If the wave be feeble it is lost before it penetrates any distance

into the vena cava inferior. That a venous pulse should be so

rare in the domain of the inferior cava is explained partly by the

fact that the situation of the orifice by which that vessel opens
into the right auricle is very unfavourable to the admission of a

backward current of blood, and partly by the great length of the

course of the vein before it becomes accessible to palpation in

the abdominal cavity.

Not unfrequently the impulse traverses the vena cava inferior,

reaching as far as the hepatic veins, when it gives rise to a

rhythmical pulsation of the liver, following closely after the stroke

of the heart. If the liver be also increased in size, as in such

cases it generally is, from the congested state of all its veins, so

as to form a more or less prominent tumour below the ribs, this

pulsation is perceptible to the finger applied over any part of the

organ, and is thus easily distinguished from the circumscribed

elevation of the left lobe of the liver which is so often caused by
the systolic expansion of the subjacent abdominal aorta.

Hepatic pulsation in cases of insufficiency of the tricuspid valve is

partly, though not exclusively, due to the rhythmical dilatation of the

vena cava inferior, which lies behind the liver : apart from the fact

that the pulse of this vessel is too feeble to raise such a heavy organ
to any marked extent, the feeling communicated to the hand is not

merely that of uplifting of the liver as a whole, but at all points it is

of the nature of a pulsation.
—In certain cases the pulse of the hepatic

veins is an earlier phenomenon than that of the jugular, the inferior

cava not being provided with any valvular apparatus which might for a

time stem the backward current of blood through it to the veins of the

liver (Friedreich).

Pulsation of the femoral veins is sometimes, (though very

rarely), observed as a result of insufficiency of the tricuspid

valve, as the greater part of the blood regurgitating into the

vena cava inferior enters the hepatic veins, only a very small

portion of it going past the orifices of these vessels.

It may be here remarked that feeble pulsation sometimes also occurs

as a physiological sign in the superficial veins on the hack of the
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Jiatid and the dorsum of the foot, when the impulse generated hy the
contraction of the left heart is not aboHshed in the capillaries, but

passes through the latter (giving rise to a capillary pulse, visible in the

finger nails) into the veins. Quincke has directed special attention to

this symptom, which, however, had been noticed by several earher

authors. It may appear in those who are in perfect health, but is most
common in cases in which the pressure within the arteries is patho-

logically increased and suddenly diminished,—particularly, therefore,
in aortic insufficiency, but also, as Quincke, and more recently Peter

and Broadbent have shown, in various other conditions characterised

by a certain degree of relaxation of the arteries.
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PALPATION OF THE PRiECOEDIAL REGION.

The investigation (by means of palpation) of the phenomena
which depend for their existence on the action of the heart, and
which manifest themselves in the praecordial region and the

parts in its vicinity, is in many respects supplementary to

inspection, the results already acquired by the latter method

being completed and rendered more intelhgible by those obtained

by the former, though palpation alone is also capable of affording

very important information. Very frequently palpation and

inspection are employed simultaneously, a fact the practical

bearing of which has been repeatedly pointed out while discussing
the signs observed in inspection.

The phenomena to which examination by palpation is usually
directed are : the cardiac impulse, its force and extent

; pulsa-
tions appearing at various points on the surface of the thorax,
and connected directly or indirectly with the impulse of the

heart; murmurs \<]i\ch communicate a certain feeling of vibration

to the hand in the praecordial region ; the arterial pulse.

Palpation of the impidse of the heart yields substantially the

same indications as inspection, but with more rigorous exactness,

particularly as regards its situation, extent, and force. Slight
increase of the energy with which the heart contracts, an

impulse of a heaving character, extension of the area of impulse
towards the right, &c., are conditions the presence of which
can often be determined with certainty only by the aid of

palpation.

Murmurs associated with tactile vibration are occasionally felt

in the praecordial region, coincident with the heart's contraction

(systohc), going immediately before it (presystolic), following

closely after it (diastolic), or occurring irregularly in the pause.

Systolic, diastolic, and presystolic thrills of this kind originate
tcithin the heart or at the root of the gi-eat vessels, while those

observed in the interval between the contractions of the heart

arise in parts external to that organ ; the former are termed

endocardial thrills, the latter exocardial, or, as they are generated
within the pericardium, pericardial thrills.
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Endocaedial Thrill.

Endocardial thrill gives to the hand the impression of light

rubbing or vibration, a sensation which so resembles the purring
of a cat that Laennec bestowed on it the name fremlssement
cataire. It is set up when the blood-stream during the systole or

diastole or (rarely) during both phases of the heart's action, is

thrown into vibration, acquiring a whirling motion, from contact

with degenerated valves, or at contracted valvular oritices, or in

pathological dilatation of the initial portions of the great vessels.

This vibration, ichich is felt as a thrill, is also audible as a

murmur; but every such disturbance within the organs of

circulation is not sufficiently great to make itself sensible

externally to palpation, only a comparatively small proportion of

audible murmurs being associated with tactile vibration. Endo-
cardial thrill usually increases in intensity as the heart's action

becomes more energetic, or may even in that way be first called

into existence.

1. Systolic Thrill.

This may be developed at the mitral, tricuspid, aortic, or pul-

monary orifice. It is either most marked at the point at which

it originates, provided there be no obstacle to its transmission

to the surface at that situation,
—as when the heart is covered

by lung,
—or it is propagated most distinctly in the direction of

the current of the blood.

Purring tremor, systolic in rhythm, felt most intensely at the

apex and becoming feebler the further the hand is removed from

that part, either to the right or upwards, is invariably duo to

insufficiency of the mitral valve. Immediately over the valve

itself (at the sternal insertion of the third rib, in the second left

intercostal space) it is not appreciable, the base of the heart

being there sheltered behind a process of lung tissue.

Systolic vibration in insufficiency of the mitral valve is nevertheless

far from common, occurring, according to my observations, which in-

clude nearly 200 instances of this valvular lesion, in little more than a

fifth of the cases
;

it may be wanting even though the accompanying
murmur be loud and harsh.

Systolic fremlssement most perceptible at the lower end of the

sternum is generally transmitted from the aortic orifice, or is
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caused, in very rare cases, by incompetency of the tricuspid

valve.

Such a thrill is to be referred to incompetency of the tricuspid valve

only when associated with pulsation of the jugular veins. In four cases

of tricuspid insufficiency which came under my notice there was no

trace of vibration of this kind.—Most commonly it is propagated from

the aortic orifice, in cases of stenosis or atheromatous degeneration of

the vessel, and in these circumstances is diifused over a large part of

the sternum and the adjoining costal cartilages.

A systolic thrill confined to a spot in the second left intercostal

space, near the sternum, may arise from roughness or contraction

of the pulmonary orifice, both very rare valvular affections ;
it

may also be due to mitral insufficiency, when, for instance,

the base of the heart lies in immediate contact with the chest-

Avall, from retraction of the anterior margin of the left lung.

Systolicfremisscment in the second right intercostal space, close

to the sternum, radiating along the body of the bone even to the

ensiform process and to the adjacent insertions of the ribs on the

right side, proceeds from roughness or contraction of the aortic

orifice, from atheromatous degeneration of the aortic walls, and

from aneurisms of the ascending aorta.

2. Diastolic Thrill.

DiastoHc thrill most frequently takes its rise at the mitral

orifice, more rarely at the aortic orifice, still more seldom at the

pulmonary orifice, and is scarcely ever dependent on uncomplicated

disorder of the tricuspid orifice.

Constriction of the mitral orifice produces a diastoHc thrill, the

current of blood being agitated or thrown into eddies in passing

from the left auricle into the left ventricle. This tremulous

sensation is felt most distinctly at the apex of the heart, is usually

spread over a somewhat large area, but is not at all points of

equal intensity. It exists in every case of considerable stenosis

of the left auriculo-ventricular orifice, or, if it be wanting, may

usually be developed by whatever tends to increase the heart's

action,—raising the arms rapidly, or walking quickly to and fro,

&c. It lasts either throughout the whole of the diastole, or

appears only at the end of it, shortly before the systole, and is

therefore sometimes also called presystolic thrill. If it be pro-
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longed through the whole diastole to the next systole it is

generally feebler at its commencement
;

at the end of the dia-

stole, that is in the presystole, it is suddenly much augmented
in intensity by the contraction of the auricle, which presses the

blood with greater force through the narrow mitral orifice. Such

cases are usually also characterised by a loud murmur, quite

perceptible to the hand, but still more so to the ear, similarly

divided into two stages or portions (see Mitral Murmurs).
The diastolic thrill generated at the aortic orifice does not, like

that originating at the mitral orifice, show the jerking quality just

mentioned, but is continuous, of nearly equal intensity during the

whole of the diastole. It occurs, though not very frequently, in

insufiiciency of the aortic valves, and is owing to the regurgitation

of blood from the aorta into the left ventricle. It may usually be

felt over the whole of the sternum, but is most fully developed at

that part behind which the aortic orifice really lies. Fremisse-

ment of this description, radiating to some distance over the

sternum and further also to the left or right, appears not only in

aortic insufficiency but also as one of the signs of large aortic

aneurisms.

Diastolic thrill from valvular lesion at the orifices of the right

heart is exceedingly rare.

Diastolic thrill over the inihnonary orifice is connected with

incompetency of the pulmonary valves
;

it manifests itself in the

second left intercostal space at the sternal insertion of the third

rib, and is limited to a comparatively small area.

On only one occasion have I felt a diastolic thrill clearly traceable to

pulmonary insufficiency. Its situation, and the point at which it is of

maximum intensity, efiectually guard against its being confounded with

a thrill from any other source. Such a mistake is possible only in

those comparatively rare cases of mitral stenosis in which the left

auricle, being exposed by the retraction of the anterior border of the

left lung, comes into close contact with the thoracic parietes, when a

similar thrill is noticed also in the second left intercostal space. In

these circumstances, however, the tremor is strongest at the apex of

the heart, and is further difiused over a much larger surface than the

vibration due simply to pulmonary insufficiency.

Diastolic thrill originating at the tricuspid orifice is always the

result of stenosis. This lesion is one of the rarest in the whole

range of heart aifectionS; and almost never occurs without com-

plication.
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Pericardial Thrill.

Pericardial friction-sound is frequently accompanied by a thrill,

produced by the movements of the heart, the visceral and parietal

layers of the pericardium, roughened by inflammatory fibrinous

deposit, being thereby caused to rub on each other.—As this

sign is better appreciable by the ear than by the hand, it is

reserved for discussion in the chapter on Auscultation.

Pulsations of the Large Vessels.

Palpation also proves useful in the investigation of certain

circumscribed pulsations observed at various points on the

anterior surface of the chest, and dependent on the movements of

the great vessels, the aorta and subclavian artery. The causes of

these pulsations (undue expansion of the vessels from hyper-

trophy of the left ventricle, or ancurismal dilatation of the aorta)

have already been under consideration on p, 220, in the section

devoted to Inspection.

Palpation elucidates their nature more fully and exactly than

Inspection, particularly with regard to the area they involve, their

force, and the presence or absence of thrill.

From the pulsations just mentioned, due to dilatation of the

arteries and synchronous with the systole of the heart, certain

others are to be distinguished, diastolic in rhythm, and confined

to a small part of the great vessels close to their origin. There is

thus sometimes seen and felt in the second left intercostal space

close to the sternum a strictly cu'cumscribed pulsation, appearing
an instant later than the heart's impulse, that is, in the diastole ;

in very marked cases this alternate elevation of the tissues over

the apex and those in the second intercostal space is well

brought out by lightly placing a finger on each of the spots

indicated. This short diastolic stroke proceeds from the pulmo-

nary artery, and is connected with hypertrojihy of the right ven-

tricle ; it is the expression of the unduly forcible closure of the

pidmonary valves, from the abnormally energetic recoil of the

blood within the vessel. The conveyance of this impulse to the

chest-wall is favoured hj conditions in which the rigidity of the

thorax is diminished (it is therefore most perfect in childi-en), and
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by retraction of the anterior border of the left lung, such as

results from li}^)ertropliy of the right ventricle, when no lung-
tissue is interposed between the pulmonary artery and the thoracic

parietes. Where there is no retraction of the lung the diastolic

impulse of the pulmonary artery is exceedingly feeble or

absolutely wanting ; it disappears also at a later stage when the

contractile power of the right ventricle is lessened by fatty

degeneration of the muscular substance of the heart. Inasmuch

as the pulsation in question can be set up only by a very con-

siderable degree of hypertrophy of the right ventricle, and as such

enlargement results only from defects of the mitral valve, a dia-

stolic impulse plainly emanating from the pulmonary valves may
be looked upon as an almost certain sign of mitral insufficiency

or stenosis of the left auriculo-ventricular orifice.—This pheno-
menon presents itself also to the ear in the greater loudness of

the pulmonary arterial sound.

More rarely a diastolic impidse is felt in the second right inter-

costal space, close to the sternum. It comes from the aorta, and

is occasioned by the ahnornially forcihle closure of the aortic

valve, ohseiTcd in hypertrophy of the left ventricle. Its rarity

is due to the fact that the conditions which give rise most

frequently to h\-pertrophy of the left heart are precisely those

in which the aortic valve is more or less diseased and incom-

petent ; this form of pulsation therefore is limited to those cases

of enlargement of the left ventricle which, unattended by aortic

valvular lesion, depend on contraction of the kidneys or sclerosis

of the arteries, though even in such circumstances the symptom
is seldom met with, as the heart is not always sufficiently hvper-

trophied, nor does the aorta aj^proach close enough to the chest-

wall, to ensure the ready transmission of the diastolic valvular

impulse.

Examination of the Arterial Pulse.

The pulse is always taken at the radial artery, or at the carotid

or other superficial arteries (the brachial or femoral) for the sake

of comparison.

1. Frequency of the Pulse.

The acceleration of the pulse in all febrile conditions has

already been referred to (p. 8). In diseases of the heart the
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frequency of the pulse is most commonly increased, seldom

normal or diminished. It is invariably increased in the acute

affections of the heart (endocarditis, myocarditis, pericarditis),

very generally (among the chronic diseases of the heart) by valvu-

lar lesions, and in all those disorders grouped together under the

term cardiac neuroses.

The rate of the pulse in the chronic, apyrexial diseases of the heart

(valvular lesions) varies from 80—120 beats per minute, the higher
numbers being reached only occasionally, when the heart is stimulated

to greater activity by physical exertion. The pulse of mitral lesion

often differs very markedly, with respect to frequency, from that of

aortic disease : in the former it is almost always rapid, in the latter it

may be scarcely altered, normal, or even (as in cases of constriction of

the aortic orifice) sub-normal. A slow pulse sometimes accompanies
atheroma of tbe aorta, probably from mechanical irritation of the

cardiac branches of the vagus.
—Patients suffering from idiopathic

fatty disease of the heart, also, have usually a remarkably slow pulse,

(in two such cases noted by me it fell, in the one to 28, in the

other to 22, per minute), though in some instances it is normal or even

accelerated. The pulse may further be very strikingly retarded, num-

bering 18 or even fewer beats per minute, without any disease of the

heart being objectively recognisable ;
causes located in the nervous

centres may then be suspected, and now and then actually demonstrated.

2. Rhythm of the Pulse.

In health the strokes of the pulse follow each other at perfectly

regular intervals, that is to say, the heart is rhythmical in action.

This rhythm, however, is subject to very frequent disturbance : in

the minor degrees of irregularity the arhythmical contractions of

the heart are few and occur at variable points in a moderately long
succession of rhythmical contractions ; in the severer forms the

pulse loses all trace of regularity, and its individual beats very

generally become unequal in volume and force.—Absence of

rhythm may appear in the course of the most widely different

diseases, as the expression of a derangement of the innervation of

the heart ; slighter deviations in this direction are also witnessed

in physiological conditions, especially in advanced old age, and

transiently under psychical influences. The greatest amount of

irregularity is found in cases of cardiac disease, particularly of

valvular affections, and of these it is most frequently attendant on

mitral lesion. Irregularity of the pulse is most commonly first

developed in heart diseases at a rather advanced stage, when the
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compensatory structural changes fail to answer their purpose, the

only exception to this rule being stenosis of the left auriculo-

ventricular orifice, in which this symptom may make its appear-
ance while compensation is still perfect.

An artificial and temporary disturbance of the rhythm of the

pulse may be excited, in cardiac diseases, by the use of digitahs.

A peculiar variety of irregularity of the pulse has been described by
Traube, under the designation pulsus bir/eminus. This consists of a

pulse in which the beats run in pairs, a somewhat protracted pause

occumng regularly between every two pulsations, that is, between

every two contractions of the heart. The cause of the bigeminate

pulse has not yet been satisfactorily made out. This and other modi-

fications of the rhythm of the pulse are sometimes discovered in

animals in which the intracardiac blood-pressure is augmented. In

men it is associated almost exclusively with the existence of some ob-

struction to the circulation (valvular defects, &c.).
—Instances of pulsus

twjeminus, in which every third beat is followed by a pause, have been

put on record by Riegel, Rosenstein, and others.—A further variation

of the bigeminate pulse is presented in the pulsus alternans, which is

characterised by the regular alternation of a small feeble pulsation
with one which is larger and stronger (Traube). Like the pulsus

bigeminus it appears, according to Schreiber, in a great variety of

conditions, relatively most frequently in cases of mitral lesion. Occa-

sionally the second of the two beats becomes so feeble as to be no

longer recognisable by the finger, notwithstanding the fact that both

contractions of the heart are still distinctly appreciable to palpation in

the prfecordial region ;
there is but one pulsation at the wrist, therefore,

to represent every two contractions (Friintzel), the second of which is

thus abortive.—The irregularities of pulse just named merge readily
into each other, each form then lasting for a variable period. Arhythmical
action of the heart, particularly that which depends on the administra-

tion of digitalis or on mitral stenosis, is often for a short time accom-

panied by a pulse having the characters of the pulsus bigeminus or the

pulsus alternans, but it is very seldom that these phenomena are re-

peated for any length of time with such a degree of constancy that the

irregularity becomes really rhj-thmical in its recurrence.—Another and

somewhat rare variety of pulse has been described, the jmlsxis myurus,
in which a full and forcible pulse-wave is followed by a series of several

beats gradually decreasing in volume, this succession of changes being
maintained with a certain degree of regularity.

The rhythm of the pulse may further be disturbed in such a way
that the blood waves do not arrive at the two wrists at precisely the

same moment. This inequality is met with when the aorta is

the seat of aneurismal swelling, circulation being delayed in the

arteries of the side towards which the aneurism lies ;
it is most

* T?.
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evident when the tumour is situated on the arch of the aorta,

between the vessels which spring from it,
—the innominate artery

(or right subclavian) and left subclavian.

In other cases of aneurism, especially of the ascending aorta,

the pulse in the radial arteries is not indeed unequal, but is con-

siderably postponed; instead of occurring directly after the

cardiac systole, it does not appear till a distinctly appreciable
interval has elapsed. This is also sometimes caused by stenosis

of the aortic orifice, from the longer duration of the systole in that

affection. And in the severer forms of aortic insufficiency the

pulse, more particularly that of the carotids, is not synchronous
with the heart's impulse, but is felt an instant later, a circum-

stance which has been explained by the supposition that the

blood projected into the aorta at the beginning of the systole
encounters the regurgitating blood-stream, and is therefore later

in reaching the arteries of the neck (Tripier).
—

Finally, large
aneurisms of the descending aorta tend to retard the pulse-wave,
so that it is not perceptible in the femoral arteries so soon as in

the radials.

3. Intermission of the Pulse.

In observing the pulse it is often noted that after several

regular strokes one or sometimes two are omitted. This depends
on one of two conditions : either the heart's action is periodically

interrupted (pulsus dcficiens), which is most commonly the case,
or more rarely certain of its contractions, though regular enouirh,

are not sufficiently energetic to give rise to a corresponding throb
of the radial arteries. Such an intermittent pulse is sometimes
seen to be compatible with the enjoyment of perfect health in

other respects ;
it presents itself also in very diverse affections,

independently of any disease of the heart, though in a large
number of cases it is associated with positive cardiac disorder. It

is often connected with a partially-filled or shrunken state of the
left ventricle (from mitral stenosis or mitral incompetency), when
an abnormally small quantity of blood is thrown into the aortic

arterial system on each contraction of the heart ; it is most fre-

quently due, however, to that diminution of the heart's contractile

power which takes place in the later stages of every cardiac

disease.
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4. Volume of the Pulse.

The largeness or smallness of the pulse depends on that of the

blood-wave which passes through the radial artery, and this

again,depends, cceteris paribus, on the capacity of the artery at the

wrist. Even in health the circumference of these vessels is very
different in different persons, some having wide arteries and a

full pulse, others slender arteries and a small pulse; between
those extremes numerous gradations are observed. The volume
of the pulse in health and disease also varies with the energy of

the heart's action, though even in the absence of any undue
excitement of the organs of circulation many individuals present
a pulse the strokes of which are very unequal. When the radial

artery is permanently distended, as in insufficiency of the aortic

valves, it becomes the seat of persistent pathological dilatation,

and the pulse is in consequence increased in volume. On the

other hand, diminution of the calibre of the artery and of the

volume of the pulse takes place when the quantity of blood circu-

lating in the systemic arteries is abnormally small, a condition

which is realised in the following circumstances : in stenosis of

the aortic orifice
;

in cases in which the descending aorta or the

aortic arch is compressed by morbid growths, such as mediastinal

tumours
; when the arteries of the body generally are unduly

contracted
;
in all diseases of the heart in which the systemic

arteries are deprived of their proper share of the blood in circu-

lation, from congestion of the pulmonary vessels and of the whole

venous system
—in mitral stenosis, mitral insufficiency, &c. The

pulse always becomes smaller as the heart's action begins to fail :

if the heart be very seriously enfeebled, as it is in the last stages
of those afiections which terminate fatally, and temporarily in

ordinary cases of fainting, pulsation is so slight as to cause

scarcely any appreciable elevation of the artery {threaddy pulse) or

merely a slight quivering movement is communicated to the

arterial wall (tremulous pidse). In the asphyxial stage of cholera

the radial pulse disappears altogether.

Rhythmical variations are sometimes observed in the volume
of the pulse, dependent on the influence of the respiratory

movements
;

the characteristic features of this sign are that

simidtaneously ivith eaclt inspiration the pulse-wave in all the

arteries is reduced in magnitude, or is absolutely suppressed on

making a full and deep inspiration, but returns to its normal

r2
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volume during expiration. This form of pulse, first noticed by

Griesinger, and nsuned 2yii'lsus paradoxus by Kussmaul, occurs in

various diseases, and is an index of the presence of one of two

conditions : the existence during inspiration of a direct mechani-

cal obstacle to the emptying of the left ventricle into the aorta, or

increase of the negative inspiratory pressure from changes which

prevent the free entrance of air into the lungs. The most strik-

ing examples of the first condition are found in fibrous mcdlasti-

nitis siiid fibrous pericarditis ; the firm cords of connective tissue

developed in these afi"ections, passing from the sternum and

pericardium upwards and backwards towards the great vessels,

enclosing the latter and to some extent dragging them from their

noi'mal position and attaching them more or less intimately to

the sternum, are put on the stretch when the thorax is dilated in

inspiration, and grasp and constrict the aorta, innominate artery,

&c. Only a portion of the contents of the left ventricle, therefore,

finds its way into the aorta during inspiration, the arterial pulse

is rendered feebler, or even disappears if the chest be expanded
to its utmost ;

in expiration, on the contrary, the aorta regains its

natural calibre and the pulse its normal volume. It is plain also

that the pulse will be full enough which responds to those con-

tractions of the heart which do not happen to coincide with an

inspiration.
—But the pulsus paradoxus is also observed in certain

cases of pericarditis in which the aorta is free from the embrace

of such adhesions. Its occurrence in these circumstances is

ascribed to various causes : to occasional embarrassment of the

left ventricle during inspiration, from thickening of the pericar-

dium associated with atrophy of the muscular structure of the

heart (Traube, Strieker) ; or to the pressure of pericardial

effusion, which retards the flow of blood from the venae cavae into

the heart, particularly during expiration (when the intrathoracic

tension is augmented), so that the heart contains less blood at the

beginning of inspiration than at the commencement of expiration

(Biiumler).
—The second condition described as favourable to the

production of the pulsus paradoxus is found in stenosis of the air-

passages. Even in health the pulse may be slightly of this

character, as each inspiration lessens the pressure within the

thorax and within the aortic system of vessels generally, while

expiration, on the contrary, adds to this pressure ;
the arterial

pulsations therefore, which correspond to such contractions of the
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heart as are coincident witli inspiration are smaller than those felt

during expiration. These difierences, though usually so trifling

' as to be inappreciable by the finger, are readily demonstrable on a

sphygmographic tracing, the primary wave of the inspiratory

pulsations being considerably lower than that of the expiratory

pulse (Riegel). If, however, the inspiratory negative pressure

within the thorax be abnormally low, as in cases of stenosis of the

larger air-passages, and if to this be added as a second factor

diminution of the contractile power of the heart, the inequalities

just mentioned are much exaggerated, and are easily detected by
the unaided sense of touch, pulsation being sometimes completely
abolished during inspiration.

Inequality of the pulse in one radial artery as compared with

that in the other {j^ulsiis differens) may be of physiological or

pathological origin. Of the former nature are those instances in

which the vessel divides into its two branches at a higher point in

its course on one side of the body than on the other, and so

comes to be of comparatively small calibre at the part at which

the pulse is usually taken ;
and as this anomaly is not on the

whole very rare, it should always be looked for when marked

difference in the radial pulses presents itself. Pathological

inequalities of this kind are most commonly due to pressure on

the arteries of one side, as by intrathoracic tumours implicating

the aorta between the left common carotid and the left subclavian,

occasionally also by tumours (carcinomatous lymphatic glands)

which press upon the axillary artery ; partial obliteration of one

of the brachial arteries, and other local and generally easily

recognised causes, often give rise to the same phenomena.

5. Tension of the Artery.

By this term is meant the pressure exercised by the blood on

the inner surface of the vessels. It reaches its maximum when

the expansion of the artery is at its height, and sinks to its

minimum at the end of the contraction of the arterial wall. The

greater the distension of the vessel by the blood-wave the greater

is its tension. An artery in a state of extreme tension is less

compressible than one whose walls are more relaxed
;

the

former is hard to the touch, the latter soft, a tense artery thus

making what is technically known as a hard imhe, a relaxed
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artery a soft pulse. Other things being alike the intra-arterial

pressure is increased by hypertrophy of the left ventricle, and

diminished when the action of the heart is weakened, or when its

cavities contain less than the normal amount of blood.—The degree

of tension of the arterial wall during expansion determines also

the extent to which the artery springs into prominence with each

stroke of the heart
;
the harder and stronger the pulse the greater

will be the elevation of the artery, provided that the capacity of

the vessel is not in any way lessened, (as, for instance, in cases of

stenosis of the aortic orifice).

Constrictions of the left venous and arterial orifices offer good ex-

amples of afFections in which the diflerences in tension shown by the

pulse are well-marked. In the former the left ventricle receives less

than the normal volume of blood on which to expend its energy and

consequently begins to atrophy at a comparatively early stage of the

disease, when the pulse becomes smaller and of low tension
;

in

stenosis of the aortic orifice, on the other hand, though the blood-wave

is indeed small, as in the preceding case, and the radial arteries also

contracted, the blood is forced onwards by all the power of a hyper-

trophied left ventricle and the tension of the pulse is accordingly

considerably raised.

6. Celerity (activity) of the Pulse.

This term is used to express the relation which exists between

the duration of the expansion and that of the contraction of the

artery.

In the normal condition the expansion of the vessel by the wave

propagated from the heart lasts almost exactly as long as its con-

traction
; this, at least, is the impression given to the finger, but

the sphygmographic tracing shows that the lines formed by the

dilatation of the artery are really shorter than those corresponding
to its elastic recoil. The relation of these different parts of the

tracing to each other, however, is subject to great variation. If

from pathological causes the artery attain at once its maximum
of expansion, and return equally rapidly to a state of quiescence,
a pulse is produced which is designated the jJulsiis celer,

—a brisk,

active pulse. The slighter manifestations of this peculiarity are

scarcely appreciable by the finger, but in well-marked cases such

a pulse is exceedingly characteristic, and is usually spoken of as

a bounding pulse. This nimbleness in movement displayed by
the arterial wall is the more readily recognised the larger the

vessel in which it is observed ; it is therefore more distinct in
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the brachial and femoral arteries than in the radials. The

most exquisite examples of this symptom are found in aortic

insufficiency : the arteries are quickly and forcibly dilated by the

pressure of the blood driven into them by the enlarged and ]30wer-

ful left ventricle, but their recoil follows as speedily, the systolic

wave being exhausted in two directions,
—

centrifugally (into the

capillaries) and centripetally (by regurgitation into the ventricle).

A sharply-defined pulse, therefore, is regarded as pathognomonic
of insufficiency of the aortic valves.

A pulse distinguished by the opposite qualities is termed a

sluggish pulse {pulsus tardus). It is noticed particularly when

the arteries lose their elasticity, as from sclerosis. Vessels so

affected present unusual resistance to expansion by the pulse-wave

and subside equally slowly in the intervals ; they feel firmer to

the touch than in health, and in exaggerated cases may become so

hard as to be absolutely incompressible.

7. DiCROTISM OF THE PuLSE.

Though the finger applied to the radial artery in the healthy

subject is sensible of but one impulse, occurring during the period

of expansion of the vessel, it may be demonstrated by means of

the sphygmograph (see p. 248) that in the period of contraction

also a slight elevation of the artery takes place,
—

usually indeed

two such elevations are observable in the tracing. These are

caused by recoil-waves, that is, by blood-waves which, during

the contraction of the arteries, flow backwards towards the

heart, where they encounter the closed aortic valves, rebound

from these and again travel outwards towards the periphery. But

if the tension of the arteries is lessened, as in high fever, and if,

further, the primary impulse produced by the systole of the heart

be short and vigorous, the reflected wave may effect such a con-

siderable degree of diastolic elevation of the artery as will render

the use of the sphygmograph superfluous, the unaided finger

being sufficient for the detection of the feebler after-stroke. This

is designated the double, or dicrotic pulse. It is fully developed

only when the temperature becomes decidedly febrile, 39°—40 C.

(102-2°—104° F.), particularly when it remains for some time

at this point, as in t}-phus and other affections characterised by

continued fever. In individuals already exhausted and emaciated
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by chronic disease very slight fever and a comparatively low-

temperature suffice to give rise to distinct dicrotism of the pulse,

as the arterial tension in such patients gives way more rapidly

than in cases of acute disease in previously healthy persons. In

febrile attacks of short duration, also, as in intermittent fever,

dicrotism is observed, occasionally even when the pulse is not at

all increased in frequency ;
this fact is direct proof that the high

temperature, apart from the other phenomena of fever, is of itself

to be regarded as the cause of dicrotism (Eiegel).

In those who are much emaciated, in whom the radials pulsate

prominently, a double pulse may be recognised, without applying the

finger to the "v\Tist or having recourse to the sphygmograph, by ex-

amining the artery in powerful sunlight, when it will be seen that each

primary pulsation casts a shadow, which is followed by a second shorter

shadow, on the adjacent part of the surface. Dicrotism sometimes also

manifests itself in the double jerking movement occasioned by the

pulsation of the popliteal artery and communicated to the dependent

leg and foot when the patient sits with one knee crossed over the other.

In large animals this reduplication of the pulse may be demonstrated

by puncturing the femoral artery and causing the stream of blood

issuing from it to impinge on a strip of paper moving slowly past it, on

which it forms a tracing ;
this process, described by Landois, is termed

Hamautography.
The hiiper-dicrotom pulse is observed in very high fever, in which

the temperature ranges from 40°—41° C. (104°—105-8° F.) ;
in it the

second beat is somewhat later than in the ordinary dicrotous pulse,

appearing immediately before the renewed expansion of the artery, so

that it closely reseml)les a preliminary systolic stroke. It is, however,

really a dicrotic pulse, the peculiar character of which is due solely to

its rapidity, each primary pulsation following so hard upon the preceding

secondary stroke that the latter is shortened and to a certain extent

rendered abortive. If the pulse become still more rapid even this

shortened after-beat (or preliminary pulsation) disappears, and the

dicrotic pulse merges into one which is strictly monocrotic.— A pulse
which is obscurely dicrotic is named sub-dia-otic ; it is noticed in

moderate fever, when the temperature is only slightly elevated.

Sphygmography.

(The graphic representation of the arterial pulse.)

The undulations of the pulse in all the superficial arteries may be

measured instrumentall}' and represented graphically in tracings. The

apparatus which is almost universally employed for this purj)ose is that

invented by Marey, subsequently modified and improved by other in-
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vestigators. It consists essentially of a delicate lever, firmly attached

to which is a small button or cushion
;
the latter, being placed so as to

rest exactly on the artery, rises and falls with the expansion and con-

traction of the vessel and communicates these movements to the lever,

which inscribes them on a slip of smoked paper fixed on a plate and
carried forwards by clockwork. The more recently constructed instru-

ments of Landois and Sommerbrodt have this advantage over Marey's,
that they indicate the precise amount of pressure exerted on the artery.—Only the most important of the vast array of facts brought to light

by the use of the sphygmograph, can be mentioned here. It has been

ascertained that the normal pulse is not monocrotic, but always dicrotic

(Marey), usually even tricrotic (0. Wolfl"). Thus, whilst the line of
ascent of all arteries, that which corresponds to the expansion or

diastole of the arteries, is nearly vertical (varying in height according
to the size of the vessel under examination) and 2Mrfecthj loibroJcen,

that which answers to the contraction or systole of the arteries is

interrupted by slight secondary elevatiuns, of which tivo are more

distinctly marked than the others. The first of these owes its existence

to the circumstance that the blood-wave, when compressed by the

elastic contraction of the artery, is not wholly propagated towards the

periphery, a portion of it being sent backwards towards the heart,

where it strikes against the already closed aortic valves
;
the second is

produced by the new wave which, generated by this shock, sweeps out-

wards again in the direction of the peripheral arteries (Buisson, Marey,

&c.). These elevations, known as the recoil-waves, are the more

clearly defined and appear the earlier (that is, the nearer the upper
end of the down-stroke of the tracing) the closer to the heart the artery

under examination, the less its tension, and the shorter the primary
wave (that due to the primary expansion of the artery) ;

the converse

of these propositions also holds good (Landois). If both secondary
waves occur in the period of contraction of the artery, which is usually
the case, the pulse is tricrotic, if one be wanting the pulse is dicrotic.

—Besides these recoil-waves several other less marked undulations

present themselves in the descending line of the tracing, caused by the

oscillations of the arterial wall as it returns to a state of rest after

having been expanded by the primary (cardiac systolic) wave, and

designated by Landois elasticity-waves. They vary in number in difi'e-

rent arteries, and are the higher the further removed the vessel in

question is from the heart and the greater its tension.

Pathological deviations from the normal form of the pulse tracing
are seen sometimes in the ascending, sometimes in the descending line.

The up-stroke, which in the healthy pulse is perfectly unbroken and

nearly vertical, is occasionally interrupted by a number of small

pointed elevations. These are observed when a large volume of blood

is projected into the arteries by each systole of the heart, and when the

expansion of the vessels is not eft'ected in one movement but in several

successive oscillations. Such interruptions of the line of ascent are

noticed in the following conditions : in hypertrophy and dilatation of
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the left ventricle, especially when consequent on nephritis ;
in those in

whom the elasticity of the arteries is diminished,—in old persons,

therefore, and in cases of atheromatous degeneration ;
in aortic stenosis,

and in aggravated aortic insufficiency (Landois). The tracing given by
the arteries of paralysed parts of the body, where there is vasomotor

paralysis combined with a slow circulation, is also of this character.

The pathological modifications of the descending line of the pulse-

tracing consist either of an exaggeration or a diminution of the eleva-

tions normally present. Should these elevations, particularly the

second of those described as recoil-waves, be considerably increased

in height, this change becomes appreciable to the fincjer as dicrotism,

a sign the special causes of which have already been stated (p. 247).
The recoil-waves, on the other hand, are enfeebled when the aortic

valves become incompetent, as the regurgitation of blood which takes

place into the left ventricle during the cardiac diastole almost always

eflectually counteracts any tendency to the propagation of such a

secondary impulse towards the periphery. In stenosis of the aortic

orifice also they are faint and imperfectly developed, on account of

the partially filled condition of the arteries
; here, however, the slow

expansion of the vessels (that is, the slow passage of the current of

blood through the contracted orifice) is evidenced by the less upright

sloping up-stroke and by the rounding of the apex of the tracing, which

normally is distinctly pointed.
—The tracings of mitral and other lesions

of the heart show little that is characteristic
;
that given by the small

pulse associated with stenosis of the left auriculo-ventricular orifice is

certainly throughout less elevated than usual, nevertheless it may be

affirmed that on the whole only an approximative diagnosis as to the

nature of the heart aft'ection is possible if it be founded solely on the

data furnished by sphygmographic examination.

Another instrument, named the "
Pulsuhr," which promises to be of

gi'eat service in the investigation of the properties of the pulse, has

recently been introduced by Waldenburg. This is an ingeniously con-

structed apparatus which enables us to measure with precision, and

state definitely in figures, not simply to estimate, as heretofore, the

tension, fulness, and volume of the pulse. It is fitted with a

mechanism by means of which the position of the plate which rests on

the artery and follows its pulsations, may be exactly regulated. The
movements of the plate are communicated to a two-armed lever, from

the extremity of the longer limb of which passes a thread ;
the latter

winds round an axle and so turns an index, which shows on a dial the

distance, magnified about a hundred times, through which the plate is

carried
;
the diameter of the artery, that is, its fulness, is in that way

obtained. The same indicator rises and fails with all the movements
of the artery ;

this gives the height of the pulsation, that is, the volume
of the pulse, amplified to a similar degree.

—To the end of the shorter

arm of the lever is attached a spring, the case enclosing which is con-

nected by wheel-work with another index, smaller than that just men-

tioned, showing on the dial the weight which at any given time presses
on the spring. (The construction of the instrument is such that to
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ascertain this weight the distance travelled by the larger indicator has

first to be deducted from that through which the smaller one moves).
On turning the screw, the plate having been accurately adjusted on

the artery, the spring-case, and with it the lever and the arterial plate,

are pushed downwards and both indicators caused to move, the oscil-

lations of the larger of the two corresponding with the height of the

pulse-wave. The length of the gi'eatest of these osciUations expresses
the volume of the pulse. On screwing down the spring-case still further

the movements of the indicators become gradually smaller and are

finally abolished when the artery is completely flattened and its calibre

obliterated : the extent to which the position of the larger index has

been altered may now be read on the dial
; this gives the diameter of

the vessel, that is, its fulness at the time of examination
;
the distance

travelled by the smaller index, after subtracting from it the excursion

of the larger one, shows the weight which was rec[uired to compress the

artery, that is, the tension of the jndse.

Palpation of the Veins.

Almost the only veins ever examined by the hand are the jugulars,

very rarely the superficial brachial veins
;
the others yield no diagnostic

signs to palpation. The pulsation perceptible in the jugular veins in

cases of insufficiency of the tricuspid valves and other afl'ections giving
rise to overloading of the right auricle and incompetency of the jugular

valves, and the more exceptional forms of pulsation observed in other

superficial veins belonging to the domain of the vena cava superior,
have already been under discussion

;
the vibration of the walls of the

jugular veins (fremissement or thrill), associated with chlorosis, is

reserved for consideration in the section on Auscultation (see "Venous
murmurs ").
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PERCUSSION OF THE HEAET.

Percussion of the heart is practised with one of two objects in

view,
—either the delimitation of those parts of the anterior sur-

face of the heart which, not being covered by lung, are in imme-
diate contact with the chest-wall, or the definition also of those

which are situated more deeply, behind portions of the pulmonary
tissue. The superficial cardiac dulness may usually be mapped
out with a considerable degree of precision ; the percussion of the

deeper parts, on the other hand, is attended by more difficulty
and uncertainty.

—It will contribute materially to a clear under-

standing of the subject if the discussion of details be prefaced by
a short description of the position of the heart in relation to the

thoracic parietes and the anterior margins of the lungs. The
axis of the heart is directed from above downwards, forwards, and
to the left, the organ being so placed behind the anterior wall of

the chest that two-thirds of its bulk fall to the left of the median
line of the sternum and one-third to the right. The highest point
of the heart, the uppermost part of the left auricle, is found at the

level of a line joining the lower edges of the sternal insertions of

the second ribs (right and left) ; the lowest point of the heart, the

apex, lies immediately behind the sixth left costal cartilage, to

the inside of the mammillary line. The left boundary of the

heart, formed by the left border of the organ, corresponds with
a hue passing from the second left intercostal space downwards to

the apex of the heart, describing a curve the convexity of which is

turned outwards, and whose greatest distance from the middle line

of the sternum amounts to 8—9 ctm. The right boundary, which
coincides with the right border of the heart, is represented by a line

starting from a point in the second right intercostal space close

to the sternum, terminating opposite the sternal insertion of the

fifth right rib, slightly convex outwardly, and distant 2—3 ctm.
from the right edge of the breast-bone. If from the lower end of

the last-mentioned line to the apex of the heart another line be

drawn, the latter will mark the lower boundary of the heart,
formed by the wall of the right ventricle.
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In the space enclosed within these limits lies the heart, for the

most part covered by lung. A certain portion of its surface, how-

ever, defined by the anterior margins of the lungs, is not so

covered in. As already stated (see p. 108) the lungs are in close

apposition anteriorly from the second to the level of the fourth

rib, being separated only by the anterior mediastinal fold of the

pleurae. From this point upwards, therefore, the superior seg-

ment of the heart,
—both auricles and a part of the ventricles,

—
is completely hidden by pulmonary tissue.

At the level of the fourth rib the lungs diverge, the anterior

margin of the left passing outwards through the fourth left inter-

costal space, turning downwards and a little inwards opposite the

fifth costal cartilage, and ending in the lower border behind the

cartilage of the sixth rib. The greater part of the right ventricle,

and the apex of the left, are thus exposed ; the rest of the left

ventricle, very little of which indeed appears on the front of the

heart, remains concealed.—The anterior border of the right lung

turns outwards at a lower point than the left, opposite the sternal

insertion of the fifth right costal cartilage ;
it merges imme-

diately, at the level of the sternal end of the sixth rib, in the

lower border of the lung. In following this course it overlaps

to a slight extent that part of the right ventricle which lies

farthest to the right.

It is thus seen that the segment of the heart between which

and the chest-wall no lung-tissue is interposed belongs, with the

exception of the apex, exclusively to the right ventricle, and in-

cludes little more than the half of that part of the organ. Its

extent, also, is not constant ; it varies somewhat with the differ-

ences frequently observed in the configuration of the lungs. Even

ia the same individual the movements of respiration are found to

afl'ect very considerably the anatomical relations of the heart :

during inspiration the edges of the lungs converge and encroach

still further on the anterior surface of the right ventricle, and if

the inspiration be deep and energetic the entire heart may be

so closed in
;

forcible expiration, on the other hand, causes the

margins of the lungs to retire, and a larger part of the heart's

surface then comes to the front.

Over the whole of the space described as not occupied by

lung, except a narrow portion behind and to the right of the

sternum, the percussion-sound is dull ;
this is termed the absolute
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cardiac dulness, or, as it coincides with the more superficial part

of the surface of the heart, the siqyerjicial dulness. It is to be

distinguished from the less markedly dull sound given by the rest

of the prsecordial region, which is designated the relative car-

diac dulness.

Before proceeding to the percussion of the heart the situation

of the apex-beat should first be ascertained, as this indicates at

once the inferior limit of the cardiac dulness and thus facilitates

its delimitation ;
the points are then to be determined at which

the clear pulmonary percussion-note passes into the dull sound

yielded by the heart. The upper limit of the absolute cardiac

dulness begins usually at the upper border of the fourth left rib ;

the left coincides with a slightly curved line passing from the

superior border of the fourth rib to the apex of the heart, inside

the mammillary line ; the right is marked by the left edge of the

sternum from the fourth to the sixth rib. The lower boundary,
which corresponds with the lower border of the right ventricle, is

not definable, as the cardiac sound is here continuous with that

of the adjacent left lobe of the liver : it may be represented, how-

ever, by a line drawn from the sixth chondro-sternal articulation

to the spot at which the apex-beat is felt. This space, the shape
of which, when traced with black dermographic crayon, is seen to

be that of an irregular four-sided figure, is not accurately com-

mensurate with the superficial portion of the heart, as will be

obvious on referring to the description already given of the ana-

tomical relations usually subsisting between the heart and the

margins of the lungs ;
to the right of the left border of the sternum

lies a part of the right ventricle not overlapped by pulmonary
tissue, yet the percussion-note over it (at the middle of the

breast-bone, towards its lower end) is not dull, but of the

normal pulmonary quality, clear and of low pitch. The cause of

this can only be that the sternum, from the readiness with which

it enters into vibration, transmits the force of the percussion-
stroke to the adjoining lung, so that the slight dulness which the

right ventricle really gives is overborne by the clearness of the

pulmonary note. This explanation is supported by the observa-

tion that on placing the hand on the sternum, and in that way
diminishing its power to vibrate, the previously clear sound

becomes somewhat muffled.

The extent of the heart's surface not covered-in by lung being,
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as already noticed, subject to constant variation during the move-

ments of inspiration and expiration, the dimensions of the region
of absolute cardiac dulness show similar changes ;

the limits

above set down, therefore, are applicable only to conditions in

which the respiration is perfectly superficial, when the differences

referred to are so trifling as scarcely to vitiate the results obtained

by percussion. It is always necessary, however, to direct the

patient to cease breathing when absolute precision in the delimi-

tation of the heart is required, particularly in determining its

boundaries superiorly and to the left. Deep inspiration reduces

the area of cardiac dulness both in height, as the upper limit

sinks downwards, and in breadth, as the left boundary-line moves
inwards

; only the right border of the region in question remains

unchanged.
—Whether the patient lies on bis back, sits, or stands,

is immaterial so far as the accuracy of the results is concerned
;

but on turning to one or other side the position of the apex-beat
is altered and that of the cardiac dulness with it, the latter beinfj

diminished to the left and superiorly if the patient be on his right

side and enlarged in the same directions if he be on his left. The
boundaries of the heart to the right are as little influenced by
attitude as by the movements of respiration.

The intensity of the absolute cardiac dulness is very inconsider-

able, the organ percussed being but small
; the stroke must there-

fore be light, in order to avoid awakening simultaneous vibration

in the contiguous portions of the lungs, otherwise the true heart-

sound will be lost in the clear pulmonary note. It is necessary
to proceed with similar caution in examining the lower part of

the precordial region, particularly in children, as the tympanitic
tone derived from the stomach may mask the dull sound belonging
to the heart. Simple finger-percussion will be found the method
best adapted to the determination of the absolute cardiac

dulness.

Those portions of the heart which are overlapped by lung are

inaccessible to percussion by the ordinary gentle stroke employed
in the manner just described, the sound so elicited being loud and

clear
; a firm stroke, on the other hand, often demonstrates a

decided decrease in the loudness of the note as high as the third

rib, indicating that here a thinner layer of lung has been caused

to vibrate. Such a sound, therefore, though intrinsically clear in

quality, is somewhat mufiied, that is, relatively dull, as compared
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with that obtained at other points, behind which only lung is
j

situated. It is chiefly superiorly, towards the upper limit of the

precordial region, that relative dulness is observed on forcible

percussion ;
those other parts of the heart lying behind and to .

the right of the sternum give no mufSing of the sound even in

answer to a heavy stroke, and it is only by availing oneself of the

sense of resistance communicated to the finger, and at the same

time as far as possible eliminating the vibrations of the sternum

by pressing on it and in its immediate neighbourhood, that they ;

can be recognised by means of percussion. But even this metbod

fails to demonstrate clearly that portion of the right ventricle

which is beyond the right edge of the sternum. To define pre-

cisely the ichole of the anterior surface of the heart is thus im-

possible ;
most commonly, therefore, nothing more is attempted :

than the delimitation of the area which is not sheltered behind

pulmonary tissue.— It is obvious that the extent of this super-

ficial cardiac dulness is no absolute guide to the real size of the
,'

organ within, as there is no constant relation between the covered
;

and the non-covered parts of the heart, on account of the irregu-

larities so often displayed in the contour of the lungs anteriorly.

Nevertheless the dimensions of the region in question usually

warrant a general inference as to the presence or absence of en-

largement of the heart, as such enlargement is always associated ;

with increase of the area absolutely dull.

In certain circumstances the absolute cardiac dulness may >

extend beyond the limits above stated, even while the heart

remains normal in point of size, as, for example, when the

processes of lung which as a rule are found in front of the base

of the heart, are atrophied and retracted, permitting the whole of

the anterior surface of the heart to come into contact with the

chest-wall.

The area of cardiac dulness is, on the contrary, lessened, when

the heart, though still of normal size, is shut in to an unusual

extent by the lungs. The lungs encroach thus on the heart

when their anterior margins are less divergent than is generally

the case, or when they are unduly inflated, as in emphysema.
The heart may also be pushed backwards and separated from the

chest-wall by the accumulation of gas in the pericardium,
—a very

rare event, when the whole prsecordial region renders a clear

tympanitic note instead of the normal dull sound
; or there may
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be air in the pleural sac, when the percussiou-sound over the

heart becomes tympanitic or metallic in quality ; or there may
be fluid in the pleura, when the cardiac dulness is indistinguish-
able from that of the left side generally,

—
provided the heart be

not displaced.

The cardiac dnlness is increased in extent and intensity i)i

hypertrophy and dilatation of the heart, this augmentation being
most manifest in its length in enlargement of the left ventricle,

and in its breadth in enlargement of the riglit ventricle ; the dull

area further takes a somewhat conical form when the ijericardiiim
is filled ivith fluid.

In hypertrophy and dilatation of the left ventricle the point at

which the cardiac impulse is felt, below and to the outside of its

normal situation, ofl'ers a ready means of determining approxi-

mately the extension of the area of dulness in an outward direc-

tion. In such cases also the fixing of the upper limit of the

cardiac dulness is exceedingly easy, as the lung, provided it

have not contracted adhesions, is pushed aside by the enlarged

heart, which then comes closer to, or even touches, the thoracic

parietes.

Similarly, in cases of marked hypertrophy and dilatation of the

right ventricle the undue propagation of the heart's impulse
towards the right at once indicates the nature, and roughly the

extent, of the physical change, though usually the non-reson-

ance to percussion, even when the dilatation of the right heart is

considerable, is not very apparent beyond the midsternal line.

It often happens that those who have not had much experience in

the art of percussion do not consider as dull, or as in any way con-
nected with the heart, the somewhat clearer sound obtained over the
sternum in examining from left to right ;

but on comparing it with the

normal pulmonary note, or on percussing still further towards the right
till the true lung-sound is educed, the area of dulness associated with

enlarged heart is soon seen to be larger than at first suspected.

Slight dilatations of the right heart can be made out only by means
of the sense of resistance experienced by the finger in percussing. In
cases of marked dilatation of the right ventricle not only does the

cardiac dulness far overpass its normal boundaries to the right, but it

goes also somewhat beyond them to the left, as is shown by the slight
outward displacement of the apex-beat. This is due to the more
horizontal position which the heart assumes in such circumstances, the

necessary result of which is that the apex of the heart is carried further
to the left.
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Hj^pertropby and dilatation of the heart, however, are not in

every instance characterised by extension of the precordial dul-

ness ;
this sign is absolutely wanting when the overlapping

processes of lung are of unusual depth or cover over a larger por-

tion of the surface of the heart. Thus, in vesicular emphysema
of the lungs the attendant enlargement of the right heart is fre-

quently unrecognisable by objective examination.

Even with a heart perfectly normal in size, an apparent

increase of the area it renders dull to percussion is apt to be

produced by various diseases of the adjacent pulmonary texture,

such as consolidation (from infiltration, compression, &c.)

It is sufficient merely to mention cases of this kind
;
to enumerate

the signs by wliicli they may be ditierentiated (certain alterations in the

outline of the region of percussion-duhiess, &c.,) is perfectly unneces-

sary, in view of the impossibility of falling into error in the diagnosis.

Simple inspection of the pra^cordial region frequently suffices, as

already pointed out, for the positive recognition of hypertrophy of the

heart, and the absence of the phenomena formerly described (p. 212

et seq.) shows unmistakeably that the increase of the dull area must

be due to some other cause.

The area of cardiac dulness is observed to take a peculiar form

in cases of pericardial exudation and transudation. If the quan-

tity of fluid be very large, the pericardial sac is fully distended ;

it is enlarged chiefly in its lower part, while superiorly it grad-

ually diminishes in breadth. The space thus rendered dull is

irregularly triangular in shape, the base of the figure being

downwards, the apex pointing vpwards. Its size depends on

the amount of the exudation
;

if the effusion be very abundant

the base of the triangle may extend from the right parasternal

line almost to the left axillary line, while the two remaining
sides may be represented by converging lines drawn from the

two extremities of the base, meeting in the second intercostal

space, and forming there a somewhat obtuse angle. A less con-

siderable amount of exudation is characterised by a proportionately

smaller triangle of dulness
;
in the earlier stages of the affection,

also, the non-resonant region has no distinctive outline, dulness

being detected both at the base of the heart, where the exudation

usually first appears, and in the lower part of the pericardium.

The distension of the lower portion of the pericardial sac is

recognised by the fact that the dulness extends further to the

left than the apex-beat of the heart, a sign which is always a

(
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conclusive indication of the existence of pericardial exudation.

A very copious effusion completely suppresses the apex-beat ;

disappearance of the latter, therefore, and a prsecordial dulness of

the characteristic triangular form, may be accepted as positive

proof of the presence of a large pericardial exudation.—And

further, as the layer of fluid is so much deeper below (next

the diaphragm) than above (towards the roots of the great vessels)

the non-resonance is more marked at the lower than in the upper

part of the precordial region ;
the sound indeed is rendered

absolutely dull inferiorly. On causing the patient to lie on

his back the fluid at once subsides to the hinder part of the

pericardium, diffusing itself equally over its posterior surface, the

apex-beat again becomes appreciable, and the percussion-sound
somewhatclearerin front, the edges of the lungs being now allowed

to expand freely and to fill up the space left vacant by the shift-

ing of the effusion. A similar change in the quality of the sound

is noticed on turning to the right or left side : in the former case

the sound clears to the left, in the latter it clears to the right.
—

These statements regarding pericardial exudation apply with still

; greater force to the more mobile fluid poured out in cases of

i pericardial transudation (hydropericardium).
I

I This variation of the sounds on changing the position of the patient
i is wanting only when the two opposed surfaces of the pericardium are
'

glued together at several points by inflammatory products, or when the

sac is so fully distended that movement of its contents becomes im-

possible. Such cases, however,—in which the pericardium is rendered

(SO tense by the quantity of fluid it contains as to be incapable of

further expansion,
—do not seem ever to occur in practice ;

in one

example of enormous hydropericardium which I saw (in which the dul-

ness reached from the left axillary line almost to the right mammillary
line, and upwards as far as the third rib) the percussion-sound was

found to vary as usual with the position of the patient.

S 2
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AUSCULTATION OF THE HEAET.

The opposite qualities, normal and pathological, of the sounds

developed by the action of the heart, are known as sounds and

vmrmurs.

The Sounds of the Heart.

In normal conditions each contraction of the heart gives rise

to two sounds, audible over the whole praecordia, and separated
from each other by a short pause. The first of these, the systolic

sound, is exactly synchronous with the systole of the ventricles,

while the second, the diastolic sound, corresponds with the

beginning of the diastole of the heart
; then follows a pause, the

cardiac pause, which lasts till, with the next contraction of the

heart, the same phenomena are repeated in the same order.

The sounds are not of equal intensity at all points in the

praecordial region : the first sound, that associated with the

cardiac systole, is more clearly accentuated at the apex of the

heart and over the lower portion of tbe sternum, than that occurring

during the diastole, the rhythm of the sounds at these parts being
trochaic

;
the second is, on the contrary, the more accentuated of

the two on the second intercostal space close to the sternum, at

both its right and left margins, and the rhythm of the sounds is

here iambic. The systolic sounds at the four points just indicated

are exactly coincident with each other, as are also the diastolic

sounds which succeed them ; there are four systolic sounds,

therefore, and four diastolic,
—

eight in all.

These four points on the surface mark, as will afterwards be

shown, four centres in or near which the different sounds of the

heart originate ;
at the apex, accordingly, will be heard the

sounds produced at the mitral valve, at the lower end of the

sternum those connected tvith the tricuspid valve, in the second

left intercostal space, close to the sternum, those proceeding from
the pidnionary artery, and in the second right intercostal space, at

the edge of the sternum, those generated in the aorta. ,
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If the heart be displaced downwards, from sinking of the diaphragm,
to the extent of one intercostal space for instance, the parts at which
its various sounds will be audible will naturally be found at a level

corresponding to the abnormal situation of the organ,
—one interspace

lower
;

if it be dislocated in any other direction, to the right or left,

the apex-beat constitutes a general guide to the points at which the

sounds will be heai-d
;
where there is no cardiac impulse the points

must be sought for at which the sounds are loudest.

The regions described do not correspond absolutely to the

anatomical position of the valves of the heart and the large

vessels, but it is to them that, as is proved by many physiological
and pathological observations, the acoustic phenomena are most

freely conducted, and there that they are loudest. This is due

chiefly to the anatomical relations of the heart and lungs.
1. Sounds emanating from the mitral valve are not looked for

directly over the valve (in the second left intercostal space, close

to the sternal insertion of the third left costal cartilage), as here

the latter lies behind air-containing lung-tissue, a bad conductor

of sound
; they are auscultated rather at the apex of the heart,

which is free of lung and in immediate contact with the chest-

wall, and towards which experience shows that sonorous -^-ibrations

coming from the mitral valve are transmitted with greatest
intensitv.

2. In the same way the sounds of the tricuspid valve are not

to be sought for exactly over their point of origin (behind the

sternum, at the level of a line drawn obliquely from the sternal

insertion of the third left rib to the fifth right costo-sternal

articulation), but somewhat lower do"«-n, on the lower portion of

the sternum,

3. The pulmonary sounds are most clearly conducted to the ear

placed precisely over the anatomical site of the pulmonary artery,—in the second left intercostal space, at the sternal insertion of the

third left costal cartilage.

4. Sounds developed in the aorta are loudest, not just over the

orifice of the vessel (in the second left intercostal space), but in

the second right intercostal space, in the direction of the ascend-

ing aorta. As the aorta at its origin completely covers in the root

of the pulmonary artery the sounds produced in these vessels are

necessarily intermingled, and would be indistinguishable from

each other were it not for the fact that those generated at the

aortic valves are propagated most energetically in the dh'ection
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taken by the current of blood in the ascending aorta, along the

course of the vessel towards the second right interspace ;
at the

latter point, therefore, aortic sounds should be auscultated.

It is thus possible to define with sufficient precision the four

regions in which the sounds of the heart take their rise, by

observing carefully the direction in which these sounds are most

perfectly conducted. That this transmission always takes place

towards the parts indicated above is proved, provided that the

relations of the heart to the lungs be not altered—by the

abnormal heart-sounds, the cardiac murmurs, to be discussed

further on.

It was Laennec who laid the foundation of our present knowledge of

the acoustic phenomena developed by the action of the heart
;
he

named the sounds normal cardiac murmurs, in contradistinction to the

abnormal cardiac murmurs. The term heart-sounds, as distinguished
from heart-murmurs, was introduced by Skoda.

Differences in pitch in the heart-sounds are very common. Thus,
the second sound at the base is frequently higher than the first, and
when the heart is acting with great energy its pitch may often be accu-

rately determined. At the apes the first sound is most usually deeper
and duller than at the lower part of the sternum, where it is some-
times exceedingly loud and clear ; this is obviously to be explained by
the facility with which sound is conducted through the solid tissue of

the sternum. The sounds also present great variety in timbre, being
sometimes clear and ringing, at other times dull and without proper
musical character

; even in the same person this timbre may change
rapidly with the varying force of the heart's contractions.

The rhythm of the sounds at the apex and over the lower portion of

the sternum (that is of the sounds of the left and right ventricles) is

not invariably trochaic, nor is it always iambic at the roots of the great
vessels

; often it is the reverse of this, trochaic over the vessels and
iambic at the apex, or in both situations iambic, or in both trochaic.

These differences depend on the occasional predominance of the first

sound, when the rhythm is at all points trochaic, or (f the second sound,
when the rhythm becomes iambic. These modifications have no

particular significance.
If the action of the heart become irregular from any cause the rhythm

of its sounds is also lost
;

in the severer forms of hregularity, indeed,
it is a matter of some difficulty to distinguish between the systohc and
diastolic sounds.

Physical Cause of the Heart's Sounds.

The first sound arises from the tension of the auriculo-ven-

tricular valves, due to the shock of the mass of blood thrown
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against them during the cardiac systole ; the second sound is

caused by the tension of the semilunar valves of the aorta and

jpidmonary artery at the instant that the blood projected into the

vessels is driven backward by the elastic recoil of the arterial

walls.

During the period of rest the auriculo-ventricular valves hang loosely

down into the ventricular cavities, but are floated upwards when the

latter are filled with blood and belly out in the direction of the auricles,

shutting off the lower from the upper chambers of the heart
;
the short

auricular systole, which precedes by an instant that of the ventricles,

renders them somewhat tense, but to such a slight degi-ee as to give

rise to no audible sound. Sound is produced only by the more marked

tension which results from the systole of the ventricles, and which is

caused partly by the pressure of the blood against the valves, and

partly by the contraction of the papillar}' muscles connected with the

valves by the chordae tendinese.

The theory above stated, first propounded by Rouanet (1832),

is supported by many physical analogies and pathological obser-

vations. Every elastic membrane (like a cord of cat-gut, for

instance) emits a sound on being suddenly brought from a state

of relaxation into one of extreme tension ;
the sudden tension of

such membranes, therefore, as the cardiac valves, may naturally

be supposed to be attended by similar phenomena. Experi-

mentally, also, a feeble, dull tone may actually be obtained from

a tense mitral valve by directing against it a forcible stream of

water either from the apex of the heart (0. Bayer) or through

the aorta, the semilunar valves of the latter being previously

removed (Landois).

The mitral and tricuspid valves must also give out sound, each

independently of the other, but both at the same moment, both

ventricles contracting simultaneously.

Further proof of the accuracy of Eouanet's theory is furnished

by certain pathological conditions. Thus, if the mitral valve lose

its smoothness of surface and delicacy of structure from patho-

logical deposits of any kind, from retraction or inflammatory

adhesion of the tips of the valvular segments, &c., in such a

way that it becomes totally or partially incapable of being put

thoroughly on the stretch, the systolic sound at the apex of the

heart undergoes change, or disappears completely and is replaced

by a murmur. Over the lower third of the sternum, however,

the first sound remains perfectly pure and clear so long as
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the tricuspid valve retains its smoothness,
—which it usually

does.

On the other hand, in those rare cases in which the tricuspid

valve has been deprived of its elasticity, the systolic sound over

the lower portion of the sternum is superseded by a murmur,

while at the apex it is still distinctly heard provided that the

mitral valve be intact.—
But tension of the auriculo-ventricular valves, though the

principal, is not the only cause of the first sound of the heart ;

this depends to a certain extent also on the muscular contraction

of the ventricles. Every large muscle, when contracting vigor-

ously, especially under electric stimulation, generates sound

(Wollaston), usually of a quality so distinctly musical that its

pitch may be determined with precision (Helmholtz). This

takes place not only in all striped muscles, but also in the heart.

The most weighty evidence in favour of this view, however, is

presented in the experimental fact that the heart, removed from

the body and emptied of blood, emits a distinct sound at each

contraction (Ludwig and Dogiel), although under these condi-

tions the tension of the auriculo-ventricular valves is reduced to

a minimum.

And further, in the domain of the pathology of the heart many

phenomena are observed which tend to support the doctrine that

muscular contraction plays a part in the production of the first

sound. Thus the systolic sound is found not to be invariably

abolished by the presence of even very marked and advanced

changes in the mitral valve
; and, on the other hand, it may

become indistinct aad feeble, even though the mitral valve pre-

serve its normal smoothness and general structure, if the muscular

substance of the heart be affected, as in myocarditis, fatty degene-

ration, and other diseases which diminish the contractile power
of the organ.

—There are also other circumstances which lend

countenance to the theory that the action of the cardiac muscle

is concerned in the generation of the first sound,—the facts that

in certain conditions the duration of this sound is longer than

can be satisfactorily accounted for by the transient tension of the

auriculo-ventricular valves, and that a simple state of tension of

the mitral valve, produced artificially (by water-pressure) in the

heart extracted from the body, gives rise to a sound having no

resemblance to that heard in the living subject. Nevertheless,
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the part taken by muscular contraction in the development of the

systolic sound of the heart is but a very subordinate one : it

must not be inferred,
—

solely on the experimental ground that

the heart even when empty gives a sound in some respects similar

to the normal first sound in the living subject,
—that muscular

contraction is the essential factor in the causation of the sounds

and the tension of the valves but a secondary element, as such

a conclusion is plainly at variance with the fundamental pheno-
mena presented in cases of cardiac valvular lesion.

It is now no longer necessary to discuss or refute in detail the

numerous theories that formerly prevailed regarding the cause of the

first sound of the heart
;
the only question that calls for particular

notice is concerning the greater or less share taken by muscular con-

traction in the production of this sound. Till comparatively lately the

sudden tension of the auriculo-ventricular valves was almost universally

accepted as the sole cause of the systolic sound, the arguments ad-

vanced by certain of the earlier authors (Lajnnec, Williams, Hope,
&c.,) to show that the cardiac sounds are simply muscular, meeting
with but partial acceptance ; recently, however, Ludwig and Dogiel,

basing their views on experimental research, have again ascribed to the

cardiac muscle the principal role.

I have repeated Ludwig and Dogiel's experiments, and in doing
so pursued the following method : the circulation was controlled by

opening the thorax (artificial respiration being carried on) and en-

closing the great vessels entering and leaving the heart in a Ugature,
in such a way that the current of blood could be arrested or restored

at pleasure. Like Ludwig and Dogiel I found that the empty heart,
at each contraction, certainly emits a sound which, as might have been

expected from the feebleness of the heart's action in such circum-

stances, is of far less intensity than the normal heart-sound
;

I have to

state positively, however, that this sound differs essentially in character

from that of the normal heart, it is duller, is toneless {icithout tiwhre),
and wants also the flapping quality which distinguishes the ordinary
first sound.—Another source of error in these investigations remains
to be pointed out, namely, that in the empty heart also the muscular

papillares continue to contract, and that therefore a certain, though
probably slight amount of tension of the amiculo-ventricular valves is

brought about. There is thus the possibility to be borne in mind, that

this valvular tension may be suflicient to give rise to a sound which,

though feeble, goes to diminish still further the relative importance of

muscular contraction in the causation of the first sound.—The only

really satisfactory proof that the contraction of the cardiac muscle has

any claim to be regarded as an influential factor iti the origination of

the first sound would be the pi'oduction of evidence to the efl'ect that

the sound is heard even after total destruction of the am'iculo-ven-

tricular valves
;

it seems impossible, however, to perform such an
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operation on the living animal without at the same time setting up
such grave disturbance as would inevitably vitiate the result of the

observation.

0. Bayer adopts the theory that the sound is muscular, adducing
certain clinical and pathological facts in support of that view. Thus,

he states that very frequently in severe acute and chi'onic diseases he

has noted various changes in the first sound, especially enfeeblement

and diminution in its distinctness, while, as Avas demonstrated by post

wortem examination, not the slightest trace of valvular affection existed ;

there was invariably present, on the other hand, a more or less con-

siderable degree of alteration of the muscular structure of the heart,

(particularly fatty degeneration of the primitive bundles and albuminous

infiltration) occasionally plainly visible to the naked eye, at other times

to be detected only with the aid of the microscope.
In all these cases a much less forced conclusion appears to me

to be indicated, namely, that the modifications of the cardiac sounds

referred to are due rather to non-uniformity in the vibrations of the

valves (see p. 287). There are also on record various instances

in which, notwithstanding the fact that the cardiac muscular tissue

was the seat of extensive degeneration, and thus quite incapable of

originating any sound, the sounds of the heart were normal during

life, and could be caused only by tension of the unaffected auriculo-

ventricular valves (Bamberger).
It is further often asserted, in favour of the muscular theory, that

mitral lesions grave enough to render the valve absolutely insufficient

do not always cause the first sound of the heart to disappear ;
in such

conditions it is only masked by the sj'stolic murmur, through which it

can always still be heard on careful auscultation.—I find, as the result

of my own personal experience in nearly 200 eases of mitral insuffi-

ciency, that in these circumstances the systolic sound very rarely con-

tinues to be audible
;
and I would also submit that even when it does

persist, notwithstanding the existence of a systolic murmur, we have
in this fact no absolute proof of its muscular origin. In the first

place, it is never so loud as that heard over the right ventricle,

(the tricuspid valve being intact) ;
and further, the mitral valve may,

if there still remain certain portions of its tissue not invaded by the

degenerative process, preserve its power to vibrate at those parts, and

may in this way be enabled to emit a sound
;
or a systolic sound may

be conducted from the right ventricle to the apex of the heart, a con-

sideration which would explain the persistence of the sound along with

a systolic murmur even in those cases in which the mitral valve is

degenerated in its whole extent.

There still remains to be mentioned another phenomenon, observed
in the domain of cardiac pathology, which admits of no possible ex-

planation on the supposition that the first sound is muscular, and which
is compatible only with the valvular theory,

—the absence of the systolic
sound at the apex when the aortic valves are to a high degree incom-

petent. Were the first sound due to muscular contraction it should

still be heard in such cases, or should even be louder than usual,
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inasmuch as the insufficiency of the aortic valves leads to hypertrophy
of the left ventricle. Now in hypertrophy of the left ventricle from

any other cause, as from disease of the kidneys or sclerosis of the aortic

system, the first sound is clearly marked, frequently intensified
;

it is

unquestionable that such enlargement of the heart not only does not

render its sounds weaker, but actually renders them stronger,
—though

some have indeed held, on the contrary, that a hypertrophied ventricle

is less capable of producing a sound than one of strictly normal

development. The absence of the first sound in aortic insufficiency,

however, is, as Traube has shown, readily explained by the valvular

theory of the origin of the sounds. Thus, during the diastole the

auriculo-ventricular valve, the mitral for example, is in a state of

relaxation
;

at the end of the diastole it is put slightly on the stretch

by the contraction of the left auricle, as has been already stated on

p. 263. This slight degree of presystolic tension {i7}iti(d tension) gives
no sound

;
an audible sound is produced only by the firmer tension

which results from the systole of the ventricle {^final tension). The

greater the difference between the initial and the final tension of the

auriculo-ventricular valves the louder will be the sound, just as in any
other membrane which, previously slack, is suddenhj and violently

tightened. If, on the other hand, the difi'erence between initial

and final tension become less, the vibrations of the valve become less

ample and the sound consequently more feeble
;
and if the difi'erence

be diminished still further, absolutely no sound is heard. Diminu-
tion of the difi'erence between the initial and final tension of the

mitral valves of precisely the nature described, is observed in cases of

aortic insufficiency : the initial tension increases, as at the end of

the diastole of the left ventricle the blood rushing back from the

aorta presses on the valvular segments, while the final tension is

lessened, as in this afl'ection the aorta, into which the left ventricle

projects its contents, soon loses much of its normal elasticity and
tension.

Some have endeavoured to explain the absence of the first sound in

aortic insufficiency as owing to fatty degeneration of the muscular sub-

stance of the heart
;
but this view is negatived by the fact that it is

not only in the later stages of the valvular afiection, when the con-

tractile power of the heart begins to fail, but also in its earlier stages,
when the hypertrophy of the ventricle is fidhj compensatory for the

valvular defect and the action of the heart regular and powerful, that

the systolic sound is wanting. Moreover, in cases of genuine fatty

heart, in which the degeneration of the primitive muscular bundles is

unquestionably much more pronounced than when the structural

alteration is consequent on aortic lesion, the first sound is generally

clear, though possibly feeble.—Other less weighty objections to the

valvular theory may be passed over without further discussion.—
Although the whole question in dispute cannot yet be said to be

definitely settled, the conclusion to which the present state of our

knowledge seems to point is that the first sound is essentially of valvxdar

origin and only to a slight extent muscular.
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Cause of the Second Sound of the Heart.

That the second sound of the heart is produced, not within

the chambers of the organ, but at the semilunar valves of the

aorta and pulmonary artery by the recoil of the column of blood

against these structures, and that it is only conducted towards

the cavities of the heart, is placed beyond all doubt by numerous

observations, experimental as well as pathological.

The second sound disappears totally on cutting off the flow of

blood to the heart in living animals. This may be eftected,

(artificial respiration being kept up) by passing a ligature round

the vensB cavae close to the point at which they enter the right

auricle ; on lifting and thus tightening the cord circulation is

stopped, on slackening the cord it goes on as before. Raising
the ligature abolishes the sound completely, lowering the ligature

restores it at once
; but the first sound is found to persist, not-

withstanding the arrest of the circulation, as the heart continues

to contract as usual and the auriculo-ventricular valves are regu-

larly thrown into a state of tension. Over the heart, also,

removed from the body and still pulsating, only the first sound

is heard, not the second ; after the heart has ceased to contract,

however, a second sound may be produced at the aortic valves by

closing them abruptly by injecting a stream of water into the

vessel with sufficient force. The greater the pressure exercised

by this body of water the louder the sound obtained.

The ordinary physiological and pathological phenomena which

pass under our notice every day are strongly confirmatory of the

above conclusions. Thus, it is observed that the second sound
is much feebler over the ventricles than opposite the arterial

orifices, and it is only at the latter situation that it possesses its

distinctive flapping character. While auscultating, if the stetho-

scope be slowly moved along the surface from the region of the

apex towards that corresponding with the orifices of the great
vessels the gradual intensification of the second sound may often

be clearly traced.

But by far the strongest evidence that the second sound of the

heart is generated at the semilunar valves is furnished by the

following pathological observations. When, from hypertrophy of

the left ventricle, the blood is thrown into the aorta with unusual
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force the second sound becomes abnormally loud, in consequence
of the more energetic recoil of the mass of blood against the

aortic valves. When, on the other hand, the quantity of blood

which enters the aortic system on each contraction of the heart

is small, as in mitral insufficiency, and more especially in mitral

contraction, the diastolic recoil of the blood against the aortic

valves is less forcible and the second sound becomes much fainter,

or occasionally even quite inaudible, over the left ventricle. This

occurs also when the contractile power of the heart is from any
cause lowered, as in cases of fatty degeneration, the general
failure of strength which precedes death, and in the asphyxial

stage of cholera. (In the last-mentioned affection there is some-

times not the slightest indication of a second sound at the apex,
while it is still perceptible, though faintly, at the great arterial

orifices.) Further, when the aortic valves are so altered in

structure as to be no longer competent to perform their office

efficiently, when therefore there is no second sound but a distinct

murmur at the root of the aorta, the diastolic sound over the

left ventricle is also wanting, nothing whatever being heard after

the systolic sound, or only the feeble diastolic murmur conducted

from the aortic valves. And finally, in cases of reduplication of

the second aortic sound, the second sound over the left ventricle

is also double, but weaker than over the aorta.

It can be shown equally clearly that the second sound heard

over the right ventricle is transmitted from the semilunar valves

at the origin of the pulmonary artery. If, as the result of hyper-

trophy of the right ventricle, the blood be driven into this vessel

with greater force than usual it is thrown back with proportion-

ately greater force against the semilunar valves during the

diastolic period, and the second pulmonary sound is conse-

quently intensified
;
over the right ventricle also the same sound

is then considerably louder. If, on the other hand, the pul-

monary valves become insufficient from degeneration,
—a some-

what rare occurrence,
— no second sound, but a diastolic murmur,

is produced, and over the right ventricle also there is no second

sound, but the feeble diastolic murmur conducted from the

pulmonary valves. And finally, when the second pulmonary
sound is double at its point of origin it has the same character

over the right ventricle.
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Cause of the First Arterial Sound.

The first arterial sound, which is heard in the second right

and second left intercostal spaces, close to the sternal articula-

tions of the third pair of rihs, and which is synchronous with

the first ventricular sound, is to some extent to he regarded

simply as the ventricular sound propagated towards the periphery;

it takes its origin chiefly, hoicever, at the orifices of the aorta and

pulmonary artery, and is due to the tension and sudden expan-

sion of the arterial ivalls ichich take place ivhen the blood is dis-

charged into the vessels by the contraction of the heart. Many
pathological observations go to prove this. Thus, if the coats

of the first part of the aorta undergo such changes (as from

atheromatous degeneration) as deprive them of their property of

uniform expansibility and of their power of entering into vibra-

tion, the arterial sound under consideration is not developed ;

instead of it is heard, at the aortic orifice, a systolic murmur,
while the first ventricular sound remains unafi"ected. Similarly,

the first sound at the pulmonary orifice disappears, and is

replaced by a murmur, when the width of the opening is

diminished or the inner surface of the vessel roughened by
disease.—The first sound at the arterial orifices also continues

audible when over the ventricles, generally over the left, the first

sound is abolished or is represented by a systolic murmur.

But it is not merely in the central portions of the vessels

springing from the heart that this systolic sound, arising from

distension of their walls by the advancing blood-wave, is

observed ; it occurs also in their larger subdivisions, in the

carotid and subclavian, and even, under certain pathological

conditions, in still smaller arteries, at a greater distance from

the heart. These sounds will be treated of when discussing the

auscultation of the arteries.

It will thus be seen that of the eight sounds heard at the above-

described four points in the praecordial region to six only is a

proper point of origination assignable : at each of the auricido-

ventricular valves one (systolic) sound is produced ; in the aorta

and pulmonary artery arise two sounds, one systolic and one

diastolic; the second ventricular sound is merely the transmitted

second arterial sound.
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These views regarding the parts at which the heart-sounds

are developed, first announced by Rouanet and accepted (with

some modification only with respect to the first arterial sound)

by Skoda, have been almost universally adopted.
The diagnostic interpretation of the presence of the normal

cardiac sounds is simjjii/ this,
—that all tJie valves are faithfully

executing their normal functions, and that therefore there is no

obstacle to circulation icithin the heart itself But the satisfactory

performance of their functions does not necessarily imply the

absolute anatomical integrity of the valves themselves
; slight

changes may nevertheless exist, and these are not unfrequently
found on examining the bodies of individuals in whom the cardiac

sounds during life were perfectly clear.

Physiological and Pathological Variations in the Character

OF THE Heart- Sounds.

The sounds of the heart naturally present so much diversity of

character, and pass from the domain of health to that of disease

by stages so insensible, that it is frequently only by calling to our

aid such other signs as are furnished by an exhaustive examina-

tion of the organs of circulation, that it can be determined

whether or not these changes in the sounds are really due to

anatomical lesion of the heart itself. These alterations afi'ect

the intensity, the purity, and the Vnnhrc of the sounds ;

reduplication or division of the sounds comes under the same

categorv.•D"

The Intensity of the Heart-Sounds

is very difterent in different individuals, even in the total absence

of any excitement of the heart's action. The sounds are some-

what louder in the erect than in the recumbent posture^ and are

still more accentuated when decubitus is on the left side ; they

also acquire greater intensity during expiration and in the respi-

ratory pause, as in inspiration the margins of the lungs creep

forward and cover the heart and so prevent the free conduction

of its sounds to the surface. The strength of the cardiac sounds

is also considerably modified by the thickness of the thoracic

parietes ; other things being equal the sounds are therefore

louder in children and in those who are emaciated than in persons
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having large muscles and an abundant covering of fat over the

chest. They are further intensified by everything which increases

the force of the heart's contractions,
—mental excitement, physical

exercise, the febrile state
;
in these circumstances all the sounds,

both those connected with the ventricles and those emanating

from the vessels, are alike influenced.

Intensification of only one of the diastolic arterial sounds,

however, caused by hypertrophy of the heart, is very frequently

observed, either in the region of the aorta or of the pulmonary

artery. To determine whether there is actually any exaggeration

of either sound it is only necessary carefully to compare the one

with the other. Normally the second aortic sound is a very little

louder than that of the pulmonary artery. Under pathological

conditions the second sound at the two great arterial orifices

varies in strength within very wide limits
;
the reinforcement

of the sound may even be so considerable that the diastolic recoil

of the blood against the semilunar valves, which gives rise to the

sound itself, may be perceptible to the hand or to the eye as a

distinct pulsation in the superficial parts corresponding to the

situation of these vessels (see p. 238).

Hypertrophy of the left ventricle, from whatever cause arising,

(excepting only that form which results from aortic insufficiency,

as in such circumstances no sound is produced, but a diastolic

murmur), intensifies the second aortic sound.

An intensification of the second pulmonary sound is the neces-

sary consequence of hypertrophy of the right ventricle, to what-

ever cause the latter may be due, with the exception of those

exceedingly rare cases in which the enlargement is connected

with insufficiency of the pulmonary valves, when the diastolic

sound is suppressed and replaced by a diastolic murmur. The

most notable increase in the loudness of this sound takes place

in hypertrophy of the right side of the heart from mitral insuffi-

ciency or stenosis of the mitral orifice, or from a combination of

both lesions ;
it is as a rule more marked in the young than later

in life.

The degree to which the second pulmonary or aortic sound is

exaggerated in intensity is generally directly proportionate to the

enlargement of the corresponding ventricle.—When, from fatty

degeneration of the muscular substance of the heart, the con-

tractile power of the hypertrophied ventricle begins to fail and to
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'

be inadequate to fully compensate for valvular defects, the

I strength of the second arterial sound also diminishes.

i It was Skoda who first drew attention to exaggeration of the second

"pulmonary arterial sound as a positive and unerring indication of mitral

valvular lesion (in the stage of compensation). The same phenomenon
is observed, though less strikingly developed, independently of defect of

the mitral valve, in every variety of congestion of the pulmonary circula-

tion, as this commonly leads to hypertrophy of the right heart {ej/., bron-

chial catarrh of long duration accompanied by vesicular emphysema).
;

It is in mitral affections, however, that it is found in its most marked

I
form, as in such cases the consecutive hypertrophy of the right heart

I reaches its maximum.
I The increased loudness of the second arterial sound is the more dis-
'

tinctly audible the fewer and the less important the obstacles to the

transmission of the sounds to the walls of the chest
;

it is thus, other

things being equal, most declared when the anterior border of the lung
I
recedes and exposes entirely the base of the heart, as so often happens

' when the heart is very considerably hypertrophied in young persons,
the base of the organ being then in immediate contact with the front of

the chest. If, on the contrary, the heart be completely closed in by

i pulmonary tissue, whether from adhesion of the anterior margin of the

lung in such a manner that it cannot retreat or from emphysematous
distension, the second pulmonary arterial sound may be of merely its

normal strength notwithstanding the presence of very decided hyper-
i trophy of the right side of the heart.—It is further a common experi-

ence to find this sound of greater intensity when the upper lobe of the

left lung is consolidated and excavated, and that without any enlarge-
i ment of the right heart

;
the first pulmonary sound then also appears

to be somewhat louder than the first aortic sound. In such cases, how-

ever, the pulmonary sounds are not in reality louder than those originat-

ing at the aortic valves, they are merely carried to the surface with greater
! precision through the solid lung parenchyma. Moreover, in those in-

stances in which the consolidated portion of lung shrinks in volume a

, large part of the base oftlie heart lies immediately behind the thoracic wall.

j
Exaggeration of the second arterial sound is of much less frequent

occurrence in the aorta than in the pulmonary artery, as simple and

uncompUcated hypertrophy is less common on the left side than on the

'

right, and as, further, it is precisely in the affection which most often
'

causes enlargement of the right ventricle,
—aortic insufliciency,

—that
'

the diastolic sound is masked by a diastolic murmur. Almost the only
: disease of the heart, therefore, which results directly in hypertrophy of

' the left ventricle and intensification of the second aortic sound is simple

j

contraction of the aortic orifice unattended by lesion of the aortic valves,
'—a condition which is on the whole seldom met with. The most ex-

iquisite examples of exaggeration of the second aortic sound are observed

[in hypertrophy of the left heart from atrophy of the kidneys or arterial

Sclerosis, as in these cases the valves and the orifice of the aorta remain

(perfectly normal.
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Enfeeblement of the Sounds of the Heart.

This is frequently noticed, ^Yithin physiological limits, in per-

fectly healthy persons and in those whose chests are protected

by a thick covering of fat. Pathologically it proceeds from one

of three causes : from the mere feebleness of the heart's action,

—in cases of general debility, therefore, in convalescence from

severe acute diseases, and in fatty degeneration of the cardiac

muscular substance ; from the presence of some obstacle to the

clear transmission of the heart-sounds to the chest-wall, as when

the margin of an emphysematous lung comes in front of the

heart, and when the latter is separated from the thoracic parietes

by pleuritic or pericardial effusion ; or from masking of the

sounds by loud rales in the adjoining parts of the lungs.

All the cardiac sounds are weakened in the conditions just

named. But there are also cases of cardiac valvular lesion in

which the second arterial sound alone is effected
;

the sign,

however, is of no great diagnostic importance. Thus, the

partially-filled state of the aortic system which accompanies

extensive and advanced mitral disease (insufficiency and stenosis)

leads to enfeeblement of the second aortic, sound ; and in the

rare cases in which the tricuspid valve becomes incompetent the

diminution in the quantity of blood in circulation in the pul-

monary system lessens the intensity of the second pulmonary
arterial sound.

Heart-Sounds altered as regards their Purity.

The sounds of the heart, particularly the systolic ventricular

sounds, are frequently neither so accentuated nor so markedly

flapping in character as those heard in health
; they become

impure, and in extreme instances lose more or less completely

the qualities of a sound proper, so much so that one is sometimes

in doubt whether to regard them as sounds or murmurs. Sounds

of this doubtful kind often merge into unmistakeable murmurs

when the heart is excited to more powerful action.

The slighter degrees of impurity of the sounds may have their 1

origin in comparatively unimportant changes in the auriculo-

ventricular and arterial valves ;
thus a merely trifling diminution

in the structural delicacy of the valves, a slight thickening of
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their substance, perhaps also the want of absolute uniformity
of tension and vibration in the various valvular segments, and
other similar but not yet thoroughly known conditions, may be

sufficient to produce such a result.

Imjniriti/ of the Sounds, when not associated with other cardiac

anomalies, particularly with changes in the cardiac impulse or

in the volume of the heart, has not usually any special diag-
nostic value.

Heart-Sounds of Ringing, Metallic Quality.

These are observed when air gains access to, and accumulates

in the pericardium {'pneumopericardium) ,
in left pneumothorax,

and when there are large air-filled cavities in those parts of the

lungs which are in immediate proximity to the heart. In all

these cases a metallic timbre is added to the heart-sounds, by
consonance in the air-spaces through which they are conducted

(compare the metallic respiratory murmur and rales, pp. 139, 156,
et seq.).

The heart-sounds acquire a ringing metallic timbre of the most ex-

quisite quality in pneumopericardium. The air may enter the peri-
cardial sac from without through wounds, or from within through
pathological communications established between parts containing air

and the sac, as from perforation of the oesophagus or stomach, or the

bursting of a pyopneumothorax or pulmonary cavity into the pericar-
dium, or, as in one case I saw in Traube's clinique, the gas may be

given off by a pericardial exudation.

In left pneumothorax the sounds have not invariably the metallic

character
;

it is wanting particularly when the heart is much displaced
towards the right side. The amount and tension of the air in the

pneumothoracic cavity modify this sign in many ways. It is only under

specially favourable circumstances also that pulmonary cavities situated

near the heart communicate to the sounds a metaUic timbre.

Whilst in the pathological conditions just mentioned all the heart-

sounds have the ringing quality, in cases of atheromatous degeneration
limited to the initial portion of the aorta the second aortic sound alone

is frequently of this character, so long as the valvular segments at the

root of the vessel remain perfectly intact.

Reduplication or Division of the Heart- Sounds.

The systolic and diastolic sounds may each be broken up into

two distinct parts; if these be separated from each other by a short

ipause they may be spoken of as reduplicated cardiac sounds, or if

! T 2
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the one passes into the other without any appreciable interval, as

divided sounds. Reduplication and division, however, are terms

which are generally used synonymously, as both forms commonly

owe their existence to the same causes, and are apt to pass

insensibly into each other even in one and the same patient. For

instance, the pause which comes between the two elements of the

sound disappears when the heart's action is accelerated, and the

properly double sound becomes a divided sound. The closer the

two parts approach to each other the less clear and pure is the

quality of the sound. The rhythm of the heart-sounds when

the first is reduplicated is auapsestic, when the second sound is

so affected, dactylic—In some rare cases the sound falls into

three very short portions.
—Division of the first ventricular

sound is relatively most frequent, the next most common pheno-

menon of this kind being doubling of the second arterial sound.

Reduplication of the first ventricular sound occurs in perfectly

healthy persons, but is then never permanent,
—it comes and goes,

disappearing entirely as the force and rate of the heart's action

are increased. It is noticed temporarily also in diseases of the

heart, but cannot be said to be characteristic of any particular

affection. It is connected sometimes with mitral and sometimes

with tricuspid disorder, and most probably originates in non-

synchronous tension of the individual segments of the auriculo-

ventricular valves. This explanation does not necessarily involve

the assumption of the non-simultaneous contraction of the ven-

tricles, though such an occurrence is not impossible in certain

cases, marked by a double cardiac impulse (see p. 208) ;
the

irregularity in tension of the valvular segments may quite justifi-

ably be ascribed to the absence of perfect uniformity in the

contraction of the papillary muscles. "When the heart begins to

act more poiverfully these muscles contract regularly and ener-

getically, the tension of the valves with which they are connected

becomes uniform, reduplication of the sounds vanishes, and the

two sounds become one.

Two other explanations, much less probable than the one here adopted,

have been advanced to account for doubling of the first sound.

1. It is explained by some on the supposition that the tension of the

arterial walls produced by the entrance of the systolic blood-wave is

later in point of time than the tension of the auriculo-ventricular valve.

But in the first place, the interval which separates these two phenomena
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is SO exceedingly short that the formation in this way of two systolic
sounds, often marked oft' from each other by a veiy appreciable pause,
is scarcely possible ;

and in the second place, even in health there is

always such an interval, though it is not directly measureable, between
the systole of the heart and the expansion of the aorta and pulmonary
artery, whilst the occurrence of a double first sound is far from common
and is only periodic in those in whom it does appear.

2. Eeduplication of the first sound has further been said to be due
to the non-simultaneous contraction of the two ventricles, a similar

irregularity being thus established in the tension of the mitral and

tricuspid valves. But in these circumstances the second arterial sound
should also always be doubled, for if the ventricles do not contract in

concert arterial expansion, and consequently the diastolic closure of the
semilimar valves, should likewise be non-simultaneous. Moreover, both

portions of the divided systolic sound are exactly alike in intensity and

timbre, which would not be the case if they were propagated from dif-

ferent ventricles. And lastly, this theory fails entirely to explain those
rare cases in which the fii'st sound is spUt up into three parts (trom-

mehchlag, drum-beat).
In view of the fact that reduplication of the systolic sound of the

heart is not very rare even whilst the organ itself is healthy, no very
decided diagnostic signification can be attached to the sign. I have on
several occasions observed that it could be artificially produced by
pressing firmly over the apex of the heart in those in whom there was

already some impurity of the first sound. Potain has also, in cases of

hypertrophy of the heart consequent on granular atrophy of the

kidneys, met with a variety of double first-sound iljniit de galop) ia which
besides the two normal sounds a third was heard, coming immediately
before the first sound and separated from it by a short pause ;

this

additional sound was therefore presystolic. It is quite conceivable that

this presystolic sound, which I too have noticed in a number of

instances of hypertrophy of the heart, is caused by the contraction of

the h}qDertrophied auricles. The auriculo-ventricular valves are to a

certain extent rendered tense even at the end of the diastole, that is,

in the presystole, but this tension is normally so feeble that no sound
results

;
but if the walls of one of the auricles undergo hypertrophy as

the consequence of some valvular lesion, the corresponding auriculo-

ventricular valve is put more sharply and thoroughly on the stretch by
the contraction of the aui'icle and in this way the conditions necessary
to the production of a presystolic sound are realised. The systole of

the heart is then followed by another sound, dependent on the much
fuller tension of the valve, and considerably louder and clearer in tone

than the presystolic sound in question.
— I have frequently heard

doubling of the fii'st sound associated with a systolic murmur
;
occa-

sionally also I have observed this sign at once develope iuto a marked

systolic murmur when the heart's action was increased in force.

Reduplication or division of the second arterial sound, audible

over the aorta and pulmonary artery, occurs sometimes physio-
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lo"-ically, but more generally as a pathological condition. Its

cause is non-simultaneous closure of the imhnonary and aortic

valves. The two diastolic arterial sounds therefore do not

coincide with each other, and one of the two heard over either of

the arteries is thus invariably conducted from the other vessel. It

is, nevertheless, not unreasonable to suppose that certain ana-

tomical changes in the semilunar valves might cause the tension

of these structures to take place in two distinct movements, and

thus give rise to division of the second sound ; this assumption

would explain those cases in which the reduplication is confined

to the sound proceeding from only one of the arterial orifices,

while that arising at the other is either simple and undivided or

very much enfeebled in its second element.

Keduplication of the second sound occurs most often, and is

most fully developed, in stenosis of the mitral orifice. In my

experience it is heard in almost a third of all such cases. It

is most clearly defined over the lower portion of the sternum and

near the apex of the heart, and is less pronounced in the region

of the arterial orifices ; it is, further, generally appreciable only

when the heart's action is slow and tranquil, while if the heart be

excited to quicker and more vigorous contraction the tw^o sounds

usually merge into a diastolic murmur : in some cases, however,

they persist, notwithstanding the appearance of this murmur.

The double diastolic sound associated with mitral contraction

remains tolerably constant, and always returns even after a

temporary disappearance.

Reduplication of the second sound of the heart in mitral stenosis is

difficult to account for satisfactorily. Geigel ascribed it to non-coin-

cidence of the closure of the arterial valves, the necessary consequence
of the unusual difference in the quantity of blood contained by the

aorta as compared with that in the pulmonary artery in cases of this

affection
;
the aorta receives a relatively small quantity of blood on

each contraction of the heart, is therefore but slightly distended, and

accordingly contracts sooner than the pulmonary artery and its valves

are sooner closed than those at the entrance to that vessel
;
the latter

also is constantly overloaded with blood discharged by the hyper-

trophied right ventricle and is thus unduly distended, and its walls

are eventually to a considerable extent deprived of their elasticity.

There are several circumstances, however, which seem to tell

decidedly against this view : the broken diastolic sound is (so far

as I have observed) certainly not loudest over the large vessels, but at

the lower part of the sternum and near the apex of the heart, and is,
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further, absent in the more marked cases of mitral contraction, pre-

cisely the cases in which the conditions most favourable to the post-

ponement of the closure of the pulmonary valve are present in the

highest degree ;
division of the diastolic sound, also, is never met

with in mitral insufficiency., notwithstanding the fact that it is followed

by the same consecutive changes (hypertrophy and dilatation of the

right ventricle, engorgement of the pulmonary circulation) as stenosis.

It appears rather that the reduplication of the second sound originates

at the narrowed orifice itself, as it so often vanishes completely on

increasing the force of the heart's action, and gives place to a loud

diastolic murmur ;
there is therefore nothing forced in the inference

that the two elements of the phenomenon in question, which form a

sound which is always more or less muffled or impure, are in reality

the component parts of a murmur.—It has also been conjectured, on

the other hand, that the first part of the divided sound is simply the

diastolic pulmonary sound, and that the second is produced, towards

the end of the diastole, by the contraction of the hypertrophied left

auricle,
—a theory which would yield a plausible explanation of those

cases in which the reduplication remains even when the diastolic

murmur is developed.
A doubled second sound is heard also when the pericardium becomes

adherent to the heart (Friedreich) ;
here the posterior wall of the chest,

being first dragged inwards towards the vertebral column during the

cardiac systole, springs back sharply to its original position during

the diastole, the parietal vibrations so generated constituting a dull

muffled sound following closely on the second ventricular sound.

Cardiac Murmurs.

The murmurs heard over the heart, in pathological conditions,

arise either within the heart or the initial portion of the great

vessels, or outside the heart, on its outer surface ;
the first are

named endocardial, the second j^ericardial, murmurs.

Endocardial Murmurs.

These are produced,
1. By those anatomical changes in the valves or arterial coats

which give rise to incompetence of a valve, to contraction of a

valvular orifice, or to dilatation of the roots of the great vessels,

lesions which all cause some obstruction of the circulation;

occasionally, however, they are produced also by anatomical

changes which offer no impediment to the passage of the blood,

such as the presence of deposit on the endocardial lining of the

ventricles, &c.

2. By non-uniformity in the tension of valves and arterial

walls, the anatomical structure of the heart being perfectly normal.
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Murmurs dependent on the existence of actual obstruction of

the circulation are termed organic murmurs, those occurring

independently of such obstacle, and in a heart in no way altered

in structure, inorganic murmurs.

Organic murmurs arise from oscillation (a whirling, eddy-like

motion) of the hlood-current, caused by the obstruction which

embarrasses the circulation.

The physical cause of this oscillation in cases of stenosis of

any of the cardiac orifices (arterial or venous) is the abnormal

force with which the mass of blood is driven through the

narrowed aperture ;
in valvular insufficiency it depends on the

circumstance that a part of the blood on the further side of the

affected valve regurgitates through the partially-closed opening

{e.g., from the left ventricle into the left auricle in mitral insuffi-

ciency, from the aorta into the left ventricle in aortic insufii-

ciency), the backward wave thus coming into collision with the

onward current ;
a similar movement takes place within aneuris-

mal tumours of the aorta, the column of blood within the sac

being thrown into commotion by each successive systolic blood-

wave. All murmurs established in connection with disturb-

ance of the circulation from organic causes, are thus primarily

murmurs ijertaining to fluid,- unquestionably, however, these

movements are often communicated also to the degenerated

valves, and the murmurs are in this way greatly intensified.

Some anatomical alterations also, which do not present any hin-

drance to the transit of the blood, such as abundant and thick deposit
on the inner surface of the ventricular walls, small tumours, &c., may
occasionally give rise to murmurs

;
in this case, as in the others, they

are to be referred to some commotion in the blood-stream.

Impediment to the circulation takes no share in the causation

of inorganic murmurs ; they are attributable solely to irregular,

non-uniform vibration of the valves and arterial walls. Uniform
vibration yields sounds, non-uniform vibration, murmurs (see

p. 287).

Endocardial murmurs are always exactly synchronous with

one or other of the two phases of the heart's movement, and are

therefore either systolic or diastolic, or both, according as. the

embarrassment of circulation occurs only in the systole or in the

diastole, or in both.
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It is generally a matter of no difficulty to determine whether

murmurs are systolic or diastolic, this being accomplished

by noting the relation they bear to the cardiac impulse :

systolic murmurs coincide with the apex-beat, diastolic murmurs
come directly after it. But when the heart's action is very

irregular (as is frequently the case in mitral valvular lesion when

compensation begins to fail, and after the use of digitalis) or

tumultuous, or so feeble that pulsation is no longer perceptible
to the touch, the rhythm of the murmur can be ascertained by

placing the finger on the carotid artery, the throb of which is

synchronous with the impulse of the heart. Palpation of the

radial artery is not to be trusted to for this purpose, as the pulse
at the wrist is appreciably later than the heart's contraction.

Systolic murmurs are further commonly distinguished from dias-

tolic murmurs by being more accentuated, and usually also louder,

as the force under the influence of which they originate is that

supplied by the muscular contraction of the heart itself; diastolic

murmurs, on the other hand, are generally prolonged and not

accentuated.

Endocardial murmurs, both systolic and diastolic, are very
xsiriahle in character ; they are usually blowing or softly aspirated,

but may also be of a rustling, sawing, scraping, grating, whist-

ling, or singing quality. Not unfrequently a murmur presents
several of these peculiarities simultaneously.
None of the properties just mentioned possesses any differen-

tial diagnostic signification ; though the differences in the mur-

murs are m part due to the special form of degeneration in which

the valves or the structures round the cardiac orifices are involved,

all the various diseases to which these parts are subject set up
the same hindrance to the circulation, .and it is only the latter,

the nature of the obstruction, that is the proper object of

diagnosis.

The intensity of murmurs is as variable as their quality.

Sometimes they are so faint and soft that they are recognized

only after long and attentive examination and by eliminating the

respiratory sounds (causing the patient to suspend respiration) ;

at other times they are so loud as to be heard not only in the

prsecordial region but also over the whole anterior, and occa-

sionally also the posterior surface of the chest. In the latter

case they may be audible even to the patient himself, and the
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examiner may hear them while his ear is still a short distance

from the chest-wall. Such a pitch of intensity is reached only

by systolic, never by diastolic murmurs.

Amongst the conditions which influence the intensity of a

murmur the most important is the energy of the heart's action.

The more violent the whirling movement of the blood-stream at

the degenerated valves or contracted orifices the louder the

murmur so produced. A murmur, therefore, which is scarcely

audible while the heart contracts quietly and regularly, may be

transformed into one of a loud and distinctly-marked character

when the action of the heart is exaggerated (as by walking

rapidly or raising the arms frequently), and murmurs which

before had no existence may by this means be at once developed.

This sudden springing into notice under excitement is particu-

larly characteristic of diastolic murmurs at a contracted mitral

orifice, these, under ordinary circumstances, often entirely

escaping the ear (see p. 289). Murmurs may also frequently be

intensified by pressing firmly with the stethoscope on the surface

of the chest in examining.
—When the muscular power of the

heart diminishes, especially from fatty degeneration of the

cardiac substance, at the stage in which compensation fails,

murmurs become weaker and sometimes almost completely

disappear.

In those cases in whicli the murmur has its origin in some obstacle

to the free passage of the blood the heart generally contracts with

greatly increased vigour, as the right or left ventricle undergoes a certain

amount of hypertrophy to enable it to overcome the difficulty with

which it has to contend in keeping up the circulation. Such murmurs

are accordingly usually loud. Inorganic systolic murmurs, on the con-

trary, not being caused by obstruction to the blood-current but merely

by irregular vibration of the valves and arterial walls, conditions which

never lead to hypertrophy of the heart, are almost invariably weaker

than those determined by organic change.

The intensity of the murmur is by no means invariably pro-

portionate to the gravity or extent of the anatomical lesion to

which it is due; it not unfrequently happens that on post mortem

examination very slight changes are found in the valves of those

who, during life, had presented a very loud murmur, and vice

versa. For example, the intensity of the systolic murmur

resulting from degeneration of the whole extent of the mitral

valve is not necessarily greater than that generated when the
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valve is still in imrt intact. Only such murmurs as proceed
from a constricted orifice show any correspondence in intensity

with the degree of contraction present.
—On the other hand, the

nature of the degenerative process which has taken place in the

valves and orifices occasionally, but not always, has a marked

influence on the strength of the murmur
; very hard excrescences

excite a louder, rougher murmur than a soft deposit.
—

Finally,

all murmurs are louder when the patient stdjids or sits than

when he is recumbent
;

in the latter position indeed the softer

murmurs are sometimes entirely suppressed.

The duration of a murmur is very different in difterent cases ;

in some instances it is short, in others it takes up the whole of

the systole or diastole, while if both periods of the cycle be

occupied by murmurs the latter may be so prolonged as to leave

scarcely any appreciable pause between them.

In general organic murmurs are of considerably longer dura-

tion than the normal sounds of the heart, as the latter arise

simply from the short, transient tightening of the valves, while

the former are produced during the whole of the time that the

whirling commotion of the blood-current lasts. This is true

especially of the diastolic murmurs ; the ordinary diastolic

sounds are heard only at the commencement of the diastole, but

the murmurs often continue to near its end ;
in another class of

cases, however, such murmurs appear only towards the close of

the diastole.

For this reason the pauses observed between the sounds of the

heart have been by some subdivided, the interval which elapses

between systole and diastole being designated perisystole, while

that which comes between the diastole and the following systole

is divided into two parts, of which the first is termed the peri-

diastole, the second, which shortly precedes the systole, the }ve-

systole (Gendrin). This classification, except for the fact that it

recognises the importance of the presystole, which will be found

more minutely discussed on p. 290, is of no particular practical

value, as it is not on the longer or shorter duration of a murmur

that the diagnosis of any valvular or other anatomical lesion

rests, but simply on the existence of the murmur as the prime fact,

on the exact point in the cardiac cycle (in the systole or in the

diastole) at which it makes its appearance, and on the consecutive

changes found in the heart.
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The normal heart-sound is either completely lost in, or still

remains audible along with the murmur, systolic or diastolic,

which accompanies it. This sound, when associated with a

systolic murmur, is either synchronous with it or immediately
antecedent to it ; it is sometimes louder, sometimes feebler, than

the murmur, and is always of shorter duration. If such a sound,

accompanying, for instance, a systolic murmur at the apex,

presents any decided difference in intensity and timbre from the

systolic sound of the right ventricle, it is obviously not to be

regarded as propagated from the latter, but as being produced

independently at the mitral valve. The diagnostic significance

of a sound of this kind, coinciding with a systolic mitral mur-

mur, is that a portion of the valve in question is still functionally

perfect, capable of entering into vibration and of complete
closure.

As at the apex (mitral valve) so over every other part of the

heart, a systolic murmur may be attended by a systolic heart- .

sound, and the latter, when not traceable to transmission from

some other valve, points to the conclusion formulated above,
—

that the corresponding valve or arterial wall is still to some
extent anatomically intact and susceptible of vibration.

A diastolic sound often mingles with diastolic murmurs, but

generally only at their outset
;
this applies almost exclusively to

the murmur heard in aortic insufficiency, when the presence of

the sound, as in the other cases just mentioned, shows the

partial integrity of the valve concerned.

The louder and rougher the systolic murmur the greater the difficulty
in hearing the systolic sound which possibly accompanies it, as the
sound is masked and altered by the murmur. This may be obviated,

however, by withdrawing the ear a little way from the stethoscope,
when it will be found that the murmur is thereby rendered weaker,
while the sound, on the contrary, becomes clearer and stronger (Rapp
and Gendrin). Friedreich advises, for the attainment of the same end,
that the larger end of the stethoscope be displaced somewhat from its

usual situation over the ear, in such a way that it covers only a

portion of the external auditory meatus, causing all sounds passing
through the instrument to be conducted through the bones of the
head. I have had many opportunities of convincing myself of the

great utility of both of these methods in enabling one to distinguish
clearly the sounds of the heart.

A systohc sound associated with a systolic murmur, heard at the apex
of the heart and of a moderate degree of loudness, distinctly diiferent
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in timbre from the s^ystolic sound proceeding from the right ventricle,

and therefore evidently not a sound transmitted from the right side of

the heart, must necessarily be regarded as originating at some part of

the mitral valve still untouched by degenerative change. The only ex-

ception to this general rule is seen in those very rare cases in which,

as has been proved by post mortem examination, a sound is heard

while the valve from which it seems to arise is totally disorganised ;

it is these cases only which are entitled to be considered instances of

inuficular heart-sound, I have, moreover, met with a not insignificant

number of cases of systolic murmur in which no trace of systolic sound

could be detected, even by the aid of the various methods of auscultation

just described.

Systolic murmurs are not invariabhj dependent on structural

cliange within the heart (the exceptions are given on p. 28G) ;

diastolic murmurs, on the contrary, never occur save as tlie result

of anatomical lesion.

The changes which give rise to systolic murmur are, on the

left side of the heart, insufficiency of the mitral valve, contraction

of the aortic orifice, atheromatous degeneration and aneurism of

the ascending aorta ; on the right side of the heart they are due

to tricuspid insufficiency and narroiving of the mouth of the

imlmonary artery.

Nevertheless systolic murmurs, really emanating from the auriculo-

ventricular valves or the arterial orifices, may exist without insufficiency

or stenosis of these parts, merely from the presence of a somewhat

abundant pathological deposit on their endocardial surfaces ;
in such

circumstances all the consecutive changes in the heart, observed to

follow insufficiency and stenosis, are wanting. Thus, when the mitral

valve is roughened by deposit, idtlwut hcinii thereby rendered ineom-

petent, there is no hypertrophy of the right ventricle, and when the

aortic orifice is similarly affected, without stenosis, there is no hyper-

trophy of the left ventricle, &c. A deposit on the inner surface of the

ventricular walls also may, if it project far into the cavity, cause a

systolic mm'mur.

The anatomical alterations which give rise to diastolic mur-

murs are contraction of the auriculo-ventricular orifices and

incomiietence of the arterial valves. It is the mitral orifice

which is most frequently the seat of stenosis, and the aortic

valves that are most often incompetent ;
the same anomalies

on the right side of the heart are, on the contrary, extremely

rare.
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These anatomical structural modifications, whieli consist usually of

the deposition of lymph and the formation of excrescences on the

valves and arterial orifices, atrophy or shrinking of these parts, adhesion
of the vahiilar segments to each other or to the endocardial lining of
the heart, &c., are always the sequelas of a previous attack of acute
or chronic endocarditis.

Inorganic (Accidental, Anaemic) Murmurs.

Whilst, as already remarked, diastolic murmurs appear only
in connection with some actual mechanical disturbance of circu-

lation, it is one of the commonest experiences to find a systolic
murmur in a heart in which there is no valvular disease or other
anatomical lesion, that is, under normal conditions so far as the

organs of circulation are concerned. Such a murmur, in contra-

distinction to those which result from organic affection, is termed
an inorganic murmur.

Inorganic murmurs are distinguished from those of organic
origin by the following characters :

1. By their softness, feebleness, and short duration
; they are

of a gently blowing quality or softly aspirated, never harsh,

sawing, or rasping, &c.

2. By their rhythm; they are, as already noted, never diastolic*
but invariably systolic and generally attended by a more or less

marked systolic heart-sound.

3. They occur most frequently at the pulmonary orifice, next
most often at the mitral orifice, but very seldom at the aortic or

tricuspid valve. The systolic murmur is most usually limited to

the pulmonary orifice, sometimes it is heard over both it and the
mitral valve, occasionally over the latter alone, and very rarely
over both auriculo-ventricular valves and both arterial orifices.

4. They are very commonly, in chlorotic subjects, combined
ivith murmurs in the veins of the neck.

5. They are not permanent, but become feeble as the general
health improves, and ultimately disappear altogether.

SystoHc, inorganic murmurs are noticed not unfrequently in

severe acute diseases, such as pneumonia, typhus, puerperal fever,

scarlatina, small-pox, in the later stages of relapsing fever, &c.;
but it is particularly in anamic conditions that they are heard,
whether this impoverishment of the blood be due to direct loss

* Several authors state that in some extremely rare cases they have observed an
inorganic murmur diastolic in rhythm ;

I have never yet seen such a case.
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by haemorrhage (as in women who have been recently confined)

or to chronic disease leading to changes in the constitution of the

blood, (especially chlorosis, pernicious anaemia, leukaemia), to

marasmus (as in carcinoma of the various organs and in malarial

cachexia), or occasionallj' to pregnancy.

Inorganic murmurs at the mitral orifice are caused by the

unequal tension of the segments of the valve, and at the pul-

monary orifice by the unequal tension of the sides of the

artery-

This abnormal vibration (or tension) of the valves and arterial

walls is chiefly the result of slight fatty metamorphosis of the

muscular substance of the heart, more especially of the papillary

muscles, which takes place whenever anaemia becomes profound,*
When the papillary muscles, as the consequence of fatty

degeneration of their constituent fibres, contract unequally and

with less energy than in health, the tension of the auriculo-

ventricular valve with which they are connected is likewise

diminished and non-uniform
;
in this way, as in cases of dilata-

tion of the heart, a temporary relative insufficiency of these valves,

particularly of the mitral, may be produced.

The recognition of an inorganic murmur is, as a rule, com-

paratively easy, its character and seat, the general morbid con-

dition in which it seems to have its origin, and the existence of

anaemic murmurs in the veins of the neck, being usually sufficient

to establish its identity. The inorganic nature of a murmur,
however, is most conclusively demonstrated by proving the

absence of consecutive organic changes in the heart.

As an inorganic murmur (in chlorosis, for instance) may be loudest

at the apex of the heart, and as the heart's action is commonly also

increased in vigour, the first impression communicated to the examiner

may be that he has to deal with mitral insufficiency, but this hypothesis
is at once disposed of by the absence of hypertrophy of the right heart

and of any intensification of the second pulmonary sound. It is, never-

theless, quite conceivable that in certain cases in which chlorosis is

present murmurs may be generated by a rclntive insufficiency of the

mitral value.

* In animals fatty degeneration of the heart may be experimentally produced by

repeated and copious venesection (Perl) .
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Propagation and Point of Origin of Cardiac Murmurs.

When it has been ascertained simply that a murmur, systolic,

diastolic, or both, is heard over the heart, the only diagnostic
inference that can be drawn is the general one that there exists

some obstacle to the circulation of the blood within or near the

heart ; but the particular valve or arterial orifice at which it

arises can be determined only by finding that it is loudest at a

certain spot corresponding to the anatomical situation of that

valve or orifice, by fixing, in other words, its point of maximum

intensity. Wherever the murmur presents greatest intensity,

there is the centre from which it emanates ; the further the ear

is removed from this spot the feebler becomes the murmur. In

general murmurs are propagated to, and reach their maximum
intensity at, certain points according to the same laws that are

found to hold good in the case of the heart-sounds
; they are

transmitted most distinctly, therefore, towards those parts at

which the heart is not covered by lung and in the direction taken

by the blood-current. Thus, murmurs arising at the mitral valve

are loudest at the apex of the heart or immediately above it,

tricuspid murmurs are loudest over the lower 2>art of the sternum,

pulmonary murmurs in the second left intercostal sjxice close to

the sternum, and aortic murmurs in the second right intercostal

space at the edge of the sternum and over the whole length of the

body of that hone,

1. Mitral Murmurs.

Systolic murmurs originating at the mitral valve, whether that

structure be functionally competent or not, are almost always of

maximum intensity at the apex of the heart, while at that point
beneath which the valve really lies they are but faintly audible,
as the heart is there sheltered behind a layer of pulmonary tissue.

Even in those cases in which the base of the heart is not so

covered over by lung, whether this be due to retraction of the

anterior border of the lung from hypertrophy and dilatation of

the right heart or to the presence of pulmonary condensation

complicating the cardiac lesion (a very rare circumstance), the

murmur is still loudest at the apex, the cases being very ex-

ceptional in which it is of greatest intensity over its point of

origin, that is, in the second left intercostal space. The results
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of post mortem examination warrant us in attributing the last-

mentioned phenomenon, when it does occur, to hypertrophy of
the left auricular appendix, as this part of the auricle, when much
enlarged, comes into immediate contact with the anterior wall of

the chest (Naunyn) ; thus, as in every case of mitral insufficiency
the systohc regurgitant current of blood, rushing from the left

ventricle, enters not only the corresponding auricle but penetrates
also to its appendix, (the cavities of both parts being continuous),
the further the latter passes round the pulmonary artery and the

nearer its apex comes to the anterior chest-wall, the more favour-

able are the conditions presented for the propagation of the

mitral murmur through the left auricle into the appendix and
thence to the thoracic parietes.

Naunyn based his opinion that the abnormal intensity of this murmur
I

in the second left intercostal space is really caused by hypertrophy of

i

the left auricular appendix on a simple experiment : he found that if at

j

the spot at which the murmur was loudest during life a slender needle
I be thrust perpendicularly into the chest it pierces the appendix exactly
! at the part at which it turns round the pulmonary artery and comes
forward towards the anterior surface of the heart.

The diastolic murmur arising from stenosis of the mitral
; orifice is always loudest at the apex of the heart and in the

region immediately adjoining it towards tbe right ; it is trans-

mitted, therefore, in the direction of the blood-stream, as it is

produced by the commotion of the latter in passing from the left

auricle into the ventricle.

But this murmur, apart from the circumstance that it presents
its greatest intensity at the apex, is marked by one very distinctive

! feature by which it may be known from the other diastolic mur-
murs heard over the heart, particularly from those emanating
from the aortic valves : it is not of precisely the same quality

throughout the whole period of its duration, but is generally
divided into two, sometimes even three portions, which are not

indeed separated from each other by any very appreciable pause
but which differ very strikingly in character and in the rapidly

increasing loudness of the murmur from its commencement
to its end. Thus, while the murmur is at first feeble and

soft, it speedily becomes louder and towards the end of the

diastole is usually rough, rasping, or grating in quality.
—

1 Frequently, also, in cases of mitral contraction no mnrmur what-
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ever is audible over the apex of the heart at the beginning of the

diastole, this being developed only at the end of the diastole,

immediately before the systole ;
it is accordingly in such circum-

stances named a ijresystolic murmur.

That the murmur is so often absent at the commencement,
and is developed towards the end, of the diastole, that is, in

the presystole, is j)robably to bo explained in the following

way : when the heart is at rest in the diastole the pressure

on the blood flowing from the left auricle into the ventricle is

very low, and if the valvular orifice be not excessively contracted

and its walls not very rough the blood-stream encounters no

resistance in its passage through it, and therefore no murmur is

set up ; but when, just before the contraction of the ventricle, in

the presystole, the auricle contracts, the onward current into the

ventricle is suddenly quickened, the pressure at the narrowed-

auriculo-ventricular opening is considerably increased, the blood

is thrown into commotion and a murmur is of necessity produced.
In like manner the presystolic murmur may be intensified, and

a true diastolic murmur, coming shortly before it, may be called

into existence, by exciting the heart to more forcible contraction.

In such cases, therefore, there is generated a murmur which

occupies the icholc of the diastole, but which, as it is added to

and rendered louder in each presystole, is composed of two dis-

tinctly recognisable parts.

As stenosis of the mitral orifice is almost invariably compli-
cated by insufficiency of the mitral valve, the diastolic-presystolic

murmur generally passes at once into the systolic murmur result-

ing from that insufliciency ; the latter is often accompanied by
a short dull systolic heart-sound when the valve at any part still

preserves enough of its normal structure to enable it to enter

into vibration.

Sometimes in stenosis of the left auriculo-ventricular orifice the

diastolic or presystolic murmur disappears entirely when the heart is

acting quietly, and is replaced by a double diastolic sound, which is

immediately converted into a diastolic murmur when the force of the

heart's contraction is increased (compare p. 278).
—The diastolic

valvular sound also, proceeding from the arterial orifices and propa-

gated downwards towards the apex of the heart, is commonly heard

along with the diastolic or presystolic murmur.
The long duration of the diastole, which in cases of mitral stenosis

is owing to the slow filling of the ventricle, explains the long duration
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of the diastoUd murmur as compared with the sJiortness of the systolic
sound or, when the stenosis is comphcated by insufficiency, of the

systolic murmur.

2. Aortic Murmurs.

Murmurs originating at the aortic orifice, at the aortic valves,

and beyond them in the ascending aorta are, like the normal

arterial sounds, conducted with greatest intensity in the direction

taken by the blood-stream, and are therefore frequently very
loud and distinct in the second right intercostal space at the

sternal insertion of the third right costal cartilage ; they have

the same intensity, however, over a large j^art of the sternum, and

are indeed often louder over that hone than at the point just

mentioned. It is essential, therefore, in investigating any case

of aortic disease, that the ivhole of the sternum should be care-

fully auscultated, as the murmur presents its greatest intensity

sometimes at one spot, sometimes at another, on the surface of

the bone.

The systolic aortic murmur is caused by contraction of the

aortic orifice, by rough excrescences which retard the current of

blood through it, by atheromatous disease in the initial portion of

the vessel, and by aortic aneurisms. The diastolic aortic mur-

mur arises from the regurgitation of blood from the aorta into

the left ventricle when the semilunar valves which guard the

aortic orifice prove incompetent ;
it is distinguished from the

systolic aortic murmur by its longer duration, and from the

diastolic mitral murmur (which, however, it resembles in point

of duration) in being of more uniform character
;

it is not, like

the mitral murmur, divided into several detached and dissimilar

portions, but preserves its rushing or blowing quality in full

intensity often throughout the whole of the diastole. This

peculiarity alone, apart from the situation in which it is best

iheard, is sufficient to identify it as aortic in origin.
—

Systolic

land diastolic murmurs may co-exist, and are then generally

separated from each other by a well-defined pause, though occa-

.sionally the one runs directly into the other without any such

jinterval.

3. Tricuspid Murmurs.

These are commonly loudest over the lower part of the

iternum. As they are exceedingly rare, however, the diastolic

u2
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niurmur being even rarer than tlie systolic, and as aortic mur-

murs are frequently heard with great distinctness in the same

region, the actual existence of a genuine tricuspid murmur can

be affirmed only when the consecutive signs of aortic lesion are

obviously wanting and those of tricuspid lesion (more particu-

larly the venous pulse) are demonstrably present.

4. Pulmonary Murmurs.

Murmurs emanating from the pulmonary artery are of extreme

i-arity ;
Avhen they occur they are most plainly audible in the

second left intercostal space, close to the sternal insertion of the

third rib, that is, exactly at the part beneath which the pul-

monary orifice is situated.

The difierent heart-murmurs may be associated with each

other in various ways. The commonest instance of this is seen

in the combination of two murmurs, a systolic and a diastolic, at

the same spot ;
this takes place most often at the mitral valve,

next most frequently at the aortic orifice.—The other variety of

combination is that in which viurmurs arise at two or even more

separate points within the heart. The fact that such murmurs

originate independently of each other in any given case is placed

heyond doubt by observing that they are of nearly equal intensity,

and are possibly very dissimilar in timbre, at two different points

•on the surface. If the murmur be simply systolic at one of

these and exclusively diastolic at another, it is self-evident that

it is double, owing its existence to morbid alterations at more

than one part of the heart. But even when two systolic or

two diastolic murmurs present themselves at two points in the

priecordial region the recognition of their separate origin is as a

rule very easy. As tricuspid and pulmonary lesions are on the

whole somewhat uncommon, the murmurs which are most often

combined are those proceeding from the mitral and aortic

Talves.

The occurrence of two murmurs, at two of the valves or two of the

orifices of the heart, does not affect their propagation or the locahza-

tion of their points of greatest intensity. Thus if there be a systoUc
murmur at the mitral valve and a diastolic murmur at the aortic valves,

the former, as already indicated, continues loudest at the apex, the

latter at the sternal insertion of the third right rib or over the surface

i
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of the breast-bone.—The Bumber of murmurs heard in the prnecordial

region varies with the number of valves or cardiac orifices involved in

disease. At each aiiriculo-ventricular valve and orifice two murmurs

may be generated, one, systohc in rhythm, when the valve is incompe-

tent, one, diastolic, when the orifice is contracted ;
and similarly, at

the root of each of the great arteries two murmurs may originate, one,

systolic, when the arterial orifice is narrowed, and one, diastolic, when
the valves which guard the orifice become insuificient. It is to this

that the great variety of combination into which murmurs enter in

comphcated cardiac diseases is due. I had for a long period one case

under observation, in which five diflereut murmurs were distinguish-

able, one systolic and one diastolic at each of the arterial orifices and

one systolic at the mitral valve.

Occasionally the difierentiation, particularly as regards timbre and

seat of greatest intensity, of the various mm-murs dependent on cardiac

diseases of a complex natui-e, is attended by some httle difficulty, on

account of the influence which these morbid sounds exert on each other

in being propagated through the tissues ;
as a rule, however, a con-

sideration of the other physical signs and the consecutive changes in

the heart, as well as of the condition of the cu-culation generally, is

sufficient to guide one to a safe conclusion with reference to the point

at which a murmur is produced.

The following is a resume of the physical signs connected with the

various heart murmurs.

1. Mitral Ixsufficiency.

A systolic murmur presenting its greatest intensiti/ at the apex of the

heart (the systohc sound being either completely wanting or still

heard with greater or less distinctness), hi/pert rophij and dilatation of

the right ventricle, and intensification of the second jjulmonarij arterial

sound.

2. Mitral Stenosis.

A diastolic or iiresijstoUc murmur loudest at the apex (sometimes

also, when the heart's action is tranquil, reduplication of the diustolic

sound), hypcrtropluj and dilatation of the right ventricle and intensifi-

cation of the second pichnonarij arterial sound.—"When, as is very

frequently the case, there is mitral insufficiency as well as stenosis

present, the diastolic murmur is combined with one which is systolic

in rhythm.

3, Tricuspid Insufficiency.

A s}jstolic murmur most distinct over the lower part of the sternum,

systohc pulsation of the jugular veins, and sometimes very marked

enfeehlement of the second pulmonary arterial sound (from lowering of

the blood-pressure within that vessel).
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4. Tricuspid Stenosis.

This is an extremely rare cardiac lesion, scarcely ever occurring

ahne. It is marked by a diastolic or presystolic murmur, loudest over

the lower part of the sternum, and by presystolic pulsation of the

jugular veins.

5. Stenosis of the Aortic Orifice.

A systolic vmrmur most audible in the second right intercostal space at

the sternal insertion of the third rif/Jit rib, of equal intensity over the

whole of the vppar part of the sternuvi (the first sound being absent or

still heard along with the murmur), Injpertruphy and dilatation of the

left ventricle, a very small radial 2}idse. This affection is generally

complicated by insufficiency of the aortic valves, when the signs proper
to the latter are added to the foregoing.

6. Aortic Insufficiency.

A diastolic murmur of maximum intensity over the yreater part of the

sternum and in the second right intercostal space at the sternal insertion

of the third rib ; the first aortic sound is often muffled, or superseded

by a murmur, as the entrance to the vessel is usually roughened by
structural change or deposit, and is therefore the seat of more or less

considerable narrowing. In the carotid artery the first sound is

commonly of a similar, indistinct character, or is replaced by a murmur,
the second carotid sound being absolutely wanting or masked by the

diastolic murmur transmitted from the aorta. This lesion is further

characterised by hypertrophy and dilatation of the left ventricle, and a

hounding pulse. The arterial pidse may be accompjanied by an audible

sound.

7. Stenosis of the Pulmonary Arterial Orifice.

A systolic murmur most marked in the second left intercostal space
close to the sternum ; hypertrophy and dilatation of the right ventricle.

8. Insufficiency of the Pulmonary Arterial Valves.

A diastolic murmur whose seat of maximum intensity is in the second

left intercostal space ; hypertrophy and dilatation of the right ventricle.

—Pulmonary arterial lesions are very seldom met with ;
when they do

occur both forms, stenosis and insufficiency, are most commonly
combined.

Aortic Aneurisms.

These sometimes give rise merely to systolic murmurs, or, if com-

plicated by insufficiency of the valves, also to diastolic murmurs, the

systolic sound being still audible or entirely abolished.
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The jwint of maximum intensity of aortic aneurismal murmurs

generally coincides with that of murmurs due to aortic stenosis or in-

sufficiency, the propagation and distribution of such murmurs, how-

ever, varying with the size and the precise situation of the tumour.

Thus, the murmur from an aneurism of the ascending portion of the
arch of the aorta is heard most clearly in the second right intercostal

space and over the sternum, that from aneurism of the transverse part
of the arch passing still further to the left of the sternum. All these

murmurs are frequently perceptible to palpation over a large extent of

surface. They may, however, be entirely wanting even in aneurisms
of moderate size, provided that the aortic orifice be not contracted by
very rough growths and that the sigmoid valves be still intact ;

in such

circumstances simple heart- sounds of greater or less purity take the

place of murmurs. Aneurisms of the aorta lead to hypertrophy of the

left ventricle when, as is usually the case, the aortic valves are at the

same time insufficient
;

but should the latter structures continue

capable of eflecting complete closure of the orifice the ventricle may
show no increase in size.

Pericardial Murmurs.

So long as the opposed visceral and parietal surfaces of the

pericardium retain their normal perfect smoothness, the gliding

of the one upon the other, which necessarily takes place when

the heart contracts and moves ahout in the pericardial sac, is

accomplished absolutely noiselessly. But when they are

roughened by the deposit of fibrinous exudation, as the result

of inflammation of the pericardium, the friction of the one on

the other, due to the heart's movements, gives rise to certain

murmurs, known as pericardial frictioii-miirmiirs.

The impression these sounds make on the ear is that of a

light rubbing, scratching, grating, &c., characters which alone

are generally sufficient to distinguish them from the soft blowing

murmurs of endocardial origin.

Pericardial friction-murmurs also, those at least arising on

the front of the heart, are very frequently accompanied by well-

marked /rev/wi^s which, except that it is somewhat feebler, is in

no way different from the thrill due to pleuritic friction. The

general character of this vibration is such as to suggest a very

superficial origin,
—it seems to proceed from a point immediately

beneath the chest-wall ;
as there is no palpable endocardial

murmur which bears any resemblance to the palpable pericardial

murmur in this particular^respect, attention to this sign alone is

enough to set at rest any doubt as to the origin of a murmur.
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Next in diagnostic importance to this superficial quality is

another by which pericardial may be known from endocardial

murmurs: they are not i:)ermanently synchronous iviththc systole

or diastole, hut are apt to occur irregularly in the cardiac cycle,

following at one time the systole, at another the diastole, accord-

ing to the situation of the points, on the surface of the heart, at

which the roughened pericardial membranes come into contact.

Thus, a friction-sound may be heard at the base of the heart an

instant earlier than in the region of the apex, as the contraction

of the auricles precedes the ventricular systole.
—Most commonly

both of the heart-sounds remain audible, the friction-murmur

being interposed between them. Pericardial murmurs, also, are

never propagated to such a distance as endocardial murmurs ;

sometimes at parts comparatively close to those at which they
are distinctly appreciable they become feeble or even disappear

completely.

The intensity of pericardial murmurs depends principally on

the following conditions : the amount and thickness of the

fibrinous deposit, the degree of energy with M'hich the heart acts,

the locality at which the murmurs are generated (other things

being equal, therefore, friction-sounds developed towards the

front of the pericardium are louder than the others), and the

attitude of the patient. Friction-murmurs may be caused to

disappear from one part and reappear at another by changing the

attitude of the patient and so altering the position of the heart,

the visceral and parietal surfaces of the investing membrane

being then brought to bear on each other at different points. In

the same way they may be weakened or even abolished by placing
the patient on his back, or, on the other hand, they may be first

called into existence, or intensified, when he is caused to sit or

stand or to turn over to the left side. Inspiration, when it

coincides with the contraction of the heart, has usually the effect

of increasing the intensity of the friction-murmur.

The various conditions which have been described above as

diminishing or increasing the intensity of pericardial murmurs
have no such influence on endocardial murmurs ;

a consideration

of these diagnostic indications, therefore, apart from the other

signs of pericarditis, usually enables one to recognise with cer-

tainty the pericardial nature of a murmur, even when the latter

presents a low degree of intensity.
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It is only very soft and feeble pericardial murmurs, such as com-
municate no feeling of vibration to the hand and thus T\-ant one of

their most characteristic features, that are apt to be mistaken for those

of endocardial origin ;
this happens particularly when the heart acts

irregularly and with great rapidity, when there is almost no possibility
of making a distinction between systole and diastole. But even in

such cases prolonged observation, and examination when the heart's

action is quiet, generally warrant the formation of a positive diagnosis.—No reliance is to be placed on the rule sometimes laid down, that

simple pressure with the stethoscope, which brings the two pericardial
surfaces into more intimate contact with each other, serves to dis-

tinguish between pericardial and endocardial murmurs by intensifying
the former and weakening the latter, as murmurs really taking their

rise within the heart are sometimes rendered louder by this manoeuvre,—
occasionally even a pure systolic heart- sound at the apex may, by

exercising pressure in this way, be transformed into a well-marked

systohc murmur.

Sometimes friction-sounds which diifer from each other in

some pai-ticular, but which nevertheless are of equal intensity,

are heard at several points in the prascordial region ;
such

murmurs are not produced at and transmitted from one common

point of origin, hut proceed from several distinct and separate

spots on the heart's surface.

Friction-sounds are not usually audihie throughout the whole

period that the pericarditis lasts, hut, as a rule, only at its he-

ginning and end,
—at the outset of the disease, as the amount of

exudation poured out is still comparatively small and the two

laj'ers of the pericardium are thus permitted to come into closer

relation to each other, and towards its termination, as the fluid

portion of the exudation is now absorbed and only the firm

fibrinous portion is left behind ;
but at that stage of the affection

at which the exudation is most abundant the murmur disappears,

the serous surfaces being held apart by the mass of fluid inter-

posed between them. Pericardial and pleuritic friction are thus

subject to exactly the same laws as regards the particular stage

of the disease at which they are observed.—Pericardial friction

appears earliest and most frequently at the hasc of the heart, in

the neighbourhood of the great vessels, as at this part the organ

is less freely movable than in its lower segment, and the peri-

cardial surfaces are allowed to remain longer in contact ; here

also a much more copious exudation of fluid is required to sepa-

rate the visceral from the parietal layer of the pericardium and
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SO prevent them from rubbing on eacli other. On the other

hand, friction-sounds often persist for weeks after the subsidence

of the pericarditis, but they diminish gradually in intensity as

the fibrinous deposit melts and becomes more fluid, till they

disappear altogether when the surfaces regain nearly their normal

smoothness or when the two portions of the membrane are glued

together by adhesions.

Pericardial friction-murmurs are not dependent solely on pericarditis ;

they are sometimes due to tuberculosis or cancer, ecchymoses or

callous thickening, of the pericardium, muscular tumours of the heart,

and similar affections. It is stated also that abnormal dryness of the

pericardium, in the stage of asphyxia in cholera, occasions pericardial
murmurs

;
for my part I have never observed murmurs of this nature,

though I have frequently searched for them in patients in the condition

described.

Murmurs are also sometimes caused by the presence of rough-
ness of the oute?- surface of the pericardium, when this part of

the membrane rubs against the adjoining portion of the lungs or

the thoracic parietes ; these are termed extrapericardial or

pneumo-pericardial murmurs, and are identical in character with

the intrapericardial murmurs.—Finally, the pericardium may be

perfectly smooth but may move to and fro on the roughened

pleura (in cases of Pleurisy). Murmurs (pleuro-pericardial) so

produced are usually enfeebled or even abolished by simply hold-

ing the breath
; very rarely they persist notwithstanding that

respiration is suspended. The formation of a diagnosis between

intra- and extrapericardial murmurs is possible only on taking
into full consideration all the other signs furnished by physical

examination, though even then it cannot always be made with

perfect certainty.
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AUSCULTATION OF THE ARTEEIES AND VEINS.

Arterial Sounds.

As in the initial portion of the aorta, so in the great vessels

springing from it, certain sounds are heard accompanying each

contraction of the heart, developed partly in these arteries them-

selves, but for the most part conducted thither from the aorta.

The only arteries which it is customary to auscultate for the

purpose of investigating these sounds, are the carotid and sub-

clavian
; in certain cases, however, to be mentioned further on,

vessels of much smaller calibre, such as the brachial or femoral,
are examined with the same end in view. The point at which
the carotid may best be auscultated is in the fossa inter-sterno-

cleidomastoidea, that best adapted for the study of the subclavian

sounds being in the supra- or infraclavicular fossa, towards the

acromial end of the collar-bone.

If the stethoscope be placed lightly on the carotid artery,

when the cu'culatory apparatus is in its normal state, there are

heard tivo perfectly pure sounds accompanying each cardiac

systole, separated from each other by a short pause ;
the first of

these coincides with the expansion, the second with the contrac-

tion of the artery. The expansion of the carotid artery is

synchronous with the systole of the heart, its contraction is

simultaneous with the cardiac diastole.

To prevent misunderstanding I think it is better to avoid the use of

the terms "
systole" and " diastole" in describing the periods in which

sounds and murmurs are heard in the arteries, as those words have be-

come so intimately associated with the nomenclature of the phases of

the heart's action that they at once and involuntarily recall the latter to

mind
;

all risk of confusion in this matter may be obviated by employ-

ing the terms "contraction" and "expansion" with reference to the

arteries.—It is only in large arteries, those situated close to the heart,
that arterial expansion, i.e., the arterial pulse, corresponds exactly with

the heart's systole ;
in the more remote vessels the interval between the

cardiac pulsation and the arterial throb may be so prolonged that the

latter comes to coincide almost with the diastole of the heart or occurs
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even several hundredths of a second later. The average length of the

interval between the first and the second sounds of the heart is stated

by Landois to be 0-31 seconds, that of the period which elapses between

the first heart-sound and the radial pulse 0-22 seconds, between the

same sound and the pulsation of the arteries of the foot 0-35 seconds.

The first sound in the carotid artery must be regarded as con-

sisting partly of the transmitted first aortic sound; to some

extent, also, it is generated independently in the vessel itself,

by the stretching of its walls. Various facts may be adduced in

support of the view that it is in some measure of local origin :

it is often quite as loud as the first sound over the aorta ;
it

sometimes continues audible even when this sound is wanting or

is superseded by a systolic murmur ;
in other large arteries,

and also in some of smaller size at a great distance from the

heart, sounds may be heard when from any cause the arterial

walls are more fully expanded than usual by the blood-wave.

The second carotid sound is not developed in the artery, the

conditions necessary to its production being wanting locally ;
it

is simply the transmitted second aortic sound. This view is

based on the facts that when the second aortic sound is replaced

by a diastolic murmur the second carotid sound also disappears,

there being then either no sound whatever in the carotid during

the diastole of the heart or in its stead a propagated diastolic

aortic murmur.

A. Weil found, as the result of a series of observations on 600 in-

dividuals, in which special attention was directed to the acoustic

phenomena noticed in the arteries, that in the healthy subject there

were two sounds in the carotid in four-fifths of the cases, and that in the

remainder if a sound were absent it was invariably the fiii-st
;
the second

was constant. My own experience enables me fully to corroborate these

statements.—The rhythm of the carotid sounds is iambic, as in the pul-

monary artery and the aorta
;
the first sound is somewhat feebler and

duller, the second stronger and clearer, Weil holds that the first

carotid sound is exclusively of cardiac origin, that it is conducted

from the heart
; I, on the contrary, believe that it in part also arises

independently in the vessel, and for this among other reasons, that

in a number of cases I have detected it when at the aortic orifice

there was a systolic murmur unaccompanied by any trace of a systolic

sound.

In the subclavian artery also, in normal conditions, two

sounds are associated with each contraction of the heart ;
these
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have the same rhythm as the carotid sounds, are due to the same

causes, and in similar pathological circumstances undergo the

same modifications. If either of the suhclavian sounds is

abolished it is generally the first.

Like the carotid and subclavian arteries the aorta, in the

whole length of its course through the thorax and abdomen,

presents a systolic sound which depends directly on the contrac-

tion of the heart. "When the heart's action is vigorous the sound

of the descending aorta is appreciable with considerable distinct-

ness close to the vertebral column (provided especially the

respiratory murmur be eliminated by suspending respiration) ;

the sound of the abdominal aorta may readily be observed in

emaciated persons, whose abdominal walls are soft and flaccid,

by pressing deeply with the stethoscope. There is no second

sound in this portion of the vessel the second aortic sound not

being carried to parts so remote from its point of origin.

In the other peripheral superficial arteries, the femoral, brachial,

and radial, no sounds are as a rule discoverable in health
;

in the

first-mentioned of these, however, in the femoral, a very feeble

sound is occasionally audible, during its period of expansion.

In diseased conditions all 2>cripheral arteries, even those of

small calibre, may yield a sound at the instant in ivhich their

walls are put on the stretch by the advancing blood-ivave.

One of two conditions seems to be necessary to the production

of this sign : the artery is either more forcibly distended by
the blood-wave than normally, or (and this is a still more

important factor) is brought more quickly than usual into a state

of complete tension. These conditions are found combined in

cases of insufficiency of the aortic valves ; the arteries are ren-

dered abnormally tense by the force exerted by the hypertrophied

left ventricle, and this increase of tension is developed with great

rapidity, as the artery is possessed of but a low degree of tension

when it is in the act of contraction, it being emptied of blood in

two directions at once, centripetally and centrifugally. The

arterial sounds are therefore louder and more exquisitely defined

in aortic insufficiency than in any of the other disorders still

to be mentioned. In aggravated cases of this valvular lesion

a short and well-marked sound is obtained on applying the

stethoscope lightly over the axillary, brachial, radial, femoral,

or popliteal artery, sometimes even over smaller vessels, such
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as the palmar arch, as they are expanded by each successive

systolic blood-wave; it disappears, however, or becomes weaker

in the later stages of this affection, when the contractile power
of the left ventricle begins to fail and the tension of the

arteries, and the blood-pressure within them, are consequently

diminished. In those instances, moreover, in which the cardiac

disease consists simply of hypertrophy of the left ventricle

without any valvular defect in the aorta, a sound is heard in the

larger arteries (the femoral, for example), though this sound

is not by any means constant in its occurrence, and even when

present is feeble ; so long as the aortic valves preserve their

normal structure the arteries show no unusual diminution of

tension during the period of contraction, the increase in their

tension is therefore not so great, nor does it take place so

rapidly, as in other cases in which the valves of the aorta are

incompetent.

Further, a soft, faint sound is occasionally detected over the

femoral artery during the period of systolic expansion, in febrile

diseases, and in amemia and chlorosis (Weil), but only when

the tension of the vessel in contraction is in some way lessened,

so that the difference between the tension of contraction and that

of expansion is greater than in health.

It has been stated above that sounds in the large arteries near

the heart are to be considered as purely physiological phenomena,
and that sounds in vessels at a distance from the heart and in all

the smaller arteries have a decidedly pathological signification.

There is another variety of arterial sound, however, i^roducecl

artificially, hy compression, which is different in nature from both

of those just described, occupying a middle position between

them. If an artery of somewhat large calibre be pressed upon
with the finger or the edge of the trumpet-shaped extremity of

the stethoscope, so as to close it completely or almost completely,
its expansion at the point of compression is accompanied by a

sound, as the walls of the vessel, above the obstruction, are by
this proceeding more forcibly stretched and rendered tense, with

each cardiac pulsation,
—

exactly the conditions which are held to

be requisite to the physiological production of the first (systolic)

sound in the great vessels, the aorta and pulmonary artery. If,

on the other hand, the pressure made on the vessel be not suffi-

cient to completely arrest the flow of blood through it a murmur
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is heard instead of a sound, as the blood-stream is thrown into

the necessary whirKng or eddy-Hke commotion at the narrowed

part of the artery.

In all cases in which a sound, of pathological or artificial origin, pre-
sents itself in arteries remote from the heart, this sound is, with very
rare exceptions, single and is associated with the expamion of the vessel.

0. Wolff asserts that over arteries of medium size, such as the radial

or ulnar, (in very emaciated subjects of middle age, and by being careful

to exercise only a certain moderate amount of pressure with the stetho-

scope), three sounds may be recognised in each cardiac cycle, following

very quickly on each other and corresponding with the phenomena of
tricrotism as demonstrated by the sphygmograph ;

the first of these he

explains as due to the expansion of the arteries, and the two others,

occurring during the period of contraction, as caused by the arterial

recoil-waves. My own observations are not confirmatory of Wolff's

statements, though I have repeatedly examined, with this special object
in view, patients whose condition was such as to be highly favoui-able

to the practice of arterial auscultation.—In certain cases of very marked

insufiiciency of the aortic valves, not merely one sound, connected with
the expansion of the vessel, is audible over the femoral artery, but also

a second sound, dependent on arterial contraction
; the sound here,

therefore, is double. Traube accounts for this second sound by the

supposition that during the period of contraction the artery subsides

suddenly from the state of extreme tension into which it was thrown in

expansion, to a condition in which its tension is very low (as the result

of the rapid drainiug-away of the blood in two opposite directions

simultaneously, towards the heart and peripherally into the capillaries),
and that in so doing it emits a sound strictly analogous to that yielded

by any other tense membrane, such as a violin-string, when it is sud-

denhj relaxed. There are cases, however, in which the second sound

appears only some time after the relaxation of the arterial walls is com-

pleted ;
to these, accordingly, Traube's explanation is not apphcable.

—
Bamberger's theory on this subject is that the second sound is caused

by the returning blood-wave
;
when the volume and force of the latter

are above the average, and the tension of the artery in this way in-

creased, the result is a sound, but if the wave be small and the arterial

tension low a murmur is produced (see p. 307). This doctrine furnishes

a ready explanation, as Bamberger points out, of the fact that the double

sound is observed almost exclusively in the femoral artery, as this vessel,

on account of the directness and great length of its course, is better

adapted for the reception and propagation of the centripetal regurgitant
wave than even large arteries which after a short course break up into

numerous branches. It seems, moreover, that the occuiTence of a

double arterial sound is not limited to cases of aortic insufficiency ;

Weil reports having met with this sign in two cases of stenosis of the

mitral orifice.
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Arterial Murmurs.

Murmurs may arise from local causes in the large arteries (the

carotid and subclavian), or may he transmitted to these vessels

from the heart, or may he develoj^ecl artiJiciaUy in all superficial

arteries hy simple pressure. Murmurs of local origin and arti-

ficial murmurs are invariahly synchronous with the arterial

pulse, i.e., with the expansion of the artery; transmitted mur-

murs, on the other hand, may be audible both in the period of

expansion and in that of contraction of the artery.

1. Murmurs in the carotid and subclavian are to be set down
as of local development, when over the heart no trace of their

existence can be made out. Such murmurs, always exactly
coincident in time with the pulse, not unfrequently occur even

while the structure of the arteries is still perfectly normal.

One condition, however, is essential to their existence,—in-

creased action of the heart
; when by this means the artery is

widely dilated, and w^hen this expansion is effected suddenly,
a murmur is excited by the oscillation of the blood-wave as it

enters the widened part of the vessel. It is nevertheless con-

ceivable that these are not merely
"
fluid-murmurs

"
but that

they may also be owing to unequal tension of the arterial ivalls ;

thus, as it is undoubted that the expansion of the arterial walls

by the pulse-wave (in the large arteries) occasions a sound, it

appears not improbable that in certain circumstances, particularly
when the action of the heart is accelerated and sti-engthened,

that is, when the arteries are more quickly and more forcibly

dilated, a murmur may be generated instead of a sound. As a

matter of fact it is frequently observed that pure and unmistake-

able sounds are transformed into indubitable murmurs when the

action of the heart is increased in vigour. These local carotid

and subclavian murmurs are also always attended by a more or

less distinct and loud sound. And further, whilst the really
arterial murmurs, so long as the circulatory apparatus continues

unaltered in structure, occur only periodically,
—when the heart is

stimulated to more energetic contraction,
—

they often persist for a

comparatively lengthened period when the left ventricle is the seat

of a considerable degree of hypertrophy, especially the hj-pertrophy
which is consecutive to aortic insufficiency ; here are presented
circumstances most favourable for the formation of arterial
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murmurs,—dilatation of the arteries and extreme and rapid

tension of their walls.

In the branches of the carotid also, local arterial murmurs,

synchronous with the heart's systole, are heard when these vessels

undergo such morbid changes as cause them to become tortuous

and dilated, and when the widened portions of the arteries are

continuous with others the lumen of which is normal and which

are therefore narrower. In small vessels which suddenly widen

at certain parts of their course, and equally in large vessels which

at points are abruptly reduced in calibre, an oscillation of the

particles of blood ensues, a vortiginous motion is communicated

to the blood-stream, and a murmur is produced. The arterial

murmurs heard in the enlarged thyroid gland (and also in the

carotid and subclavian) in exophthalmic goitre, are of this nature ;

they are to be distinguished from the venous murmurs also

observed in this kind of tumour (see p. 313) by being audible

only with each systole of the heart, while those emanating from

the veins are continuous.

Murmurs set up locally in the subclavian and carotid arteries,

coincident with the cardiac systole, are also sometimes due to

pathological changes (sclerosis) of the arterial walls, particularly

when these are complicated by hypertrophy of the left ventricle

of the heart, or, above all, by aneurism. The cause of the mur-

mur in these cases as in the others, is the whirling commotion

imparted to the blood-current at the diseased part.

To the group of murmurs under consideration, those developed in

the carotid or its ramifications, falls to be added the encephalic murmur,
discovered by Fisher in 18B3. It occurs in nearly one-half of all

mammals (Steffen); it consists of a soft blowing murmur, which keeps
time accurately with the heart's systole, and is heard most frequently

over the great fontanelle and in its immediate vicinity (sometimes also

at the small fontanelle) from the fourth month to the second year of

life, or, in certain aftections in which the foutanelles remain open, even

as late as the sixth year. It probably arises in the manifold windings
and turnings of the arteries at the base of the cranium, and is con-

ducted thence through the brain mass to the surface. With the

cerebral murmur is often combined a cardiac- systolic carotid murmur

(Jurasz). Brain-murmur is destitute of any diagnostic importance ;
it

is present in children both in health and disease.

2. Murmurs in the carotid and subclavian arteries are also

very frequently of more central origin, being projyagated into

X
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these vessels from the orifice and initial portion of the aorta;

murmurs from other parts of the heart never reach the vessels

named, or if in exceptional cases they do they are of very feeble

intensity. When such arterial murmurs coincide with the

diastole of the heart the inference is unavoidable that they pro-

ceed from the aortic orifice, as in the carotid and subclavian

arteries the generation of a murmur of cardiac-diastolic rhythm is

impossible, the necessary physical conditions being there wanting.
This explanation finds ample confirmation in the results of

auscultation of the aortic orifice ; the diastolic murmur caused

by insufficiency of the aortic valves is observed to be loudest in

this situation. But should the diastolic murmur be soft and faint

in character at its starting-point it may not be recognisable even

in the large arteries, in which case, of course, nothing whatever

is heard in the carotid artery during the cardiac diastole.—Those

carotid and subclavian murmurs also which are synchronous
with the cardiac systole are very frequently of central origin,

being directly propagated from the aortic orifice (when it is the

seat of marked narrowing or is partially obstructed by very

rough growths, in cases of atheromatous degeneration and of

aneurism of the aorta), and this transmission of aortic systolic

murmur takes place with much greater regularity than is the

case with diastolic murmurs, the former being carried along
with the blood-stream towards the periphery, the latter (which

are caused by the regurgitation of a quantity of blood from the

aorta into the left ventricle) tending rather to pass backwards

towards the heart.

3. By exercising moderate pressure with the stethoscope

artificial murmurs may be produced in the arteries,
—the carotid,

subclavian, femoral, and (rarely) the brachial. They give to the

ear the impression of a short blowing murmur synchronous with

the pulse, often of great intensity in the larger arteries, such as

the carotid and subclavian. In auscultating the apices of the

lungs pressure-murmurs of this kind are often heard
;
on re-

lieving the pressure they disappear at once. Very slight pressure

is enough to elicit them, especially when the velocity of the

blood-current is increased as the result of excitement of the

heart's action. The femoral artery also, on account of its

proximity to the surface, is equally favourably placed with the

carotid and subclavian for the development of pressure-murmur.
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As already explained, artificial murmurs owe their existence to

disturbance of the blood-stream (oscillation of the particles of

the circulating fluid), inasmuch as the blood-wave passes from
a relatively wide channel into one which, at the point of com-

pression, is relatively narrow.

A double murmur, one division of which is associated with the expan-
sion of the artery and the other with its contraction, may, but only in

persons suflfering from positive disease, be generated by pressing upon
and nearly closing the arteries. This double murmur is observed most
often in the femoral arter}-, much more seldom in the axillary, brachial,
or popliteal. It was first noticed by Alvarenga da Costa, in insufficiency
of the aortic valves, and has been declared by Duroziez to be absolutely

pathognomonic of that valvular lesion. It is true that the double
arterial mm-mur is a very common and characteristic sign of aortic

insufficiency, occurring, in my experience, in at least one-third of the

cases, but it does not appear exclusively in connection with this affection,

being occasionally met with in various other morbid conditions,—a fact

which Duroziez himself has pointed out
; thus, Friedreich detected it in

chronic endarteritis of the aorta and of the large arterial trunks, in

aneurism of the aorta, in hypertrophy of the left ventricle from con-

traction of the kidneys, in typhoid fever, &c. The first murmur, that

which is coincident with the pulse in the femoral, is, as above stated,
caused by compression of the blood-wave as it travels towards the

periphenj, the second by compression of the backward wave which, in

,
aortic insufficiency, returns towards the heart.

m Venous murmurs occur almost exclusively in the internal

jugular vein; when very loud, also, but only then, they may he

audible in the intrathoracic venous trunks with which the jugulars
communicate (the innominate veins and the superior cava), and
now and then in the femoral veins. They are observed not un-

frequently in perfectly healthy persons, hut in them attain only
a moderate degree of intensity ; they are loudest in aiuemic

patients, especially in chlorotic females.
On auscultating low down in the hollow between the two

sternal portions of the sterno-mastoid muscles, Avhere the lower

end of the internal jugular vein, a saccular dilatation known as

the hulbus, is situated, a persistent continuous murmur is heard

in anaemic subjects. This is sometimes of a soft, blowing or hum-

ming character, at other times it is loud and hissing or roaring in

quality, not unlike the noise made by the wind in the chimney

Venous Murmurs.
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or passing tlirougli a crevice, and in these latter cases is generally

appreciable by the patient herself; occasionally it undergoes a

peculiar musical modulation, conveying the impression of a

singing murmur.* The resemblance which this murmur often

bears to the sound of the well-known toy the humming-top, has

led to its being designated the hummirig-top murmur, the bruit

de diahle of French authors.

Venous are distinguished from arterial murmurs by not being

specially connected either with the systole or the diastole of the

heart; they are continuous murmurs. Intermittent venous

murmurs very seldom come under observation, and even then

they are, as will be shown, very easily differentiated from arterial

murmurs.

That the humming-top murmur really arises in the cervical

veins, and not, as was formerly believed, in the arteries of the

neck, is proved by a number of facts which will be found set

forth in detail below. Its venous origin can also be made

plainly obvious by pressing firmly cu the dilated lower end of the

jugular vein (so as to close it) above the clavicle, when the mur-

mur instantaneously disappears ; compression of the carotid at a

higher point, where venous murmurs are not heard, does not

modify either its character or intensity.

The bruit de diable is produced by the ichirling, vortiginous

movement of the blood in the jugular veins. The blood flows

from the relatively narrow jugular vein into the relatively icide

bulb (the part at which the vessel debouches into the innominate

vein) and is thus caused to sweep iu a somewhat spiral course

round the walls of the chamber, so that the mode of origination

of the venous hum may be regarded as strictly analogous to that

of murmurs in the arteries (see p. 305). This dilatation at the

lower end of the vessel remains permanently wider than the

upper part of the vein, as its sides are held apar^ by the tense

cervical fascia.

The venous hum, though continuous, is not always of quite the

same intensity; its variation depends chiefly on the presence or

absence of such conditions as accelerate or retard the current of

blood through the veins. The quicker the venous circulation the

* By reason of this singing character it was named by Lffinnec, who fell into the

error of considering it an arterial murmur, the chant des arlcres. It was first traced

to its true source in the veins of the neck by Dr. Ogier Ward, in 1837.
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louder the murmur, the slower the current the feebler the murmur.

Venous murmurs are intensified in the following conditions.

1. By turning the head toicards the opposite side. If the

murmur be audible even while the patient holds the head erect

and looks straight forward, the augmentation on turning is very

striking ; the examiner, accordingly, frequently avails himself of

this device to render louder such murmurs as are feeble and

doubtful in character. The intensification of the bruit, so brought

about, is due to the circumstance that on rotating the head the

cervical fascia and muscles, especially the omohyoid, on the side

under examination, are put on the stretch and the jugular vein is

compressed and narrowed. The normal, physiological difference in

the calibre of the upper part of the vein and its bulb (the latter being,

as already indicated, attached on all sides, and so made incapable

of undergoing any diminution in capacity) is thus rendered still

greater, and the most favourable conditions are established for

giving to the blood-stream that spiral direction which is requisite

to the produetion of the venous murmur.—In the great majority

of individuals this proceeding usually developes a faint murmur,

sometimes even one of a considerable degree of intensity, which

is quite inaudible while the head is kept erect and not turned to

one or other side. Such artificial murmurs must be carefully

distinguished from those which are heard when the muscles and

other structures on both sides are in an equal state of tension,

and which are very seldom observed in the healthy subject.

2. By acceleration of the outflow of blood from the jugulars.

The influence of this acceleration of the blood-current is seen in

the facts that the venous murmur is louder while the patient sits or

stands, than when the recumbent posture is adopted, and that

augmentation of the murmur is noticed also in deep inspiration,

and enfeeblement of the murmur in forced expiration ; inspiration

favours the eftlux of the venous blood, expiration retards it. Wlien

respiration is suspended for a few seconds the pressure on the in-

trathoracic venous trunks is increased, and the escape of the blood

from the jugular veins rendered slower and more difficult, the cur-

rent through the vessels is almost arrested, the condition on which

the whirling movement of the blood depends is thus practically

removed, and the murmur consequentlybecomes feebler, and under

certain circumstances is nearly abolished.

The effect produced by placing the patient on his back, by
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forced expiration or by suspension of the breathing, is obtained

more rapidly and perhaps in a more striking form by exercising

pressure on the dilated lower end of the jugular vein, as above the

point of compression the vessel becomes engorged with blood, and

distended to such a degree that circulation through it ceases. In

the same way, by pressing on the vein with the stethoscope, alter-

nately firmly and gently, the hum may be augmented or diminished

in intensity at pleasure ; it is therefore above all necessary to the

detection of the less marked venous murmurs to bear as lightly

as possible on the vessel.

The bruit de diable in the right jugular is very much louder

than that in the left, and from two causes : in the first place, the

dilatation at the central end of the vessel is greater on the right

than on the left side, and is accordingly more favourable to the

production of the eddy-like commotion of the blood-stream ;

secondly, the blood flows out of the right jugular vein faster

than out of the left, as the former opens into the right innomi-

nate vein in almost a direct line, while the latter, in joining the

left innominate vein, forms with it an appreciable angle ;
and

further, the somewhat wider right innominate vein also passes in

a direct line into the vena cava superior, while the left inno-

minate crosses from the left to the right side to debouch into the

same venous trunk. The venous murmur is therefore often

heard on the right side as far down as the level of the first rib, in

the region corresponding to the innominate vein ;
at the symme-

trical spot on the opposite side, however, it is no longer audible.

—
Occasionally, nevertheless, the murmur on the left side is as

loud as, or even louder than, that on the right, though why it

should in these cases be of such unusual intensity is not generally

very obvious.

3. TJte movements of the heart afi'ect the intensity of the

venous hum to a much less marked degree than the conditions

already mentioned. In accordance with the laws of physiology it

is to be expected that the murmur should be weaker during the

systole of the heart, as the outflow of blood from the jugulars into

the intrathoracic veins is then to some extent impeded, and louder

during its diastole, as the current of blood is favoured at this

period of the cardiac cycle. This diastolic intensification of the

murmur is in fact generally observed when the diastole does not

happen to coincide with an expiration, which would tend to neutra-
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lise its influence; the systolic decrease in the loudness of the

murmur, on the other hand, is not so often demonstrable. There

is, nevertheless, generally noticed during the systole an apparent

augmentation of the murmur, the latter being reinforced by the

sound of the carotid pulse. On eliminating and leaving out of con-

sideration the sensory impression raised by the arterial pulse, and

concentrating the attention solely on the venous hum, it will be

found that the bruit is not really intensified during the cardiac

systole.

It follows from the description just given of the continuous

venous murmurs that they show a constant variation in intensity,

a variation, however, which is characterised by no definite rhythm,
as the factors which exercise most influence on the circulation

through the jugular veins (the respiratory and cardiac movements)
do not always work together, but, being only occasionally coin-

cident, are at one time favourable, at another antagonistic to each

other in their operation.

Continuous venous murmurs of a certain degree of intensity

are also almost always perceptible to the finger placed on the

skin above the clavicle, as a distinct thrill {fremissement of the

jugular veins). This vibration is not constant as regards in-

tensity, but is often interrupted by numerous short pauses, only
the more energetic of the movements of the blood-stream in the

veins being then felt.

Intermittent venous mui'mur is of rarer occurrence than the

continuous murmurs which have been described. It has the

same blowing character, but is very much feebler. It appears
M'hen the velocity of the current through the jugular veins is

increased, (when, therefore, one of the conditions favourable to

the generation of a murmur is present), that is, during inspira-
tion or during the cardiac diastole. When inspiration and

diastole occur together the murmur becomes still louder, but

when the diastole coincides with expiration the accelerating

influence of the former on the venous circulation is counteracted

by the retarding influence of the latter, and consequently no

murmur may be heard. A diastolic venous murmur, therefore,

often disappears on suspending respiration. This serves to dis-

tinguish it from a cardiac-diastolic carotid murmur, as the latter

continues unabated in intensity even when the patient holds his

breath
; the venous murmur, moreover, has not the well-defined
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rhythm of the carotid murmur,—it does not keep time solely and

invariably with the cardiac diastole, its appearance being also in

a large measure determined by inspiratioL ; and finally, it is

audible only over the veins and not over ti>e heart, while the

carotid murmur, synchronous mth the cardiai; diastole, is never

simply of local arterial origin, but arises at the aortic orifice and

is propagated peripherally from that point. ^')iastolic venous

murmurs are further frequently accompanied b^'- cardiac mur-

murs, but the latter are without exception systolic.

Murmurs in the jugular vein have a pathological significance

only when they are loud and continuous, the stethoscope being

placed lightly on the vessel, and the patient's head held erect

and turned neither to the one side nor the other. Such mur-

murs may indeed sometimes be detected in persons in pe:-fect

health, but (so far as I have been able to observe) only in a vex-y

small number of instances as compared with the frequency with

which they are noticed in those sufiering from chlorosis and

other anasmic affections. Murmurs of the highest degree of

intensity, associated with marked fremissement of the jugular

veins, occur only in ansemia, never in health. It is therefore

plain that in anaemic conditions some other element is added the

efi"ect of which is to increase the intensity of the murmur, and

the conclusion is almost unavoidable that this is to be sought

chiefly in the diminution of the quantity of blood in circulation,

the stream through the jugulars being thus reduced in volume

and so caused to sweep more forcibly round the walls of the vessel.

Weil holds that the venous muiTQur is not to be interpreted as a

pathological sign, as he has been unable to discover it more frequently in

anaemic subjects than in healthy persons of the same age. This is

certainly not in harmony with my experience. I have examined many
hundreds of individuals for venous murmurs and have found that, as

stated above, they are much more common, and of vastly greater in-

tensity, in the anaemic than in those who are strong and well-nourished.

In some rare cases of chlorosis and antemia iha femoral veins become
the seat of a venous murmur, which is markedly augmented on elevating
the limb and so increasing the velocity of the venous current,—Cough-
ing, also, or the contraction of the abdominal muscles, may give rise to

a short, sharp, whizzing murmur, perceptible to the finger, in the

femoral vein below Poupart's ligament. This murmur is caused either

by insufficiency of the valves of the femoral vein, or, when these structures

are wanting, by the backward rushing of a centrifugal wave of blood

through the vessel, I have on several occasions observed a well-
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marked murmur, determined by violent coughing, in large varicose

dilatations of the femoral vein at a point lower than Poupart's ligament.
Over other superficial venous plexuses very loud murmurs are some-

limes heard,—as over the enlarged thyi'oid gland in exophthalmic goitre.

Here they originate partly in the dilated arteries, partly in the veins,

iheir continuous character being derived from the latter source
; they

lepend on the formation of large and irregular dilatations in the course

of the veins, whereby the eddying movement previously described is

{iven to the sanguineous current. My experience leads me to support
, {trongly the opinion that in the ordinary form of endemic goitre, no
natter how large the tumour, murmurs of this kind do not occur, as in

liis afi'ectiou the enlargement of the gland is due simply to hyperplastic

levelopment of the normal glandular substance and not to widening of

1^

,he vessels. I consider the presence of such a murmur in the goitrous

.welhng a most important diagnostic symptom in doubtful cases of

•rraves' (Basedow's) disease, that is, in those in which there is only
lie tumour of the thyroid and palpitation of the heart, but no exoph-
halmos, to act as guides to their true natm-e.

Systolic )iiunnurs in the juijidar vcim, produced by the movements of

,he heart, are occasionally, though seldom, met with ; they come into

existence only when there is at the same time a distinct venous pulse
fi-om insufficienc}' of the tricuspid valves. This murmur is developed

partly at the insuflicient jugular valves, but in part also consists of the

transmitted murmur due to the tricuspid insufficiency.

Cardio-Pulmonary Murmurs.

There is a group of murmurs of considerable rarity, which

are dependent, not on cardiac disease of any kind, but on

structured changes in the substance of the lung, and which are

excited by the ordinary movements of the heart. These are

known as cardio-pulmonary murmurs. They are most commonly

systolic, but may also be diastolic as well as systolic, that is to

say, they may encroach a little on the diastole ; they are, never-

theless, always louder in the systole.

In this category are included the following murmurs :

1. The blowing or sipping {schliirfenden) murmur heard,

simultaneously with the cardiac systole, in large thiii-icallcd

•pulmonary excavations situated in those parts of the lung

adjoining the heart. The manner in which this murmur origi-

nates is obvious : the shock caused by the movements of the

heart is propagated through the walls of the adjacent cavity to

the column of air it contains, and a certain quantity of the air
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thus thrown into commotion is driven out through the bronchus

with which the cavity communicates. Such a murmur therefore

arises from substantially the same physical causes as the bruit de

pot fele.—During the cardiac diastole the air is readmitted into

the cavity, its return, however, being attended by a murmur of

but very feeble intensity. The effect of suspension of the respira-
tion on pneumo-cardiac murmurs is very variable ; they are some-

times decidedly weakened, occasionally almost abolished, and at

other times in no way perceptibly affected.

2. Certain systolic murmurs which are sometimes heard in the

pulmonary artery when the upper part of the left lung is to some

degree contracted and consolidated as the result of chronic pneu-
monic infiltration. The shrunken tissue in such cases grasps
and compresses the main trunk or one of the larger branches of

the pulmonary artery, so that the passage of the blood through
the constricted part of the vessel gives rise to a systolic murmur.
In certain circumstances also a diastolic murmur may be pro-
duced in connection with regurgitation of blood taking place in

the period of contraction of the same artery.
—These pulmonary

murmurs are occasionally limited in distribution to a small area

in the second left intercostal space, when they may also be asso-

ciated with an appreciable thrill, or they may be audible over a

considerable portion of the upper segment of the thorax.

Immermann has put on record a case of this kind, in which both

principal divisions of the pulmonary artery and their primary sub-

divisions were constricted by cicatricial contraction of the lung-tissue ;

during life a systoHc pulmonary murmur was heard over the whole

upper part of the hmg, both in front and behind. Similar cases have
been described by Bettelheim, Heller, Aufrecht, and others.

Quincke has drawn attention to two other special causes of systolic

jiulmojuiri/ vuDTJiiir: 1, an absence of due proportion between the

calibre of tlie pulmonary artery and that of its conus arteriosus
;

2, flattening of the pulmonary artery by pressure, when it comes into

abnormally close relation to the chest-wall. That the first of these

conditions is really an efficient cause of such murmurs has been shown

by the result of at least one post mortem examination
;
the necessary

vortiginous movement is communicated to the blood as it passes from
the relatively narrow conus arteriosus into the relatively wide artery

beyond. In the second class of cases the margin of the left lung is

retracted, the base of the heart is no longer covered in by pulmonary
tissue, and the pulmonary artery comes forward into direct contact

with the front waU of the chest
;
as the autero-posterior diameter of

the heart is increased at each systole the pulmonary artery is at the
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same time thrust against the framework of the thorax and flattened,

whilst the conus arteriosus suS"ers no such change in shape when the

heart contracts
;
the spiral direction is thus given to the blood-current,

and a murmur is the result.

3. There are other systolic vmnnurs observed at various jinrts

of the thorax, which cannot be traced to the main trunk of the

pulmonary artery, as in the region of the pulmonary orifice both

sounds are clear and pure, but which seem rather to take their

rise in the larger subdivisions of the vessel, when these are the

seat of a certain amount of dilatation.

Bartels has reported several cases of phthisis in which a murmur of

this nature was audible, not on the diseased side of the chest, but over

a large portion of the sound lung, while the heart-sounds were at all

points absolutely normal. It arose presumably in dilated branches of

the pulmonary artery, was intensified by expiration, and possessed

generally all the distinctive characters of a genuine arterial murmur.
Over pulmonary excavations, also, systohc murmurs have been heard,
which proved to be due to the fact that the cavities were traversed by
a branch of the pulmonary artery isolated by the breaking down of the

lung-tissue (Schrdtter, &c.).

In the subclavian artery, immediately under the clavicle, short

hloicing )nun)iurs are sometimes observed, synchronous with the

cardiac systole, and this notwithstanding that the circulatory

apparatus may be in all respects intact and that every care is

taken to press as lightly as possible with the stethoscope. They
are in no wa}' connected with those subclavian murmurs which

accompany murmur in the carotid (see p. 304, etseq.), but are con-

lined strictly to the parts mentioned; they are further distinguished

from the group of murmurs described on the pages just referred

to, by being audible in only one subclavian artery, not in both.

They are by no means common, but occur most frequently in

cases of chronic pneumonic induration of the apex of the lung.

When inspiration and the systole of the heart coincide with each

other these murmurs are usually rendered much louder. Their

mode of origination is probably essentially the same as that of the

SA'stolic pulmonary murmur, that is, they may be attributable to

compression of the subclavian artery by contracting lung-tissue,

or perhaps to dragging on the arterial wall, and const'(|uent

diminution of the calibre of the vessel, by adhesions which may
have been formed either between the costal and visceral lavers of
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the pleura near the apex of the lung, or between the outer surface

of the pleural sac and the artery (Friedreich) .

According to many English authors (Fuller, Palmer, Richardson, and

others) the subclavian murmur is a phenomenon of not unfrequent
occurrence ; possibly, however, they have reckoned as belonging to

this class some of the above-described murmurs which are not properly

speaking to be regarded as subclavian, that is, those which are not

hmited strictly to the subclavian artery of one side. The true

subclavian murmur has been found by Weil only six times in 600 cases,

and I, though for several years I have watched specially for this sign,

have recognised it in only three cases (of phthisis) ;
it was always

capable of being greatly intensified by pressure with the stethoscope.—It is now known also not to be invariably connected with disease

of the apices of the lungs, being occasionally heard when the whole

resphatory apparatus is perfectly sound.
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examinatioin: of the abdominal organs.

Inspection of the Abdomen.

Diseases of the abdominal organs are generally recognisable by

simple inspection only when they occasion some evident change
in the volume and shape of the abdominal cavity. As this

alteration in size takes place in but a few of the many abdominal

diseases, and in these only under special conditions, inspection
is divested of much of its importance as a method of investiga-

tion when applied to the examination of the parts within the

abdomen. To ensure accuracy also the signs which it elicits

should, as a rule, be checked by palpation.

The most common change observed in the size of the abdo-

minal cavity is enlargement.

When this is slight the determination of its actual existence

is not always an easy matter. The normal dimensions of the

abdomen vary within very wide limits. In those whose customary
diet is more of a vegetable than an animal nature, in those who

habitually eat to excess, in drinkers, and sometimes also in

individuals who are in all respects strictly temperate, distension

of the bowel and undue development of fat may, as our daily

experience teaches, combine to produce a degi-ee of prominence
such as is seen in other cases only as the result of consider-

able ascites or decided increase in the bulk of some of the

abdominal organs. Nevertheless, the presence of ijathological

increase even of a less marked character is also usually indi-

cated by other easily-appreciated signs. Thus, the morbid

processes which give rise to swelling of the abdomen modify
also the whole aspect of the patient ; they lead to more or

less emaciation and to changes in the colour of the skin (often

to pallor of the surface, or to a cyanotic or yellow, jaundiced

hue, according to the precise nature of the original disorder).

In such cases the contrast between the bulky abdomen and

the lean chest and body generally, becomes very striking.
—
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Not unfrequently pathological enlargement of the abdomen is

accomjianied by other anomalies which owe their existence to

the same causes ; of these may be mentioned distension of the

superficial abdominal veins, oedema of the inferior extremities,

&c.

Bulging of the abdomen may be partial or general. Partial

enlargements are most commonly due to increase in size of

certain of the subjacent organs,—the liver, spleen, uterus,

ovaries. Undue prominence on the right side is usually con-

nected with the liver, the exact form and outline of which can

often be easily made out, when the integumentary coverings are

thin and flaccid, and more especially when the parts are viewed

from the side, in profile. But hepatic tumour may assume such

enormous proportions, as in many cases of carcinoma, hydatid

cyst, and amyloid degeneration, that the projection which it

makes on the surface is no longer merely local or partial but

may involve the greater part of the abdominal wall.

Very marked hypertrophy of the spleen (from leukaemia,

amyloid degeneration, intermittent fever, kc.) elevates the tissues

in the h'ft side, and on lateral inspection the anterior inner

border of the organ may frequently be traced
; occasionally the

splenic enlargement dependent on leukaemia is of such a size as

to occupy almost the whole of the abdominal cavity, and to raise

its walls nearly equally at all points.

Dilatation of the stomach gives rise to a uniform, somewhat

oval-shaped swelling in the epigastric region, passing a little

towards the left, under the ribs and so beyond the superficial

boundary of the abdomen
;

if the dilatation be excessive, as

in a case which I witnessed, the tumefaction may be general,

the whole abdomen being rendered tensely prominent. If the

distension, however, be not caused by air, but by some other

medium, there may be no appearance of unusual j^rojection of

the parts mentioned. Occasionally in a stomach so aftected

peristaltic movements, spontaneous or of reflex character (ex-

cited by rubbing the epigastrium briskly with the hand), are

seen travelling from left to right, towards the pylorus ; by

following these movements closely a truer conception of the

dimensions and shape of the organ may generally be formed

than is possible even by palpation and percussion,
—in some cases

indeed its outline becomes in this way so distinctly visible that
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it may almost be mapped out on the skin.—Cancer of tlic

stomach, which affects most frequently the pyloric end, manifests

itself externally, when the tumour is moderately large, as a

circumscribed elevation in the epigastrium ;
it must be borne in

mind that a similar protrusion is caused by cancer of the left

lobe of the liver.

Diseases of the intestine yield very few diagnostic data to

inspection ; large ftecal accumulation in the colon, when it pro-

duces any very considerable degree of distension of the bowel,

forms an elongated and often movable tumour in the right or

left iliac region.

In persons of spare habit it is often possible, by simple friction

of the abdominal surface, to excite or intensify the peristaltic

movements of the intestine and so to bring them clearly into

view. AYlien the intestinal tube is narrowed by a stricture peri-

staltic movements are seen only in that portion of it which is

above the contracted part, if it be tensely swollen and apparently

loaded by a stagnant accumulation of intestinal contents, and

not in the part beyond the obstruction.

Tumours of the omentum (carcinomatous, hydatid, &c.) some-

times attain to enormous dimensions, but are seldom so limited

as to involve that structure alone ; they are generally compli-

cated by the presence of similar morbid changes in the liver and

other solid organs, or they contract adhesions with these organs,

the result of which is that the projection of the abdomen is not

confined to the anatomical area representing the omentum.

Tumours of the uterus, physiological (pregnancy) and patho-

logical {fihromyoma, &c.), so long as they are not of unusual

size, keep generally to the middle line of the abdomen.

Tumours of the right or left orcirij first make their appearance

low down in the abdomen, in the region corresponding to the

anatomical site of the organs, to one or other side of the median

line. Subsequently, when they become of considerable magni-

tude, they may present a swelling, moderately uniform both in

outline and surface, of the whole lower and upper segments of the

abdomen, so that by mere inspection it is often impossible, and

even with the aid of palpation it remains difficult, to determine

whether they have sprung originally from the right or left ovary.

As a rule the ovarian tumour is movable ; when the patient

therefore turns to one side it seeks the more dependent parts of
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the abdominal cavitv, and there renders the intes^ument still

more tense than before.

Among diseases of the kidnei/s, cancer and hydronephrosis
form at first smooth or irregular swellings in the lumbar region,

which afterwards, on developing still further, extend io the

front of the abdomen in the right or left hrpochondrium, or even

to parts more remote. A dislocated (movable) kidney is occa-

sionally, though rarely, appreciable by inspection, when it is

seen as a flattened, roundish elevation of the tissues.—The

bladder, when distended with urine, projects in the median line

of the abdomen, making there an oval-shaped tumour reaching

upwards to a variable point according to the quantity of urine

retained.

In the foregoing paragraphs have been discussed only the

more common of the diseases of the abdominal organs which

give rise to partial, localised swellings recognisable by inspection.

A fuller consideration of all those abdominal afiections which at

times present similar signs would lead us into the domain of

descriptive, systematic medicine, which is beyond the scope of

this work. Suffice it therefore to direct attention 2:enerallv to

the large, encysted peritoneal exudations, to the various new
formations in the diflerent organs and tissues of the abdomen, to

the cysts, extravasations of blood, abscesses, hernis, Szc, which

sometimes at one part, at other times at another, reveal their

presence externally as visible tumours, and whose true nature

and connection with the several organs can be satisfactorily

demonstrated only by means of palpation, percussion, and above

all bv the closest scrutinv of the general health and of the

history of the origin and course of the disease,
—but which, even

after prolonged and careful observation, frequently remain

wi-apped in an obscurity which the most skilful examiner fails to

penetrate.

Unifor)n, general intumescence of the abdomen, apart from

the somewhat rare cases of great enlargement of certain of

the abdominal organs (mentioned above), is produced most

commonly by the presence of some abnormal material in the

peritoneal sac (usually fluid, more seldom gas) or by distention

of tlie bowel by gas (meteorism).

When the peritoneum contains fluid, a condition which is

named ascites, the smooth, uniform tumefaction of the abdomen
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undergoes some striking modifications on changing tlie position

of the patient : when he Kes on one side the prominence lessens

. or disajipears in the uppermost flank but becomes more marked

j
in the parts which are undermost ; in the upright position the

\ bulging is most obvious in the lower half of the abdomen, and

when decubitus is dorsal the swelling projects less forward and

gains in breadth. xA.ll these alterations depend on the moTe-

ments of the fluid, which invariably seeks the lowest level in the

abdominal cavity.
—

Only when the quantity of fluid is excessive,

when accordingly the abdominal parietes are at all points in a

,

state of extreme tension, is there no variation in shape notice-

,
able on changing the patient's attitude.—In cases of intestinal

meteorism, and when the peritoneal sac is filled with gas, the
'

uniform enlargement of the abdomen is unaff'ected by the posture
of the patient ; this therefore is a point by which these con-

ditions may be distinguished from ascites.

In cases of very abundant peritoneal eff'usion the skin over the

abdomen exhibits a shining, antemic, whitish blue coloration,

and at those parts where the stretching of the integuments is

greatest are seen white lines, such as those which occur in

. pregnancy, due to the separation of the tissue elements of the

corium.

In the umbilical region, and radiating from it both upwards
and downwards, blue-coloured venous plexuses are often obseiwed,

which belong to the widely-dilated epigastric and mammary
veins. The widening of these vessels is always a sign of

engorgement of the portal vein and of the whole portal system,

. and an indication that on account of this venous stasis a portion

of the blood which should pass through the liver finds its way

by collateral branches into the superficial abdominal veins. This

sign is associated chiefly with cirrhosis of the liver, being caused

by the compression of the ramifications of the portal vein which

takes place in that affection. Should there also be any obstacle

I

to the return of the blood through the vena cava inferior, as

from obliteration, compression by tumours, all the superficial

abdominal veins, and still more those of the lower extremities,

are increased in calibre ;
cedema is then also generally present.

Diminution in volume (depression) of the abdomen usually
'

affects equally the whole of the abdominal cavity ;
it is not

Y
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XDeculiai- to any one disease of the organs, but is ordinarily to be

regarded merely as one of the concomitant signs of the general

emaciation which attends the various consumptive disorders. It

is also observed when the bowel is almost or entirely empty, as

from stricture of the oesophagus, cancer of the pylorus, stenosis

of the upper part of the intestinal canal. Emaciation from these
|

causes is commonly accompanied, particularly in children, by {

other phenomena which are equally characteristic of a lowered
:

state of nutrition of the skin, such as loss of elasticity and free ;

desquamation (pityriasis).

In the basilar meningitis of children a boat-shaped depression of the
!

surface of the abdomen is generally seen, caused by the contraction of
|

the muscular coat of the intestines, from irritation of the nervous
j

centres which govern the movements of the bowel. •

Not unfrequently the examiner may obtain important informa-
j

tion by noticing the movements which are communicated to the

contents of the abdomen by the act of respiration and the action
j

of the heart. Thus, large tumours of the liver and spleen sink
|

into the abdominal cavity in inspiration and rise in expiration ;
:

in the case of the liver, indeed, the whole of its sharp lower

border may be distinctly discernible during respiration. The

movement given to the diaphragm by the action of the heart is

frequently manifest to the eye when there is a large free effusion •

in the peritoneal sac, the impulse passing onward through the

fluid, and making itself visible as a superficial wave which

appears and disappears with great rapidity.
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PALPATION OF THE ABDOMEIS^.

This is a metliocT of examination of tlie first importance in the

investifjatiou of abdominal diseases. It enables us to determine

the size, form, consistence, and situation of tlie various organs,

and discloses the existence of tenderness to superficial or deep

pressure, the presence of any abnormal body or substance in the

abdominal cavity, &c. The information so gained, it is true, is

only of a general character, it reveals simply the ijhysical con-

dition of the parts and not the exact nature of the diseases by
which they may be affected ; but it constitutes the groundwork
on which the further diagnosis rests, a more complete or par-

ticular understanding of the case in hand being possible only on

taldng into consideration the other symptoms presented by the

patient.

In another class of cases, especially of abdominal tumour,

diagnosis is rendered exceedingly difficult or becomes at best a

matter of some uncertainty, when the organ from which the

tumour springs undergoes alteration in form or anatomical situa-

tion, or when the starting point of the growth can no longer be

positively made out. In many other diseases also, which give

rise merely to physiological, functional disturbance, but to no

deformity, displacement, or change in the dimensions of the

organs, palpation yields no indication of any value from a

diagnostic point of view.

Palpation is most conveniently practised when the patient is

laid on his back or, occasionally, on one or other side ; if the

tension of the abdominal walls prove a serious obstacle to its

proper performance the thighs should be flexed on the body,

though even this expedient is not always successful in accom-

plishing the object intended. The great difficulty to be over-

come, apart from that presented by the varying thickness of the

subcutaneous layer of fat, is tho tension of the abdominal

muscles, particularly of the recti. The examiner should be

y2
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familiar with the general anatomical relations of these muscles, the

manner and direction in which their fibres are disposed, and the

resistance they offer when grasped between the fingers, to guard
him from error when dealing with disease.—Palpation is easiest

in emaciated individuals and in women who have borne several

children.

When the abdominal organs are in their normal condition the

hand meets with no unusual resistance when applied to the

surface
;

all parts of the abdomen give a uniform feeling of

softness, except those corresponding to the recti muscles, and

the epigastrium (from the presence of the left lobe of the liver),

where a slightly greater degree of resistance is encountered. By
pressing deeply in the middle line the pulse of the abdominal

aorta is felt, and frequently also the vessel itself and close to it

the vertebral column ; even the coils of the intestine may be

distinguished when the abdominal coverings are sufficiently lax.

Palpation of the Liver.

In men the presence of the liver under the margins of the ribs,

when the organ is of its natural size^ is indicated merely by
an increase in the resistance to pressure in deep inspiration ;

it

is only when the abdominal parietes are unusually thin and

flaccid that its edge is detected with the hand. In women,

especially such as have been several times pregnant, the softness

and looseness of the superficial tissues facilitate the exploration

of the parts beneath the arch of the ribs and permit the more

ready appreciation of the inspiratory descent of the border of the

liver.

The extent to which an enlarged liver is accessible to palpation

depends on the distance to which it projects beyond the margin
of the ribs into the abdominal cavity, occasionally only its sharp

edge, at other times a considerable portion of its surface, coming
within reach of the finger. In extreme cases of enlargement the

liver may fill up a large part, sometimes even the whole of the

abdomen. The greatest amount of swelling of the organ is

observed in carcinomatous degeneration, the increase in size

being usually slightly less in amyloid degeneration and hydatid

cystic disease ;
the less marked degrees of enlargement occur in

cases of retention of bile, passive congestion (as that due to



PALPATION OF THE LIVER. 325

mitral lesion), fatty infiltration and parencliymatous hepatitis.
—

The palpation of an enlarged liver, hoth of its borders and

surface, presents little difficulty, as the whole extent to which

the organ is increased in volume is readily detected, provided
there be no unusual tension of the abdomen, such as often

results from ascites.— Palpation further determines the presence
or absence of sensibility or pain in the liver, the consistence of

the organ, and the condition of its surface and edges.

Pressure on the surface of the liver may be painful or painless.

A certain amount of j>ai/t to pressure is frequently associated

with the swelling arising from retention of bile (in duodenal

catarrh, &c.) and with all inflammatory conditions, though it

is most characteristic and most severe in malignant disease.

According as the cancerous nodules are scattered on the surface

of the liver or are situated more deejily in its texture, the pain

is elicited by applying the hand lightly or with firmness and

force
;

it occurs spontaneously also, and is almost constant

throughout the whole course of the disease.—Spontaneous

paroxysmal pain of extreme severity is felt in the upper abdo-

minal region in cholelithiasis.

Hepatic pain originating spontaneously and aggravated by

pressure, is always a valuable indication of liver-disease iu

general, and is of service also in distinguishing between painful

and painless affections. Fatty liver, amyloid liver, and hepatic

hydatid growths are iminless to palpation.

The surface of the enlarged liver may be perfectly smooth or

rough and nodulated, the irregularities by which it is marked

consisting either of sli^jht elevations alternated with shallow

depressions, or of tumours varying in size from the bulk of a pea

to that of the closed fist.—The surface of the liver is smooth iu

all acute and chronic enlargements connected with hypertemia,

biliary engorgement, and fatty and amyloid degeneration ; it is

irregular when the organ contracts in the later stages of cirrhosis

(granular atrophy) and in interstitial gummous hepatitis ; nodu-

lation,
—the presence of small rounded elevations or tumours,— is

characteristic of carcinoma, and occasionally also of hydatid

disease.

If the hepatic cancer be of the diffuse variety, cancerous infiltration,

the surface of the liver is free of such nodular excrescences.

In cases of hydatid disease there are often felt on the surface of the
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liver several smooth projections of moderate size, which offer only slight

resistance to the finger ;
but till the stage of the disease arrives at

which the surface of the organ is distinctly bulged outwards by the

vesicles the diagnosis amounts merely to a probability, and depends
on the careful exclusion of all other causes of hepatic enlargement.

The enlarged liver is of a variable degree of consistence.

In acute swellings, such as arise from inflammation or reten-

tion of bile, the organ is slightly softer to the touch than the

chronic enlargements and degenerations. Among the chronic

degenerations (leaving out of consideration the cirrhotic liver,

which is the hardest of all, but which need not be noticed here,

as it contracts to less than its normal size and is therefore not

reachable by palpation) the amyloid liver is the most dense, the

fatty liver being somewhat less firm. When the distinction

between these two conditions is not otherwise clear the con-

sistence as revealed by palpation may be taken as a diagn6stic

criterion.

Uniform enlargement of the liver causes no alteration in the

general form of the organ ; but when the tumefaction is confined

chiefly to the right lobe, or more rarely to the left, the most

diverse changes in shape are met with. These affect the whole

mass of the liver as well as its border, though the latter alone

may be the seat of the greatest change, the rest of the organ not

being involved, as, for instance, in cases in which echinococcus-

vesicles develope in the margin of the liver. These hydatid

growths and cancer (sometimes also syphilis) produce, on the

whole, the greatest degree of deformity of the liver, the other

hepatic diseases being generally attended by uniform enlarge-

ment of the organ in all its diameters.—Whilst the breadth of

the hypertrophied liver is usually easily and accurately deter-

minable by palpation, and its breadth by percussion, only an

approximate estimate of its thickness can be formed if that esti-

mate be based simply on the amount of abdominal enlargement

present ;
the thickness of its lower part is more easily ascertained,

particularly when a portion of its concave under surface can be

felt through the flaccid abdominal walls,

A peculiar sensation, known as "
hepatic fremitus

" was described

by Brian9on, and some time after him by Piorry, as characteristic of

the presence of echinococci in the liver. They state that when a short

sharp stroke is delivered with the finger on the echinococcus -tumour,

which must have extended quite to the surface of the liver, a tremulous

^i
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senBation is felt iu the finger-tips of the other hand placed on the skin

close to the part percussed. That under favouring conditions, i.e.,

over a hydatid tumour of large size, forming a marked prominence on
the anterior surface of the liver, such a phenomenon may be observed
is undoubtedly true, but it is also certain that in the vast majority of

cases it is absent. Many of the assertions made by authors regarding
the occurrence of this sign must be set down to self-deception ;

its

comparative rarity is evident from Finsen's statement that he had not
once detected it in 235 cases of echinococcus-liver that had come under
his notice.''' It is moreover the case that this sensation, which bears a

very close resemblance to fluctuation, is not pecuhar to hydatid cysts ;

it is felt over ovarian cysts and in cases of ascites, and even iu parts

containing no trace of fluid,
—as when there is a large deposit of fat

under the soft lax skin of the abdomen.
There remains to be noticed the sense of fluctuation, yielded by

limjc hepatic abscesses which reach the anterior surface of the liver,
—

affections which, in our northern cUmate, are exceedingly rare.

The mere fact that the liver can he felt projecting from under

the ribs, is not always to he taken as an indication that it is en-

larged ;
in women who lace tightly it may he pressed downwards

till its edge protrudes 1h—5 ctm. beyond the margin of the ribs,

or in aggravated cases descends almost as far as the umhiiicus.

Downward displacement of the liver also occurs when the

diaphragm is depressed by pulmonary emphysema, right pleural
efiiision or pneumothorax. In certain rather rare cases it sinks

in the cavity of the abdomen from relaxation of its suspensory

ligament ; when this relaxation, which may he caused by some
intrinsic afiection of the ligaments themselves, becomes excessive,

and when to this is added other elements (such as severe labour)

wdiich tend to aggravate the original defect, the liver may hang
downwards even as far as the anterior superior iliac spine. This

* I hare had under observation thirteen cases of hydatid disease of the Hver;

amongst those were three ia which the tumours had made their way to the surface of

the organ, and one in which an enormous mass of echinococcus-vesides was dlschurfjed

through the imibilicus, but in none of them could I discover any trace of the pecuhar

phenomenon under discussion.

Tliat a simple hypertrophy of the liver, when combined with a certain amount of

softening of the hepatic substance, may closely simulate hydatid disease, was strikingly

demonstrated in a case which I had an opportunity of seeing. The patient apparently

presented the most marked signs of hydatid affection of the liver. The diagnosis

seemed so clear that some time afterwards the proposal was made to puncture the cj'SC

and evacuate its contents, but as the patient was unwilling to submit to the operation

nothing was done. At the examination of his body after death absolutely no ecliiuococci

were found in the liver. The swelling was due principally to an enormous hyperplasia

of the interstitial connective tissue. The cause of the deceptive sense of fluctuation

which was so marked during life could net be discovered.
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is describetl as movable or wandering liver ; only nine cases of

this kind have hitherto been recorded.

The differentiation of enlarged from displaced liver is effected

by determining the upper border of the organ by means of

percussion. If this be normal, and if the liver also extend

downwards to some distance beyond the ribs, enlargement is

clearly indicated.—It is not to be forgotten also that the liver

may, in certain circumstances, be found to be both displaced and

enlarged.

Occasionally the gall-bladder, fully distended with bile, presents

itself as a pyriform, moderately elastic tumour, projecting sHghtly

beyond the edge of the liver, usually distinctly visible on the

surface, but still more easily recognised by palpation, offering

little resistance to the touch, and at times giving to the finger

an unmistakeable sensation of fluctuation. This tumour may be

temporarily diminished in size by pressing upon it and causing
a quantity of the bile which it contains to flow out through the

excretory ducts
;
I observed this in a severe case of jaundice, in

which the dilated gall-bladder had produced a considerable, pear-

shaped elevation of the abdominal wall. The situation of a

biliary tumour of this kind at the part corresponding anatomically
to the position of the gall-bladder, and the severe accompanying

icterus, render its recognition easy.
—The gall-bladder is, in cer-

tain exceptional cases, enormously distended with serous fluid

(dropsy of the gall-bladder), when it loses all trace of its original

shape and may occupy a large part of the abdominal cavity.

PALPATION OF THE SPLEEN.

The spleen, so long as it retains its normal dimensions, cannot

be touched with the palpating finger ;
it is only in full inspiration

and when the abdominal coverings are unusually soft and yield-

ing, that its anterior lower end may be felt deep in the left hypo-
chondrium. Palpation of the spleen is best accomplished during
the respiratory pause, the finger-tips being thrust in under the

left costal margin as the patient draws a loDg deep breath.

When palpation is found to be difficult or impossible in the

dorsal recumbent posture the abdominal wall may be still further

relaxed, and the examination thus rendered easier, by turning
the patient over on his right side.

Even a slight degree of enlargement of the spleen is, at the end
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of a long and full inspiration, appreciable to deep palpation,

though this is not always indicated by an actual advance of

its lower end but sometimes only by a well-marked increase

of the sense of resistance. As the organ grows larger it takes

up more and more of the abdominal cavity, extending obliquely

downwards and inwards, toward the median line. In accordance

with the laws of gravitation the direction in which the increase

in volume of the spleen takes place is almost invariably

downwards, upward displacement of the diaphragm from this

cause being observed only when the tumour is of exceptional

magnitude.
The slighter forms of splenic enlargement are met with in the

various infectious diseases, typhoid fever, typhus, pyaemia,

relapsing fever, small-pox, recent syphilis, &c., and in cases

of obstruction of the circulation in the portal system, caused

most usually by cirrhosis of the liver and various cardiac lesions;

even in these affections the spleen, though it occasionally swells

to twice its natural size and often to a greater extent, very seldom

emerges from under the costal arch, but is perceptible to the

hand only in deep inspiration. Intermittent fever of long stand-

ing, and amyloid degeneration, give rise to still greater enlarge-

ment ; it is in leukaemia, however, that the most notable amount

of hypertrophy is observed. In the last-mentioned affection it is

not uncommon to find a splenic tumour of such dimensions that

it fills half or even more of the abdominal cavity.

Except in those cases of enormous enlargement just referred

to the spleen, when hypertrophied, generally preserves its original

form, the increase which it undergoes being nearly equal in all

its diameters—its length, breadth, and thickness. Splenic

tumours of irregular outline, bearing no resemblance to the

normal shape of the spleen, are exceedingl}'' rare. The ana-

tomical situation of the enlarged spleen also corresponds

generally with that of the organ in health
;
its long diameter runs

parallel to the curve of the ribs, taking a more diagonal direction

than the transverse diameter. The thickness of the tumour

may also be approximately estimated when its concave surface

can be reached with the finger.

The notches or depressions on the surface of a very much

enlarged spleen may usually be distinctly felt
;
the swelling of

the organ as a whole deepens them to such an extent that they
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can be made out with tlie greatest precisiou. Generally there is

only one large fissure on the spleen, and one, sometimes two,

rather smaller. In cases in which there is some difficulty in

recognising whether the tumour is really spleen or not, these

indentations become of prime importance as diagnostic signs, as

they are discovered in no other variety of swelling than that con-

sisting of the hypertrophied spleen.

All splenic tumours of any considerable magnitude, reaching

downwards some distance in the abdominal cavity, are of firm

consistence ; the leuksemic, amyloid, and malarial forms are all

more or less alike in this respect, or at least differ so slightly

that their density offers little that is of value in a diagnostic

sense. Those associated with acute diseases, on the contrary,

never attain any very great size and are always of very soft

consistence ;
in typhus indeed they are even softer than the

healthy spleen.

The surface of all these tumours is smooth, or at most presents

no marked irregularity.

Palpation of tumours of the spleen gives rise to almost no

pain, or, in exceptional instances, to only a shght feeling of

uneasiness.

Finally, the spleen may form in the abdomen a distinctly

visible and palpable swelling without at the same time necessarily

being the seat of any enlargement ;
it may be dislocated as the

result of relaxation of its retaining ligaments, when it is caused

to shift about from one part to another of the abdominal cavity

with every change an the posture of the body, constituting what

is known as movable or ivandering spleen. As it commonly
sinks so far that its upper end comes to be situated just under

the border of the costal arch, and as, further, it lies so close to the

surface that its general configuration is readily and accurately

made out with the hand, the diagnosis in such a case is easy.*

* I have seen three cases of movable spleen. In the first case, that of a man in

his thirtieth year, the spleen was replaced and kept in position by means of a bandage,

when the pain, which had been till that time treated in various ways without success,

and which was evidently caused by disturbance of the neighbouring organs by the

spleen, immediately disappeared.—In the second case, which occurred in the person of

a woman 48 years of age, the dislocated spleen lay in the left iliac region, just imder

the soft loose abdominal coverings ;
its whole outline, even its notch, could be

distinguished with perfect precision by palpation, and the organ could be moved

about in the abdomen to a very considerable extent. The dislocation had occurred

suddenly, as the result of some violent physical efEort, the patient at the same time
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The diagnosis of splenic tumour in general rests, as we have

seen, on the indications, furnished by palpation, relative to the

situation and shape of the swelling, the presence on it of one or

more indentations, and on the fact that the tumour, lying under

the left lower ribs, presents an area of percussion-dulncss which

is continuous superiorly with that of the spleen. The precise

nature of the tumour is inferred from the results of further

examination. It is obviously leukccmic if any very considerable

increase in the number of the white blood-corpuscles can be

shown to exist,* or may be assumed to be amyloid if the patient

labour under any disease in which it is knov/n that the organs are

liable to this form of degeneration (destructive changes in the

lungs, diseases of the bones, syphilis
—in which the liver also is

usually enlarged) and if, in addition, the urine is found to be

albuminous (amyloid kidneys) ;
it may be regarded as oi malarial

origin if its appearance is preceded by chronic intermittent fever,

or as due to congestion in those aflections in which circulation

in the portal system is impeded (cirrhosis of the liver, &c.)—

being made conscious, by her sensations, of the nature of the accident that had

befallen her
;
the tumour occasionally gave her slight dull pain. The splenic dulness was

wanting in its normal situation, the pulmonary percussion-sound merging directly into

the clear tympanitic sound of the intestines.—In the third case, that of a young woman

who suffered from angular and lateral curvature of the spine and who had been twice

delivered of a child by instruments, the spleen lay in contact with the flaccid abdominal

wall a little above the left iliac region ;
the displacement was supposed to have taken

place after the second confinement. The tumour was movable within certain narrow

limits, and its size and shape were exactly definable by palpation. The most notable

fact in connection with this case was that the patient, desiring, perhaps, to become

famous as a pathological marvel, caused the spleen to be totally txiirpated; in fourteen

days she had recovered from the operation. She continued in good health for three

months, when she died from the effects of another operation—colporraphia posterior.

* In normal blood there are about 300 red corpuscles to every white corpuscle, and

in the field of the microscope, under a power of 300 diameters, it seldom happens that

more than 10 of the latter are seen scattered among the closely packed and adherent

red globules. In profound leukaemia the proportion of colourless corpuscles to red

rises to 1 of the former to 10, 5, or even 3 of the latter, and cases have been met

with in which the number of the white globules equalled or even exceeded that of the red.

Even in the less intense forms of the affection the increase of the colourless corpuscles

as compared ^\ith their rarity in healthy blood strikes the eye at once.

In splenic leukaemia, i.e., in those cases in which only the spleen is swollen and not

the lymphatic glands, the colourless corpuscles are found to be of large size and to

contain several nuclei
;
whilst in the lymphatic form of the disease, in which only the

lymphatic glands are enlarged, and not the spleen, the white corpuscles are small and

granular, with solitary, relatively large nuclei. When, as is very frequently the case,

both spleen and lymphatic glands are swollen, both kinds of colourless corpuscles are

seen side by side.—The blood required for examination may be taken from any part of

the body which is most convenient, by makmg a slight scratch on the skin.
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In certain not very numerous cases (of which I have seen four

well-marked instances) a considerable enlargement of the spleen

is combined with malignant swelling of the glands of the neck,

axilla, &c. ;
this variety of splenic tumour is distinguished from

that of leukaemia by the circumstance that it is not accompanied

by any augmentation in the number of the colourless blood-

corpuscles. This condition has been designated splenic anamia,
or pseudoleukfemia.

—Hydatid disease of the spleen is rare, there

being up to the present time but 26 cases recorded in medical

literature. When it does occur it may give rise to great deformity
and enlargement of the spleen ;

if the liver be simultaneously
infested by echinococci, little doubt is left as to the cause of the

swelling, but when the parasites are lodged in the spleen only
the principal guide to the true character of the tumour is the

discovery, on its surface, of a circumscribed spot of soft, elastic

consistence to palpation
—the echinococcus-cyst.

—Other tumours

(carcinoma) are developed only secondarily in the spleen.

Splenic enlargement can scarcely be mistaken for any other

variety of swelling found on the left side of the body, from

whatever organ or tissue it may spring, if due attention be paid
to all the details of the examination.

Palpation of the Stomach and Intestinal Canal.

Palpation of the stomach enables us to detect pain or abnor-

mal resistance to pressure in the epigastric region. Pain felt

over a circumscribed area and aggravated by pressure, almost in-

variably indicates gastric ulcer
;

diffuse pain, on the other hand,

occurring periodically, is observed in almost all diseases of the

stomach, whether neuralgic or associated with tissue-changes in

the walls of the organ, from simple catarrh to the gravest forms

of malignant growth. The pain in the jiurely neuralgic aifec-

tions comes on in paroxysms ; starting from the epigastrium it

radiates both to left and right and backwards towards the ver-

tebral column, and is sometimes of a degree of severity such as

is experienced in no other disease of the stomach ; occasionally

also, unlike the j^ain due to round ulcer of the stomach, it is

relieved by pressure on the epigastrium.
The new formations which are found in the stomach, usually

of a cancerous nature, are almost always in their advanced stages

aj)preciable by palpation when, as is most usual, they have their
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seat at the pylorus ; cancer of the larger curvature of the

stomach, a rarer variety of the disease, may also he felt with the

hand, hut that of its cardiac end or of the smaller curvature is

too deeply-seated for examination Avith the finger. They generally
form tumours of greater or less size, of considerable density,

painful both spontaneously and to pressure, occasionally sharply
defined from the neighbouring parts, at other times extending

beyond the epigastric region and then often having intimate con-

nections with the liver. But a painful epigastric tumour, per-

ceptible to the touch, is not necessarily of gastric origin,
—it may

spring from the left lobe of the liver
;
the diagnosis of gastric

cancer therefore is warranted only on observing the other symp-
toms which point to disease of the stomach.—In some rare cases

the tumour of the stomach is due to hyperplasia of the muscular

coat of the organ (myoma) or to sarcoma. These swellings,

though usually small, may attain such dimensions as to con-

stitute a distinct tumour in the epigastrium.
—In pathological

dilatation of the stomach the extent to which its neater cur-

vature is displaced downwards may be demonstrated by passing
a sound and feeling its point through the abdominal coverings

(Leube).

Diseases of the intestines do not frequently present signs
which are appreciable by palpation.

Large, hard, fcecal accumulations in the intestinal canal are

usually felt on the right or left side of the abdomen as irregular,

movable masses ; their true nature is apt to be mistaken, par-

ticularly when, as occasionally happens, they do not disappear
even on the administration of strong purgatives.

—In cases of

stenosis of any part of the canal the peristaltic movements of the

bowel may be observed on passing the hand over the abdominal

wall, which in such circumstances is generally thin and emaciated,

and on the surface of which the intestine stands out in elongated,

rounded and firm ridges. These movements are set up by the

irritation of the mass impacted above the constriction ; occa-

sionally also they become apparent spontaneously, independently
of the presence of any such cause of distension of the intestine.

Of the many varieties of painful sensations, diflering widely

from each other in character and distribution, associated with

inflammatory affections of the bowels, that most worthy of notice

from the diagnostic stand-point is i]ie ileoccecal pain connected
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7vitJi inflammation of the cacu7n, ti/pJioid fever, and perforation

of the inoccssus vermiformis. If in the course of the latter

affection exudation takes place a semi-solid tumour is formed,

tolerably sharply defined from the neighbouring parts, per-

ceptible to superficial or deep palpation according as the amount
of the exudation is great or small.

The presence of fluid in the gastro-intestinal canal,
—in the

stomach in cases of dilatation, in the bowel often as the result of

simple catarrh or of Asiatic cholera (in which the intestine is

frequently loaded with an enormous quantity of fluid),
—is

marked by the occurrence of a loud splashing, which is not only
felt but is also distinctly audible, on pressing firmly and quickly
on the abdomen (see p. 371). In tyj^hoid fever this gurgling is

generally limited to the ileocsecal region ;
the same symptom,

however, similarly circumscribed, is occasionally noticed in

catarrh of this part of the intestinal canal.

The principal diseases to which the omentum is subject are

the various new formations, especially tuberculous and cancerous

degeneration ; the parts in which these changes have taken

place are often felt through the thin abdominal wall as hard

cord-like masses. Not uncommonly they give rise to tumours

of greater or less size (fibroma, sarcoma, lipoma, carcinoma,

hydatid and vascular growths) whose point of origin can be

determined with certainty only when the neighbouring structures

are not involved in the swelling ; but when this is the case,

when the adjoining organs are likewise enlarged and invaded by
the same degenerative process, the resulting tumour may be of

such enormous size and so irregular in form that it is no longer

possible to discover what share each part takes in its formation.

Tumours of the pancreas and of the retroperitoneal glands

may sometimes be detected by palpation. Those of the pancreas
are rare, almost always of a cancerous nature, and very seldom

primary or unassociated with similar changes in other organs ;

they form in the epigastrium hard, immovable or only slightly

movable tumours, which are evidently deeply rooted in the abdo-

minal cavity. Under favourable circumstances the connection

of these growths with the pancreas can sometimes be demon-

strated during life, but a confident diagnosis becomes impossible

when, as in most of the cases hitherto recorded, they are merely

part of a general swelling of the abdomen. This applies also to
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cases of enlargement of the retroperitoneal glands, which is

occasionally primary, more often secondary, and developed in

the course of very many of the general constitutional diseases.

Palpation in Diseases of the Peeitoneum, and in cases of

Accumulation of Fluid in the Peritoneal Sac.

In diffuse peritonitis, whatever be its cause, gentle pressure
or even a light touch with the finger at any part of the abdomen
causes the most acute pain ; in circumscribed peritonitis this

extreme sensibility to palpation is observed only over the area

afi'ected. Cancerous degenerations of the peritoneum are cha-

racterised by the presence of irregular nodules, always painful to

pressure, which may be defined with the hand provided there is

no over-distension of the abdomen with ascitic fluid
; tubercular

degeneration and thickening are likewise sometimes distinguish-
able by palpation.

The differential diagnosis between the conditions described is based,

leaving out of consideration the great difference in the course of the

two diseases, on the results of the examination of the other abdominal

organs ;
cancer of the peritoneum is found to be merely one manifesta-

tion of a much more widely spread morbid process, while tuberculosis

of the peritoneum, on the other hand, occurs only in the more advanced

stages of pulmonary phthisis.

Large quantities of free fluid in the jyeritoneal sac,
—which

consist usually of transuded serum, more rarely of exudation,—
give a sensation of fluctuation to palpation. On placing the

patient on his back or in the upright position and striking with

the finger of one hand on the abdomen, a sense of fluctuation is

transmitted to the other hand laid flat on the abdominal wall

either near or at a distance from the part percussed ; a distinct

wave is also usually seen to pass over the surface.—The

force of this wave depends on the quantity of fluid present

and the consequent tension of the abdominal parietcs ; if the

latter be still flaccid, the amount of effusion being small, fluctua-

tion may be quite wanting or appreciable only in the upright

position, in which the fluid sinks to a lower level in the ca\-ity

and there renders tense the superficial parts. Further, if the

effusion be scanty the undulatory sensation may be elicited only
in the neighbourhood of the spot percussed, and not at more

distant parts.
—The level to which the fluid subsides may be
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defined with considerable precision by noting how far upwards
fluctuation extends.

Encysted peritoneal exudation, hemmed in by inflammatory

adhesion of the peritoneum with neighbouring organs, gives no

sensation of fluctuation. Peritoneal transudations, not being of

inflammatory origin, are not usually encysted ; where, however,

transuded fluid is found enclosed in this manner the adhesions

by which it is confined must be the remains of some antecedent

inflammatory process.

Friction-murmurs are sometimes appreciable by palpation.

If, for instance, the parietal layer of the peritoneum, and that

which covers a large hepatic or splenic tumour, become roughened

by chronic inflammation, the opposed peritoneal surfaces come

into more intimate contact with each other during the inspiratory

and expiratory movements of the liver and spleen and rough
friction takes place between them, capable of being considerably

aggravated by pressure on the enlarged organ.* The conditions

most favourable to the development of the friction-murmur are

presented in carcinomatous disease of the liver, when the peri-

toneum over the irregular nodules with which the organ is

studded is at the same time inflamed
;
on the other hand, this

abdominal friction is absent when the tumour is chronic in its

progress, there being no provocation to inflammation of the

peritoneum when the enlargement of the organ is slow.—In

connection with other abdominal tumours also, when they con-

tract adhesions with the peritoneum, evidence of friction may be

obtained by palpating deeply or by moving the affected organ

slightly with the hand.

Palpation of the Uro-genital Apparatus.

The kidneys become accessible to palpation when they shift

from their normal situation and sink deeper in the abdominal

cavity {movable or wandering kidney), or when they are the seat

of great enlargement,
—

particularly that due to hydronephrosis.

* Peritoneal friction, first accurately described by Desprfes, gives to the finger the

same impression as pleuritic friction,
—that of scratching or grating. In one case

which I saw the friction-murmur was so marked that the patient himself drew my
attention to it.

The movements of the heart also, as in a case observed by Emminghaus, when the

contiguous peritoneal surfaces of the liver and the diaphragm are covered by rough

fibrinous deposit, may give rise to a systolic friction-murmur.
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Dislocation of the kidney, which is very seldom congenital, but
most usually acquired, occurs most often on the right side, rarely
on the left. Kelaxation of the hgaments predisposes to this

affection, a fact to which is to be ascribed the greater frequency
of floating kidney in women after confinement

; violent physical
exertion is also occasionally a cause of this displacement.
The data on which the diagnosis of movable kidney rests are

the presence in the abdomen of a palpable tumour having the

anatomical form of the kidney, and, if further proof be desired,
the absence of the renal percussion-dulness in the region in

which it is usually found.

As the dislocated kidney lies comparatively close to the ab-

dominal wall the smoothness of its surface and its characteristic

bean-shaped outline are readily made out when it can be suffi-

ciently fully grasped between the two hands. On account of its

extreme smoothness and very free mobility it often slips from

under the finger when pressed upon. The further it has wan-

dered from its original position the more easy is it to fix it
;

if it

has moved only from the right lumbar region into the right

hypochondrium it sometimes disappears spontaneously, or on

attempting to examine it with the hand, or occasionally in con-

sequence of various movements on the part of the patient, sinking
behind the hypochondrium again and passing for a time beyond
the reach of the finger. Palpation of the dislocated kidney gives

no pain ; it is only on using considerable force that uneasy
sensations are felt in the part.

Over the region which should be occupied by the kidney the

sound to percussion is clearer than that obtained at the cor-

responding point on the opposite side ; this clear sound becomes

dull when the kidney is returned to its normal position.

The palpation-signs and those elicited by percussion are as a rule

sufficient to prevent a movable kidney being mistaken for an abdominal

tumour. It is only in those cases in which, by pressing upon and

hritating the neighbouring tissues, it has excited inflammation and

thickening of the surrounding parts, as in two cases which I ohsei-ved,

that the diagnosis presents any difficulty, as the organ is deprived of

its mobility and its distinctive outhne is then no longer recognisable.
In such circumstances the objective examination must be supplemented

by a careful consideration of the history of the development of the

disease.
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If the kidneys undergo extensive degenerative changes and at

the same time increase so much in size that they may be appro-

priately described as large renal tumours, they may come near

enough to the surface to be examined satisfactorily by palpation.

Hydronephrosis, due to the presence of some mechanical im-

pediment to the flow of urine into the bladder, constitutes a

swelling of this character. If this obstruction, arising from

compression, adhesion, or malformation of the part at fault,

affects only one of the ureters the hydronephrosis involves only

one kidney, but if both ureters become impassable, or if the

obstacle be situated at the m-ethral orifice of the bladder (cases

which are somewhat rare), bilateral hydronephrosis ]-esults. The

largest tumours are seen in hydronephrosis on one side ;
double

hydronephrosis ends too rapidly in death to permit of the de-

velopment of swellings of great size, while in the unilateral form

of the disease the discharge of the urine secreted by the other

kidney goes on unhindered.

The tumour produced by hydronephrosis, when it is of con-

siderable magnitude, is felt both posteriorly in the lumbar region

and in front through the abdominal walls, as a soft fluctuant

mass of somewhat spherical shape. Its volume may lead to its

being taken for an ovarian growth, but the history of the manner

in which the tumour was developed and the data furnished by
further physical examination, usually render such an error in

diagnosis impossible.

An enormously distended bladder, (which has been known to

reach as high as the umbilicus), is recognised by inspection, and

still more positively by palpation, as a firm, elastic, oval-shaped
tumour in the lower part of the abdomen.

Hypertrophy of tlie prostate may be diagnosed by palpation

through the rectum. .

Among the diseases of the female genital apparatus, tumours

of the ovaries and of the uterus may usually be made out with

the greatest ease by palpation. Ovarian tumours are generally

unilateral, frequently irregularly spherical in shape, and movable.

In most cases they contain a large quantity of fluid, and yield then

a distinct feeling of fluctuation to firm pressure (ovarian cysts).

In other less common cases they appear to the touch to be solid

throughout ; they may, nevertheless, enclose fluid, fluctuation

being wanting merely because the force exerted by the hand in
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palpating through the thick coverings of the cyst is insufficient

to set its fluid contents in motion. In multilocuhar ovarian

cysts also there is no fluctuation. On the other hand, ovarian
tumours have been observed which, during life, gave very dis-

tinctly the sensation of fluctuation, but which at post mortem
examination were found to contain no fluid ; they were exceed-

ingly soft and flabby in consistence, their whole tissue being
infiltrated with serum.—There is, in general, no difficulty in

ascertaining whether the tumour springs from the right or the
left ovary, even when it is so large as to pass to some distance

over the middle line
; but if from the enormous bulk of the

tumour, which may fill up both sides of the abdomen equally, it

becomes impossible to make this distinction by physical ex-

amination, the patient's recollections as to the part in which the

swelling first appeared will usually afford trustworthy enough
indications as to its starting point.
The history of the case, and especially examination per

vaginam, by which latter means the growth can always be reached
with the finger, will generally serve to distinguish ovarian from
other forms of abdominal enlargement ; the diagnosis of hydro-
varium from ascites may be made with a like degree of certainty

by combining palpation with percussion and by giving due weight
to the history of the course of the disease, to the results of the

exploration of the other organs. Sec. (see p. 363).
—It may seem

to some impossible to confound an ovarian tumour \yiih. a gravid

uterus, yet this has often been done.

Enlargement of the vtcrus,
—

physiological in pregnancy,

pathological in cases of tumour of the uterine substance or of

accumulation of fluid in its cavity,
—are appreciable by palpation

through the abdominal wall as soon as the organ emerges from

the pelvis and rises into the abdomen.

z 2
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PEECUSSION OF THE ABDOMEJ^,

i
Percussion of the abdomen is most conveniently practised when
the patient is made to lie on his back, in which position the

abdominal coverings, especially the recti muscles, are relaxed to

the greatest extent.

The object to which percussion is here directed is the de-

limitation of certain of the subjacent organs,
—the liver, spleen,

and gastro-intestinal canal, very rarely the kidneys. The pan-

creas, ovaries, and uterus, when of their normal size, are not

definable by percussion.

The diagnostic importance of percussion in many abdominal

diseases is merely secondary, particularly in cases of enlargement
of the various organs, the information obtained by palpation

being more reliable, inasmuch as by the latter means we are

enabled to detect not only increase in volume but also many
other alterations to which the parts are subject and thus to form

a clearer conception of the precise nature of the morbid process

going on ; this is exemplified in cases of palpable tumour of the

liver, spleen, ovaries, uterus, and in various other abdominal

tumours. In other cases, however, in which palpation gives

negative or uncertain indications, percussion comes to be of

the greatest value as a method of physical examination, as,

for instance, in free ascites, encysted peritoneal exudation,

intestinal meteorism, accumulation of gas in the joeritoneal sac,

atrophies and dislocations of the liver, and in the slighter

(and therefore non-palpable) forms of enlargement of the liver

and of the spleen. Further details having a bearing on this

subject will be given in discussing the percussion of the diff'erent

organs.
It is immaterial in what order the abdominal organs are per-

cussed, though it is customary to begin with the liver and spleen

and afterwards to turn the attention to the gastro-intestinal

canal.
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Percussion of the Liver.

This is undertaken with the view of ascertaining the position

and size of the liver.

In normal circumstances, in which the liver is not definable

by loalpation, percussion is the only method by means of which

the dimensions and situation of the organ can be determined,

while in those cases in which, on account of enlargement, the

liver projects from under the costal arch and may therefore be

distinctly felt, percussion supplements the results obtained by

palpation by fixing the iipi^er hepatic boundary ; diminution in

the size of the organ can be recognised only by percussion.

The liver lies in the greater part of its extent close against

the thoracic and abdominal parietes, only its upper convex

surface, occupying the concavity of the diaphragm, being by the

latter structure, and by the lung towards the right, separated

from the chest-wall. That portion of it which is in contact

with the thoracic and abdominal wall, extending on the front of

the chest from the sixth rib superiorly to the margin of the arch

of the ribs inferiorly, and reaching in the median line to midway
between the base of the xiphoid cartilage and the umbilicus,

gives at all points a dull sound to percussion. This area of

duluess is known as the absolute hepatic dulness. That part

of the liver which is separated from the chest-wall by lung-

tissue extends upwards, when the diaphragm is in a medium

state of contraction (as in quiet expiration), to the level of the

fifth rib between the right mammillary and parasternal lines ;

from this point downwards to the inferior border of the lung,

beyond which the liver is in immediate contact with the thorax,

the sound is not dull, but is only less loud than that elicited

higher up (at parts behind which lung alone is situated), and is

therefore spoken of as merely relatively dull. The height of this

relative hepatic dulness, however, is less than the actual height

of the upper convex segment of the liver which is sheltered

behind pulmonary tissue, as the dulness always begins in the

middle of the fifth intercostal space, where the stratum of lung

which comes in front of the liver becomes sufliciently thin, while

above this level the layer of lung is too deep to permit of any

diminution in the intensity of the percussion-sound taking place.
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As. accordingly, the relative hepatic dulness can never be defined

with rigorous exactness no attempt is as a rule made to do so,

attention beinsr directed to the determination of the area of

absolute dulness only. The full vertical diameter of the organ

may nevertheless be approximately shown by placing the upper

boundary of the absolute dulness 4 ctni. higher,
—the extent to

which the liver, in the mammillary line, is covered by Itmg, the

diaphragm occupying a middle position between relaxation and

extreme contraction.

The liver should be percussed during the respiratoiy pause,

and generally along four lines, the axillary, mammillary,

parasternal and median lines.

The upper boundary of the hepatic dulness is foimd at the

eighth rib in the axillary line, at the upper (sometimes the lower)

border of the sixth rib in the mammillary line, at the upper
border of the sixth rib (sometimes in the fifth intercostal space)

in the parasternal line, and at the base of the xiphoid process in

the median line. Posteriorly the liver rises as high as the level

of the tenth rib. The superior boundary of the hepatic dulness

is thus conterminous with the inferior margin of the right

lung.

The lower limit of the hepatic dulness is situated between

the tenth and eleventh ribs in the axillary line ; in the mam-

millary and parasternal lines it comes close to the edge of

the arch of the ribs, comparatively seldom passing beyond it,

and then only to the extent of 1—1^ ctm. In women this

inferior boundary may be considerably lower,—as much as 2^
—

5 ctm., a condition which is commonly due to tight lacing,

sometimes to relaxation of the suspensory hgament of the

liver ; in the latter case the upper limit also is lowered. In the

median line the hepatic dulness reaches downwards to nearly

midway between the base of the xiphoid process and the nm-
bnicus ; firom the median line it extends abont 5 ctm., at most
6—7 ctm., to the left, where its lower edge, turning upwards,

passes into the lower margin of the cardiac dulness and there

ends, as might be expected from the anatomical site and outline

of the liver, in the upper border of the hepatic dulness.—
Posteriorly the lower boundary of the liver-dulness is no longer
demonstrable beyond the scapular line, in which it is situated at

the level of the eleventh rib ; the dulness is here undefinable.

I
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being lost in that arising from the thick mass of the dorsal

muscles.

The percussion-sound is not equally dull at all parts of the

hepatic area
; over the thick right lobe of the liver the non-

resonance is mncli more decided than over the tliin left lobe,

while towards the lower margin of the organ, where it diminishes

rapidly in thickness, the sound becomes more and more clear.

The proximity of the intestine to the lower part of the right lobe,
and of the stomach and bowel to the whole left lobe, adds to the

dull sound heard on percussing in these regions one of tympanitic

quahty : by striking gently with the hammer or finger the con-

fusion arising from the mingling of these sounds may be reduced

to a minimum. It is only in children that, notwithstanding the

employment of a light stroke in percussing, tlie dull sound over

the whole hepatic area is accompanied by a tympanitic sound.

Dislocation of the Ltvee.

In this affection the boimdaries of the area of liver-dulness are

altered, but the organ itself remains of normal size.

Dislocation of the liver horn pJiysiological causes occurs during
the respiratory act : in quiet respiration the amount of displace-
ment is merely trifling ; deep inspiration, on the other hand,

occasions a verv considerable sinking of the liver, and con-

sequently also of the upper limit of the hepatic dulness. At the

same time the vertical diameter of the dull area diminishes, as

in inspu-atiou the lower margin of the liver descends only to

a point about 1—li ctm. below the edge of the costal arch,

whilst the upper convex surface of tlie organ is overspread by
the expanding lung to the extent of 2—3 ctm. The attitude of

the body has also a certain influence on the position of the lower

border of the liver : in Ivinir on the riirht side the ri^ht lobe

sinks and the left rises somewhat, and if decubitus be on the

other side these relations are usually reversed.

Pathokxikal displacement of the liver takes place generally

downwards, seldom t^tmd then only to a very inconsiderable

degree) upwards or lateniUy.

Dislocation downwards is produced by all those conditions in

which depression of the diaphragm is a marked symptom,
—the

severer forms oi pulmonary emphysema, n§ht pleuritic exudation
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and imeumothorax ; in a rarer class of cases the depression is

due to relaxation of the ligamentum suspensorium hepatis.

If both lungs he emphysematous the disi:)lacement of the liver

is uniform,—and this is the more common variety of the affection;

but if the disease be more marked in the right lung, as it occa-

sionally is, the right lobe is pushed further downwards than the

left.

The extent to which the upper boundary of the liver sinks,
—

one, or even two intercostal spaces,—is proportionate to the

degree of distension of the emphysematous lung ; in aggravated

cases it may even come to occupy a position opposite the eighth

rib in the mammillary line, when the margin of the organ will

be found to project beyond the arch of the ribs. This descent

of the lower hepatic boundary, however, is not so great as that

of the upper boundary ;
the hepatic dulness is therefore not

simply displaced but is also diminished in size, a condition which

is favoured by the fact that the adjacent intestine gives a tym-

panitic note which accompanies the percussion-sound of the

lower segment of the liver.

A second very common cause of downward dislocation of the

liver is right pleuritic exudation
;
much more rarely, and then

not to such a marked extent, a similar displacement is produced

by right pneumothorax, if it have not at the same time given rise

to an abundant pleuritic effusion. In such cases the right lobe of

the liver is driven further downwards than the left, so that the

organ is made to take up an oblique position in the abdominal

cavity, the descent of the heavy right lobe rendering tense the

suspensory ligament and causing the left lobe to turn more to

the left and upwards.
—

Left pleuritic effusion, left pyo-pneumo-

thorax, or very copious jjcricardial effusion, may, but never to

any great degree, depress the left lobe of the liver.

The liver, when dislocated downwards, maj^ generally be felt with

the hand if the abdominal coverings be not too tense
;
but when it is

not distinguishable by palpation the characteristic feeling of resistance

which it gives to percussion, the dull sound brought out by a gentle

percussion-stroke, and the dull tympanitic sound it renders in answer

to a more forcible stroke, make its recognition comparatively eas}'.

That the liver is simply dislocated,
—not enlarged, as might be

supposed by its projecting and coming within reach of the hand beyond
the edge of the costal arch,—is at once shown, when the cause of the

displacement is pulmonary emphysema, by the percussion-signs above
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enumerated, particularly by those which indicate a descent of the

upper limit of the hepatic dulness. In right pleuritic eti'usion, on
the contrary, the determination of the superior boundary of the liver

becomes impossible, as the dull sound of the fluid passes directly into

that obtained over the hepatic area.

Dislocation of the liver upwards is invariably the result of

pressure from below by enlargement of the abdominal organs,
intestinal meteorism, ascites, large tumours of the abdominal

cavity, especially of the ovary. The displacement is thus most

frequently uniform ; occasionally, however, the liver is pushed

up unequally, according as the pressure takes effect chiefly on its

right or left lobe. The actual extent of the upward dislocation

from these causes connected with the abdominal organs is never

so gr^at as that of the displacement downwards from thoracic

disorder, as from the more yielding character of its walls the

abdomen undergoes a much greater degree of enlargement than

the thorax before the signs of pressure on the liver become

evident
; generally, indeed, the effect of even very considerable

abdominal pressure is merely to raise the liver but one interspace

higher, so that the upper boundary of the organ comes to coincide

with the fifth rib. Still further elevation of the liver, till it

reaches even as high as the fourth rib, is rare.—The determina-

tion of the loicer border of the liver by percussion is often difficult,

occasionally quite impossible, when the dislocation is due to

pressure from below,
—in cases of very abundant ascites, for

instance, as this afiection itself is associated with a dull per-

cussion-sound. And even in those suffering from intestinal

meteorism, or abdominal enlargement from other causes, we

frequently fail to delimit the liver inferiorly, as its dulness is

swallowed up in the tympanitic sound of the bowel ; in these

circumstances therefore the vertical measurement of the hepatic

dulness is less than it is normally.

Enlargement of the Lfver.

When the liver increases in size its surface and margin, as

already observed (p. 324), come within easy reach of the hand,

when it is no longer necessary to have recourse to percussion to

recognise the presence of the enlargement. Less marked aug-

mentation of volume, however, gives no sign which is appreciable
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by palpation, especially if there be much tension of the abdominal

wall
;

in cases of this kind the increase is clearly enough shown

by the dull sound elicited by percussion of the hepatic area.

This sound is never absolutely non-resonant, but is of a dull

tympanitic quality. The distance downwards to which the liver

reaches is indicated by the line of demarcation between the dull

tympanitic sound of the organ itself and the clear tympanitic

note of the adjoining intestine.

But the liver, even when distinctly enlarged and projecting

below the ribs, is not demonstrable by percussion in the presence

of copious efiusion into the peritoneum (ascites) or meteorism of

the intestine. In the first case, provided that the fluid be

abundant enough to reach to the upper part of the abdomen and

that the abdominal walls be in a condition of considerable tension,

the dull sound of the liver is indistinguishable from that of the

effusion ; the fluid often rises as high as the liver, or even covers

it, when the patient lies on his back. In the second case

(meteorism) the colon, distended by gas, sometimes comes

between the liver and the abdominal wall, when percussion

educes only the loud intestinal sound. In the same way an

enlarged left lobe of the liver may be so masked by the dilated,

air-distended stomach as to be undiscoverable by percussion.

Of the complications just enumerated, which hinder or render im-

possible the dehmitation of the liver by percussion, ascites is the most

common {as in cases of hepatic enlargement, and peritoneal effusion in

the stage of failure of compensation in mitral lesions). If the super-
ficial tissues he sufficiently lax the swollen organ is arccssMc to palpa-

tion, when the enlargement is easily detected without the aid of

percussion. Even when the abdominal parietes are moderately tense

the hypertrophied liver may be explored by palpation, by pressing

suddenly and firmly with the hand over that part of the abdominal

surface corresponding- to the site of the liver, and in this manner

pushing the fluid aside.

A liver of normal size may appear enlarged when close to its

lower border is situated some solid medium giving a dull sound

to percussion. The hepatic dulness is thus apparently increased

by the presence of firm, hard faecal masses filling up the trans-

verse colon, by tumours of the pylorus and of the stomach in

general, and by peritoneal exudation encysted in the neighbour-

hood of the liver.
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In these cases also, in which percussion is plainly not to bo relied on
as a means of investigation, palpation ver}' genenilly, thougli not invari-

ably, furnishes such indications as warrant a positive diagnosis. But
even with the aid of the latter method of examination it is not unfre-

quently impossible to distinguish between cancer of the pylorus and
cancer of the left lobe of the liver

;
it is then necessary to fall back on

the other symptoms which point to the presence or absence of functional

disorder of the stomach.

Several of the above-named conditions, which complicate or render
uncertain the results of percussion, such as distension of the stomach

by food, the overlapping of the enlarged liver by coils of intestine, the

accumulation of a quantity of hard fiecal matter in the colon, &c., are

of short duration, so that repeated examination usually removes any
doubt that may have at first arisen as to the real dimensions of the

liver
;

in all such cases, however, the symptoms relating to the

development and course of the disease possess a much higher

diagnostic value than the doubtful objective results of physical
examination.

In a rarer class of cases the liver increases in size not merely
downwards but also upwards, pushing the diaphragm before it,

rising sometimes as far as the third intercostal space, compress-

ing the lung and dilating considerahly the right half of the chest,

particularly laterally; this is observed specially in hydatid disease

of the liver.

At the first glance such a case may readily be mistaken for one of

pleuritic exudation, but a closer examination will reveal the true nature

of the ati'ection. Thus, in a woman whom I lately had under observa-

tion, sutiering from hjxlatids of the liver, the tumour, which was large
and distinctly fluctuant, was not simpl}' abdominal but grew upwards
also into the thoracic cavity, and that so quickly that in a short time

the right side of the chest, from about the fourth rib downwards, was

dilated to an extent such as is generally noticed only in cases of

enormous pleuritic exudation. To fall into the error of confounding
such an affection with pleuritic exudation is scarcely possible ; apart
from the objectively-demonstrable fact that the liver forms a prominent
tumour in the abdomen, it will be found that the intercostal spaces,
when the chest is dilated by an hepatic tumour, are not obliterated ;

that, further, the dilatation of the thorax is very irregular, and that

above all the outline of the area of dulness does not in the least

resemble that which is so distinctive of pleuritic exudation.

Contraction of the Liver.

The principal sign which this condition gives to percussion is

diminution in the extent, or even entire disappearanee, of the
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hepatic clulness. In the latter case the existence of atrophy of

the liver is unquestionable, in the former case its presence is to

be regarded as satisfactorily demonstrated only after all possible

complications such as might invalidate the results of percussion

have been excluded.—The circumstances under which the liver,

even when of its natural size, may be associated with an area of

dulness abnormally small, have already been in part enumerated

on p. 343 ;
the following m,ay also be mentioned here. 1. When

some coils of intestine, distended by gas, come between the

convex surface of the liver and the thoracic or abdominal wall,

the vertical measurement of the hepatic dulness is diminished,

as over the lower j)art of the liver the non-resonant percussion-

sound gives place to a loud tympanitic note, while the dull sound

proper to the left lobe may almost totally disappear. It is

usually the transverse colon which, when inflated with intestinal

gases, rises in front of the liver and masks the percussion-

duluess of its right and left lobes ;
the area of non-resonance

corresponding to the left lobe may also be invaded and reduced

in size by distension of the stomach. 2. The hepatic dulness

is encroached upon when the upper surface of the liver is in

great part covered over by emphysematous lung ; its upper limit

sinks very considerably, while its lower limit is pushed down-

wards into the abdomen to but a very slight degree. 3. Similarly,

a very decided reduction in the area of the hepatic dulness takes

place when the liver is driven upwards by ascites, intestinal

meteorism, or large ovarian tumours, as a much larger portion

of the convex surface of the liver is thus caused to pass behind

the anterior lower margin of the lung. 4. Finally, a decrease in

the extent of the hepatic dulness is also observed in certain

rather rare cases in which, in consequence of perforation of the

intestine (as in typhoid fever) gas finds its way upwards between

the liver and the thoracic or abdominal wall.

Actual diminution of the area of hepatic dulness is due to

contraction of the liver, arising specially from cirrhosis and acute

yellow atrophy
In cirrhosis of the liver the contraction of the organ is often

very marked. It may become difficult or even impossible to

demonstrate any diminution in the extent of the hepatic dulness,

on account of the ascites which invariably accompanies cirrhosis,

the non-resonant hepatic area being continuous inferiorly with
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the duluess associated with the ascites, while its superior boun-

dary is found at its normal level or even somewhat lower, if the

liver be pushed upwards and so brought more fully under cover

of the lung. If, on the other hand, the ascites he but trifling

one can generally convince himself—always, if the fluid be drawn

oft" by puncture
—that the dulness which represents the right

lobe of the liver is diminished in height, and often that of the

dulness corresponding to the left lobe no trace is discoverable.*

The most extreme degree of contraction of the liver occurs in

the course of acute yellow atropluj. The liver, in this aflection,

may very rapidly become so small as to sink quite to the back of

the abdominal cavity and lie against the vertebral column. Coils

of intestine then come in between the liver and the chest-wall,

and the pulmonary percussion-sound may, as I observed in one

case, in the front and side of the chest pass directly into the

tympanitic intestinal sound.

Percussion of the Spleen.

The spleen lies deep in the left hypochondrium, its long
diameter being, directed obliquely from above and behind, down-

wards and forwards. Its upper or posterior end is situated close

to the body of the tenth dorsal vertebra, in the concavity of the

diaphragm, and under the edge of the left lung, while its lower

or anterior end is found behind the eleventh rib near its free

termination, that is, somewhat posterior to the middle axillary

line. The anterior border of the spleen runs parallel with the

ninth rib, the posterior parallel with the eleventh. The organ
is more or less rounded at its upper and lower ends.

Percussion of the spleen can be carried out equally well while

the patient is in the sitting, standing, or recumbent posture ;

but in those cases in which the organ is enlarged, forming a

tumour which projects beyond the margin of the arch of the ribs,

percussion must be practised not only with the patient in the

upright position, but also while he is recumbent and, as the

spleen is placed at some distance from the front of the trunk,

turned somewhat to the right. The result obtained by percus-

* In one case of cirrhosis which I saw the ascites was exceedingly slight in amomit,

a condition which was obviously owing to the fact that the patient had almost daily,

dui-ing a period of several weeks, a very profuse watery discharge from the bowel; the

Bmallness of the liver was for this reason very easily demonstrable.
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sion varies a little, however, according as the person under

examination assumes the one or the other position. When he

reclines on the right side the splenic dulness is displaced and

slightly diminished in area ;
it shifts, as the spleen sinks and is

turned still further forward (inward) at its lower end, in such a

way that the direction taken by its long diameter is no longer

diagonal, as in the standing posture, but more nearly horizontal ;

it is then also diminished in area, by the descent ("2
—3 ctm. in

extent) of the lower margin of the left lung, whereby a larger

part of the upper (posterior) end of the spleen is hidden by pul-

monary tissue, the lower (anterior) end of the organ falling down-

wards. This displacement and diminution in size of the splenic

dulness is recognised by comparing the areas of dulness obtained

in the upright and right lateral positions ;
the difference is often

quite ]3erceptible even while the spleen is normal in volume, but

is much more obvious when it is enlarged. It is in almost every
instance advisable to percuss in both positions alternately, as a

comparison of the outline of the non-resonant areas provides a

convenient test of the accuracy of the results of this method of

investigation.

The spleen, being of comparatively small size, only 2|
—4

ctm. in thickness, and surrounded on almost all sides by air-

containing organs, gives a sound to percussion which is much
less dull than that of the liver. In adults frequently, in children

generally, the splenic sound is not absolutely dull, but merely

slightly muffled and at the same time of tympanitic quality ;
the

percussion-stroke employed must therefore be gentle, otherwise

vibration will be set up in the adjacent structures (the lungs,

stomach, and colon), and the muffled splenic sound will be

almost lost in the clear sound so awakened. The stroke must

also be delivered in the respiratory pause, as during inspiration

the greater part of the upper end of the spleen is sheltered

behind pulmonary tissue ;
a very deep and full inspiration may

even cause the splenic dulness to disappear entirely. Even after

complete expiration, however, nearly the whole upper third of

the organ, about 4 ctm. in length, remains covered by lung ;

this portion of the spleen is accordingly not definable by percus-

sion,
—though exactly the contrary has been maintained by some

authors. At that part of the posterior thoracic surface which

coincides with this upper segment of the spleen, that is, in the
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space lying between the ninth and tenth dorsal vcrtebroe and the

scapular line, no diminution in the intensity of the percussion-
sound is heard, the note being nniforruly clear quite up to the

lower border of the lung. As the upper third of the spleen is

thus too deeply seated to be recognisable by percussion, it

follows naturally that the long diameter of the organ as indicated

by this method of examination is one-third shorter than it really
is anatomicall}'.

In percussing from above downwards—preferably without the

hammer—between the left middle and posterior axillary lines,

the patient being in the standing posture and having his left

arm slightly raised, distinct duluess is first obtained usually at

the iqjper border of the ninth rib, and at the same time the

sense of resistance experienced in the finger is increased
; this

marks the superior boundary of the splenic dulness. This area

of non-resonance extends downwards to the eleventh rib or to its

lower border, which is therefore regarded as the inferior boundary
of the splenic dulness

;
the muffling of the percussion-sound

ceases at this point, and is replaced by the clear note yielded by
the bowel. Posteriorly the splenic dulness is bounded by the

scapular line, from the ninth to the eleventh rib ; its anterior

limit coincides almost exactly with the middle axillary line, also

between the ninth and eleventh ribs.—The long diameter of the

splenic dulness measures about 7—8 ctm., its greatest breadth

5—6 ctm., while the actual length of the spleen itself is on the

average about 12 ctm., and its breadth about 8 ctm.

Whilst the spleen is easily definable between the ninth and

eleventh ribs in the axillary line, the delimitation of its anterior

and posterior borders in their icJujIe extent is an undertaking of

much greater difficulty, and one which sometimes cannot be

satisfactorily accomplished. This is accounted for by the

anatomical relations of the organ. Thus, the upper part of its

posterior border lies deeply sunk behind lung-tissue, and is

therefore not traceable by percussion ; the middle and a portion

of the lower part of the same border, also, run up to and overlap

the convex edge of the kidney, so that in this direction the

splenic dulness is continuous with and indistinguishable from

the renal dulness. There remain accordingly of the posterior

border only two small portions, an upper and a lower, which

may be isolated by percussion from the adjoining resonant pul-
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monary area. These points being found they should be con-

nected by a slightly curved line, which will include and indicate

with substantial accuracy those other points, lying between the

two extremities of the line, which are not distinctly demonstrable

by percussion. The anterior border of the spleen, covered, like

the j)osterior border, by lung in its upper third, comes in its

lower two-thirds into somewhat close proximity to the greater

curvature of the stomach, while its lowest third is in immediate

relation with the splenic flexure of the colon. If the stomach

be dilated, as after a hearty meal, the tympanitic or ringing

metallic sound which it then gives modifies the dulness not

merely of the anterior part but of nearly the whole of the splenic

area. The colon, also, when distended with gas, encroaches on

the splenic dulness.

The changes in form and dimensions which the splenic

dulness undergoes may be caused by dislocation of the spleen,

by apparent and by actual enlargement of the splenic area.

Very deep respiration is attended by a slight dislocation of

the spleen. In inspiration the organ sinks somewhat in the

abdominal cavity, but the space which it renders dull to percus-

sion becomes smaller, as its upper end is more fully shut in by

pulmonary tissue. In tranquil inspiration, however, no down-

ward displacement of the lower limit of the spleen is noticeable.

The spleen is pushed still further from its normal situation, and

its area of dulness to a similar extent reduced or even caused to

disappear, by left pleuritic effusion, pneumothorax, and pul-

monary emphysema. In cases of pleurisy in which the fluid is

so abundant as to occupy the front as well as the back part of

the pleural sac, the splenic dulness and that due to the presence
of the eflusion cannot be defined from each other

;
if the exuda-

tion be unusually copious, and the diaphragm be depressed, the

spleen also is displaced and protrudes from under the costal

arch.— In left pneumothorax the splenic dulness may vanish

completely; the spleen, however, is common^ driven down-

wards by the weight of the pleural effusion which is always

poured out soon after the air has gained access to the pleura.
—

In like manner the pressure of an emphysematous lung causes

the spleen to sink to a lower point in the abdomen. In a case

of this kind the splenic dulness is always greatly diminished in

size, as the margin of the lung creeps downward over the upper
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part of the spleen to a considerable distance, whilst the actual

descent of the organ, due to depression of the diaphragm, is

comparatively trifling.
—If the spleen be dislocated upwards, as

from ascites, its area of dulness is not traceable on the surface ;

if the displacement be the result of an extreme degree of

meteorism, the splenic dulness is invaded and lessened in size,

as on the one hand a larger portion of the spleen is covered by

lung, and on the other the dull sound it renders to percussion is

overborne by the loud and clear intestinal note.—If the disloca-

tion be complete, if the spleen have, in other words, become

movable, percussion-dulness is entirely wanting in the region

corresponding to the normal anatomical situation of the organ.

Apparent enlargement of the splenic dulness is produced when

the hollow or air-containing organs in its immediate vicinity are

from any cause transformed into solid, airless structures. The

dulness of these solid organs then becomes continuous with that

of the spleen. This is what takes place in cases of efiusion con-

fined to the posterior lower part of the pleural cavity, consolida-

tion of the lower lobe of the left lung, engorgement of the colon

with faecal masses, tumours of the liver of such dimensions that

they reach over to the spleen, &c. Careful examination, how-

ever, will suflice to establish the diagnosis of apparent enlarge-

ment of the splenic dulness from actual increase in the volume

of the spleen itself, the former condition being characterised by

an irregularity of form which is strikingly difterent from its

normal oval or rhomboidal outhne, and by the total absence of

the usual shifting of the area of dulness on altering the attitude

of the patient, as on changing from the upright to the recumbent

posture on the right side. The other methods of physical

examination also at once suggest the merely apparent character

of the augmentation of the splenic dulness and indicate its

special causes.

Actual enlargement of the splenic dulness is the result of

enlargement of the spleen itself. The non-resonant area is

normal as regards shape, but is increased in size in all directions ;

the lines therefore which are represented above as bounding the

normal splenic dulness are set more widely apart, on account of

the lengthening of the vertical and transverse diameters of the

splenic area. The extension of the dulness takes place most

commonly downwards and backwards, when the swelling of the

2a
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spleen is moderate in degree ;
when tliis is still greater the

organ passes beyond its normal limits anteriorly as well as in

the other directions, and when the tumour is of unusual dimen-

sions it pushes the diaphragm upwards
* before it into the thoracic

cavity, and percussion then shows that the upper boundary of

the sjileen occupies a much higher position than normally.

As enlargement of the spleen is invariably attended by increase

in the thickness (the antero-posterior diameter) of the organ, the

intensity of the dulness is also always much greater than over

the normal spleen ;
the percussion-sound of a large splenic

tumour is as absolutely dull as that heard over the liver, while

the sense of resistance experienced in the percussing finger is

augmented to a very unusual degree. The larger the spleen

becomes in all its diameters the more easily definable is it by

percussion, the influence of the sounds given by the parts in the

vicinity being eventually completely neutralised as the hyper-

trophy of the organ goes on.

If the spleen forms a distinct tumour, protruding from under

the arch of the ribs, it must, except in some rare cases of dis-

location (movable or wandering spleen), be regarded as enlarged.

When it comes down in this way into the abdomen examination

by percussion may almost be said to be superfluous, as much

clearer and more definite information may then be obtained by

palpation. The signs which a splenic tumour gives to palpation

are so distinctive as very seldom to leave any doubt as to the real

nature of the swelling under consideration (see p. 328). As a

confirmatory test, however, percussion is here of some import-

ance, as it shows that the line of dulness is unbroken between

the normal splenic area in the lower thoracic region and the non-

resonant space corresponding to the tumour.

Tumours of the spleen may be unrecognisable by percussion,

or recognisable only with difficulty, if there be much meteorism

or ascites present. If the swelling reach to a point considerably

below the level of the ribs, however, it may always be determined,

if not by percussion, at least by palpation, especially if pressure

be made with the hand firmly and suddenly, in such a way as to

displace the fluid for a moment.

* In one case which I observed, in which the whole abdomen was filled by an

enormous splenic tumour, the apex of the heart was found beating at the level of the

fourth rib
; immediately below this point also the absolute splenic dulness began.
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Percussion of the Stomach.

A small portion of the anterior surface of the stomach, and the

larger part of its great curvature, are in direct contact with

the ahdominal parietes anteriorly ; the rest of the organ is

covered over, partly hy the left lobe of the liver and partly by the

left lung. This portion of the stomach, that which in front

touches the wall of the abdomen, is bounded towards the right

by the left lobe of the liver, and superiorly by the lower border

of the left lung, which turns backwards behind the sixth and

seventh ribs, to the outside of the apex of the heart
;
the lower

border of the stomach, its larger curvature, crosses the epigas-

trium from the left lobe of the liver to the left hypochoudrium in

a curved line situated nearly midway between the point of the

xiphoid process and the umbilicus, inclines upwards and outwards

opposite the free end of the tenth rib, and at the level of the sixth

rib, in the anterior axillary line, meets the upper boundary of the

oro-an. These are the limits of the stomach when it is in a state

of only moderate distension.

It follows from what has just been stated that it is never pos-

sible to delimit the stomach in its whole circumference by means

of percussion, but only so much of it as is not overlapped by

other oro-aus and is in immediate relation with the anterior

abdominal wall. In examining the stomach the patient should

be placed on his back, this being the most convenient position

for percussion in this region. The upper limit of the stomach

should first be found, the line along which the clear pulmonary

note gives place to one which is tympanitic in quality; the

boundary of the gastric area towards the right may then be

determined by following the edge of the hepatic dulness till it

ends in the lower margin of the cardiac dulness ;
the delimitation

of the superficial gastric area is completed by tracing the course

of its lower border, which coincides with that of the greater

curvature of the stomach (see above). The close proximity of the

transverse colon, however, often proves a serious obstacle to the

proper carrying-out of this proceeding, as the percussion-sounds

of the great intestine and the stomach are sometimes exactly

alike both in intensity and pitch, when all that can be accom-

plished is usually merely to fix certain points in the line of the

2a2
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lower boundary. In other cases, however, when the sound of

the colon is higher in pitch than that of the stomach, the course

of the larger curvature may be made out with much greater pre-
cision. The percussion-sound in the gastric area just described

is generally loud, clear, tympanitic, and of low pitch.

The gastric percussion-sound undergoes many modifications

both in quality and in the extent of surface over which it is

audible, according as the stomach is empty, partly filled, or

comi^letely and fully distended by its contents.

When the stomach is empty a deep and clear tympanitic note

is heard over its whole extent
;
but if it be so fully occupied by

fluid and solid matters that but little space is left in it for air,

the region of tympanicity is diminished in size, and at the

dependent parts of the great curvature the sound is often

muffled, when it becomes easy to distinguish it from the tympa-
nitic sound of the transverse colon, provided also that this part
of the intestinal canal is not in a similarly overloaded condition.

If the stomach contain only a moderate quantity of solid matters

there is no muffling of the percussion-sound ;
if there be also a

considerable volume of air present the sound may even be

tolerably clear, so much so as to become indistinguishable from
that of the colon.—When the stomach is overcharged with food

the tympanitic gastric area is also considerably altered in extent,

the above-described lower boundary-line, representing the larger

curvature, being shifted further downwards, to a greater distance

from the upper limit of the tympanicity proper to the stomach

(the sixth rib) ; the somewhat crescentic gastric area is thus

increased in diameter, it includes the whole left hypochondrium,
overspreads and masks the anterior part of the splenic dulness

and to some degree also that part of the hepatic dulness which
marks the left lobe of the liver.—If the stomach be widely
dilated by gas, so that its walls are in a state of considerable

tension, a metallic quality is noticeable in the percussion-note
over a greater or less area, when the ear is held close to the spot

percussed or when instead of the hammer a small metallic rod is

used (see p. 106). Were it possible to elicit this metallic sound

over the whole of the gastric area, we should have in this

system of percussing with a small rod of metal a means of fixing

the boundaries of the stomach with almost absolute exactness.

This method of examination has been elaborated particularly by
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Leiclitenstern, but the results it yields are far from Leing jser-

fectly satisfactory, as the metallic sound so produced is not only not

heard over the 7chole of the region corresponding to the stomach,
but is also sometimes audible over the transverse colon when it

is inflated with gas.
—There is still another method, however,

described by Frerichs,* whereby the outline of the stomach may
be traced on the surface with somewhat greater precision. To
the patient to be examined is administered a quantity of tartaric

acid, followed up by a like quantity of bicarbonate of soda dis-

solved in water
; effervescence takes place freely within the

stomach, which is soon distended by the carbonic acid gas dis-

engaged. When in this condition the stomach, which often

forms a visibly prominent swelling in the epigastric region, gives
a deep, tympanitic, and metallic percussion-sound, frequently of

a strikingly different character from that rendered by the trans-

verse colon.—xinother method sometimes adopted to distinguish
stomach from bowel by percussion, is to fill the former with fluid,

when the sound obtained along its lower border, the patient being
in the upright position, will be found to be dull.

The tympanitic gastric area which is here represented as

associated with a medium state of dilatation of the stomach, may
appear to be dislocated, increased, or decreased in size.

The stomach is dislocated downwards in those conditions in

which the diaphragm is depressed,
—

copious pleuritic efiusion,

pulmonary emphysema ;
it is displaced upwards when the dia-

phragm is caused to rise to a higher level in the thorax, as by

ascites, or large abdominal tumours.

The gastric resonant area is diminished by tumours of the liver

and spleen, when these are sufficiently large to encroach upon
the stomach to any extent.

Enlargement of the space which the stomach renders tympa-
nitic to percussion occurs in cases of pathological dilatation of

the organ. It is one of the signs frequently observed in gastric

catarrh of long duration, and more especially in connection with

stricture of the pylorus ;
in these circumstances the stomach is

dilated along its greater curvature, its lower boundary sinks

* In like manner Schreiber has proposed to pass into the stomach an oesophageal

tube, to which is attached a small india-rubber balloon; this balloon, when it reaches

the stomach, is inflated by blowing through the tube, and the organ is in this way
distended with air.
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sometimes even as low as the umbilicus, while to the right it

may extend far over the middle line, and to the left may pass

beyond the axillary line, so that the whole upper, and occasion-

ally also the middle portion of the abdominal cavity is occupied

by the dilated organ. Throughout the whole of this region the

percussion-sound is tympanitic, and at some parts may possibly

be of a ringing metallic character, if the stomach contain chiefly

air and only a relatively small proportion of fluid. If the

stomach-contents consist mainly of fluid, and if the abdominal

wall be soft and lax (as it generally is, these cases being usually

marked by excessive emaciation), the gastric percussion-sound

undergoes considerable modification on altering the position of

the patient, and in this way the delimitation of the part may be

greatly facilitated
; thus, in the upright position the fluid gravi-

tates to the lowest level within the stomach, and the sound

along the greater curvature becomes much less resonant and

more readily distinguishable from the clear tympanitic note of

the colon. The lateral limits of the stomach may be determined

in like manner, by turning the patient first to the right and then

to the left side; the fluid, as before, seeks the lowest level, when
the previously clear tympanitic percussion-sound at the points
to which it sinks becomes feebler and duller.

The signs which the dilated stomach presents to inspection and pal-

pation (see pp. 318 and 332) are often of the greatest value as aids to

percussion in determining the limits of the affected organ ; frequently,

indeed, these are the only indications which can be trusted to in the

diagnosis of the condition under discussion. In several cases of

enormous dilatation which have come under my own notice the greater
curvature of the stomach was recognisable as a well-marked, slightly

prominent line or elevation which crossed the abdomen below the

umbilicus, and which, on being smartly rubbed with the hand, showed

peristaltic movements in relief with surprising distinctness. In two of

these cases, in order to define the lower gastric boundary from the

colon by means of percussion, I emptied the stomach with the stomach-

pump and injected 4—5 kilogrammes of water
;
then only did the

previously tympanitic sound become dull.

Percussion of the Intestine.

The percussion- sound of the great and small intestine is, in

health, alw^ays tympanitic. The pitch of this tympanitic sound

is difi'erent at different points on the abdominal surface, and is
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subject to constant variation
; this alteration in pitch is in

general caused by the very variable condition of the bowel with

regard to the amount of gaseous and solid matters it contains,

and by the consequent variation in the tension of the walls of

the intestine. Though a definite statement, therefore, of the

points at which the tympanitic percussion-sound will be found to

be lower or higher in pitch cannot be made, the general rule may
nevertheless be laid do^-n, that over the small intestine the

sound is higher in pitch than over the large intestine.

The tympanitic intestinal sound is most exquisitely developed
at those points at which the abdominal coverings are not too

tense, at which, accordingly, they do not interfere with or muffle

the percussion-note. It is thus always more or less diminished

in resonance when the patient stands, this being the result chiefly

of the tension of the recti muscles
;

a large accumulation of fat

in the subcutaneous tissues has the same efi'ect on the sound.

The raising and lowering of the pitch of the tympanitic
intestinal sound so often observed in disease are generally refer-

able to definite pathological causes. If there be an unduly small

proportion of gaseous matters present in the intestine the latter

is diminished in calibre, (as in ascites, in which the fluid presses

on the bowel), and its percussion-sound rises in pitch; thus, in

a case of ascites in which the small intestine is compressed into

much less than its normal bulk, the sound above the level of the

efi"usion is acutely tympanitic.
—When, on the other hand, the

bowel is tensely inflated wdth gas, the abdominal percussion-

sound becomes deeper in pitch, but not tympanitic ;
this is

observed, physiologically, after a heavy meal
; pathologically it

occurs in peritonitis, in typhoid fever (from paralysis of the mus-

cular coats of the bowel), and in cases of stricture of the intestine,

from the obstruction set up to the onward passage of the intes-

tinal contents. The sound is lowered in pitch, because a larger

body of air is throwia into vibration, but it is not rendered tym-

panitic, as the ivall of the intestine as well as the air it surrounds

is caused to vibrate (see p. 91).

If a portion of the bowel, situated above a stricture, be widely

distended with gas, a ringing metallic percussion-sound is heard

over it, while below the point of constriction the whole intestinal

tube is reduced in lumen and therefore gives no such sound to

percussion.
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The intensity of the tympanitic note varies very much at dif-

ferent points on the surface of the abdomen, these changes being

dependent on the amount and nature of the intestinal contents.

The more soHd the matters lying in the bowel, and the less the

proportion of gas mixed up with them, the less the intensity of

the tympanitic sound. Thus, at those parts beneath which lies

the intestine loaded with large masses of faecal material, the

sound acquires the dull tympanitic character
;
in the left iliac

region particularly, when the descending colon is filled with

retained excreta, the percussion-note is less clear than at the

corresponding point on the right side. Nevertheless the sound

is never absolutely dull, even when the accumulation becomes

enormous in amount.*

If, on the other hand, the intestine contain little solid matter

but a large quantity of gas, the percussion-sound becomes very

loud, but, at the same time, loses its tympanitic character if

the intestinal walls are so tense as to be capable of entering

into simultaneous vibration.

Accumulation of gas in the 2:)eritoneal sac, most commonly the

result of perforation of the intestine, sometimes also owing to

the disengagement of gas from a putrid peritoneal eftusion, and

in rarer cases caused by the bursting of a pyopneumothorax

through the diaphragm, may give rise to the same intumescence

of the abdomen as intestinal meteorism.—The percussion-sound
in such cases is often in no way different from that of the last-

mentioned affection ; occasionally, however, it is of a ringing
metallic quality. Further, if the gas burrow upwards between

the anterior surface of the liver and the abdominal parietes, that

is, to the highest point within the abdomen when the patient

lies on his back, forcible percussion elicits a clapping or flapping

sound, resembling that obtained over the stomach or bowel after

removal from the body, due to the collision of the flaccid and

only partially distended walls of these parts when struck

with the percussing instrument. In both instances the sound

originates in the sudden escape of the layer of air which is

compressed by the percussion-stroke.f In cases of this nature,

* Barth records the case of a boy who presented two large intestinal faecal tumours,

one of which measured 12 ctm. in diameter, over which the percussion-sound was not

absolutely dull, but of dull tympanitic quality. The mass which occupied the bowel

was found, at the post mortem examination, to weigh 6 kilogrammes.

t ChomjakofE, on the contrary, explains the clapping sound heard on percussing
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also, percussion of the lower and i:)osterior parts of the abdomen

usually reveals the presence of fluid effusion, as along with the

intestinal gases a quantity of the liquid contents of the bowel

escapes into the peritoneal cavity, and this very speedily excites

a diffuse peritonitis with exudation, if the orifice in the intestinal

wall be not at once closed by adhesive inflammation.

It is hardly possible to confound intestinal meteorism with an accu-

mulation of gas in the peritoneal sac, in view of the violence of the

symptoms by which the latter accident is attended,—the signs of per-
foration and subsequent peritonitis. The principal physical sign on

which the diagnosis of the entrance of intestinal gases into the peri-

toneum is based is the disappearance of the hepatic dulness on both

sides of the median line, as the bubbles of gas seldom fail to make
their way upwards to the highest part of the cavity (see also the section

on auscultation, p. 373).

Fluid Effusion in the Peritoneum.

An effusion which does not rise above the pelvic cavity is not

discoverable by percussion ; as it increases gradually in quantity,

how^ever, and extends upwards into the abdomen, it renders dull

the percussion-sound over more and more of the lower abdominal

region when the patient stands erect. When the whole abdomen is

filled with the fluid the sound is at all points dull, but the dulness

becomes absolute only when the effusion is so abundant as to press

heavily on the bowel, the latter being thus to a great extent emptied
of air and so compressed as to occupy much less space than

normally. Nevertheless, on sinking the pleximeter deeply into

the abdominal tissues, and in this way pushing aside a portion

of the fluid, the previously dull sound is made somewhat clearer

by the accompanying tympanitic intestinal sound. Very fre-

quently the air-filled coils of intestine are floated up on the

surface of the fluid, and are therefore detected above the area of

dulness
;

in such circumstances the sound will be found to be

of clear tympanitic quality on percussing with a gentle stroke,

and of the dull tympanitic variety on percussing forcibly and

when bubbles of gas are interposed between the liver and the abdominal coverings as

caused by the shock of these parts against each other when subjected to an energetic

stroke. The explanation oflEered above, however, seems to me more natural and more

in accord with that which is most generally recognised as satisfactory in the case of

the bruit de pot fele',—a phenomenon to which the sign under discussion presents a

close analogy.
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pressing the pleximeter firmly down.—If the ascites be moderate
in degree the dulness is always attended by the tympanitic
intestinal sound.

The percussion-sound in ascites undergoes various modifica-
tions on changing the attitude of the body, as the fluid, in

obedience to the laws of gravitation, subsides to the most

dependent parts of the abdomen. On turning to the right
side, accordingly, it sinks to the right, and to the left on turning
to the left side, the sound invariably becoming dull at the deeper
parts, and clear (tympanitic) in those which are for the time

being uppermost and which are occupied by the movable mass
of the intestines. Similarly the sound in the lower abdominal

region, which in the upright position is rendered absolutely
dull by the subsidence of the ascitic fluid to that part, clears

considerably in the dorsal recumbent posture, as the efi"usion

is then more equally difl'used throughout the abdominal cavity.
This modification of the percussion-sound with the varying
attitude of the body is quite as positive an indication of

the presence of free fluid in the abdomen as the sensation of

fluctuation formerly described
; it is a point therefore of high

diagnostic importance, and one of which full advantage is always
taken in the examination of cases of ascites. In doubtful cases,
in which the eftusion is limited to the deeper parts of the

abdominal cavity, and is not abundant enough to yield the

sensation of fluctuation, or to give rise to any very distinct

muffling of the percussion-sound, a comparison of the sounds
obtained in the flanks in the dorsal recumbent posture and in

the right and left lateral positions is of itself generally sufficient

to justify a positive diagnosis. It is only when the peritoneal
effusion is unusually abundant that the percussion-sound of the

uppermost side does not become quite clear, as the whole of the
fluid does not then sink to the lowest part of the cavity. Never-

theless, even here the difference between the sounds is quite

appreciable ; it is obvious also that it is precisely in these extreme
cases of ascites that this diagnostic aid is of least moment as a

method of examination, the nature of the aff'ection being evident

enough from the other signs.

Percussion indicates also the level to which the eff'usion

reaches in the abdominal cavity. Over the whole space taken

up by the fluid, as far as its margin, the sound is dull
; above
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this point, in the region corresponding to the situation of the

intestine, the sound is clear, while the transition from dulness to

perfect resonance is marked by a zone in which the percussion-
note is muffled.

In cases in which the effusion is excessive in amount it is

sometimes found to be impossible, when the patient is in the

erect posture, to determine with absolute accuracy the upper

margin of the body of fluid, though it may usually be defined to

within 2
—1 ctm. of its actual limit

;
this is owing to the muffling

effect which the great tension of the upper part of the abdominal

wall has on the percussion-sound. This degree of precision,

however, is not demanded, as it is of no great practical value in

deciding the question whether the fluid should or should not be

discharged by operative puncture ;
the most weighty consideration

in this respect is the amount of pressure the fluid exercises on

the diaphragm, and consequently the degree of dyspnoea there is

present, or the possible danger of suffocation. The operation is

always performed at the most dependent part of the abdomen.

Ascites may occur alone or may be associated with general oedema

of the subcutaneous cellular tissue. Ascites unconnected with any
other form of fluid eflusion is observed in those diseases of the ab-

dominal organs which give rise to engorgement of the portal circulation,

particularly in diseases of the liver (cirrhosis) and in the ditJ'erent

varieties of degeneration of the peritoneum,
—cancer, and more rarely

tuberculosis.—Ascites is also found accompanying general dropsy,
whether the latter be dependent on congestion of the systemic veins,

as in cardiac and pulmonary affections, or ou diseases which lead to

impoverishment of the blood in respect of albumen, such as nephritis,

amyloid degeneration of the kidneys, &c. In all these conditions

ascites is observed only after oedema has appeared in other parts of

the body,
—in heart diseases, for example, usually only when the

dropsical effusion has reached as high as the thigh.
—Ascites is also

often complicated by cedema of the abdominal wall.—The possibility

of mistaking ovarutn dropsi/ for ascites, which was referred to when

treating of palpation (see p. 339), arises only when the wall of the

ovarian cyst is enormously distended with fluid, becoming so thiu that

it cannot be felt through the abdominal tissues, the tumour then giving
over its whole surface a uniform feeling of fluctuation. These affec-

tions are distinguished from each other partly by the results of vaginal

examination, by which means the cyst may be reached with the finger,

and partly by percussing while the patient is placed in the various posi-

tions already described
;
in ascites the percussion souiul varies with

every change of attitude on the part of the patient, in ovarian dropsij

it does not. Occasionally, however, the two conditions are combined,
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the ascites arising either from some cause independent of the ovarian

afiection or from the pressure of the ovarian tumour on the portal vein.

So long as the tumour is of moderate dimensions the existence side by
side of both affections may almost always be demonstrated by palpation

and percussion : the cyst may be defined by palpation, while the pre-

sence of the fluid around it is shown by the percussion-dulness to

which it gives rise when the patient lies on her back, and by the

change in the percussion-sound when she turns to one or other side.

In the event of the diagnosis being still doubtful even after careful

physical examination, the manner in which the disease has developed,
the presence or absence of morbid changes in the other organs, and

many other incidental signs which may have a bearing chiefly on the

particular case in hand, serve to distinguish clearly enough between

ascites and ovarian dropsy.

Encysted Peritoneal Effusions.

These are formed by the adhesion of neighbouring parts to

each other from inflammation of their peritoneal envelope, and

the inclusion of the inflammatory exudation within the space so

shut in. Peritoneal eftusion may be encysted at any point

within the abdomen; this occurs relatively most often in the

ileoc?ecal region, where it is caused either by inflammation of the

caecum and of the peritoneum, or by perforation of the processus

vermiformis.

The percussion-sound at the parts at which the fluid is con-

fined is dull or mufiled, the intensity of the dulness, other

things being equal, being dependent on the amount of the exuda-

tion. The sound undergoes no alteration on changing the atti-

tude of the body, a point which distinguishes it at once from free

peritoneal efiusion ;
fluctuation is w^anting also, or is only feebly

appreciable over a very circumscribed area.

The differential diagnosis between encysted exudation and

tumours, local afi"ections which may present substantially the

same signs to palpation and percussion, is based on a considera-

tion of the further details of the clinical examination, the history

of the case, the origin and course of the disease, kc.

Percussion of the Kidneys.

It is practically impossible to delimit the kidneys with any

degree of precision by means of percussion. This fact is ex-

plained by the anatomical relations of the organs. In the first

place, those parts of the posterior abdominal wall which coincide
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^\-itli the auatomical position of the kidneys, (the space included

between the lower edge of the eleventh dorsal and the upper edge
of the third lumbar vertebrae, according to Luschka), are covered

by a thick layer of muscles, the sacrospinalis and quadratus

lumborum, which of itself produces a very considerable muffling
of the percussion-sound. Further, the kidneys in the greater

part of their extent are in immediate relation with organs which

give a dull pound to percussion : thus, the upper end of the

right kidney is over-arched by the lower edge of the liver, the

upper part of the left kidney borders on the spleen, the inner

concave margins of both kidneys lie close to the transverse pro-

cesses of the vertebrae,
—all parts which are non-resonant to

percussion. At only two points are the kidneys in contact with

air-containing organs : they are in apposition with the colon

along the lower half of their external convex border and at their

lower ends, at which spot therefore the dull renal sound and the

tympanitic note yielded by the colon may be sharply defined from

each other. The capsule of fat in which the kidneys are em-

bedded should also be mentioned as one of the factors which

tend to increase the uncertainty which attends the delimitation

of the organs by percussion. When this fatty envelope is well

developed it may, according to the measurements of -Pansch, be

as thick below the kidneys as the kidneys themselves in their

middle portion ;
in such cases therefore, which are far from being

rare, the renal dulness extends further downwards than is in

keeping with the position and size of the organs. In fact this

dulness, notwithstanding that the lower end of the kidney comes

generally only to within 3—5 ctm. of the crest of the ilium

(Pansch), often reaches to very near this bone, where it is lost in

the t3-mpanitic note given by the colon.

From the foregoing account of the relations of the parts it will

be obvious that at its upper and inner borders the kidney can not

be delineated on the surface by means of percussion, that even at

its lower end this can be accomplished only very imperfectly, and

that the sole portion of the renal area that can be clearly marked

off from the adjacent colon is its outer convex margin, from about

the middle downwards, situated usually at 10 ctm. from the

spinous processes of the corresponding lumbar vertebrae. At this

point the dull renal sound is exchanged for the tympanitic note of

the large intestine.
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In very muscular subjects percussion of the kidneys yields

absolutely no result which is of any j)ractical diagnostic value ;

this applies also to the practice of percussion in those whose

tissues are loaded with fat, or who suffer from extreme distension

of the bowel, engorgement of the liver or spleen, ascites, &c.

Bearing in mind the many difficulties with which the examination

of the kidneys by percussion is surrounded, and the actual im-

possibility of determining the size of the organs with anything

approaching precision, it will be readily understood why per-

cussion should be so seldom resorted to as a means of diagnosis in

renal diseases, and that its applicability should be limited almost

exclusively to the rather rare cases of dislocated (movable,

floating) kidney. In this condition the lumbar region on the side

affected is sometimes clearer to percussion than the other
;
in two

out of six cases of dislocation of the right kidney which I have

observed, the sound over a somewhat extensive area in the right
lumbar region was of dull tympanitic quality, while in the four

remaining cases no difference whatever was discernible between

the two sides. In none of the other diseases of the kidneys is

percussion employed as a method of physical examination, as the

indications it furnishes are not reliable. The most common of

the diseases of the kidneys, the various forms of nephritis, are

recognised with so much ease and certainty by the changes to

which they give rise in the urine and by the occurrence of dropsy,

that as a rule there is no necessity for falling back on percussion,

and there is the less occasion for it as the kidney, when inflamed,

undergoes no such degree of enlargement as is discoverable in

this way. It is likewise impossible to demonstrate by percussion
the contraction of the kidney which takes place in the third stage

of nephritis. There remain, therefore, as objects to which per-

cussion of the kidneys may be advantageously directed, only the

larger kinds of renal tumours, such as those due to hydronephrosis.
The sound in such cases is dull over a very wide area

;
even

here, however, percussion is not indispensable, as the swelling

may be distinctly felt with the hand through the abdominal

wall.

Percussion of the Bladder.

The bladder, when empty, does not rise above the pubes ;
when

widely distended with urine, however, it projects upwards from
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the pelvis into the abdomen and forms in the hypogastric region,

provided the skin of the part be lax and soft, a pyriform elastic

tumour which is readily detected by palpation.
—The percussion-

sound over a bladder tensely distended with urine is absolutely
dull. All risk of confounding such a swelling with any other

pathological condition is obviated by simply introducing a

catheter into the bladder ;
if on account of the state of the parts

(as from enormous hypertrophy of the prostate) it is found to

be impossible to pass an instrument, the question whether

the tumour is or is not the bladder,
—a question of prime im-

portance, having in view the fact that in such cases puncture
of the bladder is sometimes called for—may be settled by a

consideration of the history of the case, by the circumstance

that for some time no urine, or but a very small quantity, has

been passed, and by noting that the swelling, in contradistinction

to that of ascites, retains the same dull percussion-sound in

all the different attitudes that the patient assumes. The non-

resonance to percussion distinguishes this condition at once

from intestinal meteorism. It occasionally happens, though

comparatively rarely, that a coil of intestine becomes fixed

between the bladder and the abdominal wall
;
here the sound,

on percussing gently, is of a tolerably clear tympanitic character,

that obtained in answer to a more forcible stroke being of a dull

tympanitic quality. The degree of distension of the bladder, if

the upper end of the organ be not appreciable by inspection and

palpation, is indicated by the upper boundary of the area of

dulness.

Percussion of the Uterus.

During pregnancy, or in cases of pathological enlargement,

percussion of the uterus gives no information which cannot be

elicited with much greater distinctness by palpation. The per-

cussion-sound over the whole of the enlarged organ is absolutely

dull. The womb, however, becomes accessible to percussion only

when it has already become equally accessible to palpation, that

is, when it rises out of the pelvis into the abdomen.

As a general rule the enlarged uterus lies immediately behind

the abdominal wall, though in certain cases these parts are

separated by coils of intestine, when the percussion-sound takes
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on tlie same modifications as that of the bladder under similar

circumstances.

The uterus after it has emerged from the pelvic cavity, and the

bladder when it is fully distended with urine, both give a dull sound to

percussion, and may possibly therefore, though this is highly improb-

able, be mistaken for each other ;
but the diagnosis presents no real

difficulty as the vesical swelling rapidly disappears on passing a

catheter and drawing off the retained urine, while the enlarged uterus

gives to palpation a feeling of increased resistance which is quite
distinctive.
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AUSCULTATION OF THE ABDOMINAL ORGANS.

The phenomena observed on auscultating the abdominal organs

pertain, with the exception of the sound heard over the uterus in

the later stages of pregnancy, almost exclusively to the digestive

apparatus ; they are constant in only a few isolated pathological

conditions, and are as a rule merely accidental and irregular in

occurrence, though at times they may also be produced at will.

A methodical application of auscultation in the examination of

the abdominal organs is thus scarcely practicable ;
it is employed

as a means of diagnosis only occasionally, therefore, when dealing
with affections which are known to present signs appreciable by
auscultation. It is of importance, however, to be acquainted
with the various sounds which originate in the gastro-intestinal

canal, as certain of them reach the ear when auscultating the

lower part of the thorax and the cardiac region, where they
sometimes accompany and modify the respiratory murmur and

the heart-sounds and murmurs in such a way as to prove per-

plexing to the inexperienced examiner, who is apt to consider

them as sounds actually developed within the chest.

Auscultation of the (Esophagus.

This method of examination, recommended strongly by Ham-

burger as an aid to diagnosis in diseases of the oesophagus, is

based on the circumstance that the act of deglutition, whether

the substances swallowed be fluid or solid, is attended by the

production of certain characteristic sounds in the upper part of

the alimentary tract.

The cervical part of the oesophagus is best auscultated by

placing the stethoscope on the left side of the neck, close to and

behind the trachea, at any point between the hyoid bone and the

supraclavicular fossa
;
murmurs arising in the thoracic portion

are most readily recognised close to the left side of the spine,

from the level of the last cervical to the eighth dorsal vertebra.

In normal conditions there is heard in the cervical portion of

2 B
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the cesopliagns a ringing gurgling sound when fluid is swallowed ;

a similar sound, but weaker, is audible over the thoracic part.

In stenosis of the oesophagus, when the constriction is so great
that even fluid passes slowly and wdth difficult}^ it is sometimes .

noticed that below the stricture the sound follows deglutition at

an abnormally long interval and is also to some extent enfeebled,

but these signs never occur with such regularity or constancy as

to enable one to determine the precise point at which the canal

is narrowed. The fact that in such cases fluid takes a longer

time to reach the stomach and enters it more slowly is also much
more clearly appreciable on auscultating in the epigastrium than

over the thoracic part of the oesophagus. In a case of inversion

of the viscera M'hich I examined the situation of the oesophagus
to the right was indicated by the presence of deglutition-mur-
murs on that side of the neck and their absence on the left. A
much more marked murmur, and one therefore much better

adapted for auscultation, is generated by drinking fluids than by

swallowing solids.

Auscultation of the Gastro-Intestinal Canal.

The phenomena revealed by auscultation of the gastro-intes-

tinal canal consist of murmurs, of which some are spontaneous
while others (and the greater number) are produced voluntarily.

The presence of fluid in the stomach or bowel is necessary to

the existence of these murmurs
; they are in a few rare cases due

to other causes, w^hich will be mentioned further on. On agitat-

ing the fluid contained in the stomach or intestine by pressing

repeatedly and quickly on the abdomen, a loud ringing metallic

splashing or gurgling sound is heard, which may be detected

without bringing the ear close to the abdominal wall, or even at

some distance from the patient. It is identical with the Hippo-
cratic succussion-sound observed in pneumothorax, or the sound

caused by shaking up fluid in a jug, and is ascribable to the

same physical conditions,
—the agitation of fluid and air in a

closed cavity presenting the conformation, t^c, necessary to the

development of consonance.

These murmurs, particularly those arising in the stomach,
are very frequently noticed, in perfectly healthy persons shortly
after food or a large volume of fluid has been taken, when the
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contents of the stomach are thrown into commotion by making
sudden pressure on the upper part of the abdomen. They also

sometimes originate spontaneously, independently of any mecha-

•nical disturbance of the parts adjoining the stomach, but are

then scanty and feeble and audible only through the stetho-

scope or with the ear applied directly to the surface. They not

unfrequently seem to depend on the upward and downward

movement communicated to the stomach during respiration.

Even the simple movement of the parts concerned in the act of

deglutition may be accompanied by a scanty murmur, appreci-

able on auscultating the stomach, and closely resembling the

ringing metallic rales
;

on actually swallowing a little fluid,

moreover, these sounds increase greatly in intensity.

The spontaneous gastric murmurs above mentioned are some-

times so distinctly audible over the posterior lower part of the

thorax and in the cardiac region that one unskilled in ausculta-

tion, when examining these parts, might very readily fall into

the error of regarding them as true pulmonary metallic rales ;

their generally rapid disappearance, however, their irregularity

with respect to the period of respiration at which they occur, and

the fact that they are heard even when respiration is suspended,

are all points which suffice to stamp them as murmurs arising in

the stomach or in the adjacent portion of the colon.

When the stomach, dilated from pathological causes, contains

a large quantity of fluid as well as gas, and when in addition to

this its walls are soft and flaccid (as they generally are), sudden

pressure in the upper abdominal region gives rise to numerous

ringing splashing or gurgling sounds, frequently audible even at

a distance,
—sounds which, in proportion to the violence of the

disturbance of the stomach, are distributed over a large part of

the abdominal surface superiorly or even, as I observed in one

case, over nearly the whole of the abdomen. This physical sign,

together with others already mentioned, is diagnostic of dilatation

of the stomach or of that condition of the organ in which food

and fluid are detained in it for an unusually long period. In

such cases also a number of fine rales may be detected on auscul-

tating, without making any pressure with the hand on or near

the epigastrium ;
these spontaneous rales are doubtless due to

fermentation of the contents of the stomach and the consequent

formation and bursting of bubbles of gas.

2 B 2
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Gurgling or splashing sounds similar to those arising within

the stomach may be produced also in the intestine, when its

contents are thin and watery, by shaking and pressing upon the

abdomen. This is observed in all cases of diarrlia'a ; it is the

louder the greater the quantity of fluid, and is therefore exceed-

ingly well marked in cholera, in which the paralysed intestine is

often found enormously distended with watery discharge. This

gurgling may be audible over the whole abdomen—though not

usually in equal intensity at all points
—or only at certain parts.

Of those coming under the latter category, the circumscribed

intestinal sounds, the most note-worthy from the diagnostic

point of view is that elicited by pressure and limited to the

ileo-ccecal region, occurring especially in typhoid fever, but met

with also in simple catarrh of the ileum and csecum.— Gurgling

may also be developed spontaneously within the bowel in cases

of diarrhoea, when the fluids are urged quickly onward from one

part of the intestinal tube to another by powerful peristaltic

action or when the bowel is compressed by the contraction of the

abdominal muscles ;
in these circumstances the action of the

muscles of the abdomen and intestine gives rise to the same phe-

nomena which in the cases mentioned above are mechanically

excited by the force of the hand of the examiner.

Such sounds, however, do not depend solely on the presence

of fluid in the intestinal canal ; they may be caused by the rapid

passage of gas through the bowel, as the result of increased

peristaltic action.

With these rumbling noises {horhorygmi), in Germany described

onomatopoietically by the terms "
kollern, poltern, gurren," every

one is sufficiently familiar ; they are often heard when the stomach

and bowel are empty, as after a prolonged fast, very frequently

in diarrhocal conditions they are the immediate precursors of an

evacuation of the bowels, while in many who are subject to flatu-

lence their continual occurrence becomes a troublesome and

annoying habit. In diarrhoea they are sometimes accompanied

by colicky pains passing rapidly over the abdomen in the direc-

tion of the colon. Not unfrequently they cease spontaneously,

but relief is complete and lasting only when the wind escapes

by the anus.

In cases of 'perforation of the hotcel, murmurs of a blowing

amj)horic character may be developed, when the opening is suffi-
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ciently wide to permit of the free intercommunication of the gases
contained in the intestine with those which have ah-eady entered

the peritoneal sac. These sounds are synchronous with the

respiratory movements, and are louder in inspiration than in

expiration (Tschudnowsky) ; it is to the inspiratory descent and
the expiratory ascent of the diaphragm that they are to be

ascribed, as by the former the intra-abdominal pressure is greatly
increased and a quantity of gas driven through the opening into

the peritoneal cavity, while by the latter the pressure is relieved

and a certain proportion of the gas caused to re-enter the

bowel through the perforation. This amphoric sound, on the

other hand, when it is not spontaneously audible and docs not

happen to coincide with the respiratory movements, may be

artificially produced by exercising sudden rapid pressure on the

abdomen and at the same time listening either with the ear

applied directly to the surface or through the stethoscope ; the

gas is displaced from the parts under the hand, a portion of it

passing into the intestine when the perforation is still patent
and of sufficient width (Sommerbrodt). If, however, the opening
in the bowel be small, as it most commonly is, or closed up by

inflammatory products, no trace of these amphoric sounds can

be discovered
;

but as in peritonitis from perforation of the

intestine the cavity contains not only air but a variable amount
of fluid, a ringing metallic splashing sound (abdominal succussion)

is heard on pressing firmly and quickly on the abdomen, or on

grasping it between the hands and shaking it,
—

provided such

rough handling is bearable, considering the acuteness of the pain

by which these cases are usually characterised. The severity of

the symptoms which accompany peritonitis from this cause

affords a ready means of distinguishing these sounds from the

splashing or gurgling developed in the stomach or intestinal

canal. The sounds of the abdominal aorta also acquire a

metallic quality when the peritoneal sac is filled with gas.
—

Sometimes, though rarely, the evolution of gas, taking place

within closed abdominal cavities containing pus, (encysted

exudations, cysts), gives rise to similar splashing sounds

(Laboulbene, Gerhardt, Sec).

The pcrddncal J'n'ction-»ninnurs wliich are met with in certain cases

are palpable as well as audible, and have already been discussed in the

chapter on palpation (see p. 33G).
—It should be mentioned also that
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occasionally, on pressing on the gall-bladder when it is occupied by a

number of large calcuU, the dinkinij of these against each other may
be felt and heard.

Vascular murmurs are also sometimes observed in cases of abdominal

tumour. They are most commonly associated with tumour of the uterus

(occurring, according to Spencer Wells and Winckel, in about one-half

the cases), more seldom with ovarian tumour ;
Winckel and Hirschfeld

report having detected them in subjects suflering from tumour of the

spleen, and Leopold has heard them once in hepatic cancer. Their

arterial origin is shown by their being synchronous with the pulse.

Auscultation of the Geayid Uterus.

The aim of auscultation of the gravid uterus is the detection

of the sounds of the foetal heart and the placental murmur.

The .wunds of the foetal heart, discovered by Mayor, of Geneva,

in 1818, are first appreciable towards the end of the fourth month

of pregnancy. At this period they are feeble, but subsequently

they gain considerably in volume ; they are most often heard on

the left side of the mother, from the great frequency of the first

cranial presentation, in which the back of the child is turned

forwards and to the left. Their presence proves conclusively

that the child is alive, their absence that it is dead, auscultation

thus furnishing an important indication for the adoption or the

avoidance of operative interference with the process of delivery.

The 2)lacental murmur, discovered by Lejumeau de Kergaradec,

in 1822, is a sound which is synchronous with the arterial pulse,

but is frequently of slightly longer duration, particularly when

the abdomen is somewhat forcibly pressed upon with the hand.

It is not of equal intensity at all points on the surface of the

womb, being louder sometimes to the right side, sometimes to

the left. It is heard in the second half of pregnancy, being at

first very faint, but afterwards of greater intensity. It is de-

veloped in the dilated uterine arteries, at the part at which they

terminate in the uterine veins.
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EXAMINATION OF THE EXCRETA.

THE URINE.

The points to be noted in examining the mine arc its quantity,

colour, reaction, specific gravity, and the occurrence in it of

abnormal constituents.

/ Quantity of the Urine.

This is very variable even in perfect health, and depends

chiefly on the amount of fluid taken by the patient and on the

greater or less abundance of the excretion of water by the

sudoriparous glands of the skin. If the consumption of fluid be

moderate and the cutaneous transpiration slight, as in winter,

the quantity of urine passed by an adult in the twenty-four hours

amounts on the average to about 1,500 ccm.

The urine is diminished in quantity in all febrile affections, in

the stage of failure of compensation in diseases of the heart, and

frequently in the different forms of nephritis (though in the

latter class of cases it sometimes remains normal in volume) ;
it

is, further, reduced in a number of other disorders, and occa-

sionally even in health, from causes of only temporary duration,

to be mentioned in detail further on.—The quantity voided in

the twenty-four hours may, in extreme cases, sink to one-fourth

that passed normally ;
at times even, as in the stage of collapse

in cholera, and now and then also in scarlatina, almost complete

anuria may be observed.—The cause of this diminished excretion

is either that the quantity of blood in circulation is unusually

small or that the blood itself is deficient in water, the pressure

within the renal arteries being in both cases reduced to a mini-

mum. When in the later stages of cardiac disorders the com-

pensatory changes in the heart's structure fail to completely

overcome the obstacle to circulation, the venous system becomes

overloaded, the arteries, and among them those of the kidneys,

contam less blood than normally, and the excretion of urine
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naturally goes on but slowly ; the urine is scanty also in other

conditions in which the blood is not sufficiently fluid, either from

the escajDe of its watery constituents through the walls of the

veins, from increase of the cutaneous transpiration, or frequently
as the result of the undue abstraction of water from the system

by the very abundant and thin discharge from the bowel in

diarrhoea and the allied affections. Diminution in the amount
of urine excreted, with whatever form of disease it may be asso-

ciated, and whether it be only a passing complication or a

phenomenon of a more persistent character, may generally be

easily accounted for by a careful consideration of the series of

causes just enumerated.

The flow of urine is greatly augmented in diahetes mellitus

and diabetes insipidus, the intense thirst from w^iich the

patients suffer causing them to drink very freely of water
;
the

amount passed daily may increase to three, four, or even eight
times that of a healthy person.

A moderate increase in the quantity of the urine may often

be produced by stimulating the kidneys by the employment of

diuretics ;
diuresis also appears when, from any cause, the

arterial pressure is raised.

Colour of the Ueine.

Normal urine varies in colour from pale yellow to clear amber

yellow or yellowish-red, the precise shade being determined by
the greater or less abundance of the urinary pigments or by
the degree of concentration of the urine. It has been calcu-

lated that in a healthy urine of clear amber colour there are

eight parts of colouring matter to every thousand of fluid, and in

a yellowish-red urine sixteen parts to the thousand (Vogel).

Normal urine contains at least two pigments, possibly more. The
best known of these is urobilin, first separated by Jafle

;
it resembles

the colouring matter of the bile (bilirubin), is allied to btematin, and is

found in the contents of the intestine and in fa;cal masses, wbicb owe
to it tbcir brown coloration (Vanlair and Masius, Maly), Hoppe-Seyler
affirms, however, that urobilin is not one of the actual constituents of

the urine, but that the colour of the excretion is due to only one sub-

stance, from wbicb, after it has been precipitated by acetate of lead

and again separated from the lead by sulphuric acid and alcohol, urobilin

is formed by gradual spontaneous oxidation.—Another pigment, iiro-

erythrin (or purpurin) gives to the sediment of uric acid and the urates

its yellowish-red or brick-red colour.
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The urine becomes reddish yellow or red in all febrile diseases,

chiefly from the increased formation of the red colouring matter

but partly also from the scantiness and consequent concentra-

tion of the urine in fever. This reddish tint is also observed, of

various degrees of intensity, in chronic afl'cctions, when the

volume of urine excreted diminishes to any very marked extent,

particularly in the stage of failure of compensation in cardiac

disorders.—The urine may, on the contrary, be abnormally j^fde

from absolute deficiency of pigment ; this occurs frequently in

convalescence from severe acute diseases, in anjcmic chlorotic

conditions, and as the result chiefly of dilution in both forms of

diabetes.

Of the abnormal colouring matters which may be present in

the urine the most common are those of the biliary secretion and

the blood.

A large proportion of h'lliary 'pigment (bilirubin) gives to the

urine a brownish colour, with an occasional admixture of

yellowish green or brownish green ;
an abundant foam, the

yellow or green hue of which is more evident than that of the

rest of the urine, forms on its surface when shaken. Strips of

linen or blotting-paper dipped in such a urine at once take on a

marked yellow coloration.—The most convenient test for biliary

pigment is that proposed by Gmelin, in which the extremely
delicate reaction of bilirubin on impure nitric acid (that con-

taining nitrous acid) is made use of, the test fluid being prepared

by adding to a small quantity of the chemically pure nitric acid

a few drops of the fuming acid. The icteric urine is poured

slowly, drop by drop, down the inside of the test-tube at the

bottom of which lies a little of this impure acid, when at the

point at which the fluids meet will appear a series of beautiful

rings of colour arranged in the following order : the upper ring

is bright grass-green, the next below it blue, the others in suc-

cession violet, red, and yellow.

Usually only the green, violet, and red rings are constant and retain

their colour for any length of time, the bhie and yellow being often

indistinguishably mixed up with the other shades. The green ring is

the only really characteristic indication ( f the presence of biliary pig-

ment, as the other colours, especially the reddish-violet tints, appear
also in urine containing no bile, on the addition of strong nitric acid,

the change, in the latter case, showing that another pigment, iudican,

is present. The more slowly and carefully the lu'ine is added to the
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nitric acid in the tube the broader will be the upper green ring ;
the

green coloration is also the more intense the more bilirubin there is in

the urine.—On allowing a drop of nitric acid to fall on blotting-paper

previously stained with the icteric urine a similar green-coloured ring
is obtained.

If the biliary pigment be present only in traces it may be separated
and recognised by shaking up a quantity of the urine with chloroform;
the latter dissoh^es out the bilirubin, acquiring in this way a yellowish

colour; being specifically heavier than the urine, also, it falls to the

bottom of the glass.
—Ultzmann has recently stated that in cases in

which the other ordinary tests fail, bilirubin may be detected in the

urine in the following simple way : 10 ccm. of the suspected urine are

mixed with 3—4 ccm. of pure concentrated potash lye (1 : 3 of water),
and neutralized and finally acidified by adding to it pure hydrochloric
acid

;
as the fluid becomes acid a beautiful emerald-green coloration

is developed.
—A very striking green coloration is produced on the

addition of a few drops of tincture of iodine to the icteric urine (W.
Smith).

Bilirubin is found in the urine in all affections attended by jaundice ;

it may disappear from the urine, however, while the icterus still per-
sists.—Traces of the biliary acids also usually accompany the biliary

pigment in the urine.

Blood communicates to the uriue a decided red colour, the

depth of which depends on the proportion of the abnormal

element present. If the blood has been diffused through the

urine for some time, and its colouring matter in this way
altered, the urine may be reddish brown, brownish black, or

even inky black. The colour presented by the uriue, even when
the blood-pigment has undergone change, and also w^heu the

quantity of blood contained is but small, is usually so character-

istic that it is almost impossible to mistake it for any other

variety of abnormal coloration (such as that caused by the in-

crease of the normal urinary pigment observed in fever, &c.)

The colouring matter of the blood (oxyhaemoglobin) is always
liberated from the corpuscles and dissolved by the fluid basis of

the urine
;

it is only in those instances in which the proportion

of blood present is exceedingly large, in which accordingly the

process of diffusion between the urine and the blood globules is

practically arrested, that the red corpuscles still retain their

pigment. When urine containing blood is allowed to stand

some time, the corpuscles subside to the bottom of the vessel as

a red sediment.—Microscopic examination shows the blood disks

either distended and more or less pale in colour, or shrunken
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and crumpled and of the irregularly dentate outline which they
assume in saline solutions. Some cases are met with, however,
in which, notwithstanding that the urine is of a deep blood red

colour, the blood corpuscles are completely wanting/, even in urine

freshly passed. This variety of the affection is designated

hcemoglobinuria. It indicates that the disintegration of the

blood globules has taken place Avithiu the organism itself, the

liberated colouring matter then passing directly into the urine.

The causes which bring about this destruction of the corpuscles,

and in this way produce temporary or persistent ha^moglobinuria,
are still obscure.*

In those cases in which the urine has a reddish blood colour

but shows no trace of corpuscles on microscopic examination,

the presence of the blood pigment may be readily demonstrated

by certain chemical reactions, and more clearly still by spectrum

analysis. Of the various chemical reactions given by the colouring

substance of the blood probably the easiest to obtain is that

observed on boiling the urine after adding to it a little caustic

soda or potash ;
brownish red coagula are formed, consisting of

the i^recipitated phosphates and hfematin (Heller). The slightest

trace of oxyhiiemoglobin in a fluid, even as little as 1 part in 10,000,

is recognised in the spectroscope by the appearance of two separate

absorption-bands between Fraunhofer's lines D and E in the

yellow and green of the spectrum. After urine containing blood

has stood for some time the oxyha}moglobin is gradually

transformed into mcthcemoglobin ; this is simply one step in

the series of changes through which oxyhnemoglobin passes in

breaking up into ha^matin and albuminous matters. Such a

urine is reddish brown in colour, and shows in the spectrum

only one absorption-band, between the lines C and D. In

those urines also which contain blood but from which the red

corpuscles have disappeared the oxyhaemoglobin is converted

into methfemoglobin.
The blood which is mixed with the urine may be derived from

any part of the urinary tract
;

at one time it is observed only in

*
Haemoglobinuria has been observed in scurvy, septic fevers, and sulphuric acid

poisoning, occasionally as one of the effects of the inhalation of arseniuretted hydrogen

(Vogel), and m a case resembling intermittent fever (Secchi). In animals (rabbits)

the subcutaneous injection of glycerine is followed by a red sanguineous staining of

the urine (Luchsinger), which is caused, a'5 1 found, not by the presence of the red

corpuscles themselves, but simply by the colouring matter of the blood.
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traces, at another the urine seems to consist ahnost exclusively

of a perfectly sanguinolent fluid.

The quantity of blood discharged is by no means a sure guide
to the part from which it comes, this being indicated rather by
the symptoms and appearances as a whole and by the result of

microscopic examination of the urine ; thus, the hematuria is

obviously not due to kidney affection if on repeated examination

no casts or epithelial scales from the tubuli uriniferi are found.

Several other urinary pigments have been observed, all of them re-

sulting from the decomposition of certain of the normal constituents of

the mine. Of these the most important is indican. Indican occurs
in small quantities in every urine

;
in decomposing urine it is often

seen as a bluish red glittering appearance or as a blue pelhcle floating
on the surface. The best method of demonstrating the existence of

indican in the urine is that devised by Jafle : to the urine is added an

equal volume of hydrochloric acid, and then a few drops of a strong
solution of chloride of lime, when the indican is decomposed, indigo is

formed, and the urine takes on a blue coloration, which is the deeper
the larger the proportion of indican present. If the indican be very
abundant, a flocculent precipitate of indigo-blue (uroglaucin) is thrown
down. Heller's test for indican,—mixing equal volumes of urine and

fuming hydrochloric acid, and heating the mixture over a lamp,
—

gives
a beautiful reddish violet coloration (indigo-red, urrhodin), the intensity
of which varies with the amount of indican in the urine so treated ;

if this be unusually large the indigo is separated by this method also

as a blue precipitate.
Increase of the indican takes place very frequently in the most diverse

diseased conditions, particularly in consumptive afl"ections and all

disorders accompanied by much debility (Senator) ;
to this category

belong diseases of the stomach and bowels, especially cancer of the

stomach, ileus, peritonitis, phthisis, &c. The quantity of urinary

indigo may rise in ileus and difluse peritonitis to 50—100, or even
150 milligrammes per day, the normal amount being only 5—20

milligrammes daily (Jafle).
Brown or inlnj hhick pigments sometimes appear in the urine of

patients sufl'ering from inelcinotic cancer. When recently voided such
urine is generally still free of any brownish discoloration

;
this is

developed only after the urine has for some time been in contact with

the air, or on adding to it oxidising substances such as chlorate of

potash, chromic acid, nitric acid, &c. It is not yet certain whether
this brown or black colouring matter is really of pathological origin or

is merely one of the normal urinary pigments present in unduly gi'eat

quantity ; it is most probably the former, however, as it difiers from
the other familiar colouring substances found in the urine in oflering

greater resistance to their usual solvents (Gaughofner).
There is still another brown pigment sometimes discovered in the ui-ine,
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and due to the presence of catechin ; it is formed only after the urine
has stood for a considerable period in contact with the air or when
decomposition is beginning, and has hitherto been observed in only
a few cases in the human subject (Miiller and Ebstein, Rajewsky,
Baumann). A urine containing this substance becomes intensely

green on adding to it one drop of chloride of iron, and this colour

changes to violet on the farther addition of ammonia or the bicarbonate
of soda.

The urine may also incidentally and temporarily be abnormal

in colour after the internal administration of certain medicines ;

after rhubarb and senna it becomes brownish red (from the forma-

tion of chrysophanic acid), almost black after inunction with tar

and particularly after the internal use of carbolic acid, and yellow,
like the urine in jaundice, after santonin.

EeACTION of THE UrINE.

This is usually acid
,-
blue litmus paper dipped in the urine is

coloured red, while red litmus paper remains unaffected. The
acid reaction is owing chiefly to the acid i)hosphatc of soda which

the urine contains, though sometimes it may be partly due also

to free uric acid and acid urates.

The degree of acidity is even in normal conditions very

variable, and is estimated according to the intensity of the red-

dening of the blue litmus paper. Urine of very acid reaction

is often associated with inflammatory febrile diseases, especially

with acute articular rheumatism, &c.

The urine becomes alkaline after exposure to the air for some

davs. The occurrence of this change, which has been designated

alkaline fermentation, is favoured by a high temperature ;
it is

caused by the decomposition of the urea of the urine and its con-

version into carbonate of ammonia, probably under the influence

of the fungus-germs and bacteria which are suspended in the air

and which drop thence into the urine. Alkaline urine renders red

litmus paper blue, has a powerful smell of ammonia, and gives a

white vapour of chloride of ammonium on holding over it a glass

rod dipped in hydrochloric acid.

Even directly after emission the urine may, in a variety of cir-

cumstances, give for a longer or shorter period an alkaline or

neutral reaction ;
in the latter case it does not change the colou

of either red or blue litmus paper. The urinary secretion is

alkalised by the prolonged internal administration of carbonate
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of socTa or potash (in alkaline mineral waters), or of the alkaline

salts of the vegetable acids (in various kinds of fruits), all of

which appear in the urine as alkaline carbonates. The reaction

of the urine is found also to depend to some extent on the secre-

tion of the acid gastric juice ;
if the acids needed for digestion

be (in animals) neutralized by the exhibition of carbonate of lime

or magnesia (Maly), or if they be removed from the stomach by

washing (Quincke), the urine speedily becomes neutral or even

alkaline. The fact also that the acidity of the gastric juice is

expended on the food accounts for the neutral or feebly alka-

line reaction of the urine so often noticed for a few hours after a

meal. In diseases of the stomach, in which from many causes

(as from frequent vomiting) very little of the gastric acid is

retained, the urine is not uncommonly distinctly alkaline. It is

still more markedly alkaline when loaded with pus,
—in catarrh

of the bladder, in pyelitis, &c.,
—when it may, even when

recently voided, have a strong ammoniacal odour ; if the quantity
of pus be moderate, however, the urine does not usually become

alkaline, but much more feebly acid than in health. Alkaline

fermentation of the urine may sometimes be set up within the

bladder by the introduction of a catheter which has not been pre-

viously made scrupulously clean. Urine which is alkaline when

passed is invariably opaque and turbid, from precipitation of the

phosphates ;
recent urine, when alkaline, may even contain crystals

of ammoniaco-magnesian phosphate, exactly as in the case of a

urine which has undergone alkaline fermentation outside the body.

Specific Gkavity of the Ukine.

The specific gravity of the urine is estimated by means of the

araeometer (the urinometer). This instrument is placed in a

cylindrical vessel filled with the urine to be examined, in which

it should swim freely ;
it sinks the deeper the lighter the urine,

and vice versa. The density is indicated by the number on the

graduated scale which, when the instrument comes to a state of

rest, is found to be on a level with the upper surface of the fluid.

Normally the specific gravity of the urine varies from 1015-^

1020, that of distilled water being regarded as 1000.

In disease the density of the urine may mount to 1040 or sink

as low as 1005 ;
in many cases even these limits are con-

siderably overstepped.
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The specific gravity of the uriuc rises, to 1025 or even a shghtly

higher point, in febrile diseases. This is the result chiefly of

increase of the excretion of urea ; it seems also to be owing

partly, but to only a very limited extent, to increase of the other

solid urinary constituents (the urates). Some of the solid

elements of the urine may even be diminished in febrile condi-

tions ; thus, in inflammatory exudative diseases, especially in

pneumonia, the chlorides may almost or entirely disappear from

the urine (Redtenbacher). The degree of dilution of the urine

also takes an important place among the factors which determine

its specific gravity. If the same weight of solid matters be at

one time dissolved in a large volume, and at another in a small

volume of water, the density of the fluid in the former case falls,

and in the latter case rises. The amount of water in the urine

is reduced in fever, and in all those conditions which are followed

by dropsy and ascites,
—in the stage of failure of compensation

in heart diseases, in afi"ections of the liver, &c. ; in these dis-

orders therefore the density of the urine is increased, a specific

gravity of 1080 being generally reached, but not commonly
exceeded. Urines which, from deficiency of water, the absolute

quantity of solid constituents being either unaltered or possibly

increased, possess a density so high, are invariably dark in

colour.

But there is another condition in which, notwithstanding that

the watery portion of the secretion is greatly augmented, the

density of the urine rises, from the presence of sugar along with

the normal urinary solids. Such a urine is distinguished from

those just described by its perfect clearness and its pale yellowish

colour. The lowest density of urine containing grape sugar

(diabetes mellitus) is about 1030 ; usually it ranges from 1032—
1040, seldom rising above 1040—1050, and only in the very

rarest cases reaching 1060—1065 (Seegen). The specific gravity,

however, is not exactly proportionate to the amount of sugar

present, being influenced also by the other solid constituents of

the urine, whose quantity may be simultaneously increased or

diminished. The proportion of sugar contained in the urino

cannot thus be inferred with absolute certainty from its specific

gravity.

The density of the urine is sometimes loicered temporarily in

perfect health, after a large draught of water, the total quantity
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of urine secreted being in proportion to the amount of fluid

taken
;
the density may from this cause rapidly fall even to

. 1005. If, however, the specific gravity sinks, notAvithstanding
that the urinary secretion is not augmented, we have before us a

fact of distinctly pathological signification. This is observed in

anaemic conditions, and frequently also in nephritis ; the lower-

ing of the density is here due principally to diminished separa-
tion of urea by the kidneys.

—Decrease in the density of the

urine occurs also in diabetes insijndus, from pathological increase

of the watery part of the urine, independently altogether of any
alteration in the excretion of urea or of the other solid con-

stituents.—All urines of low specific gravity are pale.

Trapp's formula furnishes a ready method of estimating

approximately the solids held in solution in the urine. If the

two last figures of the specific gravity be multiplied by 2 "3, the

product indicates in grammes the amount of solid matters present
in 1000 ccm. of the urine; thus, if the density be 1015, 1000

ccm. of such a urine will contain 34*5 grammes of solids.

The solid constituents of the urine consist of about equal parts

of inorganic salts and urea. Of the former, the chloride of
sodium occupies the first place, being excreted to the extent of

10—15 grm. per day ; the sulphates amount on the average to

2 grm., the earthy phosphates to 1 grm., in the 24 hours, while

the salts of ammonia are detected only in traces.—Of the organic

urinary solids the most important is urea. It constitutes 2 1
—3

per cent, of the urinary secretion ;
the other organic elements

are much less abundant, I—^ grm. of kreatininc, 0"2—1 grm.
of uric acid, ^— | grm. of hippuric acid, being discharged in

the twenty-four hours. The urinary pigments have already been

discussed.—Several other organic substances (xanthine, oxalates,

&c.,) occasionally appear in the urine, but only in minute traces.

Abnormal Substances in the Urine.

Albumen. This substance passes from the blood into the

urine when the blood pressure within the renal veins is increased,

whether from inflammation of the kidneys (which is the com-

monest of all the causes of albuminuria, and gives rise to the

phenomenon in its most fully developed form) or as the result

of diseases of the circulatory, and sometimes also of the resj^ira-

tory apparatus, when they produce engorgement of all the
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systemic veins, and, among them, of the renal veins ;
or the

albumen is one of the signs of the presence of extravasated blood

or of pus, which may be mingled with the urine at any part of

the uropoietic system ; or, finally, it may proceed from other

secretions which may have gained admission to the urine acci-

dentally.

The presence of albumen in urine is demonstrated by precipi-

tation. In urine of acid reaction the albumen is thrown down

on heating to the boiling-point, by the addition of nitric acid,

&c. To ensure accuracy it is better to employ both methods,

heating and the use of nitric acid, in examining for albumen, as

the phosphate of lime falls as a white precipitate on simply

warming the urine, but is again dissolved on adding a few drops

of the acid, when the urine becomes clear; albumen which has

been precipitated by boiling, on the contrary, is unaffected by the

nitric acid, or if the first part of the process has been insufficient

to coagulate the whole of it the acid completes the precipitation.

On the other hand, neither is the simple addition of nitric acid

to the cold urine a test which is absolutely free from fallacy, as

it produces a slight degree of turbidity in the presence of urates ;

this cloud is cleared away, however, if the urine be non-albu-

minous, on applying heat, as the amorphous urates are in this

way at once dissolved. When the precipitate is abundant it is

always easy to decide, even by simple inspection, whether it con-

sists of albumen, phosphates, or urates : coagulated albumen

takes the form of a white flocculent precipitate, the phosphates
have the appearance of a more uniform white sediment, while

the urates are readily recognisable by their yellowish-red colour.

As albumen is thrown down by heat in acid urine only, and

not, or only in small quantity as compared with the actual

amount present, in urine which is alkaline, the reaction of the

urine should always be ascertained before boiling, and if it turn

out to be neutral or alkaline it should be acidified with a drop or

two of acetic acid.

Albuminous urines are seldom perfectly clear, the cloudiness

by which they are pervaded being caused by the various figurate

organised elements which such urines generally contain. If the

turbidity be considerable, and the urine be but very slightly

albuminous, it is desirable to apply the flame of the lamp to only

the upper layer of fluid in the test tube, as this renders the

2 c
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contrast between the increased cloudiness of the warmed upper

portion and the unchanged appearance of the lower portion of

the urine the more apparent. If the cloud produced by heat be

so indistinct as to leave it still doubtful whether or not it is

really due to albumen, a portion of the recently passed urine

must be filtered and the clear filtrate examined for albumen.

The daily loss of albumen in inflammatory ajBfections of the

kidneys is exceedingly variable, amounting to 5—10 grm. in the

less severe cases, and 15—20 grm. in those in which the disease

is of greater intensity; the urine is occasionally so loaded with

albumen that almost the whole of the fluid in the tube is changed
into a firm coagulum on boiling. To observe whether the ex-

cretion of albumen is on the increase or the decrease, the test-

tubes containing the diflerent specimens of urine examined from

day to day should be set aside in an upright position, and the

depth of the layer of precipitated albumen in each compared ;

this method gives, of course, only an approximate quantitative
estimate. The glasses must be of the same diameter and an

equal volume of urine must be used each day.

Of the various modes of calculating accurately the amount of

albumen in the urine the simplest is the optical method, eircum-

polarization with the Soleil-Yentzke apparatus. After this mechanism
Las been so arranged that the zero of the nonius corresponds
with the zero of the scale, a glass tube is introduced, fiUed with the

albuminous urine, which is previously filtered and decolorized by
being passed through animal charcoal. The two halves of the field,

which before the introduction of the albuminous fluid appear exactly

ahke, at once become diflerent in colour. The compensator is now
moved, by means of the screw, towards the left tiU both sides of

the field are again of precisely the same hue. The nonius shows the

•extent of the displacement on the scale, and from this the proportion
of albumen in the fluid is known

; thus, if the compensator requires to

be shifted till the nonius points to 3-G before the desired identity in

colour of the two divisions of the field is obtained, the urine is said to

contain 3-6 grammes of albumen in every 100 grammes. The exact-

ness of the calculation by this method depends on the examiner's

sharpness of vision.

A high degree of albuminuria is always caused by nephritis ;

the existence of dropsy, above all the discovery of renal elements

in the urine by microscopic investigation (epithelial scales, casts

of the uriniferous tubules), are also indications which point to

the same diagnostic conclusion. The albuminuria usually
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attends the nephritic process throupihout its whole course, thouf^h

at times it may diminish very considerably, or in some rare cases

may almost totally disappear.

Albuminuria is also observed, altogether apart from any

inflammatory condition of the kidneys, in catarrhs and other

severer affections of the uropoietic system, from the pelvis of the

kidneys to the external orifice of the urethral canal ; the pre-

sence of the albumen is then due to the admixture of pus and

the corpuscles and serum of the blood. In these cases albumen

is detected also in the filtered urine
; generally, however, the

urine is less albuminous than that discharged in pronounced
renal disease.—Finally, a moderate degree of albuminuria occa-

sionally appears, but remains only a short time, in a great many
severe acute and chronic diseases ;

in such affections the urine,

unlike that passed in nephritis, shows no figurate elements

(casts, &c.,) under the microscope.

Besides albumen derived from the serum of the blood there are

found, in all albuminous urines, certain other bodies of similar con-

stitution,
—

paraglobulin (Edlefsen, Senator) and peptone ;
these iiro

sometimes also found in the urine when it is free of ordinary albumen

(Gerhardt). In chyluria, a disorder met with in tropical countries,

there exists in the urine an albuminoid substance of a totally diilerent

nature from the albumen of the serum (Eggel).

Fibrin is invariably present in urine containing hlood ; but it

is observed also when there is no haematuria, in the form of

coagula or of fibrinous (granular) casts, in many cases of very

acute and severe nephritis.

Mucus occurs in mere traces in normal urine
;

it is derived

from the secretion of the lining membrane of the urethral canal,

in women often from the vaginal secretion. Patholofijicidlv it is

discovered in the urine chiefly in cases of catarrh of the bladder,

and is easily recognised with the naked eye as a viscid stringy

cloud which floats about in the fluid and eventually settles to tho

bottom of the glass when the urine has been stationary for some

time. Examined microscopically it is seen to be formed essen-

tially of a clear, absolutely structureless substance, in which,

however, lie embedded large polygonal epithelial cells from the

bladder and round oval mucus-corpuscles.

Sugar. The saccharine urine passed in diabetes mellitus has

the following properties : its quantity is very notably increased ; its

2 c2
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colour is very pale or faintly yellowish with a tinge of green ; it

is perfectly dear and linqnd, and gives no sediment on standing ;

its specific gravity is unusually high, 1030—1040, in certain

cases 1050 and even higher.

There are four tests which serve for the detection of sugar

(grape sugar) in the urine : Trommefs process, the caustic pot-

ash, the bismuth, and the fermentation tests ; the first of these

is by far the most delicate and is that most often used.

1. Trommers Test. To a little of the saccharine urine placed in a
test-tube are added first a few drops of a solution of sulphate of copper
and afterwards a certain quantity of liquor j^otassa:., the latter being
gently poured in till the whole fluid assumes a clear and beautiful dark
blue colour. On obtaining this coloration the examiner may feel sure
that the urine is saccharine, as no other sort of urine undergoes this

change on being treated with these reagents.
—On now heating the

mixture an oraw/e yellow or brick red precipitate is formed, which in a
short time falls to the bottom of the test-tube. This deposit consists

of suboxide of copper. The chemical reaction which takes place is the

following : the sulphuric acid of the sulphate of copper unites M'ith the

stronger base, the caustic potash, forming sulphate of potash ;
the

sugar is oxidised at the expense of the oxide of copper, and the latter,

being reduced to the condition of a red insoluble suboxide, is at once

precipitated.
—This process also bears the name of the reduction test.

2. Caustic potash test. Moore s test. The suspected urine is mixed with
a little liquor potassse and warmed, the heat being applied to only the

upper part of the fluid in the tube
;
the part so treated takes on a clear

yellowish-brown colour, deepening, on further heating, to a brownish-

red, which is the more intense the more potash has been added. The
portion of fluid which is not heated preserves its original colour, which
renders the change just described the more striking. If the warmth
be kept up till the urine boils there is developed, especially on addinf
a little nitric acid, a sweetish smell of burnt sugar. Urine coloured
brown by the caustic potash process turns still darker on keeping for a
short time.

3. Bismuth test. To the urine should be added first a few drops of

liquor potasscB and then as much nitrate of bismuth as will lie on the

point of an ordinary knife, the latter reagent being an insoluble, heavy,
white powder which rests on the bottom of the glass. The application
of heat now imparts to the urine a clear brownish-red colour, (as in

the last test), while it blackens the bismuth. The chemical change
which takes place is simply the reduction of the bismuth salt, and is

exactly analogous to that which occurs in Trommer's test : the nitric acid

of the salt of bismuth unites with the caustic potash, a portion of the

oxygen of the oxide of bismuth is appropriated by the sugar, and black
suboxide of bismuth is left.

4. Fermentation test. Saccharine urine, when mixed with yeast,

ferments, the sugar being changed into carbonic acid and alcohol.
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The indications ofiered by these tests may bo obscured by the pre-
sence of various substances in the urine which prevent the reduction of

the copper or bismuth salt
; the urine may, for instance, contain

albumen as well as sugar, when the former must first be precipitated
and then removed by filtering before the testing for sugar can be pro-
ceeded with.—There are several other tests for sucjar in the urine, but
as they are not much used no account of them need be given here.

The quantity of sugar present in diabetic urine varies from -\
—10

per cent.
;
in the great majority' of cases it fluctuates within narrow

limits, from about 3—5 per cent. The per centage is calculated by
using Ffhllitifs atandard solution of sulphate of copper or by means of

the Soleil-Ventzke saccharimeter. After introducing the glass tube
filled with the saccharine urine into the apparatus just named, the

nonius, previously arranged so that it points to zero on the scale, is

turned to the ritiht till both fields have the same colour
;
the extent of

this displacement to the right indicates the per centage of sugar in

the urine.

FiGURATE ELEMENTS IN THE UrINE.

Normal urine is perfectly clear, containing neither crystalline

nor any other organic figurate element, except possibly now and

then traces of mucus. If, however, the urine be turbid imme-

diately after emission, we have distinct evidence of the presence
of such constituents. In order to examine these with the

microscope the urine must first be filtered, as they occur in very
small quantity compared wdth the volume of the fluid in which

they are difiused
;

or the urine should be allowed to stand some

time in a glass which tapers towards the bottom, when a small

portion of the sediment may be removed with a pipette.

The organic figurate elements found in the urine in disease

are pus cells, blood corpuscles, casts of the uriuiferous tubes,

epithelial cells, and fungi.

Pus corpuscles. These are in no respect different from the

colourless globules of the blood. A highly purulent urine is

perfectly turbid and of a whitish-yellow, milky colour, even at

the moment it is passed ;
if set aside for a short time the pus

corpuscles are deposited at the bottom of the glass as a yellowish

sediment. The pus globules retain their ordinary shape in the

urine so long as this lluid remains acid or neutral in reaction ;

but the occurrence of alkaline fermentation converts them into

a gelatinous mass which is quite devoid of structure under the

microscope.
Pus corpuscles are found in the urine in greatest number in
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catarrh of the bladder; they are more or less abundant, however,

in catarrh of any part of the urinary tract, from the pelvis of the

kidneys down to the orifice of the urethra, being mechanically
mixed with the urine in its passage outward. It is generally

easy to infer from what part of the urinary apparatus the pus
comes by noting the further results of objective examination and

the other symptoms of the affection. If it be derived from the

urethra, in men, a purulent fluid may also usually be expressed
from the canal before as well as after micturition ;

in women pus
cells often gain admission into the urine from the admixture of

vaginal secretions (as in cases of leucorrhoea) ;
to prevent error

it is advisable in such circumstances to draw ofl" the urine with a

catheter. If the pus be secreted by the bladder, which in chronic

cases of purulent urine is the usual source, it is accompanied by a

number of the large vesical epithelial cells. If it proceed from

a point considerably higher, from the pelvis of the kidney, for

example, there are usually also observed the other signs of posi-

tive renal disease
;

the principal element in the diagnosis in

such cases is the exclusion of every other part of the urinary

passages as a possible source of the discharge.

lied blood corjyuseles. They are found in the urine in suffi-

ciently large quantity to impart to that fluid a distinctly blood-

like coloration, only as the result of hemorrhage (rupture of some

vessel) within the uropoietic apparatus. They occasionally appear
in smaller numbers, but still abundantly enough to suggest to

the eye at once that the urine contains blood, without rupture of

the walls of the vessels
; this form of bleeding, hcemorrhage per

diajjcdesin, may occur in all inflammatory conditions within the

uropoietic system, particularly in very severe acute nephritis, but

also in the course of chronic nephritis, when the inflammatory
action is from any cause increased in violence.—The shape and

colour of the red blood corpuscles as they are seen in the urine,

have already been described on
j). 378.

Epithelial cells. The epithelial cells found in the urine may
be detached from any part of the urinary apparatus, and are met

with in all afl"ections of these parts. The renal epithelial cells,

as they appear in the urine in kidney diseases, are sometimes

separate from each other, at other times adherent. The urinary

passages throughout their whole length are protected by several

layers of pavement epithelium, disposed one over the other.
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forming a lining membrane wliicli is of greatest thickness in

the bladder. The vesical epithelial cells are generally large,

provided with only a single nucleus (like the buccal epithelial

scales), polygonal, and more or less rounded at the angles,
—

characters which render their recognition easy. Below the super-
ficial pavement epithelium of the bladder are numerous smaller,

nucleated, spindle-shaped cells, which make their appearance in

the urine when the catarrh is severe enough to involve the deeper

layers of the epithelial lining of the bladder.

Tube-casts in the Urine.

Before beginning to look for these bodies, which play such an

important part in the diagnosis of renal diseases, the urine should

be filtered, or should be allowed to stand and deposit a sediment

in a glass of suitable construction, as the casts are seldom so

abundant as necessarily to be present in every single drop of the

urine when agitated, as immediately after emission. One drop
of the sediment from the glass, or of that which is caught on the

filter, should be placed under the microscope and examined with

a power of 300 diameters.

These cylinders are simply casts of the uriniferous tubules,

which are washed out of'the kidneys by the flow of urine. They
are divided into three principal varieties : epithelial, granular,

and hyaline casts. Epithelial casts consist of the epithelial

lining of the tubuli uriuiferi, expelled in a more or less complete
form (desquamative nephritis) . As regards the manner in which

the granular and hyaline casts are formed authorities are not by

any means unanimous. Whilst according to the older (and

recently revived) view they should be regarded as transudation-

products derived from the blood, they are described by some as

due simply to degenerative change in the epithelial cells. It is

generally assumed that the granular casts represent the primary
form of the degeneration of the renal epithelium, and that the

hyaline casts are a secondary modification resulting from the

same degenerative process.

In support of the theory that tube-casts are formed by exudation

from the blood, Weissgerber and Perls have recently brought forward

the foUowiug arguments : the epithelial lining of tubules tilled with

homogeneous casts is found perfectly intact ;
casts arc often entirely

wanting in tubuli whose epithelium is already the seat of very
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extensive degenerative change ;
on raising the pressure within the

renal veins in animals, by constricting the principal vein, not by closing
it absolutely, as this would arrest circulation in the part, fibrinous casts

arc invariably found in the kidneys ;
on microscopic examination of

such sections of the kidney no appearance is discovered at any point
which suggests the idea that the epithelium is metamorphosed into

casts, but there are very often seen the various stages of a process in

which a simple albuminous fluid, which completely fills the lumen of

the uriuiferous canals, seems to be gradually transformed into casts of

these tubes.

The granular (or fibrinous) casts are of different lengths,

according as tliey are expelled from the uriniferous tubules unin-

jured or in fragments ; they vary in length from 5 to 1, seldom

2 mm. or a little more, and in breadth from 0*04—0"06 mm. ;

they are very darkly granular, a feature by which they are very

readily known when seen, are frequently covered by blood and

pus corpuscles, and contain also a yellowish fatty detritus. In

very violent acute nephritis they occur in great numbers in the

urine
; they are also very abundant in chronic nephritis.

Hyaline casts are strikingly pale and transparent, their outline

being also made more distinctly visible by staining with carmine

or aniline
; they are occasionally absolutely free of any figurate

element, but in other cases show here and there a little granular

fatty detritus or a few epithelial cells. Between the typically

granular and hyaline casts come many intermediate forms; many
present the characters of both varieties, being darkly granular

at one part and perfectly pale and clear at another. In length
and breadth there is no difference between hyaline and granular
casts.

Ejnthelial casts consist almost entirely of the detached

epithelial lining of the uriniferous canals
;
the individual cells

of which they are composed present generally the signs of being
in a more or less advanced state of degeneration, they are dull

and clouded in appearance, swollen, dotted with numerous

brilliant globules of fat, and are occasionally surrounded and

almost hidden by blood and pus corpuscles and fatty debris.

They are, as a rule, easily distinguished from the other figurate

constituents of the urine.

Tube casts in the urine are commonly accompanied by free

red blood corpuscles, colourless blood globules (pus corpuscles),

and epithelial cells. These elements often afford a clue to the
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particular stage which the morbid process within the kidneys
has reached, though any inference based on the results of micro-

scopic examination alone is apt to be fallacious. A very
abundant fatty detritus mingled with epithelial cells in a state

of fatty degeneration, and the j^resence also of large numbers of

thin narrow casts, generally indicate that the nephritis has

arrived at a somewhat advanced stage,
—

atrophy ; very large,

broad granular casts and red blood corpuscles are indicative of

the early stages of nephritis or of a fresh exacerbation of an old-

standing affection
; very frequently, however, all the different

kinds of casts are found together in the same urine. The

special form of nephritis present in each case cannot be

determined by microscopic examination alone.

Whilst in all cases the occurrence of tube-casts in the urine

may of itself be accepted as conclusive evidence of the existence

of an inflammation of the kidneys,
—an inflammation which may

be simple and uncomplicated, or which may appear in connection

with other affections, such as scarlatina, diphtheria, cholera,

small-pox, &c.,
—the other figurate elements, the red and white

blood corpuscles, epithelial cells, detritus, are to be regarded as

diagnostic of nephritis only when accompanied by casts ;

wherever such casts are wanting the microscope alone is not

sufficient to fix with precision the site of the disease.

Coagula of fibrin are often observed in the nrine in acute and

haemorrhagic nephritis ; these bodies are somewhat elongated in shape
and are not unlike gi'anular casts, but may be distinguished from these

by the irregularity of their outline and the total absence of structure

and of figurate elements.

Every urine which contains casts is albuminous. There exists no
absolute relation between the quantity of the albumen and the number
of the casts

; the latter may be few in a highly albuminous urine, or

plentiful when the albuminuria is slight. Thus, in amyloid degenera-
tion of the kidneys the urine may be loaded with albumen but may
show very few casts under the microscope, while in acute renal

disorders tube- casts are often abundant in a urine which is but feebly
albuminous.—Nothnagel states also that hyaline casts always appear in

the ui'ine in intense icterus.

Inorganic Urinary Sediments.

The sediments which are met with in acid urines, both

normally (but only in traces) after cooling and in pathological

conditions, are the urate of soda and free uric acid, more rarely
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the oxalate of lime
;
the sediments of ammoniacal urine consist

of urate of ammonia and phosphates (phosphate of lime and

ammouiaco-magnesian phosphate) .

Urate of Soda. This salt, -which is found in small quantities

in normal urine, is deposited in great abundance in all febrile

diseases, especially during the critical period, after violent

physical exertion, and in the urine of those who habitually

indulge to excess in eating. It is precipitated only when the

urine cools, and forms a dirty yellowish clay-coloured or reddish

(brick-dust) sediment. Under the microscope it is seen to be

amorplwiis, and is made up of very minute, irregular granules,
often aggregated into small masses, but easily broken up and

reduced to its original divided condition by gentle pressure with

the object-glass. The opacity occasioned in the urine by the

urate of soda disappears rapidly on the application of heat, the

fluid becoming perfectly clear.

Uric Acid. In warm urine this substance is but very sparingly

soluble ; it falls at once as a crystalline sediment when the urine

cools, and in being precipitated takes up a portion of the

urinary colouring matter, from which it acquires a yellowish

red or sometimes faintly brown coloration. Under the micro-

scope it shows the most diverse crystalline forms, appearing

usually in rhombic plates or columns, four-sided prisms, often in

dumb-bell or barrel-shaped crystals. Sometimes these crystals

are separate from each other, at other times arranged in groups ;

many of them are large enough to be visible to the naked eye,

and for microscopic examination they demand at most only a

low power, 100—150 diameters. In the urine it is commonly
combined with the acid urates of soda and potash. On adding

hydrochloric acid to the urine the uric acid is set free and in a

short time crystallizes out
;
the process of crystallization may be

observed in the field of the microscope on adding one drop of

hydrochloric acid to a sediment of urate of soda.

Uric acid may be recognised by its chemical reaction as well as by
its microscopic characters. Thus, on dissolving a few crystals in a

little nitric acid, warming ancl evaporating, and treating the reddish

residue with a weak solution of caustic ammonia, a deep purple
coloration is obtained (purpurate of ammonia, murexid), which

changes to violet blue on the further addition of a few drops of

caustic potash or soda.
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The excretion of uric acid is doubled, sometimes trebled, in

febrile and other diseases (of the respiratory and circulatory

organs, disturbances of nutrition. Sec.) ;
in arthritis it is de-

posited in the joints. Renal calculi are often composed exclu-

sively or in great part of uric acid and its salts.

The oxalate of lime, a normal tliough by no means a constant con-
stituent of the urine, presents itself uuder the microscope in the form
of exceedingly miuute octohedra, bearing a certain resemblauce to the

envelope of a letter. This deposit is generally very scanty, and is

most often thrown down in urine which also contains uric acid. The
abundant discharge of such crystals is not an unfailing sign of a

pathologically increased oxaluria
;
the urine may be moderately rich in

oxalic acid without giving rise to the separation of oxalate of lime

crystals, as the latter salt may be held in solution, especially by the

acid phosphate of soda. Its quantity per day seldom rises above 2

centigrammes (Fiirbringer). It sometimes forms calculi in the

kidneys and bladder.

Phosphate (if lime and phosjihate of wafjneua are soluble in acids

and are therefore not deposited in acid urines
; they are excreted to

about the extent of 1 gramme per day (Neubauer). When present in

the urine in large quantity they are precipitated as an abundant white

sediment, the urine being neutral or alkaline to test-paper. Phosphate
of lime occurs as an amorphous powder, sometimes also in crystals,
often forming beautiful star-shaped masses. The phosphate of

midjnesia is also sometimes deposited in the crystalline form as

elongated plates (Stein). Increase of the earth}' phosphates is noticed

often in phthisis, in rachitis in children, and in other diseases, fre-

quently keeping pace with a similar increase in the separation of

indican (Senator).
—

Ci/stine is rather a rare constituent of the urine,

only 52 cases in wdiich it was detected being recorded in medical

literature
;

it sometimes forms concretions in the kidneys, at other

times crystallizes in colourless hexagonal plates or prisms. Among
other points by which cystine may be distinguished from uric acid,

which frequently assumes exactly the same crystalline forms, there is

this, that the former, when dissolved in nitric acid and treated with

ammonia, gives no murexid reaction. The daily excretion of cystine

amounted, in the case recently put on record by Niemann, to about

0-5 gramme, and in that reported by Loebisch to 0--4 gramme.—
Leucine and Tyrosine are met with in the urine in certain cases of

acute atrophy of the liver and variola ;
the former substance appears

in granular, yellowish, globular masses, or, when perfectly pure, in

white and exceedingly thin plates ;
the latter crystaUizes in very tine

white needles.

I'rate of ammonia is formed when the urine undergoes alkaline

fermentation, crystallizing in small spherical masses studded over

with spines (the thorn-apple crystals).

Ammoniacu-ma(jnesian phosphate is invariably separated, as soon as
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the urine becomes alkaline, in colourless prismatic crystals of various

sizes, most of them slightly modified and tending to the ordinary
cotiin-lid shape. These crystals are freely soluble in acetic acid, a

property by which they may readily be distinguished from the oxalate

of lime, which is not soluble in acetic acid
;

this is a reaction of some

imj)ortance, as the phosphatic crj'stals, when very small, resemble

closely those of the oxalate of lime.

Of the lower organisms found in the urine should be noticed the

rod bacteria which always accompany fermentation of the urine, and
sarcuice.

YOMITIXG.

When the ramifications of the pneumogastric nerve in the

mucous membrane of the stomach and pharynx are subjected

directly or indirectly to any abnormal irritation, reflex and very

energetic contraction of the diaphragm and abdominal muscles is

set up, whereby the stomach is firmly compressed on all sides

and its contents discharged upwards. The stomach itself is

not actively concerned in the act of vomiting, except in so far as

it contributes by the opening of its cardiac orifice
;

its muscular

coat contracts very little, if at all.*

The irritation of the sensory nerve-terminations in the stomach

may be direct or indirect. Direct irritation is produced by

emetics, poisons, nauseous substances, violent shocks, or by

merely overloading the stomach
;

in all gastric diseases, from

simple catarrh to the malignant new formations, and often also

in simple hyperaesthesia of the gastric nerves, unaccompanied by

any anatomical change, the stomach is more or less directly irri-

tated. There is no disease of the stomach in which vomiting,

transient or persistent and recurrent, may not appear as a sj'mp-

tom in some part of its course, though in many cases it is entirely

wanting from beginning to end
;

it is only in cancer, especially

when it causes stricture of the pylorus, that vomiting comes to

be an absolutely constant symptom.

* It is necessary that the cardiac orifice of the stomach should be opened before

vomiting can take place. The abdominal pressure alone is not sufficient to effect

this, as there are certain conditions, difficult and painful defecation, for example, in

which, notwithstanding the amount of pressure brought to bear on the stomach by
the abdominal muscles, the contents of the stomach are not ejected, simply because

the cardiac orifice of the organ remains closed
;
on the other hand, vomiting is not

unfrequently observed in animals on exposing the stomach and injecting tartarated

antimony into the veins, though in this case the force exerted by the walls of the

abdomen is completely ehminated as a factor in the process.
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In diseases of the stomacli vomiting takes place more readily when
the organ is full than when it is empty ; it is occasionally brought on
also in such circumstances by every variety of sohd food, sometimes
even by the blandest fluids, at other times only by taldng things which
are difficult to digest or by special articles of diet

;
it may occur

immediately after eating or only after the lapse of some time. In

certain cases it is possible to form some idea as to the seat of the

disease fi'om the interval which elapses between the taking of food and
the starting of the vomiting ; thus, in cancer of the stomach the

patient rejects his food almost directly after a meal when the cardiac

orifice is contracted, but if the disease be located about the pyloric

end, producing stenosis of the pylorus, the vomiting does not begin
till several hom-s have passed.

The irritation of the gastric nerves may be indirect, the organ
itself being perfectly healthy in structure. This is sometimes due

to abnormal excitation of the vagus at its origin in the brain,
—

hence the frequency of vomiting in cerebral diseases and in certain

aiiections of the nervous system,
—or to reflex irritation of the

vagus through some of the abdominal plexuses of the sympa-

thetic, with which it is connected by anastomoses. In some cases

the vomiting which so often attends affections of the abdominal

organs may be explained by the relation which subsists between

these two portions of the nervous system ;
in many other cases,

however, this explanation is not so satisfactory.

ExAiirN'ATION OF THE VoiIITED MATTERS.

This is generally made with the naked eye, which in most

instances is quite sufficient for diagnostic purposes ;
in certain

circumstances, however, a microscopic examination becomes

necessary.

According to the stage of digestion at which vomiting has

occurred, the matters brought up, consisting partly of fluids and

partly of solids, are more or less acted upon by the gastric juice,

and have a more or less powerful acid odour. When the stomach

is empty, or after repeated evacuation of its contents, vomiting

expels only a ropy, viscid, mucous secretion, with which are

sometimes mingled biliary matters from the duodenum, which

give to the discharges a greenish coloration. The bile is pressed

out of the duodenum into the stomach by the energetic contrac-

tion of the abdominal muscles, particularly when the vomiting is

severe and accompanied by much straining,
—as it always is when

the stomach is empty.
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Of tlie abnormal elements which may pi-esent themselves in

the vomited matters the most important is blood. In some cases

the proportion which appears among the vomited materials is

small, in others the blood is rejected nearly pure, almost always

coagulated and blackened by the action of the acids of the

stomach, when it resembles black coffee-grounds. Hnematemesis

is observed most often in the ulcerative afiections of the stomach,

and is perhaps most abundant in round ulcer
; the bleeding is

very free also in the ulceration which is due to corrosive poisons.

Haemorrhage may take place even in the absence of any anatomical

lesion of the stomach, from congestion of the gastric veins, from

engorgement of the portal system (as in cirrhosis of the liver),

or from overloading of the gastric vessels from other causes
;

of

this last-mentioned variety is the periodical recurrent hsema-

temesis met with in certain cases of amenorrhoea.

Sarcims are frequently found in the vomited matters in

chronic gastric catarrh, and particularly in cases of dilatation of

the stomach. They are developed in all conditions in which the

food remains for an unduly long period in the stomach and in

this way undergoes various abnormal modifications (fermenta-

tion, &c.).

Sarciiia3 consist of small four-sided cells, measuring about 0-01 mm.
in diameter, which are usually united in fours to form a single element

;

these elements, again, often combine similarly in fours to form still

larger squares presenting sixteen separate subdivisions
;

all farther

increase also is made in fours.

Ascarides lumbricoides sometimes find their way from the bowel into

the stomach, and may then be mingled with the vomited matters. Besides

these abnormal constituents, microscopic examination reveals many
other substances derived from the food taken, all more or less altered

in appearance by the action of the gastric juice.

THE INTESTINAL DISCHARGES.

Alteration in the frequency and in the appearance of the alvine

discharges are the principal objective signs of functional intes-

tinal disturbance. The motions may be fewer than normally

{constipation), or more frequent and liquid {diarrhoea).

Constipation.

Slight constipation, in which the bowels are moved about every
two days, and a severer form also in which the interval between
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the motions is prolonged to 3—4 days, are very common
phenomena ;

in many instances such a disorder is periodical in

its recurrence, and in some persons habitual. Constipation

lasting 5—6 days is seldom met with, as therapeutic measures
intended to remedy the condition are generally adopted before it

has continued so long, while still longer intervals, 2—3 weeks,
for instance, are very exceptional.

Constipation is most commonly to be ascribed to slufffjish 'peri-

staltic action of the bowel, and in a smaller numl)cr of cases to

the presence of some obstruction ivithin the boivel, which mechani-

cally opposes the omvarcl progress of the intestinal contents, and
which may, in certain circumstances, offer an absolute barrier to

their passage.

The p)^^'^staltic movements of the bowel are rendered slugfiish

by very many different causes, which are in part connected with

the manner of life of the individual, and which in the more
marked forms of the aftection are invariably of a pathological
nature. These causes may be grouped together in the following

way : want of active physical exercise, slowness of digestion and

tissue-metamorphosis, unsuitable diet (consisting especially of

very solid and uustimulating substances), distension of the bowel

by gas ; peristaltic action is slackened also when bile, a normal

stimulant of the bowel, is wanting in the intestinal contents,

a fact which explains the frequency of constipation in obstruction

of the bile-duct, from duodenal catarrh and other causes
;
the

muscular coat of the bowel may, further, be temporarily en-

feebled through over-exertion and simple fatigue, induced by
severe diarrhoea or the action of medicines,* or it may be perma-

nently weakened by repeated drastic purgatives ; t the peristaltic

movements are also retarded by diminution in the contractile

power of the muscular tunic of the intestine, such as that

* When in disease the peristaltic movements of the bowel become abnormally active

they may be moderated by the use of remedies which soothe the irritability of the

sensory nerves of the intestinal mucous membrane or which diminish the secretion

from the internal surface of the bowel
;
to a slight degree also this may be accom-

plished by a properly-regulated diet, consisting of bland mucilaginous substances

•R'hich cover and protect the sensitive mucous surface.

f Many who suffer from habitual constipation aggravate their malad}' by the mis-

use of drastic purgatives, the effect of which is that an ever-increasing degree of

irritation, obtained either by adding to the dose or by the employment of more

energetic drugs, is needed to awaken peristaltic action in the bowel
;
the natural

stimulus, the mere presence of the intestinal contents, is of very little avail in such

cases,- though its influence is soon in great part restored on withholding the purgative.
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observed in mflammation of its peritoneal investment, or by
deficient innervation, as in diseases of the brain and spinal cord,

perhaps also by spasmodic contraction of the intestinal muscles

and consequent narrowing of the alimentary canal, as in lead

colic.—In some cases several of the above-named causes may be

in operation simultaneously ;
their recognition is usually a matter

of no difficulty.

The onward movement of the contents of the bowel may be

rendered slower or may be absolutely arrested, and constipation

of various degrees of severity, or even impassable obstruction,

may be set up, by the presence of some mechanical obstruction

which compresses or completely closes the bowel
; constipation,

however, is much more seldom due to this condition than to

feeble peristaltic action. This encroachment on the lumen of the

intestine is dependent on causes some of which lie within, others

without the bowel. Among the internal causes should be reckoned

strictures, invaginations (intussusceptions), twisting and flexion

of the intestine ; large, hard faecal masses, and large biliary

calculi, lodged at various points in the intestinal canal, par-

ticularly above strictures, where they distend the bowel and form

diverticula, constitute mechanical obstacles of the character

described. To the group of causes external to the bowel belong

compression by the uterus in the gravid state or when patho-

logically enlarged or retroverted, by ovarian tumours, by very
marked hypertrophy of the prostate, and by strangulation of the

intestine (strangulated hernia). If these obstacles produce

merely a narrowing of the lumen of the intestine, they may
always be overcome by drastic purgatives, by exciting powerful

peristaltic action
;
but if the closure of the canal be complete,

as in strangulation, no advance of the retained intestinal contents

is possible,
—

they rather travel backwards in the bowel if no

operative measures be adopted for the removal of the obstruction,

and eventually, on reaching the stomach, are discharged by

vomiting. This (stercoraceous) form of vomiting is often ob-

served in ileus.

DlAKRH(EA.

Diarrhceal discharges are more fluid and are usually also more

abundant than those of health. It sometimes happens that a

person is seized with a sudden but transient attack of diarrhoea,
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one or two tliin watery motions following closely one on the

other, the distur1)ance then siihsidinfr iind stools of natural con-

sistence making their appearance ; this is usually caused by some

short-lived irritation of the intestinal mucous membrane by errors

in diet, by cold in those who arc so predisposed, by sudden

change in the habits of life, &c. Wherever actual disease of the

mucous membrane has given rise to diarrhoea the frequency of

the motions is invariably increased
;

3—4 evacuations of the

boAvels in the 24 hours are a moderate number in acute intestinal

diseases, while in the intestinal catarrh of children, in typhoid

fever, dysentery, and cholera they may number 20 or more in the

24 hours. This stage of the affection, however, in which the

stools are so loose and so frequent, does not last long,
—a few

days or even a shorter time. In chronic diseases of the in-

testine diarrhoea is never, except incidentally, so severe as in

acute diseases ; occasionally, indeed, it is varied by longer or

shorter periods of constipation.

Diarrhceal evacuations are sometimes perfectly painless ;
at other

times they are preceded by a peculiar painful sensation, known as colic,

which generally originates about the middle of the abdomen and

radiates towards the other parts. Painful and painless stools may
alternate with each other iu the same patient ;

the presence or absence

of pain therefore, in the majority of cases at least, offers no diagnostic

indication of the special form of disease in which the bowel is involved.

Nevertheless pain before or at stool, if associated with tenderness to

pressure on the abdomen, generally warrants the inference that the

bowel is probably the seat of an ulcerative afiection.

The alvine discharges always assume a diarrhceal character

when from any cause the iKristaltic movements of the bowel are

increased in rapidity and energy, so that the intestinal contents

are carried more quickly onward, so quickly that they are ex-

pelled before their fluid constituents (dissolved alimentary

matters and fluid derived from the intestinal vessels) have been

to a sufficient extent absorbed.

The causes of the increased j>cristaltic action are many and

varied, but they all admit of one of two interpretations,
—the

sensory nerves of the intestinal mucous membrane are cither sub-

jected to abnormal irritation or they are unduly sensitive ;
both

classes of causes are frequently present. The mucous membrane is

irritated by various articles of diet, particularly if they are taken in

2 D
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large quantity or injudiciously combined. The lining membrane
of the bowel becomes abnormally sensitive when it is attacked by

. disease ; all intestinal affections, from simple, transient catarrh

to the severe ulcerative processes, are usually accompanied by
diarrhoea, which in chronic diseases may for a time disappear
and be replaced by marked constipation. This increased sen-

sibiHty may in acute intestinal diseases become so intense that

even the intestinal secretions, w4iich in such cases are greatly

augmented in quantity, act as powerful irritants.

Peristaltic movements, excited in any part of the intestine by
any of the above-named pathological causes, travel onward in

undiminished intensity through the whole length of the bowel,
so that, for instance, in catarrh of the small intestine they may
be transmitted from their starting-point there to the perfectly

healthy colon.

If the increased activity of the peristaltic movements in catarrhs of
the small intestine were Hmited to this portion of the alimentary tract,
the movements of the large intestine continuing normal, the intestinal
contents would remain long enough in the colon to permit of the

absorption of their fluid constituents, and the properly diarrhoeal

discharges would be wanting,
—which, however, is not the case.

The loose diarrhoeal motions also which follow the therapeutical use
of drastic purgatives, are produced by the increased energy of the

peristaltic movements.

Examination of the Intestinal Dischakges.

In examining the motions attention should be directed spe-

cially to the following points : their quantity, consistence and

form, colour, odour, and the presence in them of abnormal
constituents.

The quantity of fiecal matters passed in health depends on the
amount of food taken and on the proportion of indigestible
elements which the various articles of diet contain. It is always
increased in diarrhoea, by the addition of the intestinal secretions

and of such portions of food as have escaped absorption. In
acute intestinal diseases,

—acute catarrh, European and Asiatic

cholera, dysentery, for example,—the evacuations may be enor-

mous, consisting in great part of watery transudation from the

mucous surface and to but a slight extent of excrementitious
matters.

The consistence of solid motions is proportionate to the time
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taken by the intestinal contents in travelling thvougli the bowel

to the rectum
;

the slower the rate of transmission the more

completely will their fluid constituents bo removed by absorption

and the firmer will be the ficces. In those who suffer from con-

stipation, accordingly, the motions are usually hard and dry.

The form of the motions depends on their consistence ; only

such as are solid are "formed ", semi-solid discharges being de-

scribed as pultaceoas, those which are more fluid as soup-

like, &c.

The colour of the dejecta, Avhich in health is brown, is owing

to the admixture of the colouring matter of the bile, hydrobili-

rubin. When the bile is prevented from entering the bowel, as

when the ductus choledochus is closed, the motions have a dirty

greyish, clay colour.

It is only in duodenal catarrh that discharges absolutely destitute of

bile are seen, as it is only in this aflfection that more or less complete

closure of the bile duct takes place ;
in diseases of the liver and biliary

ducts, though the flow of bile into the duodenum is often impeded it

is never entirely arrested. If, in the course of a duodenal catarrh,

the ffeces begin to show again a brownish coloration, it may with

confidence be inferred that the bile is again escaping into the duodenum

even though the jaundice show no sign of abating,

Diarrhoeal motions also, like those of semi-liquid consistence,

are yellowish-brown, but turn clearer and paler the more abun-

dant they become, as the bile which enters the duodenum is

diffused through a much larger mass of fluid. If the discharges

be exceedingly profuse, as in Asiatic cholera, the quantity of bile

poured out remaining the same or even being reduced, their

yellow colour is lost by degrees till eventually they exhibit no

further trace of the presence of bile ; they are then perfectly

colourless or dirty white, and are composed only of the rice-water

fluid exuded from the intestinal vessels.

In young infants the motions, which normally are of a clear

yellowish brown colour, often become greenish, especially when

dyspepsia is present ;
the cause of this coloration has not yet

been satisfactorily made out, though it is probably to be sought

in a metamorphosis of bilirubin into biliverdin. The dejecta

acquire a similar grass-green hue on the internal administration

of calomel.

The motions take on an abnormally deep brown colour in

2 d2



404 A HANDBOOK OF PHYSICAL DIAGNOSIS.

constipation of long duration. They are blackened by the in-

ternal use of the preparations of iron, of which only a small

portion is absorbed, the remainder being mixed up in the

intestinal contents.

Fluid motions are stained reddish-brown or brownish-black

(chocolate-colour) when they contain large quantities of blood

derived from the upper part of the intestinal canal ;
in such

cases the oxyhaemoglobin of the arterial blood is transformed

into methpemoglobin and ha3matin. When the blood comes
from the rectum it does not remain long enough in contact

with the faecal matters to permit of this round of changes

beginning, so that the colour it imparts to the motions is a

clear, well-marked red. The presence of even a slight trace of

blood is indicated by the colour it communicates to the evacu-

ations.

The odour of the motions is characteristic ; it is due essen-

tially to the volatile products formed in connection with the

decomposition of fatty matters. It is of very little practical

importance, as the differences which it presents are only dif-

ferences in intensity, not in kind. The simpler and plainer the

food, as in infants still nursed at the breast, the less powerful
the smell. When the motions are very fluid and succeed each

other rapidly their odour diminishes very considerably. The
rice-water discharge observed in cholera is almost entirely devoid

of odour, as it contains practically no feculent materials. In

inflammatory and ulcerative affections of the bowel, particularly

of the rectum (cancer, for example), the motions sometimes

have an extremely offensive and penetrating smell.

Abnormal Substances in the Intestinal Discharges.

The appearance of any abnormal constituent in the motions is,

as a genei-al rule, of practical or diagnostic importance only
when the admixture of the foreign element is so large as to be

plainly obvious to the naked eye. Occasionally, however, the

presence of the morbid material cannot be satisfactorily deter-

mined without having recourse to microscopic examination.

The abnormal substances found in the alvine discharges, re-

cognisable usually by simple inspection, are the following :

Blood. Motions which contain a large proportion of blood
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are more or less fluid, as the diseases which give rise to in-

testinal hiemorrhages are also usually accompanied by diarrhcua.

Smaller quantities of blood may bo mingled with fa^'culent

matters of a semi-solid consistence or disposed in streaks on

the surface of the motions. Blood may also be voided per-

fectly pure and unaltered. In certain circumstances the blood

which is seen in the stools comes from the stomach, as, for

instance, when the blood poured out in cases of perforating

gastric ulcer is not got rid of by vomiting but passes downwards

through the intestine ; such discharges commonly take the form of

masses of coagula of a brown or blackish-red colour, resembling
tar. In all other cases the blood is derived from the intestine,

such haemorrhage being caused usually by ulceration of the

mucous membrane
;
blood is therefore very frequently present in

the evacuations in typhoid fever and dysentery.
—But the exist-

ence of an actual lesion of the mucous membrane of the bowel is

not necessary to the appearance of blood in the motions
;
the

haemorrhage may take place from ruptured capillaries or from the

bursting of the dilated and tensely engorged veins of the rectum.

It is to the occurrence of bleeding of the latter variety that the

disease known as haemorrhoids owes its name.

But the dilated ha?morrlioidal veins are not the only source of

intestinal haemorrhage ;
in those cases iu which circulation through the

liver is impeded all the abdominal veins which join the portal system,
and among them those of the rectum, are overcharged with blood,

and in this way intestinal vessels of small calibre are often ruptured.

Haemorrhage from this cause is not unfrequently observed in cirrhosis

of the liver and in cases in which the portal vein is compressed by
tumours.

Pus is found in the motions, or is passed in small quantities

pure and unmixed, in ulcerative affections, particularly of the

rectum, and in chronic rectal inflammations
;

or it may come

from abscesses situated close to the rectum and opening into it.—
Mucous secretions also, usually mingled with pus, are discharged

in various rectal diseases.

Tissue-elements from the intestinal mucous membrane occur

in the stools in violent enteritis and ulcerative aftections of the

bowel ; they are composed for the most part of detached epi-

thelium, sometimes of shreds of mucous membrane. The

intestinal epithelium is separated freely in cholera.
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Fungi a^ipear abundantly in the rice-water motions in cholera.

In the intestinal or infectious disease designated mycosis

intestinalis, to which attention has recently been directed, in-

numerable fungous elements and bacteria have been discovered

not only in the dejecta but also in the wall of the intestine, in

various other tissues, and in the blood.*

The motions, particularly those observed in the diarrhoea of

children, often contain fragments of undigested food.

Worms are frequently voided with the intestinal discharges,

sometimes spontaneously, but usually, and in greatest number,
after the administration of anthelmintics. The eggs of the

worms are often expelled with the faeces, occasionally in such

abundance that several may be seen in every drop examined

under the microscope.

The "worms which inhabit the human intestine are : the ascaris hmi-

bricoides, the round worm, whose habitat is the whole of the small

intestine
;
the o.ri/uris vermicii(ari-s, the thread-worm, which lodges in

the large intestine, chiefly in the rectum
;
both of these are most com-

monly found in children. The tricocejihalus dispar, the whip-worm,
lives in the cfecum and colon, and occurs in both children and adults.

There are three varieties of tape worm, ta-nia solium, tania scujinata

(or viediocmu'Uata), and hothyioccphalns hitus ; these parasites are met
with principally in adults, and occupy the small intestine. Bothrio-

cephalus latus is rare in Germany, and is seldom observed in countries

in which taenia solium abounds.

Calculous formations, (gall-stones and intestinal calculi),

occasionally appear in the motions. The former may be de-

tected in the faeces after the patient has suffered for a longer or

shorter period from gall-stone colic
;
but small calculi, biliary

gravel, very often escape observation. Gall-stones enter the

duodenum through the ductus choledochus, or sometimes through

openings formed between the gall-bladder and the bowel by

inflammatory adhesion and subsequent perforation, a process

which explains satisfactorily^ the voiding of concretions so large

that they could not possibly have jiassed through the common
bile-duct. Biliary calculi are composed chiefly of cholesterine,

and are therefore soluble in alcohol and ether.—Intestinal con-

cretions are formed in the bowel itself, certain salts, particularly

*
According to all the latest observers (Bnhl, Waldej'er, E. Wagner, Leube and

Miiller, &c.) this disease is simply a local manifestation of that known as splenic

fever.
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pliosphate of magnesia, ammoniaco-magnesian pliospLate, and

various organic combinations, being accumulated round some

solid body (such as a fruit-stone) as a centre
;

in some cases

organic concretions, blood clots, undigested fragments of food,

or very hard faecal masses, serve as the nucleus round which the

different constituents of the stone are deposited.



APPENDIX.

LAKYNGOSCOPY.

The larynx is explored by bringing its different parts into

view by means of mirrors. Its interior is illuminated with

natural or artificial light reflected downwards from the pharynx,
the image of the vocal cords and the adjacent structures being
received on a plane mirror (the laryngeal mirror) placed against

the uvula.

The real originators of the practice of laryngoscopy are

Tiirck and Czermak (1857
—

1858) ;
the former invented the

laryngeal mirror, while to the latter we owe the publication of

the first experiments made with it and the introduction of

artificial light as a means of illumination.'"

The larynx may^ be illuminated in one of three ways : by^ the

rays of the sun, by the difluse light of day, or by lamp-light.

1. The full Uglit of the sun is the most intense; if therefore

one has at disposal a chamber into which it shines strongly its

rays, either direct or reflected, may be employed. The direct

solar rays are available only when they do not enter the room

too obliquely. If the examination is protracted the apparent
alteration which takes place in the position of the sun renders it

necessary to be continually shifting the patient about. These

difficulties, which at most are but trifling, may easily be got over

by placing a plane mirror fitted with a universal joint (like that

of the ordinary toilette mirror) in the window of the apartment,
in such a position that the beams of the sun fall upon it and

are thrown either directly into the patient's mouth or on a

* The discovery that the interior of the larynx may be seen reflected in a mirror

laid on the uvula belongs really to the early part of the present century, but the

observations then made were verj' imperfect ;

—even the views of Garcia, the singing-

master, on the movements of the vocal cords in phonalion, published in 1865, did not

materially advance the practice of laryngoscopy.
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concave mii-ror and thence into the pharynx. The mirror must

naturally be turned from time to time, to follow the apparent
movements of the sun.

2. The diffasc light of day is strong enough to be used for

the illumination of the larynx in a well-lighted room and on a clear

day. It has this advantage, that it shows the interior of the

larynx in its natural colouring. The best method of employing
it is to reflect it into the mouth of the patient from a concave

mirror of 26—29 ctm. focal distance placed so as to receive the

light entering by the window. The glare may be lessened by

allowing the light to pass through only a portion of the window
or through a small chink in the closed shutters, but this is

seldom necessary, nor is it practicable without great inconvenience.

The illumination so obtained is not, of course, so bright as that

produced by the rays of the sun, but it is generally sufficient to

permit the several parts of the larynx to be distinctly seen. The

position of the reflecting mirror for diffuse daylight and for sun-

light is the same as that specified below as requisite for artificial

illumination and the same apparatus is necessary.

3. Artificial Illumination. Sunlight and daylight being

naturally available only at certain times, some method of illumi-

nating the larynx artificially must often be resorted to, and since

the introduction of laryngoscopy the etibrts of inventors have

been persistently directed to the perfecting of the apparatus by
which this may be most efficiently accomplished.

Artificial light is used in two wavs.

a. A concave mirror of about 16 ctm. focal distance, fixed on

a stand, is placed on a table in front of a common lamp (either

a gas, petroleum, or oil lamp), the light from which is thus

reflected into the patient's mouth. By this means a very bright

light is obtained
;
the area illuminated is indeed small, but is

sufficiently large for the jrarpose, as only the laryngeal mirror,

which projects the beam downwards into the larynx, needs to be

lighted up, and not the whole of the pharynx. If it is desired to

explore the mouth and pharynx, it is necessary merely to turn

the concave mirror slightly from side to side in order to throw

the light on the different parts one after the other.

The form of the lamp is perfectly immaterial. The concave mirror

should be mounted on a stand (Tiirck) which is fastened to the table

(Waldenburg, Bose, &c,) ;
this is a more convenient arrangement than



410 A HANDBOOK OF PHYSICAL DIAGNOSIS.

that in wbicli the mirror is tied on the head of the observer by a band

passing round the forehead, or is fixed in a spectacle-frame.
—The

concave reflector is provided with a central opening, through which
the image is seen in the laryngeal mirror.

h. The second metliocl of employing artificial liglit consists in

the introduction of lenses between the flame of the lamp and the

concave mirror which reflects it
;

some use only one simple
biconvex lens (Levin, B. FrLlnkel), others two lenses (v. Bruns),
or even three (Tobold).

The light obtained by this apparatus is no brighter than that

given by simple reflectors without lenses, but it appears clearer,

as it is distributed over a larger surface and falls on the parts in

the form of a clearly-defined circle.

The manner in which the lenses are arranged and the construction

of the different apparatuses, cannot be described here in detail.

Tobold's apparatus is made in two forms, a larger and a smaller, both

of which are fitted in a case and are easily carried about
;
the smaller

model is in very extensive use.

The lamp should 'always stand to the ^eft of the examiner, a little to

the patient's right. The lamp and reflector,
—and the lenses, if they

are used,
—must be so placed that the flame is on a level with the

patient's mouth ; particular care must be exercised in adjusting the

various parts of the apparatus if lenses are interposed between the

lamp and the mirror.

The only other instrument which is required in examining the

larynx is the laryngeal mirror. This is a plane mirror, round,

oval, or square in shape, the circular form being the most generally

useful
;

its diameter varies from 1^ to 2^ ctm. The larger size,

which has the advantage of showing a larger portion of the larynx,

may be introduced when the fauces are wide, and in individuals

in whom its frequent application has rendered the parts tolerant

of its presence.
—The mirror is made of highly polished glass,

and is fastened to a stem of German silver at an angle of about

45 degrees ;
this stem fits into a w^ooden handle, in which it is

firmly fixed by means of a screw.

Laryngoscopic Examination.

The patient, with his head slightly thrown back, should be

seated facing the observer and as close to him as convenient.

The fauces are then to be illuminated, in the manner described

above, and carefully examined to determine in the first place
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whether they are the seat of such affections as pharyngeal
catarrh, enlargement of the tonsils, ulcerations, &c., which
often give rise to symptoms referred by the patient to the

larynx. The examination of the larynx is then proceeded with.

To introduce the laryngeal mirror the mouth must he opened
widely and the tongue thrust forward. By the latter action the

cavity of the mouth is enlarged, especially posteriorly, and as it also

raises the larynx somewhat the latter is more readily illuminated.

The patient should put out his tongue and grasp its tip with the

forefinger and thumb of his right hand, protected by a napkin,
and keep it fixed in that position ;

if frequently examined he

soon learns to keep out the tongue without the aid of the hand.

In the case of patients who are still unaccustomed to the process
the observer may, with the thumb and index finger of the left

hand, have to catch hold of the tongue and at the same time

steady the chin, in order to keep the head erect.

Many patients bear laryngoscopic examination exceedingly
well

; others with extreme difficulty, and only after long practice.

The principal obstacles to be overcome are the disposition to

elevate the tongue (and so obstruct the view) and the sensibility

of the uvula to the touch of the laryngeal mirror. In most people
there exists the inclination, when the tongue is thrust forward,

to raise its base and press it against the hard palate, an action

which renders laryngoscopy difficult or even impossible. If the

patient is unable to control this movement he should be directed

not to put out the tongue ; if, notwithstanding this, the root of

the tongue "still rises, the examination may be facilitated by

causing the patient to take several deep inspirations, the effect

of which is usually to depress the tongue ;
or the base of the

tongue may be kept down by means of a spatula. Occasionally

these proceedings cannot be borne by the patient, on account of

the choking sensations and retching they are apt to excite ;

repeated manipulation, however, generally lessens the sensibility

of the parts.

The difficulties arising from a faulty position of the tongue

having been overcome, others appear on attempting to use the

laryngeal mirror, as simply touching the uvula is often enough to

cause spasmodic contraction of the muscles of deglutition and

severe retching. These accidents are often due to the unskilful

introduction of the mirror, and patients who have frequently
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submitted to examination soon come to know, by tlie occurrence

of retcbinj]^, when the mirror is not properly laid against the base

of the uvula, as they can bear its presence even for several minutes

without discomfort if it be held so as to lie in contact only with

the uvula and with none of the neighbouring parts. Some

patients never get accustomed to the irritation of the mirror

even though treated carefully and perseveringly, or at most

they learn to endure it for a short time only. It is frequently
observed also that whilst in the first few trials the mirror is

borne easily and for a moderately long time, it on subsequent
occasions produces an increasing amount of annoyance and at

last ceases to be tolerated, particularly if the examinations be

too protracted or repeated too often
; then, of course, all attempts

to get a view of the larynx must be given up for a time.

Besides these choking sensations and the retching just men-

tioned certain other difficulties, due to local morbid conditions

which seriously interfere with the proper adjustment of the

laryngeal mirror, are encountered. Hupertrophied tonsils and an

ahnormalhj long uvula present obstacles of this kind, the point of

the latter being always ajit to come in front of the mirror; in the

first case the introduction of a long narrow mirror, in the second

the employment of one of larger size than usual, will enable the

observer to see the larynx. Mucus, Avhen accumulated in quantity
in the pharynx, may also prove troublesome

;
it may be removed

by gargling or coughing.
Before introducing the laryngeal mirror it should be warmed,

face downwards, over the globe of the lamp or, when examining

by sunlight or the diSuse light of day, over the flame of a spirit

lamp ;
to make sure that it is not too hot, and in order to avoid

burning the patient, its metallic surface should then be applied

to the skin of the back of the hand. The warming prevents the

condensation of the moisture of the breath on the face of the

mirror, and the consequent obscuration of the image it reflects,

as well as the irritation which a cold body in the mouth would

certainly produce. The mirror must be cleaned and warmed

anew after each application.

The examiner should take the mirror in his right hand, as one

holds a pen, grasping it at the point where the stem joins the

wooden handle ;
he then passes it into the mouth, with the

reflecting surface directed downwards and forwards. If he has
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to use his right hand, either in operating in the larynx or in

manipulating a hrush dii:)ped in some astringent solution, the

mirror may be introduced with the left hand. The mirror is

now carried steadily backward, without touching the back of the

tongue or the hard palate, and is gently laid with its metallic

surface upwards against the base of the uvula, the patient being at

the same time directed to say
" eh

"
or

"
a
"

(as in tell or tale) ;
the

image of the interior of the larynx will then be seen in the mirror.

The whole of the interior of the larynx does not become visible at

once
;

to obtain a view of all its parts in succession the mirror

must be turned a little to the right or left, upwards or down-

wards, as required. The precise direction in which it must be

turned when it is desired to examine any particular part of the

larynx, will be indicated on a subsequent page ;
but it is not

always possible to follow set rules,
—the method of procedure

must to a great extent be determined by the special local con-

ditions in each case, the skill of the observer being shown in the

readiness with which he adapts himself to these. Dui-ing all

these manipulations, however, the mirror must not be moved

from its position against the uvula.

The parts seen reflected in the mirror, in the order in which

they appear, are : the hack of the tonr/ue, with its circumvallate

papilhe, the anterior surface of the epiglottis with its three glosso-

epiglottidean ligaments (1. medium and lig. lateralia), then the

arytenoid cartilafjes, the posterior part of the rima glottidis, the

vocal cords, and the posterior icall of the larynx. If the mirror

be slightly lowered and pointed more nearly vertically downwards,

the anterior wall of the larynx comes into view, the anterior part

of the vocal cords and their angle of union anteriorly, the fdse
vocal cords, the ventricles of the larynx, a small portion of the

posterior surface of the epiglottis, and, if the illumination be

good and the glottis widely dilated, the trachea, sometimes as

far down even as its bifurcation. As soon as the mirror has

been placed in position the tirst thing that should be done, par-

ticularly if the examination has to be made somewhat hurriedly,

is to look for the true vocal cords ;
the other parts may then be

inspected in succession by slightly turning the mirror as before

described.

The parts of the larynx seen to the right and left in the mirror

correspond with the patient's, and not with the examiner's, right
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and left ; tlius, those wliicli ai^pear to the observer's left in the

mh-ror represent parts situated on the patient's right, and vice

versa. It is more difficult at first, however, to realise that

according as the mirror is held the position of the different parts
of the larynx will seem to vary. As it is usually j^laced, pointing

obliquely downwards and backwards, the structures at the back

of the larynx are seen at the bottom of the mirror (the arytenoid

cartilages, for instance), and those at the front of the larynx

(the anterior angle of the glottis, for example), in the upper

portion of the image. A little practice soon enables one to

recognise the various structures in the mirror and to refer them
to their real position in the body.

Examination of the different parts of the Larynx.

When the mirror is laid against the base of the uvula the first

object seen is the ej^iglottis ; on raising the mirror a little and

placing it at the junction of the hard and the soft palate, the

hack of the tongue also becomes visible. The ligaments which

pass from the base of the tongue to the epiglottis, the median

ligament and the two lateral frtenula, next catch the eye, and

between these folds the two glosso-epiglottidean sinuses or

valleculcc.

The epiglottis is the first structure which comes into view on

getting the laryngeal mirror into position, only its anterior surface,

however, being then seen. On the configuration of the epiglottis

depends to a great extent the ease or difficulty experienced in

examining the larynx. There may thus, apart from the great

differences it shows with regard to size, be considerable irregu-

larity of its anterior surface and in the outline of its anterior

margin. Very fi-equently it is found to be inclined too far back-

wards, while occasionally it is markedly contracted in the middle.

In both cases a large part of the larynx is shut off from inspection,

and it becomes difficult, sometimes impossible, to obtain even a

glimpse of the parts in the front of the laryngeal cavity (the

anterior portion of the vocal cords and their angle of junction).

The mirror must in such cases be thrust as deeply as possible

into the pharynx, being held no longer obliquely but pointing

almost vertically downwards.

"When the mirror is placed in its ordinary position only the



L-VRYNGOSCOPY. 415

anterior surftice of the epiglottis is exposed ; to bring into view

its posterior surface the mirror must be directed very obliquely
downwards and backwards, though even then only a j^ortion of

this side can be seen. While the mirror is so held also the

anterior part of the glottis is generally at the same time visible.

After having sufficiently investigated the parts at the base of

the tongue and the epiglottis, attention should be directed to

those within the larynx. On depressing the mirror and turning
it somewhat more obliquely backwards the arytenoid cartilages

next come into view. These bodies appear as two cartilaginous

prominences, about as large as small peas, pale reddish in colour,

and converging towards each other. In inspiration they fall

widely apart, in expiration they approach each other, while in

pronouncing the vowel-sound " eh
"
or

"
a
"

(as in tell or tale), they
come into close aj^position with each other. On their apices are

situated the cartilages of Santorlni, two cartilaginous nodules

which are visible only when the illumination is exceptionally good.

During respiration there remains between the arytenoid

cartilages a fissure of greater or less size, occupying the long
diameter of the larynx, the rima glottidis, through which the

posterior laryngeal wall is discovered. This triangular aperture
is dilated in inspiration and contracts in expiration. The wdder

it is the more fully not only the posterior but also the anterior

wall of the larynx is opened to the view ; the patient should

therefore always be asked to make several deep inspirations, but

to do so as quietly as possible.

The rima glottidis is bounded on each side by the vocal cords.

The posterior part of the vocal cords is usually seen when the

arytenoid cartilages appear in the mirror, or in uttering the vowel-

sounds described above. To recognise readily the vocal cords and

to examine them carefully in their whole length, from their posterior

attachment to the arytenoid cartilages to the point at which they

join anteriorly, are the principal objects of larvngoscoiiy. For

prolonged and thorough examination of the vocal cords, such as

that often made simply for practice, quiet respiration is most

favourable, occasionally interrupted only by the production of the

vowel-sound
" eh

"
or

"
a."

The vocal cords attract the attention at once, their tendinous

lustre and ivliiteness being quite distinctive
;

in quiet respiration

only their inner margins, which bound the rima glottidis, are
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observed, but in pbonation, in producing the sounds mentioned

above, they become visible in their whole breadth, as they are

thus made to approach each other and close the glottis.

The vibration of the vocal cords, both of their whole breadth

and of their edges alone, may be studied while the patient sings,

the cords vibrating in their entire depth when the lower notes

are sounded, and only their edges when the higher notes,

particularly those which constitute the falsetto voice, are sung.
In those who have become accustomed to examination the in-

crease and decrease of these vibrations may be followed closely

while the patient sings up and down a scale.

The appearance of the vocal cords is practically the same

throughout their whole extent
;

at one point only do they

present a yellowish spot, the macula Jiava, about as large as a

pin's head and situated on their inner edge, close to the arytenoid

cartilages ; these spots are small nodules of fibro-cartilagiuous

tissue, seated on the posterior surface of the cords and shining

through them.—Whilst the posterior part of the vocal cords is

always easily enough seen it is generally difficult to get a good
view of their anterior part, and particularly of their anterior

angle of junction. If the epiglottis be markedly trough-shaped,
or curved so as to resemble the Greek letter omega, a very small

portion only of the lar^mx is open to inspection, and it is seldom

possible to get a sight of the point of insertion of the cords.

Even these disadvantages may sometimes be overcome, however,

by securing good illumination and by varying the position of the

head and of the mirror to meet the special local conditions which

complicate each case. No precise set of rules can be formulated

on this subject, but it will in general be found to be of service to

tilt back the patient's head considerably and to push the mirror

more deeply into the pharynx, pointing it at the same time more

obliquely downwards. Throwing the head back raises the larynx
and hyoid bone, the consequence of which is that the anterior

angle of the glottis is also elevated and the mirror allowed to be

still further depressed. If notwithstanding the adoption of these

expedients the examiner is still unable to see the point of in-

sertion of the vocal cords the patient should be asked to make a

series of deep inspirations and rapid and complete expirations ;

this will raise the epiglottis against the base of the tongue and so

expose the parts below, though each view lasts only for an instant.



LARYNGOSCOPY. 417

The vocal cords are also sometimes covered Ly tough, clear

mucus, ^Yhich may prevent any proper survey of these and the

neighbouring parts being made
;
a few shght coughs vdll usually

expel this mucus.

Above and to the outside of the vocal cords, and running:

l^arallel with them, lie the false or superior vocal cords, dis-

tinguished from the true vocal cords by their pale reddish colour.

Between the superior and inferior cords there is situated on each

side an elongated fissure of variable breadth, the ventricles of the

larynx, or ventricles of JSIorgafini.

It is usually a matter of considerably greater difficulty to bring

clearly into view the aryteno-epiglottidean folds, two thin folds

of mucous membrane of exactly the same colour as the rest of

the mucous surface, passing from the sides of the epiglottis to

the arytenoid cartilages ; they are often hidden by the over-

hanging epiglottis. Towards their posterior ends small cartilagin-

ous nodules are sometimes found, the cartilages of Wrisherg ;

frequently, however, these bodies are wanting.
To the outside of the cartilages of Wrisberg and Santorini are

seen the pyriform siiuises, formed on each side by the arching
outwards of the walls of the pharynx ;

in phonation these sinuses

are dilated to some extent and are therefore then more readily

made out.

When the illumination is good, and during deep inspiration,

the parts below the glottis may become so distinctly visiljle that

the cartilaginous rings of the trachea may be counted, parti-

cularly if the larynx be exceptionally wide. The bifurcation of

the trachea is about the lowest point to which it is possible to

see even under the most favourable local conditions ;
nevertheless

in a few rare cases a view has been obtained of a portion of the

principal bronchi.

"V\Tien by repeated examination in the healthy subject a clear

conception has been formed of the shape, mobility, and colour of

the various parts within the larynx, one is in a position to recog-

nise readily those deviations from the normal type which are so

often met with in the diseases of the part, whether these diseases

are uncomplicated and limited to the larynx or arise in connection

with affections of other organs, especially of the organs of

respiration. The laryngoscopic appearances presented by the

most important of these affections will now be considered.

2 E
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Acute Catarrh of the Larynx.

(Acute Laryngitis).

Catarrh (or inflammation) of the larynx presents the same

appearances as catarrh of the other mucous memhranes :

redness (vascular injection, sometimes punctate extravasations of

blood), softening, and swelling. The submucous tissue is also

usually to some extent involved in the inflammatory process.

The catarrh may atfect, in greater or less intensity, every part

of the larynx, or it maybe limited to particular parts, such as the

epiglottis, the arytenoid cartilages, or the vocal cords. In the

latter case, therefore, we are justified in speaking of an epiglottitis,

arytenoiditis, or chorditis.

Liflammation of the epiglottis is characterized by a deep red

coloration, more frequently of its posterior than its anterior sur-

face, and sometimes also, when the inflammation is intense, by a

greater or less degree of swelling. Inflammations of the posterior

wall of the larynx and of the mucous membrane which covers the

arytenoid cartilages, are exceedingly common. The last-mentioned

structures swell up very considerably, till they may be as large as

peas or small beans, and become deep red in colour
;
their mobi-

lity in inspiration and expiration may also be diminished.—The

superior or false vocal cords are also often the seat of inflam-

matory swelling, when they partly hide the true vocal cords; the

latter then appear narrower than usual, and show only a small

portion of their margin during phonation. The inflamed superior

vocal cords also encroach on the ventricles of the larynx or may
even obliterate them.—But of all the parts within the larynx the

true vocal cords exhibit the most striking changes when inflamed;

normally white, with a bright tendinous lustre, they become more

or less deeply injected, and vary in colour from light rose to dark

red, which may be spread uniformly or irregularly over their sur-

face. Both cords are generally aff'ected at once, inflammation of

only one at a time being comparatively rare. Inflammation of

moderate intensity is marked merely by vascular injection ;
in the

more severe forms swelling is also observed. The inner margins
of the cords are then more rounded, less sharply defined than

normally, and their mobility is impaired, from loss of power in

the inflamed intra-laryngeal muscles.
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Inflammation of the parts within the larynx is occasionally
attended hy desquamation of the superficial layers of the epitlie

-

lium and the formation of superficial catarrhal ulcers, particu-

larly on the edge of the epiglottis, on the aryteno-epiglottidcan

folds, and on the vocal cords. The inflamed parts are generally
coated with mucous secretions, which are often drawn out into

fine viscous threads, especially hetween the vocal cords during
their respiratory movements.

Chronic Catarrh of the Larynx.

(Chronic Laryngitis).

This affection may be primary, that is, it may be developed out

of an acute catarrh, or may be simply chronic in its course from

the outset ; or it may be secondary, appearing as a complication
in destructive diseases of the larynx ; or it may be of the nature

of a local manifestation of some other disorder, such as syphilis

or pulmonary phthisis. It is distinguished laryngoscopically from

the acute form of the afl'ection by the less bright, dirty greyish-
red colour of the inflamed parts ;

as in acute catarrh, however,
the intensity of this coloration varies from light to dark red. Like

acute laryngitis, also, chronic laryngitis sometimes involves

uniformly the whole of the laryngeal mucous membrane, while at

other times it is confined to certain parts, such as the epiglottis,

the arytenoid cartilages, the superior and inferior vocal cords, or

occasionally even to one of the true vocal cords. As marked

differences are observed in the degree and distribution of the

swelling as in the intensity of the inflammatory redness.—Round,

superficial ulcers are more common in chronic than in acute

catarrh.

Croup of the Larynx.

Larj'Dgoscopic examination is seldom called for in larj-ngoal croup,
the symptoms of the affection being so characteristic and such as to

define it so clearly from other diseases of the larynx. Apart from the

painfulness of the proceeding, it is scarcely likely that any attempt to

explore the larynx in this way would be successful, as croup usually
occurs in children of 2—7 years of age. In such cases as have been

examined the false membranes were seen, accompanied by thickening
and diminished mobilit}' of the vocal cords and consequent stenosis of

the larynx.

2 e2
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DiPHTHERITIS OF THE LaRYNX.

Diphtheritis is rarely developed exclusively in tlae larynx ;
it gene-

rally begins in the pharynx and on the tonsils, and from these parts

spreads downwards.

Very young children, who are most frequently attacked by laryngeal

diphtheritis, can very seldom be subjected to larj'ngoscopic examina-
tion ;

the affection, however, can usually be diagnosed without it, as

we know from experience that symptoms of stenosis of the glottis

{crowing and prolonged inspiration), and hoarseness or aphonia, when

they present themselves along with diphtheritis of the pharynx, are

always due to an extension of the disease to the larynx. Even when
the pharyngeal diphtheritis is wanting the above-mentioned indications,
when observed in young children in districts in which diphtheritis is

prevalent in an epidemic form, generally warrant one in assuming
confidently the diphtheritic nature of the laryngeal affection.

Phthisis of the Larynx.

Pulmonary plitliisis is very often accompanied by more or

less extensive laryngeal disease, which may take any of the

many forms to which the larynx is subject, from simple catarrh

to ulceration and destruction of tissue.

Phthisical larynrjeal catarrh is in no respect different in

appearance from ordinary primary catarrh.—Infiammation of the

submucous tissue adds considerably to the gravity of the disease
;

Avhen this takes place the mucous membrane becomes not only

hypersemic but thickened, thrown into folds, covered with

irregular rounded prominences (like those so often seen in the

pharynx), and occasionally markedly cedematous.— As the

phthisical disease advances the surface of the larynx is very

frequently broken by ulceration. Ulcers of this kind may be

solitary or multiple ;
when crowded close together they may

coalesce and form one large ulcer. While they may occur in

any part of the larynx they are more often met with on its

posterior wall and on the epiglottis,
—most often of all, however,

on the vocal cords, usually both. The ulcerative process may
attack only the superficial tissues or extend also to the deeper

layers. The cords, when ulcerated, are generally reddened and

swollen, and seldom of their natural colour and structure. If

the loss of tissue be considerable and the ulcers be situated on

the inner border of the vocal cords, the latter have a notched

appearance, and when, during phonation, they are drawn
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together, slight irregularities are observed in the outline of the

rima glottidis. In extreme cases one or other of the vocal cords

may be almost totally destroyed. Laryngoscopically the loss of

substance occasionally seems greater than it really is : thus, all

that is sometimes seen of the vocal cords is a narrow ulcerated

border ; but this diminution in size is to a groat extent merely

apparent and caused by the undue prominence of the swollen

superior vocal cords, which then conceal the true cords situated

beneath them. If both vocal cords be deeply hollowed out by
ulceration, closure of the glottis may be very incomplete during

phonation ;
a gap of greater or less size will remain between the

cords.—Phthisical ulcers of the vocal cords have exactly the

same sluqje as ulcers due to any other cause. They are irregular

and indented at the edges ;
if very superficial and perhaps also

covered by clear tough mucus they are very difficult of detection

with the laryngoscope, but when the mucus is removed, as by

coughing, their dull greyish-white colour enables the observer to

recognise them at once. Ulcers of greater depth or which cover

a larger surface, are seen very readily and are often coated with

purulent secretion.

The above-described forms of phthisical disease of the larynx are in

general scarcely distinguishable, by their laryngoscopic characters,

from the same forms of primary laryngeal disease. Very frequently
the phthisical nature of the laryngeal affection is doubtful till the

diagnosis is confirmed by the discovery, on examining the chest, of

phthisis of one or both lungs. But the larynx may be the seat of true

phthisical disease at a period when the physical signs of such an

affection are still wanting in the lungs. In these circumstances the

following points may be held to indicate, with considerable constancy,
the phthisical or non-phthisical origin of the laryngeal disease

; simple
catarrh of the larynx disappears spoutaneouslj', as we learn from daily

experience, in a very short time, on the adoption merely of a few

simple precautions ; phthisical catarrh, on the other hand, is very re-

beUious to treatment and shows a great tendency to relapse. Phthisical

ulceration in particular obstinately resists all therapeutical measures

and tends rather to spread and to deepen, while catarrhal, non-

phthisical ulcers usually heal very rapidly.

The order in which the various affections of the larynx appear in

phthisis bears no fixed relation to the progress of the disease in the

lungs ;
in many cases they are absolutely wanting throughout the

whole course of the pulmonary phthisical disorder. On the one hand,

a very advanced lung affection may be associated with simple catarrh

or slight ulceration of the larynx ;
or on the other, the ulcerative

process may rapidly extend, there may be considerable loss of sub-



422 A HANDBOOK OF PHYSICAL DIAGNOSIS.

stance of the vocal cords, denudation of the arytenoid cartilages, &c.,

while the pulmonary disorder is still in a comparatively early stage.

Syphilis of the Larynx.

As in phthisis, so in syphilis, every variety of laryngeal

aflfection is observed.

Syphilitic catarrh of the larynx and syphilitic inflammation of
the submucous tissue, occur generally in the same parts and

present precisely the same appearances as the simple, primary
or phthisical inflammations. No specific character therefore can

be assigned to these afi"ections till other signs of syphilis are

discovered (in the fauces, skin, &c.).

Syphilitic laryngeal disorders, when they have lasted some

time, are invariably complicated by the formation of ulcers.

These lesions are found most commonly on the vocal cords, next

most frequently on the epiglottis, especially on its free borders,

and more rarely on the posterior wall of the larynx. They are

distinguished from catarrhal ulcers, which are generally formed

very rapidly, by their slow rate of development ; laryngoscopically,

however, they often offer no sign which indicates positively

their S3'philitic nature. In some cases, nevertheless, syphilitic

ulcers differ from those of catarrhal or phthisical origin in

being more nearly circular in form, in the fatty or lardaceous

appearance of their floor, and in having projecting and sharply-
defined edges.

The healing of the ulcers under antisyphilitic treatment is

naturally the surest proof of their syphilitic character. They
heal by cicatrization ; where therefore such cicatrices are

observed at various points within the larynx it may be assumed

with almost perfect certainty that the ulcers which preceded
them were syphilitic, as phthisical ulcers, which are practically

the only lesions from which they need to be ditferentiated, as a

general rule show no inclination to heal. Cicatrices of any great

magnitude in the neighbourhood of the glottis give rise to deformi-

ties and impairment of the mobility of the vocal cords, and to a

form of stenosis of the rima glottidis, which in certain cases (I have

seen one such) may become so extreme as to demand the perform-
ance of tracheotomy. If from neglect, or because their syphilitic

nature was not recognised, the ulcers do not heal, they may in

their further progress produce the most widespread destruction
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of the various parts of the larynx, denudation and erosion of the

cartilages (the epiglottis, in particular, being sometimes reduced

to an irregular, shapeless mass), and destruction of the vocal

cords so extensive that only a few almost uurecoguisablo remnants
of them may be left.

It has been placed beyond doubt, by some careful observations, that

syphilitic gammata are occasionally, though rarely, developed in the

larynx. They may occur in any part of the larynx, especially in thoso

parts situated above the glottis, in the form of circumscribed tumours,
sometimes solitary, at other times present in numbers, and varying in

magnitude from the size of a pin's head to that of a pea ;
or the gum-

matous matter may be diftused in the tissues, and so give rise to

irregular nodulation or wrinkUng of the surface. When solitary they
are rounded in shape, and in aspect are sometimes yellowish, or of

exactly the same colour as the rest of the mucous membrane. The
difference in colour depends on the stage which the gumma has reached :

in the first stage, that of infiltration (inflammatory swelUng), the part
is red

;
in the second stage, that of softening, the yellow colour begins

to show itself. If the morbid material be absorbed a depression or a

cicatrix is formed, or if it break up and become disorganized ulceration

takes place (Scheele, &c.).

Perichondritis of the Larynx.

Perichondritis, with the subsequent accumulation of purulent
exudation beneath the perichondrium, the eventual escape of the

pus and denudation and necrosis of the cartilage, may attack any
of the cartilaginous structures which form part of the larynx.

Perichondritis of the larynx is generally a secondary, rarely a

primary affection, and very often follows phthisical and syidiilitic

laryngitis, the ulcerative process so begun extending to the deeper
tissues

; not uufrequently it appears in the course of severe acute

diseases, particularly typhus, sometimes also in diphtheritis of

the larynx and small-pox.
Until the pus collected between the cartilage and perichondrium

has forced its way through the latter structure the signs dis-

coverable by the laryngoscope do not enable one to make the

diagnosis with any degree of confidence. At those parts at

which the abscess is forming there is observed a firm, dark red

prominence, surrounded by inflammatory swelling and projecting

into the cavity of the larynx, often producing in this way a con-

siderable degree of laryngeal stenosis ;
but it must be remembered

that a moderately acute inflammation of the submucous tissue,
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particularly if developed with great rapidity, may present pre-

cisely the same laryngoscopic appearances.
Perichondritis often attacks the posterior portion of the cricoid

cartilage, from which it rapidly extends to the other cartilages,

especially in typhoid fever ;
if suppm-ation supervene and an

abscess be rapidly developed, laryngeal stenosis and the pheno-
mena of threatening suffocation are produced. The occurrence

of perichondritis cricoidea in tyj)hoid fever is usually readily

diagnosed on taking into consideration the whole course of the

disease in the case in hand
; laryngoscopically, also, it is gene-

rally easily recognised by the firm prominent tumour which

projects downwards from the posterior wall of the larynx.

Perichondritis of the thyroid cartilage seldom occurs primarily

(except after injuries), but as a rule secondarily, in connection

with the morbid conditions mentioned above. On the whole it

is rarer than perichondritis of the cricoid cartilage. It may be

unilateral or bilateral, strictly circumscribed or spread over a

comparatively large area. If the inflammation have its seat on

the outer surface of the cartilage the diagnosis is easy ;
most

commonly however it takes place on the inner surface, being
often limited exactly to the thyroid notch, when phthisical

ulceration at the anterior angle of junction of the vocal cords

extends to this part. Perichondritis confined to the thyroid

notch is not recognisable by laryngoscopy. As it is also usually

preceded or accompanied by other diseases of the larynx (inflam-

matory swellings, ulceration) the laryngoscopic appearances vary
with the intensity and distribution of these morbid processes.

Perichondritis of the arytenoid cartilages, usually of both, is

the most common form of the disease, and is often observed

alone, unassociated with any affection of the other cartilages.

In most cases it is of syphilitic or phthisical origin ;
in phthisis,

particularly, when the laryngeal disorder has lasted some time,

the ulceration frequently extends to the arytenoid cartilages and

partially or totally destroys them.—In perichondritis of one of

the cartilages, before the pus formed has escaped and whilst

nothing is yet to be seen but swelling of the cartilage, the ap-

pearance of the parts is in all respects the same as that presented
in cases of swelling of their submucous tissue, such as is so

often met with in simple laryngitis. In the affection under

consideration, however, the mobility of the cartilages and of the
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vocal cords of the same side is somewhat diminished, which is

the more striking as the cartilage of the opposite side is healthy
and freely movable, whilst in simple swelling of the mucous

covering of the arytenoid cartilage the movements of the part
are but very slightly restricted.—When the pus escapes the car-

tilage lies exposed ;
if the denudation be merely partial and

circumscribed it may be completely concealed from view by the

swelling of the surrounding soft parts ;
but if no such swelling

is present, and the cartilage be separated from its connections

by the destructive process, there is produced a deep depression

which occupies the place of the destroyed cartilage, a change
which is particularly noticeable when the corresponding vocal

cord is intact.

The various forms of ulceration or necrosis of the cartilages of

the larynx,
—

simple, syphilitic or phthisical,
—arc indistinguish-

able from each other by their laryngoscopic characters alone ;

the differential diagnosis rests solely on the ascertained nature of

the coexisting general affection.

(Edema of the Larynx.

CEdema of the larynx may be either partial and circumscribed

or may involve many of the laryngeal structures. It is most

marked at those parts at which the submucous tissue is most

lax and most capable therefore of accommodating a large amount

of dropsical effusion : these parts are the aryteno-epiglottidcan

ligaments, the arytenoid cartilages, the posterior surface of the

larynx, and the epiglottis. The oedematous swellings present a

light yellow or pale reddish coloration, which is strikingly dif-

ferent from the deep redness of the tumefaction due to simple

inflammation.

The severer forms of oedema give rise to such intense dyspnoea that

careful laryngoscopic examination becomes impossible, and the swelling

of the epiglottis also, which is seldom wanting in these cases, is usually

so great that the intralaryngeal structures are completely bidden from

sight. If the epiglottis be highly oedematous its swollen condition

may usually be observed without the aid of the laryngeal mirror, by

simply depressing the tongue, as in such circumstances it rises towards

the base of the tongue ;
the tumefaction is also always easily detected

by introducing the finger and passing it over the pra-ts. A high degree
of oedema of the intralaryngeal structures, particularly of the superior

or inferior vocal cords, or of the aryteno-epiglottidean hgaments.



426 A HANDBOOK OF PHYSICAL DIAGNOSIS.

always produces considerable stenosis of the rima glottidis. Less
marked cedema, which for obvious reasons is more frequently met with,
lessens the mobility of the arytenoid cartilages and vocal cords, par-

ticularly when the effusion is accumulated chiefly in the submucous
tissue of these and the neighbouring parts. This slight partial
cedematous infiltration is Yeiy often seen accompanying inflammatory
ulceration,

(Edema of the larynx is invariably secondary : it appears as a com-

plication of the most diverse forms of disease of the larynx (particularly

perichondritis) and sometimes also of the pharynx. Sometimes, though
on the whole rarely, it is connected with general nephritic and scar-

latinal dropsy.
—As dropsical effusions within the larynx, when they

attain a certain intensity, always extend ultimately to the glottis, they
are generally designated by the collective term cedema of the glottis.

Morbid Growths in the Larynx.

These are most commonly (in at least 75 per cent, of the cases)

seated on the vocal cords, and are comparatively seldom seen at

other parts of the larynx.

Theymaybe arranged in two groups, according to their histologi-

cal structure : the first includes those composed of elements which

occur normally in the larynx, benign growths; the second those

consisting of heterogeneous tissue elements, malignant growths.
To the first group belong the papillomata, fibromata, myomata,

and cystic tumours of the larynx ;
to the second the different

varieties of carcinoma.

The most common of the new formations developed within the

larynx are the fibroid and papillary growths.
Fibroid laryngeal growths are of moderately firm consistence

and, though occasionally sessile, are generally connected with the

part from which they spring by a distinct pedicle. They are

rounded or oval in shape, vary in bulk from the size of a pea to

that of a hazel-nut, have usually a smooth, but sometimes a

granulated or even lobulated surface, and are whitish, pale

yellowish-red, or vivid red in colour. The differences in colour

depend on the greater or less vascularity of the tumour.

Fibrous growths ordinarily spring from the upper surface of the

vocal cords and from their inner borders, and in the latter case

may be found attached to any part of the margin ;
not unfre-

quently they are seated at the anterior insertion of the cords,

and when of small size the observer has considerable diffi-

culty in seeing them in this situation. They are seldom met
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with at other parts of the larynx. Fibrous tumours of the larynx
are developed from the submucous connective tissue.

The ijapillomatous growths are formed by hyperplastic develop-
ment of certain portions of the mucous membrane with simul-

taneous hypertrophy of their epithelial covering. They assume
the most diverse forms : they may be elongated or rounded,

pedunculated or flat and sessile, of a warty or grape-like appear-

ance, or may occasionally resemble closely a strawberry or rasp-

berry. Their colour is a dull white, or whitish-yellow when they
contain a large proportion of fatty tissue, or pale reddish when

they are more richly supplied with blood-vessels.

The surrounding parts may be healthy, or may present the

signs of active inflammation. Papillary tumours most commonly
grow from the upper surface and inner borders of the vocal cords ;

they may be situated, however, on the under surface, when it is

somewhat difficult to form any estimate of their actual size, even

when they project beyond the margin of the cords. They are

seldom observed on the superior vocal cords, the ventricles of the

larynx, or other parts. In phthisical laryngitis a number of small

greyish-white excrescences of papillary aspect are sometimes

seen on the posterior wall of the larynx between the arytenoid

cartilages, scattered over the swollen, inflamed, and possibly

also ulcerated mucous membrane, but these are not regarded
as new formations in the strict sense of the term.

Cijstic tumours of the larynx are rare
; they are of small size, and

occur most usually on the superior vocal cords and the ventricles of

the larynx, occasionally also on the inferior vocal cords and the epi-

glottis.
—Lipoma and myoma have been observed in the larynx in only

a few exceptional cases.

Carcinomatous Growths in the Larynx.

Cancerous growths are very rarely developed primarily in the larynx,

or unassociated with malignant disease elsewhere ; they generally

extend to the larynx from neighbouring parts, the pharynx, oesophagus,
&c. As the tissues so invaded are generally so altered in aspect as to

be unrecognisable, and as the cancerous growth is usually of some con-

siderable size and its rate of increase more rapid than that of any
other new formation, the laryngoscopic appearances of the parts

attacked scarcely admit of description. Growths of this kind have a

very rough, cauhflower-like surface, which feature alone, especially if

the growth be extensive, is sufficient to indicate clearly their carci-

nomatous nature
;
the diagnosis becomes more certain when similar
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new formations are discovered in the adjoining parts, such as the root

of the tongue, or when the lymphatic glands are found to be affected by
cancerous degeneration and the other signs of malignant disease are

observed in the patient. "When such tumours are large they naturally
cause a certain degree of stenosis of the larynx.

The forms of malignant growth described as occurring in the larynx
are epithdinl and mcdiiUinij cancer. The first is the more common

variety, and that also which appears primarily and sometimes remains

localised for some considerable time in this situation.* When
epithelial or medullary cancer has spread from the pharynx to the

larynx the epiglottis is generally the first part attacked by the disease.

Foreign bodies in the larynx, when not, as usual, expelled by cough-

ing, excite most intense dyspnoea and a distressing feeling of sufibca-

tion. The}^ may be caught and retained in the folds of the mucous
membrane or may be impacted at any part within the larynx, such as

the ventricles of Morgagui. The largest objects that have been re-

moved from the larynx are sets of artificial teeth
;
several instances of

this kind are on record.

Spasm and Paralysis of the Vocal CoPtDs.

Temporary closure of the glottis takes place from spasm of

those intrinsic laryngeal muscles which approximate the vocal

cords (spasmus glottidis) ; it occurs most frequently in children,

and next most frequently in the hysterical attacks of adults. The

closure may be complete or incomplete.

Paralysis of the Yocal Cords.

Paralysis of the vocal cords is due to a great variety of causes.

Two forms of the affection are recognised, central and peripheral

paralysis : the first of these is very rare, being observed in con-

nection with cerebral apoplexy t at the part at which the vagus
nerve has its origin, while the second is exceedingly common.

Peripheral paralysis of the vocal cords may be neuropathic

(that is, caused by interference with the motor nerves of the

* I have observed one case of epithelial cancer of the epiglottis, in which the free

border of the latter was transformed into an irregular, shapeless mass, which was of

sufficient size to produce considerable stenosis of the larynx ;
in the interior of the

larynx nothing abnormal could be seen.

t I have had under observation a case of apoplexy in which complete paralysis, of

central origin, of the left vocal cord, together with paralysis of the rir/ht hypoglossal
nerve and slight facial paresis, were suddenly developed, without any other sign of

disturbance of motor power.
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larynx such as to deprive tliem of their conducting power), or

myojjatliic.

The neuropathic paratyses are generally of mechanical origin,

being commonly produced by pressure on the inferior laryngeal
nerve or the vagus by large tumours of the thyroid gland or of

the cervical or bronchial glands, by tumours of the mediasti-

num and aneurisms of the aorta
; in the last-mentioned case

the paralysis always affects the left recurrent laryngeal nerve.—
Neuropathic paralyses of the vocal cords occur also in certain

infectious and zymotic diseases (diphthcritis, typhus, tc.)
and in hysteria.

Li the great majority of instances, however, paralysis of the

vocal cords is myopathic. Two varieties have been distinguished
from each other : 1. paralysis of the vocal cords in the proper
sense of the term, that is, the form in which the immobility of

the cords depends solely on paralysis of the muscles, the laryngeal
structures being in other respects normal

;
2. paralysis due

simply to mechanical conditions, in which the loss of motility is

caused by other laryngeal diseases, such as a high degree of

swelling of the vocal cords and the parts in immediate relation

with them, cicatrization after ulceration, &c. Cases of the latter

kind are characterized, not by complete paralysis, but rather by

greater or less impairment of the mobility of one or both cords ;

they have already been under consideration on a preceding page.

The paralysis may involve one cord or both ; it is sometimes

incomplete (paresis), at other times complete (paralysis).

In order to the better understanding of the laryngoscopic appearances
in the yarious forms of paralysis of the vocal cords the actions of the

diflerent intrinsic muscles of the larynx may here be shorth^ stated.

There are three groups of muscles which move the vocal cords :

1. The muscles which separate the arytenoid cartilages (and with

them the vocal cords) from each other, and which in this way dilate

the glottis, as in inspiration ;
the posterior crico-ari/toioid iiiuscles have

this action.

2. The muscles which approximate the arytenoid cartilages (and
with them the vocal cords) to each other, and so contract the glottis.

The principal muscle of this group is the transverse arytenoid muscle,

whose action is aided by that of the oblique aryteiioid muscles. The

glottis is also contracted' by the lateral crico-anjtenoid muscles.

3. Muscles which stretch and render tense the vocal cords, and so

tend also to bring them closer to each other. To this group belong the

crico-tJiyroid and thyro-arytenoid muscles.
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Unilateral Paralysis op the Vocal Cords.

The left vocal cord is much more frequently paralysed than

the right. If the loss of power be complete, all the muscles

which act on the cord, the dilators, constrictors, and tensors of

the glottis, being paralysed together, the affected cord and its

corresponding arytenoid cartilage remain perfectly immovable

during respiration and phonation ;
the unaffected cord, on the

contrary, particularly when the higher notes are sounded, moves

unusually actively, and crosses over the middle line even as far

as the paralysed cord, and in this way usually completely closes

the glottis. The movements of the sound cord may indeed be

so energetic that the corresponding arytenoid cartilage not merely
touches that of the opposite side but passes over it some little

distance. In all cases in which the unaffected cord comes into

contact with its fellow the rima glottidis is directed obliquely

towards the paralysed side. On sounding a deep note, which

does not require for its production such a degree of tension of

the healthy vocal cord, the latter does not cross the median

line so far as to reach the paralysed cord
; the closure is there-

fore then imperfect, a small gap being left between the vocal

cords.—When the paralysis has lasted some time the cord

loses its shining tendinous appearance, becomes dull and lustre-

less and somewhat wrinkled on the surface, and the arytenoid

cartilage to which it is attached grows paler in colour and

atrophies slightly.

The above-described more or less complete paralysis of all the

muscles of one of the vocal cords is the most common form of uni-

lateral paralysis and is very easily recognisable.
—

Paralysis restricted

to certain muscles is more seldom met with. If it be confined to the

dilators of the glottis the vocal cord of the affected side remains fixed

in inspiration; phonation, on the other hand, is not interfered with, as

the muscles which contract the glottis and stretch the cords are intact
;

closure of the glottis is thus normal and complete and both cords

vibrate freely. When the paralysis is limited to the tensors of one of

the vocal cords the movements of the cord in respiration and phonation
are natural and normal, that is, the closure of the glottis is perfect ;

the

affected cord, however, does not vibrate in phonation, it tends to curve

outwards and shows on its border a boat-shaped depression, from deficiency
of tension longitudinally (Navratil). If the paresis of the tensors of

the vocal cords be bilateral the glottis becomes elliptknl in phonation.
Unilateral paralysis of the tensors of the glottis, when it appears as

part of a complete paralysis of one of the vocal cords, may also be
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recognised by the ahscnce or comparative feebleness of tbe sensation of

vibration which should be felt on placing the finger on the outside of

the thyroid cartilage, on the side corresponding to the afiected cord

(Gerhardt).

Paralysis of the cpi(/Jottis is an exceedingly rare affection (Leube,
Gerhardt) ;

if it be unilateral, produced by paralysis of either of the

superior laryngeal nerves, the epiglottis is stated to be turned obliquely
towards the sound side, while the upper part of the interior of the

larynx, on one side, is devoid of sensation.

Bilateral Paralysis of the Vocal Cords.

Bilateral paralysis of the muscles which act on the vocal cords,

unlike unilateral paralysis, is usually complete. There are two

forms of the affection :

1. Bilateral paralysis of the constrictors and tensors of the

glottis ; and 2. Bilateral paralysis of the dilators of the glottis.

If the whole group of constrictor muscles on hoth sides be

paralysed the vocal cords are almost motionless during inspira-

tion and expiration, and in phonation move only very slightly

towards the median line
;

even in forced phonation they never

come perfectly into contact with each other, or if they do for an

instant touch they at once fall asunder again. The vibration of

the cords is also very imperfect, as the muscles which draw them

together, the constrictors of the glottis, are also to some extent

tensors of the vocal cords. If the paralysis of the constrictors

be incomplete the movements of the vocal cords in respiration

and phonation are not entirely abolished, though they are much
less extensive than normally ;

a great many intermediate stages

between absolute immobility and normal freedom of movement

are observed.—Bilateral paralysis of the constrictors of the glottis

may also be partial in this respect, that the loss of power may
be limited chiefly to the lateral crico-arytenoid and the thyro-

arytenoid muscles, or to the transverse arytenoid muscle. The

following varieties of this partial paresis are met with :

a. The anterior angle of junction of the vocal cords is closed

and the arytenoid cartilages touch each other in phonation, while

the other parts of the cords make no movement towards each

other, the middle portion of the rima glottidis, the pars ligamcn-

tosa, remaining open ;
this condition indicates paralysis confined

chiefly to the lateral crico-arytenoid and the thyro-arjtenoid

muscles.
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h. The ligamentous portion of the vocal cords closes normally,
but the cartilaginous portion continues open, the arytenoid carti-

lages remaining fixed
; here the paralysis affects principally the

transverse arytenoid muscle.

c. The vocal cords come together only in their anterior part,

the rest of the ligamentous and the whole of the cartilaginous

portion remaining open.
Bilateral paralysis of the dilators of the glottis is much less

common than that of the constrictors. It presents the following

laryngoscopic appearances : the vocal cords, even in quiet respira-

tion, are abnormally close together, the rima glottidis being
reduced to a mere chink between them. In inspiration the cords

are not drawn apart ; they are, on the contrary, apj)roximated to

each other by the diminished pressure of the air, the glottis is

almost completely closed, extreme dysimoea is established, and

inspiration acquires a whistling, sonorous character which is

quite distinctive of stenosis of the glottis. In expiration the

cords are again separated slightly, but only so far as to leave the

above-described narrow chink through which the air may pass.

In phouation the vibration of the vocal cords, and the movements

of these structures and of the arytenoid cartilages towards each

other, are normal, the constrictors of the glottis and the tensors

of the vocal cords being intact.

Apart, perhaps, from the appearances observed in complete unilateral

paralysis of the vocal cords, there is no more striking group of signs
connected with motor disorder of the parts within the larynx than that

just described, associated with bilateral paralysis of the posterior crico-

arytenoid muscles. Although the number of cases of this form of

paralysis recorded in medical literature is up to the present time rather

small, it seems not to be so rare an affection as might on that account

be supposed ;
I have seen two such cases, both patients being

hysterical.

In most cases of paralysis of the vocal cords there is more or

less change in the voice, hoarseness of all degrees of severity up
to complete aphonia, or simply difficulty in the formation of

sounds, observable sometimes only in the upper notes, sometimes

only in the lower. The loss of voice is complete when the vocal

cords and the arytenoid cartilages are not properly approximated,
a space of variable breadth being left between them even during
the most strenuous efforts to produce a sound

; the voice fails also,

even though the closure of the glottis be complete, if the cords
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have lost their power to vibrate, from paralysis of the tensors of

the glottis. If the glottis close perfectly, however, and if the

paralysed cord vibrate normally, the strength and purity of the

voice may be preserved unaltered. But if the cords do not come

fully and accurately into apposition, if, for instance, the glottis be

completely closed in its ligamentous but not in its cartilaginous

portion, the voice becomes hoarser.—With regard to the difficulty

in the formation of sounds, or alteration or failure of the sound

when the voice is of a certain pitch, the most diverse modifica-

tions are observed ;
the only general statement that can be made

on the subject is that the number of sounds that can be uttered

by the patient and their purity depend
—

provided always that

notwithstanding the unilateral paralysis of the vocal cords efficient

closure of the glottis takes place
—on the amount of vibration of

which the affected cord is capable. Thus, the voice very readily

breaks into falsetto when only the inner margin of the paral^^sed

cord enters into vibration
; it, on the other hand, becomes deeper

in pitch when the cords are shortened and relaxed, from paresis

of the thyro-arytenoid muscles, a form of the affection which is

not uncommon. When energetic attempts at phonation are made

sounds may naturally still be produced which are not heard as

the result of feebler efforts, as in the former case more accurate

closure of the glottis takes place and the vocal cords are thrown

into more active vibration. Diphthonia is sometimes observed

when the tension of the vocal cords is unequal on the two

sides.

In all other affections of the larynx, from simple catarrh to the

destructive ulcerative processes, temporary or permanent impair-

ment of the voice, varying in intensity from time to time, amount-

ing in some cases merely to slight hoarseness, in others to complete

aphonia, is a symptom almost as constant as cough in the various

diseases of the respiratory apparatus. But just as the cough

cannot be said to be characteristic of the special nature of the

pulmonary disorder, so the alteration in the voice indicates only

approximately the nature, seat, severity, and extent of the

laryngeal affection.

2 p
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A.

Abdomen, auscultation of, 369
; depres-

sion of, 321
; enlargement of, 317

;

inspection of, 317
; palpation of, 323

;

percussion of, 323.

Abdominal diseases, cyanosis in, 15.

Abdominal friction, 336.

Abnormal substances in the urine, 384.

Absolute cardiac dulness, 253.

Acceleration of respiration, 43
;
in bron-

chial asthma, 47
;
in cardiac diseases,

46
;
in fever, 44

;
in painful afEections,

43
;
in pulmonary diseases, 45.

Accessory muscles of respiration, 49.

Accidental cardiac murmurs, 286.

Activity of the pulse, 246.

Acute yeUow atrophy of liver, percussion
dulness in, 349.

^gophony, 175.

Albumen in sputum, 185
;
in urine, 384.

Alkaline fermentation of the urine, 381.

Ammoniaco-magnesian phosphate in the

urine, 395.

Amorphous elements of sputum, 185.

Amount of rales, 148.

Amphoric murmiu'S, in perforation of the

bowel, 372.

Amphoric resonance, 105
;

in pneumo-
thorax, 106

;
over pulmonary cavities,

105.

Amphoric respiratory murmur, 139
;

in

pneumothorax, 140
;

over pulmonary
cavities, 139.

Anfemic cardiac murmurs, 286.

Aneurism, aortic, physical signs of, 294
;

pulsation in, 220.

Aortic area, 261.

Aortic murmurs, 291, 293.

Aortic sounds, 301.

Apes-beat of heart, 206
; displacement of,

210 ; in cardiac hypertrophy, 212
;

en-

feeblement of, 213
;
increase in force of,

214.

Argyria, 18.

Arterial murmurs, 304.

Arterial sounds,290; from compression,302.
Arteries, auscultation of, 299

; inspection
of, 223.

Arytenoid cartilages, examination of, 415.

Ascarides lumbricoides in vomited mat-

ters, 398.

Ascites, conditions in which developed,
363

; diagnosis of, from ovarian tumour,
339, 368

;
dislocation of Uver in, 345

;

inspection in, 321
; palpation in, 335

;

percussion in, 361.

Asthma, bronchial, acceleration of respi-
ration in, 47 ; Leyden's theory regarding
causation of, 183.

Auscultation, 119; of abdominal organs,
369

;
of arteries and veins, 299

;
of

cough, 164
;
of gastro-intestinal canal,

370
;
of gravid uterus, 374 ; of heart,

260; history of, 119; immediate, 120;
of lungs, 119

; mediate, 121
;
methods of,

120
;
of oesophagus, 369

;
of voice, 168.

B.

Biliary pigment in sputum, 194.

Bilirubin in the urine, 377.

Bismuth test for sugar in the urine, 388.

Black pigmented sputa, 194.

Bladder, palpation of, 339
; percussion of,

366.

Blanching of the surface, 10.

Blood, the, in leuksemia, 331
;

in the

motions, 404
;
in sputa, 190

;
in urine,

378
;
in vomited matters, 398.

Blue sputa, 196.

Borborygmi, 372.

Bronchial diseases, percussion-sound of

chest in, S6.

Bronchial fremitus, 68.

Bronchial respiratory murmur, 130; in

condensation of lung, 133
;
normal

limits of, 130
; physical cause of, 135

;

in pulmonary cavities, 132.

Bronchiectasis, sputum in, 204.

Bronchitis, indeterminate respiratory mur-
mur in, 143 ; putrid, sputum in, 202.

Bronchophony, 169
; physical cause of,

172
;
in pleurisy, 171.

Bronzing of the skin, 18,

Bruit de diable, 308.

Bruit de pot fele', 102.

Calculi, intestinal, 406.

Cancer of the larynx, 427.

Carbon in spiTtum, 194.

Cardiac diseases, acceleration of respira-
tion in, 46

; cyanosis in, 14.

Cardiac dulness, absolute, 253 ;
in hydro-

pericardium, 259
;

in hypertrophy of

heart, 257; in pericarditis, 258
; relative,

255.

Cardiac murmurs, 270
; anaemic, 28G

;

combinations of, 292; duration of, 283;
inorganic, 286

; intensity of, 281 : or-

ganic changes which cause, 285
; pro-

pagation of, 288
; rhythm of, 281

;

soimds heard %vith, 284.

2 F 2
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Cardiac sounds, 260
;

intensification of,
in hypertrophy of heart, 272.

Cardio-piilmonary murmurs, 313.

Carotid murmurs, 304.

Carotid sounds, 300.

Catarrhal pneumonia, sputum in, 199,

Catechin in the urine, 381.

Caustic potash test for sugar, 385.

Cavernous fremitus, 69.

Cavernous phenomena. See "
Pulmonary

Cavities."

Celerity of the pulse, 246.

Cerebral disease, prolongation of respira-
tion in, 64.

Chest, contraction of, 31
;
dilatation of,

29
;

fluctuation in, 70
;

localised de-

pressions of, .^3
; mensuration of, 34

;

palpation of, 62
; percussion of, 71

;

percussion-sound of, normal, 76.

Chronic diseases, temperature in, 7.

Cheyne-Stokes respiration, 56.

Chloride of sodium in urine, 383 & 384.

Chyluria, 387.

Cirrhosis of liver, percussion dulness in,
348.

Coarse bubbling rales, 153.
Colour of sputum, 189

;
of urine, 376.

Compression, arterial sounds produced by,
302.

Congestion, venous, 225.

ConsL-tence of sputum, 187.

Consonance, 137.

Constipation, 398.

Constitution, varieties of, 19.

Contraction of chest, 31
;
after pleurisy,

Contraction of liver, 347
;
in acute yellow

atrophy, 349
;
in cirrhosis, 348.

Cough, auscultation of, 1(54; frequency
of, 166

;
in pertussis, 167

;
tone of, 168.

Cracked-pot percussion-sound, 102
;

in

pleurisy, 104; in pneumonia, 104; in

pulmonary cavities, 103
;

in thoracic

fistula, 104.

Crepitation, 151
; artificial, 152.

Crisis, 6.

Croup, laryngoscopic examination in, 419 ;

respiratory movements in, 40.

Crystals in sputa, 182.

Cyanosis, 12
;
in abdominal diseases, 15

;

absence of, in chronic diseases, 13 ; in
cardiac dieeases, 14

;
in pulmonary

diseases, 13.

Cyrtometer, 36.

Cystic tumours in larynx, 427.

Cystine in the urine, 395.

D.

Ddbris of lung-tissue in sputum, 179.
Delimitation of lungs, 108.

Density of the urine, 382.

Depressions of abdomen, 321.

Depressions, localised, of chest, 33.

Diabetes, flow of urine in, 376
; specific

gravity of urine in, 383.
Diabetic urine, properties of, 387.

Diarrhoea, 400.

Diastolic thrill, 236.

Dicrotism of pulse, 247.

Dilatation of chest, from mediastinal

tumour, 30
;
in pneumothorax, 30

;
in

pulmonary emphysema, 31.

Dilatation of stomach, inspection, 318
;

percussion, 357.

Diphtheritis, laryngoscopic examination
in, 420.

Diphthonia, 433.

Dislocation of kidney, inspection, 320
;

palpation, 337
; percussion, 366.

Dislocation of liver, palpation, 327
; per-

cussion, 343.

Displacement of apex-beat of heart, 210.
Distribution of fluid within the pleurae, 85.
Division of the heart-sounds, 275.
Double arterial n^urmurs, 307.

Dropsy, 21 ; hydremic, 23
; passive, 22.

Dry rales, 158
;
sibilant sonorous, 159.

Dyspnoea (see acceleration of respiration),
43

;
cause of, in asthma, 48

;
heat as a

cause of, 44
; subjective, 48.

E.

Echinococcus-vesicles in sputum, 184.
Elastic fibres in sputum, 179.

Emaciation, 20.

Emphysema, pulmonary, cyanosis in, 14
;

dilatation of chest in, 31
;
dislocation of

liver in, 344
; displacement of apex beat

of heart in, 211 ;
in determinate respira-

tory murmur in, 142
; pneumatic treat-

ment of, 59; resistance to percussion in,

116; respiratory movements in, 39;
venous congestion in, 225.

Emphysema, subcutaneous, 25.

Encysted peritoneal eflpusion, 364.
Endocardial murmurs, 279

; thrill, 235.

Epigastrium, systolic pulsation in, 219.

Epiglottis, examination of, 414.

Epithelial tube-casts in the urine, 392.

Epithelium in the sputum, 177
;

in the

urine, 390.

Excreta, examination of, 375.

Expiratory murmur, 129.

Extent of heart's impulse, 217.

F.

Faecal accumulations, palpation of, 333.

Fatty acids in the sputa, 202.
Femoral veins, pulsation in, 232.

Fever, 3
;
acceleration of respiration in,

44
;

crisis in, 6
; pulse in, 8

;
tem-

perature in, 3.

Fibrine in the urine, 387.
Fibrinous casts, in the sputa, 180

;
in the

urine, 393.

Fibroma of the larynx, 426.

Figurate elements "in the urine, 389.
Fust arterial sound, cause of, 270.
Fistula of thorax, cracked-pot percus-

sion-sound in, 104.

Fluctuation, sensation of, in the chest, 70.
Fluid in the alimentary canal, palpation

Foetal heart, sounds of, 374.
Food in the sputum, 186.
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Foreign bodies in the larynx, 428.
Form of the sputa, 187.

Fremitus, bronchial, 68
; cavernous, 69

;

endocardial, '235
; hepatic, 32t)

; peri-

cardial, 238 & 295
; pleural, 66

; vocal,

(or pectoral), 63.

Frequency of cough, ] 66
;
of pulse, 239

;

of respiration, 42.

Friction, abdominal, 336
; pericardial,

295
; pleuritic, 161.

Fulness and scantiness of percussion-

sound, 101.

Fungous growths in the motions, 406
;
in

the sputum, 183.

G.

Gall-bladder, enlarged, palpation of, 328.

Gall-stones, 406.

Gangrene of lungs, sputum in, 202.

Gas in peritoneum, percussion-sound of,

360.

Gastric murmurs, 370.

Gastro-intestinal canal, auscultation of,

370.

General nutrition, condition of, 20.

Gmelin's test for bilirubin, 377.

Granular tube-casts in urine, 392.

Gravid uterus, auscultation of, 374.

Great vessels, pulsation of, 238
; systolic

pulsation in, 220,

Green sputa, 193.

Gummata, syphilitic, in the larynx, 423.

Gurglint; in the intestines, 371.

Gutbrod- Skoda theory of causation of

cardiac impulse, 208.

H.

Hagmatemesis, 398.

Hsematuria, 378.

Haemautography, 248.

Haemoglobinuria, 379.

Hemoptysis, 190
; diagnosis from hajma-

temesis, 190.

Hard pulse, 245.

Harsh respiration, 125.

Heart, auscultation of, 260
; hypertrophy

of, 212, 255, 272
; impulse of, 206

;

percussion of, 252.

Heart-sounds, enfeeblement of, 274
;

foetal, 374
; impurity of, 274

; intensity

of, 271 : metalhc, 275
; reduplication

of, 275.

Heat-dyspnoea, 44.

Helmholtz's resonators, use of, in de-

termining size of pulmonary vomicse,
95.

Hepatic dulness, limits of, 342.

Hepatic fremitus, 326.

Hepatic veins, puls.ation of, 232.

Hippocrates acquainted with ausculta-

tion, 119.

Hippocratic succussion, 158.

Humming-top murmurs, 308.

Hutchinson's spirometer, 57.

Hyaline tube-casts in the urine, 392.

Hydatid disease of liver, hepatic fremitus

in, 326.

Hydatid disease of spleen, 332.

Hydrremia, as a cause of dropsy, 23.

Hydronephrosis, palpation in, 338
; per-

cussion in, 366.

Hydropericardium. cardiac dulness in,
259.

Hydrothorax, percussion in, 86.

Hyper-dicrotous pulse, 248.

Hypertrophy of heart, cardiac dulness in,
255

;
cardiac sounds in, 272

;
causes of,

216
; displacement of apex-beat in,

212; increased force of apex-beat in,
214.

Hypertrophy of spleen, 318,

Icteras, 15
;
two forms of. 17.

Illumination of the larynx, 408.

Impulse of heart, 208.

Impurity of heart-sounds, 274.

Indeterminate rales, 154.

Indeterminate respiratory mumiur, 141.

Indican in the urine, 380.

Inorganic cardiac murmurs, 286.

Inorganic salts in the urine, 384,

Inorganic sediments in the urine, 393.

Inspection, general, 10
;

of abdomen,
317 ;

of arteries, 223
;
in ascites, 321

;

in dilatation of stomach, 319
;
of dislo-

cated kidney, 320
;
of hypertrophied

spleen, 318 ;
in intestinal diseases, 319

of omental, ovarian, and uterine tu

mours, 319
;
of praecordial region, 206

in renal diseases, 320
;

of thorax, 28
of veins, 224.

Insufficiency of jugular valves, venous

pulsation in, 230.

Intensity of cardiac murmurs, 281
;
of

heart-sounds. 271; of percussion-sound
of chest, 78

;
of rales, 149.

Intermission of pulse, 242.

Intermittent fever, temperature in, 7,

Intermittent venous murmurs, 311.

Intestinal calculi, 406.

Intestinal discharges, examination of, 398,

Intestinal diseases, inspection in, 319,
Intestinal murmurs, 372.

Intestinal worms, 406.

Intestine, pei'cussion of. 358.

Irregularity of pulse, 240.

J.

Jaundice, 15
; yellow or green sputa in,

194.

Jerking respiration, 125.

Jugular murmurs, systolic, 313.

Jugular veins, undulation of, 227.

K.

Kidneys, diagnosis of movable, 337
; dis-

located, inspection of, 320
; palpation

of, 336
; percussion of, 364.

Laannec's theory of causation of bronchial

respiratoiy murmur, 135.
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Laryngeal diseases, prolongation of respi-
ration in, 53.

Larjngeal morbid growths, 426.

Laryngeal phthisis, 420.

Laryngeal respiratory murmur, 130.

Laryngeal syphilis, 422.

Laryngitis, acute, 418
; chronic, 419.

Laryngoscopy, 408.

Larynx, acute catarrh of, 418
;
cancer of,

427
;
chronic catarrh of, 419

; croup of,

419; cystic tumours of, 427
; diphthe-

ritis of, 420
; foreign bodies in, 428

;

morbid growths in, 426
;
oedema of,

425
; perichondritis of, 423

; phthisis
of, 420; syphilis of, 422.

Leucin in the urine, 395.

Leukaemia, the blood in, 331.

Leyden's theory of causation of bronchial

asthma, 183.

Liver, contraction of, 347
;
dislocation of,

343
; enlargement of, 345

; pain on

pressure over, 325
; palpation of, 324

;

percussion of, 341.

Lung, auscultation of, 119
;
normal limits

of, 108
; percussion of, 76.

M.

Mediastinal tumours, dilatation of chest

from, 30.

Mediastinitis, fibrous, pulsus paradoxus
in, 244.

Mediate auscultation, 121.

Mediate percussion, 72.

Medium-sized bubbling rales, 153,

Melanin in the sputum, 195.

Melanotic cancer, pigmented urine in, 380.

Mensuration of chest, 34.

Metallic echo, 105.

Metallic heart-sounds, 275.

Metallic percussion-sound, 105.

Metallic rales, 156.

Metallic tinkling, 156.

Metamorphosing respiratory murmur, 138.

Metamorphosis of colouring-matter of

sanguineous sputum, 192.

Meteorism, intestinal, laercussion-sound

in, 359.

Mitral area, 201.

Mitral murmurs, 288 & 293.

Mitral stenosis, reduplication of heart-

sounds in, 278
;

venous pulsation in,

230.

Moore's test for sugar in the urine, 388.

Morbid growths in the larynx, 426.

Morphological elements of the sputum,
177.

Motions, blood in, 404
;
concretions in,

406
; fungi in, 406

; pus in, 405
;
worms

in, 4U6.

Movements of respiration, 37.

Movements in the veins of the neck, 227.

Muco-purulent sputum, 186.

Mucous sputum, 18().

Mucus in the sputum, 185.

Mucus in the urine, 387.

Murmur, expiratory, 129
; placental, 374

;

respiratory, 122.

Murmurs, aortic, 291
; arterial, 304 &

315
; arterial, double, 307

;
cardio-

pulmonary, 313
; endocardial, 279 ;

gastric, 370
; intestinal, 372

; mitral,
288

; pericardial, 295 ; pulmonary, 292
;

tricuspid, 291
; venous, 307.

Muscular action as a cause of the first

heart-sound, 264.

O.

Odour of sputa, 189.

CEdema, 21
; glottidis, 425

; localised, 24.

(Esophagus, auscultation of, 369
;
stenosis

of, 370.

Omental disease, inspection, 319
; palpa-

tion, 334.

Organic cardiac murmurs, 280.

Organic changes on which cardiac mur-
murs depend, 285.

Ovarian tumour, diagnosis of, from ascites,
339 & 368

; inspection of, 319
; palpa-

tion of, 338.

Oxalate of lime in the urine, 395.

Oxyhaemoglobin in the urine, 378
; spec-

trum of, 379.

P.

Pain, as a cause of acceleration of the

respiration, 43 ;
to pressure on the liver,

325.

Palpation, of abdomen, 323
;
of ascites,

335
;
of bladder, 338

;
of chest, 62

;
of

faecal accumulation, 333
;

of fluid in

alimentary canal, 334
;
of gall-bladder,

enlarged, 328
;
of liver, 324

;
of omental

disease, 334
;
of ovarian tumours, 338

;

of pancreas, 334
; of peritoneal disease,

335
;
of precordial region, 234

;
of renal

tumours, 338
;

of retro-peritoneal
glands, 334

;
of spleen, 32^!

;
of stomach

and intestinal canal, 332
;
of uro-genital

apparatus, 336
;
of uterus, 339

;
of veins,

251.

Pancreas, palpation of, 334.

Papilloma of the larynx, 427.

Paraglobulin in the urine, 387.

Paralysis of the vocal cords, 428.
Pectoral fremitus, 63.

Peptone in the urine, 387.

Percussion, of abdomen, 340
;
in ascites,

361 ; of bladder, 366
;
of chest, 71

;
of

heart, 252
; history of, 71

;
of intestines,

358
;
of kidneys, 364

;
of liver, 341

;

methods of, 72; regional, 112; rules

regarding, 74; of spleen, 349; of

stomach, 355; topographical, 107; of

uterus, 367.

Percussion-sound, in compression of the

lungs, 83
; cracked-pot, 102

;
in diseases

of the bronchi, 86
;
fulness or scanti-

ness of, 101
;

in hydrothorax, 86; in

infiltration of the lungs, SO
; metallic,

105
;

in pleurisy, 84
;

in pneumonia,
80

; tympanitic, 90.

Percussion-sound of the chest, 76
;
on

back, 114; on left side, 113; on right,

112; on sternum, 113; intensity of,
78

; pitch of, 87
; properties of, 77.
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Phonometry, 117.

Phosphates in the urine, 384 and 395.

Phthisis of the larynx, laryngoscopic ex-

amination, 420.

Phthisis pulmonaHs, elastic fibres in

sputum of, 179
; respiratory movements

in, 39
; sputum iu, 20(1

; tympanitic
percussion-sound in, 100.

Physical cause of bronchial respiratory

murmur, 135
;
of bronchophony, 172

;

of the first arterial sound, 270
;
of the

sounds of the heart, 2(52.

Physical signs of cardiac murmurs,
resume of, 293.

Pericardial effusion, cardiac dulness in,

258.

Pericardial murmurs, 295.

Pericardial thrill, 238.

Pericardium, adherent, reduplication of

heart-sounds in, 279.

Perichondritis of the larynx, 423.

Peridiastole, 283.

Peripheral arterial sounds, 301.

Perisystole, 283.

Peritoneal diseases, palpation in, 335.

Peritoneal effusion, encysted, 364.

Peritoneum, percussion-sound when gas
is accumulated in, 360.

Pigmentation of the skin, 17.

Pigments of the urine, 376, 380.

Pitch of percussion-sound of chest, 87.

Pityriasis versicolor, 19.

Placental murmur, 374.

Pleui'al fremitus, 66.

Pleurisy, bronchophony in, 171
;
contrac-

tion of chest after, 33
; cracked-pot

percussion-sound in, lOl
;
dilatation of

chest in, 29
;

dislocation of liver in,

344
; displacement of apex-beat in, 211

;

friction-sound in, 161
; percussion of

chest in, 84
; pitch of percussion -sound

in, 89
; tympanitic percussion-sound in,

98
;
vocal fremitus in, 64.

Pleximeter, 73.

Pneumatic treatment of pulmonary
diseases, 59.

Pneumatometric types of diseases of the

lungs, 61.

Pneumatometry, 60.

Pneumonia, bronchial respiratory murmur
in, 133

; bronchophony in, 170
;
cracked-

pot percussion-sound in, 104
; percus-

sion-resistance in, 115; percussion-
sound in, 80

; pitch of percussion-sound
in, 89

; sputum in, 196
; tympanitic

percussion-sound in, 99 ;
vocal fremitus

in, 65.

Pneumonic crepitation, 151.

Pneumo -
pericardium, metallic heart-

sounds in, 275.

Pneumothorax, amphoric resonance in,

106
; amphoric respiratory murmur in,

140
;

dilatation of chest in, 30
; per-

cussion-resistance in, 116
; tympanicity

in, 96.

Post-expiratory rales, 147.

Prsecordial region, inspection, 206
; pal-

pation, 234.

Presystole, 283.

Prolongation of respiration, 49, 53.

Propagation of cardiac murmurs, 288.

Prune-juice sputum, 199.

Pulmonary area, 201.

Pulmonarj^ abscess, sputum in. 199.

Pulmonary cavities, amphoric resonance

over, 105
; amphoric respiratory mur-

mur in, 139
;

bronchial respiratory
murmur in, 132

; bronchophony in, 170

cardio-pulmonary murmurs over, 313

cracked-pot percussion-sound over, 103
metallic tinkling in, 157

;
resonant

rales in, 154
; tympanitic percussion-

sound over, 93.

Pulmonary diseases, acceleration of re-

spiration in, 45
; cyanosis in, 13.

Pulmonarj' arterial murmurs, 292.

Pulsation, in aortic aneurisms, 220
;
of

femoral veins, 232
;

of great vessels,
238

;
of hepatic veins, 232

;
of jugular

veins, 228
; systolic, 219; in vena cava

inferior, 232.

Pulse, arterial, 239 ;
causes of acceleration

of, 8
; celerity of, 246

;
dicrotism of,

247
;
in fever, 8

; frequency of, 239
;

inequality of, 241, 245
;
intermission

of, 242
; rhythm of, 240

;
tension of,

245
; threaddy, 243

; tremulous, 243
;

volume of, 243.
" Puls-Uhr "

(Waldenburg's), 250.

Pulsus alternans, 241
; bigeminus, 241

;

celer, 246
; dilferens, 245

; deficiens,
242

; myurus, 421
; paradoxus, 244

;

tardus, 247
; trigeminus, 241.

Pulse-waves, 249.

Purulent sputum, 186.

Pus in the motions, 405.

Pus-corpuscles in the sputum, 178.

Pus-corpuscles in the urine, 389.

Putrid bronchitis, sputum in, 202.

Quantity of the sputum, 188.

Quantity of the urine, 375.

R.

Rales, 145
;
amount of, 148

; classification

of, 145; coai-se bubbling, 153; dry,

158; fine bubbling, 151; indetermi-

nate, 154; intensity of, 149; masking
the respiratory murmur, 143

;
medium-

sized bubbling, 153
; metallic, 156

;

heard in the mouth, 150
; post-expira-

tory, 147
;
resonant and non-resonant,

154
; rhythm of, 147

;
size of, 151.

Reaction of the urine, 381.

Red blood-corpuscles in the sputum, 178
;

in the urine, 390.

Reduplication of the heart-sounds, 275
;

in adherent pericardium, 279
;
cause of,

276
;
in mitral stenosis, 278.

Regional percussion, 112.

Relapsing fever, temperature ui, 7.

Remittent fever, temperature in, 6.

Renal diseases, inspection, 320
; palpation,

338.
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Resistance, sen?e of, in percussion, 114.

Resonance, amphoric, 105,

Resonant and non-resonant rales, 154.

Resonators, Helmholtz"s. in determining
size of pulmonary vomicae, 95.

Respiration, accessory muscles of, 49;
Cheyne- Stokes. 55

;
effects of con-

densed and rarefied air on, 59
;
exami-

nation of organs of, 28
; frequency of,

42 ; movements of, 37 : prolongation
of, 49, 53.

Respiratory diseases, pneu^matic treatment
of. 59.

Respiratory- murmur, 122
; amphoric,

139
; bronchial, 130

; expiratory, 129
;

indeterminate, 141
; metamorohosing,

138 : vesicular. 123.

Retraction, systolic, 221.

Retro-peritoneal glands, palpation of,
334.

Rhythm of cardiac murmurs, 281
;

of

pulse, 240.

Riegel's double stethograph, 41.

Roaanet's theory of causation of heart-

sounds, 2()3.

Rumbling in the intestines, 372.

Rusty sputum, 197.

S.

Sanguineous sputum, ISH, 190.

Sarcinse, in the sputum, 184
;

in the

urine, 396 ; in vomited matters. 398.

Sclerosis of the subcutaneous tissue, 27.

Second sound of heart, physical cause of,
268.

Seitz's double pleximeter, 73.

Sense of resistance in percussion, 1 14.

Sibilant rales, 159.

Simple respiratory murmurs, 122,

Size of rales, 151.

Skin, pigmentation of, 17.

Skoda's consonance-theory, 137
;
his theory

of causation of bronchial respiratory
murmur, loii

;
his theory of causation

of bronchophony, 172.

Soft pulse, 245.

Solid constituents of the urine, 384.

Sonorous rales, 1 59.

Sounds, arterial. 299
; aortic, 301 ; carotid,

300 : peripheral arterial, 301 ; sub-

clavian, 300.

Sounds of heart, 260
; foetal. 374 : heai'd

along with cardiac murmurs, 284
;

physical cause of, 262.

Spasm of the vocal cords, 428.

Specific gravity of the urine, 382.

Spectrum of oxyhsemoglobin, 379.

Spirometry, 56.

Spleen, hydatid disease of. 332
; inspection

of, 318; limits of, 351; movable, 330;
palpation of, 328

; percussion of, 349.

Splenic dulness, enlargement of. 353.

Splenic leukaemia, blood in, 331.

Splenic tumour, diagnosis of, 331.

Sphygmography, 248.

Sputa cocta, 196.

Sputa, classification of, 186.

Sputum crudum, 196.

Sputum, amorphous elements of, 185 :

biliary pigment in, 194
; black, 194

;

blue, 196
;
in bronchiectasis. 189, 204;

in catarrhal pneumonia, 199; colour

of, 186 ; consistence of, 187 ;
in croup-

ous pneumonia, 196
; crystals in, 182

;

de'bris of lung-tissue in, 179; in dis-

eases of the air-passages, 196
;
echino-

coccus-vesicles in, 184
;
elastic fibres

in, 179
; epithelium in, 177

; fatty
acids in, 202 : fibrinous coagula in,

180; food in, 185; form of, 187;
fungous growths in, 183

;
in gan-

grene of lungs, 199, 202 : green, 193
;

moi-phological elements of, 177
;
odour

of. 189; prune-juice, 199; in pulmo-
nary abscess, 199 : pus-corpuscles in,
178

;
in putrid bronchitis, 202

; quan-
tity of, 188

; red, 190
;
red blood-cor-

puscles in, 178
; rusty, 199

;
sarcinse

in, 184; in tuberculosis and phthisis,
200

;
vibriones in, 184

; weight of, 188 ;

yellow, 193.

Stenosis of oesophagus, 370.

Sternum, percussion-sound over, 113.

Stethography, 41.

Stethoscope, 121.

Stomach, dilatation of, 357
; inspection

of epigastric region, 318; palpation of,

332
; percussion of, 355

;
tumours of,

332
;
tenderness to pressure over, 332.

Subclavian murmurs, 304
; unilateral,

315.

Subclavian sounds, 300.

Subcutaneous emphysema, 25.

Sub-dicrotic pulse, 248.

Subjective dyspnoea, 48.

Succussion. Hippocratic. 158.

Su^ar in the urine, 387
; tests for, 388.

Sulphates in the urine. 384.

Syphilis of the larynx, laryngoscopic
examination in, -522.

Systolic jugular murmurs, 313.

Systolic pulmonary murmurs, 314.

Systolic pulsations, 219.

Systolic respiratory murmur. 127.

Systolic retraction, 221.

Systolic thrill, 235.

Temperature, 3
;
in chronic diseases, 7 :

in continued fever, 5
; highest re-

corded, 5 : in intermittent fevei", 7
;

method of taking, 4
; normal, 3 & 4

;

in relapsing fever, 7
;

in remittent

fever, 6.

Tension of the pulse, 245.

Thermometers. 3.

Thorax, dilatation of, 29
; inspection of,

28.

Threaddy pulse, 243.

Thrill, diastolic, 236
; endocardial, 235

;

pericardial, 238
; systolic, 235.

Tinkling, metallic, 156.

Tone of cough, 168.

Topographical percussion, 107.
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Tracheal resonance of Williams, 100.

Tracheal respiratory murmur, ISO.

Trapp's formula for estimating the

urinary solids, 384.

Tremulous pulse, 243.

Tricuspid area, 261.

Tricuspid insufficiency, venous pulsation

in, 229.

Tricuspid murmurs, 291, 293.

Trommer's test for sugar, 388.

Tube-casts in the urine, 391.

Tuberculosis, sputum in, 200.

Tuning-fork, use of, in phonometry, 117.

Tumours, omental, ovarian, and uterine,

inspection of, 319.

Tympanitic percussion-sound, 90
;
from

diminution of pulmonary tension, 97
;

in oedema of lungs, 99; in phthisis

pulmonalis, 100
;

in pleurisy, 98
;

in

pneumonia, 99
;
in pneumothorax, 9G

;

over pulmonary cavities, 93.

Tyrosin in the urine, 395.

U.

Ulcers in the larynx, 421.

Ultzmann's test for bilirubin, 378.

Undulation of the jugular vein, 227.

Urate of ammonia in the urine, 395.

Urate of soda in the urine, 394.

Uric acid in the urine, 394,

Urinary pigments, 376.

Urine, 375
;
albumen in, 384

;
bilirubin

in, 377
;
blood in, 378

;
blood colouring

matter in, 379
; blood-corpuscles in,

390
;

catechia in, 381
;

chloride of

sodium in, 383
; chyle in, 387

;
colour

of, 376 ; cystine in, 395
; epithelial cells

in, 390
;

fibrin in, 387
; figurate ele-

ments in, 389; indican in, 380; inor-

ganic sediments of, 393; leucin in,

395
;
mucus in, 387

;
oxalate of lime

in, 395
; paraglobulin in, 387

; peptone
in, 387

; phosphates in, 395
; pus cor-

puscles in, 3s9
; quantity of, 375

;
re-

action of, 381
;
sarcinje in, 396

;
solid

constituents of, 384
; specific gravity of,

382
; sugar in, 387

;
tube-casts in, 391

;

tyrosin in, 395 ; urate of ammonia in,

395
;
urate of soda in, 394

;
uric acid

in, 394
;
urrhodin in, 380.

Urobilin, 376.

Uroerythrin, 376.

Urogenital apparatus, palpation of, 336.

Urrhodin in the urine, 380.

Uterine tumour, inspection of, 319.

Uterus, gravid, auscultation of, 374.

Uterus, palpation of, 339
; percussion of,

367.

V.

Veins, inspection of, 224; palpation of,
251

;
of neck, movements in, 227.

Vena cava inferior, jjulsation in. 232.
Venous congestion, 225.

Venous murmurs, 307
; intermittent, 311.

Venous pulsation, 228.

Vesicular respiratory murmur, 123
;
ab-

sence of, 128; causes of, 124; harsh,
125

; systolic, 127.

Vibriones in sputum, 184.

Vierordc and Ludwig's stethograph, 41.

Vital capacity of lungs, 57.

Vocal cords, laryngoscopic examination

of, 415
; paralysis of, 428.

Vocal fremitus, 63.

Voice, auscultation of, 168 ; enfeeblement

of, 169
;
in paralysis of the vocal cords,

432.

Volume of the pulse, 243.

Vomited matters, 397
;

ascarides lum-
bricoides in, 398

;
blood in, 398

;

sarcinte in, 398.

Vomiting, 396.

W.
Water in the sputum, 185,

Waldenburg's
'•

Puls-Uhr," 250.

Weight of the sputum, 188.

Williams' tracheal re>onance, 100.

Woillez' cyrtometer, 36.

Worms in the motions, 406.

Y.

Yellow sputa, 193.
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