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PREFACE TO THE FIRST EDITION. 

THE design of th i s handbook is to p resen t a concise description 
of the various methods pursued in the clinical examination of 
the thoracic and abdominal organs in hea l th and disease, and an 
es t imate of the diagnost ic value of the resul ts so obta ined; the 
examination of the L a r y n x is t rea ted of in an Appendix. 

The general p lan of the work, bo th as regards t h e order in 
which t h e different methods of exploring each organ are dis-
cussed and the account of the conditions likely to be m e t with, 
is na tura l ly t ha t of a systematic, scientific inquiry. 

Our description, however, part icularly when deal ing with the 
purely physical me thods of examinat ion, will be found to vary 
considerably in fo rm 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 la t ter 
case a detailed account of t h e symptoms h a s been given. W h e n -
ever the na tu re of the subject permi t ted , I have endeavoured to 
preserve a certain un i fo rm order also in the a r rangement of 
details, t ak ing up first t h e s igns obtained by each method of 
exploration, t h e n the i r causes, and last ly the physiological and 
pathological condit ions, and t h e diseases, in which they occur. 
I n th i s way only was it practicable to include within our relatively 
narrow l imits the large n u m b e r of pathological phenomena elicited 
by the various modes of clinical examinat ion. Tha t an account 
of t h i s kind, indeed, should not be absolutely complete, t h a t i t 
should fail to take cognisance of every deviation of the symptoms 
f rom the fundamenta l pathological type, is unavoidable. Though 
in the course of a long official connect ion with the Polikl inik of 
the Universi ty of Berlin I have been ' enab led to lay up a large 



store of observations of th is na ture , I felt t ha t to introduce t h e m 
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 t h a t 
such facts retain the i r pathological or diagnostic i n t e r e s t ; apar t 
f rom the special case in h a n d they would not merely burden the 
text , bu t the whole work would lose in uniformity and compact-
ness more t h a n it could possibly gain in the value of i ts contents 
or in completeness. I n t h e domain of diagnosis, as in t ha t of 
every other subject of s tudy, the principal object to be kept in 
view is t h e arr iving at a knowledge of the essential phenomena ; 
these and the i r physio-pathological causes once known, any de-
par ture f rom the type in part icular cases is easily recognised and 
understood. These considerat ions have been borne in mind in 
the preparat ion of th i s work. I t ru s t t h a t my task has been, a t 
least to a certain extent , successfully accomplished. 

D R . P A U L GUTTMANN. 

• •» 
B E R L I N , Sept.. 1 8 7 1 . 

PREFACE TO THE THIRD EDITION. 

• 

THE third.edi t ion differs f rom i ts predecessors in many respects ; 
not only have impor tan t addi t ions and al terat ions been made in 
most of the sections, bu t large par t s of several of the principal 
chapters have been completely re-wri t ten. Special care has been 
devoted to the a r rangement of subjects and the order in which 
the i r details are discussed, as I have reason to believe, f rom 
public criticism, t h a t it is to th is feature t ha t t he former 
editions of my handbook owe the i r favourable reception in 
Germany and abroad.* May t h e same good for tune a t tend the 
present edi t ion. 

D R . P A U L GUTTMANN. 

B E R L I N , Oct., 1 8 7 7 . 

* Several translations of this work are in circulation on the Continent. The first 
edition has been translated into I ta l ian by Dr. Clodomiro Bonfigli, Ferrara (Milan, 
1872); into Russian by Drs. Nikolaj and Chomjakoif (Kasan, 1872); a second time into 
Russian by Dr. Wischnewski (Moscow, 1872); and into Spanish by Dr. Luis Góngora 
(Seville, 1873). T h e second edition has been translated into French by Dr: F. L. Hahn 
(Paris, 1877); into Polish by Drs. Kremer and Parefiski (Warsaw, 1877); and into 
I tal ian by Dr. Bonfigli (Milan, 1877). 
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• 

INTRODUCTION. 

IN tlie examination of the thoracic and abdominal organs, t he 
methods employed are almost exclusively of a physical character ; 
t h i s is certainly the case with reference to t h e exploration of the 
respiratory and circulatory apparatuses , and in par t also to t ha t 

of the abdominal organs. Strictly speaking, the te rm •physical 
methods of examination is applied only to the practice of Auscul-
tat ion and Percussion ; in the wider sense, however, it includes 
also Inspection and Palpat ion, as these lat ter f requently give as 
direct and valuable information as the two former methods, par-
ticularly with regard to certain of the physical properties of the 
internal organs, such as the i r consistence, increase in size, and 
the presence within them of air, fluid, &c. W i t h equal propriety 
t h e te rm may be made to embrace the es t imat ion of the tempera-
ture of t h e body by means of the thermometer , and the measure-
ment of the shape and respiratory movements of the thorax, of 
the vital capacity of t h e lungs (Spirometry) , of the respiratory 
pressure (Pneumatometry) , and of the ar ter ial pulse (Sphygmo-
grapliy), all these proceedings, t h e mos t impor t an t of which is 
Thermometry , being merely delicate aids to Inspect ion and Palpa-
tion, yielding precisely the same kind of information, bu t with 
much greater , even with mathemat ical , exactness. If to these 
methods of investigation be added the examination of the secre-
t ions and excretions of the body, and in some circumstances also 
tha t of the blood, we shall have before us all t he means which are • 
usually employed in the exploration of the thoracic and abdominal 
organs, and which we propose to describe in the following pages. 

I t is obviously unnecessary to make use of all of these methods 
B 
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of examinat ion in every ease ; some of t hem, indeed, are of bu t 
l imi ted practical application. T h e mode of procedure depends 
chiefly on the organ af fec ted; thus , diseases of the respiratory 
and circulatory apparatuses are recognised principally by percus-
sion and auscultat ion, those of the abdominal organs by palpa-
t ion, those of the kidneys by examination of the urine, &c. 
These m e a n s taken singly, however, t h o u g h of greatest impor-
tance in t h e particular case in hand , do not exhaust all t h e 
sources of informat ion open to u s ; and it is desirable, especially 
in complicated cases, to have recourse also to the other foremen-
t ioned methods, in order to secure a fu l l and complete investiga-
t ion. T h e diagnosis ga ins i n certainty and precision as the 
number of available methods of examination, and of t h e resul t ing 

pathological indications, is increased. _ 
I t is, fur ther , an essential par t of a systematic pathological 

inquiry tha t a certain uni form order be observed m the applica-
t ion of the different m e t h o d s ; the na tu ra l order is tha t first t he 
general physical signs, and then the special, be taken up, as, 
wi thout a knowledge of the former , the la t ter are apt to be mis-
unders tood, and to lead to erroneous conclusions. The examina-
tion should begin, therefore, wi th t h e general inspection of t h e 
body ; t h e practised eye often discovers in th i s way a mul t i tude 
of signs, which no t merely declare which of the organs is a t 
fault , bu t f requent ly reveal the na tu re and stage of t h e disease 
with absolute accuracy. T h e n only should the special examination 
be proceeded with. T h i s ough t never to be l imited to the par-
t icular organs or pa r t s concerning which the pat ient makes 
special complaint , as h is sensat ions are often excited by purely 
adventi t ious circumstances. I n the graver class of cases the 
condition of all t he organs m u s t be ascer ta ined; t h e physician 
t h u s frequently l ights upon disorders of whose existence t h e 
pa t ient , f rom t h e absence of subjective symptoms, had no con-
ception, or complications are discovered without the knowledge 
of which a t rue unders tand ing of the na ture of the disease, or 
the formation of a sound diagnosis , is impossible. The pathology 
of t h e thoracic and abdominal organs presents numerous examples 
of the in t imate relation which t h e various diseases of these par t s 
bear to each other, and of t h e importance of keepmg th is patho-
logical connection before t h e mind in forming an opinion as to 
the origin and na ture of t h e morbid process under investigation. 

GENERAL EXAMINATION. 

THE symptoms of disease of t h e thoracic and abdominal organs 
fall natural ly into two groups, general and special : in the first 
are included those which are caused by t h e 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 par t icular organ, or even of the precise 
form of disease by which it is affected. 

One of the most prominent symptoms of acute diseases 
th roughout their whole course, and one which appears also at 
various s tages of many chronic affections, is 

F E V E R . 

T h e 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"14° 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 precisc degree of difference 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 very exceptional cases 
that a point lower than 38° C. (91-4° F.) or higher than 43° C. 
(109"4° F.) is reached. The degrees are divided into tenths, but 
differences 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. 

B 2 
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influence whatever on the heat of the body. We also find slight dif-
ferences in the average temperature at different ages; it falls 0 - l °— 
0'2° C. from childhood to middle age, rising again later in life. Sex 
exercises no influence on temperature. 

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 temperature. 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 (Traube, 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 (Currie), had already 
been made in the previous century. 

Tbe t empera tu re may be considered febrile wben it rises more 
tban half a degree C. (nine- tenths of a degree F . ) above the 
normal point for the t ime of day a t which i t is observed; as, fox-
instance, a morn ing t empera tu re of 37 '5°—38° C., or an evening 
tempera ture of over 38° C. taken in the axilla. Such a slight 
deviation f rom the s tandard of hea l th is known as subfebrile; 
when the t empera tu re reaches 38"5° C. i t is t ha t of slight fever, 
above 39 '5° C. t h a t of moderately high fever, over 40° C. t ha t of 
high fever. T h e h ighes t recorded tempera ture , which occurred 
in a case of t e tanus , is 44 '7° C. (112 '4° F . ) , r is ing after dea th 
to 45 '4° C. (113 '7° F . ) . I n the mos t severe acute diseases 
(pneumonia, typhus , scarlatina, &c.), a h igher tempera ture t h a n 
4 T 5 ° — 4 2 ' 5 ° C. is seldom met with, except in cases of sunstroke 
and relapsing fever. 

The march of the temperature of t he body in acute diseases 
presents three dist inct types. 

1. Simultaneously with the commencement of the disease, 
which is usually announced by a rigor, t he tempera ture begins to 
rise rapidly and continuously to a certain height , 39°—41° C . ; 



at th is point it r emains several days, showing only the ordinary 
daily fluctuation of 0-5°—1° C. Under favourable circumstances 
the tempera ture then falls almost as speedily and continuously as 
it rose, usually wi th in 12, 24, or at mos t 36 hours , to the normal 
point or even sl ightly lower, i n the la t ter case to re turn again to 
the t empera tu re of hea l th when convalescence is established. 
The bes t example of t h i s type is fibrinous pneumonia in the 
adul t , in which defervescence begins about the seventh day, 
seldom earl ier . T h e t ransi t ion from the tempera ture of disease 
to t h a t of hea l th af ter th is manner is te rmed Crisis. These 
three well-marked s tages in the course of the temperature , 
namely, t h a t of rapid increase (stadium increment*), tha t in which 
it is s tat ionary (the acme), and tha t in which it s inks to the 
normal point {stadium decrementi, or crisis), are clearly defined in 
very many acute diseases, t hough in some the periods are shorter , 
in some longer, t h a n in pneumonia . Febr i le conditions in which 
the tempera ture dur ing the acme shows lit t le or no variation for 
several days receive the name of continued fever. 

2. I n many other acute diseases the t empera tu re rises more 
slowly, so t h a t several days elapse before it a t ta ins i ts m a x i m u m ; 
th i s rise may be continuous, t he normal daily fluctuations, how-
ever ,—sl ight increase f rom morn ing t i l l evening, sl ight decrease 
f rom evening t i l l morn ing ,—being still traceable, or it may be 
in te r rup ted . T h e highes t point be ing reached, i t is followed by 
the period named acme or fastigium, las t ing days or weeks, and 
characterised by much greater daily variat ions t h a n are found in 
heal th. These exacerbations and remissions resemble those of the 
normal range, inasmuch as they occur at t he same t imes—morn ing 
and e v e n i n g ; the exacerbation is usually at i ts he ight in the 
af ternoon or evening, the remission at i ts lowest point in the 
early morn ing hours . T h e daily difference amoun t s to 1°— 2"5° C., 
or rarely 3 ° C . W h e n the disease has a favourable issue the 
re turn to the normal t empera tu re is gradual, a n d takes place 
either in a continuous descending l ine ( tha t is, wi thout the 
evening exacerbations), or in such a way t h a t bo th the morning 
and evening tempera tures are each day lower ; or the morn ing 
remission may be well-marked, while the evening exacerbation 
remains , bu t becomes smaller on each day and t h u s slowly 
approaches the morn ing tempera ture . Th i s gradual re-establish-
ment of the normal temperature , which is accomplished in 3 — 7 

days, is designated Lysis, as d is t inguished f rom rapid defer-
vescence or Crisis; and the febrile conditions indicated by a 
stage of acme, or fas t ig ium, marked by the above-mentioned 
oscillations, are named remittent fever. 

3. T h e th i rd typical course which may be taken by the 
tempera ture is found in intermittent fever. T h e paroxysm begins 
suddenly, usually with a shivering, and the tempera ture speedily 
rises to a he ight otherwise reached only in the most severe acute 
diseases, 41°—41*5° C., or even higher : in a few hours it s inks 
again as quickly and continuously to t h e normal point . On t h e 
t h i rd day (tertian type) , less f requent ly on t h e second day 
(quotidian type), t ha t is af ter 24 or 4 8 hours , t he same phe-
nomena are repeated at t h e same t ime . W h e n the febrile 
paroxysm is later by a few hours (postponing type) the quo-
t id ian becomes t e r t i a n ; and similarly, when i t is earlier by a 
few hours (anticipating type) the ter t ian becomes quotidian. 
T h e least common type is t he quar tan, in which t h e fever re tu rns 
at t he end of 72 hours . I n the intervals of exemption f rom fever 
(apyrexia), t he t empera tu re and general condition of the pat ient 
are perfectly normal . 

I n other cases, of which t h e type is relapsing fever, t he 
febrile at tack lasts longer, t he tempera ture mounts to 41° C. 
or higher, and re tu rns to t h e normal point in a continuous 
l ine. T h e intervals between the seizures have not t h e same 
well-defined quotidian or ter t ian character as in in termi t tent 
fever, bu t vary in duration f rom days to weeks. T h e last-
named temperature- tvpes , t h e in te rmi t t en t and relapsing, are 
somet imes closely simulated by the occurrence of sudden exacer-
bat ions in the course of various acute diseases, depending on an 
extension or complication of the local affect ion; in these cases, 
however, t h e t empera tu re in t h e in termiss ions is never t ha t of 
perfect hea l th . 

The march of the tempera ture i n chronic diseases, when they 
are accompanied by fever, resembles t ha t of the remi t ten t type, 
with morn ing remissions and evening exacerbations, t he morn ing 
tempera tu re being sl ightly above the normal , the evening tem-
perature indicat ing a considerable degree of fever. I n another 
class of cases the type is in termi t tent , t he morn ing tempera ture 
being normal , t ha t of the evening h i g h ; more seldom the 
intervals of apyrexia are of one or more days' durat ion, dur ing 



which t ime bo th morn ing and evening temperatures show no 
deviation f rom the heal thy s tandard . Bo th these tempera ture-
types are frequently met with, as in the caseous pneumonia . 
which leads to pu lmonary ph th is i s and in the chronic inf lamma-
tory diseases of t h e abdominal o r g a n s . - T h e r e remains to be 
ment ioned a somewhat rare form of temperature course, t h e 
typus inversus, occasionally observed in phthis is and other 
d i seases ; in it t he remission takes place in the evening, t h e 
exacerbation in the morn ing . 

•A second sign of fever is acceleration of the pulse. 
T h e pulse, in a hea l thy adul t , bea ts at t h e rate of 6 0 — 8 0 

t imes per minu te , averaging 7 2 ; in fever i ts f requency vanes 
f rom 8 0 - 1 5 0 . A pulse of 100 may be regarded as indicating 
slight fever, 1 0 0 - 1 2 0 moderately h i g h fever, above 120 h i g h 
fever ; a pulse of 1 4 0 - 1 5 0 is rare, even at t h e crisis of acute 
diseases, and generally warrants a grave prognosis Above 
1 5 0 - 1 6 0 the pu l se becomes very small and thready, and is 
usual ly t h e immedia te precursor of death in acute organic or 
zymotic diseases. A pulse of 1 5 0 - 1 6 0 occurs in non-febrile 
affections, only in certain very rare cases of exophthalmic goitre 

(Basedow's or Graves' disease*). ' 
The acceleration of t h e pulse is for the most pa r t due to the 

increased hea t of the body. Th i s view is supported by t h e 
fact t ha t when animals are exposed to a great heat t he hear t 
contracts more rapidly, and when they are cooled again it ac ts 
more s lowly; and fu r the r , a t t h e onset of a fever the rise in 
tempera ture often precedes t h e acceleration of the pulse, and, m 
the same way, in rapid defervescence the p u l s e does not become 
slower t i l l t he t empera tu re h a s first begun to fall. T h e elevation 
of temperature , however, t h o u g h the most important , is n o t the 
o n l y c a u s e of t h e acceleration of t h e hear t ' s action, as a given 
al terat ion of t empera tu re i s not always associated with a cor-
responding change in the pulse ; and different individuals, having 

* The unusual rap id i ty of t h e pulse in th is affection is most probably referable 
to irr i tat ion of t h e sympathet ic . Cases of compression of the vagus by cervical o r 
intrathoracic tumours are characterised by a very rapid pulse t h e card.o-mhibi tory 
function of t h a t nerve being suspended by t h e pressure I have, in one ms tence 
Z which the vagus was involved in a swel l ing of t h e l ympha t i c glands, noted a 
pulse of 160 accompanied b y no elevation of temperature . 

t he same temperature , often show great differences in their pulse-
ra tes . Those forces which in hea l th produce a quick pu lse ,— 
such as muscular exertion, menta l i r r i ta t ion,—operate much more 
powerfully in disease, and in t ha t way tend to dis turb the relat ion 
which undoubtedly exists between tempera tu re and pulse. T h e 
same resul t may also follow t h e occurrence of certain morbid 
complications : t h u s on the accession of an affection of the base 
of t h e b ra in we may have a h i g h tempera ture with a slow or even 
subnormal pulse, evidently in consequence of irr i tat ion of t h e 
origin of t h e v a g u s ; and a rapid pulse with a relatively low 
tempera tu re is f requent ly observed in cardiac diseases, whether 
pr imary or appearing in the course of another affection. F u r t h e r , 
in collapse and shortly before dea th the tempera ture may fall 
while the pulse r ises. I t is t h u s obvious tha t t h e frequency 
of t h e pulse cannot be regarded as a t rus twor thy measure of 
t h e intensi ty of a f eve r ; nevertheless, apart f rom complica-
t ions, t he influence of a febrile t empera tu re on t h e pulse i s 
t hus far manifes t , t ha t when a considerable al teration of tem-
perature takes place t h e pulse never . remains entirely unaffected, 
•but invariably responds to a certain extent . The frequency of 
the pulse in fever, l ike the t empera ture , is subject to periodical 
daily fluctuations, having a morn ing m i n i m u m and an evening 
m a x i m u m ; and , other conditions being left out of consideration, 
t he extent of t h i s daily difference bears a certain proportion to 
t ha t of the oscillation of the tempera ture , so tha t according as t h e 
remissions and exacerbations of the la t ter are more or less marked 
the frequency of the pulse is more or less affected. The sub-
sidence of t h e febrile pulse also, like t h a t of the t empera tu re , 
may assume the fo rm of crisis or of lysis ; in the former case i t 
occurs rapidly, s imultaneously with the s inking of the temperature , 
and may reach the normal point a t t he very beginning of con-
valescence, while in t h e latter case it t akes place gradual ly ,— 
sometimes continuously, bu t more often in ter ruptedly ,—with a 
slight rise each evening. 

Besides elevation of t empera tu re and acceleration of the pulse, 
changes in the urine r a n k as s igns of f eve r ; these, however, will 
be discussed fu r the r on. 



INSPECTION. 
MANY diseases of the chest and abdomen, acute as well as 
chronic, are recognisable at t he first glance by a change in the 
colour of the skin. The most common of these changes is 

BLANCHING. 

A high degree of pallor has always a pathological significance ; 
in a less marked form, however, (as it is often seen in perfectly 
heal thy persons), i t can be so regarded only when the symptoms 
of the disease, subjective and objective, offer a satisfactory 
explanation of its presence. I t a t t racts a t tent ion most readily on 
those exposed par ts which are normally of a red colour, t he face, 
t he mucous membrane of the lips, and t h e conjunctivas. 

I t is caused, in every case, ei ther by a diminution of the volume 
of blood in circulation, by deficiency in the number of red blood-
corpuscles, or by an unfilled condition of the capillaries. 

The decrease in the quantity of the blood may be direct, t he 
resul t of h e m o r r h a g e f rom the lungs , s tomach, bowels, or 
urogeni ta l apparatus , 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 malassimilat ion of food,—as in all febrile 
affections, in convalescence f rom severe acute disease, and in 
many chronic diseases of the a l imentary canal and the organs 
connected with i t . F u r t h e r , we have the same condition produced 
when the system, th rough loss of a lbumen, is deprived of much 
blood-forming mate r i a l ; ins tances of th is are seen in cases in 
which there is copious effusion in to the pleurae, pericardium, 
and per i toneum, in general anasarca and in a lbuminur ia . 

Blanching f rom a deficiency in the number of the red blood-
corpuscles comes under our notice chiefly in chlorosis and other 
a n e m i c conditions ( a n e m i a splenica, pernicious anemia ) and 
in l e u k e m i a . I n chlorosis not only is t he total quant i ty of blood 
in circulation probably diminished, bu t the red corpuscles may be 
reduced to one-balf the i r n o r m a l relative number , giving r ise to 
such an extreme degree of pallor as is rarely observed in any 
other affect ion; in l e u k e m i a the al teration of the proport ion of 
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white corpuscles to red is due both to increase of the former and 
decrease of the la t ter . I n these diseases, also, owing to the 
fewness of the red corpuscles, the blood is markedly want ing in 
hemoglob in , which may be reduced to one-third the normal 
quan t i t y ; this is especially characteris t ic of some cases of chlorosis 
in which, not the number of t h e red corpuscles, bu t their h e m o -
globin, seems to be lessened. 

Independent ly of any change in the blood, however, extreme 
paleness of the skin may show itself when, f rom any cause, the 
heart does not contract with sufficient force to adequately fill the 
arteries and capillaries. Of the many varieties of pallor which 
come under th is category, t he following may be mentioned :— 
tha t which is connected with emotional influences such as fear or 
anxiety, and which is immediate ly produced by contraction of 
the arterioles f rom irr i ta t ion of t h e vasomotor ne rves ; t ha t of 
syncope, which is due to sudden enfeeblement or even momentary 
cessation of the hear t ' s act ion; t ha t which appears in fa t ty 
degeneration of the hear t , and in those cardiac diseases in which, 
f rom engorgement of t h e pu lmonary vessels, t he lef t ventricle 
contains less blood t h a n normal ly (e.g., mi t ra l disease). I t 
should be remarked t h a t while i t is t rue tha t blanching may a r i s e , 
f rom any one of the above-named causes, it most f requent ly 
happens tha t two or more of t h e m co-operate in producing i t . 

The skin is sometimes simply white , as in chlorosis, when the 
pat ient , provided there be no dis turbance of nutr i t ion, has other-
wise the appearance of hea l th . At other t imes it is of a dul l 
ear thy colour, a t once giving the impression of serious organic 
disease associated with disordered nutr i t ion and emaciation ; 
t h i s is found chiefly in cases of malar ia l cachexia of old stand-
ing, l eukemia , amyloid and carcinomatous degenerations, and 
many other diseases of the abdominal organs. The absolute 
colourlessness of t h e skin is occasionally varied by the presence 
of s l ight cyanosis ; t h i s 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 
appara tus . Caseous pneumonic infiltration, even in i ts early 
stages, is marked by pallor of the face, par t ly f rom repeated 
hemop tyse s , bu t principally f rom the remittent fever which 
accompanies i t ; t he whole countenance may be uniformly pale, 
or certain spots may be of a br ight red colour ,—the well-



known " hectic flush " of consumptives. I n these cases, also, 
t h e colour comes and goes rapidly under s l ight physical or 
menta l excitement, t he face being suddenly overspread by a fiery 
b lush , which ju s t as suddenly disappears . These symptoms are 
mos t pronounced in young persons with a delicate skin and in 
whom t h e disease runs a subacute course. 

Another common change in the colour of the skin is 

CYANOSIS. 

I t varies much in intensi ty, f rom a l ight bluish t in t to a 
dark bluish-black coloration. I n t h e extremities, and wherever 
the skin is most delicate and mos t vascular ,—in the hps , t h e 
po in t of the nose, t he eyelids, ears, nails, t ips of the elbows, and 
f ronts of t h e knees ,—it is earliest and most dist inctly seen ; even 
when t h e cyanosis is extreme, and t h e whole surface of the body 
is discoloured, i t is most marked in the par t s ment ioned. The 
mucous membranes have the same bluish h u e as t h e sk in . 
Together with the lividity the superficial veins (in the arm, neck, 
&c.) are seen to be so overloaded wi th blood as to s tand out like 
bluish knot ted cords. These cases m u s t be dis t inguished f rom 
others in which t h e change of colour is merely local, and which 
will subsequently be discussed. Cyanosis is always an indication 
t h a t t he blood is deficient in oxygen and surcharged with carbonic 
ac id ,—tha t it is either not completely oxidised in t h e lungs , or 
t ha t , on account of passing slowly t h rough the capillaries, i t 
gives off too much oxygen to the t issues and absorbs an excess of 
carbonic acid from t h e m . I t arises f rom 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 
respiratory and circulatory organs. 

Diseases of t h e organs of respiration lead to cyanosis e i ther 
by prevent ing t h e access of air to the lungs or by d imin ish ing 
t h e respiratory surface, both causes being usually in operation 
at -the same t ime. T h e former condition is present in those 
affections in which there is any obstruction in the air-passages, 
especially t h e larynx or trachea, as in spasm of the glottis, 
croup, and laryngeal diphtheri t ic , intralaryngeal tumours in t h e 
neighbourhood of the r ima glottidis, enlargements of the thyroid 
body, and acute or chronic bronchial ca tar rh , in which the f ree 
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ent rance of air is hindered by the swelling of the mucous m e m -
brane of the smaller bronchi. 

Cyanosis results also f rom lessening of the breathing surface, 
in those diseases in which the pulmonary vesicles are filled with 
infiltration (as in the stage of hepat izat ion in pneumonia) , or are 
subjected to pressure from without (as in pleurit ic effusion), or 
lose their elasticity and become inexpansible (as in emphysema) . 
I n these and similar affections t h e air is not admi t ted in to 
t h e alveoli, and when the whole of one lung is implicated the 
area available for respiration is reduced by one-half. B u t the 
intensi ty of the cyanosis is not directly proport ionate to the 
extent of lung surface f rom which t h e air is excluded. The causes 
of th is absence of direct relation are very various, generally 
peculiar to each case, and therefore not easily genera l i sed ; the 
only constant circumstance is t ha t t he cyanosis is most marked 
when t h e obstruction to the respirat ion is suddenly set up and 
when the pat ient is strong and plethoric. T h u s , pneumothorax 
following gunshot wound or t h e burs t ing of a cavity i n t h e lung 
causes very considerable cyanosis,—a symptom which is not nearly 
so noticeable in an equally extensive, bu t gradually-developed,-
compression of t h e lung by pleurit ic effusion. There is a 
similar contrast between the symptoms of the acute infi l tra-
t ion of pneumonia and those of the chronic inf i l t rat ions leading 
eventually to destruction of t h e air-cells by condensation or 
a t rophy of the lung t issue. Apar t f rom special individual 
differences, the explanation of the fact t h a t t h e slowly-advanc-
ing diminut ion of the respiratory surface in chronic disease is 
associated with but l i t t le lividity evidently is t h a t t he heal thy 
l u n g gradual ly expands, and in t ha t way comes to supply, to 
a certain extent , the place of the part ial ly disabled lung . Tha t 
robust , full-blooded persons, suffering f rom embarrassment 
of t h e respirat ion, should present a h igher degree of cyanosis 
t h a n those who are a n e m i c is to be expected, as the more 
plethoric an individual is t he more completely are h is vessels— 
and among them those of the lungs—fil led, and it is well 
known t h a t t he oxidation of the blood goes on more slowly when 
the vessels are distended than when they are partially empty. I n 
phthis is , on the other hand, as the emaciation and decrease in 
the quant i ty of blood in circulation keep pace with the reduction 
of the respiratory surface, t he cyanosis is always sl ight . Cyanosis 



becomes extreme when, as in the emphysema which accompanies 
chronic bronchit is , both conditions which tend to produce i t 
are present ,—obstruct ion of the air-passages and diminut ion of 
functionally active lung surface. 

In vesicular emphysema the lividity of the skin is greatly aggra-
vated by the state of engorgement of the systemic 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 emptying 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 discharge the whole of their contents into the lungs and there-
fore cannot receive the whole of the blood brought to them by the 
venœ cavie, 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 cyanotic 
discoloration of the extremities. 

Cyanosis may fu r the r be directly caused by congenital mal-
formations of the heart or by acquired valvular disease. Of the 
former the most impor tan t are the r i s ing of the aorta f rom the 
r ight ventricle, t he existence of openings in t h e interventr icular 
sep tum, and generally such malformat ions as permit of direct 
communicat ion between the two sides of the hear t ; bu t 
persis tence of the foramen ovale or ductus ar ter iosus does not 
usually occasion very considerable cyanosis. Mitra l insufficiency, 
contraction of the left aurieulo-ventricular orifice, t r icuspid 
disease, and fat ty degeneration, being generally accompanied 
by overloading of the r ight hear t , of the pulmonary circu-
lation, and finally also of the systemic veins, t end to induce 
lividity ; this , however, does not occur so long as the impediment 
to the circulation is counterbalanced by increase of power and 
hypertrophy of the hea r t , for a l though in these cases the vessels 
of the lungs are over-filled, sufficient oxygenation of the blood is 
secured by the greater rapidity of the respiration. I t is only 
when the right hear t is enfeebled by fa t ty metamorphosis t ha t it 
r emains constant ly overcharged with blood, and t h e complete 
emptying of the vena; c a v e is prevented ; there is t hus developed 
a state of passive s tagnat ion of the current t h rough the capil-
laries and veins of the body generally, and cyanosis f rom the 

consequent free absorption of carbonic acid and t h e large quan-
ti ty of oxygen parted with. 

I n certain diseases of the abdominal organs cyanosis may 
be a very prominent symptom. This is observed when the 
d iaphragm is forced upwards, and the adequate expansion of 
t h e lungs in t ha t way hindered, by the presence of fluid or large 
t umour s in the abdominal cavity (ascites, ovarian tumours , &c.). 
Cyanosis f rom such causes, when it does occur, is usually very 
intense. Las t ly , marked lividity may result f rom par t ia l or 
complete obstruction of the circulation by compression or ob-
literation of one of the large venous trunks : in th i s case the 
cyanosis is local, not general , and confined to the region in 
immediate connection with the vein implicated. The most 
common examples of th is are seen in the cyanotic h u e of the 
forearm and hand on compressing the median vein as a pre-
l iminary to venesection, and of the face in severe at tacks of 
coughing. I n the la t ter ins tance the increase of pressure within 
the chest takes effect also on the large int ra thoracic veins, so as 
to render turgid the jugu la r and facial veins. T h e lividity fol-
lowing occlusion of the veins of the lower l imbs by thrombosis 
is not of a very marked character , as the engorgement of the 
vessels is relieved by a dropsical effusion into the subcutaneous 
t issues, and the circulation in the capillaries of t h e skin a lmost 
completely arrested by the pressure. I n the rare cases in which 
t h e venaj cave are entirely obli terated the cyanosis appears in 
the upper or lower par t s of t h e body, according as i t is t he 
superior or inferior cava which is involved. 

The livid hue of the skin in rigors, and that produced by the influ-
ence of cold on exposed parts, are due to the contraction of the super-
ficial arterioles and capillaries, and the consequent retardation of the 
current of blood through them. 

ICTERUS. 

This yellow discoloration is somet imes perceptible only as a 
s l ight golden gl i t ter ing appearance of the most t ransparent par ts , 
such as the c o n j u n c t i v e ; a t o ther t imes it is citron-yellow, 
orange, or even green or brownish-green (Melan-Icterus). I n 
all severe cases it is observable on t h e general surface of the 
body, differences in intensi ty at various points arising f rom 
variat ions in the delicacy and normal colour of the skin ; t hus 
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t he skin of t h e breast , and o ther pa r t s usual ly covered, becomes 
more deeply s ta ined t h a n t h a t of the face or the forearms of 
working people. W h e n the blood is pressed out of the capil-
laries of such par t s , if t he j aundice be very marked, the t issues 
also are seen to have t h e same yellowish h u e ; so also the mucous 
membranes , t h e internal organs, t issues, and fluids, all partici-
pa te in th is discoloration. T h e perspiration, t he ur ine, and 
sometimes even the sputa, are similarly t inged, while the fajces 
generally lose the i r brown colour and acquire a grey or a l ight 
clay-like appearance. I c te rus a lmost invariably arises f rom the 
presence of some mechanical obstacle to the free flow of bile 
f rom the duc tus choledochus in to the duodenum ; the secretion 
t h u s accumulates in the bile-ducts and, when these become 
over-distended, passes th rough the i r walls and is absorbed into 
the blood. Th i s is known as Jaund ice f rom obstruction or 
absorption. T h e most f requent cause of th is impeded flow of 
bile is catarrh of the duodenum, the orifice of the gall-duct 
being closed by the swelling of t h e mucous membrane (Ic terus 
duodenalis). Closure of the common duct, or of the hepat ic 
duct, or of several of i t s smal ler divisions (by gall-stones, carci-
nomatous tumours , cirrhosis, or echinococcus cysts), or decrease 
of the lumen of the various ducts (as by diffuse catarrh), t end to 
produce more or less ic terus. T h e most severe form, Melan-
Ic terus , is met with a lmost exclusively in acute yellow at rophy of 
the liver. 

T h e only disease of the respiratory organs which is compli-
cated by jaundice and duodenal catarrh, and tha t in a mild form, 
is t h e so-called bilious pneumonia. I c te rus appears in t h e later 
s tages of cardiac diseases when, the hear t ' s action being no longer 
powerful enough to compensate for the embarrassment due to 
mi t ra l or tr icuspid disease or fa t ty degenerat ion, there is conges-
tion of the portal circulation, swelling of the liver, and secondary 
catarrh of the hepat ic ducts . E v e n in these cases it is never 
very intense, t he skin being merely of a dul l yellowish colour, 
modified, as there is usually also more or less passive congestion 
of the whole venous system, by a slight t inge of cyanosis. 

Jaundice sometimes occurs independently of any mechanical 
obstruction to the escape of bile into the duodenum, in pyemia, 
yellow fever, anemia, after inhalation of chloroform and ether, 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 hepatogenous 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 (hemoglobin) into 
a substance chemically 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 hemoglobin. Transfusion, or even the 
mere introduction of a quantity of water into the veins, depriving the 
corpuscles of their hemoglobin by the operation of the laws of diffu-
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 lias lately been thrown 
on the propriety of retaining in our classification a hematogenous 
variety of jaundice, inasmuch as the biliary acids, whose supposed 
absence from the urine in hematogenous icterus and presence in that 
of hepatogenous icterus have been regarded as sufficient grounds 
for the assumption of two genetically different forms of the affection, 
have been found also in the urine in pyemia (Naunyn), and are 
stated to exist in traces in all urines (Yogel and Dragendorff); and 
further, many cases hitherto considered as of hematogenous origin, 
hepatogenous causes not being demonstrable, must now come under 
the latter category as, even though the liver be anatomically intact, 
jaundice may bo 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 (Heidenhain 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 biliary 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 umbilical veins to the 
portal vein ceases). The jaundice in poisoning by phosphorus, which 
was formerly thought to be hematogenous, 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. 

F r o m the discolorations of t h e skin j u s t referred to, which 
have their origin in a change in t h e colour of the blood, are to be 
dist inguished other varieties closely resembling them, due to 
deposit of pigment in the tissue of the cutis. An instance of th is 
is seen in the bronzing which most usually accompanies disease 
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of the supra-renal capsules (known as Addison 's disease),^ hu t 
which sometimes presents itself when these organs are perfectly 
hea l thy . I t occurs in all degrees of intensi ty, f rom dull yellowish 
hrown" to bluish black, when it might , a t t he first glance, be 
easily mistaken for extreme cyanosis : in two cases which came 
under my own observation the skin was quite as dark as t ha t of a 
mula t to or negro. The bronzing usually involves large t rac ts of 
s k i n — w h e n the disease h a s lasted long generally the whole sur-
face of the b o d y ; in most cases it affects specially the exposed 
par t s ( the face, backs of the hands ) , those which in hea l th are 
mos t deeply pigmented (genital organs, nipples), and those which 
are subjected to pressure or fr ict ion (the folds of t h e axilla;, inner 
surface of the th ighs , &c). I t s characterist ic feature, which 
defines it sharply f rom all s imilar k inds of s taining of t h e skin, 
developed suddenly or slowly in conjunct ion with disorders of t h e 
generative system, psychical disturbances, &c., is t ha t t he con-
junct iva bulbi and finger nails are never implicated. Another 
peculiarity noticed specially in cases of long standing is t h e 
occurrence of scattered spots of pigmentation both in t h e already 
discoloured skin and on the mucous membrane of the lips ancl 
mouth. P igmenta t ion of the internal organs in Addison's disease 
h a s not yet been observed. The cause of the bronzing of t h e 
surface, and t h e explanation of i ts connection with disease of t h e 
supra-renal capsules, are still unknown. 

Argyria, 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, Ivrishaber), 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-
tioned bronzing of the skin, by the fact that it does not disappear on 
pressure. I t 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. I t 
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.). 

* I n one case observed by the author, t h a t of a patient suffering from grey degene-
ration of the posterior columns of the spinal cord, about 21 grammes of t h e ni trate of 
silver had been taken in the course of three yea r s ; i t was only in the third year t h a t 
the first indications of argyrosis were noticed. 

Pigmentation of the skin in small circumscribed spots comes 
very frequently under notice. Many of these spots are of 
artificial origin, appearing after the application of vesicants, 
s inapisms, i r r i ta t ing ointments and l iniments , while others are 
the sequele of exanthematous eruptions, ulcers, &c. Though 
they may have no direct relation to the disease for which a 
pat ient may be under examination, they nevertheless afford 
much valuable information regarding h is pathological history, 
and supply data which enable us to j udge bet ter of the accuracy 
of his s ta tements . 

Pityriasis versicolor is a discoloration of the skin confined to 
certain regions, and caused by the growth of a parasi te (micro-
sporon fur fur ) in the horny layer of t h e epidermis . I t is found 
in patches of variable size, sl ightly elevated above the sur rounding 
surface, irregular in shape, and dull yellow or yellowish brown 
in colour ; i ts most common seat is on t h e breast , the back, or 
upper extremit ies , more rarely on the abdomen or lower extremi-
t ies. 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 
parasi t ic filaments, between which numerous roundish spores are 
arranged in clusters. Pi tyriasis versicolor is often associated with 
pulmonary phthis is and other chronic diseases leading to a n e m i a , 
but it frequently appears also in those who are in good heal th . 

Similar s taining of the skin, t hough not of vegetable parasit ic 
nature, occurs dur ing pregnancy and in the course of diseases of 
the female generative organs, such as tumours of the ovaries, 
uterus , &c. I n phthis is pulmonal is and many chronic diseases 
of the abdominal organs the face often assumes a dull yellowish 
hue, quite different f rom tha t of pi tyriasis versicolor. 

C O N S T I T U T I O N . — G E N E R A L N U T R I T I O N . 

T h e variety of constitution and the condition of the nutrition 
of the pa t ien t can also, to a certain extent , be ascertained by 
inspection. A knowledge of the constitution wi th which we 
have to deal fu rn i shes us with many indications of great 
prognostic and diagnostic value. Thus , those who are feebly 
consti tuted may always be said to be in more danger from an 
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at tack of acute disease t h a n those who are robus t . This is 
especially t rue of acute diseases of t h e respiratory o r g a n s ; in 
t h e vigorous they generally te rmina te in complete resolution, bu t 
tend to recur or to pass in to other forms of disease (as caseous 
degeneration or the various processes resul t ing in phthis is pulmo-
nalis) in those of a cachectic disposit ion. I n the same way the 
bronchial catarrh which somet imes supervenes on measles or 
whooping-cough in weakly children often ul t imately spreads to 
t h e alveoli. I n adul t s of unsound const i tut ion bronchit is shows 
a great tendency to re turn at intervals, to become chronic, and 
eventually to develope in to vesicular emphysema of the lungs , 
pneumonia runs a longer course, is imperfectly resolved, or ends 
in caseous metamorphosis , and pleurit ic exudat ions are only 
partially absorbed, or become the s tar t ing point of new morbid 
processes. I t is often of great impor tance diagnostically to 
know the const i tut ion of our .pat ient . I t enables us, for instance, 
to dis t inguish between the onset of caseous pneumonia and tha t 
of a simple bronchial catarrh (two conditions which present 
m u c h the same physical signs), as those who are of un ta in ted 
const i tut ion are not at all predisposed to destructive changes 
in the lungs. I n th is way also, even before making a 
physical examination of the chest , we can frequently reassure 
pat ients who, on account of having a chronic cough, are 
apprehensive of fall ing into consumption, as it is certainly but 
seldom tha t heal thy non-cachectic persons are at tacked by th is 

disease. _. 
Well-nourished individuals have firm muscles, an elastic skm, 

and an ample deposit of fat in the subcutaneous t issue. Th i s 
development of fat is usually greatest in those who indulge 
unduly in t h e pleasures of the table, b u t is sometimes present to 
a very considerable degree even in those who are comparatively 
abs t emious ; i ts occurrence is also favoured by a sedentary habit 
of life, and to a certain extent l imited by active exercise. Women 
often become stouter after the cessation of the menses ; and 
amongs t the lower classes the mos t common cause of obesity is 
in temperance in the use of alcoholic liquors. 

Emaciation usual ly begins with the disappearance of the sub-
cutaneous adipose t i s s u e ; t h e skin is t hus thrown into folds and 
wrinkles and becomes less elastic, t he epidermis is occasionally 
cast off in the fo rm of branny scales (p i t y r ias i s tabescentium in 

cases of marasmus in children), and the muscles lose in volume 
and power, so tha t those who are the subjects of much wast ing are 
for the most par t confined to bed. E x t r e m e emaciation is always 
easily recognisable, t hough when slight it may be apparent only 
to the pat ient himself or h is friends. The sures t tes t of th is 
condition, however, is comparative weighing at in te rva ls ; in the 
chronic affections accompanying consumpt ion th i s method gives 
the most reliable prognostic evidence with respect to improve-
ment , aggravation, or arrest of the disease. 

There is always more or less wast ing as soon as the weight 
of the excreta exceeds tha t of the food, &c., consumed. T h u s 
it is seen in all diseases which are a t tended for any length 
of t ime by fever (the supply of n u t r i m e n t being almost stopped 
and the consumption of a lbumen increased), in pers is tent stric-
ture of the cesophagus, chronic catarrh of old s tanding, dilata-
tion and cancer of the s tomach, chronic catarrh and ulceration 
of the intest ines, carcinoma of the liver and other organs, 
diabetes mell i tus, &c. Diseases of the circulation, being almost 
apyrexial, are unat tended by emaciat ion. I n acute mil iary 
tubercle of the lungs there is rapid wasting, chiefly owing to the 
very h igh fever which accompanies i t ; i t is mos t probable also 
tha t t he wasting which is such a constant and prominent symptom 
of t ha t form of pneumonia which leads to ph th is i s pulmonal is is 
less due to the nocturnal sweating t h a n to the febrile disturbance, 
as, notwi ths tanding h is almost insat iable appeti te , the phthisical 
pat ient rapidly loses flesh, but whenever the fever abates, and 
the progress of the disease is t h u s temporar i ly arrested, he at 
once gains in weight . 

Emacia t ion , apart f rom its prognostic signification, is of some 
importance from a diagnostic point of view. Thus , of all t he 
chronic diseases of the lungs , caseous pneumonia is t he only one 
in which it is observed; the other chronic lung affections, how-
ever, being almost f ree of fever, may run their course wi thout 
being marked by any trace of wast ing, though they may give r ise 
to absorption of the parenchyma and to the format ion of cavities, 
and offer therefore the same physical signs as are found in 
caseous pneumonia ; such pat ients indeed, if only the i r digestive 
organs be in good condition, m a y present every indication of 
being perfectly well nour ished. 



The consideration of t h e changes in the skin and in the 
general nut r i t ion should always be followed by an 

EXAMINATION OF THE SUBCUTANEOUS CELLULAR TISSUE.—DROPSY. 

One of the commonest morbid alterations observed in diseases 
of the chest and abdomen, is accumulation of fluid in the subcu-
taneous areolar t issue (dropsy , oedema). 

T h e part so affected becomes swollen, t h i s being always the 
more marked the more lax the s t ructures invaded,—as in the 
geni tal organs. The skin loses i ts na tura l 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. Th i s pi t t ing is produced 
by t h e fluid being driven out of certain of the meshes of the 
subcutaneous t issue into those near it and communicat ing with 
i t ; on the cessation of the pressure the fluid slowly re tu rns and 
the pi t disappears. The obliteration of th i s pressure m a r k takes 
place quickly when the anasarca is sl ight and recent, but more 
slowly when it is extensive and of long s tanding, as in the la t ter 
case the skin has almost entirely lost its elasticity f rom the ten-
sion and maceration by the effused fluid. Dropsy is invariably 
caused by t h e t ransudat ion of the serum of the blood th rough 
the veins. There is a certain amount of t ransudat ion constant ly 
going on even under normal circumstances, but the fluid is at 
once absorbed by t h e lymphat ic vesse ls ; it is only when the 
quant i ty poured out becomes so great t h a t these vessels cannot 
carry i t off t h a t it accumulates i n the cellular t issue. 

T h e causes of the increased t ransudat ion of fluid are two,— 
undue fulness of the veins and consequent increased pressure on 
their walls, or an abnormally watery condition of the blood which 
gives r ise to changes i n the walls of the vessels and renders 
t h e m more easily permeable (Cohnheim and L ich the im) . 
Dropsy arising f rom the first cause is designated Passive dropsy, 
as it always originates i n obstruction of the current of venous 
b lood; t ha t f rom t h e la t te r cause is known as Hydremic 
dropsy. 

Passive dropsy, when not s tr ict ly local, makes its appearance 
first in the dependent par t s of the body, and on both s ides ,—in 
t h e ankles and on t h e dorsum of the feet. At first, also, t he 
swelling disappears dur ing the n igh t when the pat ient is in t h e 

horizontal position, t he fluid be ing absorbed by the lymphatics ; 
i t r e tu rns in the morning, however, as soon as he leaves h is bed. 
In t ime it tends to become stat ionary, does not diminish during 
the night , and m o u n t s by degrees to t h e legs, th ighs , genital 
organs and t h e coverings of t h e chest and abdomen. To th is is 
frequently added effusion of fluid in to t h e per i toneum, pleura;, 
and pericardium. I t is af ter t h i s manner tha t passive anasarca 
occurs in cardiac diseases in t h e s tage of compensatory dis turb-
ance, in which the venous circulation is embarrassed and 
engorged on account of the constant overloading of the r igh t 
hea r t ,—as in mi t ra l insufficiency, stenosis of the left auriculo-
ventricular orifice, in cases of fat ty hear t , in t r icuspid disease 
and (seldomer) in the later stages of disease of the aortic valves. 
This variety of dropsy, not unf requent ly appears in advanced 
vesicular emphysema of the lungs , and here also is due to the 
difficulty experienced by the systemic veins in discharging 
their contents into the over-filled r igh t side of the h e a r t ; i t is 
usually confined, however, to the feet, ankles , and lower par t of 
the legs. The most common abdominal causes of venous con-
gestion are diseases of the liver (cirrhosis and cancer) and of 
the peri toneum (tubercle and cancer); as it is the portal circula-
t ion which is mos t immediate ly affected ascites is t he first 
dropsical symptom, th i s be ing followed by cedema of the lower 
extremities only when the venous current in the inferior cava 
is impeded. Ascites alone, or followed after a considerable 
interval by cedema of the lower l imbs, points invariably to 
disease of the abdominal organs, in m e n usually to cirrhosis 
of the liver. 

In dropsy f rom the second cause, hydremia, t he watery 
condition of the blood induces morbid al terat ions in the struc-
tu re of the vessels themselves of such a nature tha t t he se rum 
of the blood passes th rough t h e m more easily than in hea l th . 
H y d r e m i a 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. I t is chiefly in con-
nection with acute or chronic diseases of t h e kidneys tha t t he 
blood is found to be poor in a lbumen ; in those affections 
also the increased blood-pressure wi th in the renal vessels occa-
sions a lbuminur ia . T h e dropsy of recent renal disease is 



dist inguished f rom the passive dropsy of cardiac affections by 
the fact t ha t i t usually shows itself first in the face, particularly 
in the lower eyelids, and by i ts tendency to vanish f rom 
these par t s and to reappear in other s i tuat ions, as the lower 
l imbs and the backs of t h e hands . I t subsequently loses th i s 
metasta t ic , migratory character, and in the la ter stages of 
chronic nephri t is becomes stat ionary ; i t is t h e n most marked 111 
the lower extremit ies , spreads upwards gradually so as to involve 
more and more of the l imbs and t runk , and sometimes, like the 
passive cardiac dropsies, gives rise, even at a comparatively early 
period, to effusion into the serous cavities. 

Dropsy f rom h y d r e m i a is observed in cases of insufficient 
nut r i t ion {cedema pauperum), which, however, are unaccompanied 
by a lbuminur ia , and in exhaust ing diseases, such as the last 
s tages of phthis is . Most commonly the oedema does not m o u n t 
h igher t h a n the middle of the leg, being often confined to t h e 
region of the malleoli or the dorsum of the feet . The urine may 
be perfectly free f rom albumen, bu t should i t be present , espe-
cially i n phthis is , i t indicates renal complication, usually of t h e 
amyloid variety. 

One of the most serious complications of scarlet fever in the 
stage of desquamation is t he occurrence of dropsy and reduction 
of t h e quant i ty of ur ine secreted, wi th or without actual renal 
disease. W h e n the kidneys are not affected no trace of a lbumen 
or organic deposit is to be found in the ur ine ; t he cause of the 
dropsy in such cases most probably is t he re tent ion of water 
i n the blood, arising part ly f rom the diminut ion of the renal 
secretion, bu t principally as t h e resul t of the dis turbance of the 
cutaneous t ranspirat ion. I t somet imes happens tha t sudden 
suppression of the perspiration f rom exposure to cold or wet, in 
persons previously in perfect heal th , is followed by rapidly 
developed general anasarca. 

Dropsy of a local character , apar t f rom a few cases originating 
in certain inf lammatory conditions of the subcutaneous t issues, 
is always caused by occlusion of one of the larger venous t runks 
and arrest of the current of blood within i t . Th i s closure is 
usual ly dependent upon t h e formation of coagula or th rombi in 
t h e veins, from the slowness of the circulation in t h e very old 
a n d weak, or in those who are much exhausted by prolonged 
il lness or confinement to b e d , — M a r a n t i c Thrombosis. Thrombi 

are most often formed in the saphenous and femoral veins, more 
frequently on one side only t h a n on both, and if t he dropsical effu-
sion be not too abundant the clot may be felt th rough the skin as 
a hard prominent cord. T h e cedema gradual ly disappears on the 
complete re-establishment of t h e circulation. Occasionally the 
cause of localised cedema of the lower l imbs is to be sought for 
at a point higher t h a n the femoral veins ,—in t h e iliac veins or in 
the inferior vena cava ; here again it may be owing to thrombosis , 
or to compression by the gravid u te rus , 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 upper l imbs occurs bu t seldom, and then 
it is usually produced by compression of the axillary vein (as by 
enlarged lymphatic glands) or of the subclavian vein. Stil l more 
rare is anasarca strictly confined to the upper half of t h e b o d y ; 
it depends, as a rule, on thrombosis or compression of the vena 
cava superior, as by intrathoracic t umour s 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 only 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 slightest morbid 
change. 

A second and rarer abnormi ty in t h e subcutaneous t issue is 
the accumulation of air within i ts meshes , 

SUBCUTANEOUS EMPHYSEMA. 

Like dropsy, it gives r ise to a certain amoun t of swelling, b u t 
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as th i s is never so considerable as in t h a t affection, t he appearance 
of the skin is not al tered. E m p h y s e m a t o u s par ts , like tiiose 
which are anasarcous, pi t on pressure with the finger, bu t not so 
deeplv, nor does the m a r k las t so long, as the elasticity of the 
skin is almost unimpaired, emphysema being a condition which 
is generally very rapidly developed. I t s most characteristic 
fea ture is the feeling of crackling or crepitation communicated to 
the h a n d on pressing the inflated par t s , which exactly resembles 
t ha t experienced on pinching a port ion of heal thy lung between 
t h e fingers. E m p h y s e m a is very variable in i ts distr ibution 
occupying sometimes a smaller, a t other t imes a larger area and 
occasionally extending over nearly the whole of the body. Af ter 
ga in ing entrance the air may diffuse itself indefinitely m the 
subcutaneous cellular t issue, as each m e s h communicates with 
those around it on all sides ; t h i s may be demonstra ted experi-
mental ly on animals, in which it is well-known tha t t he inflation 
of the entire subcutaneous areolar t issue may be effected f rom 

any par t of t h e body. 
Subcutaneous emphysema is usually caused by in ternal 01 

external in jury of organs which contain air . R u p t u r e of the 
oesophagus ' in t h e neck by perforat ing ulcers, f rom necrosis or 
t h e swallowing of foreign bodies, may produce it by allowing the 
air to enter t h e cellular t i ssue at t ha t part , whence it may spread 
to the breast or f u r t h e r ; b u t when the t rachea or one of the 
larger bronchi is a t t he same t ime involved in the ulcerative 
process and so made to communicate with the oesophagus 
(broncho-cesophageal fistula), emphysema is want ing . W h e n 
in cases of perforation of t h e s tomach or bowel, t h e affected par t 
becomes a t tached to t h e abdominal wall, t he gas passes f rom 
these organs into the cellular t issue if t he opening be large 
e n o u g h ; where th is a t t achment does not t ake place the gas is 
forced into the peritoneal cavity. Perforat ion of the larynx and 
t rachea f rom ulcer gives r ise to emphysema m the region ot t h e 
throat , wounds of the costal p leura and surface of the lungs by 
stabbing, gunshot , or f rac tured ribs,- and occasionally by t h e 
bu r s t ing of an abscess of the lung) to subcutaneous emphysema 
of the chest . I n the la t ter case the air escapes f rom t h e rup tu red 
alveoli or smaller bronchi at each inspirat ion and passes directly 
th rough the torn costal pleura to the subcostal areolar t issue when 
there are inf lammatory adhesions between the in jured par t ot t he 
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lung and the chest w a l l ; when no such adhesions exist pneumo-
thorax is first developed, t h e air being subsequently driven f rom 
the pleural sac th rough the -wound in the costal pleura, and so 
into the cellular t issue. 

Emphysema may also be set up by r u p t u r e of the air-cells, not 
f rom external injury but f rom over-dis tension; here the air is 
forced into the interlobular septa, t h rough the medias t inum, and 
into the subcutaneous t issue of the heck. I t appears first in the 
fossa jugularis , then in the areolar t issue 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 t h i s variety of emphysema 
are observed in connection with croup, diphtheri t is of the larynx, 
hooping-cough and bronchit is 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 with. The extent of surface involved is very vari-
able ; thus, of four cases which I have seen, occurring in adults, in 
one the skin of both lower limbs and of the abdomen was affected, 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 slightly cyanotic, obviously from compression of the 
smaller cutaneous veins. The pathogenesis of scleroderma is still 
very obscure. In three 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 ease 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. 



EXAMINATION OF THE ORGANS OF 
RESPIRATION. 

» 

INSPECTION OF THE THORAX. 

Shape. 

THE thorax displays endless varieties of build i n its, out lme 
width, length , depth, and in the shape of the different bones 
which take pa r t in i ts f o r m a t i o n - t h e clavicles sternuin, r ibs 
and vertebral column. I t s size is always 
to the volume of the lungs . A typical, normally-shapen chest s 
rare . Our conception of such a chest would d e l u d e perfect 
symmetry of i ts two sides, bo th in circumference and m the form 
of i ts const i tuent par ts ; a s l ight arching forward of i ts anterioi 
walls, beginning immediately below the clavicles r is ing gradually 
to the nipples, and sloping downwards f rom tha t p o m t t o ^ t h e 
lower r ibs ; t he supra- and infra-clavicular regions should be on 
nearly the same plane as the clavicles, t he s te rnum and vertebra 
column erect, and t h e scapula* placed symmetr ica l ly ; when the 
subcutaneous adipose t issue is abundant and the muscles promi-
n e n t the r ibs may not be perceptible in the upper two-thirds, of 
the chest, bu t only in the lower th i rd where the muscle a e 
t h i n n e r . I n men and in virgins the nipple is s i tuated at t h e 
level of the fifth rib, sometimes in the four th intercostal space 
Below the fifth r ib in men is a deep furrow (Sibson s fold) which 
m a r k s the lower border of the pectoralis major , especially when 
th i s muscle and i ts fa t ty covering are well developed. Among 
the physiological deviations f rom th i s typical shape may be 
reckoned the undue prominence of certain par ts , such as the 
clavicles, t he l ine of t h e costo-sternal art iculations, and of par t s 
of t h e s te rnum itself, especially near the junct ion of the manu-
b r ium with the body of the bone. To th i s category also belongs 
increase of the convexity of the r ibs on one or bo th sides, most 
frequently of the second and th i rd , and part icularly towards their 
s ternal e n d s ; th is malformat ion, when i t involves several r ibs, 
gives r ise to a marked bulging of the middle par t of the anterior 
chest-wall. Depressions, also of a physiological character, are 
sometimes observed in t h e anterior wall of the thorax, more 

often affecting the s te rnum t h a n the ribs, and t h e lower port ion 
ra ther than the u p p e r ; indentat ion of t h e lower end of the 
s t e rnum is not uncommon among workmen, especially among 
shoemakers f rom the pressure of t h e last . 

Pathological changes in the form of t h e thorax , of a pers is tent 
or t ransient na ture , are produced by various diseases of the 
respiratory organs. These deviations may be arranged in the 
following g r o u p s : 

1. Dilatation (enlargement, bulging), uni lateral or bilateral . 
2. Contraction (diminution in volume, depression), uni la tera l 

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 mat t e r s in the pleural 
sac (fluid, gas, tumours) , more rarely by actual enlargement of 
the lung (hepatization of one ent i re lung) . 

The mos t considerable degree of enlargement , involving the 
whole of one side, is found in cases of copious pleurit ic effusion ; 
a less abundant exudation produces only bulging in the lower 
part of t h e thorax, most dist inct on the sides and back ; when 
the fluid is but small in quanti ty i t gravitates to the base of the 
pleural cavity 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 . T h e levelling of the intercostal spaces is due 
partly to paralysis of the intercostal muscles from serous 
inf lammatory infi l trat ion, partly to the l imited range of move-
ment now possessed by the lung, which is reduced in volume 
by t h e pressure and no longer in contact with the thoracic 
parietes. W h e n the effusion is not so abundan t as to fill t he 
pleural sac, bu t leaves the upper lobes of the lung free to 
expand and contract, th is alteration in the intercostal spaces is 
confined to the lower par t 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 t he expense of the lung the thorax 
is bu t very sl ightly e n l a r g e d ; when the quant i ty increases to 
any great extent, however, t he augmenta t ion of pressure becomes 



more evident in the greater en largement of t h e chest and t h e 

displacement of ne ighbour ing par t s , t he 
o r / a n s immediately benea th i t ( the liver on the r ight , t he spleen 
on the left) be ing forced downwards, t h e medias t inum towards 
t h e opposite side? and the hear t , when the effusion is in to the 
eft l P u a, towards the r ight side. T h u s the long and t r a n s , » 

d iameters are greatly increased, even more t h a n is apparent f i o m 
^ e inspection. Should t h e fluid be absorbed within a shor t 
time the chest usually r e tu rns to i ts n o r m a l dimensions, but only 
X n the lung recovers i ts na tura l expansibil i ty and d a s ^ 

t — " S 1 t e ^ ^ 

or f ractured ribs) or f rom the burs t ing of a superficial pu lmonary 

S L n takes place, a n a t h e p n ^ n o t h c » a x becomes a p o^ 
pneumothorax . If t h e case progress .favourably, and the offending 

pass off by absorpt ion, which does not often happen , t h e 
^ e s t regains neariy i t s no rma l s h a p e ; roost usually, however 
?he o r i j n a l causes of t h e pneumothorax br ing about a fatal 

te rminat ion. 

T u m o u r s within the chest (mediast inal tumours , *c . ) may also 
DroduTe very perceptible prominence of t h e affected side, and of 
piocluce -veiy i i * . f t l i e thorax on t h e 

M : X T s s e n S f owing to t umour of the liver (hydat id , 
i J l S ^ i of the spleen, on both sides to hyper-

tiophy of bo th organs or to distension of the abdomen by ascites, 
«as, or ovarian t u m o u r . 

. I n , o „ , rare » » 

(Heubner. 4c.). 

Bilateral enlargement of the thorax is often observed in marked 
and advanced emphysema of t h e l u n g s ; in typical cases we have 
the barrel-shaped chest, all whose d iameters ,—its length, breadth , 
and dep th—are increased, the parietes being more prominent 
both in f ron t and behind , the r ibs and s te rnum more convex, t h e 
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 par t s of the chest, t he lower port ion usual ly remain ing 
flat and of t h e normal form. I n other cases th is distinctive 
barrel-shape is wanting, t he chest appearing to be uniformly 
enlarged in every par t , even the lower portion be ing abnormal ly 
p rominen t ; or t h e convexity may be l imited to the f ront or, 
more frequently, to the back of t h e c h e s t ; and, lastly, t he re are 
also certain cases of emphysema in which the thorax undergoes 
no alteration whatever in size. 

These differences in the configurat ion of the thorax in emphy-
sema depend on the degree of in tens i ty of the affection, t he 
extent of lung implicated, and the exact locality of the lesion 
(upper or lower, anterior or posterior , pa r t s of the l u n g ) ; t he 
durat ion of the disease and the more or less yielding^ character of 
the thoracic walls also play an impor tan t pa r t in de termining 
these changes, so tha t they are more common, cceteris paribus, 
among the young than in t h e 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 inspiratorg position of the thorax. 

The enlargement of the chest in vesicular emphysema ar ises 
from the fact tha t t he lung becomes inelastic and does not sub-
side natural ly in expiration, t he parietes of t h e thorax therefore, 
being no longer called upon to execute t h e usual movements of 
respiration, assume permanent ly the form in question. 

The second group of pathological altera tions in the shape of the 
thorax include contraction, diminution in size, of the whole or par t 
of one side. I t occurs most often in connection with the absorp-
tion of pleuritic exudation of old s tanding or when the fluid 
discharges itself externally. T h u s if t he lung be subjected to 



great pressure for m o n t h s by a large pleuri t ic effusion its elasticity 
°s more or less completely destroyed and i t does not expand on 
being relieved f rom th i s p ressure by the disappearance of the 
fluidit is completely void of air and takes up much less room 
t h a n when fully inf la ted; the chest-wall , therefore, sinks gradually 
as absorption goes on. T h e same explanation applies also to 
those cases of empyema which burs t outwardly. I n extreme 
cases of th is na ture all t h e dimensions of the affected side are 
reduced,—most strikingly antero-poster ior ly; there is no trace of 
bulging at any point , t he thorax is flat and sometimes shows on 
i t s anterior surface a considerable depression ; i ts long diameter 
is shortened, the d iaphragm being dragged upwards, t h e ribs 
made to approach more closely to each other , and the shoulder-
blades drawn downwards ; i ts transverse diameter is less, t he 
r ibs being forced together , br inging the nipple nearer to the 
s t e rnum and the shoulder-blade to the vertebral column than 
on t h e sound side, while t h e anterior medias t inum is displaced 
towards t h e affected side. F u r t h e r , there occurs in these cases 
a distort ion of the spinal column, the convexity of which is 
towards the sound side, t h e dorsal muscles on t h e affected side, 
like t h e intercostals, becoming paralysed f rom the persistence of 
t h e exudation, so tha t those of the sound side have no counter-
acting force opposed to t h e m ; in th i s way also the sh runken 
side of the chest has its t ransverse diameter d imin i shed .—The 
upward displacement of the d iaphragm and the dragging of the 
anterior medias t inum towards the diseased side have an im-
por tant influence in al tering the position of such organs as s tand 
in immediate relation to those parts . Thus , in contraction of the 
r igh t side the liver rises and the hea r t encroaches on the r igh t 
pleurit ic cavi ty; in shr inking of the left side the hear t is found 
s i tuated fur ther towards the lef t t h a n in heal th , and above the 
level of the nipple. The hear t ' s impulse may, nevertheless, in 
cases of sinking of the lef t side, be felt a t a point more or 
less to the light of i ts normal position, when it has pre-
viously been dislocated towards tha t side by effusion into the left 
p leura and has there formed adhesions. The most marked 
contraction of one side of t h e chest , after t he absorption of long-
s tanding exudation or t h e escape* externally of empyematous 
fluid, takes place in children, because in them we have the 
difference in growth of the two sides to add to the other dif-

ferences. The diseased side has i t s development arrested while 
the sound side assumes vicarious funct ions and increases i n 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 which had 
burst through the skin and discharged outwardly, m which the left side 
was at most but a third of the size of the right, while the heart pul-
sated below the ru/ht nipple ; it is thus evident that m 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 str iking character ; sometimes certain par t s 
of the lung become again expansible, and then it is only over 
those portions which remain collapsed tha t t he chest-wall s inks . 

The same form of atelectasis as that produced by pleuritic effusion, 
and the shrinking of the thorax associated with it, might, a priori, 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. 

T h e third group of pathological changes i n the shape of the 
chest consists of circumscribed depressions of t he surface, which 
are to be dist inguished f rom the foregoing forms of contraction 
chiefly by the i r being less considerable in degree and less ex-
tensive. They follow shr inking of t h e lung, f rom whatever cause 
i t may arise, and owe their existence to t h e fact t ha t collapsed 
portions of lung occupy a much smaller space t h a n those which 
contain a i r ; and as the spare room cannot be filled up by another 
organ the corresponding par t s of t h e 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 th is takes place most often at t he anterior and upper par ts , 
in the supra- or infra-clavicular regions, sometimes on one side, 
a t other t imes on both, it is in these si tuat ions tha t they may be 
most confidently looked for. On the lower pa r t of the posterior 
surface of the chest these depressions are seldom seen, even when 
there is considerable shr inking of the subjacent lung-t issue, as 
the powerful dorsal muscles prevent the i r appearance. 

It not unfrequently happens that in chronic interstitial pneumonia 
and contraction of the pulmonary substance in children there are 
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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 abnormit ies 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 
unfrequent ly gives rise to caseous degeneration and tuberculosis 
of the lungs . I t 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 t h e clavicles, and diminut ion of the antero-
posterior diameter . T h e manubr ium sterni takes par t i n t h e 
flattening, it sinks and so forms an angle (the angle of Louis) 
a t t he point where it jo ins the body of the bone. Th i s is known 
as the paralytic form of thorax, t he phthisical habi t . 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 heal th , bu t when attacked 
by disease of the respiratory appara tus can never feel assured of 
making so complete a recovery as those who are of a more 
powerful bu i ld .—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 within 
the scope of this work. 

MENSURATION OF THE THORAX. 

Very slight variations in t h e 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 sl ighter 
degrees of difference., which m a y escape notice on account of" 
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the trifl ing inaccuracies often unavoidable in working with in-
s t ruments , are distinctly appreciable to the practised eye. W h e n , 
however, the form of the chest undergoes certain changes in the 
course of the disease,—when, for instance, one side is first 
enlarged by pleurit ic effusion and af terwards contracts, i t may 
be desirable to ascertain definitely the extent of these variations, 
in order to obtain a numer ica l s ta tement of them with which to 
compare the s ta te of ma t t e r s at a later period. W i t h this end 
in view we take the measuremen t s of t h e circumference and 
diameters of the chest and the extent of the movements of 
respirat ion,—the circumference by m e a n s of a tape divided into 
centimeters, the diameters by means of calipers. 

The circumference of t he thorax at t he level of the nipple in 
front and of the lower angles of the scapula} behind, when the 
a rms are raised and outstretched, amoun t s to about half t h e 
length of the body ; in well-built men the average is 82 c tmr . 
(32 '28 inches) at t he end of an ordinary expiration, and 89 ctmr. 
(35'04 inches) after a deep inspi ra t ion; at t he ensiform cartilage 
the circumference is about 6 c tmr. (2 '36 inches) less. I n old age 
it diminishes considerably, especially at t he upper part , so tha t 
the lower circumference becomes the greater . Perfect symmetry 
of the two sides of the chest is rare, t he r igh t being usually 1 — 2 
ctmr. (0-39—0-78 inch) larger. In measur ing only one side 
of the thorax it is necessary to avoid those sources of error 
which are apt to arise f rom differences of a t t i tude on the two 
sides. 

_ The above numbers are those of Fröhlich, and represent the average 
circumference in 725 men of 20 years of age, well developed, and 
destined for the military service. Krug's measurements, made on 
3,331 men of 30—34 years of age, agree generally with those of 
Frühlich, and show that the girth of the chest varied from 80-9 83-3 
cmtr. (31-85—32-79 inches) during expiration, the average being 82-2 
cmtr. (32-86 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 76 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 powerfully built. I t 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. 
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T h e diameters of t h e thorax are, 1, t he long diameter, 
measured f rom the clavicle to the base of the c h e s t ; 2, t he 
transverse diameter (the breadth), a l ine drawn f rom a given 
point on one side of the chest to a corresponding spot on the 
other side ; 3, the anteroposterior diameter (the depth), a l ine 
pass ing f rom any par t on the anterior surface to a corresponding 
point posteriorly, most usually taken f rom the s te rnum to the 
vertebral column, whence the te rm sterno-vertebral diameter . 
There are various other special comparative measuremen t s which 
are somet imes made on the two sides of the chest , such as the 
depth at t he apex, f rom the clavicle to the spine of the scapula, 
t he distance between the s te rnum and the nipples, or between 
t h e nipples and vertebral column, &c. T h e 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 tha t i t is scarcely possible to fix on 
any one number as expressing i ts normal l e n g t h ; the t rans-
verse diameter, in the upper and lower par ts of the chest in adult 
m e n amounts generally to about 25 — 26 cmtr . (9 '84—10*23 
inches), in women to 2 3 — 2 4 cmtr . (9"05—9"44 inches), and 
to 1 cmtr . (0-39 inches) more a li t t le above the level of the 
m a m m a ; t h e antero-posterior diameter is about 16 cmtr . (6"29 
inches) superiorly, 19 cmtr . (7 '48 inches) in the middle and 
inferiorly. 

W h e n the chest is very much misshapen, especially f rom 
spinal curvature, t h e tape, as it cannot be accurately applied to 
the various par ts , gives no useful or reliable information. I n 
such cases Woil lez ' cyrtometer should be u s e d ; th is instru-
m e n t follows closely all t he heights and depressions on the 
surface of the chest, and when removed furn ishes us with an 
exact t rac ing of i ts circumference at t he par t examined. 

This.cyrtometer consists of a number of small rods of whalebone 
cmtr ."in length so united by stiffly-moving joints as to f o r m 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 outline, drawn on paper, represents 
accurately that of the part of the chest examined. This measurement, 
repeated from time to time, affords valuable indications as to the 
progress of the disease under observation. 
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T H E MOVEMENTS OF RESPIRATION. 

I n ordinary circumstances the dilatation of the thorax in 
respiration is effected simply by the action of the d iaphragm and 
of the intercostal muscles, aided, in women, by tha t of the 
scaleni. I n men the d iaphragm is the most impor tan t of these 
a g e n t s ; when relaxed it projects in to the thoracic cavity in the 
form of a dome, bu t when contracted i t becomes flattened and 
descends, pushing before it t he abdominal organs, elevating the 
abdominal walls, and forcing outwards the cart i laginous par ts of 
the lower ribs. Th i s is t e rmed , for obvious reasons, t he costo-
abdominal type of respiration. I n women the enlargement of 
the chest takes place chiefly in the upper par t (costal type of 
respiration), and is produced principally by the action of the 
intercostal muscles, and to bu t a sl ight extent by the contraction 
of the d iaphragm. This type of respiration is not , as some hold, 
t he resul t of embarrassment of the action of the d iaphragm by 
t ight lacing and t h e pressure of the various par ts of a lady 's 
attire, as i t is observed in children of bo th sexes, who certainly 
are not exposed to these inf luences ; i t seems to originate" r a the r 
in the greater flexibility of the r ibs in both sexes dur ing child-
hood, and in the female sex dur ing the whole of life, t he 
action of the intercostal muscles be ing more effective under these 
conditions. W h e n respiration is very ful l and deep, in old age, 
and in certain pathological states, i t occasionally takes t h e 
costo-abdominal form, even in women. All t he diameters of the 
chest are increased in inspiration, t he t ransverse and antero-
posterior diameters by the movements of the r ibs and s t e rnum, 
the long diameter by the contraction of the d i a p h r a g m ; it is by-
the lat ter means t h a t t he capacity of t h e chest is most of ail 
increased. 

The movements executed by the ribs are of two kinds, elevation and 
rotation. The anterior extremity of each rib is raised and carried 
forward, its fixed point being at the vertebral column ; the rib is at 
the same time rotated, so that its convexity, which was before turned 
downwards, is now directed upwards and outwards. Further, as the 
ribs have a general inclination downwárds 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-



spiration and in attacks of dyspncea. The sternum is raised and 
carried forward by the movements of the ribs. The anteroposterior 
diameter of the thorax is increased by the simultaneous forward and 
upward movement of the ribs, its transverse diameter by their 
rotation. 

T h e lung follows every movement of the chest-wall. I t s ex-
pansion in inspiration, as has been proved by exposing the 
pleura, and by carrying on artificial respiration after opening t h e 
thorax, takes place in two directions, f rom above downwards and 
f rom behind fo rwards ; for the former movement the fixed point 
is t he apex, for t h e lat ter a point on the posterior surface of the 
lung . If t he lung at any pa r t does not immediately expand 
when t h e thoracic cavity di lates—a common enough pathological 
phenomenon—th i s is a t once indicated by the occurrence of a 
corresponding depression on the surface. 

T h e diminut ion in the capacity of the chest in expiration is 
due solely to the relaxation of the inspiratory muscles and to 
the elasticity of t h e lung ; t he r ibs and s te rnum re tu rn 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 par ts of 
the thorax, which in no rma l and quiet respiration should be 
equal 011 both sides, is usually measured by pass ing an ordinary 
tape round the chest about t h e level of the nipples ; in adul ts it 
amoun t s to 7—8*5 cmtr . ( 2 ' 7 5 — 3 ' 3 4 inches) when s tanding 
upr ight , to i cmtr . less when s i t t ing. The changes in the 
t ransverse and antero-posterior diameters are indicated on the 
scale of the calipers. Inequal i ty 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 port ion or the whole of one lung is completely 
collapsed or part ial ly deprived of air. I n the former case t h e 
corresponding side is generally motionless, or moves but l i t t le, 
in the latter case it expands, bu t not so freely as the sound side. 
These points may be observed even when the pat ient is breathing 
quie t ly ; a ful l inspirat ion, however, br ings them out more 
clearly, as the difference in extent of t h e respiratory movements 
in superficial and deep respirat ion is more marked on the 
heal thy than on the affected side. Minute differences may 
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often be recognised by examining t h e chest in profile, f requently 
also by watching the movements of the shoulder-blades. Thus , 
in patients suffering f rom large pleuri t ic effusion, when s tanding 
with the a rms hanging downwards, t h e scapula on t h e diseased 
side is almost motionless, while t ha t of the other side is con-
siderably raised and h a s i ts lower angle tu rned forwards. I f 
respiration be embarrassed in bo th lungs, as in bilateral emphy-
sema, neither side of t h e 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 bo th lungs ,—which occurs 
most frequently in ph th is i s pu lmona l i s ,—the l imitat ion of the 
respiratory movements is confined to the upper par t of the 
chest on one or both sides. I n the la t ter case the finer degrees 
of divergence f rom 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 t h e other . 

Sometimes certain par t s of the surface of the thorax near t h e 
apex on one side, more rarely on bo th sides, are observed to 
sink markedly in inspiration and to bulge outwards again in 
expiration. On close examinat ion it is usually found tha t those 
parts , which are, as a rule, s i tuated on the f ront of the chest 
and between the first and th i rd r ibs, are, even in the-respiratory 
pause, somewhat less p rominent t h a n 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 f rom the inabili ty 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 par t s of the surface to the external a tmospheric 
pressure. 

Inspiratory depressions are also very common in the lower 
lateral intercostal -spaces on both sides, in t h e epigastr ium, in 
the region around the ensiform process and sternal inser t ions 
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 t h e lungs and stenosis of the 
larynx (from croup, &c.). The cause in both cases is t he rare-
faction of the air within the lungs , and the consequent pre-
ponderance of the external over the in ternal atmospheric pressure. 
Direct proof of the accuracy of th i s explanation is found in the 
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facts t h a t inhalat ion of rarefied air f rom a pneumat ic appara tus 
produces sinking of the supra-clavicular regions and of the flexible 
par t s a t t he base of the chest , and tha t those concavities, when 
due to emphysema or stenosis of the larynx, disappear on the 
inhala t ion 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 rigid 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. 

I n many cases of dyspnoea of old s tanding, especially in aged 
emaciated persons suffering f rom emphysema, a shallow horizontal 
sulcus (Harr ison 's Sulcus) m a r k s externally the lower border of 
t ha t portion of the d iaphragm which r ises f rom the xiphoid 
carti lage. 

A n impor tan t diagnostic point is often found in the relative 
extent of t h e movements of respiration in the upper and lower seg-
men t s of the chest . W h e n the impediment to the free entrance 
of air in to the upper lobes is considerable the lower lobes act more 
vigorously and exercise vicarious functions, the diaphragm con-
tracts powerfully, t he lower pa r t of the thorax is widely distended, 
while the movements in the upper par t s are restricted. Th i s type 
of respiration is often seen in consumptives. On the other hand , 
if t he action of the d iaphragm be more limited, as is often the case 
when it is carried upwards by t h e pressure of fluid or tumour in t h e 
abdominal cavity, or is forced downwards by pleuritic effusion or 
pneumothorax, t he lower pa r t of the chest-wall takes a less pro-
m i n e n t share in the movements of respirat ion. Besides being 
hampered in i ts action from these mechanical causes the d iaphragm 
may be partially paralysed f rom the persistence of the pressure 
and from the spread of the inf lammation to its serous covering. 
I n acute fevers having a protracted course (such as typhus) there 
is usual ly a temporary enfeeblement of the d iaphragm. 

STETHOGRAPHY. 4 1 

More or less complete paralysis of the diaphragm from neuropathic 
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-
piration. In 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. 

Stethography. 
(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, fitted with a pencil, records its movements on a slip of paper 
which is caused to pass before it. In other apparatuses (Rosenthal's, 
Gerhardt's, Marey's, Fick's, &c.), though they differ 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 stethograph" 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 Riegel'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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FREQUENCY OF THE RESPIRATION. 

This , in hea l th , amounts to 1 4 - 1 8 per minu te in adult men , 

FREQUENCY OF RESPIRATION. 43 

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. Posit ion has but l i t t le influence on the 
frequency of the respirat ion, though it is r a the r faster when sit-
t ing or s tanding than when lying. The most extensive control 
is exercised over it by the wil l ,—it may be voluntarily deepened 
or made superficial, accelerated or re tarded, or even arrested for 
30—60 seconds. I t goes on most quietly and regularly when Wi l l 
and Percept ion are in abeyance, as in sleep. 

Of the deviations from the normal frequency acceleration is 
more common than retardat ion. T h e ra te may increase to 70, 80, 
or even to over 100 per m i n u t e ; generally, however, it r ises no 
higher t h a n 40. Abnormal rapidi ty of respirat ion is called 
dyspnoea. Respirat ion is sometimes not merely quickened, but 
each inspirat ion may gain considerably in depth ; a t other t imes 
respiration is s imply fuller, while its speed is scarcely increased, 
or may even be diminished. The la t ter condition also is known 
as dyspnoea. 

Respiration is physiologically accelerated by physical exertion, 
such as rapid walking, r u n n i n g ups ta i rs , 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 hear t is thereby excited to more powerful 
and rapid cont rac t ion; the same effect is produced in some 
pat ients by menta l depression or even by the knowledge of the 
fact tha t they are being observed by others . All these d is turbing 
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 Respirat ion takes place as a pathological 
phenomenon in the following circumstances— 

1. W h e n there is pain in any par t of the thorax or abdomen to 
which t h e movements of respiration are communicated. T h e 
pat ient brea thes hurr iedly but superficially, in order to avoid 
adding to his suffering by causing dis turbance of . t he par t s 
affected,—a condition of which the onset of pleurisy affords a good 
example. Pa in fu l affections of the ribs and of the muscles of t h e 
thorax (as in acute muscular rheumat ism) are, in the same way, 



associated with increased frequency of respiration, to bu t a sl ight 
extent , however, when the pain is located in the investing (pec-
toral and dorsal) muscles , mos t markedly when the proper 
respiratory muscles ( the intercostals and diaphragm) are impli-
cated. 

In one case of acute rheumatism of the entire muscular system of 
the chest I found that the respirations numbered 40 per minute; m 
another case, in which the symptoms seemed to point to inflammation 
of the diaphragm, the respiration was over 50 per minute, while the 
diaphragm remained almost motionless, the slightest attempt at deep 
inspiration being cut short by agonising pain. 

T h e brea th ing of those who are suffering from acute pain in 
t h e abdomen (as in diffuse peri tonit is) is exceedingly shallow, 
and therefore very rap id , as the contraction and downward 
movement of the d iaphragm and the consequent displacement of 
the abdominal organs are t h u s reduced to a m i n i m u m . 

2. Increased frequency of respiration is an unfai l ing concomi-
t an t symptom in all febrile conditions of any considerable degree 
of intensity, f rom whatever cause they may ar ise; i t does not , 
however, increase proportionately to t h e severity of the fever. 
I n very h i g h fever the number per m i n u t e may reach 30—40, in 
children 50—60, wi thout necessarily implying the existence of any 
lung complication. T h i s is a t t r ibutable to various causes ,—to 
t h e acceleration of the pulse and the greater velocity with which 
t h e blood circulates t h rough the lungs , to the augmenta t ion of the 
quant i ty of carbonic acid contained in the blood, bu t mos t of all 
to the abnormal elevation of t empera ture . Through those in-
fluences t h e respiratory centre in the inedulla oblongata is 
more often and more powerfully s t imulated 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 ot 
cold baths, the pulse-rate remaining unchanged. Dyspnosa from this 
cause (heat dmftfP) is the result of direct irritation of the respiratory 
centre, as bas been shown by numerous experiments on animals, in 
which the blood, as it passed through the carotids, was artificially 
warmed. 

3. The most marked increase in the frequency of the breathing 
takes place in those diseases in which the interchange of gases t ha t 
should go on in the lungs is disturbed, diseases whose seat may be 
either in the respiratory organs themselves or in other par ts . I n the 
former case the dyspncea arises f rom t h e blocking up of some of 
the avenues by which t h e air reaches the brea th ing surface, ei ther 
by diminution of the calibre of the air-jpassages or by conditions 
which render the pulmonary vesicles impermeable. 

The cases in which the air-canals are narrowed may be divided 
into two classes, those in which t h e obstruction is s i tuated in t h e 
larynx or trachea, and those in which it occurs in the larger bronchi 
or their finer subdivisions. To the former group belong cedema 
glottidis, croup, diphtheri t is of the larynx, and thyroidal tumours 
which compress the trachea ; t he la t ter group includes especially 
catarrhal swelling of the bronchial mucous membrane , which, 
when it is extreme, affecting a large n u m b e r of the finest air-
tubes, produces all t he effects of constriction h igher up—in the 
larynx or t rachea. 

The alveoli may become impervious f rom infiltration with 
plastic or fluid exudation (in pneumothorax , cheesy degeneration, 
cedema of-the lungs) , or f rom compression (by fluid, air, t umours 
in the pleura, &c.), or f rom loss of elasticity to such an extent 
t ha t they do not sufficiently expand in inspirat ion nor adequately 
contract in expiration (as in vesicular emphysema) . W h e n , 
f rom one or more of the above-named causes, t he air-cells are 
closed the decarbonisation of the blood is in terfered 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 dyspncea 
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 tha t , other conditions 
being the same, it increases with the magni tude of the obstacle 
to respiration, t h a t is, wi th the d iminut ion of the available 
breathing surface. As a rule it is t he more marked the more 
suddenly the respiratory surface is reduced ; thus , in collapse of 
one lung f rom pneumothorax, developed within a few hours , it 
reaches a h igh degree of i n t ens i t y ; bu t should the collapse be 
brought about by the pressure of a slowly-accumulating pleuritic 
effusion, the dyspncea is less considerable. 



W h e n , as in p l e u r o p n e u m o n i a , p a i n and fever co-operate with 
t h e cause j u s t described in accelerating t h e respiration, t he ra te 
shows a very rapid increase and may soon u s e to 40 or more 
per minu te ; on the other h a n d , certain varieties of chronic 
consolidation of t h e 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-
tas is of an entire lung, produced by pleural effusion of long 
s tanding, in which the respirat ions were not more t h a n 24 per 
minu te nor appreciably increased in depth. _ 

I n chronic affections in which respiration is obstructed i ts 
f requency varies greatly, part icularly according as the body i s 
well or ill nourished. T h u s in phthis is p u l m o n a l e even when 
it is far advanced and the b rea th ing surface extensively destroyed, 
respiration is often not at all hur r i ed , because, on account of the 
emaciation, the quantity of blood in circulation is decreased and a 
much smaller volume of oxygen suffices for i ts decarbomsation 
I n those destructive processes, however, which are not at tended 
by wasting, such as bronchiectasis , breathing is usual ly greatly 
accelerated. Respirat ion becomes exceedingly rapid also when 
a new obstacle is suddenly added to one of o der s tanding. 
E m p h y s e m a t o u s pat ients feel tolerably comfortable as long as 
their shor tness of breath is due merely to inexpansibility of the 
air cel ls ; bu t should a diffuse bronchial catarrh supervene or 
should the original disorder be seriously aggravated by cold 
weather, the i r dyspnoea immediately becomes very distressing 

T h e frequency of respiration is fur ther increased by certain 
diseases of the heart, especially by those valvular a f f e c t i o n s ^ 
e i ve rise to overfilling of the pulmonary circulation and t hus to 
in terrupt ion of the free in te rchange of gases in the pulmonary 
capillaries. Among such conditions are insufficiency of the 
mi t ra l valve and stenosis of t h e mi t ra l orifice; m the first 
a quanti tv of t h e blood in the lef t ventricle passes backwards in to 
the auricle at each systole, in t h e second the free flow of blood 
f rom the lef t auricle is prevented. Under these circumstances the 
left auricle, and subsequently t h e pulmonary capillaries and 
veins, become engorged, t h e necessary consequence of which is 
t h a t the blood is insufficiently arterialised m the lungs , t he 
respiratory centre is more powerfully s t imulated, and the move-

men t s of respiration more frequently repeated. A second, but less 
important , element in t h e production of dyspncea in mitral disease 
is t he occurrence of bronchial catarrh from the passive congestion 
of the circulation through the lungs . Those hear t 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 fat ty 
degeneration and is no longer able to propel the whole of i ts 
contents into the aorta, and so fails to accommodate the whole 
of the blood which should enter it f rom the left auricle, the 
pulmonary vessels are overloaded and dyspncea is established. 

Slight dyspncea, however, is set up in aortic disease, from the in-
creased rapidity of the heart's contraction, and when the hypertrophied 
and dilated left ventricle encroaches on the neighbouring parts of the 
lung, causing them to shrink and so diminishing their respiratory sur-
face. The dyspncea 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 dyspncea 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 t h e chest and its 
movements in th is way limited. Dyspncea is t hus frequently 
observed in cases of ovarian tumour , ascites, and tympani tes , 
especially when the pat ient assumes the dorsal posi t ion. T h e 
greater the number of these excit ing causes which coexist in 
any given case the more marked is t he dyspncea; it takes 
probably its most agonising form in the la ter stages of mi t ra l 
disease, when ascites, hydrothorax, and pericardial effusion make • 
their appearance together. 

Not unfrequent ly we have dyspncea proceeding f rom no obvious 
cause, or at least f rom no cause which corresponds to it in 
apparent importance. I n mos t of these cases it is owing to a 
temporary diminut ion in the calibre of the bronchi , f rom spas-
modic contraction of the bronchial musc le s ; it is therefore named 
bronchial asthma. Th i s variety of dyspncea occurs in paroxysms 
of relatively shor t duration, while in the intervals, when the case 
is not complicated with other affections, especially bronchial 
catarrh, respiration may be almost normal. 
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F r o m objective dyspnœa is to be dist inguished a subjective 
variety. Many persons complain of occasional shortness of 
brea th especially those who have a sense of weight or pain m 
t h e epigastr ium f rom diseases of t h e s tomach or from other 
c uses" those who have a feeling of oppression m the cardiac 
region! hysterical individuals and others, in whom no trace of 
any physical condition which migh t explain th i s subj ive 
dyspnoea can be detected. W h i l e i t lasts no dyspnœa is objec-

tively apparent , or the pat ients , while brea th ing superficially bu t 
at t he normal rate, only now and then draw a full , deep inspira-
t ion ,—a state of ma t t e r s very frequently met with even in perfect 

-heal th. 
Genuine dyspnoea is dist inguished 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 b rea th ing is rapid 
bu t not appreciably increased in dep th ,—the respiratory muscles 
being evidently unequal to a t a sk demanding so much exertion, 
as, in common with all t he muscles of t h e body, they part icipate 
in the general emaciation caused by the high fever. On the other 
hand , in those chronic lung diseases in which t h e physical 
s t rength is not reduced,—vesicular emphysema for ins tance ,— 
respiration is often very deep and full while the increase in i ts 
frequency is but sl ight . There are two forms in which th is 
greater depth or longer dura t ion of respiration may mani fes t 
i tself ,—it may affect principally the inspiration or t he expiration. 
Prolonged inspirat ion, inspiratory dyspnoea, is observed when 
the air enters the lungs with difficulty, as in stenosis of t h e 
larynx and t r a c h e a ; i ts most typical and simple form is seen 
in paralysis of the posterior crico-arytenoid muscles , t he marg ins 
of the glott is in t h a t ra ther rare affection being approximated to 
each other in inspiration and relaxed in expira t ion ,—the reverse 
of the normal movements . Prolonged expiration, expiratory 
dyspncea, occurs when the escape of air from t h e lungs is in any 
way impeded, as in diffuse bronchial catarrh associated with 
vesicular emphysema, though in these circumstances the inspira-
t ion also is lengthened. 

The greater depth of the respiration is t he resul t of the 
increased action of the ordinary respiratory muscles assisted by 
tha t of the accessory muscles, t he la t ter t e rm including those 
which, t hough they take no par t in t h e thoracic movements when 
the breathing is normal and quiet , contract powerfully when it is 
desired to expand the chest to the u tmos t . 

The accessory inspiratory muscles in the neck are the scaleni 
and t h e sternomastoids. The anterior and middle scaleni raise 
the first rib, t he posterior scalenus the second; these, however, 
especially in the female sex, are not entirely inactive even in 

E 
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ordinary respiration. W h e n the head is fixed the sternomastoids 
elevate those parts into which they a r e i n s e r t e d , - t h e clavicles 
and s ternum. Certain of the thoracic muscles also may be 
considered accessory muscles of inspiration. 

The pectorales (major and minor), when the dyspncea is very 
intense, raise the r ibs (second to sixth) when the head and 
shoulders are fixed; it is by availing themselves of the action of 
these muscles tha t emphysematous patients, when suffering from 
an attack of as thma, seek to obtain relief in g r a s p i n g firmly some 
object above their heads . The serrati postici supenoreselevate 
t he upper ribs ; the subclavius 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 l ib towards the 
vertebral' co lumn; the levator• anguli scapula, tha t part ot t he 
trapezius which rises from the occiput and is inserted into the 
clavicle and acromion, and probably also t he serrati antici majores 
act as inspiratory muscles, inasmuch as they move the lower and 
middle r ibs upwards and outwards when the shoulder is fixed. 
Finally, it has been proved by experiments on animals tha t m 
asphyxia t he elevators of the head and spinal column aid m 
inspiration ; in men it is only when suffocation is threatening, m 
croup and spasm of the glottis, tha t these muscles are called into 

action.* , 
Whi l e t he above-mentioned muscles are to be regarded as 

dilators of the thorax, others, such as the levatores alee nasi and 
the levator palati mollis, co-operate with them by enlarging the 
openings by which the air en te r s ; the sterno-hyoid sterno-
thyroid, thyro-hyoid and omo-hyoid muscles also, by depressing 
t he larynx, facilitate the admission of air into the lungs. 1 he 
most important of t he accessory muscles of this kmc 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 r ima glottidis. . 

I n 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; t hus Traube states t ha t first 
the elevators of the upper ribs are thrown into violent contrac-

* One may easily by simply fixing the arm. , demonstrate on his own person the 
fact tha t these Muscles are really instrumental in adding somewhat to the forces winch 
dilate the chest 
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ion then the scaleni, the elevators of the lower ribs, the sterno-
hyoids and s te rnothyro ids , and lastly, the serrati postici 
superiores. I n the human subject no such order is observed, 
the additional movement is sometimes accomplished by one set 
of muscles, at other t imes by another. In general, however, 
when the dyspncea is considerable, the cervical muscles (especially 
the scaleni and sternomastoids) are t he first to come to the aid 
of the ordinary inspiratory muscles ; when the dyspncea is still 
more severe these are joined by the levatores a ¿ nasi , and in 
the worst cases by the muscles of the breast and shoulder-blade 

nf f r r 7 n ' r ? W h e ü a b n 0 r m a I l y P r o l o n S e d 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. 
W i e n this elasticity, however, is much diminished, as in the 
advanced stages of emphysema, it is supplemented by the action 
of various musc les ; the thorax is thereby as far as possible 

duced m 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 

tZet r 7 ^ T t0TdS the dÍaphragm' the 

diametei of t he abdomen being shortened by the action of the 
transversa, the long diameter by tha t of the recti. Other 
muscles assist in expiration by drawing the thorax downwards; 
the obhqui (external and internal) and the triangularis sterni 
depress the anterior par t of the lower ribs, the serrati postici 
inferiores (antagonists of the serrati postici superiores) have a 
imilar influence on the four lower ribs, and the quadratus lum-

borum on the lowest r ib. 
The existence of some difficulty of breathing may frequently 

be recognised at the first glance b y ' t h e marked contraction of 
several of the accessory muscles of inspiration, such as the 
sternomastoid scalenus, omohyoid, and upper part of the 
tiapezius. Should these muscles become hypertrophied by fre-
quent exercise of their function, as often happens in patients 
t j l r r fi'0m e m ^ " S e m a > contraction 
cau s e s them to stand out prominently in their whole length, a 
phenomenon which is exceedingly striking when the neck is 
bin and emaciated, and when the supra-clavicular regions sink at 

each^ inspiration. The contractions of the accessory expiratory 
muscles also are sometimes visible. 
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The effective operation of these accessory muscles depends 
essentially on the position of t he pat ient . W h e n d e * i s 
dorsal t he muscles of t h e back, when lateral those of the unde -
most side, act bu t feebly; t h e pa t ien t therefore ^ s tmc t ive ly 
assumes such a pos ture as is bes t adapted for the vigorous 
contraction of the mos t powerful of the inspiratory muscles; 01 
which permi ts of the co-operation of the greatest number of t h e m 
Accordingly the position of the dyspn<Btic p a t i e n t , - e x c e p t i n g 
those cases in which h e is not perfectly conscious, and does not 
therefore select t h e mos t comfortable a t t i t u d e , - f u r n i s h e s us 
with a useful indication of the greater or less gravity of t h e 
impediment to the respirat ion. T h u s the obstacle canno be 
one of any very great magni tude if t he P ^ ^ ^ 
lies on h is b a c k ; with every aggravation of he difficul y of 
brea th ing he assumes a h igher posit ion, and ul t imately has to 
remain L o s t constant ly in t h e s i t t ing posture (orthopnea) 
I n t h e most in tense fo rms of dyspnoea, such as occur m the 
as thmat ic a t tacks connected with old-standing emphysema in 
diseases of t h e hea r t associated with ascites hydrothorax, ¿ c 
t i e pat ient is somet imes unable to sit in bed, but is obliged to 
pass many sleepless n igh t s in a ha l f -s tanding position or i n an 

a r i The '"semi-erec t posture is of ten adopted even when the inter-
ference with t h e process of respirat ion is not of a very serious 
character, especially if t he affection of the lungs or air p a s s a g e s 
is at tended by a profuse fluid secretion ; m this posi t on^the 
accumulated mat te rs are more easily expelled on account of the 
greater assistance which the muscles of expiration are then able 

t 0 T h e ^ i a c t seat of t h e obstacle to respiration has also consi-
derable influence in de termining t h e habi tua l a t t i tude of the 
pa t ien t . I f i t involves one side of t he chest only, as i n pleurisy 
with effusion, it is found tha t brea th ing is more easily performed 
when he lies on t h e affected side, as the m u s c l e s o the sound 
side are t hus left completely unencumbered, and the heal thy 
ung s at liberty to dilate to its fullest extent and so to 

part ial ly compensate for the disablement of the other lung. 
Should the pat ient t u r n to t h e sound side t h e dyspncea is at 

• o n c e greatly augmented, for no t merely does the hindrance to 
muscular contraction on t h e affected side continue as before, but 

on the sound side also the action of the chest is hampered and 
the weight of the fluid press ing on the heal thv lung still fu r the r 
reduces i ts available respiratory surface. On the other hand at 
the commencement of painful unilateral pleurisy the pa t ien t 
generally elects to lie on the unaffected side, as rest ing on the 
diseased side increases the pain. F o r the same reason when 
there is a painful condition of one side of t he chest ar is ing f rom 
other causes decubitus is usually on the sound side. °These 
observations regarding decubitus apply only to those diseases 
which are characterised by t h e severer forms of dyspncea • in 
milder cases the pat ient reclines indifferently on "either side 
according to habit . 

W h e n the funct ion of respirat ion is in any way impeded in-
crease m frequency and in depth are the most common changes 
tha t the act of breathing undergoes. B u t in some rarer cases 
respiration is not at all accelerated, or is even somewhat slower 
than m h e a l t h ; inspiration, however, is then always prolonged 
and much more full . This type of respirat ion is observed in two 
condi t ions:— 

1. In stenosis of the larynx or t rachea, acute or chronic. 
2. In lung diseases which are followed by affection of the 

brain. 

The first condition is best i l lustrated by laryngeal croup—in 
children the most f requent cause of laryngeal s tenos is ; in it 
inspiration is prolonged, slow, and deep, and accompanied by a 
peculiar crowing noise [stridor) which is audible even at some 
distance. This re tardat ion of t h e respirat ion is due to the con-
striction of the rima glottidis which m u s t always occur on the 
deposit of croupous exudation above and below the glottis, bu t 
which may also take place independent ly of the presence of the 
croupous membrane, f rom inf lammatory swelling and consequent 
partial paralysis (paresis) of the muscles which govern the vocal 
cords, especially those which relax t h e m . I t is t h u s only by 
dmt of very violent effort on the par t of the dilators of the glott is 
tha t the passage of air is permit ted, so tha t inspiration becomes 
laborious and deep,- superficial, t hough frequent , respirat ion 
would be of l i t t le avail under such circumstances. F u r t h e r in 
those cases in which t h e vocal cords are covered with exudation 
expiration also is obstructed and p ro longed ; and as both inspi-
ration and expiration t hus occupy a longer period respiration as 



Exper imen t s on animals fu rn i sh the t rue explanation of the 
slowness of respiration in the second variety of cases, those 
which are complicated by the occurrence of brain disease. I t is 
well-known t h a t t he respiratory centre is s i tuated in the medulla 
oblongata, close to the point of origin of t h e vagus nerves. I t is 
th rough these nerves tha t t h e respiratory impulse is excited and 
t h e rythmical character of the movements susta ined ; when they 
are divided in t h e neck t h e frequency of respiration s inks con-
siderably, sometimes to even one-third its normal ra te per 
minu te , while each individual inspirat ion becomes exceedingly 
deep and is accomplished only by great muscular exer t ion; and 
if the respirat ion of the animals so operated on be still fu r the r 
embarrassed, as by punc tu r ing one side of the chest or by inject-
ing fluid in to the pleura t i l l one lung is fully compressed, and 
the functionally active lung-surface in t h a t way suddenly reduced 
by one-half, t he brea th ing nevertheless r ema ins slow and quiet 
as before. Similarly in men , respiration, notwi ths tanding the 
existence of a considerable obstacle to its proper performance, 
may be unduly re tarded when the normal s t imula t ing influence 
of the vagi is wi thdrawn, an accident which is apt to happen 
when the i r medullary roots and the adjacent pa r t s of the brain 
are compressed by fluid exudat ion, extravasation of blood, and 
other changes in the basis cranii. Th i s same symptom, pro-
longed and deep inspirat ion, is observed also in l imited regional 
bra in diseases [Heerderkrankungen] affecting even pa r t s distant 
f rom the vagus,—in the coma which follows apoplectic seizures, 
and in circumscribed sof tening. 

"When the vagus is compressed by tumours in the neck, or wounded 

a whole is slower. Section of the recurrent laryngeal nerve in 
animals produces narrowing of t h e glott is and gives rise to the 
same phenomena—diminu t ion in the frequency of respiration 
and deepening of each individual inspirat ion. 

This explanation of the cause of retardation of the respiration is 
applicable to most cases of stenosis of the larynx, even to those in 
which expiration is not obstructed. Thus, if a patient suffering from 
paralysis of both posterior crico-arytenoid muscles, in which there is 
only inspiratory contraction of the glottis, should breathe rapidly he 
would be devoting as much time to expiration (which is free) as he 
does to inspiration (which is difficult) ; he instinctively prefers, there-
fore, to protract inspiration at the expense of expiration. 

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 dyspncea, known as Cheyne-Stokes' 
Respiration, which is met with in some diseases of t h e hear t and 
brain, and in certain other affections in the course of which 
cerebral complications arise. I t consists in a regularly-occurring 
pause, las t ing i — 1 minute , dur ing which respiration is com-
pletely suspended, and which is preceded by t h e following 
characteristic t ra in of dyspnceal p h e n o m e n a : inspirat ion, which 
is a t first shor t and shallow, becomes gradually deeper, and finally 
markedly dyspnceal; when th is dyspncea has reached the acme 
of its severity respirat ion becomes again more and more superfi-
cial with each successive inspiration, and eventually comes to an 
absolute s tandst i l l . W h e n the pause has continued — i minu te 
these symptoms are repeated in exactly the same way. I n 
the most pronounced cases t h e dyspnceal period, dur ing which 
the respirat ions number about 30, occupies 5-—§ of a minu te , 
and the pause is of nearly the same durat ion. The whole cycle 
of phenomena therefore takes up 1 — m i n u t e s ; in less marked 
cases it lasts only about I minu te , and may easily be overlooked, 
especially when t h e pause is very short . Th i s variety of dys-
pncea rarely occurs in the early stages of any disease, usual ly 
appearing only a few weeks, days, or even hours before dea th ; 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,— 
hemorrhage, exudation, cedema, tumours, uremia,—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 
the irritability of the respiratory 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 for 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 



(The es t imat ion of t h e vi tal capacity of t h e lungs . ) 

By t h e t e r m vital capacity i s unde r s tood t h e greatest volume 
of air t h a t can be inha led by t h e ful les t inspira t ion af ter t h e 
m o s t forcible expirat ion ; i t m u s t n o t be confounded wi th the 
t e r m total capacity, which m e a n s t h e vi tal capacity with t h e 
addi t ion of t h a t quant i ty of air which still r e m a i n s m t h e lungs 

• even af ter t h e mos t complete expira t ion. T h e la t te r , the res idual 
a i r , i s displaced only when t h e lungs collapse on opening t h e 
tho rax . 
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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, anemia 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 anemia 
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 oi 
apncea, 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 ot 
the arterial tension and of the blood-pressure, while the anemic 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 gaming m depth, the 
great fontanelle is depressed. And further, this form of dyspnoea 
may invariably be arrested at the very commencement of each seizure 
bv 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 dimmish or even 
cut off the blood supply of the brain, and so set up a gradually-
increasing dyspncea, and we can then re-establish the circulation and m 
that way reduce the dyspncea or even arrest respiration. 

SPIROMETRY. 

SPIROMETRY. 57 

The vital capacity of the l u n g s may be mos t conveniently mea-
sured by m e a n s of H u t c h i n s o n ' 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 cylinder. 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. I t 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. 

T h e vital capacity of t h e lungs of hea l thy persons varies con-
s iderably ,—from 3 ,000 to 4 ,500 or 5 ,000 ccm. in m e n , a n d f r o m 
2,000 to 3 ,000 ccm. in women. Bes ides sex t h e e lements whose 
variation seems to influence i t mos t are h e i g h t and age. I t increases 
at t h e ra te of 60 ccm. for every cen t ime te r of s t a tu re above 1 5 5 ; 
thus if t h e vital capacity which corresponds to a h e i g h t of 
162 cmtr . be 3 ,000 ccm., t h a t associated wi th a he igh t of 167 
cmtr. should be 3 ,300 ccm. I t s re la t ion t o age i s seen in an 
increase of about 160 ccm. f rom t h e fifteenth to t h e th i r ty - f i f th 
year, and a decrease of about 900 ccm. f r o m t h e for t ie th to t h e 
sixty-fifth year ; i t is f u r t h e r very low in t h e ext remely aged a n d 
in young chi ldren. Sedentary occupation and deficient nu t r i t i on 
lessen, t h e opposite condi t ions a u g m e n t , t h e vi tal c apac i t y ; i t 
also undergoes d iminu t ion in t h e s i t t ing pos tu re , and when t h e 
s tomach is d is tended with food. T h e average in m e n of 2 0 — 4 0 
years of age and of m e d i u m he igh t m a y be a s sumed to be 3 ,600 
ccm., in women 2 ,500 c c m . ; in shor te r indiv iduals i t may be 
3 ,000 or less , while in ta l l pe rsons i t m a y m o u n t to 4 ,000 or 
more. 

T h e vital capacity is diminished in all diseases of t h e respi ra-
tory organs in which t h e expansibi l i ty of t h e l u n g s i s interfered 
w i t h ; in t h e la ter s tages of such affect ions i t may s ink to half 



i ts normal amount , or even lower. Th i s fall is dependent on, 
bu t is not exactly proport ionate to, t b e 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, i t 
does not follow tha t t he vital capacity will be similarly lowered 
by one half , as under such circumstances the heal thy lung 
expands more freely, and so compensates somewhat for the loss 
of funct ion in the affected lung . 

L i k e every method of examinat ion which involves t h e use of 
large or unwieldy in s t rumen t s spi rometry h a s 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 t rus twor thy t h a n those easily obtainable by other 
means . I n those cases also in which physical examinat ion alone 
is sufficient to make it perfectly clear t h a t t he capacity of t h e 
lungs is d iminished,—as in pleurisy with copious effusion, 
advanced emphysema, &c.,—it is superf luous to demonstra te t h a t 
fact fu r the r with the spirometer. Spirometry is t hus most useful 
when t h e decrease in the vital capacity is so tr if l ing as to escape 
detection by other t es t s ,—as when infil tration is beginning in the 
apices of the l u n g s ; even then , however, it is scarcely to be 
expected t h a t so s l ight an organic change should very markedly 
hamper the breath ing, as complete infil tration of one apex lowers 
the vital capacity by li t t le more t h a n 100 ccm. Fu r the r , t h e 
resu l t s may vary to the extent of 100 ccm., according as t h e 
operation is performed with due care and at tent ion to all essen-
tial detai ls or o the rwise ; even persons practised in the use of 
the appara tus do not always succeed in ra is ing the index to the 
same point . The vital capacity also differs so widely in indi-
viduals of the same height , age, and sex t ha t , unless the usual 
and normal capacity of the pa t i en t under examinat ion be known, 
one is warranted in mak ing pathological deduct ions from it with 
confidence only when it falls decidedly below t h e physiological 
m i n i m u m . Final ly, when the ful l di latat ion of the lungs is 
f rom any cause prevented (as by pain) , when respiration is 
abnormally f requent , or when t h e pa t ien t 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 t ime and often repea ted ,—the above-named sources of 

error being excluded,—comes to be of considerable value, as 
indicat ing the progress of the disease (whether improving, 
s tat ionary, or being fu r the r developed). 

The vital capacity is increased, in hea l th as well as in disease, 
by residence in elevated regions and by the use of certain pneu-
matic apparatuses,—by inspiration of compressed air, which pro-
duces greater expansion of the lungs , and by expiration into 
rarefied air, which permi ts of t h e more complete emptying of the 
l u n g s : in the lat ter case a port ion of the residual air also is 
expelled, t he to ta l quant i ty of air displaced is greater t h a n 
usual, so tha t t h e lungs are made to dilate more fully in the fol-
lowing inspirat ion. 

The most widely-known pneumatic instrument is the portable appa-
ratus introduced some years 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 
l-60th, l-40th, or l-30th, less than that of the atmosphere, or by 
inspiration of air whose density is l -60th—l-30th greater than that 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 methods of 
accomplishing that object cannot be used indifferently. 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 vital capacity slioidd be increased by expiring 
into an atmosphere of less than the normal 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 ah, however, would only have the effect of still further 
stretching the walls of the pulmonary vesicles and so of reducing the 
dyspncea (for which purpose, indeed, it is sometimes practised) but 
not the emphysema. "When, on the other hand, the lung has become 
partially consolidated by compression (as in cases of pleuritic _ effu-
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 the lungs by the inhalation of condensed air. 



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, m 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 with 
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. 

Pneumatomctry. 

To Waldenburg also belongs the credit of having been the first to 
apply 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 m expi-
ration The extent of the fluctuation is read-off 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. • 
I t has been abundantly proved by the researches of the above-men-

tioned observers that in healthy persons the power put forth m expira-
tion exceeds that of inspiration, usually by 2 0 - 3 0 mm. on the scale 
iust described. The following table gives more nearly the limits 
within which the pressure of forcible inspiration and expiration may 
varv in heal th:— . _ . .. J , Inspirat ion. Expirat ion. 

Mm. Mm. 

In moderately strong men 70—100 80—130 
In very powerfully-built men . . . 120—160 150—AZU 
In women 5 0 - 80 6 0 - 1 1 0 

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 thereby 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 mean 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 expiratory 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 mav 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 pressure is diminished, belong pulmonary emphy-
sema (the lowering of pressure being here due to diminution in the 
elasticity of the lung-tissue), bronchitis and nervous asthma. In the 
second class, in which it is particularly the inspiratory power that is 
lessened, are found phthisis puhnonum (the manometric difference 
being observable here even when the disease is of but slight extent), 
stenosis of the larynx and trachea, and generally those diseases of the 
respiratory organs which offer increased resistance to the expansion of 
the lungs (jmeumonia, pleurisy); in the more advanced stages of suoh 
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 hyperemia of the 
lungs (Waldenburg). Tumours of the abdominal organs (pregnancy, 
effusions, &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. 



PALPATION OF THE THORAX. 

THE phenomena discoverable by palpation with the excepUon of 
those elicited in the examination of pa infn l spots, do not belong 

th is method, most of t h e m being recognisable a k o 

Ty m e a n s Of anscnltat ion and p e ? u s s i o n . ^ n ^ ^ 
most commonly resorted to merely as a m e a n s o o n f i u m n D 

modifying the resul ts of other methods of examinat ion. 

1 . MOVEMENTS OF THE THORAX. 

T h e movements of the chest in inspirat ion may be as accurately 
ascertained by palpation as by inspection and mensura t ion . The 
p a l m a r surfatœsf of the hands should be placed on t h e sides or on 
t h e anterior and posterior surfaces of t h e chest according as we 
^ s h to observe i ts lateral or an t e ropos t e r io r movements ; in 
Th s way even a very s l ight lagging-behind of one or other side i s 
easily detected, f requent ly more readily than by inspection. 

2 . EXAMINATION OF PAINFUL R E G I O N S . 

T h e seat of a pa in fu l sensation is often very vaguely indicated 
b X pa ent and can usually be determined with accuracy only 
b y he application of the f inger. P a i n ar is ing f rom affection of 
the bon esforming the framework of the thorax, such as periost i t is 
o t t ibs is aggravated by pressure . Pleuritic pain, which 
i f qui te escape t h e notice of the pa t ien t if t he irritation of the 
p i l a be not very intense, is f requent ly elicited only by pressure 
h i one or more intercostal spaces and is always thereby con-
siderably a u g m e n t e d ; deep inspirat ion and forcible ^ r a t i o n , 
as n coughing, produce the same resul ts . Pa in m the inter-
costal n L s intercostal neuralgia, is similarly increased by 
pressure T h e pain of pleurisy may be dist inguished f rom 
t h a t of intercostal neuralgia by the fact t h a t m the la t ter i 
genera ly extends along the whole course of the nerve m the 
fntercosta l space or becomes p e c ^ l y acute 
pressure at certain spots ( " pa infu l points . ) P a m m t h e 
muscles of the thorax, muscular rheumatism, is invariably aggra-
vated by compressing the muscles between the fingers m a 

direction t ransverse to t h a t of their fibres ; occasionally it is fel t 
only when t h i s is done, and it is fu r the r never so perfectly 
localised as t h e pain of pleurisy or neuralgia . Pa t i en t s some-
times complain of undefined uneasy sensat ions in the chest which 
it is impossible to trace clearly to any of the above-named causes ; 
these are most probably propagated f rom some organ or nerve 
situated in t h e immedia te neighbourhood. 

3 . PECTORAL (OR VOCAL) F R E M I T U S . 

By this t e rm is designated a vibration of the walls of the thorax 
felt whilst speaking, s inging, or screaming, by placing the hands 
on the chest. The vocal cords, thrown into vibration by t h e 
expiratory current of air, t ransmi t these vibrations to the whole 
column of air in the bronchi and, if t he re be no special obstacle 
in the way, to the walls of t h e bronchi and t h rough t h e m to t h e 
thoracic parietes. The intensity of the pectoral f remitus depends, 
apart from the mere s t rength of the voice, on the following con-
ditions : 1st , On the pitch of 4he voice; t he vibrations of t h e 
vocal cords in t h e production of a low-pitched tone being neces-
sarily larger t han those concerned in the production of a tone of 
high pitch, t he sonorous wave is carried outwards with greater 
force ; j u s t as in musical (stringed) i n s t rumen t s the vibrations of 
the lower s t r ings are much more perceptible t h a n those of t h e 
upper strings, being fewer in number in a given t ime, so in t h e 
human voice difference in tone gives rise to variety in the s t rength 
of the vocal f remi tus , t he la t ter being more marked in men than in 
women, mos t dis t inct in those having bass voices, and most feeble 
in high sopranos. 2ndly, On the diameter of the bronchus into 
which the vocal vibrations are conducted, and its position relatively 
to the thoracic wall; i t is most in tense therefore on the r ight side, 
the r ight principal bronchus being wider, joined to the t rachea at 
a less acute angle, and s i tuated nearer to the vertebral column than 
the left, which is also separated from the spine by the oesophagus 
and the aorta . 3rdly, On the magnitude of the resistance offered 
to the passage of the sonorous vibrations through the walls of the 
chest; the vocal thr i l l will therefore be most perceptible in pat ients 
in whom the subcutaneous fa t is scanty and t h e muscular system 
but slightly developed. 4thly, On the distance of the spot under 
examination from the larynx; the f r emi tus is s t rongest over 
the larynx, is distinctly appreciable in the upper par t s of tho 



chest (in t h e clavicular regions in front , and between the shoulder-
blades behind), and diminishes in force interiorly. 

Under certain pathological conditions the pectoral f remi tus 
is diminished or even abolished, a t o ther t imes 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. 

I t is diminished by the effusion of a large quanti ty of fluid into 
one side of the chest, and disappears entirely when the exudation 
fills t he cavity of the pleura and causes complete collapse of the 
lung . I n the lat ter case the to ta l suppression of the f r emi tus is 
obviously due to the fact t h a t t h e vocal vibrations are bu t feebly 
conducted through the compressed bronchi and are still fu r the r 
weakened and diffused in the m a s s of the fluid effusion. The 
pleurit ic exudation here checks the sonorous waves, acting exactly 
like t h e damper of s t r inged ins t ruments , or the cloth covering 
which is placed on a t u n i n g fork to deaden i ts sound. 

Ef fus ion which is small in amount , no t encysted, l imited to 
the lower and posterior par t of the pleural sac, has l i t t le effect on 
the 'vocal f r e m i t u s ; a decided diminut ion in i ts intensi ty takes 
place only when the thickness of the exudation reaches or exceeds 

cmtr . I n cases of double pleurisy with effusion, in which the 
quant i ty of fluid thrown out is usually small and occupies the 
lower and hinder par t of t h e chest , t he pectoral f remi tus is 
slightly feebler on bo th sides. 

Diminut ion of the vocal thr i l l in the lower and posterior par t 
of t h e thorax is of great value as enabling us to dis t inguish 
between pleurisy and pneumonia i n the inferior lobe of the lung 
w h e n t he other symptoms alone are not sufficiently pronounced 
to warrant an exact diagnosis ; i t clearly indicates the presence 
of the former affection, as in t h e la t ter t he f remi tus is never 
decreased bu t always increased. 

I n the stage of absorption of pleuri t ic exudation the pectoral 
f remi tus , which had previously been abolished, becomes again 
perceptible. Th i s sign is of considerable importance, as it may 
somet imes be observed when t h e other symptoms of absorption 
are still a b s e n t ; more especially the level of the fluid may remain 
unal tered though absorption h a s gone on to a considerable extent , 
t he m a s s of exudation being s imply reduced in thickness and the 
resistance to the propagat ion of the vocal vibrations in t h a t way 
lessened. 

Similarly in pneumothorax the vocal f remi tus disappears 
because the sonorous vibrations penetra te the lung with diffi-
culty and are arrested in the gaseous medium interposed between 
the lung and the chest wall. A sl ight d iminut ion of the thri l l is 
f requent ly noticed when the bronchi are loaded with secretion 
from the mucQus membrane, as in chronic bronchial catarrh, t he 
cause here also being t h a t the abundant secretion presents an 
obstacle to the entrance of the waves of sound into the air-
passages ; af ter free expectoration the f remi tus re turns . 

W h e n the parenchyma of the lung is consolidated by infi l tra-
tion and so rendered void of air t he pectoral f remi tus is increased, 
the condensed lung-t issue being an excellent conductor of sound. 
In normal conditions the voice is heard only very faintly over the 
side of the chest, as the heal thy lung, consist ing, as it does, of 
non-homogeneous t issues ,—air-spaces and fibrous septa,—offers 
continual in terrupt ion to the outward passage of the waves of 
s o u n d ; when, however, t he lung is infi l trated and impermeable 
to air it becomes a firm, homogeneous body, and acquires a h igher 
conducting power. F u r t h e r , t he vibrations emana t ing f rom the 
vocal cords, when t ransmi t ted to the bronchi of a condensed 

' portion of lung , ' a re concentrated, being prevented f rom enter ing 
the infil trated alveoli ; they m u s t t hus reach the surface of 
the thorax in an exaggerated form. B u t it does not invariably 
happen t h a t t he pectoral f r emi tus is increased when the pul-
monary t issue is consolidated; t h a t t h i s may be the case it is 
necessary tha t t he bronchus leading to the part of the lung 
involved be in free communication with the t rachea ; should th is 
communication be interrupted, as by superabundant bronchial 
secretion, t he f remi tus completely disappears, bu t re turns when 
the mucus is expelled by coughing. Amongs t those diseases 
which cause condensation of the lung-t issue, t ha t in which the 
vocal f remi tus is most frequently and most markedly augmented 
is the s tage of hepatization in pneumonia; here the impermeabil i ty 
and solidification of the parenchyma are mos t pronounced, both 
as regards intensi ty and extent . Condensat ion f rom other causes 
is generally less comple te ; and in certain cases (of caseous pneu-
monia for example) i t is not unusua l to find tha t the voice, from 
concomitant disease of the larynx, is very feeble even over the 
vocal cords, so tha t i ts vibrations are no longer conveyed with 
distinctness to the surface of the chest . 

F 
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A second cause of increase of t h e pec tora l f r e m i t u s is t h e 
exis tence of cavities in the lung, s i t u a t e d superficial ly. Since 
these cavities always conta in a i r , commun ica t e f ree ly wi th a 
b r o n c h u s of la rge calibre, and a re s u r r o u n d e d by dense walls, t h e 
sonorous v ibra t ions have easy access t o t h e m and are increased 
in i n t e n s i t y by reflexion f r o m the i r pa r ie tes . T h e p ropaga t ion 
of t h e s e v ibra t ions i s also g rea t ly faci l i ta ted by t h e fact t h a t 
those morb id processes which d e t e r m i n e excavation of t h e lungs , 
especially ph th i s i s pu lmona l i s , a re a lways accompanied by well-
m a r k e d emacia t ion of t h e thorac ic par ie tes . 

Vocal vibrations transmitted to the surface are perceptible not only 
by palpation but also by auscultation ; indeed it is by the atter means 
only that the finer degrees of difference are appreciable. (See Bron-
chophony.") 

4 . P L E U R A L F R E M I T U S , * 

( f r ic t ion-sound percept ib le t o t h e touch . ) 

D u r i n g respi ra t ion the visceral a n d pa r i e t a l i ayers of t h e 
pleuras, which are cons tan t ly in con tac t in the i r whole extent , 
r u b on each o ther , t h i s act ion be ing t h e more forcible t h e deeper 
and s t ronger t h e inspi ra t ion. I n h e a l t h these movemen t s give 
r ise to no sound , as t he p leura l sur faces are everywhere per -
fectly smooth ; w h e n t h e l a t t e r , however , become roughened , as by 
t h e fibrinous in f l ammato ry deposi t so of ten m e t wi th in. pleurisy, 
t h e resp i ra tory m o v e m e n t s are a t t ended by f r ic t ion recognizable 
bo th by the h a n d and by t h e ear . ( T h e charac te rs of t he fr ict ion 
sound will be discussed in t h e chap te r on Auscul ta t ion . ) 

T h i s s ign i s se ldom observed a t t h e outset of an a t tack 
of p leur i sy , b u t appears usua l ly in t h e l a te r s tages , when t h e 
absorp t ion of t h e fluid exuda t ion h a s proceeded so far as to 
allow t h e surfaces of t h e p l e u r a , now covered wi th a deposi t 
of l y m p h , to come in to direct contac t ; it m a y somet imes be felt 
d u r i n g t h e whole of insp i ra t ion and expira t ion , b u t i s commonly 
m o s t in tense a t t h e end of insp i ra t ion . I n m a n y cases fr ict ion 
f r e m i t u s i s of a dul l g r a t i n g charac te r , and consis ts oi a 
quick succession of de tached s e n s a t i o n s - p e c u l i a r i t i e s which 
m a y be bes t compared w i t h t h e c reak ing noise produced by the 
b e n d i n g of new l ea the r . T h i s j e r k y , non-con t inuous character 

* This term commends itself chiefly on account of its shortness. 
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is due to t h e fact t h a t even in c i rcumscr ibed a reas t h e roughened 
pleurae do n o t touch each o t h e r a t all po in t s a t t h e s a m e 
t i m e ; b u t when inspi ra t ion is rap id ly pe r fo rmed the indiv idual 
vibrat ions t h a t go to f o r m t h e p l eu ra l f r e m i t u s follow each o the r 
very c lose ly .—In ano ther ser ies of cases t h e g l id ing of t h e p leura l 
surfaces over each o ther c o m m u n i c a t e s to t h e finger t h e impres -
sion of scraping or scratching, or of mere ly t h e l igh tes t grazing.— 
T h e in tens i ty of t he pa lpab le f r e m i t u s depends on t h e a m o u n t of 
the in f l ammatory deposi t a n d on t h e energy wi th which respi ra t ion 
is carried on. Very m a r k e d r o u g h n e s s p roduces usua l ly a g ra t ing 
sensation, s l ight unevenness mere ly a sensa t ion of sc ra tch ing or 
r u b b i n g ; t h e f o r m e r condit ion i s m u c h more easily detected by 
palpation t h a n t h e la t ter . P l e u r a l f r e m i t u s i s increased by deep 
inspiration, a n d f r equen t ly also by p r e s s i n g t h e finger deeply 
into the in tercos ta l spaced so as to cause t h e costal and visceral 
pleura; to bear more s t rong ly aga ins t each o the r . Very of ten 
the pa t ien t i s h imsel f sens ib le of t h i s feel ing of friction, a n d is 
able to ind ica te to t h e examiner t h e exact sea t of t h e affect ion. 
Fr ic t ion th r i l l becomes weaker when t h e pleuras become less 
rough, f r o m f a t t y degenera t ion of t h e fibrinous e x u d a t i o n ; i t 
may also be grea t ly d imin i shed , or even caused to d isappear for 
a t ime, by repeated deep i n s p i r a t i o n , — a c i rcumstance of ten 
noticed in auscu l ta t ion , and obviously owing to t h e surface of 
the pleurae becoming smoo the r by be ing rubbed forcibly aga ins t 
each o t h e r ; a f te r a shor t per iod of qu ie t resp i ra t ion t h e f r e m i t u s 
may again be fe l t . T h e area over which i t i s appreciable i s 
variable in ex ten t , be ing s o m e t i m e s l imi ted , a t o ther t i m e s com-
paratively l a r g e ; occasionally i t ex tends over t h e grea te r pa r t of 
one side of t h e ches t , in f ron t , beh ind , and la teral ly , and in t h e 
rare cases in which bo th p l e u r a are involved (double pleurisy) i t 
occurs on both s ides. I t m a y be s ta ted a s a ru l e t h a t t h e r e is no 
part of t he t h o r a x in which t h i s p leura l f r e m i t u s m a y n o t p resen t 
i tself ; i t i s observed m o s t se ldom in t h e apices, pa r t l y because 
pleuritic effusion so a b u n d a n t as to reach t h e apex of t h e l u n g 
is somewhat ra re , and also because t h e m o v e m e n t s of t h e p l e u r a 
on each o ther in resp i ra t ion are he re m u c h less f ree t h a n a t o ther 
parts of t h e ches t . P l e u r a l f r e m i t u s l imi t ed t o t h e apex, how-
ever, t hough it i s very i n f r e q u e n t , m a y ar i se f r o m absorpt ion of 
effusion encysted in t h a t s i tua t ion by p leur i t ic a d h e s i o n s ; in 
other cases, in which t h e f r ic t ion p h e n o m e n a a re pe rhaps b e t t e r 
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detected by the ^ ^ 
flamed and covered V approaches sufficiently near 
monic process going, on in t h e a p . P P . ^ ^ ^ ^ ^ 
to t h e surface of t h e lung, n e i u o n e 

i n i t s d u r a t i o n ; it sometimes — / a ^ h e evel of t h e fluid 
pa r t and then shi f ts to " T ^ ^ a for 1 longer period 
in t he thorax alters, a t o ther t imes it is fixed toi g I 

a t one s p o t ; 

according as t h e process of a n d o t h e r 

given below. 
5 . BRONCHIAL F R E M I T U S , (vibrations caused by tbe movement of fluid secretion in the 

bronchi) . 

I f t h e bronchial mucous membrane be 
and the calibre of t h e bronchi in t ha t 1 

passages be l o a d e d ^ * ^ W c H 

entrance and exit of t h e current ot air c o n t a i n e d i n t h e m 
are t hus thrown into vibration and the f lu id . 
set in motion by the air as i t passes h o u > ^ 
vibrat ions and t h e movemen s d ' t he secretion ^ ^ 
t h rough the lung to the par ie tes of t h e chest an o f 

f o r m & the — ^ a p p l y ^ the 

vibrat ing powerfu l ly* As 
finger to a bass s t u n m a n i f e s t s itself over a 
bronchia l f remi tus , when present , u su t h o r a x _ _ t h o u g h pos-
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sibly no t wi th equal m t e n ^ at aU pomte £ x J ^ 
order readily to ascertain i ts extent to ay P s i d e s , 
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directing the pat ient a t ^ y both with 
inspirat ions. I t may ue u , ncrasionallv it is more 

t f — of expirat ion when tbe calibre of be 

and pleural fremitus. 

bronchi is reduced by widespread catarrhal swelling of the mucous 
membrane. 

Bronchial f remi tus is dis t inguished f rom pleural f remi tus by 
the following points : i t has none of the i r regular , jerky cha-
racter which marks the lat ter , in expiration it is as s t rong as, or 
even stronger than , in inspirat ion, and i t may be temporar i ly 
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, t he f remi tus 
becomes weaker at certain par ts of the chest bu t intensif ied at 
certain other pa r t s ,—a phenomenon which h a s i t s origin in the 
fact tha t forcible coughing displaces t h e fluid bronchial secretion 
and causes it to occupy less space t h a n before. P leura l f remi tus , 
on the other hand , is not at all modified by cough. (Various 
other diagnostic characters are revealed by auscultat ion, which 
see.) 

Bronchial fremitus indicates the presence of diffuse bronchial 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 râle. (See chapter on Râles.) 

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 may be determined with a certain degree 
of probability by simple palpation, the fremitus being at such points 
rougher and of a more rattling character ; an exact diagnosis, however, 
is attainable only by means of auscultation. (See chapter on Rales.) 

6 . VIBRATIONS DEPENDENT ON THE MOVEMENTS OF F L U I D 

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 t h e thorax, bu t 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 f rom those which have j u s t been under conside-
ration; they are feebler and finer, give the impression of t h e 
bursting of smal l bubbles, and are usual ly noticeable only at t h e 
end of inspira t ion, in the upper part of t h e chest in front, and 

* [Cavernous Fremitus.—Trans.] 



o K™ted area They are entirely want ing when the exca-
vation ^ " ¡ c e in t l lower lobe, as the 
muscular covering in t h a t region offers great resistance to their 
S S S T . Cough, especially when f l o w e d by « j x p e c — 
weakens t h e m very much , or abolishes t h e m for a t ime, (bee 
chapter on Rales.) 

7 . FLUCTUATION IN T H E THOEAX. 

I n oases of pleurisy in whioh the effusion is very c o u s i t a a h l e 

t app ing on the f ront with the finger of the other h a n d . 

One might « ^ 
sionally, however, ^ / f ' ^ S S o r t h e chest-wall does not 

the comparative rarity of the phenomenon. 

PE11CUSSI0N OF THE THOEAX. 

HISTORICAL N O T E . 

The discovery of thoracic percussion we owe to Auenbrugger, who 
was born at Grate 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. I t 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 " I n -
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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M E T H O D S OF PERCUSSION. 

There are two me thods , immediate and mediate. 
1. Immediate percussion, t he m e t h o d employed by Auen-

brugger and also for some t ime by those who came after h im, i s 
performed by s tr iking the thorax directly with the points of the 
f ingers. In" th is way the more obvious of t h e differences m t h e 
intensi ty of t h e percussion sound are easily enough recognised. 
W e thus obtain in the upper pa r t of the chest a sound which we 
at once perceive to be dist inctly clearer t h a n t h a t of the hepat ic 
region ; and we may also, by th i s means , define the various 
organs f rom each other with considerable exactness, and succeed 
i n ° determining the presence and extent of many pathological 
conditions, such as pleuri t ic exudat ion, pneumonic hepatizat ion, 
&c. T h e sound elicited by immedia te percussion is loudest over 
t h e osseous port ions of the thorax, more especially over the 
broad smooth surface presented by t h e s te rnum. Much less 
clear is t h e tone yielded by t h e direct percussion of the softer 
p a r t s — t h e intercostal spaces, t he supra-clavicular and supra-
spinous regions, and the abdomen. T h i s method has now, how-
ever, been generally abandoned, as i t does not enable us t o 
dis t inguish with sufficient precision between the finer shades of 
difference in the pi tch or quality of percussion sounds. 

2. Mediate percussion. I t may be pract ised in three different 
w a y s _ w i t h the finger of one h a n d interposed between the body 
and the percussing finger, wi th the finger and pleximeter, or with 

t h e h a m m e r and pleximeter . 
a . T h e method which consists in applying the second or index 

finger of t h e lef t hand to t h e skin and s t r ik ing it wi th the middle 
finger of the r ight is best suited for t h e examination of the 
irregular or uneven pa r t s of the thorax, to which the pleximeter 
cannot be made to adapt itself accurately ; it is t h u s applicable 
in cases of depressed s te rnum, of u n d u e prominence of the r ibs, 
(particularly in emaciated persons) , when t h e intercostal spaces 
are narrow^ and we wish to define sharply the boundary l ine 
between solid organs and those permeable to air. 

b. As the interposed finger is apt to become the seat of con-
siderable pain and swelling if f requent ly percussed upon a 
pleximeter is usually subst i tuted for i t . 

This instrument 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 i 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 small enough to serve for minute examination. The 
same object is accomplished by placing the pleximeter not on its flat 
side but erect, endways, and per6ussing on one of the fixed ear-like 
handles should these be large enough to answer the purpose ; in such 
circumstances, however, percussion witli 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 manceuvre 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 Win t r i ch ' s 
hammer . Th i s method is t h e easiest to learn, it is, as t h e 
finger is not used, t he least disagreeable to practice, and by it 
louder and more definite sounds may be educed than when t h e 
finger is used as the s t r iking agent . Very marked differences in 
resonance, such as t ha t between the l u n g and liver sounds , are 
most clearly demonstrated in th is way. Nevertheless , wi th th i s 
powerful percussion-sound is associated the great disadvantage 
tha t in it t h e finer degrees of difference in tone are completely 
lost. I t may be laid down as a ru le t h a t t he stronger the per-
cussion the larger the area over which t h e vibrations are distr i-
buted. I t is on account of possessing more of th is penetrat ive 
power tha t hammer-percuss ion is apt to lead to erroneous 



conclus ions , t h a t a clear sound m a y be p roduced even t h o u g h 
t h e m e d i u m i m m e d i a t e l y b e h i n d t h e p a r t s t r u c k be void of air , 
t h e ne ighbour ing a i r -con ta in ing s t ruc tu re s be ing t h r o w n in tov ibra-
t ion : t h i s source of error h a s to be specially gua rded aga ins t m 
e x a m i n i n g t h e cardiac a n d splenic r eg ions . A n o t h e r objection 
t o t h e pract ice of h a m m e r - p e r c u s s i o n i s t h a t i t involves t h e 
loss, to a g rea t ex ten t , of t h e sense of res i s tance which is 
exper ienced i n finger-percussion. B o t h d i sadvan tages m a y be 
par t ia l ly overcome by pe rcuss ing wi th a l i gh t s t roke a n d by 
g r a sp ing t h e h a m m e r , n o t a t t h e end , b u t a t t h e midd le of t h e 
hand le , and a t t h e same t i m e keep ing t h e i n d e x finger closely 
appl ied to t h e h a m m e r - h e a d ; t h e finger i s t h u s b r o u g h t nea re r 
to t h e percussed s t ruc tu re , and t h e sense of r es i s t ance c o m m u -
nica ted by t h e l a t t e r more readi ly detected, m e n t h e u t m o s t 
precis ion i s d e m a n d e d in m a p p i n g o u t t h e size of o rgans and m 
t r a c i n g t h e b o u n d a r i e s which separa te p a r t s con ta in ing air f r o m 
those wh ich do not , w h e n , for ins tance , we propose „0 define 
w i th r igo rous exac tness l u n g f r o m liver, hea r t , sp leen &c i t is 
be t te r to use t h e finger r a t h e r t h a n t h e h a m m e r , a s by t h i s tactik 
sys t em of percuss ion t h e s l igh t r es i s t ance of p a r t s pe rmeab le to an-
and the grea te r r es i s t ance of those which are impermeab le , are 

m o s t d i s t inc t ly appreciable . 
Whatever be the method of percussion adopted if the examiner have 

a c q u i r e d sufficient skill in its performance an absolutely accurate result 
may always be o b t a i n e d - A l t h o u g h hammer-percussion being the 
S e S mastered, is most generally employed it will be found ad-
yantageous to percuss always with the finger and pleximete,: so long as 
we ran thereby elicit a distinctly defined sound. He who is skilled m 
Z Z v e Z l i n will be able to percuss equally well with the hammer,-
T a l Z Z inverse of which does not hold good. I t 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 

^ f ^ m Z ^ n i of y w , or gentle percussion can 
be set forth only ln a general w a y . - T h e stroke should be somewhat 
t - S i i n e x a m m n g those parts "of the chest which are covered by a 
( S lavei ofTat o r D musc le , - t he mammary and supraspinous regions 
—in o n l e r t h a t the vibrations may be carried through ^ t o f t e 
lung beneath; gentle percussion in these parts would not give the true 
Z m o n a r v resonance but only the dull sound of the superficial soft 
m r S s S l y ! a strom, percussion-stroke is necessary to determine 
the conditfon (aJregards the presence of air) of deeply-seated structures 
lying below other internal organs or tissues which may or may not 
contain a h . (See p. 79). 

/ 

On the other hand percussion must be gentle where solid and air-
containing organs (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 
liver only the sound caused by striking the pleximeter is hea rd ; jus t 
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 difference between absolute dulness and slight 
resonance than that between the greater 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 par t 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 aneurisms (to avoid the danger of bursting them) and 
cavities in the lungs; rough treatment' of patients in whose lungs 
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 hemoptysis, 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 
symmetrically on the two sides. Although the more marked deviations 
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 fosse the patient must hold his head 



erect, with the face looking directly forwards; should he incline it to 
one side, as he is apt to do for the convenience of t h e e x a m m e r t h e 
sound becomes less clear from the increased tension of the soft paits oi 
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. 

T H E THORACIC PERCUSSION-SOUND. 

Thi s sound is of a complex na tu re . It is produced essentially 
by the vibration of air contained in the pulmonary air-vesicles, 
in part also by the vibration of the thoracic panetes, and is to a 
certain extent influenced hy the degree of tension of the paren-
chyma of the lungs. T h a t the normal clear percussion-note 
depends principally on the vibrat ion of air in the lung is proved 
by the facts tha t it becomes decidedly duller as the capacity of 
t h e lung diminishes, and t h a t 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, a lmost inaudible, sound. T h a t the vibration of 
the chest-wall also is concerned in the production of the sound 
under discussion is indicated by the circumstance tha t the lung, 
when removed f rom the chest and inf la ted, is less resonant t h a n 
when still within the thorax . And last ly, t ha t t he percussion-
sound is to a certain ex tent modified by t h e varying state of the 
lung as regards the tension of i t s t issue, is shown by some 
pathological observations, to be men t ioned fu r the r 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 pait 
concerned in the production of the sound. Williams explains the 
normal thoracic resonance exclusively m 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 s a c , - j u s t 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 
lun«, 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 j it 
does not, however, satisfactorily account for the production, of tones 
having a tympanitic and metallic timbre. Williams' theory requires 
no detailed refutation. I t is evident, on the other hand, from the 

following considerations, that the chest-wall does contribute 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 i t ; 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 i t ; it is moreover well known that increase in the 
volume of the lungs in inspiration has the opposite effect,—it lowers 
rather than raises the pitch (Rosenbach ; see p . 88). 

T H E P R O P E R T I E S OF T H E PERCUSSION-SOUND. 

The classification of the propert ies of t h e percussion-sound is 
based on tha t of the qualit ies 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 P i t ch , T imbre , and In tens i ty . 

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 intensity of a 
musical tone depends on the amount of force expended in producing 
the sonorous vibrations, and consequently on the amplitude of the 
latter. 

The three qualit ies which d is t inguish musical tones are not 
found in the normal thoracic percuss ion-sound,—it possesses p i tch 
and intensi ty, bu t not t i m b r e ; i t is not , in fact , a musical tone 
in the sense in which tha t expression is used in physics, bu t is 
better described simply as a sound. As th i s normal sound, how-
ever, does acquire t imbre, t h e tone ( " klang " ) which renders it 
of musical quality, in certain pathological conditions, a th i rd 
property m u s t be ascribed to i t , — t h a t of absence of timbre (want 
of distinct musical character, non-tympanici ty) . Of these three 



qua l i t i e s—intens i ty , pi tch, and absence or presence of the pecu-
liarity called t imbre ,—the most impor tan t is t he first. 

T H E INTENSITY OF T H E PERCUSSION-SOUND. 

(Clearness and dulness.) 

The opposite extremes in the in tens i ty of a sound are strong 
and weak, loud and s o f t ; bu t in the terminology of percussion 
which prevails in Germany, the extremes are designated loud 
and dull, the in termedia te varieties 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 the opposite extremes of intensity of a tone, because 
a clear tone may be very weak (soft) and a dull one very loud; 
nevertheless loud and dull 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 sop 
(weak) and dull; in this way we should indicate both the intensity and 
timbre of the sound. The term soft ( " leise "), however, is one that 
has never been definitely adopted into the terminology m 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. 

Apar t from the mere force exerted in percussion, t he intensi ty 
of the sound depends, 1st, on the structure and thickness of the 
chest-wall; and, 2ndlv, on the quantity of air contained in the 
lungs. 

1st, The shock produced by the percussion-stroke is much 
diminished in force in i ts passage t h rough the thoracic par ie tes 
to t h e lungs, t h i s enfeeblement dur ing t ransmiss ion being t h e 
more marked the thicker the t i ssues t h rough which the impulse 
has to be conveyed; f requent ly , therefore , t he amount of vibra-
tion set up in the lung is bu t very sl ight . T h u s the sound t h a t 
is given by the lung, even when the la t ter is in a normal condi-
tion as regards air-contents , is always somewhat duller a t those 
par t s a t which the subcutaneous fat is abundant ly developed ; in 
the m a m m a r y region in females, when the breasts are large, i t i s 

almost absolutely dull , especially on percussing g e n t l y ; it is 
also less clear over those par t s occupied by large masses of 
muscle, as over the whole posterior surface of the thorax, 
especially in the supraspinous regions ; i t f u r the r diminishes in 
intensity when the covering of the thorax is thickened by (Ede-
matous swelling. Similarly, t he percussion-sound becomes 
duller, sometimes even to a considerable degree, when the r ibs 
are strongly curved and the chest-wall thereby increased in 
th ickness ; t h i s is especially noticeable on the posterior surface 
of the thorax in those suffering f rom kyphosis . 

2. The sound is muffled when t h e quant i ty 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 indis t inguishable f rom tha t yielded by any o ther 
solid organ, such as the liver or t h e thigh; t he typically dull 
sound is therefore somet imes called the femoral sound. 

The decrease in the volume of air in the lung, however, mus t 
be considerable, and m u s t implicate the organ somewhat exten-
sively before it can produce any very sensible effect on the per-
cussion-sound ; a very slight d iminu t ion does not alter i t in any 
degree. I n percussing a lung removed from the body and 
powerfully inflated we obtain a clear s o u n d ; after allowing a 
small quant i ty of the air to escape we find t h a t t he sound 
remains quite as clear as before. I n like manner i t is frequently 
observed tha t in t h e beginning of acute, or in the course of 
chronic, diseases of the lungs t h e percussion note remains unaf-
fected, notwi ths tanding the marked falling-off in t h e volume of 
air which the lung is capable of accommodating, a diminut ion 
which is the inevitable consequence of the na ture of the morbid 
process going on, and t h e existence of which is proved also by 
certain auscultatory s igns to be subsequently considered. 

I t is necessary, in order to t h e product ion of any marked 
decrease in the intensi ty of the percussion-sound, t h a t t he por-
tion of lung rendered less permeable to air should have an area 
of at least 4 square cmtr . , and t h a t i t should lie near the surface. 
Very circumscribed port ions, even when s i tuated superficially 
and perfectly consolidated, do not modify the sound, and still 
less is th is effect produced by more deeply-seated lesions, even 
when they are of considerable extent . I n the first case the 



sound cont inues unchanged because it is impossible to confine the 
vibrat ion caused by the percussion-stroke to an area so l imited, 
in the second case because the condensed parenchyma is at all 
points covered by lung t issue which contains air and which gives 
a clear sound. 

I t lias already been stated (p. 74) that in order to detect deep-
seated consolidation it is necessary to percuss with a fair amount ot 
force, when it is found that the tone rendered by the part in which 
such consolidation occurs is less loud than u s u a l p o s i t i v e evidence oi 
its existence, however, is attainable only when it is comparatively near 
the surface and involves a somewhat large portion of the lung, l l ie 
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 smaller pieces being somewhat 
duller This is in accord with Weil's statement that the dulness is 
not owing to any quality 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 solid sub-
stance, such as the liver. 

W h e n t h e ear is accustomed to the normal pu lmonary percus-
sion-sound very marked dulness is a t once recognised without 
any comparative examination of the hea l thy side, t hough it is 
only by t h e lat ter method t h a t the slighter deviations from the 
normal resonance are detected. Should the sound be of nearly 
equal intensi ty a t two symmetrical points ,—above or below the 
clavicles for instance,—percussion of the sur rounding par ts m u s t 
be t rus ted to show whether or not i t is normal .—Obviously t h e 
s troke m u s t be equal in force on the two sides. 

The diseases of the respiratory organs associated with decrease 
in the intensity of t he percussion-sound may be ar ranged in two 
croups , those in which the air vesicles are infiltrated wi th plastic 
exudation, and those in which they are subjected to pressure, and 
t h u s temporarily or permanent ly closed (by the presence of fluid 
or t u m o u r s in the p l e u r a ) . 

1. Dulness due to infiltration of the lungs. 
I n pneumonia i n the stage of hepat izat ion the percussion-

sound becomes dull, t he alveoli of the l u n g being completely 
filled with a fibrinous exudation which displaces the air they 
normally contain. The more near ly th is hepatization, which 
usually involves one entire lobe,—most commonly the lower,— 
approaches the surface of the lung the more marked is t he dul-
ness, so tha t f requent ly the lat ter closely resembles the perfectly 
dull l iver-sound. T h e absence of resonance, on the other hand , 
is less appreciable when the consolidated par t s are separated by 
healthy lung t issue, and the sound suffers no sensible diminut ion 
if the indurat ion be in very small isolated patches (see p . 79), 
even when these are superf ic ia l ; and similarly when the affection, 
though comparatively extensive, occupies the central par t s of the 
lung, as in central pneumonia , t h e percussion-note remains quite 
unaltered. 

In the first s tage of pneumonia , when, though the pu lmonary 
capillaries are engorged with blood, the alveoli are still free of 
exudation, t he thoracic resonance is n o r m a l ; i t is only towards 
the end of th is stage, when a certain amount of exudation has 
been poured in to the air-cells, bu t not enough to completely dis-
lodge the air, t ha t the intensi ty of t h e percussion-sound dimi-
nishes ; i t becomes sl ightly muffled, and acquires a tone of a 
somewhat tympani t ic character (see p. 99), from the relaxa-
tion of the pu lmonary p a r e n c h y m a ; in the th i rd stage the 
exudation disappears, t he air again gains entrance into the 
alveoli, and we have the same physical conditions as at t he end 
of the first s t age—the presence of both air and fluid in the air-
cells producing a dull percussion-sound, which gradually becomes 
clearer, and at t he same t ime assumes a tympani t ic quality as the 
absorption of the infil tration goes on. This tympani t i c character 
is lost when the process of absorption is ended and the l u n g has 
returned to i ts no rma l s ta te . I n those cases in which t h e infil-
tration, instead of being absorbed, passes into cheesy degenera-
tion, or a state of chronic indurat ion, t he capacity of the alveoli 
is permanent ly lessened, and the thoracic resonance is more or 
less d imin i shed .—I t is not unusua l to find all three stages re-
presented simultaneously in the chest of one pat ient , one par t of 
the lung being hepatized, another par t having reached t h e stage 
of resolution, and a th i rd port ion of the same or another lobe j u s t 
taking on inf lammatory ac t ion ; i t is in t ha t way tha t we are able 
to explain the sudden transi t ion from an absolutely dull to a 
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muffled or even a clear sound in the immedia te vicinity of con-

solidated port ions of the lung. 
Pneumonia occurs mos t f requent ly in the lower lohes of the 

lung, especially on the r igh t side, more seldom in the upper lohes 
or r ight middle lobe, or in bo th lower lobes at t h e same t ime. If 
only a par t of a lobe be consolidated t h e form of the non-resonant 
region, mapped out on the surface of t h e chest, presents no th ing 
character is t ic ; in hepat izat ion of an ent i re lobe, on^the contrary 
we are able to trace externally i ts exact outl ine. W h e n the who e 
of the lower lobe is affected resonance is diminished posteriorly 
as far upwards as the middle of t h e shoulder-blades ; m con-
densation of the whole of the upper lobe the dulness extends 
downwards to t h e four th or fifth r ib i n front , to t h e four th rib 
laterally, and is recognisable also i n t h e supraspinous regions ; 
in hepat izat ion of t h e r igh t middle lobe dulness is most readily 
detected in the axillary l ine, between the four th and fifth ribs 

\ g a pulmonary lobe, when completely consolidated, increases 
considerably in bulk the region which i t renders dull to percus-

sion is correspondingly enlarged. 

o?The lung? and sometimes occurring in the same parts more than 

once. 
I n the pneumonia of children, which is seldom fibrinous 

bu t usually catarrhal and following on capillary p o u c h i t i s the 
thoracic resonance is never so s t r i k i n g diminished as in t ha t 
adults , because in t h e former the substance of t h e lung is not 
completely emptied of air, bu t contains is lands of permeable 
t issue in the mids t of the consolidated parts. 

As in pneumonic hepat izat ion, which is t he type of complete 
consolidation of the lung, so i n every other variety of pulmonary 
condensation, from whatever cause arising, t h e 
is muffled or absolutely dull. To th i s category belong t h e drffei 
en forms of cheesy pneumonic condensation of the lung and 
"tonic interstitial pneumonia usual ly des gnated by the collective 

m phthisis. T h e intensi ty of t h e dulness is determined by 

DULNESS FROM COMPRESSION OF THE LUNG. 8 3 

the degree of infil tration and blocking-up of the air-cells and by 
the extent of lung concerned; t h u s the thoracic resonance may 
be perfectly normal dur ing t h e first stages of phthisis , and it 
certainly suffers but sl ight modification when patches of heal thy 
lung t issue are still found between t h e condensed por t ions .—The 
apices of the lungs are the par t s most subject to th is caseous 
pneumonic degenera t ion; they may both be attacked, bu t seldom 
simultaneously, or with equal violence; at other t imes the disease 
is unilateral, occurring then most f requent ly on the r ight side. 
Dulness so produced is accordingly mos t commonly found in the 
supraclavicular regions and on the clavicles; if t he infiltration have 
invaded the whole thickness of the lung, which is very frequently 
the case, t he tone in the supraspinous regions also loses in re -
sonance, and should it be more abundan t posteriorly t h a n ante-
riorly the dulness will be less marked in f ron t than behind, or 
may even be absolutely wanting over t h e clavicles. W h e n the 
condensation spreads gradual ly to the lower pa r t of the superior 
lobe the dulness to percussion extends similarly to the infracla-
vicular region as far downwards as the th i rd and four th r ibs, 
and also, though not to so marked a degree, to the upper pa r t 
of the shoulder-blades. 

Acute miliary tuberculosis never d iminishes the resonance of 
the chest, as it does not cause consolidation of the lung sub-
stance. 

Effusion of serum into the pu lmonary vesicles (cedema of the 
lungs) gives rise to but very s l ight muffl ing of the percussion-
sound, as the air-cells are not completely filled with fluid but 
still contain a certain quant i ty of air, t he lungs being t h u s 
111 a condition analogous to t ha t presented at t he end of the 
first stage of pneumonia .—Effus ion of blood into the pulmonary 
vesicles (hemorrhagic infarction) produces dulness to percussion 
only when the infiltration is so abundan t as to totally exclude the 
ah, and when the affected par t is more t h a n 4 cmtr . in dia-
meter and situated near the surface of the lung . 

Hemorrhagic infarction, as the result of mitral lesion, occurs 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 resul ts generally from the presence of fluid in the pleural 
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sac. A small quant i ty does not obscure t h e sound, t h i s taking 
place only when the effusion has a th ickness of at least l i cmtr . 
Expe r imen t s performed on the dead body, i n adult males, showed 
tha t i t is only af ter the inject ion of 400 ccm. of water into the 
pleura tha t t he area of dulness rises two fingers'-breadths above 
t h e posterior lower marg in of the l u n g ; when augmenta t ion of 
the mass of exudation is a t tended also by increase of the diameter 
of the layer of fluid interposed between the lung and the chest-
wall t h e percussion-sound becomes less and less clear, and when 
the layer measures more than 5 cmtr . i n thickness t h e sound 
becomes absolutely dul l . So long as t h e collapse of the lung 
f rom pressure is not complete we can, by percussing forcibly, 
demonstra te the presence of the res iduum of air, the sound so 
elicited being dist inctly more resonant . 

Slight exudat ions gravitate towards t h e lower and posterior 
p a r t s o f the pleural cavities, so t h a t i t is to these regions tha t 
t h e al teration in the thoracic resonance is a t first l imi ted; as the 
effusion increases in volume it spreads to the sides, and then to 
t h e f ront , of the chest , when the non-resonant area is found to 
extend f rom the vertebral column behind to the middle line m 
f ron t . T h e level of the fluid, as t raced by percussion, is not 
perfectly horizontal , bu t is of ten h igher posteriorly t h a n at the 
side or in f ron t . F u r t h e r , as t h e layer of fluid is of less thick-
ness in i ts upper t h a n in i ts lower pa r t t he dulness is more 
decided towards t h e bases of the lungs . And finally, when the 
d iaphragm is forced downwards, as it is, both laterally and ante-
riorly, when the effusion is very abundan t , t he non-resonance to 
percussion is found to be co-extensive with the d isp lacement ; 
t h u s , in exudation into the left pleura dulness is detected at t he 
anterior and lower par t of the thorax, where normally the tym-
pani t ic sound of the s tomach is heard , while in exudation into 
the r igh t pleura the dulness in the hepat ic region is considerably 
increased. W h e n the visceral and costal p l eu ra have contracted 
adhesions in the course of a former a t tack of pleurisy, t he fluid 
does not move freely in the pleural cavities, bu t is enclosed in 
such spaces as are lef t between the adhesions, forming the so-
called encysted pleurit ic e f fus ion ; i n these circumstances Ike 
dulness has no characteristic shape, and a definite diagnosis 
is possible only by calling to our aid the other methods of 
exploration. 

W h e n the exudation is undergoing absorption the lung begins 
to expand again gradually, and the dulness d iminishes—both in 
extent, as the level of the fluid sinks, and in in tens i ty , as the 
thickness of the layer of effusion, and with it t he distance 
between the lung and chest-wall , decrease ,—the air which enters 
the lungs mak ing its influence felt in clearing the percussion-
sound. I f , notwi ths tanding t h e complete absorption of the fluid 
or i ts discharge outwardly th rough perforat ion of the thoracic 
parietes or by operative puncture , t he lung shows no tendency to 
return to i ts former dimensions, having become collapsed from 
persistent compression, t h e 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 effusion 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 oi 
the lung. The upper surface of the fluid has a constant tendency t o , 
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 f a l l i n g , — 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 
soine extent by the retractibility of the lung, this not being equal 
at all 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 in some cases it does not 
deviate much from the horizontal line. 



W h a t lias j u s t been stated with regard to pleur i t ic exudat ion 
is applicable also, wi th certain modifications, to the t ransudat ion 
of fluid in to the pleural cavity, Hyclrothorax; bu t whilst the 
former , wi th very rare exceptions, is unilateral , t he lat ter is 
invariably double, not originating simply in inf lammat ion of the 
pleura? b u t in disease of the hear t or kidneys. Cardiac diseases, 
mi t ra l disorder for example, give r ise to th i s t ransudat ion by 
producing an overloaded condition of the pleural veins, and renal 
disease by causing h y d r e m i a . If t he quant i ty of fluid t ransuded 
be not excessive the intensity of the percussion-sound may be 
considerably modified by changing the position of the body, as 
t h e l iquid always sinks to the lowest par t of t h e thorax . T h u s 
i n pat ients suffering from Hydrothorax the fluid s tands at t he 
same level in f ront and behind so long as they mainta in the. 
up r igh t pos i t ion ; bu t when they lie 011 the back t h e fluid gravi-
t a tes to the posterior par ts of the chest, and the percussion-sound 
becomes clearer in f ront . (This change in the thoracic reso-
nance f rom alteration of the position of the body is also fre-
quently observed, but to a less marked extent , in cases of ordinary 
pleuri t ic effusion.) I n general t he t ransuded fluid, which is not 
usually very abundant , occupies only the posterior and lower par t 
of the p leura and is scarcely observable in f r o n t ; t h e dulness 
caused by i t therefore does not equal in extent or intensi ty t ha t 
of pleuri t ic 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-
mours of the liver or spleen which push the diaphragm upwards. In these 
cases and in others of a like nature tbe 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 s t ructura l change 
in the substance of t h e lung, never diminish the thoracic reso-
nance ; t h e calibre of the bronchi may be very much reduced by 
swelling of their mucous membrane , by very abundan t catarrhal 

muffling of the percussion-sound is observed. 
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expiration slightly lower ; and th is same rise and fall in pi tch 
is observed both in hea l thy and in diseased lungs . As has been 
already stated, t he mos t impor tan t of t h e circumstances which 
determine the pitch of the percussion-note is t he tension of t h e 
chest-wall, t he least impor tan t t h a t of t h e lung substance ; t ha t 
t he la t ter indeed exercises bu t l i t t le influence in th i s respect is 
evident f rom the mere fact t ha t t he inspiratory r ise in pi tch above 
referred to takes place also in certain pathological conditions in 
which changes in the tension of the pu lmonary parenchyma are 
scarcely possible, such as diseases involving destruction of t issue. 
— T h e simple increase of volume t ha t t he lungs undergo in inspi-
rat ion, apar t from the forementioned greater tension, takes no 
par t in causing the s imul taneous rise in t h e pi tch of t h e percus-
sion-note ; i t migh t ra ther , on the contrary, be expected tha t t he 
sound should become lower dur ing inspirat ion, as the volume of 
air in vibration is greater than dur ing expiration. This lowering 
of t h e tone, however, does not occur, as any tendency in t h a t 
direction is more than compensated for by the other factors ,—by 
the increased t ens ion .—When the b rea th ing is quiet t he p i tch 
remains practically t h e same dur ing both phases of respirat ion. 

I n the normal thorax differences in the pi tch of the percussion-
sound at different par t s may be recognised by a cultivated 
musical e a r ; t hus , on t h e r ight it is usually found to be deeper 
t h a n on the left, t hough occasionally the reverse condition is 
m e t wi th . Even on the same side of t h e chest t he sound is no t 
of the same pitch at all poin ts : in the neighbourhood of the 
liver it is somewhat h igher t h a n at other pa r t s ,—at least in t h e 
s i t t ing and s tanding positions. A slight elevation in the pi tch 
of the tone is noticeable on the f ron t of the thorax on rais ing 
the body from the recumbent to the s i t t ing posture, due, evidently, 
to the increased tension of t h e thoracic parietes ; th is phe-
nomenon is observed also in t h e dead body, a fact which ex-
cludes Rosenbach's theory, t h a t i t is caused by change in the 
resp i ra t ion .—The variat ions in the p i tch of the percussion-sound 
in the thorax are occasionally so t r i f l ing as to be appreciable 
only when carefully watched f o r ; in other cases they are so 
marked tha t inexperienced examiners not unfrequent ly mistake 
t h e m for differences in intensi ty, regarding the grave sound as 
dul l in comparison with the acuter or clearer sound yielded at 
other points . These variat ions possess no diagnostic significance, 
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as they depend only on physiological differences in the tension of 

the chest-wall. 
The percussion-note becomes abnormally deep in those pa tho-

logical conditions which are accompanied by diminution in the 
tension of the lung tissue a t any p a r t : these are pleurit ic exuda-
tion and pneumonia (Traube), of modera te in tens i ty . 

1. I n moderate pleuritic exudations, occupying, for instance, 
not more t h a n the half of the pleural cavity in f ront , laterally, 
and behind, the percussion-sound in t h e infraclavicular region * 
becomes deeper in pi tch t h a n at t h e corresponding point on the 
opposite s ide ; th is is caused by the gradual retraction of those 
parts of the lung still permeable to air and si tuated above the 
level of the fluid, by the i r slow re turn to the i r na tura l volume in 
the undis tended s ta te ,—tha t is, by t h e 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 m 
the volume of air present in the lung 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 p i tch of the sound is lowered over 
those par ts of the lung which remain accessible to air, and are 
situated near the hepat ised port ion. I f , for example, t he lung 
in its posterior aspect is completely consolidated while air is still 
freely admitted to the par ts in f ront , t h e infraclavicular region 
gives an abnormally deep note on percussion. H e r e again, as in 
cases of pleurit ic exudation, t h e same cause is in operation, 
deepening t h e sound,—decrease of tension in the non-infil trated 

portions of the lung . 
This lowering of the pi tch of the percussion-sound is not 

invariably present in cases such as those described, as the re-
traction of the permeable par ts of the lung docs not always reach 
the precise degree which is favourable to the production of the 
phenomenon. I t s durat ion m u s t obviously be short in pneu-
monia, and it disappears rapidly in pleurisy also when t h e exuda-
tion undergoes any very great increase ; I have observed i t las t ing 
only a few days, or even a still shorter t ime, in some cases in 

* When the anterior p a r t of t h e upper lobe of t h e l u n g is ent i re ly emptied of air, 
and the posterior p a r t s l ight ly reduced in volume (as in cases of encysted exudation, 
glandular tumours, &c., s i tuated in f ron t ) t h e percussion-sound in t h e supra-spmous 
region is abnormally low in pi tch. 



which the exudation was stat ionary. A n d fur ther , a t t he com-
mencement of the s tage of absorption of very large effusions, 
when t h e 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 pi tch, or it may also be a t tended by a tone of somewhat 
tympani t ic character, or may even eventually become perfectly 
t ympan i t i c ; in another class of cases of the same diseases the 
note is tympanit ic f rom the very outset , without having been 
previously lowered in pi tch (see p. 97 et seq.). 

Elevation of t he pi tch f rom pathological causes never occurs 
alone, unaccompanied by decrease in the intensity : the 
sound generally rises in pi tch as i t loses in clearness. An 
abnormally high-pi tched percussion-sound is t h u s of no special 
diagnostic importance, as i t never exists alone as a pathological 
phenomenon. 

T H E TYMPANITIC P E R C U S S I O N - S O U N D . 

Thi s sound owes i ts n a m e to i ts resemblance to the sound 
of a d rum, t h o u g h the t imbre i n t h e two cases is not exactly 
identical. I n i ts physical characters i t closely approaches the 
musical tone ,* inasmuch as it is a sound the pi tch of which can 
be easily and accurately determined. The percussion-sounds of 
the larynx (with the m o u t h open or closed), of the distended 
cheeks, and of the s tomach and bowel, i l lustrate well t he dif-
ferences in the p i tch of the tympani t ic note. 

Tympanici ty is not an unusua l symptom in many of the dis-
eases of the organs of respirat ion, bu t is never found on ' 
percussing the normal chest . I n t rac ing the manner in which 
it is produced we m u s t go back to i ts physical causc, which is 
most simply demonst ra ted by percuss ing the larynx or intestine, 

* Gerhard has tried to prove, b y means of Konig 's sensitive gas-flame, t h a t the 
tympani t ic tone is composed of a succession of similar and regular sonorous waves, t he 
non-tympani t ic sound, on the other hand, of dissimilar waves. If a tympanit ic sound 
or a tone of low pitch be received in t he funne l of t he appara tus and directed on the 
flame, a series of equal indentations, wi th non-tympanit ic sounds a series of unequal 
indentations, appears in the curved bands of l ight on the rotat ing reflecting prism. 
H Jacobson. on the contrary, whose experiments I have had the pleasure of witnessing, 

. denies t ha t t he tympanit ic sound is distinguished from the non-tympanit ic b y any 
marked difference in t he flame-tracing. 

or by str iking on t h e upper pa r t of a dr inking-glass , and so 
throwing into vibration the column of air contained in i t . 

If we percuss with the h a m m e r on a pleximeter held over the 
mouth of an empty or only part ial ly filled vessel (a glass or jug) , 
a tone is heard which is louder the nearer the margin , and the 
more forcibly, t he stroke is delivered. Th i s sound is exquisitely 
tympanitic, and re ta ins the same pitch whether we percuss 
forcibly or gently, with a narrow or a broad pleximeter . On 
performing th is experiment with different glasses the tone will be 
found to vary in pi tch with t h e bread th and depth of each vessel, 
being high in direct proportion to the shallowness of the glass 
and the width of its mouth. The tympani t i c character is given 
to the tone by the vibration of the column of air within t h e glass 
and the regular reflection of the sonorous waves f rom its smooth 
inner surface. 

The conditions presented by the larynx, s tomach, and bowel, 
are exactly similar to those detailed above; we have here to deal 
with a body of air set in vibration by t h e percussion-stroke, and 
enclosed in a cavity whose walls reflect t he waves of sound with 
perfect uniformity. T h a t the tympanici ty of the intest inal per* 
cussion-note is due simply to the vibration of the air contained 
in the bowel may be proved negatively. If t h e whole bowel, or 
a portion of i t , be removed f rom the abdomen and fully inflated, 
a ligature being placed on each end, t h e sound it gives to per-
cussion is no longer t y m p a n i t i c ; t h e tense intest ine becomes 
capable of enter ing into s imul taneous vibration with the air it 
surrounds when the shock of the blow is communicated to i t ; 
but the vibrations of a membrane ( that is, of a solid body), 
being different in kind and extent f rom those of the in tes t ina l 
gases, the different sonorous. waves interfere with each other, 
become broken and irregular , and const i tu te merely a sound,— 
not a tone in the physical sense. B u t as soon as a portion of 
the air is allowed to escape, t he relaxed s ta te of the bowel de-
prives it of the power of vibrating, and the sound again takes on 
the tympanit ic character . 

The alteration in the in tes t inal percussion-sound t hus brought 
about by artificial means finds i ts parallel in the change 
which accompanies pathological distension of the bowel 
within the abdomen by gas; in cases of meteorism of the 
intestines tympanici ty disappears, t h e percussion-sound over 



t h e abdomen becomes louder and deeper in pitch, bu t not 
tympani t ic . 

T h e physical cause of the normal tympanici ty of the intes-
t ines at once explains also the non- tympanic i ty of the normal 
thoracic sound. The lung in the thorax be ing always during 
life sl ightly over-distended, not only the pu lmonary air bu t the 
pu lmonary t issue also vibrates in response to the percussion-
stroke ; t h e sonorous undula t ions originat ing in the t issues of 
the l u n g mingle with and dis turb those of the air, j u s t as the 
vibrations of the tense in tes t inal wall obscure those of the intes-
t inal gases, so tha t no tone is given out , bu t only a sound of a 
non-musical character. Th i s explanation is supported by the 
fact t h a t t he lung, when relaxed and reduced to i ts normal size 
by removal f rom t h e body, yields a no te of tympanitic quality, 
only the air within it , and not t he lung-tissue, being thrown into 
v ibra t ion ; and if t he lung be now inflated the tympani t ic tone 
disappears and is replaced by the ordinary percussion-sound of 
the lung while i t 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, Korner, 
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). 
Rosenbach, on the other hand, states that such a change does follow 
closure of the principal bronchus; that in these circumstances the 
sound becomes to a corresponding extent deeper. 

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 surrounded 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 continuous, forming one large resonant cavity subdivided by 
verv thin membranous septa which are everywhere of homogeneous 
structure These septa, like the relaxed walls of the intestine or 
stomach can indeed reflect sound, but are themselves unable to enter 
into vibration, as they lack the principal condition necessary to the per-
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 different in nature from those ot the 
air in the alveoli. The result is that these dissimilar sonorous waves 
to a certain extent neutralize each other and render the production ot 
a tympanitic or musical tone impossible.* 

The percussion-sound of t h e 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. W h e n t h e tension of the lung tissue is diminished. 

1 . TYMPANITIC PERCUSSION-SOUND I N PULMONARY C A V I T I E S . 

Pulmonary excavations, being invariably in direct communi-
cation with the bronchi, always contain air, and t h u s form 
resonant or reverberat ing chambers similar to the glass used in 
the experiment already described. To t h e product ion of the 
true tympanit ic sound, however, certain conditions are neces-
sary: 

a. This air-space m u s t be surrounded by firm walls, capable 
of reflecting waves of sound. T h e condensed t issue in which 
vomica! are usually enclosed consti tutes a solid wall of th is 
character ; i n the absence of th is indura t ion, which is compara-
tively rare, no tympani t ic sound is heard. 

b. The cavity m u s t be of a certain s ize ,—as large as a 
pigeon's egg at leas t ,—and be situated quite close to t h e surface 
of the l u n g ; over deep-seated cavities, even when they are of 
much greater dimensions than above indicated, t h e percussion-

* Although tympanicity is more nearly related to the physical idea of a tone t han to 
that of a sound, t he l a t t e r term (as in the expression tympanitic sound) being the one 
best known and longest in use, is retained in t h e following pages. 



sound h a s no tympan i t i c qual i ty . L a r g e v o m i c a render a tone 
which is t h e m o r e clearly t y m p a n i t i c t h e m o r e superficial t hey 
are and the t h i n n e r t h e thoracic p a r i e t e s ; cavities, therefore , in 
t h e upper lobes of t h e lungs , in which region t h e cliest-wall— 
which suf fers also in t h e genera l emacia t ion connected wi th the 
original d i sease—is na tu ra l ly t h i n n e s t , give a more decidedly 
t y m p a n i t i c percuss ion-note t h a n t h o s e occurr ing in t h e lower 
lobes, chiefly on account of t h e g rea te r t h i ckness of t h e layer of 
musc les covering t h e la t te r on t h e lower pa r t of t h e dorsal 
aspect of t h e ches t . 

T h e tympan i t i c character of cavernous resonance is never so 
i n t ense as t h a t of t he in tes t ina l pe rcuss ion-sound , as i t or ig inates 
in t h e v ibra t ion of a m u c h smal le r body of air . I t m a y be e i ther 
muff led or c lear ,—muff led when t h e quan t i t y of fluid in t h e 
cavity i s g rea te r t h a n t h e vo lume of air , clear when t h e s e condi-
t i ons are reversed. 

T h e r e is one very i m p o r t a n t s ign which is, wi th very few excep-
t ions (see p p . 96 and 99) , associated only wi th the tympanic i ty 
dependen t on •pulmonary cavern,—provided always t h a t t h e 
cavity communica t e s freely w i th one of t h e la rger b r o n c h i ; t h a t 
is t h a t t h e pitch of t h e pe rcus s ion - sound is higher when the 
mouth is open, lower when the mouth is shut, and lower st i l l 
when t h e nos t r i l s also are closed ( W i n t r i c h ) . T h e cause of t h i s 
modif ica t ion of t h e no te l ies obviously in t h e var ia t ion in t h e size 
of t h e ex te rna l orifice of t h e cavity, a s i t h a s been a l ready shown 
(p. 91) t h a t t h e p i tch of t h e sound given by a n air-space which 
is n o t completely closed depends n o t mere ly on t h e l e n g t h of t he 
co lumn of air in v ibra t ion , b u t also on t h e wid th of t h e open ing 
by which i t j o i n s t h e outer a i r ; t h u s , t he tone rises in pi tch 
when t h e outer orifice is en larged , and falls when it is contracted , 
t h e l e n g t h of t h e co lumn of air r e m a i n i n g t h e s a m e . A s imi la r 
change can also be d e m o n s t r a t e d by pe rcuss ing on t h e side of 
t he la rynx or on t h e cheek, t h e sound becoming lower when 
t h e m o u t h is s h u t and h i g h e r when i t i s open . I t h a s been 
observed f u r t h e r t h a t t h e t y m p a n i t i c cavernous sound i s ra ised 
in p i tch by full insp i ra t ion (Fr iedre ich) ; t h i s i s n o t whol ly 
a t t r ibu tab le to d i la ta t ion of t h e glot t is , as t h e inspi ra tory r ise 
in p i tch t akes place even when t h e b ronchus in to which t h e 
cavity opens is blocked u p by m u c u s , — a condit ion which i s 
recognised by t h e d isappearance of t h e s ign described by W i n t 

T Y M P A N I T I C S O U N D O V E R P U L M O N A R Y C A V I T I E S . 

rich, t he modif icat ion of t h e pe rcuss ion - sound by open ing a n d 
closing t h e m o u t h ; i t proceeds r a t h e r f r o m t h e increase in t h e 
tension of t h e chest-wall , which t a k e s p lace when t h e l u n g ex-
pands (see p . 87) . I n exp i ra t ion , on t h e o the r h a n d , t h e 
tympani t ic sound becomes d e e p e r ; or i t m a y a lmost ent i re ly 
disappear, g iving place t o a muff led or less clear sound , especially 
during an a t tack of cough ing . I n t h e l a t t e r case t h e air in t h e 
cavities i s compressed a n d for t h e m o s t p a r t dr iven in to t h e 
bronchi by the g rea t a u g m e n t a t i o n of t h e in t ra thorac ic p ressure , 
so t h a t t h e only v ibra t ions which are appreciable are those of t h e 

condensed l ung t i s sue . 
W h e n the excavat ions a r e of very la rge size, so disposed t h a t 

their long diameter cor responds wi th t h a t of t h e l u n g and of t h e 
body as a whole , con ta in ing b o t h air and fluid, i t i s s o m e t i m e s 
observed t h a t t h e intensity of t h e t y m p a n i t i c sound i s modif ied 
by changing t h e position of t h e p a t i e n t ; when he is s t and ing 
or s i t t ing t h e sound i s of a dul l t y m p a n i t i c qual i ty in ter ior ly , 
of clear t y m p a n i t i c qual i ty s u p e r i o r l y , — t h e fluid g rav i t a t ing 
natural ly to t h e lower p a r t of t h e cavity, t h e air r i s ing to t h e 
upper p a r t ; in t h e r ecumben t p o s t u r e t h e t ympan i t i c n o t e 
becomes everywhere clear, owing to t h e u n i f o r m dis t r ibu t ion of 
the fluid over t h e en t i r e pos ter ior sur face of t h e cavity. N o t 
only the in t ens i ty b u t also t h e p i t ch of t h e pe rcuss ion - sound of 
large excavations is a l tered when t h e pos i t ion of t h e body i s 
changed ; when t h e cavity is of such a fo rm and so s i tua ted t h a t 
its l o n g ' d i a m e t e r i s directed f r o m above downwards t h e tone 
becomes h igher when t h e p a t i e n t a s s u m e s t h e s i t t i ng pos ture , as 
in th i s way t h e v ib ra t ing c o l u m n of air i s considerably s h o r t e n e d ; 
when t h e cavity i s deepes t an te ro-pos te r io r ly t h e p i tch of t h e 
percussion-note i s lowered in t h e u p r i g h t pos i t ion (Ge rha rd t ) . 
The las t -ment ioned s ign ; when u n m i s t a k e a b l y p re sen t , is abso-
lutely p a t h o g n o m o n i c of t h e exis tence of cavity, because u n d e r 
physiological condi t ions a deepen ing of t h e p i tch of t h e percus-
sion-sound is never p roduced by r a i s ing t h e body f rom t h e 
recumbent t o t h e erect p o s t u r e ; t h e occurrence of t h e fo rmer 
phenomenon, however, t h e elevation of p i t ch in t h e s i t t i ng pos-
ture i s less conclusive, as i t m a y also be de te rmined by t h e 
increased t ens ion of t h e thorac ic par ie tes (see p . 87) . 

Gerhardt also believes that the dimensions of pulmonary vomica 
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 tbat 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. I t 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 . T H E TYMPANITIC PERCUSSION-SOUND IN PNEUMOTHORAX. v 

I n pneumothorax the air with which the pleural cavity is filled . 
is caused to vibrate by the percussion-stroke, while the waves of 
sound are regularly reflected by the ches t -wal ls ; t he same con-
dit ions are t hus provided for t h e production of the tympani t ic 
sound as in percussing the larynx or the glass used in the experi-
m e n t formerly described, (p. 91). The area rendered tympani t ic 
varies in extent , being large or smal l according to the greater or 
less amoun t of compression of the lung which has taken place. 
Opening or shu t t ing the mou th has no effect on the pi tch of 
the sound, the cavity occupied by the air being a closed one ; 
enlargement or d iminut ion of the vibrat ing column of air there-
fore, in the sense in which these changes occur in pulmonary 
cavities which are in free communicat ion with bronchi , is out of 
the question. I t is only in very rare cases, in which the fistula 
t h rough which t h e air has entered the pleural sac continues 
pa ten t and is of sufficient size, t h a t it is possible to drive a 
certain quant i ty of air from the cavity of the pleura with cach 
percussion-stroke : in these cases the pi tch of t h e sound may be 
varied by opening or closing t h e mouth . 

Tympanici ty in pneumothorax persists only so long as the 
tension of t h e impr isoned air cont inues modera te in degree. If 
the bronchial fistula or the rup tu re in the wall of t h e pu lmonary 
cavern (the lat ter being the mos t common cause of pneumothorax) 
be not immediately closed by the products of adhesive inflam-
mat ion , air ru shes in to the pleura at each inspirat ion; t i l l t he 
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lung is reduced to a state of complete collapse * ; t he tension of 
the air in the affected side of the chest t h u s becomes so great 
tha t the tympani t ic quali ty is lost f rom the percussion-sound 
and is replaced by the metall ic or amphor ic sound to be sub-
sequently discussed. 

The irri tat ion consequent on the admission of air in to the 
pleura usually provokes an at tack of inf lammation in t ha t s t ruc-
ture; followed by more or less copious e f fus ion ; t h e fluid, as in 
most cases, may not rise above the lower and posterior par t of 
the cavity, or it may encroach on it to a still greater extent , con-
sti tuting the condition known as pyo-pneumothorax ; it may 
even completely fill one side of the chest (pyothorax) and in t h a t 
way bring about the cure of the pneumothorax . I n the la t ter 
case the percussion-sound on the affected side is absolutely dull, 
in the former cases it cont inues tympani t ic above t h e level of the 
exudation. I n pyo-pneumothorax also change in posture developes 
a change in the character of the sound, as in each position in 
which the body may be placed the fluid invariably seeks the lower 
level, t he air t he h igher . T h u s the "dull sound of t h e anterior 
and lower par t of t h e chest in the s tanding or s i t t ing position 
becomes at once tympani t ic as the pa t ien t a s sumes t h e recumbent 
posture, tha t of the one side of the chest being similarly modified 
when decubitus is on the opposite side, t ha t of t h e lower and 
posterior par t s of the thorax when the pa t ien t lies prone on t h e 
abdomen. Should t h e p l e u r a at any point have formed adhesions 
before the occurrence of the pyo-pneumothorax the air is excluded 
from certain par ts of the cavity, and encysted pyo-pneumothorax 
is the r e su l t ; in such cases change of a t t i tude is a t tended by no 
modification of the physical s igns. 

3 . TYMPANITIC PERCUSSION-SOUND DUE TO D I M I N I S H E D T E N S I O N 

OF T H E L U N G SUBSTANCE. 

Those conditions which favour the retraction of a greater or 
less portion of lung, ( that is, i t s re turn to i ts dimensions in the 
relaxed state in which it is found when respirat ion h a s ceased, 
the pulmonary t i ssue being always more or less on the s tretch 
during life), give rise very f requent ly to a tympani t ic 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. 
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sound ,—jus t as it occurs in t h e lung when removed f rom the 
thorax and so allowed to r e sume i t s natural volume. 

Amongs t these conditions are : a. P leur isy , b. Pneumonia , 
c. ( E d e m a of the lungs, d. Caseous pneumonic degeneration in 
the upper lobes. 

a. I n exudative pleurisy t h e lung shr inks to a degree pro-
port ionate to the amoun t of t h e exudat ion, and it consequently 
loses to the same extent in tension ; when th is retraction reaches 
a certain point , which is not t h e s ame in every case, t he per-
cussion-sound takes on the tympani t i c quality. E v e n at the 
beg inn ing of the exudative process, when the layer of effusion is 
not yet of sufficient th ickness to give r ise to percussion-dulness, 
t he sound at t he posterior and lower par t of the thorax is often 
found to be of a dull tympani t ic charac te r ; th is speedily dis-
appears with the augmenta t ion of t h e exudation, and the parts 
become completely non-resonant . 

I n pleurisy with modera te effusion, the tympani t ic sound is 
observed above the level of t h e fluid, in the anterior and lateral 
par t s of the thorax . The tympani t i c quality is more or less 
distinctly appreciable according to t h e degree to which the free 
port ions of the lungs are reduced in vo lume; it is lost as the 
exudation increases, and reappears at the beginning of the stage 
of absorption when the lungs commence to expand again. 

B u t not in every case of pleur i t ic effusion is t he sound 
tympani t ic above the region occupied by f lu id ; it is often merely 
deepened in pitch, and somet imes even shows no departure from 
the normal s tandard (see p . 89 et seq.). The causes of these 
differences in apparently identical physical conditions, so far as 
t h e exudation alone is concerned, should probably be sought in 
t h e unequal tension of the lung- t i ssue in different individuals. 
A greater degree of tension is necessary for the development of 
a tympanit ic sound than for the production of one which is 
abnormally low in p i tch bu t non-tympani t ic . In some cases, in 
which t h e percussion-note above t h e effusion undergoes no 
change, a decrease in t h e elasticity of the lungs may be shown to 
exist, render ing any great degree of retraction impossible,—in 
chronic bronchial catarrh, for ins tance, especially when associated 
with vesicular emphysema; at other t imes there are other causes, 
such as a more rigid condition of t h e thoracic parietes, to account 
for th is phenomenon. 

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 somet imes also heard in 
pneumonia, especially in the first s tage and in tha t of resolution, 
though it is not unusua l to find tha t in the stage of hepat izat ion 
the permeable par t s of the lung in the immedia te neighbourhood 
of those which are completely consolidated give a sound of th is 
character; i t is fu r the r more common in the upper than in t h e 
lower lobes. I t s cause may be of a twofold na ture . Thus , when 
the superior lobe is hepatized a tone of tympani t ic quality, arising 
from the vibration of the column of air contained within t h e 
principal bronchus of t ha t lobe, may be elicited by forcible per-
cussion ; in these circumstances also the sound, like tha t of 
pulmonary cavern and of the larynx, is observed to vary in pi tch 
on opening and closing the m o u t h . I n hepatization of the lower 
lobes, on the other hand , where there are no large bronchi,, t he 
cause of the tympanici ty is evidently loss of tens ion in the lung 
substance ; t he lung shr inks somewhat in the vicinity of hepatized 
parts, these lat ter being rendered abnormal ly large by the infil-
tration of the alveoli. I n the first and th i rd stages of pneumonia 
the relaxation of the pu lmonary t issue is due to infil tration of the 
air-cells, caused by engorgement of the capillaries (first s tage) or 
by the presence of fluid and air in the i r interior ( third s tage) . 
The tympanicity of the first stage merges gradual ly or rapidly 
into absolute dulness as the process of hepat izat ion b e g i n s ; in 
the third stage it slowly passes off, giving place to the normal 
sound when the exudation has been removed f rom the alveoli by 
absorption. 

c. The occurrence of the tympanitic percussion-sound in oedema 
of the lungs, in which the pu lmonary vesicles are filled with 
transuded fluid and air, may be explained in the same way : t he 
lung-substance loses in tension, t h e quant i ty of air contained in 
the alveoli being smaller . 

This variety of tympanici ty may be reproduced after death by 
forcing fluid th rough the t rachea into the vesicles and at t he 
same t ime inflating t he l u n g s ; (inflation is an absolutely 
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necessary pa r t of t h e proceeding, as the non-dis tended lung 
gives naturally a tympani t ic sound). 

d. T h e percussion-sound is f requent ly observed to be tym-
panitic in the supra- and infra-clavicular regions when the 
summi t s of the lungs become t h e seat of caseous pneumonic 
infiltration; in such cases it is always somewhat muffled and 
does not change i t s p i tch when the m o u t h is opened or s h u t , — 
features by which i t may be dis t inguished f rom the tympanit ic 
sound of pu lmonary cavity in the apices. I t is produced only 
when t h e infi l trated t issue h a s not yet been completely deprived 
of air, 01* when small scattered patches of permeable t issue are 
still found between the port ions which have become consolidated. 
H e r e also t h e tympanic i ty depends on the relaxation of the lung-
substance and diminut ion of i ts a i r -contents . Inf i l t rat ion of the 
apices specially favours the development of the tympani t ic tone, 
as the chest-wall over these par t s is t h in and becomes still 
t h i n n e r as emaciation goes on. 

The re is a special form of tympanici ty which is observed in 
certain cases of condensation of the lung, mos t markedly in the 
first and second intercostal spaces and usual ly on the left side ; 
t h i s is 

T H E TRACHEAL RESONANCE OF W I L L I A M S . 

I n percussing the t rachea a tympani t ic sound is obtained, 
which, like tha t given by pulmonary cavities, r ises in pi tch on 
opening the mou th and falls on shu t t ing it , and which becomes 
still lower when the nostr i ls also are closed. Th i s sound is lost 
a t a point on the surface corresponding to t h e bifurcat ion of the 
t rachea, being overpowered by tha t f rom the t issue which covers 
the principal b ronchus . W h e n , however, t he upper lobe is com-
pletely consolidated th i s predominance of the ordinary pulmonary 
percussion-sound ceases, and t h e tympani t ic sound f rom the 
column of air in the bronchus is appreciable on s tr iking the front 
of the chest somewhat forcibly. T h e tone, like tha t furnished by 
excavations in direct communication with the t rachea, becomes 
h igher in p i tch and louder on opening the m o u t h , and consider-
ably deeper on closing i t . 

« 

This t racheal resonance, therefore, is most usually observed 
when the upper lobe of the lef t lung is completely solidified by 
pneumonic infiltration, and occasionally also when th i s takes 
place from other causes ,—when, for example, t he lung remains 
in a state of collapse af ter the absorption of pleurit ic exudat ion, 
and in those rare instances of encysted pleurit ic exudation situ-
ated at t he upper and anterior par t of t h e left side of the c h e s t ; 
it is met wi th also in some cases of pleurisy in which t h e effu-
sion is not confined by adhesions, when the quant i ty of fluid is 
not so great as to separate the lung too much from the f ront of 
the chest. T h e ribs, being somewhat flexible toward their sternal 
ends, yield to the force of the percussion-stroke, and in t ha t way 
favour the production of the sound, whilst at t he corresponding 
part of the posterior surface of the thorax th i s sign may be 
entirely wanting, owing to the greater th ickness of the layer 
of muscles and to the rigidity of the chest-wall in t ha t region. 
That this treacheal resonance is found a lmost exclusively on t h e 
left side is probably due to the greater length of the principal 
bronchus on tha t 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 
sco di que." 

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 difference in the sounds given by bells of different 
sizes: he says, " t h e 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 full, the latter scanty." 

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 intensity, sometimes with the 
pitch, of a sound ; the sound of a large bell is invariably deeper 
than that of a small one, and is louder also even when both are struck 



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 difference in sonorousness does not arise irom 
difference 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 sh6w that fulness is identical with loud-
ness and depth, scantiness with dulness and elevation of pitch i hus 
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 at 
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 oi 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 
bodv, 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 st i l l demand 
consideration, the cracked-pot sound and the amphoric or metallic 
resonance. 

T H E C R A C K E D - P O T S O U N D . * 

(Bruit de pot fêle). 
Th i s is a h iss ing or ra t t l ing noise, which may be imi ta ted in 

two ways : by percussing with t h e h a m m e r and pleximeter, apply-
ing the lat ter somewhat loosely to the chest-wall, so tha t beneath 
i t° is lef t an interspace containing air, though in th is case the 
sound produced is want ing in the tympani t ic or metall ic quali ty; 

* Lœnnec was t h e first who employed th is expression. Baas h a s more recently 
described i t as the percuto-auscultatory blowing-sound. 
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and by laying t h e pa lms of the hands on each other crosswise, in 
such a way as to form a hollow chamber, and then s t r ik ing the 
back of one of t h e m against t he knee. I n the lat ter case the con-
cussion produces a noise which is exactly like the chinking of 
money, a sound which well-marked brui t de pot félé s imula tes 
exceedingly closely. I n both of*the exper iments above described 
the sound is caused by the sudden escape or discharge of air 
subjected to pressure. I n heal th the cracked-pot sound may be 
ehcited by percussing forcibly the chest of children when scream-
ing, or t h a t of adul ts when s inging a long-sustained note, t he air 
being t hus suddenly compressed by t h e force of the percussion-
stroke and made to r u s h out wi th a h iss ing 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 q u a n t i t y of'air which lodges i n the meshes of 
the crisp wiry hair which grows in this region, and by its sudden escape 
when the percussion-stroke is delivered. I t 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. W h e n there are cavities of moderate size in the lung'-sub-
stance, communicat ing freely with a bronchus of med ium calibre, 
situated superficially and at par ts over which t h e chest-wall is 
sufficiently yielding and t h e covering of soft t i ssues has been 
rendered th in by emaciation. I t is heard almost exclusively at 
the upper par t of the anterior aspect of the thorax, f rom the first 
to the four th rib, more especially in the infraclavicular region, 
being more distinctly audible when percussion is practised dur ing 
expiration, and most clearly when the patient keeps his mouth 
widely open. After repeated examinat ion, or accidental closure 
of the bronchus leading to the cavity, t h e b ru i t disappears, to 
return as soon as t h e cavity is refilled with air or t h e superabun-
dant secretion of mucus h a s been expelled by coughing. To 
produce th is sound a firm blow is necessary, so tha t i t is bet ter 
to use the h a m m e r t h a n the finger.—When connected with 
vómicas in t h e lungs the percussion-note i s fu r the r always of 
tympanitic or metallic quality, which, indeed, is t he e lement f rom 
which it derives i ts " c h i n k i n g " c h a r a c t e r ; t h i s tympani t ic 
tone becomes inaudible at t h e ins tan t in which the hiss ing 
sound is produced by the rush of air f rom t h e relatively wide 



cavity in to the relatively narrow bronchus , when the regular 
reflection of the sonorous waves, which is necessary to the forma-
t ion of a tone, is in ter rupted . Should the cavern contain much 
fluid i t also is agitated by the shock of percussion, and something 
resembl ing a râle is heard mingled with t h e cracked-pot sound. 

2. I n some cases of pleurisy,.and at those pa r t s of the lung, 
s i tuated above t h e level of t h e fluid, to which the air still h a s 
access. The condition of the pu lmonary vesicles, retracted and 
approximated to each other on account of the diminut ion of their 
air-contents , seems here to favour the escape of the air on per-
cuss ion .—The brui t de pot fêlé somet imes observed in the vicinity 
of pericardial exudation (Leichtenstern) originates also in t h e 
retract ion of the pu lmonary substance compressed by the effusion. 

3. Occasionally in cases of pneumonia, over those permeable 
and relaxed par ts of the lung immediately adjoining those which 
are hepat ized . The cause of the phenomenon is here t h e same 
as i n pleurisy. Sometimes, however, it is heard also over the 
condensed portion ; this, as in the case of a cavity containing 
air, can arise only f rom the sudden expulsion of air f rom one of 
the larger bronchi leading to the affected pa r t .—At other t imes 
bo th causes, relaxation of t h e lung-t issue 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 m o u t h . 

4 . I n cases of thoracic fistula, such as those which sometimes 
occur af ter paracentesis thoracis. The air in the pleural sac 
escapes t h rough the fistulous opening with a hissing noise on 
percussing in the immediate neighbourhood of the orifice ; when 
the la t ter is closed the cracked-pot sound is not developed.—The 
same explanation is applicable in some ins tances of pneumothorax 
f rom stabbing or gunsho t wounds .—In certain rare cases of 
pneumothorax f rom internal causes, in which the pleural cavity 
is in direct communication with a large bronchial fistula 
(Oppolzer, Rollet) , the brui t de pot fêlé may be heard. 

T h e cracked-pot sound . is, as the foregoing facts indicate, 
always dependent on the same causes, t hough the par t icular 
conditions in which it is found may be very different anatomi-
cally ; i t is mos t frequently due to t h e presence of vomica in the 
upper lobes of the lungs, t he cases of pleurisy, pneumonia , and 
pneumothorax in which it is observed const i tu t ing a very small 

fraction of the to ta l n u m b e r met wi th . The occurrence of the 
sound, therefore, in the course of a pu lmonary affection known t o 
be phthisical, may be t aken as absolute proof of the formation of 
cavity. 

AMPHORIC RESONANCE. 

(Metallic percussion-sound, metal l ic echo.) 

This sound is identical wi th tha t obtained on s t r ik ing on the 
side of an empty cask, a pi tcher, or large india-rubber ball, &c. 

On the whole, it most closely approaches in quality the tym-
panitic note, differing f rom it in being somewhat metall ic in 
timbre, by being higher in pitch (its fundamenta l tone, which is 
variable, being also accompanied by overtones, or segmental 
tones), and by being of longer dura t ion. The ordinary tym-
panitic sound ceases at once after the percuss ion-s t roke; t h i s 
amphoric resonance (the metallic " k l a n g " ) , however, lasts some 
time longer, as t h e h igher overtones die away much more slowly. 
This modification of the tympani t ic sound by the addition of a 
metallic echo may easily be studied in one's own p e r s o n : the 
cheeks, when relaxed, the m o u t h being closed, give a sound 
which is simply tympanit ic , when powerfully dis tended a s6und 
of amphoric character . 

The examples cited above show tha t amphor ic resonance is 
produced in large air-filled caverns, surrounded by smooth walls 
which regularly and uniformly reflect t he waves of sound, com-
pletely enclosed on all sides or communica t ing with the external 
air by means of a narrow opening. Apar t f rom the force of the 
percussion-stroke, the intensi ty of the sound depends chiefly on 
the size of the cav i ty ; an audibly metall ic note is obtainable 
only from a chamber whose transverse diameter is a t least 3 — 4 
cmtr., as has been proved by Merbach and Le ich tens te rn in a 
series of experiments with cylindrical vessels having tense elastic 
walls. The pi tch of the metall ic tone in vomica which are no t 
spherical in shape varies with the length of the longest diameter ; 
percussion in the direction of the shorter diameter gives a h igher 
note, in the direction 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 m u s t have a length of at least 6 cmt r . 



in t h e direct ion in which force i s appl ied (Wint r ich) to give r ise to 
an amphor ic sound, and even t h e n i t i s hea rd only under certain 
cond i t i ons : t h e cavern m u s t be qui te superficial , hounded by 
walls of homogeneous s t ruc tu re , ent i re , no t subdivided into 
smal ler cavities by por t ions of lung-subs tance which may have 
escaped d is in tegra t ion (bands of-connective t i ssue , &c.), and m u s t 
n o t conta in too m u c h fluid; it i s f u r t h e r necessary t h a t the 
thoracic par ie tes be no t over-resis tant , otherwise t h e sonorous 
vibra t ions are m u c h weakened in t r ansmiss ion t h r o u g h t h e m . I n 
phth is ica l cavities in t h e upper lobes, if t h e other condit ions 
necessary to t h e development of amphor ic resonance be present , 
t h e thoracic resis tance is usua l ly also sufficiently d imin i shed , as 
t h e chest i s always considerably emacia ted when the disease h a s 
reached t h i s s t a g e . — T h e sound is f u r t h e r increased in in tensi ty 
by opening t h e m o u t h when t h e vomica; communica te freely wi th 
one of t h e larger b r o n c h i . — I n cavities of bronchiecta t ic origin 
t h e meta l l ic echo is wan t ing , pa r t ly because t h e disease is not 
one which causes genera l wast ing , pa r t ly because t h e spaces are 
se ldom of t h e necessary size, b u t chiefly as t h e affection is mos t 
common in the lower lobes, whe re t h e res is tance of t h e posterior 
wall of t h e chest i s und imin i shed . 

T h e metal l ic percuss ion-sound is h e a r d wi th great dis t inctness 
in pneumothorax, as soon as t h e air confined in the pleura 
reaches a cer ta in (not over-exaggerated) degree of t e n s i o n * 
Somet imes t h e sound is meta l l ic f rom t h e very ou tse t , at other 
t i m e s i t is t y m p a n i t i c a n d a t t ended by a metal l ic echo. I t is 
no t always so loud as t o be audible at a distance f r o m t h e c h e s t ; 
t h i s is par t icular ly t h e case if t h e t h o r a x b e m u c h dis tended, 
when i t s walls are t ense and r igid . I n such cases i t i s p roper 
t o combine auscul ta t ion wi th percussion, by s t r ik ing the affected 
s ide of t h e chest wi th t h e p lex imeter , or percuss ing on t h e la t ter 
wi th t h e h a m m e r , while wi th t h e car t o the surface we l is ten for 
t h e sound so p r o d u c e d ; should t h e meta l l ic sound sti l l be inap-
preciable i t will be necessary to pe rcuss on t h e pleximeter wi th 
a hard unelastic body, such as t h e handle of t h e h a m m e r or a 

* If the tension of t he air in t he thorax be too great t he metallic sound is absent ; 
i t returns, however, a f te r death, as the cooling of t he air reduces its tenswn. Smnlarly, 
on the dead body, a pre-existing amphoric sound may be caused to disappear by open-
i n s t he abdomen and push ing the d iaphragm upwards and so augmenting the pressure 
within t he pleura (Traube ) , -p rov ided t ha t t he gas has n o avenue of escape, such as a 
persistent pulmonary fistula. 

rod of metal . I n th i s way t h e over tones a re b r o u g h t ou t wi th 
great clearness, a n d free f rom t h e tympan i t i c note which other-
wise precedes t h e amphor i c s o u n d ( H e u b n e r ) . 

As pneumothorax is always followed af ter a cer ta in t i m e by 
effusion of fluid in to the p leura l cavity t h e reg ion in which 
amphoric resonance m a y be elicited gradual ly decreases in ex ten t , 
and, even t h o u g h a sufficient volume of a i r r emain above t h e 
effusion, t h e sound f requen t ly d isappears ent i re ly , giving place 
to a tone of purely tympan i t i c charac te r . 

On changing the posture of pa t i en t s suffer ing f r o m p y o p n e u -
mothorax t h e percuss ion-sound undergoes modif icat ions analogous 
to those described at p . 97 ; t he re i s a t t h e s a m e t i m e an al tera-
tion in the p i t ch of the amphor i c sound (Biermer) , i t becomes 
higher on shor ten ing , deeper on l eng then ing , t h e long d iameter 
of pneumothoracic cavity. 

According to Biermer the amphoric 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 diaphragm is forced downwards by the weight of the 
effusion, the air-space is lengthened, and the tone becomes graver. I t 
may happen, 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 effusion the resistance 
offered 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 structure in sitting and lying is due.—In inspiration also the 
descent of the diaphragm increases the length of the air-filled 
cavity, and renders the pitch of the amphoric sound _ lower than in 
expiration (Bjornstrom) ; Biermer states, however, that inspiration may 
raise 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 P E R C U S S I O N . 

The format ion of a n opinion regard ing pathological a l te ra t ions 
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of t h e percussion-sound is impossible wi thout a knowledge of the 
normal pulmonary sound, of the boundar ies of the areas over 
which it is audible, and of the physiological differences m its 
in tensi ty and pi tch at various points on t h e surface of the thorax. 
I n the practice of percussion, therefore, t he s tudy of the normal 
sound m u s t precede tha t of i ts pathological modifications ; but 
t h e didactic representat ion of the resul ts of topographical per-
cussion, on t h e contrary, can be properly understood only after 
the causes and diagnostic significance of the different qualities of 
percussion-sound and i ts pathological a l terat ions have been dis-
cussed.—Besides the ordinary anatomical descriptive t e rms , such 
as supra- and infra-clavicular, supra- and infra-spinous regions, 
&c., t h e r ibs and intercostal spaces, t he s te rnum and vertebral 
column, are all made available in topographical nomenclature. 
The number ing of the r ibs s tar ts a t t h e first,—when i t cannot 
be dist inctly fel t , at t he second, the s ternal insertion of which 
s tands out prominent ly . T h e number of any of the lower ribs 
is best de termined by count ing f rom below upwards, t h e twelfth 
being always easily made ou t .—As aids to more exact topo-
graphical description the anter ior , lateral , and posterior surfaces 
of each side of the thorax are divided by vertical lines drawn at 
nearly equal dis tances f rom each other : t h e median line passes 
vertically th rough the middle of the s ternum, the sternal line 
parallel with it a t t h e edge of the bone, the mammillary line 
t h rough t h e nipple, t he parasternal line midway between the 
two las t -ment ioned lines, t h e middle axillary line t h rough the 
middle of the axilla (in f ron t of and behind th is being t h e anterior 
and posterior axillary l ines), t he scapular line perpendicularly 
t h rough the inferior angle of the shoulder-blade. 

1 . T H E NORMAL L I M I T S OF THE L U N G . 

a. The upper limit. T h e lungs on both sides rise anteriorly 
B to 5 cmt r . above the clavicles, occupying t h e r e a t r iangular 
space the outer side of which is formed by t h e free edge of the 
t rapezius muscle , t he inner by the clavicular port ion of the 
s ternomastoid , t he base by the clavicle. Posteriorly t h e apex 
of the lung occupies an area bounded externally by the trapezius 
muscle, interiorly by the spine of the scapula, superiorly by the 
spinous process of the seventh cervical vertebra. 

b. The anterior {inner) limit follows the l ine of the anterior 
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inner margins of the lungs. These, passing downwards f rom 
the apices, approach each other and meet behind t h e s t e rnum at 
the level of t h e second rib, and remain in apposi t ion, separated 
only by the anterior medias t inum, as far as the level of the 
fourth rib ; beyond tha t point they diverge, t he lef t , a f ter t u rn ing 
abruptly outwards, inclines again slightly towards the s t e rnum 
behind the carti lage of t h e fifth rib, and ends, opposite the s ixth 
costal cartilage, in the left lower marg in ; t he r igh t r uns near ly 
perpendicularly behind the s t e rnum f rom the level of the four th 
rib to the s ixth costal cartilage, where it jo ins the inferior border 
at almost a r igh t angle. 

c. The inferior limit is formed by the lower borders of t h e 
lungs. W h e n the d iaphragm is in a modera te s ta te of con-
traction, as dur ing quiet respirat ion, t h e inferior marg in of the 
right lung is found at t he upper edge of the s ix th r ib in t h e 
parasternal and mammil lary lines, a t the upper edge of the 
eighth r ib in t h e axillary line, a t t h e n in th r ib i n the scapular 
line, and at t he t en th r ib close to the vertebral column. T h e 
lower marg in of the left l ung is s i tua ted at t he lower border of 
the sixth r ib in t h e mammil lary line, a t t he upper border of the 
eighth r ib or in t h e e ighth intercostal space in the axillary 
line, at t he n i n t h r ib in the scapular line, and at t he t en th r ib 
close to the vertebral co lumn .—In aged persons the pulmonary 
boundaries are about a r ib 's b read th deeper, in children about 
the same distance h igher . 

The lungs, when expanded in inspirat ion, pass over these 
limits, especially interiorly and anteriorly, least of all in the 
upward direction. I n ordinary circumstances, when respiration 
is slow and t ranqui l , any extension of the boundar ies of the 
lung which may take place is bu t tr if l ing, a lmost imperceptible, 
the displacement at t h e ' r i g h t lower border, in t h e mammil lary 
line, amount ing only to about 1 cmtr . W h e n inspirat ion is 
forced, on the other hand , t h e lower edge of the r igh t lung may 
sink to the extent of 3 cmtr . in the paras ternal and mammil la ry 
lines, or even as much as 4 cmtr . in the axillary l ine ; t he 
ascent of the upper pa r t of the lung varies f rom | cmtr . when 
breathing is quiet to l h cmtr . on making a fu l l inspirat ion. 
Change of posture also gives rise to some displacement of the 
margin of t h e l u n g ; on t u rn ing f rom t h e back to the side while 
in the recumbent position t h e lung which is uppermost descends 



usually about 3 cmtr . in the axillary l ine, and about 2 cmtr . in 

the mammil la ry l ine. 
F o r diagnostic purposes i t is of t h e greatest importance to 

define accurately, bv m e a n s of percussion, t h e lower border of 
the r igh t lung, inasmuch as if it be shown t h a t it does no t go 
beyond i ts normal l imits the possibili ty of t h e existence of one 
of the most common lung diseases, vesicular emphysema, is 
excluded. This , for tunately, is easily accomplished, as the lung, 
anteriorly and laterally, is separated f r o m ' t h e liver merely by the 
thickness of the d iaphragm, so tha t a marked difference between 
the clear pulmonary sound and the dul l hepat ic sound is at once 
perceived. The l ine of demarcat ion of the lower marg in of the 
r ight l u n g is t h u s identical wi th t h a t of t h e upper edge of the liver. 

The delimitation of the right lung inferiorly affords an excellent 
opportunity of studying the gradual transition of the 
from perfect resonance to absolute dulness. In the first place, during 
q u i e t respiration or, still better, after forced expiration, the upper 
boundary of the absolutely dull hepatic area m the mammillary line should 
be defined and marked on the skin with black demographic crayon 
(crayon lithographique), when it will usually be found to coincide with 
he 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 by physical examination. 

I t is of importance from a diagnostic point of view also to 
ascertain the mobility of the hwer border of the lungs. As in 
ful l inspirat ion the lung s t re tches downwards to a point 2 to 3 
c tmr . lower t h a n in expiration, t he upper pa r t of the area which 
in the la t ter condition gives a dull l iver-sound, is in the former 
case perfectly clear and resonant : t h i s change, when present , 
proves the complete mobility of t h e lung. W h e n this rising 
and fall ing movement of the marg in of the lungs is wanting, as 
in cases in which the visceral and costal p l e u r e are extensively 
adherent , t h e percussion-sound of the region in question remains 

unaltered in bo th phases of respirat ion. I n severe cases of pul-
monary emphysema, also, t he edge of the l u n g is near ly or quite 
motionless in inspirat ion ; here, therefore, percussion reveals to 
us the fact t h a t t he alveoli of the lower par t of t h e lung are no 
longer elastic, bu t have lost the i r capability of expansion. 

To determine the upper marg in of the lung, the h ighes t point 
at which the clear pu lmonary percussion-sound is appreciable 
should be noted dur ing expiration ; if t he apex of the lung be 
expansible the clear area extends upwards dur ing inspiration, bu t 
if, as so frequently happens, i t be the seat of cheesy degene-
ration, t h e clear percussion-area is lower in point of position 
even during expiration (Seitz) and rises bu t slightly or not at all 
during inspirat ion. T h e difference in the extent of the move-
ment at t he apices on t h e heal thy and the affected sides, 
measured with Haenisclr 's s te thograph, varies f rom 4 to a 
little over 5- c tmr. If t he percussion-sound be absolutely dull, 
the apex be ing completely consolidated and void of air, inspira-
tion does not make it clearer. W h e n the apex of one lung is 
affected, however, t he range of movement possible on the heal thy 
side is also generally somewhat restr ic ted. 

The movements of the anterior inner borders of the lungs may 
be traced by the percussion-sound becoming louder (clearer) 
over the s te rnum and in the cardiac region dur ing inspirat ion. 
In deep inspirat ion t h e edges of the lungs creep forward, so t h a t 
the greater pa r t of the hear t is covered and t h e cardiac dulness 
almost entirely masked. 

W h e n the anterior border of the left lung is pathologically 
distended (by emphysema) the cardiac dulness is d iminished in 
area or completely obli terated, and the sound over the hear t is 
loud and c lear ; if, on the other h a n d , i t be adhèrent to the 
costal pleura, incapable of expansion or forward movement , t he 
area of cardiac dulness is unal tered e i ther in inspirat ion or ex-
piration. W h e n th is par t of the lef t lung atrophies it retreats , 
the base of t h e hear t comes to a large extent into contact with 
the chest-wall, the pulsat ion of the hear t is seen and felt as far 
upwards as the th i rd or four th intercostal space, and the region of 
cardiac dulness is enlarged. The.mobil i ty of the anterior margin 
of the right l ung is recognised by the greater clearness of the 
sternal .percussion-sound in inspirat ion. 

The movements of the posterior upper and loiver borders of 



t he lungs , also, are well-marked and easily made out by the 
extension of the clear percussion-sound dur ing inspirat ion. 

Pathological ly the -posterior upper marg ins of t h e l u n g s recede 
in contraction of the apices, while t h e posterior lower borders 
extend downwards to t h e eleventh or twel f th r ib in pulmonary 
emphysema . 

T h e position of the lobes of t h e lungs, wi th relation to the 
thoracic wall, is as follows :— 

Right lung ( three lobes) .—The upper lobe reaches downwards 
on the f ron t of t h e chest to t h e four th or fifth rib, laterally to the 
four th rib, posteriorly to the spine of the scapula ; t h e lower^ lobe 
lies between the spine of the scapula and the t en th r ib posteriorly, 
and laterally between the sixth and the e ighth ribs. Between 
the upper and lower lobes comes t h e middle lobe, which laterally 
occupies the space included between the four th and sixth ribs, 
and anteriorly extends to t h e lower marg in of the lung . 

Left lung (two lobes). T h e upper lobe comes down on the 
f ront of t h e chest to t h e s ixth r ib in the mammil la ry line, (to 
the inside of which point lies the hear t ) , and laterally to the 
fou r th r ib ; below th i s , and reaching to t h e base in f ront and 
f rom t h e spine of t h e scapula to the base behind, is t he loiver 
lobe. 

2 . REGIONAL PERCUSSION. 

On the right side of the chest in front, f rom the apex to the 
fifth intercostal space, t he percussion-sound is loud (clear), deep, 
and non- tympan i t i c ; resonance is greates t from the clavicle to 
the four th r i b ,—the clavicle itself giving a note scarcely less 
clear t h a n tha t of the supraclavicular region ,—and least a t the 
apex (on account of the smallness in volume of the subjacent 
port ion of lung) and in the fifth intercostal space (owing to the 
t h i n n i n g of t h e lung at th is point and' i ts proximity to the liver). 
F r o m t h e sixth r ib to t h e margin of t h e thorax the sound is 
absolutely d u l l ; bu t about the lower edge of t h e liver, more 
part icularly in children, t h e in tes t ines give to the percussion-
sound a more or less distinctly tympani t ic quali ty. 

In the neighbourhood 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 

REGIONAL PERCUSSION. 

is caused by the thinness of the lung towards the border, the volume of 
air thrown into vibration being small. 

On the sternum t he sound is clear, deep, and non- tympani t ic . 
On the m a n u b r i u m sterni it is somewhat less clear t h a n on the 
body of the bone, bu t is nevertheless near ly as clear as t h a t 
obtained at t he apices. T h a t the m a n u b r i u m s te rn i should be 
resonant to percussion though there is no port ion of the lung-
tissue behind it, but only the t rachea, t h e oesophagus, blood-
vessels, &c., admi ts of explanation only on the supposit ion tha t 
its power of enter ing in to vibration is such t h a t t he movements 
excited in it by the blow are at once t ransferred to the neigh-
bouring lung- t issue . Th i s is what occurs also at t he lower par t 
of the s t e rnum,—though here and over the xiphoid cartilage the 
sound is less loud and clear, owing to t h e proximity of t h e r ight 
ventricle of the hear t and of the lef t 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, f rom 
the apex of the lung to the upper edge of t h e four th r ib, and 
dull from t h e four th r ib downwards t h rough the cardiac region 
to the point a t which the apex-beat of the hea r t is perceptible 
(the fifth intercostal space). On the sixth r ib we have the first 
trace of the tympani t ic s tomach-sound, which, lower down, about 
the margin of the thorax, passes in to t h a t of the colon.—At the 
base of the left side of the chest , lying along t h e anterior lower 
border of t h e ribs, is a certain region in all par ts of which the 
percussion-sound is t y m p a n i t i c ; i t reaches posteriorly to t h e 
ninth or t en th rib, is about 8 or 9 crntiv in bread th a t i ts 
broadest pa r t and somewhat crescentic in general conformation 
(Traube). T h i s space is encroached upon by the lung at each 
inspiration, when its upper par t yields the clear pu lmonary 
sound; and, similarly, it becomes smaller in all pathological 
conditions (pulmonary emphysema, for example) involving 
downward displacement of the d iaphragm and stomach, and 
is enlarged in those conditions (atrophy of the left lung, for 
instance) in which the d iaphragm is drawn upwards. I t is 
reduced in size also in cases of effusion into the left pleura, 



when t h e fluid is so abundant as to occupy the front of the 
t Z , t he pressure from above push ing the d iaphragm and 
S t t he s tomach, downwards ; t he semilunar shape 
completely lost , and t h e area formerly resonant is now dul l to 
p e p s i n . T h e beginning of the process of absorption of the 
S i s of ten announced by the re turn of an obscurely tympanit ic 
nercussion-sound in t h e region described. 

On th<T posterior surface of the chest t he V ^ j ^ s -
sion-sound is hea rd on bo th sides as far down as the t en th 01 
eleventh r ib ^ it is less clear t h a n in f ront , owing to the ample 
development of t h e dorsal muscles and t h e greater resistance 
S b y the r ibs . . l ^ e a r m ^ u p r ^ 

^ T t h X d to t m e or (rther side! asymmet ry of the 

s&oulders, and frequently the fuller d e v e l c ' V ^ t J ^ ^ 
on the r ight side of the back, give rise to ptysxological differences 
in the percuss ion-note ; these, however, may J J Z t 
na ted by directing the pa t ien t to a s sume such a p o s i t i o n t ha t 
t he pa r t s on each side are b rought in to t h e same condition 
dur ing examinat ion, particularly by mak ing h i m cross the arms 
in front and stoop a h t t l e forward ; i n th i s position t h e posterior 
surface of the chest is alike on both sides and the muscles m an 

surface the sound is loud and clear down 
to t h e e ighth rib, at which poin t t h e l i v e r - d u l n e s s b e g i n s - O n 
tCleftUteral s i r f a c e t h e pu lmonary sound may be elicited as 
far downwards as the n i n t h r ib ; between the n in th and eleventh 
r i b s t h e percussion-note is rendered dul l by the spleen, while at 
t he eleventh rib the tympani t ic sound of the colon is first 
detected. 

T H E S E N S E OF R E S I S T A N C E ACCOMPANYING P E R C U S S I O N . 

T h e more solid the consistence of any body t h e greater is the 
sense of resis tance experienced by t h e fingers in press ing or per-
~ upon i t ; i t is from th i s cause tha t in ascending a stone 
s ta f r t h e resistance perceived by the soles of t h e feet is greater 
t W in ascending one constructed of wood. H a r d bodies, such 
I s wo d o "one,°offer very considerable resistance to percussion 
soft bodies, such as cotton-wool, feathers , fa.. a lmost none 
Similar differences are observable, m percussing the oigans 

removed f rom t h e thorax and abdomen, between the resistance 
of a compressible, permeable lung and tha t of a firm, hepatized 
lung or any other solid body (liver, hear t , spleen, &c.). B u t 
this sensation depends not only on the consistence bu t also on 
the thickness of the solid body ; t h u s , t he t h i n spleen, removed 
from the abdominal cavity, is considerably less res is tan t t h a n 
the thick liver, while the relatively th in lef t lobe of the liver 
gives th is feeling to a much less in tense degree t h a n t h e r igh t . 
— T h e existence of these varied degrees of resis tance may also 
be demonstrated on the body by simply percussing t h e lungs , 
liver, spleen, breast , &c., t hough 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 resis tance of the lungs may be increased or diminished; 
the former is an exceedingly common condition, t h e lat ter some-
what rare. 

Increase of t he sense of resistance at various points occurs, 
even though the lungs be normal , f rom the presence of certain 
obstacles which the s t ruc ture of the thorax and the soft par t s 
offer to the proper performance of percussion. Amongs t those 
unfavourable conditions are excessive development of the bones 
forming the framework of the chest , narrowness of the intercostal 
spaces, unusua l convexity of t h e 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 t h e lung is impermeabil i ty of i ts t i ssue to air, 
whether produced by infi l trat ion, atrophy, or compression (by 
fluid or t umour s in the pleural s ac ) ; it is t hus 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 partially or ivliolly deprived 
of their capability of entering into vibration. 

Other th ings being equal the feeling of resis tance increases 
progressively with, though not 'proport ionately to, t he diminut ion 
in the air-contents of the l u n g ; t he completely air-less hepatized 
lung is t h u s m u c h more res is tant than t h a t which is solidified 
(but less completely) from other causes ; large pleuri t ic effusion 
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offers still greater resistance t h a n even a consolidated lung , while 
in cases of t umour in the p lenra th i s symptom is usually present 

in i ts mos t in tense form. . , , , 
Th i s augmentat ion of the sense of resis tance is a very valuable 

sign W h e n , as is f requent ly the case, t h e ear fails to distin-
guish between the finer shades of difference in sound which mark 
t h e t rans i t ion f rom air-containing to solid media the sense of 
touch fully compensates for t h i s deficiency. For obvious reasons, 
( though exactly the contrary has been mainta ined by many 
authors) , percussion with the unaided fingers, or wi th the finger 
and pleximeter , is much bet ter adapted to secure the correct 
appreciation of th is sensat ion t h a n the ordinary system of per-
cussion with the hammer . Even in the heal thy subject one may 
convince himself of t h i s by comparing t h e impression commu-
nicated to the finger on s tr iking over the lung and over the l iver; 
it is found tha t t he less palpable degrees of difference entnely 
escape notice in examining with t h e hammer . _ 

Diminution of resistance is rare, t h o u g h it is sometimes ob-
served in very aggravated cases of pu lmonary emphysema and 
pneumothorax . I n emphysema i t is probably due to widening 
of the intercostal spaces ; in such a case, however, t h i s sign, 
apar t from its insignificance f rom a diagnostic point of view, is 
of l i t t le specific value, as the affection, being usually bilateral, 
affords no opportuni ty for comparative e x a m i n a t i o n . - I n pneu-
mothorax it arises f rom the facts t h a t only t h e air within the 
pleura is th rown into vibration, and t h a t air is a much more 
yielding medium t h a n the substance of t h e l u n g . - I n percussing 
the chest in pneumothorax a peculiar sensation, very difficult to 
define bu t giving the idea of undulation, is f requently perceived 
by the finger. Th i s is noticed only in the upper pa r t of the 
affected side of the chest, the par t filled with air, not towards the 
bases of the lungs, where the fluid accumulates when the case, 
in r u n n i n g i ts usual course, assumes t h e form of p y o p n e u m o -
thorax . At t h e la t ter par t , a t t he base of the chest, t h e feeling 
of resistance is augmented . 

Piorrv 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 unsupported 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 tuning-fork on the surface of the chest or abdomen 
and determining, by the intensity or the feebleness of the tone it gives, 
whether the subjacent organs do or do not vibrate simultaneously, that 
is, whether they are permeable or impermeable 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 downwards, on the thorax, and allowed to 
remain there a few seconds ; it may be applied 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 differences in the intensity m 

of the sounds obtained. On applying this mode of exploration to the 
normal chest the sound of the tuning-fork is found to be loud and strong 
at all points within the pidmonary boundaries, but weak over organs 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 with respect to absence or presence of air, or dimi-
nution in the quantity of air they should normally 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 



whose existence we infer from alteration in the pitch of the percussion-
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 m e t h o d . - l 
consider plionometry badly adapted for the examination of the abdomen 
except, perhaps, in the delimitation of the liver and spleen There is 
almost no difference between the phonometric sound of the thoiax and 
that of the abdomen, though the percussion-notes of these parts are so 
exceedingly unlike and characteristic; while even the most pronounced 
pathological changes in the abdomen,-very abundant ascites for 
ins tance-announce themselves very much less distinctly by pliono-
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 plionometry,—however interesting it may be scientifically, 
and however certain it may be that in the hands of those skilled m 
its use it may suffice for the recognition of very fine shades ol 
difference in resonance,—has hitherto found little favour with practical 
physicians as a means of physical diagnosis. 

AUSCULTATION OF THE LUNGS. 

H I S T O R I C A L N O T E . 

The knowledge of at least some of the phenomena of auscultation, 
more particularly of the sign known as Hippocratic succussion,* 
observed in pyo-pneumothorax, dates from the time of Hippocrates. 
That Hippocrates was also acquainted with the friction f-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 which 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 Lœnnec 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 
Hôpital 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 " Traité de l'Auscultation médiate et des maladies 
des poumons et du cœur."—Skoda has submitted Lamnec'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 Lœnnec'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 
* êVepoç /J-iv Tas Xe'Pas «Xe'™- crû Sè TOI/ w/IOV txeioiv ¿Koâfecrflat, é'coç oKorepov iv TWK 

xXevpcW TO iràttoç ipofâ. (Another holds the hands of t he patient , whilst thou, shaking 
him by the shoulders, liscenest f rom which side the sound proceeds.) 

f TPI'FCI TO TTViip-a olop niuex^ ( the respiratory sound is attended by a 
creaking, as of leather.) 

Another passage, relative to t he presence of fluid in the chest, is to the following 
effect :—TOÛTÛ) S.V yvoâis, OTI où TTÛOV, ¿\\à vdwp èar'I, KAL >)v iroAA'or XP°"vpovixwv r'o ovç ¿KOVÂÇI] 

:rpo? Tà 7TXevpà, early ëtrwBevoXov ipâijioç. (Hereby mayst thou know that the fluid is water, 
not pus,—by holding thine ear to the side and listening, when i t is as if a sound came 
from within.) 

Catarrhal sounds also are repeatedly mentioned b y Hippocrates. A very complete 
collection of the passages in which he treats of t h e above subjects and of physical 
diagnosis generally, has been made and published by Kiichenmeister. 
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not pus,—by holding thine ear to the side and listening, when it is as 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 t h e above subjects and of physical 
diagnosis generally, has been made and published by Kiichenmeister. 



certain not unimportant additions since the time of Lamnec; amongst 
these should he 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.) 

M E T H O D S OF AUSCULTATION. 

Of these there are two, immediate and mediate; in the former 
the ear is applied directly to the chest, in the la t ter t he stetho-
scope is interposed. 

1. Immedia t e auscul tat ion h a s these advantages, t h a t t he 
sounds generated within the respiratory appara tus are heard 
more loudly with the unaided ear than t h rough the stethoscope, 
and t h a t a larger area can he examined at a t i m e ; when it is ' 
necessary, therefore, t h a t the chest should be gone over rapidly, 
especially i ts posterior surface, (as in very exhaus t ing diseases, 
in which t h e pa t ien t is unable to sit up any length of t ime) , 
immedia te auscultat ion is to be preferred. 

I t h a s many drawbacks, however ; not only is i t , f rom the form 
of t h e thorax, at tended by great inconvenience both to the pat ient 
and to t h e examiner, bu t it also involves many sources of error. 
I t is f requent ly a mat te r of considerable difficulty, sometimes i t 
is even impossible, to apply t h e ear accurately to certain par t s 
the exploration of which is of the u tmos t impor tance ,—the 
supraclavicular regions, for instance, especially when, as is so 
commonly the case, they are hollowed out by emaciat ion. I n 
t h e supraspinous regions also th is method is usual ly equally 
inapplicable. 

T h e practice of immedia te auscul tat ion is, fu r ther , always 
associated with certain circumstances which are very apt to 
mislead ; t h u s , 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 s imulate the so-called crepitant 
rales, somet imes prove very deceptive. And in those cases in 
which abnormal sounds are strictly l imited in dis t r ibut ion, or 
in which the sounds vary greatly in character within a small 
area, immedia te auscultat ion is obviously an unt rus twor thy method 
of examinat ion. 

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 auscultat ion, by means of the stethoscope. The 
various forms of stethoscope, though there are a great many in 
general use, are widely known and need lit t le description. I n 
the most use fu l form of in s t rumen t 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. Th i s 
condition is st i l l more completely fulfilled when t h e stethoscope 
is furnished, not wi th an ear-plate, bu t wi th a smal l conical 
plug which is in t roduced into the auditory mea tus ; t he flexible 
stethoscope, the auricular and thoracic ends of which are con-
nected by a t ube of india-rubber, is constructed in th i s f a sh ion .— 
All t h e acoustic phenomena are heard much more distinctly 
through the b inaura l s tethoscope,—a simplification of t ha t 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 t he mea tus . B u t i ts great advan-
tage, t he exceeding clearness with which it conveys sound, is 
nullified by an objection which even long practice is not always 
able to overcome, namely, t ha t t he s l ightest movement of t h e 
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 suffering 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 



this unnecessary.—In auscultating the lungs the examination should 
be be»un 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 auscul ta t ing the lungs are : 
I . To obtain a knowledge of t h e sounds which accompany 

both of the respiratory acts. These fall natural ly into 

three g r o u p s ; 
a. Simple respiratory murmurs ; 
b. Iidles, produced dur ing respirat ion, by the presence 

of fluid in the bronchi or in the substance of the 

c. Friction sounds, ar is ing f rom the rubbing of the 
roughened pleural surfaces on each other . 

I I . The auscultat ion of t h e cough and voice. 

S I M P L E R E S P I R A T O R Y M U R M U R S . 

Strictly speaking t h i s expression includes only those breath-
sounds which may be hea rd over the thorax; more generally, 
it comprehends also those which originate, dur ing respiration, 
in the nose, m o u t h , and larynx. T h e sounds produced by 
the current of air in the nasa l and buccal cavities ( the mou th 
being open) and in t h e pha rynx no t unfrequent ly , especially 
if t he breathing be hur r ied or i rregular , become intermingled 
with and obscure the t rue respiratory phenomena, and as they 
possess the same blowing character as t h e l a r y n g e a l and bronchial 
sounds they often prove a source of g rea t confusion to beginners . 
To eliminate the buccal sound the pa t i en t should be made to 
close the mouth and to brea the only t h rough the n o s e ; with 
regard to the nasal and pharyngeal sounds i t is necessary to 
be able to recognise t h e m readily and to dis t inguish them f rom 
the pulmonary respiratory m u r m u r , as they are sometimes 
audible even over the whole of the thorax . T h e laryngeal sounds 
do not complicate the auscul tat ion of t h e chest , as, if t he laryngeal 
mucous membrane be normal and the passage of the current of 
air be unimpeded, they are qui te inaudible over the thorax, except 
at certain parts, which are ment ioned in detail on p. 1-30. 

The simple respiratory sounds produced in the lungs , both in 

health and in pathological conditions, are divided by Skoda in to 
three g r o u p s : 

1. Vesicular respiratory murmur. 
2. Bronchial respiratory murmur. 
3. Indeterminate respiratory murmur. 

T H E V E S I C U L A R R E S P I R A T O R Y M U R M U R . 

The characteristic features of t h i s sound may be easily repro-
duced by nearly closing the lips and gently drawing a current of 
air inwards ; there is obtained in th is way a s ighing or sl ightly 
whiffing sound, which closely resembles t ha t of vesicular respira-
t ion .—The vesicular respiratory m u r m u r owes i ts name to the 
circumstance tha t it is produced at the instant at which the air 
enters the alveoli. T h a t it is generated j u s t at th is s tage of the 
respiratory act seems placed beyond doubt by the fact t ha t the 
sound disappears in all cases in which the ent rance of air in to 
the vesicles is prevented (as when they are filled wi th fluid), even 
though the bronchi, f rom the largest to the smallest , be perfectly 
free and perv ious .—With respect to the actual cause of the 
vesicular m u r m u r no adequate explanation can be given. W h i l s t 
most hold tha t it is no way connected with the bronchial sound, 
some authors have lately a t tempted to show tha t it is merely a 
modification of the sound originat ing in t h e l a rynx ,—tha t the 
sonorous waves, in passing f rom tha t par t into t h e relatively 
wide resonant chamber presented by the lungs, travel more 
slowly, are reduced in force and intensi ty , and lose the t imbre and 
other propert ies they possessed while still in the larynx (Baas). 
It is undoubtedly the case t h a t t he laryngeal sound suffers 
considerable al teration in t ransmiss ion t h rough permeable, air-
containing lung t issue. I f , for example, a piece of the lung of 
some an imal 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 t h e thickness of 
the portion of lung used, is less tubu la r in quali ty and less 
clear in tone, and which may even possess al l t he propert ies 
of the ordinary normal vesicular m u r m u r (Penzo ld t ) ; bu t if 
a piece of liver be subs t i tu ted for lung the" laryngeal sound is 
beard through it quite unchanged . Possibly the sound of 
vesicular respirat ion noticed in the exper iment described may 
have had i t s origin not merely in the propagation of the laryngeal 



sound th rough other resonant spaces, bu t also in the simultaneous 
vibration of the inflated and tense lung-subs tance (see below). 

The various theories regarding the cause of the vesicular respiratory 
murmur are the following:— . . ,, . . 

According to Laamec, Skoda, and others, it arises from the friction 
of the air against the walls of the alveoli while the latter are bemg 
dilated; the results of experimental investigation, however, tell 
against this view, as the inflation even of large chambers (large caout-
chouc balloons, for instance) is accomplished noiselessly, it 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 tbey open into the funnel-shaped 
infundibula; they thus held that the vesicular murmur is made up of 
numberless stenosis-murmurs.—Talma adduces certain experiments, m 
which a current of air was forced through india-rubber tubes, m 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 different parts according to the 
dimensions of the resonant spaces to which it is conducted ; thus, m 
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 thm 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. 

T h e vesicular respiratory m u r m u r is audible only during 

inspiration, usual ly th roughou t i ts whole dura t ion , bu t only 
towards the end of the act if b rea th ing be superficial. T h e in-
tensity (clearness) of t h e sound depends in most cases on the 
energy with which respirat ion is carried on ; in general, however, 
it varies greatly in different individuals, even t h o u g h the i r lungs 
be equally well developed and respirat ion be equally energet ic . 
These differences have no great diagnostic significance. 

In health the vesicular m u r m u r is heard over the whole 
thorax, mos t loudly at those par t s where the soft coverings are 
thinnest and offer least opposition to the propagat ion of t h e 
sound. The inspiratory m u r m u r is therefore louder anteriorly 
than posteriorly, loudest in the infraclavicular region, feeblest in 
the supra- and inf ra-spinous r e g i o n s ; i t is also weak wherever 
the subjacent layer of lung is t h i n , — a t the apices and the 
anterior and inferior borders . The two sides of the chest often 
show marked differences in the intensi ty of t h e sound, the lat ter 
being louder somet imes on one side, somet imes on the other . 
Occasionally, t hough not always, there are obvious local causes 
for the enfeeblement of the m u r m u r at certain pa r t s ,—such as 
increased thickness of t h e soft par t s and abnormal convexity of 
the ribs, bo th of these conditions be ing h ighly unfavourable to 
the t ransmission of sounds.—If inspirat ion be sufficiently vigorous 
the vesicular m u r m u r may be perceived not only in those par t s 
behind which lung substance is s i tuated, bu t also at other pa r t s 
—the hepat ic region, for ins tance ,—to which the sound is con-
ducted. 

W i t h regard to the character of the vesicular respirat ion, a 
distinction is made between t h e soft and the harsh or rough 
vesicular m u r m u r . I n normal circumstances, when the mucous 
membrane l ining the air-passages is in a hea l thy state, t he 
sound is s o f t ; bu t in catarrh' and swelling of the membrane, 
it becomes rough, t h e normal sound being altered by the addi-
tion of vibrations f rom t h e folds and prominences on the mucous 
surface. Following t h e distr ibution of the catarrhal affection, 
this ha r sh respiratory m u r m u r may be strictly circumscribed or 
may be diffused over the whole t h o r a x . — T h e detection of rough 
respiration over a l imited area is of diagnostic importance as 
serving to determine the cause of the catarrh . Exper ience 
shows, for example, t ha t catarrh of t h e apices is seldom pr imary, 
but usually secondary, indicating the beg inning of caseous con-



densation in these par ts . A rough respiratory m u r m u r , there-
fore, localised in one or bo th apices, present ing no variation as 
regards i ts site on repeated examinat ion, furn ishes good ground 
for the suspicion t h a t t he catarrh is secondary to a phthisical 
affect ion; the same sound, however, is hea rd over the whole of 
one or bo th lungs , bo th in p r imary s imple bronchial catarrh 
and in the secondary ca tar rh associated with various diseases of 
t h e lung-substance and air-passages. 

The ha r sh vesicular m u r m u r occurs sometimes alone, but 
more f requent ly combined with certain accessory sounds ,—the 
rales, to be considered fu r the r on. 

H a r s h respiration is, nevertheless, qui te consis tent wi th perfect 
h e a l t h ; t hus , in children, till they are about twelve years of 
age, t he vesicular m u r m u r is exaggerated and rough, and so 
characteristic is t h i s sound t h a t h a r s h respiration generally is 
of ten spoken of as puerile. T h i s peculiar i ty of t h e respiratory 
m u r m u r in children may be due to t h e fact t ha t comparatively 
li t t le opposition is offered to t h e t ransmiss ion of sound by the 
th in chest-wall, and to t h e resis tance to inspiratory expansion 
presented by the greater elasticity of t h e lungs in early l i f e -
After the twelfth year the peurile brea th-sound passes gradually 
into t h e softer vesicular m u r m u r of adul ts . 

A special variety of the vesicular respiratory brui t is t he 
jerking inspirat ion. Th i s t e rm is used to describe a vesicular 
inspirat ion divided into two or more par t s ,—a phenomenon 
which may be imi ta ted by contract ing the l ips and drawing the 
air th rough t h e m in several quick, sudden d raugh t s repeated at 
shor t intervals. Such an in te r rup ted inspiratory sound is 
often audible over a large extent of t h e thorax when the indi-
vidual under examinat ion b rea thes i rregularly or very slowly, in 
such a way tha t t he air ga ins earlier access to one par t of the 
lung t h a n to another . A quick deep inspiration, by which the 
lungs are speedily and evenly expanded, causes th i s physio-
logical variety of je rk ing respirat ion to d isappear .—From th is is 
to be dis t inguished an in ter rupted vesicular m u r m u r of patho-
logical origin, occurring in one or both apices, and usually 
confined to these par t s . T h u s if t he air-cells in t h e apices be 
partially occupied by infi l trat ion, and the finer bronchi be also 
somewhat reduced in calibre by tumefact ion of the i r mucous 
membrane , t he affected por t ions of t h e lungs are less readily 

accessible to the air, and are ra ther la ter in expanding, t h a n t h e 
freely permeable lung-substance lying between them, and in-
spiration becomes je rk ing or in te r rup ted . Af ter repeated deep 
inspiration, or an a t tack of coughing, i t d isappears for a time,^ 
but re tu rns short ly a f t e rwards .—From the physical po in t of 
view interrupted inspirat ion indicates merely the existence of 
some obstacle to the entrance of air in to the pu lmonary paren-
chyma ; th is obstacle is somet imes of shor t durat ion, and then 
is of no par t icular m o m e n t ; at other t imes it is found to persis t 
for a considerable period, and then may be accepted as point ing 
to incipient catarrh in the apices. I n such cases also there are 
usually other auscul tatory phenomena (prolonged expiration, 
perhaps even a few feeble rales) which warrant t h e same diag-
nostic inference. 

Another modification of the normal respiratory sound is the 
so-called systolic vesicular m u r m u r , somet imes heard at t he 
borders of the lungs , near t h e h e a r t ; i t is caused by the sudden 
rush of air in to the alveoli of these pa r t s of the lung, which 
rapidly expand and occupy the space rendered vacant by t h e 
shrinking of t h e hear t in systole. T h i s sound, nevertheless, 
occasionally occurs quite independent ly of inspirat ion, and in 
such circumstances is very feeble, t h o u g h mos t commonly^ it 
is perceptible ofily when inspira t ion happens to coincide with 
a cardiac contract ion,—when t h e por t ions of lung immediately 
adjoining the hear t receive more air t h a n t h e other par t s of the 
lung. 

The only diagnostic conclusion t h a t can be drawn from the 
existence of the vesicular respiratory sound is t h a t wherever it is 
audible the subjacent lung-t issue is permeable to a i r ; bu t i t 
does not necessarily follow tha t t h e pa r t is capable of admi t t ing 
a normal quantity of air— T h e expansibility- of t h e lung may, 
from various causes, be considerably d iminished without in-
volving any marked alteration in the vesicular m u r m u r , so long 
as between these denser par t s others in tervene st i l l having the 
normal spongy t e x t u r e ; and any -deficiency is st i l l f u r the r 
masked by the breat l i -sounds proceeding f rom the adjoining 
healthy t issue. I n all t hese cases, however, t h e diagnostic 
inference, t ha t t he par t under examinat ion has suffered diminu-
tion of i ts air-contents, is rendered easier by the presence of 
other physical signs, such as changes in t h e percussion-note 



(muffl ing of the sound) and certain auscul ta tory phenomena, 

especially fine bubbl ing râles. 
I f the air be entirely excluded f rom a larger or smaller portion 

of the lung t h e vesicular m u r m u r within the region so affected is 
lost, be ing ei ther totally suppressed, or replaced by a sound of 
no determinate quali ty or by bronchial b rea th ing . 

T h e vesicular respiratory m u r m u r is abolished over a large area, 
somet imes even over the whole of one side of t h e chest , when the 
lung is completely collapsed by the pressure of fluid or air in the 
pleural cavity or by any other cause ; i t d isappears to a less ex-
t en t when the lung is compressed by medias t ina l tumours , large 
pericardial effusion, an excessively hypert rophied hear t , &c. ; 
i t becomes inaudible on bo th sides in very aggravated cases of 
vesicular e m p h y s e m a ; and finally, when t h e lung is completely 
solidified t h e vesicular m u r m u r is no longer heard, but is replaced 

by other auscultatory signs. 
T h e vesicular respiratory m u r m u r is weakened, over a greater 

or less ex tent of surface, by the presence of minor degrees of the 
above-named affections, by marked reduct ion in the calibre of the 
la rynx and t rachea ; temporari ly , 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 (syphilitic) 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 oi 
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 ot one side ol 
the chest is so enfeebled as to be almost inappreciable. 

Weaken ing , or even abolition, of the respiratory sounds may 
t h u s spr ing f rom so many diverse causes t h a t it admi ts only of 
t h e general diagnostic in te rpre ta t ion ,—tha t t h e air gains access 
to the alveoli wi th 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), inspiration is 

attended either by no audible sound or only a faint, undefined whiffing 
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 râles, 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. 

T H E EXPIRATORY MURMUR. 

In auscul ta t ing 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 m u r m u r ; it 
is usually much shorter than the lat ter , and is produced by the 
outward current of air th rough the bronchi . 

The principal pathological al terations of the expiratory m u r m u r 
axe prolongation and harshness. Very frequently, indeed usually, 
both changes are observed together and are due to the same 
cause. 

Prolongation of t he expiratory m u r m u r occurs over extensive 
or circumscribed areas, t he breath-sounds being ei ther otherwise 
unaltered or accompanied by accessory sounds. I t always indi-
cates t ha t there exists some h indrance to the free escape of the 
respired air. I t is one of the physical signs, therefore, t ha t a t tend 
severe bronchial catarrh, being caused by the diminut ion in the 
lumen of the bronchi which takes place from swelling of their 
mucous l ining ; i t is met wi th part icularly in the diffuse bronchial 
catarrh which is associated with vesicular emphysema .—I t is also 
very frequently heard, but more strictly localised, as the resul t 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 râles) pointing to the same conclusion. 

A harsh expiratory m u r m u r , 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 ca tar rh . I t merges gradually 
into tha t form of expiration to which the accessory sounds,— 
particularly the dry râles, sonorous, buzzing, s ibi lant ,—are 
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a d d e d ; these rales, however, m a y b e so loud as to completely 

cover the proper expiratory sound. 

T H E BRONCHIAL (LARYNGEAL, TRACHEAL) RESPIRATORY MURMUR. 

I n auscul tat ing t h e larynx there is heard , bo th 
and in expiration, a loud, rough m u r m u r , which m a best be com 
pared with the sound of the aspirate « y « wfth t h e puffing 
sound produced by blowing through a tube such as t ha t of 
h e stethoscope. T h e pronunciat ion of the G e r m a n . j * d 

" h a u c h e n d " r e p r o v e s fairly t h e peculiar characters of the 
laryngeal respiratory s o u n d ; when the la t ter is soft ^ u a h t y 
of the " h " predominates , when rough, t h a t of the gut tura l eh. 
T h e laryngeal sound is also sometimes described as tubular, f rom 
Un complete identi ty with the hollow, blowing sound caused by 
t h e rush ing of air t h rough a tube . I t is loudest a t t he n m a 
S t t i f e , t h i s being the narrowest pa r t of the tube th rough which 
t h e aerial current passes . F r o m the larynx i t is propagated 
downwards into the t rachea and bo th bronchi , bu t with gradually 

— in tens i ty ; in the t rachea, however, it is quite as 
f o n d as T n t he larynx, and is of a lmos t equal s t reng th in in-
spi ra t ion and in expirat ion. Opposite the bifurcat ion of the 
t rachea, (between the shoulder-blades and near t h e four th 
dorsal vertebra), t he laryngeal respiratory m u r m u r already 
considerably feebler and softer, and is clearly audible only in 
expiration ; i t is more dist inctly appreciable on the r ight side 
t h a n on t i e left , t he r igh t bronchus being wider t h a n the l e f t 
and lying nearer to the surface of the thorax . F r o m the point 
at which the t rachea divides the t racheal m u r m u r is carried on-
wards into the bronchi, so tha t it may somet imes be heard over 
The whole interscapular , and occasionally even m t h e supra-
spinous, regions. 

„ • o f tq y,palthv individuals, to determine the limits ol 
Lippe ^ ¿ i a l r e s S o n . He f o ^ d that it was invariably 

the area of bronchial ^ v e r t e b r a , t h a t i t extended 
bounded W ^ W J S S T b o T h sides of the chest, in only foor 
downwards from_ tiiatpomt an I n f e r i o r i y i t s boundary varied, 

S W ^ S S e i b y S e c o n d , fourth, or 'sixth cervical vertebra, 
and but rarely reaching further downwards. 

Outside of the region described bronchial respiration is not 
heard in the normal thorax, a l though, as may be inferred from 

certain pathological phenomena , t h e laryngeal sound is con-
veyed even to bronchi of med ium calibre, i ts tubular quali ty 
being obviously modified or suppressed by the low conducting 
power of the spongy lung- t issue . 

I n pathological conditions bronchial respirat ion maj r become 
audible at any par t of t h e thorax , and dur ing bo th inspirat ion 
and expirat ion; it is usually louder dur ing expiration, rarely 
louder dur ing inspirat ion. 

The pathological bronchial respiratory m u r m u r is, in well-
marked cases, very similar in character to the laryngeal sound, 
that is, i t has almost the same pi tch and t imbre , so far as it 
can be said to possess these proper t ies of a t r u e musical t o n e ; 
but in the major i ty of cases it resembles more nearly t h e 
bruit heard at t he bifurcat ion of t h e t rachea, which is softer 
and weaker t h a n t h e laryngeal sound, and which, therefore, has 
a better claim to the a t tent ion and s tudy of beginners , to whom 
the correct appreciation of the qualit ies of bronchial breathing 
always presents considerable difficulty, as the type of bronchial 
respirat ion.—It frequently happens tha t t he bronchial character 
of the sound is not so pronounced as usual , and in such circum-
stances it is easily mis taken for ha r sh 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 gu t tu ra l 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 t h e indeterminate class, on the border- land between 
bronchial and vesicular respirat ion. These indist inct respiratory 
murmurs are designated as " somewhat b ronch ia l " , "obscu re ly 
bronchial" , or " approximately bronchial " sounds. 

In bronchial respirat ion of pathological origin two qualities 
are dist inguishable,—it may be harsh or soft, high-pitched or 
low-pitchecl. I t becomes rough when t h e t racheal or bronchial 
mucous membrane is swollen, and the lumen of the bronchi in 
that way diminished. Similarly the bronchial m u r m u r may take 
on an excessively ha r sh character , audible even at some distance 
from the patient , when the upper par t of the wind-pipe is com-
pressed by glandular tumours or reduced in calibre f rom other 
causes,—croup in children, d iphther i t i s of the larynx and 
trachea, &c. I t is part icularly in these cases t h a t t he t racheal 
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brui t is conducted to any great distance downwards in to the 
bronchi , when in the whole of the upper par t of the thorax the 
vesicular m u r m u r m a y b e accompanied by the sound generated 
in the t r achea .—The circumstances which give rise to variation m 
the pi tch are less clearly unders tood ; these differences however, 
have no diagnostic importance, as in the same pa t ien t here are 
often rapid al ternat ions of h igh-p i tched with low-pitched bronchial 
brea th ing without any change in the other physical signs of the 
d isease .—The intensity of bronchial respirat ion is a so very 
var iable ; t he sound is sometimes almost as loud as at t he leve 
of the la rynx or t rachea, a t other t imes i t is very feeble, as if i t 
proceeded f rom some d is tan t par t . These differences are due, 
apar t f rom t h e energy wi th which respirat ion is carried on more 
part icularly to the na ture of t h e morbid process " ^ h i c h the 
bronchial brea th ing has i ts origin, and to certain other lactors 
st i l l to be discussed. 

T H E CONDITIONS WHICH GIVE RISE TO BRONCHIAL RESPIRATION. 

Bronchia l respirat ion occurs in cases of pulmonary cavity and of 
condensation of the lung-tissue, under the following conditions : 

1 I n pulmonary caverns, when these are s i tua ted superfi-
cially, surrounded b y rigid and dense walls, and at least so large 
as to involve one of the larger bronchi , t h e air of which freely 
communicates with t h a t of the cavity on t h e one hand and with 
t h a t of t h e trachea on the other . I n the absence of any of these 
conditions bronchial respiration ceases, or loses i ts distinctive 
character : t h u s , if t he excavation be deep-seated, covered over 
hv normal air-containing lung-substance, t he bronchial quality 
of t h e respirat ion in the cavity is lost i n t h e vesicular sound 
coming f rom the expansible t issue ; even if t he vomica be near 
the surface, bu t invested by heal thy lung, the waves of sound of 
bronchial quality f rom the former are scattered and broken up by 
the a d j o i n i n g lung-substance, which is of feeble conduct ing power. 
F u r t h e r , if t he cavern be too small to be in free communication 
with a b ronchus of moderately large calibre, t he sonorous undula-
t ions are propagated f rom the larynx so feebly as to be mandible . 
And finally, should the bronchus leading to the cavity be oc-
cluded by" mucus t h e production of the bronchial sound is 
obviously rendered impossible, as the respiratory current cannot 

penetrate beyond the obs t ruc t ion ; b u t as soon as free intercom-
munication is re-established by coughing and expectoration, t h e 
bronchial b ru i t reappears. I t s intensi ty, in cases of pu lmonary 
excavation, depends, other th ings 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 respirat ion. 

2. Bronchial respiration is observed in par t ia l or complete 
condensation of t h e lungs, whether the resul t of compression or 
infiltration of the air-cells. 

The highes t degree of infiltration takes place in pneumonic 
hepa t iza t ion ; here , therefore, bronchial respirat ion is louder 
than in cases of less complete consolidation f rom other causes. 
That the hepatized port ion of lung may present a sound of 
bronchial quality it m u s t fulfil t he same physical conditions 
tha t have been already described as necessary in the case of 
pulmonary cavities. The larger the par t hepatized, and the 
greater, therefore, t he number of bronchi ramifying in it , t he 
louder the bronchial sound. As pneumonia at tacks mos t fre-
quently t h e lower lobes bronchial respiration is most common in 
the posterior lower regions of the c h e s t ; and when the whole of 
the lower lobe is affected the b ru i t is audible f rom the base of 
the lung up to the middle of the shoulder-b lade .—The bronchial 
respiratory m u r m u r in pneumonia disappears at t h e beginning of 
the stage of resolut ion, when the air again gains access to the 
alveoli. 

I n cases of condensation of the lungs f rom other causes, such 
as caseous degenerat ion, chronic interst i t ial pneumonia with 
consecutive dilatat ion of the bronchi, &c., t he par ts so affected 
frequently have isolated patches of heal thy t i ssue scattered in 
their i n t e r io r ; bronchial respiration in these circumstances is 
much less in tense t h a n in the hepatization of pneumonia . 
More often bronchial respiration is obscured by t h e prcscncc of 
rales originat ing in the a i r -passages ; after coughing, however, 
especially if i t resul t in f ree expectoration, t he bronchial cha-
racter of the respiratory sound comes out more distinctly. B u t 
if the port ions of spongy texture , enclosed wi th in the indura ted 
tissue in t h e above instances, be relatively of large size the 
respiratory m u r m u r may be a lmost perfectly vesicular. I n all 
varieties of condensation of the lungs , f rom whatever cause 
arising, t he same conditions are necessary to the production of 
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bronchial respiration as in pneumonic hepat izat ion, which simply 
serves as t h e type of the most complete solidification. 

Bronchial respiration may also be observed in all those con-
dit ions in which the lung is rendered void of air by compression. 
T h e most marked degree of pu lmonary collapse takes place f rom 
pleurit ic exudation, t h a t f rom pneumothorax being scarcely less 
complete ; more par t ia l collapse is caused by copious pericardial 
effusion, large aneur isms of the aorta, excessive hyper t rophy of 
the hear t , morbid growths within t h e pleural sac, and tumours 
of the abdominal organs, which push the d iaphragm upwards. 
Nevertheless , bronchial respirat ion occurs in b u t a small propor-
tion of the cases of pleurit ic effusion, and only when the fluid 
is moderately abundant , t ha t is, when the air-cells and finer air-
tubes, not t h e larger bronchi , are pressed upon ; small effusions 
occasion no bronchial respiratory m u r m u r , as they do not usually 
exercise sufficient pressure to drive all t he air f rom the lungs 
b u t produce only retraction of these organs, reducing somewhat 
the quant i ty of air they contain. T h e weight of a great m a s s of 
fluid in t h e pleura, on the other h a n d , tends to obliterate also 
the larger bronchi , and so to h inder t h e f ree t ransmiss ion of the 
waves of sound from the larynx downwards into the lungs. 
F u r t h e r , on the f ron t of the chest, in cases of pleurit ic exudation, 
bronchial respiration is never heard , as the fluid comes between 
the l u n g and the anterior wall of the thorax, and to a great 
extent absorbs or suppresses the respiratory m u r m u r . B u t 
posteriorly, where t h e sh runken and dense lung is m close 
contact wi th t h e chest-wall , t he bronchial sound t ransmit ted 
f rom t h e trachea is heard in considerable in tens i ty .—It is a much 
rarer event to find t h e lung compressed to such a degree as to 
favour t h e production of bronchial respirat ion, f rom t h e presence 
of air in the pleural cavity t h a n f rom pleurit ic e f fus ion; i n such 
cases there is generally no respiratory m u r m u r , or only one of 
indeterminate character , which i s somet imes accompanied by a 
metall ic echo (see " amphoric respiratory m u r m u r , " p . 139). 

T h e other morbid changes above enumera ted , giving rise to 
compression of the lungs, very seldom induce a state of complete 
collapse in the par t s concerned, so tha t t he respiratory sound 
does not commonly, f rom these causes, assume the unmistakeably 
bronchia l quali ty. 

« 

PHYSICAL CAUSE OF BRONCHIAL RESPIRATION. 

PHYSICAL CAUSE OF PATHOLOGICAL BRONCHIAL RESPIRATION. 

The bronchial respiratory m u r m u r heard in disease is no th ing 
more than the laryngeal sound, carried with scarcely diminished 
intensity th rough consolidated lung-t issue. Th i s was t h e expla-
nation adopted by Lamnec, t hough in certain details h is views 
mus t be held as erroneous. H i s theory is to the following 
ef fec t :—in normal conditions t h e bronchial sound is so blended 
with the vesicular sound as to be inaudible as an independent 
phenomenon ; b u t if t he pulmonary t issue become consolidated, 
and the vesicular respiratory m u r m u r in t ha t way abolished, 
the bronchial bru i t is heard, not merely in its original intensi ty, 
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 t h e vesicular m u r m u r , for if t ha t were the case 
respiration should be distinctly bronchial in severe pulmonary 
emphysema, in which every trace of the vesicular sound is lost. 
B u t the second par t of Lamnec 's propos i t ion—that consolidated 
lung-tissue is a good conductor of sound, and tha t thereby the 
bronchial bru i t is rendered audib le ,—must be accepted as well-
founded, notwi ths tanding the objections urged against it by 
Skoda (see p. 136) . 

I t is a mat te r of daily observation tha t t he cardiac and vascular 
sounds are conveyed to t h e thoracic parietes in a much more 
intense form through indura ted t h a n t h rough expansible lung ; 
when condensation takes place in t h e lef t apex t h e sounds 
from the pu lmonary artery, when in the r ight those f rom the 
subclavian, are heard with great dis t inctness . Similarly, marked 
increase in the size of the liver, or the presence of morbid 
growths in i ts immedia te neighbourhood, magnifies t h e sound of 
the abdominal aorta . The reason t h a t dense pulmonary t issue 
forms a bet ter conductor of sound t h a n tha t which is normal and 
expansible, is t ha t the s t ructure of the former is homogeneous, 
whilst t ha t of the la t ter is not , t he air contained in the alveoli 
a l ternat ing with the bands of t issue const i tu t ing the parenchyma 
of the o r g a n ; and when a sound is made to traverse media 
differing in consistence it is weakened and finally suppressed. 



These observations show that it is necessary to modify Lamnecs 
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 panetes, 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 Ltennec's teaching, which ascribes 
bronchial respiration to the superior conducting-power of a condensed 
lun<* His objections are based on a long series of experiments, the 
aeneral tenour of which led him to the opposite conclusion,—that as a 
conductor of sound expansible, air-containing lung-substance iar 
excels consolidated tissue. One of the simplest of these experiments 
may be here mentioned: two lungs, one normal, the other hepatized, 
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 m the 

hepatized lung. n . - i t , 
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 
<\reater intensity 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 m motion, 
even when the alveoli are completely infiltrated; its density varies 111 
respiration, becoming less in inspiration and greater in expiration, 
provided that it is in free communication with the column of air in the 

trachea. But when 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 Lamnec'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 difference 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, in 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 applied 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 j)heno-
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 of but a very limited 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, but the metallic (amphoric) quality which is 
added to it and to the rales, that constitutes the consonance-phenomenon. 
—Skoda bases his theory almost exclusively on the ground that in it may 
be found the explanation of his observation that bronchial respiration 



be exceedingly rare. 

T H E METAMORPHOSING RESPIRATORY M U R M U R . 

(Das Metamorphosirende Athmungsgera#h . ) 

This is aspecial modification of b - n c h ^ l r e s p ^ a t i o ^ It b^aecœ-d-
ing to Seitz, who was the first to d ^ c n b e r , ̂ ^ ^ b y a Q 
it occurs only m irxpvra»m at t h e o u t s e t ! ¿ r s h v e s i c u l a r 

unusual harshness, which is; quite ^tterent nom t 

breathing, and which may be imitated g ^ ^ & ^ 
the palate, as m pronouncing the letter g (na > observed 
inspiration ; the sound so obtained ¿ ^ « ¿ ¿ ^ c a t a r r h a s s o c i a t e d 
in stenosis of the bronchi, a s m t t j d i f f u e b r o n c b ^ ^ ^ ^ 
with emphysema of old standing. xms a n d g i v e s 

accompanied by a m e t r i c echo o r j o ^ ^ s 
Seitz has met with this variety of ^ p i r a t i o n only a c c o r d i Q g l y 

in the lungs (most often in the upper ^ ^ ^ 
classed it as a cavernous phenomenon - T h e h a u * so ^ 
metamorphosing respiration begins m a m f e s J ^ a n 
cause the fact that the air, m e n . the c a v e - P ^ ^ 
opening which in relation to the size of the cavity m y « 
narrow) and ^ ^ ^ . ^ ¿ Z ^ Z S ^ e f f e c t s 
secretions; it iss lost at the i n s t a n , i n ¿ e r b r 0nchial 
the dilatation of the orifice and m its place we n 
respiration or râles caused by ^ 

The metamorphosing respiratory murmur^s M ^ e a w o y 
respiration is vigorously J ^ t pronounced as 
easy; its p ^ J a r symptom 
above described. I t cannot even be consioere 
of pulmonary cavity ; it comes and goes ^ d « w h e n i t 

like the b r o n c h i a l ^ ^ i T t ^ r e p e a t e d 
has once been clear y made ou m a n j mdiv , o n 
and prolonged examination rarely fails to reveai 1' 

subsequent occasions. m i i r m n r as defined by Seitz, is 

a respiratory murmur which resembei it.thus far « £ ^ 

of this phenomenon is greatly increased. 

To the category of bronchial respiratory sounds belongs 

T H E AMPHORIC RESPIRATORY M U R M U R . 

(The respiratory sound with a metall ic tone or echo.) 

By this name is understood a bronchial, rarely an indeter-
minate, respiratory m u r m u r , accompanied by a tone of metallic 
quality or to which is added a metall ic echo. I t owes the appel-
lation amphoric to the perfect analogy it p resents to the 
sound produced by blowing into a pi tcher or bott le. — Th i s 
murmur occurs sometimes in inspirat ion alone, somet imes in ex-
piration, a t other t imes in both, bu t is almost always loudest and 
most distinct when accompanying expirat ion. I t s fundamenta l 
character, as already mentioned, is generally tha t of the bronchial 
sound, the physical conditions which give to it i t s amphor ic 
quality being precisely those which are most favourable to the 
development of bronchial respirat ion. I t is only in very excep-
tional cases (see p. 141) t ha t t he indeterminate respiratory 
murmur is found at tended by the amphoric echo. 

The amphoric respiratory sound arises, as the production of 
an analogous sound by blowing into a pi tcher teaches, only in 
large pulmonary cavities and in cases of accumulat ion of air in 
the pleural sac (pneumothorax ) . I t s occurrence is subject to the 
following cond i t ions :— 

1. The excavation i n t h e lung m u s t be at least of the size of 
the closed fist, enclosed by walls of un i form density and thickness 
throughout, in free communicat ion with one of the larger bronchi, 
and situated close to the surface of t h e lung. The first condition 
is a necessary one, as i t is only in cavities of some considerable 
magnitude, possessing walls of uniform density, t ha t the sonorous 
waves generated by the respiratory current of air can be reflected 
with that degree of regulari ty which is required for the formation 
of a really musieal tone. Since, however, t he amphoric quali ty 
is frequently wanting, even in cases in which t h e foregoing con-
ditions are present , t he explanation of t h e causation of the 
amphoric echo is incomplete wi thout the addition of another 
factor, namely, consonance. The air-space of the cavern forms 
a resonance-chamber, in which the brea th-sounds are intensified 
and, through the regular reflection of t h e waves of sound, so 
modified as to acquire a tone of dist inctly musical quality. 



A HANDBOOK OF PHYSICAL DIAGNOSIS. 

T h e second c o n d i t i o n - f r e e communicat ion between t h e vomica 
and the b ronchus leading to it , requires l i t t le a rgument m its 
support , as i t is obvious tha t if t he bronchus be blocked up the 
respiratory sound m u s t disappear or become confused and indis-
t inct ; i t r e tu rns , however, a f ter repeated and forcible coughing, 
part icularly when th i s is accompanied by expectoration - t h e 
th i rd c o n d i t i o n , - t h e proximity of t h e cavity to the surface of 
the lung, is rarely absent when the vomic* are of large size. 

T h e clearness of the amphoric respiratory m u r m u r is m no 
way influenced by the presence of a certain amoun t of fluid as 
well as air, in the cavity. This may be shown by blowing, firs 
in to an empty pitcher, and then into one nearly ful l o f w a t e r I 
is essential only tha t t he vomica do not contain so much fluid that 
t h e volume of the lat ter greatly exceeds tha t of the air-contents, 
as in such circumstances the respiratory m u r m u r is usually com-
pletely h idden by abundant moist rales, and, more particularly, 
t he existence of consonance, on which, to a great ex tent depends 
t h e amphor ic character of the breath-sounds , is rendered im-

P ° As b the great major i ty of pu lmonary vomic® occur in the upper 
lobes, so it is chiefly at t he corresponding par t s of the thorax that 
a m p h o r i c respiration is h e a r d ; it is loudest anteriorly, owing to 
the greater facilities offered by the f ront wall of t h e chest for 
the conduction of sound. I n cases in which the cavities were 
very large I have observed it also on the posterior surface ot 
t he chest . 

The metallic echo is always clear and acute and its musical cha-
racter often so marked that its pitch is accurately and easily dete-
minable. Frequently several tones, the harmonic over-tones of the 
fundamental tone, are recognisable in it, and the ^press ion the c ^ 
veved to the ear is precisely that given by the sweeping of the wind 
over the strings of an iEolian h a r p . - T h e amphoric echo may be the 
sole abnormal quality distinguishable in the resp.ratoiy sound when 
there happens to be little or no fluid in the cavity, or w h e n the patient 
breathes so feebly that the fluid is not agitated by the breath-curren , 
but in the greater number of instances ^ e amphoric respiratory 
murmur is accompanied by rides having a ringing metallic character 

n f t i p a S X S the ^respiratory murmur is amphoric the per-
cussion-sound is also frequently modified in a similar way. 

2. Amphor ic respiration is also met with in pneumothorax, but 

only when the lung is still able to expand so far as to permi t t he 
entrance of a certain quant i ty of air . Th i s is possible only when 
the pulmonary fistula, th rough which t h e air reached the pleural 
sac, closes again relatively qu ick ly ; th is rapid closure takes 
place in most cases, while persistence of the fistula, t h a t is, t h e 
establishment of free communicat ion between the air in the 
pleura and t h a t in t h e bronchi and t rachea, is t he rarer event. 
If the bronchial fistula be obliterated, and if the lung be not 
completely collapsed, bu t st i l l capable of a certain amoun t of ex-
pansion, a breath-sound may be heard at those points (usually 
posteriorly) which correspond to the posit ion of the permeable 
portion of l u n g ; t h i s respiratory m u r m u r is most commonly of 
the indeterminate variety, more seldom bronchial , and at tended 
by a metallic clang or echo. 

Here the explanat ion of the occurrence of amphoric respiration 
is that the sonorous waves borne along by the air enter ing the 
lung,—those const i tut ing the ordinary respiratory m u r m u r , are 
transmitted th rough the pu lmonary substance to the air confined 
in the pleural cavity, throwing it into s imul taneous vibration. 

In certain rare cases, in which dyspncea is the most prominent 
symptom, amphoric respiration is sometimes developed altogether 
independently of the existence of cavities. I t 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 abolished 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 dyspncea ; I 
have never seen such a case. 

I N D E T E R M I N A T E R E S P I R A T O R Y M U R M U R . 

A large number of respiratory m u r m u r s have not the cha-
racters of ei ther vesicular or bronchial b r e a t h i n g ; these, on 
Skoda's suggest ion, are named indeterminate respiratory sounds. 
Strictly speaking, however, t h i s category includes also all those 
transit ion-murmurs which, t hough somewhat undefined, are 
more or less distinctly bronchial or vesicular ; these are desig-
nated, as formerly stated, as " somewhat vesicular ," "obscu re ly 
vesicular," " obscurely bronchial ," &c., t he te rm indeterminate 
being reserved for those in which no trace of ei ther fundamenta l 



quality is appreciable. The more practised t h e ear in the 
discrimination of the less-marked shades of difference between 
bronchial and vesicular respirat ion the more l imi ted becomes the 
domain of the indeterminate respiratory m u r m u r . I t is those 
t rans i t ion-murmurs which seem to p resen t most difficulty to 
learners, t h e truly indeterminate sounds being as easily recognised 
as t h e purely bronchial or purely vesicular sounds. 

As the indeterminate respiratory m u r m u r resembles no other 
known sound it scarcely admi ts of description ; a knowledge of 
i ts properties, therefore, is obtainable only by personal investiga-
tion and practice. A general conception of its qualities may be 
arrived at by auscul tat ing the chest of a robust, man , directing 
h i m at t he same t ime to breathe exceedingly superficially, when 
the respiratory sound heard at those par t s in which t h e muscles 
are well developed ( the supra- and infra-spinous regions, for 
instance), will be found to be no longer vesicular bu t of the 
indeterminate class. T h e cause of t h i s lies in the fact t ha t in 
shallow inspirat ion the aerial current enters t h e alveoli wi th so 
li t t le force or energy tha t t he respiratory sound, in its transmission 
th rough the th ick covering of muscles about the shoulder, is wholly 
deprived of i ts vesicular cha rac t e r ; bu t on deep inspiration the 
indeterminate m u r m u r becomes clearly vesicular. T h e gradual 
t ransi t ion f rom vesicular to indeterminate brea th ing may be 
demonstra ted by slowly increasing or decreasing the depth of 
each inspirat ion. A n equally good method of exercising t h e ear in 
the s tudy of the t ransi t ion sounds is to auscultate the respiratory 
m u r m u r at a point some distance removed from the pa r t a t which 
it or iginates ,—as by passing t h e stethoscope slowly downwards 
f rom the borders of the l u n g in to the hepat ic r eg ion ; the nearer 
t h e in s t rumen t is b rought to the marg in of the r ibs the more 
obscure, t he more indeterminate , becomes the respiratory sound. 

As a pathological phenomenon the indeterminate respiratory 
m u r m u r is of very frequent occurrence; it is sometimes persis-
tent , a t other t imes of short durat ion, confined to a l imited area 
or diffused over a considerable ex tent of sur face .—The causes 
giving r ise to it may be arranged in t h e following g r o u p s : — 

1. Insufficient expansion of the alveoli. Th i s may be the 
resul t of d iminut ion of the i r elasticity, as is so often observed in 
vesicular e m p h y s e m a ; or of infi l t rat ion of the air-cells (with 
fluid or plastic exudation), or of compression or atrophy of the 

lung. I n all these cases t h e volume of air which ga ins access 
to the alveoli is so small t ha t t he vesicular m u r m u r is not deve-
loped,—in shallow respirat ion at all events. T h e intensi ty of the 
indeterminate sound is still f u r the r lessened when it t raverses a 
mass of fluid, such as abundan t pleuri t ic exudat ion. Ef fus ions 
into the pleura are the mos t common condit ions which are found 
to obstruct t he f ree t ransmiss ion of the b r e a t h - s o u n d s ; com-
pression of the lung also, by air or t u m o u r s in t h e 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. I n such cases, as only a very small 
quantity of air reaches t h e vesicles, t he respiratory m u r m u r is 
indeterminate. This occurs extremely frequently as the resul t of 
the bronchial catarrh which accompanies infi l t rat ion of the lung-
tissue. I f t he mucus be expelled by coughing, or shif ted f rom 
one part of the air-passages to another , t he bronchi of t h e pa r t 
affected again become pervious, t he indeterminate quality dis-
appears from the respiration, and b rea th ing becomes vesicular or 
bronchial according as the lung substance is still capable of 
expansion or is completely consolidated. 

3. All respiratory murmurs become indeterminate when masked 
by loud accessory sounds (râles) ; hence the frequency of indeter-
minate respirat ion in all cases in which t h e bronchi, alveoli, or 
pulmonary excavations are occupied by fluid secretion, t he agita-
tion of which by the brea th-current gives rise to numerous râles. 
According to t h e distr ibution of the la t te r t he indeterminate 
murmur is strictly circumscribed or widely diffused. F ree 
expectoration also, or vigorous coughing, m a y so far alter or 
diminish the intensi ty of the râles t ha t t h e t r u e respiratory sound 
becomes again audible, th is being vesicular if t h e lung still 
possess i ts normal spongy s t ructure , bronchial if i t be totally 
devoid of air . B u t in other cases, notwi ths tanding t h e diminut ion 
in the intensi ty and number of the râles, t he indeterminate 
character of t h e breath-sound remains . I n many instances a deep 
inspiration on t h e pa r t of the pa t ien t causes t h e indeterminate 
respiratory m u r m u r , on whatever condit ion it depends in t h e 
particular case, to become vesicular or bronchial ,—vesicular , for 
example, in pulmonary emphysema, or bronchial in infi l t rat ion 
of the parenchyma ; it is only in cases of very copious pleuritic 



exudation tha t deep inspiration does not cause it to take on the 
vesicular character . 

I t is often possible to determine, and t h a t wi th a considerable 
degree of certainty, to which of the above-named causes the 
inde te rmina te respiratory m u r m u r owes i ts origin. They may all 
be in operation together : thus , in an infi l trated lung, the bronchi 
of which are also in a state of intense catarrhal inflammation, 
it is due to t h e slight amount of expansion of which the 
consolidated pa r t is capable, to d iminut ion in the quant i ty of air 
which reaches it (from tumefact ion of the bronchial mucous 
membrane) , and to t h e masking of the respiratory sounds by 
moist , catarrhal râles. I n other instances, as in severe pulmonary 
emphysema wi thout catarrh of t h e bronchi , or in cases of 
complete atelectasis of the lung-substance f rom the presence of a 
large pleurit ic effusion, bu t one cause can be alleged for the 
indeterminate character of the b rea th ing ,—the insufficient expan-
sion of t h e alveol i .—From these examples it may, wi th justice, be 
inferred t h a t t he indeterminate respiratory m u r m u r possesses in 
general no precise diagnostic signification. W h i l s t t he vesicular 
m u r m u r or bronchial breathing at once discloses the condition of 
the subjacent lung, the former showing t h a t i t is still permeable, 
t he la t ter t h a t it is consolidated, inde te rmina te respiration alone 
gives no information of this kind, as even where i t is heard the 
l u n g may or may not contain air ; i t is only on tak ing in to account 
t h e "other auscultatory phenomena tha t it may, in certain cases, 
be traced back with confidence to its physical cause. B u t occa-
sionally, even when occurring alone, i t may, if strictly localised, 
be sufficient to warrant a diagnostic conclusion. Thus , if i t be 
audible and pers is tent in one apex, whils t in the other respiration 
h a s its ordinary vesicular character, i t poin ts decidedly to incipient 
condensat ion, to diminished expansibility from commencing 
disease in the par t . Nevertheless , such instances (the occurrence 
of inde te rmina te respiration without accessory sounds) are rare, 
as the morbid process beginning in the apex usually excites also 
a ca tar rh of the finest air-tubules, giving rise to small , fine râles. 
Somet imes , however, an unaccompanied indefinite respiratory 
m u r m u r may be observed in one apex when the disease has been 
arrested and to a certain extent cured, some condensation only 
r e m a i n i n g ; here the catarrh h a s disappeared, and the râles, 
accordingly, are want ing. 

R Â L E S . 

When the organs of respiration are perfectly normal the 
unmixed vesicular inspiratory and inde te rmina te expiratory 
murmurs are the only breath-sounds heard over the whole thorax ; 
râles are entirely absent, as the mucous l in ing of the air-passages 
is everywhere smooth and secretes no more fluid t h a n is j u s t 
necessary to keep i t moist . B u t as soon as th i s membrane 
becomes rough and uneven t h rough swelling, and an augmented 
secretion of fluid takes place at any par t of the bronchial ramifi-
cations, certain accessory sounds, named râles, are added to the 
respiratory m u r m u r . 

The manner in which these râles are produced in t h e larger 
and smaller bronchi , in their mos t minu te subdivisions, and in 
the air-cells, varies very considerably. . I n bronchi of large 
calibre and in pulmonary vomica the passage of the respiratory 
current of air (both in inspirat ion and in expiration) th rough the 
fluid products, causes the formation of numerous bubbles which 
burst with an explosive, crackling sound,—like those r is ing in ' 
soapy water or other f ro th ing or fe rment ing fluids, or in liquids 
which are forcibly shaken .* The dis turbance of the fluid 
secretions also, by t h e brea th-cur rent , (which can obviously take 
place only within very narrow l imits) , may give rise to râles 
without t he throwing up of bubbles, as in a body of fluid roughly 
shaken ; and finally similar crackling sounds somet imes originate 
in bronchi in which no fluid is present , f rom vibration of the 
folds of the swollen mucous membrane. B u t in the bronchioles 
and in the air-cells t he force of respiration is so slight as to be 
insufficient for t h e ra is ing of bubbles in the secretions, and 
the alveoli, fu r ther , scarcely afford room enough ; doubtless the 
râles here owe their existence to the circumstance tha t a t t he 
instant in which the smallest a i r - tubes and t h e air-vesicles are 
dilated in inspirat ion the i r walls are suddenly separated f rom 
their fluid contents to permi t t he passage of the current of air. 

* Talma h a s recen t ly asserted, as t h e r e su l t of a n u m b e r of phys ica l researches 
conducted b y h im, t h a t t h e bu r s t i ng of bubbles i s of itself noiseless, a n d t h a t râ les 
aepend on t he ag i ta t ion of t he fluid a n d t h e fo rmat ion of a mul t i tude of l i t t le projec-
tions on its surface ; t hese l i t t le t ongues v ibra te a n d awake secondary v ibra t ions in t h e 
mass of air pent up in t h e tubes which conta in t he fluid (in t he case of t he l u n ^ - t h e 
bronchi and cavi t ies) . a 



A H A N D B O O K OF P H Y S I C A L D I A G N O S I S . 

I n expiration, on the other hand , when the vesicles shr ink again 
to their former dimensions, t he above-named cause is not m 
to t h e n lorme s o m e w h a t rare m th i s phase of 
operation, and n fact ^ ^ a r e h e a r d their 
r esp i ra t ion ; but m those cases m " J the viscid, 
occurrence ^ ^ 

nevertheless, forces its way through 

t h e m and so breaks t h e m up and agi ta tes t h e m again. 

That the rales ^ ^ ^ ^ o m a t L r ^ a n ^ ^ ^ ^ 

a ra^^-ha - 5 « a -
observations still to be menkoned thus, a ^ 7 ^ 
obtained by pulling to, and suddenly 

ft i C ^ b e S thPeP|ou1h o r by inflating the collapsed detaching it from the oo o o f ^ ^ ^ b e m g m 
lungs in the dead b o d y ( W m t n c n ^ l e s > the sound generated 
tact after death. From the last o m e v h e a rd in the 
in which bears a.very close ^ e m b l a n ^ to J described), an 
living subject (the c r e p i t o t ^ to J J M I . que y ^ 

Independently of the existence of any trace of exudaUon. 
Rales are classified as « s i and dry according t o tfieir char-

acter, tha t is, according to the impression they convey to th 
ear The difference resul ts f rom the varying consistence of th 
bronchial secretions, t he former variety being produced when it 
is Zn and watery, t he la t ter when it is thick and tenacious. 

MoJrdles m o k usually resemble the sounds caused by the 
b r e a S of bubbles in a fluid, such as the burs t ing of soap-
b u t t i n water, or of the bubbles which come to the surface of 

w a t e b e l n i n g to b o i l ; other, finer rales are more comparable 
r he sound elicited by rubbing the luur between t ^ n g e r s or 
to the crepitation of salt t h rown on the liot-plate of a stove 
B u t rales are subject to so m u c h modification, and vary 

onsic e ably i ^ character even in one and the same case, that to 
consideiabl j i c o m m o n sounds, of ordinary life i 

t l L e la t ter being too few in number and 
not^ permit t ing of an accurate enough definition of the acoustic 

phenomena observed. 

I t is very seldom possible to determine, f rom the na ture of t h e 
râles, t he const i tut ion of t h e fluid in which they are generated, 
tha t is, to affirm with precision whether i t 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 râles, on t h e other hand , whether 
in the largest , medium-sized, or smal les t bronchi , or in pul-
monary cavities, may usually be ascertained with the greatest 
exactness, by a consideration of the various qualit ies of the râle , 
now to be described in detai l . 

1 . S T A G E O F R E S P I R A T I O N I N W H I C H T H E R Â L E S O C C U R . 

Râles are audible somet imes in inspirat ion alone, more rarely 
in expiration alone, or dur ing both inspirat ion and expiration. 
They usually appear at the acme of inspirat ion and at t he begin-
ning of expiration, when the fluid in which they originate is 
lodged in the finer bronchi. B u t if t he secretion be so abundan t 
as to occupy the larger as well as the smaller a i r - tubes, and if 
respiration be carried on with sufficient energy, the râles are 
heard not merely during the whole of the inspiratory period bu t 
also—though necessarily considerably enfeebled by the resistance 
offered to the escape of the expired a i r—throughou t expiration ; 
the ra t t l ing sound is then , in fact, a lmost continuous. T h e best 
example of th is ^condition is found in diffuse bronchitis, t hough 
even here the râ le is only temporarily, and not at every exami-
nation, cont inuous . Violent coughing, accompanied by expec-
toration of mucus , deprives it of i ts continuous character for a 
longer or shorter period. 

Sometimes râles occur even-in the respiratory pause. These are 
described as postexpiratory râles by Baas, their peculiarity being that 
tlicy follow, or prolong, the expiratory râles, whilst the chest-walls 
are m a state of absolute repose.—I have not unfrequently observed 
tins postexpiratory rale, in cases of large pulmonary vomicœ 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 I t 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 
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reS t - I have not noticed the postexpiratory râle in any other condi-
tions than those mentioned—large pulmonary cavities. 

2 . AMOUNT OF T H E B A L E S . 

Râles may be abundant or scanty. Thei r abundance depends 
on the quant i ty of f luid in the bronchi , air-cells, or cavities on 
the proximity of the affected pa r t of the l u n g to t h e surface, (by 
which the explosion of every individual bubble is t ransmi t ted 
more or less accurately to the ear), and on the violence of the 
agitation of the secretions by the aerial current . Numerous 
râles therefore, always indicate free communicat ion between the 
diseased pa r t of the lung and the bronchi leading to it ; and 
if th is be in ter rupted temporari ly by the impact ion of mucus 
iu the air-passages, they are ei ther abolished or become very 
scanty, even t h o u g h the par t s be loaded with fluid s e c r e t i o n s — 
Very abundant and pers is tent râ les are designated as gurgling, 
f rom thei r resemblance to the burs t ing of large bubbles m a 
viscid substance. These present themselves most frequently m 
pulmonary vomica: of considerable size containing a large quant i ty 
of fluid, and occasionally also in the smaller bronchi when these 

are filled with catarrhal secretions. 
T h e less the amount of fluid the scantier become t h e ra les and 

t h e s tronger the inspiratory effort necessary to produce them. 
Occasionally they are so scanty t h a t only a few bubbles form 
or bu r s t dur ing each inspiration, whilst dur ing several consecutive 
respiratory acts absolutely none may be heard , or they may 
become appreciable only after prolonged coughing. A very 
scanty râle often disappears completely when the pat ient breathes 
deeply and strongly for some t ime, as when undergoing exami-
nat ion by auscultation. An extremely scanty râle, consisting, 
for instance, of bu t one or two isolated bubbles, appearing only 
af ter deep and forcible inspirat ion, is not necessarily dependent 
on the presence of fluid in t h e air-passages or alveoli, bu t may 
be caused by the rapid and violent separation of the adhering 
folds of t h e mucous membrane l ining the bronchioles, or by the 
distension of collapsed alveoli. Perfectly heal thy persons may 
thus , on making a sudden and deep inspirat ion, present a few 
scanty râles at various par ts of the lungs ,—in the apices, the 
lower borders , and some other reg ions ; these, however, are lost 
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at the nex t inspirat ion. I n other respects they do not differ 
from the scanty râles which characterise t h e earliest stages of 
catarrh in the apices ; a knowledge of the fact, therefore, t h a t 
these sounds are somet imes produced in the above-mentioned 
way becomes of the greatest importance, as one is always tempted 
to refer the s l ightest trace of a râ le in the s u m m i t s of the lungs 
to commencing catarrh. 

3 . I N T E N S I T Y (CLEARNESS, L O U D N E S S ) OF T H E R A L E S . 

Râles show very marked differences in intensity in different cases, 
and are very variable even in one and the same individual. Then-
intensity is the greater the more abundan t the secretions, t he 
more energet ic the act of respirat ion, t h e wider t h e lumen of the 
bronchi within which the fluid is accumulated, and the closer the 
affected par t of the lung to the thoracic pa r i e t e s .—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. Râles are similarly intensified also by energetie 
respiration, as by th is means more bubbles, and those f requent ly 
of larger size, are thrown up on the surface of t h e fluid. I t i s 
for th is same reason, fu r ther , t ha t râles occurring in the principal 
bronchi are louder t h a n those formed in the smaller air-passages. 
There are certain râles, however ,—such as those ar is ing in t h e 
larynx, t rachea, or bronchial t runks ,—which , t hough they may 
be, and commonly are, so in tense as to be audible even at some 
distance f rom the pat ient , (a phenomenon known as " a ra t t l ing 
on the chest " among the laity), yet do not necessarily indicate 
the presence of any very large quant i ty of fluid in those par t s ; i t 
is but seldom, also, t ha t râles generated in the finer ramifications 
of the bronchial tree, even though exceedingly numerous , are 
observed otherwise t h a n by mediate or immedia te auscultat ion, 
and in these exceptional cases they are feeble. Râ les originat-
ing in pulmonary excavations, t hough extremely loud as heard 
through t h e stethoscope, are never so in tense to the ear held 
away from the chest as those produced in the large bronchi. 

Râles, finally, are invariably stronger the nearer their place of 
origination to the part to. which the stethoscope is applied. They 
are all capable of t ransmission th rough the t issues to points more 
or less remote , t he loud being carried far ther t h a n the feeble; 



we are never, therefore, warranted in concluding tha t the spot at 
which the ra le mav he detected corresponds precisely to the pa r t 
at which it t akes i ts origin. Very loud r a l e s , - t h o s e met with 
in the r ight lung, for example ,—may he propagated, though 
feebly, as far downwards as t h e hepa t ic region. B u t the ear, 
wi th a li t t le practice, soon learns to dis t inguish with sufficient 
readiness between râ les ar is ing immediately under the auscul-
tated spot and those which are t ransmi t ted th i the r , whether f rom 
adjoining or more deeply-seated pa r t s of the lung . Transmi t t ed 
râ les are always scanty, as only the loudest of the bubbl ing 
noises, no t all of t hem, are conducted to any distance ; they are 
also feebler and chiller, in th is respect showing themselves sub-
ject to the same laws as other sounds. I f râles of nearly equal 
in tens i ty be heard over a large extent of surface, it may be in-
ferred t h a t t h e cause producing t h e m is in operation at all par ts 
th roughout the whole of t h e space indicated ; if a t different, 
opposed pa r t s of the t h o r a x — o n t h e r ight and left sides,^for 
ins tance, they belong to both lungs , as the conduction of ra les 
f rom one lung to another is rare, t ak ing place only when they 
are exceedingly loud and abundan t in t h e region in which they 
are set u p . 

Galvagni has stated that râles developed in the deeper parts of the 
lunas are best heard through the mouth, in the cavity of which they axe 
considerably intensified by consonance, and that they lose m 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. I t is perfectly true that 
certain râles, those in the apex, for instance, appear surprisingly loud 
and clear if tbe trumpet-shaped extremity of the stethoscope be placed 
in or even close to, the open mouth of the patient; m this way dull, 
indistinct râles acquire a clear resonant character while those which 
are already of this nature becomc exquisitely metallic. Kales, there-
fore are intensified by consonance in the buccal cavity, as the same 
sound is heard much more feebly over the larynx than at the apex oi 
the lung But I have never been able to convince mysell 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 râles originating even in the lower lobes, may be audible m the 
mouth, and assume there a ringing character.—these methods ot 
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 . S I Z E OF T H E R A L E S . 

Different râles convey very different impress ions to the ear 
with respect to the size of the bursting bubbles. 

The size of the bubbles is de te rmined by t h e quant i ty of fluid 
present and the s t rength of the current of air passing through it , 
above all by the lumen of the bronchi in which the râles are 
developed. 

Râles are divided, according to the apparent size of the bubbles, 
into fine bubbling and coarse bubbling râles, those of in termediate 
magnitude, or which present a combination of the two preceding 
varieties, being designated as medium-sized bubbling râles. 

The fine bubbling râles are generated for the most par t in the 
smaller and smallest subdivisions of the bronchi, t he coarse 
bubbling râles in the larger bronchi ; but even in t h e largest 
and widest par t s of the air-passages very fine moist râ les 
may arise. If t he fine and coarse bubbl ing be combined,—a 
condition readily detected by the ea r ,—they are te rmed un-
equal or irregular bubbling râles ; if, on the other hand , the 
bubbles seem to t h e ear to be equal in size, they are named 
uniform bubbling râles. 

Among the fine bubbling râles there is one variety which 
demands special a t tent ion . I t or iginates in the extremit ies of 
the bronchioles aftd in the air-cells ,—air-spaces of the very 
smallest capacity ; the bubbl ing of which it consists is therefore 
exceedingly minu te ; as the alveoli, also, are all equal in diameter 
the individual explosions are of un i form size. Such a râle is 
spoken of as a fine, uniform bubbling râle ; i t is known also as 
the moist crepitating râle of Lœnnec , f rom i t s resemblance to 
the sound produced by rubbing t h e hai r of the head, especially 
in front of the ear, between the fingers. I t is usually only at 
the acme of inspirat ion, seldom at the beginning of expiration, 
that it is heard . 

When crepitation is distinctly appreciable we have proof t ha t 
the air-vesicles still admi t air, and the proper diagnostic inference 
with regard to the state of the pu lmonary parenchyma is simply 
that the alveoli contain bo th air and fluid. Th i s condition 
occurs in the most pronounced form in t h e first and th i rd stages 
of pneumonia, so t h a t uniform crepitation may be considered as 
almost pathognomonic of the disease in these stages. 



Crepitation in which the bubbles are uniform must be sharply dis-
tinguished from that in which they are irregular in siae. The latter 
is specially 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 Lcennec 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 râle,—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 usually unaffected by 
coughing, as the contents of the alveoli cannot in this way be dislodged. 

I n pulmonary œdema, also, a serous exudat ion ,—not fibrinous, 
as in pneumonia ,—is poured in to the air-cells, so tha t here too 
are furn ished the conditions necessary to the existence of the 
crepi tant r â le ,—the in t imate in termingl ing of air and fluid ; but 
in t h i s instance t h e râ le is not so well defined as in the fore-
ment ioned stages of pneumonia , as t h e bronchi also are filled 
wi th fluid, and the irregular bubbling râles produced in t h e m being 
added to the crepitation proceeding f rom the alveoli, t he general 
impression given.to the ear is no longer t ha t of the uniform crepi-
t an t râ le as in pneumon ia .—In t h e catarrhal affection of the most 
minu te bronchi which usually a t tends t h e various diseases of the 
lung-substance, a few non-uniform, bu t nevertheless very fine, 
crepi tat ions may be heard here and there over the chest, and 
these may be of merely temporary durat ion or pers is tent . 

Crepitat ion is also occasionally audible for a shor t t ime in 
collapsed conditions of the lung, in those, for instance, in which 
t h e organ h a s been for a long period subjected to pressure 
by pleurit ic effusion, or in the re t rac ted pulmonary parenchyma 
s i tuated above the level of a pleuri t ic exuda t ion ; here it may 
possibly be t h e resul t of a ca tar rh of t h e extremit ies of the finest 
a i r - tubes,—a condition often associated with pleurit ic exudation, 
— t h o u g h it f requently arises, a l together apar t from the presence 
of fluid in t h e bronchioles, solely f rom the tear ing asunder of the 
collapsed and adherent alveolar walls (compare p. 146) . 

There is a very deceptive kind of artificial crepitation which must be 
guarded against in anscultating the thorax. In those in whom the 

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 râle, 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 bubbling râles, by which is mean t , as already 
noticed, t he t ransi t ion-form between fine and coarse râles or the 
sound which resul ts f rom the mix ing of these, is set up in 
bronchi which differ considerably with respect to calibre, but not 
in the very finest or in the very l a rge s t ; in the smaller air-
passages the fine bubbles great ly ou tnumber the large ones, in 
the larger bronchi the reverse is t he case. I n pu lmonary ex-
cavations, also, in which there is a very abundan t fluid secretion, 
the râles are usually composed of bubbles of med ium size.— 
These râ les may be still f u r the r subdivided in to two classes, 
according as t h e bubbles are over or under t he average s ize,—a 
degree of ref inement which, as it depends a lmost entirely on 
subjective appreciation, is of no practical value. 

Coarse bubbling râles occur chiefly in the principal bronchi 
and in the trachea, and are usually loudest and mos t prolonged 
in expiration ; to th i s category belongs t h e death-ra t t le in the 
air-passages of the dying. T h e ability to dis t inguish between 
medium-sized and coarse bubbl ing râ les ,—a point of no great 
diagnostic importance, is easily acquired by the ear, with a l i t t le 
practice, while the difference between fine and coarse râles is so 
obvious as to s t r ike every one at once. 

The medium-sized and coarse râles, which are always louder 
than the fine râles, are found not only in simple pr imary catarrh 
of the bronchi , bu t also in the secondary bronchial catarrh which 
accompanies the parenchymal diseases of the lungs, and in pul-
monary cavities. These râles, therefore, can have bu t one 
diagnostic s ignif icat ion,—that fluid is present in some of the 
larger air-passages ; but wi thout a consideration of the character 
next to be discussed, (resonance or non-resonance of the râles), 
and of the propert ies of the respiratory sound, such phenomena 
alone are not sufficient to indicate whether the t issue of the lung 
is still freely permeable to air or is consolidated. 

Skoda has for this reason applied to the whole group of râles just 



described the collective term indeterminate râles, regarding them as 
analogous to the indeterminate respiratory murmur, as neither class of 
phenomena offers any indication of the condition of the lung-tissue 
with respect to air-contents. Practised auscultators,nevertheless, are able 
to determine, from certain peculiar qualities of the non-uniform bubbling 
râles, 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 râles of primary and of secondary catarrh. In simple 
bronchial catarrh the râles 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 
râles (see p. 158) ; the vesicular inspiratory sound, further, is generally 
of the rough, harsh type, and a characteristic thrill is often felt by the 
hand laid on the chest-wall. These details are applicable also to the 
bronchial catarrh associated with pulmonary emphysema. Bût the 
râles of secondarv 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 râles, and are very 
rarely, and then but feebly, appreciable to the hand placed on the 
surface of the chest. 

5 . RESONANT AND N O N - R F . S O N A N T ( T O N E L E S S ) R Â L E S . 

Resonant (or sonorous) râles are tliose in which a tone of 
somewhat musical quality is dist inguishable, t he non-resonant 
those which make on t h e ear t h e impression only of a non-
musical sound or noise . The former usually appear to the ear 
clear and high, t he la t te r dull and low in pitch in well-marked, 
typical instances, therefore, t he dist inct ion between the two 
varieties is easilv made , while in the t ransi t ion-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 t h e individual examiner.—All 
fine, coarse, or medium-sized bubbl ing râles, with t h e exception of 
the small uniform râle ( the crepitant râle), may become resonant 
under certain circumstances described below. 

Resonant râles arise only in consolidated lung-tissue and m 
cavities, and should therefore be interpreted in t h e same way as 
bronchial respiration ; on the other hand , râles which originate in 
par t s of spongy texture are invariably non-resonant.—The cause 

of this resonance is to be found, not in Skoda 's assumed conso-
nance,* but in the favourable conditions offered by the dense t issue 
for the t ransmiss ion of each individual sound to the surface. 
As the râle generally loses i ts resonant quali ty in passing 
through expansible, air-containing lung, i t is usual ly toneless 
at some distance f rom i ts point of or ig inat ion.—If in l istening 
to a resonant râ le special a t tent ion be directed to individual 
bubbles, it will be found tha t they do not all burs t wi th the same 
musical sound, t ha t many , in fact, are absolutely non-resonant ; 
the more numerous the bubbles having the sonorous character the 
more distinct is t he resonance ; t h i s resonance is also greater 
the more complete the consolidation of the lung, the closer the 
indurated pa r t l ies to the surface, and the larger the bubbles 
thrown up in the fluid. B u t i t is far f rom being invariably the 
case tha t t h e râ les heard in condensed lung-substance are re-
sonant; they are sometimes perfectly devoid of the sonorous 
quality, th is being specially apt to occur if t he dense pa r t is 
small, or if between the por t ions of solidified t issue the lung is 
still quite spongy in texture. 

But frequently, with well-marked physical s igns of consoli-
dation,— percussion-dulness and loud bronchial respi ra t ion ,— 
the râles may appear non-resonant , whilst a t a subsequent 
examination they may again be dist inctly resonant ; th is change 
does not in all cases admit of ready explana t ion .—The mo°st 
clearly resonant râles are those generated in cavities s i tuated 
close to the surface of t h e lung and surrounded by dense, firm 
parenchyma. 

Thus, whilst resonant râles indicate with certainty the presence of 
condensation or excavation of the lung-tissue, non-resonant râles do not 
necessanly exclude the existence of these conditions. In the absence 
ol the resonant râle the diagnosis of consolidation of the lung-substance 
rests on the results of percussion (dnlness), 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 râles, yielding, as they do, no direct evi-
dence as to the condition of t h e lung-substance , fall natural ly 
mto the category of indeterminate râles already ment ioned .— 
Sometimes, however, they bear no resemblance whatever to the 

* Skoda names the resonant râ le t he consonating râle, in conformitv wi th his view 
ol it? origin. 



usual sound of bu r s t ing bubbles, being of a peculiar creaking or 
crackling quali ty. Sucb a râle , whicb const i tu tes the transition-
form between mois t and dry râles, indicates great swelling of the 
bronchial mucous membrane, and a scanty or very tenacious 
secretion. These creaking râ les occur very f requent ly both in 
p r imary bronchial catarrh and in t h e ca ta r rh which accompanies 

chronic indurat ion of the l u n g . 
As the apices of t h e lungs are the pa r t s mos t commonly 

affected by condensation it is here t h a t t he creaking and crack-
l ing sounds ,—more f requent ly the fo rmer ,—are oftenest [heard. 
These peculiar phenomena are observed only when the rales 
are scanty ; they appear, also, to originate in the immediate 
vicinity of the ear, in the most superficial par t s of the lung.— 
After remain ing audible for a considerable period they may 
completely disappear, on account of d iminut ion in the quantity 
of the bronchial secretion. I n general the i r characters are 
subject to much variat ion, like those of all t h e other moist 
râles. 

M E T A L L I C R Â L E S . 

The mos t exquisite fo rm of t h e resonant râ le i s te rmed the 

ringing, metallic râle. _ . 
These râles are accompanied by a tone of genuine musical 

quality, very clear and of accurately determinable pi tch. Fre-
quently all t he bubbles formed by the agitation of the fluid 
secretions have th is r inging metall ic charac te r ; in other cases 
only a few of t h e m possess it , while the remainder are obscurely 
r e s o n a n t ; and in still another class of cases the râle, especially 
when it consists of bu t a few bubbles al together , gives the 
impression as of drops of fluid fal l ing f rom a he igh t with a 
sound of acutely metal l ic in tonat ion. 

Râ les of metallic t imbre , especially single bubbles, may be 
bes t imi ta ted by causing drops of water to fall some distance to 
t h e bot tom of a metall ic vessel. 

Lsennec employed the term metallic tinkling to designate the phe-
nomenon just d e s c r i b e d - t h e 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. I t is certain, however, that the sound is 
exceedingly deceptive ; it is not produced by the dropping of fluid, 

but, as above stated, by the explosion of single bubbles, whose tone is 
intensified by resonance in the cavity. 

Râles of metall ic t imbre arise exclusively in cavities of con-
siderable size, as large, a t least , as the closed fist, which are 
enclosed by walls of un i form density, and are s i tuated near the 
surface of the lung . These are precisely the condit ions enume-
rated as necessary to the occurrence of the metall ic percussion-
sound and of the amphoric respiratory m u r m u r . B u t the free 
communication which, in order to the development of amphor ic 
respiration, m u s t exist between the air of the cavity and tha t of 
the bronchus leading to it , and between t h e la t ter and tha t of 
the trachea, is not an indispensable condition in the case of the 
metallic r â l e ; t h i s is obvious f rom the fact t ha t in the some-
what rare cases in which there is absolute closure of the 
bronchus opening into a large cavi ty,—as indicated by the total 
suppression of the respiratory m u r m u r , — t h e r inging metallic 
râle may be at once elicited by sharp coughing, when the fluid 
and air in t h e excavation are thrown into violent agi tat ion. The 
metallic râ le has been ju s t l y explained as a t rue phenomenon of 
consonance, in contradist inction to the simply resonant râ'le, 
which owes i t s peculiar qualities to the bet ter conduction of 
sound through solidified t issue. Amongs t the many resonant 
bubbles which go to const i tute i t , but few have the pure metallic 
resonance ; these are they whose pi tch corresponds to t h e proper 
tone of the cavity, and for them the cavity acts as a resonance-
chamber, in which the r inging quality of the râ le is intensified 
(compare Bronchophony, p. 169). By using a suitable resonator, 
also, (see p. 95) the metall ic sound may be greatly increased 
in intensity. I t is often possible to- recognise in the metallic 
râle several tones ( fundamenta l tone and overtones) s tanding in 
harmonic relation to each other . 

In those cases in which th i s râle is heard the respiratory 
murmur,—when not temporar i ly suppressed or rendered indeter-
minate by plugging of the principal bronchus, in which circum-
stances the metall ic râle also is want ing dur ing the respiratory 
act and is audible only on coughing,—is amphoric (accompanied 
by a metallic echo), so tha t amphoric respiration and metall ic 
tinkling have come to be short ly designated metallic phenomena, 
or, as they occur a lmost exclusively in cavities, as cavernous 
phenomena. 



T H E SOUND OF SUCCUSSION IN PYOPNEUMOTHORAX. 

T h e r e remains for discussion a special variety of t h e metallic 
r â l e — a splashing, accompanied hy a r inging sound, heard in 
cases in which the pleural sac is occupied by air and fluid (pyo-
pneumothorax) , on shaking the pa t ien t while the ear is applied 
to h is chest . Th i s method of exploration was practised by 
Hippocra tes ,—hence the name hy which it is generally known, 
Hippocratic Succussion. On shaking a j u g partially filled with 
water a fair representat ion of th i s s ign is obtained. I n some 
cases it is very feeble, appreciable only by immediate auscultation 
or th rough 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 conld be heard in all parts oí a large 
class-room, when he raised himself quickly on his toes and dropped 
back again on his heels. 

W h e n the cure of a pneumothorax is effected by the outpouring 
of a pleurit ic exudation which, by i t s increase, gradually takes 
the place of the air, t he sound of succussion is no longer appre-
ciable. I n encysted pyo-pneumothorax also, especially if i t be 
of l imited extent , t h e splash is want ing ; and , fur ther , i t does 
not appear to be present even in every case in which the effusion 
is free and unconfined by adhesions, bu t only in those in which 
i t is also of very fluid consistence (serous), and in tha t way easily 
thrown into commotion by shaking t h e pat ient . 

The splashing succussion-sound may also be observed in pulmonary 
vomica, when they are of the size 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 bïonchiectatic cavities, it is only in 
very exceptional eases of this kind that the sound in question is heard. 
Gangrenous cavities do certainly 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. 

D R Y R Â L E S . 

By th is t e rm are mean t râ les which do not create the impres-
sion of the burs t ing of bubbles or of liquid in motion, but which 
are comparable ra ther to the whirr of a revolving wheel, to the 
crisp noise produced by walking on frozen snow, to the crackling 

of a dried bladder, &c. These comparisons come far short of 
exhaust ing the varied characters of the sounds under considera-
tion ; they cannot be regarded as minute ly descriptive of t hem, 
but merely as expressive of some of the i r most s t r iking and 
prominent resemblances. A lit t le practice, however, will soon 
enable any one to dis t inguish readily between moist and dry 
râles. The transi t ion f rom moist to dry sounds is gradual ; t he 
creaking and crackling sounds described on p. 156 may be taken 
as represent ing the forms in te rmedia te between t h e two definite 
types, t hough they are almost ent i t led to be looked upon as dry 
râles. 

The general diagnostic inference to be drawn f rom the pre-
sence of dry râles, with reference to the condition of the 
bronchi, is t ha t the mucous membrane is sivollen, and covered by 
a scanty, exceedingly viscous secretion. 

From these dry râles is to be carefully dis t inguished still 
another class of sounds, in which there is no longer to be found 
any trace of tlie characteristic features of t h e r â l e ; these are 
known as the snoring, hissing, and whistling sounds. As the 
sensory impression produced by them corresponds exactly to t ha t 
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 th rough bronchi 
whose calibre is encroached-upon by swelling of the mucous 
membrane, or which are at par t s temporar i ly obstructed by plugs 
of mucus. These conditions alone are enough to render t h e 
respiratory m u r m u r loud and harsh , as may easily be shown ex-
perimentally by blowing th rough caoutchouc tubes which are 
compressed at certain points ; bu t 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 impor tant 
part in the production of t h e sounds . The snoring sounds 
(sonorous rhonchi) originate in the large and medium-sized 
bronchi, the hissing and whistling sounds (sibilant rhonchi) in 
the small and smallest air-passages. The former are low-
pitched, the lat ter h igh ; and th is is exactly in accord with the 
teaching of physical science,—that the pi tch of a tone, like t h a t 
of a râle artificially produced in tubes, rises as t h e diameter- of 
the chamber in which it is generated diminishes. These rhonchi 



are very common in chest affections, and are mos t marked m 
acute and chronic bronchial ca t a r rh ,—both in the pr imary 
form and in tha t which resul ts f rom the various diseased con-
dit ions of t h e pulmonary parenchyma, especially emphysema ; 
they are generally audible over a large pa r t of one or both-sides, 
somet imes even over t h e whole, of the thorax, and vary m in-
tensi ty with t h e degree of t h e swelling of the mucous membrane 
a n d the lumen of the bronchi at tacked by t h e catarrhal process. 
T h e loudest are t h e sonorous rhonclii, occurr ing m the large 
bronchi T h e character of the sounds depends on the size of 
the bronchi involved, being snoring or h iss ing and whist l ing 
according as it is chiefly t h e large or the smal l air- tubes 
tha t are a f fec ted ; occasionally all t h ree varieties are heard 
simultaneously, a t t he same or at different par t s of the , thorax. 
They are considerably louder t h a n the mois t rales , and are 
appreciable, even at a distance f rom the pa t ient , m both 
inspirat ion and expirat ion, sometimes th roughou t the whole oi 
t he respiratory act, as s ighing, moaning , or cooing sounds. As 
in these circumstances t h e elasticity of the lungs is diminished 
and expiration prolonged, the durat ion of t h e expiratory rhonchi 
is much longer t h a n tha t of the inspiratory sounds. If the 
bronchi contain also a certain a m o u n t of fluid secretion moist 
râles are added to t h e dry sounds, and as fluid is found more 
f requent ly in t h e larger than in the smaller bronchi it is the 
sonorous rhonohus which is mos t often accompanied by rales (oi 
t he coarse or medium-sized bubbl ing variety), whilst t he sibilant 
rhonchi are commonly f ree f rom such indicat ions of t h e presence 
of l iquids in t h e air-passages. The respiratory m u r m u r is some-
t imes audible along with the sonorous or sibilant sounds ; i t is 
vesicular so long as the lung-substance r ema ins permeable to air, 
or may disappear entirely, as i n aggravated cases of pulmonary 
e m p h y s e m a ; i t may be completely masked by t h e loudness of 
the dry râles, or may possess t h e characters only of indeterminate 
respira t ion.—All these dry sounds, which are short ly designated 
as catarrhal, may be modified by the assumpt ion of the ringing, 
resonant quality, when the lung-substance at t h e affected par t is 
completely consolidated ; i t is scarcely justif iable, however, to base 
the diagnosis of consolidation on th i s sign alone, as even while 
the l u n g is perfectly expansible these rhonchi show a greater 
tendency than any of the other râles to take on the character 

referred to ; th is is clearly indicated in the names applied to them, 
sonorous, sibilant , &c. I t is only necessary to auscul ta te a few 
cases of severe emphysema at tended by dry catarrh, to become 
convinced of the f requent occurrence of th is almost musical pro-
perty of the dry catarrhal râ les . They are all, especially the 
sonorous rhonchi , appreciable on the surface as palpable f remi tus 
(see p. 68), but may also become unrecognisable, ei ther by 
auscultation or palpation, for a longer or shor ter period, or at 
least suffer considerable diminut ion in intensi ty , 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 râles, the special characters of which 
have been described, may co-exist in the same individual. Or the 
different orders of râles may assume the most diverse forms, merging 
into each other through multiform modifications, and that not only 
at difierent stages of the morbid process but within very short periods 
of time, m the space of a few minutes, for example, on coughing sharply. 
In the same way similar râles 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 râles of every description, without ex-
ception, and with bronchial respiration râles of all kinds except the 
genuine uniform crepitation. 

P L E U R I T I C F R I C T I O N - S O U N D . 

This phenomenon presents to the ear much the same charac-
ters which are felt by t h e hand in Pleural F r e m i t u s (p. 66). 
It gives the sensation somet imes as of the l ightes t rubbing, if 
stronger, t ha t of shuffling, grating, or creaking, &c. ; in the la t ter 
form, which is t h e most - common, the sound is divided into 
several dist inct port ions of different intensi ty. I t is sometimes 
audible only at t h e he ight of inspiration and the beginning of 
expiration, a t o ther t imes, especially when brea th ing is vigorously 
carried on, th roughou t the whole of both phases of respirat ion. 
It is also generally, though not always, possible to form some 
preliminary conception of the intensi ty which the sound should 
present to auscul tat ion f rom the dist inctness of the thr i l l ing 
sensation communicated to the hand . I n some cases it is only 
its rougher, or more s t r iking features t ha t are t h u s perceptible 
to the sense of touch, whilst t he ear takes in not merely these, 
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bu t also the fainter , less-marked indications ; so tha t t he signs 
of friction may persis t much longer to auscultat ion than to 
palpation.—Occasionally pleuri t ic fr ict ion is so feeble as to be 
recognisable only by t h e ear, bu t absolutely inappreciable by 
palpation, particularly when i t is exceedingly soft and not jerky 
or interrupted. 

Yerv rough friction-sounds are accompanied by fremitus so easily 
detected and of so marked a character that to mistake them for anyr of 
the other chest-sounds giving rise to vibration which may be felt by the 
h a n d , - s u c h as the râles of diffuse bronchial catarrh see p. 6 9 ) , - i s 
scarcely possible. And it is only with râles perceptible to touch hat 
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 râles. That c o n f u s i o n shouM anse^is 
scarcely conceivable, except in those cases m which the fnction-s.gos 
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, o f r a k s 
occupies a space as circumscribed as that of the Action-sound hough 
even here simple palpation suffices, as a rule to establish the distmction 
(see p 69) : or, finally, when friction-sounds and rales co-exist side by 
side In ail these cases, however, the diagnosis can easily be made 
bv auscultation. To auscultation râles and friction-sounds are dis-
tinguished from, each other by the following points : f former m a k e on 
the ear the impression either of the bursting of bubbles, or of lough 
snoring, whistling, hissing, dry sounds, and undergo varwus nwdifications 
on coughing, particularly with respect to the loudness, number and size 
of the bubbles ; the latter, on the contrary, show no trace of the acoushc 
properties expressed in the words moistness and dryness while they are 
^ a b s o l u t e l y uninfluenced by coughing. Friction-sounds, further a ^ 
not uncommonly intensified by the pressure of the stethoscope, as m 
this way the opposed surfaces of the pleura are brought into closei 
contact, and the friction increased at the part under examination, 
râles, on the other hand, are not affected by this manoeuvre. 

Friction-sounds may be associated with the most diverse varieties of 
dry or moist râles, 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 p eunsy may rend 
L vesicular respiratory murmur so loud and harsh that friction-sounds 
existing in the same part of the chest, provided they are only of the 
S i n g or shuffling, not of the creaking character, are heard irtfc 
extreme difficulty. In these and similar cases the question as to the 
possible association of friction-sounds with rales may be most readily 
S l e d bv repeated auscultation, especially when his is supplemented 
by a consideration of the phenomena produced by coughing and by 
superficial and deep respiration. 

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 pleurit ic fr ict ion-sound is rarely heard at t he beginning 
of an at tack of pleurisy, as the inf lammatory products seldom 
have, at t ha t stage, t h e requis i te degree of roughness , and the 
patient, also, is constrained to breathe very superficially, on 
account of the acuteness of the pain . I n the succeeding stage 
of the disorder likewise, when effusion has taken place, there I s 
no sound, as the roughened pleural surfaces are separated by 
the fluid. I t is usual ly first observed when the process of 
absorption of the effusion begins, and the more rapidly th is pro-
gresses the greater the number of points at which the sound 
becomes audible. I t is not present , however, in every case of 
pleurisy, as the exudation is not invariably fibrinous, but is 
occasionally simply serous. P leur i t ic friction is always wanting, 
therefore, in cases of transudation of fluid in to the pleural cavity! 
The sound, fu r ther , is somet imes heard in pleurisy without 
effusion (pleuritis sicca), bu t only in circumscribed spots,"usually 
those which the pat ient complains of as p a i n f u l ; i t is then also 
usually of t h e l ight rubbing or shuffl ing character. 

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. 

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, affecting 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 case 
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 
the chest, perceptible both to the hand and to the ear, «ave the 
impression of rubbing against a surface covered by a multitude of 
small excrescences. 
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A U S C U L T A T I O N OF T H E C O U G H . 

T h e cough of t h e pa t i eu t is somet imes m a d e u s e of as an aid 
t o auscul ta t ion , h u t in m a n y cases i s also xtself m a d e t h e subject 

of direct examina t ion . 
A s an ad juvan t to auscu l t a t ion i t answers m a n y purposes : 
1 . Af te r repea ted coughing inspi ra t ion becomes deeper and 

t h e respi ra tory m u r m u r louder . 
2 . Casua l ^obstruction of t h e b ronch i by p lugs of m u c u s is 

removed by coughing, especially if followed by expectoration ; 
communica t ion between t h e air-passages and t h e 
t h e l u n g is t h u s re-es tabl ished, a n d t h e respi ra tory m u r m u r , 
previously suppressed or inde te rmina te in character , becomes 
d e a r e r . T h e n a t u r e of t h e respira t ion af ter coughing depends 
on t h e s t a te of t h e l u n g i t se l f , be ing bronchia l m consolidation 
or excavation of i t s subs tance , vesicular if i t be st i l l of spongy 

t e X 3 m E â l e s are often first called into existence, or are considerably 
in tens i f ied , by c o u g h i n g ; i t agi ta tes t h e fluids which a re lodged 
in t h e p u l m o n a r y vomicae and in t h e bronchi th rowing t h e m i n t o 

m o r e violent commot ion t h a n ordinary respira t ion ; i t frequency 
also h a s t h e effect of collecting and dr iving t h e secret ions into 
m o r e conf ined spaces, and t h u s of increas ing t h e n u m b e r and 
in tens i ty of t h e râ les . D u r i n g t h e cough, therefore and m the 
deep insp i ra t ions fol lowing i t , t h e râ les are h e a r d w i t i r j j 
d i s t inc tness . Occasionally, however, t h e râ les , no twi th t n d n g 
t h e complete absence of expectorat ion, become weaker a t c e j j 
ua r t s a f ter coughing , and s t ronger a t o the r s ; t h i s i s plainly due 
S t h e l i f t i n g of the ' l iqu ids in t h e a i r - p a s s a g e s . - T h e s e R a n g e s 
in t h e râ les , as t h e resu l t of coughing, are observed wi th gieat 

f requency i n d i f f u s e bronchia l ca tar rh . 
4 T h e r ing ing character of t h e metal l ic râ le is generally 

b r o u g h t ou t by coughing , if i t i s no t already observable m 

ord ina ry respi ra t ion . . 
T h e cough itself i s auscul ta ted , as i t developes cer ta in peculiar 

acoust ic p h e n o m e n a in consol idated lung- t i s sue and in cavities: 
i t becomes exceedingly loud in solidified lung , ouder, at lea , 
t h a n in l u n g which is permeable t o air , and m la rge superficial 
cavities i t f u r t h e r acquires a dist inct metallic ring Auscultation 
of t h e cough alone, therefore , is sufficient t o decide whether tiie 

subjacent p a r t of t h e l u n g is solid, of spongy tex ture , or hollowed 
out into cavities. 

The cause of t h e grea te r d i s t inc tness of the cough over con-
densed t i s sue and excavations lies in t h e super ior sound-conduct -
ing power of indura ted lung-subs tance . 

I t remains now to discuss the cough as a symptom in diseases of 
the respiratory organs and its signification from a diagnostic point 
of view. 

Cough is produced hy the sudden and forcible opening of the glottis 
by the expiratory current of air. I t is frequently an entirely' volun-
tary action; at other times it occurs independently of the will, as 
a reflex 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 (Nothnagel, 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 efforts 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, alsq, provokes coughing, while stimula-
tion of the visceral portion is powerless to produce this effect, 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 
dn-ection; it has never yet been accomplished experimentally.— 
Stimulation of the vagus in the neck, of the superior laryngeal nerve, 
and of the nerve-centres f rom which the constituent fibres of the vagus 
spring, mduces_ attacks of coughing (Kohts) ; in those cases, therefore, 
in which coughing appears as a symptom accompanying some disease 
ol 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 
mat the cough usually comes on in paroxysms, like that of tussis con-
yulsiva.—Most attacks of coughing are preceded by a tickling sensation 
m the larynx, even when the affection which excites them is not located 
at that point, but in the bronchi. This tickling forces on the cou<*h, 
or at least makes it difficult to refrain from endeavouring to find relief 
in that fashion. 

The irritation necessary to the provocation of coughing, apart from 



the accidental admission of foreign bodies into the larynx is furnished 
in diseases of the respiratory organs by the s w o l l e n condition of the 
bronchial mucous membrane, or the presence of fluids in the air-
passages,—such as bronchial mucus, inflammatory exudations, extra-
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 affections coughing can scarcely fail to be a 
more or less p r o m i n e n t symptom, lasting either throughout the whole 
of the "disorder, or developed only at some particular part of its course. 
Cou«hin« is thus a symptom of the greatest importance m many 
diseases, especially in incipient phthisical affections, as, m 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 wakmg 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 then 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 patients 

n ° T h e 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 
catarrh, or in the morning, shortly after waking from sleep, as in 
morbid processes of phthisical character. In general the frequency ol 
the cou»h is directly proportionate to the intensity and distribution ot 
the bronchial catarrh, 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 h a v e never y e t m e t w i t h a case of t o t a l absence of cough in l u n g disease. On 
c a r e f u l c ross -examina t ion of t h e p a t i e n t o n e r a r e l y f a i l s i n ob ta in ing f rom him an 
a f f i rmat ive answer , e v e n w h e n t h e ex i s tence of cough is a t first s t renuous ly denied. 
Y e r y m a n y pa t i en t s , also, do n o t r e g a r d a s l i g h t h a w k i n g f r o m wh ich t h e y m a y suffer 
as a g e n u i n e cough . 

season of the year, 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 frequency of the cough, its intensity, its 
tone, and whether it is moist or dry. 

1. Each attack may consist of one or of only a few short, slight 
expiratory efforts; 

2. Or of a series of several coughs, of somewhat greater intensity; 
8. 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 hüsteln, 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 with 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 intensity 
is embraced in the three foregoing categories; it is least marked in the 
first form (hüsteln), 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 dry 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 offending portion of mucus is not 
generally effected by a single effort of coughing, and the process is the 



more difficult and troublesome the more deeply situated tbe 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. I t 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 h i s s i n g sound, audible at 
some little distance from the patient, due to the forcible rush of an 
through the glottis; this same sound, moreover, is heard m 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 m 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 m 
conjunction with the previous history of the case, especially as regards 
duration, that it assumes any diagnostic value. _ This diagnosis is mos 
easily made in cases of chronic character, in which the principal 
question to be settled is simply whether phthisis exists or n o t ; 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 oi 
the chest, and an inquiry as to the presence or absence of the other 
phthisical signs, emaciation, &c. 

I t is not merely in diseases of the lungs themselves that cough is 
observed ; it occurs also in affections 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 T H E Y O I C E . 

The vibration of the thoracic parietes, caused by t h e voice, 
and felt distinctly on t h e surface as pectoral f r e m i t u s , has 
already been discussed in the section on Palpat ion (see p . 63). 

Auscultation of t h e voice is also f requent ly employed as a 
diagnostic aid in diseases of the organs of respirat ion, to supple-
m e n t or confirm the resu l t s obtained by auscultat ion of the 
respiratory m u r m u r . 

W h e n the respiratory apparatus is in i ts normal condition the 
words spoken by the person under examinat ion are absolutely 
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indistinguishable f rom each other, ei ther th rough the ear applied 
directly to t h e chest-wall or th rough t h e s te thoscope; t h e voice 
is heard merely as an undefined buzzing. T h e intensi ty of th is 
sound at any par t corresponds exactly to t h a t of the vocal t h r i l l ; 
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 f remitus . 

Pathological alteration of the voice, with respect to the distinct-
ness with which it is conducted through the t issues to the surface, 
takes place in one of two directions : t he voice may be rendered 
so feeble as to be total ly inaud ib le ; or i t may be intensified to 
such a degree tha t a large number of t h e words become clearly 
articulate, and the auscultator has t h e impression as if t he 
patient were speaking directly in to h is ear. Increase of the 
intensity of the voice is te rmed bronchophony; amphorophony 
(a metallic r i ng or echo produced by the voice), and segophony 
(the bleating voice), are modifications of bronchophony. 

E N F E E B L E M E N T OF THE V O I C E . 

The sound of the voice, a t t he surface of t h e chest , is weakened 
or suppressed by the same conditions which lessen or abolish i ts 
perceptibility to the hand , tha t is, by copious pleuri t ic exudation, 
pneumothorax, and to a moderate degree also by the presence of 
a large quant i ty of fluid in the air-passages (see p . 64 et seq.) 

INCREASE IN T H E INTENSITY OF T H E V O I C E . BRONCHOPHONY. 

Bronchophony, l ike bronchial respirat ion, occurs as a physio-
logical phenomenon; in the larynx and opposite t h e bifurcat ion 
of the t r a c h e a ; bu t at t he lat ter level i t has already lost 
much of its force, and is heard only to the r ight of the vertebral 
column. 

Pathologically, bronchophony may occur at any par t of the 
thorax; but other conditions being equal, i t is louder superiorly, 
both in f ront and behind (in the interscapular space), t h a n it is 
interiorly. I n its more exaggerated forms i ts recognition is easy 
without the ins t i tu t ion of any comparison with the heal thy s o u n d s ; 
when its special characters, however, are less markedly developed^ 
such a comparison is necessary, with the vocal resonance at t h e 



corresponding points on the sonnd side of the chest , or indeed 
with t h a t at any par t of t h e l n n g which may have preserved its 
normal t ex tu re . . 

Bronchophony is invariably an indication tha t m the region 
auscultated the lung is somewhat extensively consolidated or 
contains a large cavity enclosed by solid walls. 

The expression « consolidation of the lungs'; embraces a well-
known class of pathological processes, amongst which the hepaUzation 
of pneumonia and caseons condensation (phthisical) are found to be 
the commonest causes of b r o n c h o p h o n y . - T h i s intensification of the 

o ce sounds is observed more often in phthisical than m t a c W J 
vomicEe, the former being more favourably situated for its develop-
m e n t ? it is but seldom, also, that gangrenous cavities attain sufficient 
size to give rise to b ronchophony . - In very large phthisical ex ava-
tions bronchophony has a metallic, ringing character exact y as m 
the case of the respiratory murmur and the cough (sec p. Ib4). W s 
rin"ing sound, however, is not so loud as that which accompame 
the Tough, as the latter throws the air within the c a v i t y i n o m o r e 
powerful vibration ; phthisical patients presen ting caverns in the lungs, 
also are usually greatly reduced in physical strength, the voice, theie-
fore, Tweak , a i d is further frequently rendered husky from concurrent 
laryngeal affection. 

Bronchophony has , wi th regard to the determination of the 
physical condition of the lung , exactly the same diagnostic signi-
fication as the bronchial respiratory m u r m u r , and m all instances 
i ts occurrence, i ts dist inctness, i t s temporary disappearance and 
i ts reappearance, are dependent on precisely the same circum-
stances as in the case of bronchia l respiration ; th is is t rue more 
particularly with reference to the size of t h e condensed part or 
of the cavern, which m u s t be a t least so large as to include one 
of the more impor tan t bronchi , and to the free communication 
which m u s t subsist between th i s bronchus and t h e trachea (see 
p. 66). 

Since bronchial respiration and bronchophony arise from the same 
causes they are always found associated, though not invambly o 
equal intensity. The presence of large accumulations of f ^ d m tlw 
condensed portions of the lung or in cavities n : r < W * » ^ * ™ * 
the alveoli, or the existence of spongy lung-substance between patches 
of consolidation, diminish the clearness of bronchophony, or prevent its 
development a l together . -Like bronchial respiration, it is ^ com-
bined with increased pectoral f r e m i t u s , - a fact the reasons for wh 
are self-evident; but much finer shades of difference may be detected 
by auscultation than by palpation, and when, moreover, bronchophony 

is confined to a very circumscribed area, examination by the latter 
method gives very unreliable results. I t 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. 

Liennec 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 Lajnnec's pec-
toriloquy, though these slight differences 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. 

Bronchophony is also heard when the lung is compressed by 
pleuritic exudat ion, but only at those parts of the chest at which 
the dense lung is in immediate contact with the chest-wall, t h a t 
is, posteriorly, between the vertebral column and the scapula, 
when the effusion is non-encys ted .—One condition which seems to 
be essential to the development of bronchophony is t h a t t he 
larger bronchi m u s t still be pa ten t , to permi t t he entrance of 
the waves of s o u n d ; should these too be closed by reason of 
the greatness of the pressure bronchophony is want ing. At those 
parts, on the other hand , at which the lung is separated f rom 
the chest-wall by the effusion, t he vocal resonance, like the 
pectoral f remi tus , is feebler t h a n on the sound side. Never-
theless, all exudat ions do not offer the same opposition to the 
transmission of the voice-sounds; Baccelli h a s shown tha t t he 
more fluid and homogeneous the effusion the more easily and 
completely is it penet ra ted by the vocal vibrations, and tha t in 
favourable circumstances even a whisper may be audible th rough 
effusion ; bu t t h rough fibrinous, and part icularly th rough puru len t 
exudations the waves of sound pass with difficulty or not at all. 
There is t h u s a possibili ty of ascer ta ining, by auscul tat ion of the 
voice, especially of the whispered voice, whe ther the exudat ion is 
serous, fibrinous, or puru len t . To facil i tate the appreciat ion of 
these differences in t h e intensi ty with which the voice is con-
ducted Baccelli recommends t h a t t he auscul ta t ing ear should be 



pressed firmly against t he spot under examinat ion, t ha t the other 
ear should he closed with t h e point of the finger, and tha t when 
t h e pa t i en t speaks, ei ther aloud or in a whisper, he should tu rn 
h i s face away f rom 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 ofler 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 voice is weakened or suppressed. 

P H Y S I C A L C A U S E OF B R O N C H O P H O N Y . 

T h e cause of Bronchophony is to be found in the superior 
sound-conduct ing power of impermeable lung- t i ssue . Th i s in-
creased vocal resonance is never observed in the thorax in 
hea l th , as spongy expansible lung is composed of non-homo-
geneous (dense and rare) media , namely, air and pulmonary 
substance, or t h e t issues forming t h e walls of the b r o n c h i ; the 
vocal sounds are t hus constantly refracted, and therefore 
weakened. B u t should these unfavourable conditions be re-
moved by pathological processes which render a large part of 
the l u n g more or less solid, and so change it in to a body of 
un i form consistence, t he development of bronchophony is cer-
t a i n — T h i s theory, which was first s tar ted by Lsennec, and 
which has already been described in detai l when t rea t ing of the 
causes of bronchial respiration, explains in a perfectly satisfactory 
m a n n e r all t he phenomena of bronchophony. 

In accounting for both bronchial respiration (see p. 186) 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 obviously 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 s p e a k i n g - t r u m p e t 
is constructed, or it is reproduced and intensified by consonance. 

Should the voice be louder in the thorax than over the larynx the con-
clusion 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 way 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 
space, 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 
voiee 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 



cases do occur they offer no conclusive proof that the voice as gene-
rated in the larynx is weaker than that heard over a pulmonary cavern 
or consolidated lung-tissue, as in auscultating over the larynx only 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 oi 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 sounds. 

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 great 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 
with any tone whatever, really existed in the lungs, the thoracic voice 
at parts corresponding to the situation of pulmonary c a v i t i e s 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 

which point unquestionably to the presence of consonance of the voice 
in the lungs. Such an indication is the formerly-mentioned (p. 170) 
ringing metallic quality acquired by the voice-sounds, amphorophony, 
heard when single words are spoken in a tone of a certain pitch. The 
applicability of Skoda's consonance-theory is therefore limited to the so-
called metallic (amphoric) phenomena which may accompany the voice, 
the cough, the respiratory murmur, and râles (see pp. 139 and 156). 

2 E G O P H O N Y . 

This t e rm is employed to designate a peculiar t remulous , in-
terrupted quality of voice, which in t imbre resembles the b lea t ing 
of a goat, t he nasal twang of the h u m a n voice when the nostr i ls 
are closed, or the sound produced by speaking against a comb 
which is covered with paper and held in f ron t of the tee th ; i t 
very frequently creates the impression also as if i t came f rom a 
great distance. I t is very commonly met with in cases of mode-
rate pleuritic exudation, (not if t he effusion be exceedingly abun-
dant or of very small amount) , and usual ly towards the upper 
margin of the fluid ; i t is most often heard in the space included 
between the axillary line, the inferior angle of the scapula, and 
the vertebral column. All t he sounds u t te red by the pat ient do 
not assume the bleat ing character , and those which do so have 
not all t he same t imbre . W h e n such a change, f rom the bleat ing 
to the non-bleat ing voice, takes place in pleurisy, the former is 
higher in pi tch and seems remote f rom t h e ear, t he la t ter 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 , t h e presence of 
exactly the requisi te amoun t of fluid in t h e pleura, undergoes 
no change ; but it quickly disappears on increase of the exuda-
tion. 

JEgopliony is most probably produced by the vibration of the 
walls of the flattened, compressed bronchi ; t h i s vibration is 
excited by the voice, and t ransmi t ted to t h e th in layer of fluid 
which, a t t he upper pa r t of the exudation, lies between the lung 
and the chest-wall. Th i s t r emulous movement of the sides of the 
bronchi gives the voice-sounds-a quavering, in te r rup ted character ; 
and as they have to pass t h rough a fluid medium to reach the 
surface they lose in clearness and precision, and acquire the nasal 
twang. 

The diagnost ic signification of ajgophony, so far as i t reveals 



the physical 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 
iegophony and ordinary bronchophony in the same patient, and 
at points not far distant from each other. 

According to Skoda iegophony occurs not only in cases in which 
there is fluid in the pleura, but also in the absence of such fluid, m 
some cases of pneumonia, in caseous pneumonic infiltration ot the 
lunc 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. 

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 coughing. 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 
irom 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 E L E M E N T S OF T H E S P U T A . 

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 
m the passage of the latter through the mouth. 

celk Z T ^ r 6 C 0 g n i f i ^ t h e Polygon! outline of the individual 
ceils, by their size, and their large nucleus. 
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the physical 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 
iegophony and ordinary bronchophony in the same patient, and 
at points not far distant from each other. 

According to Skoda iegophony occurs not only in cases in which 
there is fluid in the pleura, but also in the absence of such fluid, m 
some cases of pneumonia, in caseous pneumonic infiltration ot the 
Inn" 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. 

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 coughing. 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 
irom 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 E L E M E N T S OF T H E S P U T A . 

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 
m the passage of the latter through the mouth. 

celk Z T ^ r 6 C 0 g n i f i ^ t h e P<%g°*al outline of the individual ceils, by their size, and their large nucleus. 

X n M l f r ? E f h ° f , , p h a r y n x a n d m o u t h - The epithelial 
«eus of the deeper layers of the buccal mucous membrane are more 
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s p u t u m , t h o u g h t h e a i r -passages are toed w r t h r t ^ 

" T e ^ f ca ta r rha l s w f n g 
surface i s ot t h e m o s t fci b i d processes, being 
of t h e membrane , or even te^** T h e epithelium of the 
insuff icient to separate i t m any 1

 i n t h e 
pulmonary alveoli occasionally, t h o u g h l a r e i y , P I 

s p u t u m . 

« 8 - » c o l l a r e p i t h e l t a i s w y X M 

sinuses connected with it. 

of t h e capillaries int^rmitv of t h e catarrh 
variable proport ion, ^ « J ^ ^ T ^ abundan t as to 
or in f lammatory process a n d l o g i c a l element 
form t h e sole 

green in colour, 

masses. 

3 Red blood-corpuscles. Blood is expectorated sometimes 
w i n traces at other t i m e s in m o r e percept ible quanti ty, and 

m e r y i w l b u n d a n t l y t h a t i t seems f ree of any intermixture 
" I t t e r s and itself t o const i tu te the whole of the 

wi th other m a t an ^ ^ ^ ^ ^ ^ 

S P il'v i n d i c a t e d by i ts colour ; b u t if t h e t inge be so slight as 

reiWS^ may be easiiy settled by micr0' 
S C ^looXcOTpusc les in t h e s p u t u m exhibit t h e i r n o r m a l ^ gical fcn-m and colour, as t h e y are placed in precisely similai con 

ditions as while st i l l in circulat ion, t h a t is, they are i n a fluid of 
alkaline reaction and con ta in ing a lkal ine sa l ts . No d is tens ion 
or discoloration of the corpuscles takes place, therefore, f rom 
absorption of water ; i t is only when t h e quan t i ty of blood p resen t 
is very small , and the propor t ion of water consequent ly large, 
that the phenomena of diffusion a re observed. 

4 Debris of lung-tissue.-Elastic fibres. These are m e t wi th 
m the s p u t u m only in those diseases which involve des t ruc-
tion of t h e t i ssue of t h e lungs and b r o n c h i , - c a s e o u s pneumonia , 
bronchiectasis with ulcerat ion of t h e bronchi , and pu lmonary 
abscess T h e por t ions of s p u t u m in which t h e y are suspended 
m a y o ten be d i s t inguished , by the i r dul l grey opaque colour, 
from the clearer m a s s of t h e expectorat ion. On being allowed to 
stand for a shor t t ime in a vessel t h e y s ink to t h e bot tom with 
the heavier cons t i tuen ts , which are general ly f ree of a i r -bubbles , 
t h e e as ic fibres appear e i ther as isolated, de tached filaments, 
or collected m t o bundles , a n d these m a y b e e i ther s t r a igh t or 
oiled and t w i s t e d ; occasionally, also, t h e y are inter laced af ter 

the fashion of t rel l is-work, or are so perfect ly m e s h e d as to closely 

2 7 * I ? I ' a n V n t h G k t t e r C a S e P r e s e n t e x a c % t i e appear-
ance o t h e fibrous f r amework of t h e alveoli. T h e y are b rough t 
markedly into prominence by the i r dark colour when under a 
powerful l ight , par t icular ly on t h e addi t ion of acetic acid, which 
lenders he rest of t h e t i ssues m o r e t r anspa ren t b u t h a s no effect 
on the elastic fibres. 

The presence of elast ic fibres m a y genera l ly be regarded as 

b e S t C f t h i S i C a l d i 8 0 r ^ o n of t h J lungs , p h t h i s i s 
b n g t h e mos t common of t h e p u l m o n a r y diseases l ead ing t o 
destruction of t i s sue . L u n g - t i s s u e , however, occurs also in 

b r L ' r , 3 U / i
a S ' e S ° f P u l m o n a i T abscess, of ulcerat ion of the 

bion hi, and of bronchiectasis , bu t not, or only for a shor t t ime 

the W ? U T h t y ' i U C a S G S ° f 8 a r , S r e n e of t h e lungs . I n 
he last-named affection t h e elastic fibres are destroyed by t h e 

f the n a t r 6 ^ f ^ 7 ^ ^ ^ w h i e h i s "PPa/cnt ly ot the na ture of a f e rmen t (see p . 203) . 

g i v e ^ n f S S 5 t h T ^ r e S m t h e e x P e c t ° r a ted matters in phthisis 

* . R T ^ I J S T ^ I S » — R S 
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5. 1 M . coagvto- These are f i rm coagula oi: » m e w M , 

recognised. by A * property » « J ^ d £ 

C ° TUhey consist of masses of coagnlated fibrin, dicbotomonsly ĜIIIIIL IISSIIII 
t h r s h a s b ^ n n o t c 6 t l

T ^ a i e a i w a T S t h e resul t of a fibrinous 
influenza ( C h W * t h e o r o u p m l s p n e u m o n i a o ( 
S S t S l E W accompanied by a fibrinous inflamm«, 
t l o t t fines! air- tubes. They appear m t h e 

, • • n r m e of t he stage of hepatizat ion, that is, 

" a b L t t h e l e . n t h day of the disease, 

„eleng to the bronchi, and the reticulated fibres to the alveoh, „ now 
generally admitted to be t o h a T e s t a d i ed and 

spntmS, and then only rfien the < » ^ " S t o S » - I » 8 ™ 

I " r y f r e ^ S Jf^XS^1
 S S S 

tions. , nf mrtrtaae (from the bronchi, 
Umtnped muscidar f ? 0 ^ T e t L e , are also occa-

in cases of bronchial u ceration), and ^ c o n s t i tuent 
sionally observed in the sputum T h e l a s t ^ a n d d a r k 

appea/s as small particles ^ - ¿ T e reBt o t t ' s p u t a n b y diluting 
g?ey in colour, easily s e d a t e d & ^ ^ ^ o f a

P
c e t i c a c i d , these 

^ d l ^ t C ^ I ^ - r p t u s tissue, thickly beset with 

black pigmentary granules. 
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but are absent in the first s tage, as exudation has no t yet taken 
place, and in the th i rd stage, the plast ic exudat ion having t h e n 
become fluid and in great par t absorbed. I n these later days 
of the affection, however, smal l f ragments of fibrin may still be 
seen in t h e exudation discharged by expectoration, but they 
consist merely of minu te flakes, showing no t race of dichotomous 
subdivison. Not uncommonly, (in about 10—20 per cent, of 
the cases), fibrinous coagula are entirely want ing in pneumonia , 
when the spu tum is scanty and t h e pa t ien t weak and exhausted 
and unable to cough with any degree of force ; in such cases, 
also, much less fibrinous ma t t e r is exuded t h a n in more robus t 
persons.—In the catarrhal pneumonia of chi ldren and the aged,' 
and in chronic inters t i t ia l pneumonia , t he bronchi are free of 
fibrinous e x u d a t i o n ; in these condit ions, therefore , fibrinous 
masses are never met with in the sputa . 

Fibr inous casts of the bronchi are most numerous and most 
perfectly formed in cases of croupous bronchit is , acute as well as 
chronic. 

The characters of the casts vary with the intensity "of the morbid 
process and the calibre of the passages attacked by the croupous 
affection; 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 are also 
slightly compressed or ribbon-shaped, and are 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 m which simply catarrhal, not fibrinous, sputa are 
discharged, or m which the patient may even enjoy perfect health, 
tvelapses 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 bv 
asphyxia. J 

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 
nrst made out their true nature. 
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ft Crystals - T h o s e which occur mos t frequently in the sputum 

«f - S t " 
t h o u g h t to he simply m a r g a n c acid are now Kno 
o f a combination of palmit ic and rteanc - d . J D n t a 
scope, wi th a ^ t o " - d l e l f o l a t e 
the appearance of long s leMW, a a n d o e o a s i „ n a l l y 
in shape, usually ^ f o b s e r T O d singly, 
also somewhat varicose, m e y a i e Mm 

— T w S a S S s i a K 
in t ha t of pu t r id bronchi t i s . T h e J « ™ ^ 

discharges from applarance is so 

ISS^SIF 
^ , w m a once • on t h e addi t ion of chloroform or ether, 

quickly 'and c o m p l y dissolved, while the elastic 

wmmm also foi a long p Charcot, and with 

W S s S B B B K a W ? 

bronchial catarrh, in pu lmonary emphysema, in the expectorated 
casts in bronchial croup, bu t relatively most often in bronchial 
asthma, (as in six out of seven cases investigated by Leyden) 
particularly dur ing, and immediate ly af ter the attacks, not 
usually in the free intervals. 

Leyden thinks it not improbable that these crystals are the direct 
causes of the dyspnceal 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 finer 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 dyspnceal 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 : hamatoidin, for instance, ocurring 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; crystals of cliolesterin, in cases of pulmonary abscess or 
empyema penetrating the lung, and sometimes in the phthisical 
sputum ; ty rosin, also, is met with in the expectoration in putrid 
bronchitis. 

7. Fungous growths.—The parasi t ic fung i which occur in 
the sputum are the thall i and spores of the Leptotlirix buccalis 
and the thrush-paras i te (Oid ium albicans), and in rare cases 
Sarcince. 

When the buccal cavity is lined with fungous growths, such as 
the more common and widely-distributed oidium albicans or the 
leptotlirix buccalis, these parasi t ic vegetations frequently appear 
111 the sputum, being detached f rom t h e mucous membrane and 
mixed with the expectoration in its passage through, t h e mou th ; 
111 these cases the i r quant i ty is not g r e a t . — B u t such minu te vege-
tations, found in the spu tum, may come also f rom the lungs : 
they are sometimes t ransplanted f rom the m o u t h to the lungs, 
being carried downwards by the inspiratory current of a i r ; 
there they grow rapidly, finding in the s tagnant secretions of 
dilated bronchi and pulmonary cavities a soil which favours their 
development.—Leptothrix and oidium albicans are observed 
i" the sputum in putr id bronchit is and gangrene of the lungs , 
i t is not improbable t ha t t he offensive decomposit ion of the 



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 t h e m . I t 
even in heal thy respiratory organs, under certain conditions, the 
int roduct ion of microscopic fung i is sufficient to excite a kind of 
putrefactive action leading to put r id bronchit is (Rosenstein) 

L a r g e n u m b e r s of fungous growths, bo th thal l i and spores, 
have been detected in t h e spu tum in hooping-cough (Letzench) . 

On treating such a sputum with iodine and concentrated sulphuric 
acid the filaments assume a beautiful blue colour, while the spores 

^ S L ^ g a r d s these bodies as the cause.of hooping-cougb, (?); 
the S a u e n c v of the spasmodic seizures, according to him depends on 
he S e i or less rap dity of the development of the vegetations and on 

the frritabilitv of tbe^ affected part of the mucous membrane, while the 
toease becomes les^ severe as'soon as an abundant s e c r e ion o f mucus 

e 0 S and Introduced (through a fistula) into the trachea of a rabbit, 
produced in the latter catarrhal symptoms and » P « ^ ^ 
and the sputum discharged contamed growths exactly similar to those 
found in the original disease in the human subject. 

Mul t i tudes of vibriones are also f requent ly observed m the 
secretion of bronchiectatic and gangrenous cavities and m that 
associated with various other disorders. W h e n discovered m 
large quant i ty in spu tum recently coughed up they probably 
come f rom the respiratory passages ; they are found, however, 
in every spu tum which has been exposed some t ime to the air. 
Occasionally, also, they are mechanically mixed with the expec-
torat ion in the mou th , being abundant ly developed m the tartai 
which loads t h e tee th of those who do not regular ly cleanse the 

m o u t h . 
In a few cases of phthisis (recorded by Virchow, Cohnheim and 

Heimer in Ziemssen's clinic) Sarcm* have been seen i n J t a s p u t u m 
and in the lungs in considerable numbers, while at the samet imeno 
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-vesicies, whole or in fragments occur equally rarely in 
the sputum. When present they may proceed either from theTiver, 
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 o rgan . -The re are more than 
40 weU-authenticated cases in which hydatid vesicles were expecto-

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 accidentally mixed with the constituents of the 
sputum, are so readily distinguished by microscopic examination that 
a particular description of them is unnecessary. 

AMORPHOUS E L E M E N T S OF THE SPUTUM. 

These const i tu te the basis of the spu tum, and consist chiefly 
of mucus, a lbumen, and the watery fluids by which the m o u t h is 
kept moist. 

Mucus (Mucin) is t he proper secretion of the bronchial mucous 
membrane, and is present in every spu tum. I t is of varying 
consistence, being sometimes fluid, and at other t imes more 
viscous and capable of being drawn into th reads ; to t h e naked 
eye it is t r ansparen t . The chemical tes t by which it is mos t 
commonly dist inguished is t he formation of a cloud or precipi-
tate on the addition of acetic ac id .—The presence of mucus in 
the sputum has absolutely no diagnostic s igni f icance; persons 
in perfect hea l th expectorate more or less of i t every day, and in 
all forms of lung disease, f rom the mildes t ca ta r rh to the most 
severe affections, i t is a constant const i tuent of t h e secretion. 

Water, also, forms a considerable par t of all spu ta . T h e more 
abundant it is t he more fluid is t he expectoration. T h e water is 
commonly supplied by the mucous l ining of the mou th , and in 
that case contains also some pavement ep i t he l i um; in certain 
other cases it comes f rom the air-passages, (when the bronchi 
are flooded with a profuse secretion of serous fluid), or f rom the 
pulmonary aveoli, (as in cedema of the lungs) . T h e spu tum in 
bronchial catarrh is at first t h in and aqueous, but subsequently 
becomes more tenacious and deficient in water. 

Albumen occasionally enters in to the composition of the 
sputum, and it is always more abundan t t h e severer the inf lam-
mation of the air-passages or pu lmonary substance. I t is present 
in greatest quant i ty in eases in which there is plast ic exudation 
into the parenchyma of the l u n g and in to the finer bronchi ,— 
that is, in pneumonia .—Albumen is detected by acidula t ing the 
alkaline spu tum with acetic acid, filtering, and boiling, or by 
adding nitric acid : in both cases the a lbumen is coagulated. 



GENERAL CLASSIFICATION OF SPUTA. 

Biermer arranges the spnta in to t h e following groups .accord-
ing to the na tu re of the i r pr incipal const i tuent and the pre-
dominance of one or other microscopic e lement conditions; which 
are usually more or less easily dis t inguished even with the 

^ The'mucous sputum. Th i s consis ts almost exclusively of 
mucus , and is frequently b rought up by perfect y heal thy indi-
viduals, and in the earlier s tages of bronchial catarrh . 

2. The muco-purulent sputum, containing mucus and pu -
cells. The lat ter const i tute t h e sediment which fal ls to th 
bot tom of the crachoir when the s p u t u m is allowed to s tand 
shor t t ime , whils t t he mucus and the ai r -bubbles usually 
scattered th rough it occupy the upper pa r t of h e vessel, floating 
on t h e top of the water. T h e miscibil i ty of these sputa ^ 
each other depends on the i r cons is tence ; hey either mi 
together , forming a th in , uniform fluid or fail to coalesce 
being divided into numerous viscid, globular masses . The , 
occur both in simple bronchial ca ta r rh and m every other affec-
t ion of the bronchi and of t h e substance of t h e lungs , and aie 

consequently the most common variety of s P u t u m , , 
3 The purulent sputum i s homogeneous in chaiacter has 

exactly the colour of p u s obtained f rom an abscess is thick 
hough not capable of being drawn into threads and smk 
he bot tom of t h e expectoration-glass Microscopical^ i ^ i s seen 

to consist almost entirely of p u s - c e l l s . - I t is derived f om sup 
pura t ing pulmonary vomica, or f rom a pleural c a v i t y M M with 
pus , which perforates and discharges t h rough a bronchus (em 
pyema) .—A purely puru len t s p u t u m i s somewhat rare 

All sputa , may, wi th more or less justice, be ^ f ^ e n Z 
th ree groups, as all contain m u c u s or pus . B u t when, m 
certain circumstances, other const i tuents come into decided^ 
greater prominence, in respect ei ther of the i r q u a n t i t y r « * m 
morbid significance, t he t e rm by which the spu tum is l e s i g n a ^ 
is determined by t h e s e ; a good example of t h i s is found m the 
sanguineous sputum. 

This classification of the sputa into ^ u c O j p u * . J 

S i t a a n £ z t t s s s ^ i ^ -
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and plainly expressed. I t 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 sputum. Th i s varies within very wide 
limits, all in termedia te conditions being met with, f rom a con-
sistence a lmost watery to t h a t present ing the u tmos t degree of 
viscosity. The tougher the spu tum the firmer is i ts consistence; 
the mucous and muco-puru len t secretions, therefore , a t t endan t 
on acute bronchial catarrh and the parenchymatous diseases of 
the lungs, (the cavernous sputa , for example), possess th is 
character in a h igh degree.—If t h e spu tum be deficient in 
mucus, t he substance which b inds together the various his to-
logical elements, i t becomes less coheren t ; t he simply puru len t 
sputum is t h u s much less tenacious t h a n t h e muco-purulent 
form.—Persistent expectoration of very viscid spu tum points to 
a state of in tense irr i tat ion of the bronchial mucous membrane . 

The form of the sputum depends on its consistence. Very-
fluid sputa, such as the serous expectoration of pulmonary 
(edema or the purulent discharge f rom a pulmonary abscess or 
an empyema which has perforated one of the larger bronchi, do 
not remain separate bu t become in t imate ly 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 t imes assume various shapes determined by the 
greater or less consistence of the mucus . T h e spherical or n u m -
mular form prevails in the muco-puru len t sputa proceeding f rom 
phthisical cavities, the configuration of each spu tum being the 
more distinctly preserved the less the quant i ty of fluid bronchial 
secretion subsequently mixed with i t . If t he la t ter be very-
abundant, t he circular, coin-shaped sputa , at first quite dist inct 



f rom the catarrhal secretion, nni te wi th and are u l t i m a t e ^ 
uniformly diffused th rough t h e homogeneous layer of mucus 
after s tanding some t i m e in the vessel. 3 ,, „ 

Weight of the sputa. T h e denser t h e spu tum, and the fewer 
the air-bubbles it contains, t he greater i ts weight Sputa, 
W o r e , of firm consistence and f ree of air sink 

of t h e glass, while those of more fluid consistence and fu l of a -
b u b b l e ! float about at t he top. Sputa which s ink m water p e-
serve the i r form (cavernous sputa) ; t h e other less dense vane les 
soon break up into several layers, t he l ighter e lements , an and 
m u c u s swimming on the surface of the water , t he heavier con-
s e n t s , such as pus-cells, subsiding and toning a sediment 
at t h e bo t tom. T h e weight of t h e spu tum t h u s indicates only 
i n s i s t e n c e , and usually also t h e e lements w h i c h ^ e r mte 
i ts composit ion, bu t gives no clue as to i ts origin ; t h e expecto 
S T X e r v e d ' i n bi^nchial catarrh in the s tage of r e g i o n 
may be jus t as heavy as t ha t secreted by a pu lmonary cavern 

T h e quantity of the sputum is exceedingly variable, n the 
acute as well as in the chronic diseases of 
appara tus . Occasionally in the course of acute affections theie 
is a S o l u ely no spu tum and in chronic disorders also it may be 
want ing for a considerable period. I n the severest types of 
disease the quant i ty of mat te r expectorated may be very small 
while I n m u c h less grave affections it may be extremely great-
General rules, therefore, wi th regard to the p r o g n o s e v a £ e 
increase or decrease in the amount of the spu n . 11 the different 
diseases of the respiratory organs cannot be laid down. N e r o 
theless , t h e following may be accepted as a g e n e r a h s a on so i 
a , t h i s is possible, of what is known on the sub jec t : m acute 
b roncHt i s , hooping-cough, and pneumonia t h e 
becomes ¿ o r e a b u n d a n t , - a n d is t h e n often a critical ndicahon 
of t h e approaching terminat ion of t h e d i s e a s e , - s i m u l t a n e o u s ^ 
with h f d i s a p p e a r l n c e of t h e difficulty with which it i s W 
m> and when it begins to assume more definite shape and con 
s i s tence , e ch exacerbation of t h e affection, on the other ban 
mater ial ly d imin ishes the amount of t h e previously profuse 
secretion while the difficulty and pain of expectoration increase, 
Z 2 spu tum acquires greater density 
diseases (bronchit is and pneumonia , for instance), ^ « ^ e 
rat ion becomes scantier or fai ls altogether, while at t he same 

time the morbid process is obviously extending and increasing 
in severity, and while auscul tat ion shows tha t the bronchi are 
loaded with an accumulat ion of fluid, we have direct evidence of 
a lowering of the irritability of the sensory te rmina t ions of the 
vagus in the lungs, or of the profound exhaust ion of the pa t i en t ; 
this sign is therefore one of grave impor t . T h e stertorous 
respiration of the dying, accompanied by ra t t l ing sounds pro-
duced in the chest and audible at some distance, fu rn i shes the 
most familiar example of th is condition. 

I t is in Bronchiectasis, of all diseases of the respiratory appa-
ratus, t ha t the largest quant i ty of expectoration is discharged at 
one t ime. Th i s fact , in the absence of such other signs as 
would establish the diagnosis between th i s and l ike conditions, 
becomes a criterion of the first importance. The expulsion of 
several tablespoonfuls , and often more, of a muco-puru len t , 
foetid secretion, as the resul t of one effort of coughing, is far 
from uncommon in th is affect ion.—In like manner the bursting 
of a pulmonary abscess, or of a puru len t pleural exudation, into 
one of the larger bronchi , is marked by the sudden evacuation of 
a large quant i ty of puru len t , homogeneous spu tum. 

Odour of the sputum. Th i s is quite want ing in very many 
cases, or is a t mos t fa in t and of a somewhat mawkish or mouldy 
character. The sputa in pu lmonary abscess, bronchiectasis, and 
putrid bronchit is , have a decidedly fcetid odour, t h a t of the dis-
charge in gangrene of the lungs being extremely offensive. I n 
the lat ter case the expired air is already considerably ta inted 
even before any trace of a disagreeable smell is perceptible in 
the sputa. The fcetor is caused by the gangrenous putrefact ion 
and disorganization of the t issues. 

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 T H E SPUTA. 

A slight coloration, varying from white to yellow or yellowish-
green, is given to t h e spu tum by the presence of a large number 
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of pus-cells. A deeper t i n t is usually due to t h e admixture of 
t h e colouring-matter of various t issues ; these are, enumerated in 
t h e order indicated by the frequency of their occurrence, the red 
colouring-matter of the blood and its different modifications, the 
biliary colouring-matter, and a black p igment . 

R E D , SANGUINEOUS S P U T A . 

These consist either of blood alone, or of blood and other 
elements intermixed. _ 

1. A spu tum composed solely of blood, and expectorated m any 
considerable quantity, is invariably the result of rup ture of some 
of the vessels of the lungs . T h e amount of blood t h u s lost at one 
t ime is very variable; it m a y b e only a teaspoonful, or as much as 
several tablespoonfuls, or even more. 

Hemoptysis 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 ol the 
disease. Hemoptysis may also he caused by affections of the cardiac 
valves, when these lead to overloading of the pulmonary circulation; 
an example of this is seen in hemorrhagic infarction of the lungs iol-
lowing lesions of the mitral valve. 

Blood effused into the lungs is for t h e most par t coughed up 
immediately after the h e m o r r h a g e * 

This fact affords one of the readiest means of distinguishing pulmo-
narv hemorrhage from bsematemesis (in cases of round ulcer of the 
stomach, carcinoma, &c.), the blood in the latter case being rejected 
by vomiting. The bright red colour, the fluid 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 m colour, having 

* Whether t he blood remaining in the alveoli and ultimate bronchi af ter pulmonary 
hemor rhage , when not entirely absorbed, excites inflammation and becomes the starting-
point of caseous infiltration (F. Niemeyer), is still a disputed question. I t has been 
clinically proved (Traube) t h a t af ter t he lapse of a certain time no trace of bleeding 
is discoverable in t he lungs. Exper iments on animals give different results according 
as t he blood injected penetrates only to the finest bronchi or reaches the alveoli. 
Should the blood not go beyond the air-tubes i ts absorption is completed within twelve 
ho»rs and no inflammation follows (Perl and Lipmann) ; if i t be forced into the a veoli, 
however, catarrhal pneumonia is set up, which, in healthy animals, ends m resolution 
(Sommerbrodt), bu t in men placed under unfavourable conditions (men of feeb.e con-
stitution, &c.), results in caseous infiltration and phthisis. T h a t hemorrhag ic infarc-
t ions in cases of cardiac disease never give rise t o catarrhal pneumoma is probably 
in some way connected wi th the immuni ty f rom phthisis which the subjects of diseases 
of t he hear t seem to enjoy. 

a close resemblance to coffee-grounds, and sometimes, when it has 
remained some little time in the stomach, forming clots in which are 
embedded fragments of food.—The mere external appearance of the 
blood, however, does not always famish 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, l o d < w 
particularly m dilated bronchi or in pulmonary cavities, when it 
becomes much darker in colour and is slightly coagulated, being thus 
not unlike that discharged in hematemesis ; 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 comin« 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 hemorrhage 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 t h e spu tum in various propor-
tions, intimately, or in streaks, or simply dotted through t h e 
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 (bleeding perdiapedesin; 
Cohnheim). 

The depth of the coloration of the sputa is in proportion to 
the quantity of blood p r e s e n t ; whatever be the amount the 
fundamental colour is always red. 

The lighter shades of red are produced by t h e greater or less 
predominance of the other const i tuents of the s p u t u m ; they 
depend also, to a certain extent, on the physical characters of the 
expectoration, varying according as the lat ter 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 i t has been in contact with 
them; the more tenacious the bronchial mucus the longer t h e 
hme necessary for the effecting of such a thorough blending of 
blood and spu tum as is observed when the expectoration is very 
thin (serous, for instance). T h e diffusion of the blood th rough 
the sputum is most complete in cases of fibrinous pneumonia, ft 



is only in very confined spaces, such as are presented by the 
alveoli and finest air- tubes, t ha t a uniform and int imate mingl ing 
of pathological secretions and blood can t ake place. 

Blood disposed in streaks t h rough the spu tum does not usually 
proceed f rom the pu lmonary parenchyma but f rom the upper 
par t s of the air-passages, and gives no indication, therefore, of 
the na ture of the morbid process going on .—Specks of blood 
frequently appear in the spu tum, bo th in the earlier and later 
s tages of caseous pneumonic inf i l t ra t ion. 

T h e expectoration may also show by i t s red colour t ha t it 
certainly contains blood, t h o u g h at t he s ame t ime no red blood-
corpuscles can be detected under the microscope; i n such 
circumstances it is probable tha t t he corpuscles have undergone 
considerable modification, are possibly shrivelled up, and indis-
t inguishable f rom the other figurate e lements of t h e sputum, or 
t h a t the i r disintegration h a s been complete and the i r colouring-
ma t t e r in t h a t way set f ree. 

METAMORPHOSIS OF THE COLOURING MATTER OF THE 

SANGUINEOUS S P U T U M . 

T h e longer the sanguinolent s p u t u m is re tained in the bronchi 
the more marked and extensive is t h e change in colour which it 
undergoes. I t first becomes gradually reddish-brown, then 
yellowish-red, and finally loses all trace of red coloration ; i t 
subsequently takes on a yellowish hue , which deepens into 
saffron-yellow, yellowish-green, or even grass-green. All these 
t in t s are given to i t by the substances which are produced by the 
higher oxidation of the colouring-matter of the blood (hemoglobin) ; 
they represent the successive stages of t ha t process,—a metamor-
phosis which is often observed in pa r t s in which blood h a s been 
effused under the skin . Green is t he las t of t h e series of colours 
displayed by the hemoglob in and i t s products when exposed to 
the continued influence of oxygen .—So long as the colouring-
ma t t e r remains unchanged, and the expectoration continues 
distinctly and unmistakeably red, t he blood-corpuscles are easily 
recognised, as they still possess their no rma l aspect and outl ine; 
b u t immediately t h e process of oxidation begins they are more or 
less altered in appearance, or may even be completely disintegrated, 
leaving behind t h e m no visible t race of the i r previous existence in 

the spu tum. The first of the above-mentioned shades, reddish-
brown or rust-colour, is characteristic of the sputa in the sta^e 
of hepatization in pneumonia , while the yellowish-red, or citron-
yellow, or saffron-yellow t in t s m a r k t h e s tage of resolution 

Greenish, or even grass-green, sputa (coloured thus , not by 
biliary p igment , but by altered hemoglob in) occur sometimes in 
croupous pneumonia when it ends gradual ly (by lysis, not criti-
cally) in perfect reso lu t ion; in pneumonia also, which is followed 
by pulmonary abscess, and at the beginning of subacute caseous 
pneumonia (Traube). I n all these affections the secretions are 
retained some t ime in t h e l u n g s , - u s u a l l y for a period long enough 
to permit their colouring-matter to pass th rough all the grades of 
oxidation and become distinctly green ; but in pneumonia of the 
ordinary type the sanguinolent spu tum is coughed up and 
expelled before i ts hemoglob in is so far changed as to become 
green, so tha t it is merely of a yellowish t in t . 

Microscopic examination of green sputa reveals tbe presence of 
ye low pigment yellow pigmented molecules, and here and there 
yellow pigmented epithelial scales. h e i e 
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B I L I A R Y P I G M E N T IN T H E S P U T U M . 

T h e presence of biliary p igmen t commnnicates to the spu tum 
various shades of c o l o u r , f rom yellow to green or even tc> deep 
crass-green. I n appearance, therefore, they are absolute y 
S d L i n g u i s h a b l e f rom the above-described yellow or green sputa 
which, as already stated, derive then- colour f rom the products of 
t h e h igher oxidation of the i r hemog lob in . A yel ow or green 
coloration of the spu tum is known to be due to ^ a r y p i g m -
only when the skin and mucous membranes have the same 
jaundiced hue , usually the resul t of a duodenal catarrh^ The 
ordinary tes t for the presence of t h e colouring-matter of the bile 
L occurrence of the well-known play of colours on t h e addition 

of ni t r ic acid, is not satisfactory, as th i s same reagent produces 
a slight greenish t inge in the usual ly colourless mucous sputum. 

Th i s complication, t h e association of icterus _(du«denahs) Ma h 
a disease of the respiratory appara tus , is m e t with m t h e bilious 
form of pneumonia , t h o u g h not in every case of bilious p u -
is the spu tum also n e c e s s a r i l y yellow or green. On t h e o her 
hand , it may happen t h a t 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 spu tum at once tu rns yellow or g r e e n ; I have seen one well-
marked case of t h i s na ture . 

B L A C K P I G M E N T E D S P U T A . 

T h e spu tum may be blackened th roughout almost i ts entire 
extent (a somewhat rare event) , or only in certain par t s 11ns 
s ta in ing is commonly caused by particles of carbon which have 
been carried into the air-passages and mixed there with the fluid 
secre t ions ; t h e greater t h e number of these particles the more 
in t imate is their combination with the spu tum and the deeper 

t h e shade of the black pigmenta t ion. . 
Quant i t ies of carbonaceous ma t t e r are often seen m the 

spu tum of those who are exposed to the habi tual inhalat ion of the 
sooty smoke of a badly-burning lamp ; in such circumstances it is 
not unusua l to find tha t t he secretions coughed up m the morn-
i n * are black. Small quant i t ies of snuff also sometimes slip 
down f rom t h e nose in to the air- tubes and are recognised in the 
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in a tile-work Another patient, who had worked in an ultramarine 
factory andhad suffered from chronic bronchial catarrh, brought up an 
exquisitely blue-coloured sputum. 

T H E S P U T A IN D I S E A S E S OF T H E A I R - P A S S A G E S . 

Catarrh and inflammations of t he respiratory passages, 
whether seated in the larynx or t he larger or smaller bronchi 
are always attended by the same species of sputum, as all parts of 
the mucous membrane have exactly t he s a m e s tructure. 

At the beginning of an attack of catarrhal inflammation the 
sputum is simply mucous, consisting chiefly of a tough, vitreous 
t ransparent mucus, with only a few figurate elemen s , - t h o 

mucus-corpuscles; in the .expectoration-vessel it runs togeth i 
and contains air-bubbles, and i | therefore frothy and lear m 
colour. This is the sputum cruclum of t he ancients .—At a latei 
s ta -e of catarrhal affections it becomes richer in cells, contains 
besides mucus and mucus-corpuscles, a few Pus-corPuscles and 
is t hus of somewhat firmer consistence; as the mf lammaton 
abates the cell-elements are present in still greater numbers , he 
sputa take the form of irregularly globular masses (the spuM 
L a of the older authors) and assume a dull yellowish colour. 
Both these stages, marked by a mucous a n d - a muco-puru-
lent sputum, are observed in every catarrhal or inflammatory 
bronchial affection; when the inflammation is of a croupous 
character, however, i t is riot sputum, in the ordinary acceptation 
of the term, tha t is expectorated, b u t chiefly the fibrinous bron-
chial casts already described on p . I S O . - I n putr id bronchitis and 
in bronchiectasis, also, the sputum has special characters, given 
in detail on p. 202. 

T H E S P U T A IN A F F E C T I O N S OF T H E L U N G - S U B S T A N C E . 

The Sputum in Croupous Pneumonia, 

The three stages of this" disease are usually characterised by 

three distinct varieties of sputum. 
1. I n the stage of engorgement of t he lungs the sputa, H pie-

sent, are very scanty and tough, are composed mostly of mucus, 
i n c l u d e 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 

shape when expectorated. They coalesce in the receiving-glass 
m which, on account of the large quanti ty of air enclosed in them, 
they float forming a spumous layer on the surface of the water. 

b l 0
1

0 d ' w h l c h i s r e s e n t only in minute traces, is generally 
seen only on the surface of the sputum, and is not intimately 
mixed with i t . - T h e 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 t ime before the physical 
signs of the disease are developed; lobular, central pneumonia 
is often first noticed, and dist inguished from other acute affec-
tions of the respiratory organs by this symptom alone. 

2 I n the stage of hepatization increase of the plastic exudation 
m the alveoli and in the terminal bronchi is associated with a 
sputum moi£ copious in quanti ty, exceedingly tenacious, less 
aerated, and more deeply t inged with b lood; the latter is more 
intimately mimed 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 t ime 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. I n the former are found, on micro-
scopic examination, numerous altered blood-corpuscles, some 
dis ended, 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. I n bright red sputa, on the other 
hand, the histological structure and the colour of the corpuscles 
are preserved m t a c t . - T h e tenacity of the sanguineous pneumonic 
sputum is such tha t the patient has often the greatest difficulty 
m getting it out of his m o u t h ; it adheres to the sides of the 
crachoir and does not flow out when tlie,latter is inverted. This 
toughness, and the transparency of the spu tum, depend on the 
presence of m u c u s ; increase of the number of the morphological 
constituents (blood-corpuscles and pus-cells) renders the sputum • 
ess transparent. The quanti ty 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 t he advancing consolidation of the 



l u n g and the consequent greater abundance of the pus-corpuscles, 
t h e spu tum becomes less and less tough and adhesive, and is 
t h u s less confluent and more easily b rought up ; i t begins ra ther 
to take on a more or less distinctly n u m m u l a r or irregularly 
globular form. 

Fibrinous clots, also, are found in the spu tum, and constitute 
one of i ts most impor tan t e l emen t s ; their presence indicates 
t ha t t he te rminal bronchi are occupied by the same plastic 
exudation tha t fills t h e alveoli (see p . 180). They may be recog-
nised while st i l l in the expectoration-dish, on t u rn ing up the 
la t ter and examining t h e secretion which clings to i ts sides. On 
separat ing and washing these por t ions of t h e spu tum with water 
the fine arborescent ramifications of the casts may be seen under 
a powerful magn i fy ing g l a s s — T o w a r d s t h e end of the stage of 
hepat izat ion the secretions become more fluid and less t ranspa-
rent , and t h e fibrinous coagula increase in n u m b e r s ; t he blood 
present in the spu tum diminishes in quanti ty, i ts colour deepens 
in to a dark reddish-brown, and in the event of there being no 
new exudation into any pa r t of the lung all trace of bright-red, 
recent blood entirely disappears. 

T h e various characters described so far do not always present 
themselves in the exact order ment ioned, as it f requent ly occurs 
t ha t a f ter complete hepat izat ion of one section of the lung 
another par t , h i ther to exempt f rom the inf lammation, is attacked 
and goes th rough all the phases of the pneumonic process. Thus, 
whilst some of the sputa have the propert ies of those associated 
with the end of the s tage of hepat iza t ion-and the beginning of 
t ha t of resolution, certain others, coming presumably f rom the 
port ions of lung most recently affected, may be loaded with blood 
and be exceedingly viscid. 

3. I n the. stage of resolution t he rust colour fades, and the 
spu tum becomes yellowish or of a darker , citron-yellow t in t , from 
t h e metamorphos is of i ts h e m o g l o b i n ; it is expectorated with 
less difficulty, as i t d iminishes steadily in viscosity and no longer 
adheres to the sides of t be vessel ; i t grows gradually more and 
more opaque, f rom augmenta t ion of the number of pus-cells it 
contains, while t h e fibrinous bronchial casts disappear or break 
down in fat ty degenerat ion. The secretions t hus come to resemble 
closely those of simple bronchial catarrh. They are at first con-
siderably more abundant t h a n in the s tage of hepatization, but 

become by degrees scantier, more mucous, watery, t r ansparen t , 
and colourless; and finally, when the resolution of t h e 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 enumera ted as characteristic of 
the spu tum in the various stages of pneumonia relate only to 
croupous pneumonia runn ing an absolutely normal course. Should 
the disease, however, not end in resolution, bu t tend ra ther to 
fatal terminat ion f rom exhaustion of t h e vital powers of the 
patient, or f rom pulmonary cedema, t h e ordinary pneumonic 
sputum is replaced by a secretion of more fluid consistence, con-
taining numerous air-bubbles, extremely frothy, a n d often stained 
of a dark reddish-brown colour from t h e continued presence of 
blood (the prune-juice sputum). 

In the rare cases in which the pneumonia resu l t s in pulmonary 
abscess a certain period usually elapses in which no spu tum 
is expectora ted; this is followed by a sudden and profuse dis-
charge of greenish-yellow, perfectly puru len t spu tum, very fluid 
in consistence, and more or less offensive in odour, possessing all 
the propert ies of pus obtained f rom 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 hffimatoidin, and black pigmentary matter and micrococci.—Chronic 
pneumonia, also, occasionally terminates in the formation of abscess. 
In the purulent or muco-pm;ulent 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. 

W h e n pneumonia runs into gangrene of the lungs, (not a 
common occurrence), t h e expectoration becomes excessively 
fcetid and of a dirty greyish colour, and is loaded with shreds 
of necrosed t issue and acicular crystals of the fa t ty acids 
(see p. 202) . 

The spu tum of catarrhal pneumonia shows m a n y points of 
difference f rom tha t of croupous pneumonia , t h e former affection 
being one which at tacks primari ly the bronchi, and spreads 



downwards so as eventually to involve t h e aveoli; of t h i s nature 
is t he broncho-pneumonia which occurs in children and the aged, 
and not unfrequent ly also in persons of middle age. As this 
fo rm of pneumonia is not a t tended by any extravasation of blood 
the spu tum presents t h e characters only of a catarrh, being 
simply muco-purulent , or containing at most , when t h e lungs 
are deeply congested, a few s l ight and t rans ient traces of 
blood. 

The Sputum in Tuberculosis and Phthisis of the Lungs. 

Acute miliary tuberculosis of t he lungs gives a spu tum in 110 
respect different f rom tha t of s imple bronchial catarrh. 

The spu tum in chronic cheesy degeneration, before the process 
of excavation h a s begun, consists a lmost exclusively of the 
catarrhal secretion of the bronchial mucous membrane , and is 
consequently indist inguishable, wi th the naked eye at least, from 
tha t of ordinary catarrh . On microscopic examination, however, 
elastic fibres are sometimes seen, an observation which of itself 
is conclusive evidence t h a t a destruct ive process is going on, 
even in the absence of the usua l physical s igns of such a condi-
tion. T h e presence of pulmonary epi thel ium in the sputum, on 
the other hand, at one t ime looked upon as an infallible indica-
t ion of t ha t form of ph th is i s which is essentially a desquamative 
pneumonia , is not ent i t led to be so regarded, as pulmonary 
epithelial scales similarly altered in s t ruc ture are occasionally 
found in the spu tum of s imple ca tar rh . • -

T h e quant i ty of the spu tum generally depends on the intensity 
and extent of the bronchial ca ta r rh accompanying the p h t h i s i s ; 
i t is therefore scanty at t he outset of the disease, and becomes 
more abundan t in its la ter s tages. The expectoration may also 
be completely suppressed, a t least for a t ime, 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 t h e form of a generally diffused 
coloration; if the admixture be of long durat ion or of frequent 
recurrence we may infer, with a lmost absolute certainty, the 
existence of chronic caseous inf i l t rat ion of the lungs, even 
when the physical s igns which m a r k th is affection cannot be 
distinctly elicited. 

On the formation of cavities in the lung-substance t h e sputa 
at once take on more specific characters they are of firmer 
consistence, assume a rounded or n u m m u l a r form, become 
more or less ragged at t he edges, opaque, of a yellowisli-
green or dirty grey colour, contain li t t le or no air, and sink 
in water ( the sputa rotunda, fundum petentia of t he early 
physicians). 

Now and t h e n the cavernous spu tum contains blood, recently 
effused or of older date, disposed ei ther in a th in layer on i ts 
surface or int imately mixed up in i t s subs t ance ; t h e secretion 
then presents a more or less in tense coloration, varying f rom 
light red to reddish brown. The blood in th is case has evidently 
leaked from the smaller vessels, whose walls are disorganised 
and broken down by t h e extension of the morbid process. I n 
this spu tum is usually also included a variable quant i ty of catar-
rhal bronchial and buccal secretion, which, being very th in and ful l 
of air-bubbles, floats on the surface of the fluid in the expectora-
tion-glass. The larger the quant i ty of th is catarrhal exudation 
and the more crowded it is with air-bubbles, particularly if i t be 
brought up with considerable pain and effort, t he greater difficulty 
is there in dis t inguishing between it and the proper cavernous 
sputum. Very frequently the la t ter , in these circumstances, does 
not sink to the bot tom of the vessel, bu t is suspended in the 
general mass of expectorated mat te r s , in the frothy, mucous 
layer near the top. 

On microscopic examination of the cavernous spu tum there 
are found mul t i tudes of pus-cells (hence i ts opacity), free nuclei, 
detritus, and occasionally elastic fibres. 

The cavernous spu tum, fluctuating in quant i ty from t ime to 
time according as the morbid process is aggravated or arrested, 
retains for a considerable period t h e physical properties above 
described; bu t if t he excavation be occupied by a profuse fluid 
secretion which s tagnates there for some t ime, the sputa become 
of a dull muddy colour, acquire a somewhat offensive odour, 
diminish in consistence, lose all appearance of having any defi-
nite shape, and tend to coalesce in the craclioir. 

I n the species of consolidation of the lungs which do not lead 
to phth is i s ,—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 



ar i s ing f r o m some o the r cause , a n d , f u r t h e r , in t h e f o r m s of 
col lapse d e p e n d e n t on t h e blocking'-up of la rge b ronch i , a n d in 
condensa t ion f r o m h y p o s t a s i s , — n o charac ter i s t ic s p u t u m is 
d ischarged, b u t only such as owes i t s ex is tence t o t h e ca tar rh 
wh ich accompanies t h e s e affect ions. 

The Sputum in putricl Bronchitis and in Gangrene of the 
Lungs. 

T h e s e two d iseases have a t leas t one f ea tu re in c o m m o n — t h e r e 
i s associa ted wi th t h e m a cer ta in des t ruc t ion of p u l m o n a r y t i ssue , 
t h e resu l t of a pu t re fac t ive process , which , aga in , i s probably set 
u p in consequence of t h e in t roduc t ion of bac te r ia or spores i n to the 
a i r - p a s s a g e s ; as m i g h t be expected, therefore , t h e s p u t a also 
p r e sen t s o m e charac te r s which are c o m m o n to b o t h . These , 
e n u m e r a t e d by Traube , are as follows : t h e spu ta are very abundan t , 
have a somewha t fluid cons is tence and a d i r ty g reen i sh yellow 
colour, a n d separa te i n to t h r e e s t r a ta on s t a n d i n g ; t h e uppermos t 
layer i s g reen i sh yellow, opaque, and f ro thy ; t h e midd le layer is 
s t r ik ing ly t r a n s p a r e n t , a lbuminous , a n d a lmos t se rous in con-
s is tence ; t h e u n d e r m o s t layer i s yellow a n d opaque, and is 
composed a lmos t exclusively of swollen pus-corpusc les and a 
de t r i t u s which con ta ins a n u m b e r of du l l yel lowish-white , sof t 
cores* whose size var ies f r o m t h a t of a g ra in of mi l le t or oats to 
t h e bu lk of a bean ; t h e s e cores have also an excessively foetid 
odour , and conta in t h e needle-shaped crystals of the fatty acids 
descr ibed on p . 1 8 2 . 

T h e chief condi t ion which seems to be necessary to t h e format ion 
of these crys ta ls i s t h a t t h e s p u t u m should be r e t a ined for some 
t i m e in t h e u lcera ted gang renous bronchi or cavit ies ; t h i s occurs 
pa r t i cu la r ly in s i n u o u s excavat ions n o t in c o m m u n i c a t i o n wi th 
any of t h e larger b ronch i . F a t t y crystals a r e therefore wan t ing 
i n t h e secre t ions of a la rge cavity open ing f ree ly i n t o a b ronchus 
of cons iderable cal ibre , as in such a case t h e s p u t u m is always at 
once ejected. I n t h e same way also m a y be explained t h e fact 

* Traube recognises fou r different s tages in t h e development of these cores. I n the 
beg inn ing of t h e affection, when they are first discovered, they fo r the most pa r t con-
sist of pus-corpuscles and det r i tus ; a t a later period t hey become di r ty grey, a colour 
which they a lways a f t e rwards retain, while the debris enclosed in the purulent mass 
shows globules of f a t . I n the th i rd s tage they are composed chiefly of débns, within 
which no t only t h e f a t t y globules bu t acicular crystals of f a t a r e observed. I n the 
f o u r t h s tage t h e y are great ly increased in number and gathered together into 
bundles. 

t h a t pu t re fac t ion t akes place so readi ly in bronchiec ta t ic cavit ies 
while i t is so exceedingly rare i n t h o s e of ph th i s ica l o r i g i n ; 
bronchiecta t ic cavities are s i tua ted in t h e lower lobes of t h e l u n g , 
and t he i r secret ions are b r o u g h t u p and expelled wi th grea te r 
difficulty, and therefore r ema in s t a g n a n t for a m u c h longer per iod 
t h a n those of ph th i s i ca l cavities, which are genera l ly s i tua ted in 
t he upper lobes . 

T h e s p u t u m of p u l m o n a r y gang rene a n d t h a t of t h e p u t r i d 
s tage of bronchiec tas i s are d i s t ingu i shed f r o m those of o the r 
affections involving des t ruc t ion of t i s sue (caseous p n e u m o n i a , 
pu lmonary abscess) by con ta in ing few or no elastic fibres. T h e 
la t ter seem to be complete ly dest royed by t h e act ion of t h e 
putrefact ive mate r ia l , t h e chemica l proper t ies of which, however , 
are st i l l u n k n o w n ; t h e connective t i s sue of t h e l u n g , on t h e 
other h a n d , is n o t in any way affected by t h i s ma te r i a l . 

The element which effects the decomposition of the elastic fibres is 
evidently present in the sputum, as the filtrate of gangrenous sputa, 
while alkaline m reaction, completely dissolves elastic tissue (taken 
for example, from the ligamentum nuchie 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 withm the lungs. The material on the presence of which this 
action depends appears to be of the nature of a ferment. I t , too is 
subject to disorganization, as the filtered gangrenous sputa no longer 
have the power of dissolving elastic fibres 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 pulmonarv 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 
Furbrmger in great numbers in the gangrenous masses ; the fungi 
consisted chiefly of the aspergillus niger and muoor.—These saine 
lungous 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. 



The Sputum in Bronchiectasis. 

I t h a s t h e characters of t h e m u c o - p u r u l e n t s p u t u m , is generally 
yel lowish-green or d i r ty g reen i sh-whi te i n colour, homogeneous 
a n d conf luen t . I n colour and consis tence, as m i t s microscopic 
e l emen t s , i t t h u s differs in no respect f r o m t h e expectorat ion m 
chronic bronchia l c a t a r r h ; in b o t h cases i t i s t he r e su l t of hyper-
secret ion f r o m t h e bronchia l m u c o u s m e m b r a n e . Since, however, 
t h e bronchia l secret ion s tagna tes for a longer or shor te r period m 
t h e di lated bronchi , n o t only when t h e l a t t e r are cylindrical m 
shape b u t also when they are saccula ted , b o t h of which condit ions 
are genera l ly p r e sen t t oge the r , i t acquires an offensive odour, 
which f requent ly h a s a cer ta in r e s e m b l a n c e to t h a t which pervades 
a soap m a n u f a c t o r y ; t h e smel l is m o s t p e n e t r a t i n g when the 
s p u t u m is recent ly expectorated, and becomes less i n t ense when 
t h e secret ion h a s s tood some t i m e in t h e v e s s e l . - T h e bronchi -
ectat ic s p u t u m is, f u r t h e r , b r o u g h t u p only a t long in te rva ls and 
t h e n in l a rge quan t i ty . As t h e sens ib i l i ty of t h e walls of t he 
b ronch iec ta t i c cavity is g rea t ly d i m i n i s h e d t h e f luid accumulates 
t i l l it r eaches t h e orifice of t h e c o m m u n i c a t i n g b ronchus ; violent 
cough ing i s now excited and t h e s p u t u m is e jected, when the 
p a t i e n t h a s res t aga in for a per iod usua l ly of several hours , 
expectora t ing a t m o s t only a l i t t l e ca t a r rha l s p u t u m , t i l l t h e 
cavity i s filled anew, and t h e s a m e process i s repea ted 

T h e quan t i ty of s p u t u m d ischarged in t h e twenty- four hou r s 
m a y a m o u n t to several h u n d r e d s of g r a m m e s ; i t is usual ly 
somewha t greater in t h e m o r n i n g , as t h e secret ion ga the rs m t h e 
cavity d u r i n g t h e n i g h t . T h e foetid odour and t h e periodical 
evacuat ion of a la rge quan t i t y of s p u t u m , serve to d i s t inguish the 
bronchiec ta t ic secret ion f r o m t h a t p roceed ing f rom phthis ica l 

excavat ions. . , , 
I n t h e expectora t ion-dish t h e b ronch iec ta t i c s p u t u m usual ly 

separa tes i n to two or t h r e e layers , t h e upper of which i s t rans -
p a r e n t and very f luid, t h e lower opaque, a lmos t exclusively puru-
l e n t and r e s t i ng on t h e b o t t o m of t h e g lass ; t h e midd le s t r a tum 
consis ts chiefly of a quan t i ty of fiocculent m u c u s 

On t h e subsidence of t h e b ronch ia l c a t a r r h which a t t ends every 
case of bronchiec tas is , considerably less fluid i s secreted, and as 
expectorat ion becomes more easy t h e s p u t u m loses i t s fcetor, and 
is t h e n a lmos t ident ica l in charac te r w i t h t h e muco-pu ru l en t 

s p u t u m of bronchial ca t a r rh . I f , on t h e o ther hand , s imple 
bronchiec tas is is followed by u lcera t ion of t h e d i la ted b ronch i , 
and if, f u r t h e r , u n d e r t h e inf luence of m i n u t e vegetable or an ima l 
o rgan i sms , which find the i r way in to t h e a i r -passages and t h e r e 
mul t ip ly and develope, a pu t re fac t ive decomposi t ion of t h e 
secret ions se t s in (par t icular ly in s u m m e r ) , t h e needle -shaped 
crystals of t h e f a t ty acids, m e n t i o n e d on p . 2 0 2 when d iscuss ing 
pu t r id bronchi t i s and p u l m o n a r y gangrene , are found in t he 
s p u t u m . 



EXAMINATION OF THE ORGANS OF 
CIRCULATION. 

I N S P E C T I O N OF T H E PIUECORDIAL R E G I O N . 

THE contraction of a hear t which is structurally sound, normal in 
posit ion and act ing quietly, usually mani fes t s itself externally as 
a slight elevation of t h e t issues in the fifth intercostal space, 
between the paras ternal and mammil la ry l i n e s ; i t is synchronous 
with t h e systole, does not raise the skin above t h e general level 
of the r ibs, and is perceptible only over a small , circumscribed 
area, 2, or a t most 2k c tm. in breadth . T h e normal impulse, 
commonly called t h e apex-beat* of t he hea r t , never passes, to 
t h e r ight or left , beyond these l imi ts . I n chi ldren, however, it 
is not always si tuated in the fifth, bu t sometimes r ises as high 
as the four th , intercostal space, t h e d iaphragm being drawn up-
wards with greater force by t h e l u n g s ; in children also i t not 
unfrequent ly passes a shor t distance (almost 1 ctm.) over the 
mammi l l a ry l ine towards t h e l e f t side. On the other h a n d it 
occasionally happens , t hough relatively seldom, and only in the 
aged, t ha t t h e hear t ' s impulse is seen in t h e s ixth intercostal 
space ; in th i s case the displacement is due to diminut ion in the 
attractive force of t h e lungs and in the elasticity of the large 
vessels spr inging f rom the hear t . 

The si tuat ion of t h e apex-beat varies wi th the rise and fall of 
t h e d iaphragm in the movements of respiration and on tu rn ing 
over towards t h e lef t side. T h e influence of respiration in alter-
ing the position of the hear t ' s impulse is noticeable only on 
making a very deep inspirat ion, when t h e apex sinks, sometimes 
even behind the sixth r ib, so tha t , t he opposit ion to t h e trans-
mission of t h e s troke of the hear t on t h e chest-wall being 
increased, t h e heaving impulse can no longer be f e l t ; in expira-
t ion i t moun t s again to i ts normal level. I n quiet respiration 

* By the term apex-heat is understood no t only t he impulse of t he actual apes , bu t 
also t ha t of the lower segment of t he heart . The proper apex does not lie in the fifth 
intercostal space, b u t behind the sixth rib, and is also covered in f ron t b y a tongue-
shaped process of pulmonary tissue connected with t he lower border of t he le f t lung. 

no change takes place in the s i tuat ion of the cardiac impulse . 
Ly ing on the left side brings i t a l i t t le over the lef t mammi l l a ry 
hue , occasionally as m u c h as 2 c t m . ; on t u rn ing on the r ight 
side no displacement, or t h e very sl ightest , is observable. 

The apex-beat is not always visible, bu t is generally per-
ceptible to the finger pressed deeply into the intercostal space ; 
it escapes t h e eye also when the hear t is ac t ing very feebly, when 
the chest-wall is rigid and covered by a th ick layer of fat and 
powerfully developed muscles , when the intercostal spaces are 
narrow, and when the hear t , dur ing fu l l inspirat ion, is over-
lapped by the marg in of the lung . (For the pathological 
conditions which cause t h e disappearance of the apex-beat, see 
p. 213). 

. I n a d , d i t i o n ,to t h ? apex-beat, and occasionally also when it is want-
ing, a diffuse impulse, or undulation of the tissues in the precordial 
region, may be observed, more particularly when the heart's action is 
abnorma ly strong.—A certain amount of vibration is also often felt 
between the third and sixth costal cartilages and over the lower portion 
oi the s ternum; it arises from the systolic tension of the mitral and 
tricuspid valves, and is designated the valvular impulse. 

Vivisection teaches t h a t t he finger placed on any pa r t of the 
exposed hear t ' s surface experiences a dis t inct shock on the occur-
rence of each contract ion; bu t in normal circumstances, f rom 
the relative position of the hear t and lungs, only t h e stroke of 
the apex is fel t . T h e entire base of the hear t is covered by lung 
wbicb renders the t ransmiss ion of i ts impulse to any distance a 
mat ter of diff icul ty; and th is difficulty is increased by the back-
ward movement of the base at each systole, by the resis tance 
offered by the ribs, and by the thickness of the thoracic parietes 
(including the pectoral muscles and adipous t issue) in t ha t 
region. The apex, on the contrary, is in immedia te contact 
with the chest-wall, is formed chiefly by the powerful muscles of 
the left ventricle, and lies behind the yielding soft par t s of the 
intercostal space ; the most impor tan t consideration, however, is 
tha t th is port ion of the hear t is t i l ted forwards at each systole, 
so tha t t he t issues over it are of necessity raised a long with i t . 

If the forementioned conditions, described as unfavourable to 
the occurrence of a visible impulse over t h e base of the hear t , be 
removed, t h e apex-beat is accompanied by a dis t inct base-beat ; 
this is the case in children with th in and yielding chest-walls, in 



all cases in which the hear t , in consequence of retract ion of the 
anterior margin of the left lung (from atrophy), is in close con-
tact wi th a large par t of the thoracic parietes, and in all hyper-
trophies of the heart , especially of the lef t ventricle. 

In a few instances a double impulse, accompanying with more or 
less regularity each systole, has been observed (Skoda, Bamberger, 
Leyden). I t 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 greatly 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 T H E H E A R T ' S I M P U L S E . 

D u r i n g the diastole the intracardiac pressure is equal at all 
points on the inner surface of the ventricular walls, h u t when 
the hear t contracts and t h e blood is thrown into the great 
vessels t h i s pressure suddenly becomes less over the heart 's 
out le ts t h a n at t h e par t diametrically opposite to t h e m , — t h e 
apex of the h e a r t ; t he lat ter , therefore, in consequence of the 
recoil so generated, moves downwards and forwards at each 
systole. I t is t he operation of the same force, t he sudden deve-
lopment of a difference in pressure, t ha t sets in motion Segner 's 
water-wheel, t ha t produces the recoil which follows t h e discharge 
of firearms, and tha t causes a freely-suspended cylinder, filled 
with water and provided with an escape-pipe at i ts lower end, to 
move backwards, in a direction opposed to t h a t of the j e t of 
water, when t h e stopcock is opened (Gutbrod, Skoda). B u t the 
recoil-theory explains only the impulse of the apex of the hear t , 
and not t h a t of the ba se ; t he la t ter arises f rom the hardening 

and swelling of the heart at the beginning of the systole (Arnold, 
Kiwisch, Ludwig) . 

I t appears to me, therefore, t ha t t he theory of Gutbrod and 
Skoda and tha t advocated by Arnold, should not be regarded as 
an tagonis t ic : each, taken alone, is capable of explaining only 
certain of the pathological phenomena dependent on the hear t ' s 
ac t ion; taken together, they satisfactorily explain t h e m all. 

The essential appearances seen on exposing the pulsating heart by 
vivisection are : locomotion downwards and forwards combined with 
rotation from the left side towards the right, and increase 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 then- 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 precordial 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, carrying 
the heart with it. But Komitzer's further hypothesis that this rotation 
has the effect 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 applies 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 systolic 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 
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the apex-heat (the latter, indeed, instantly disappears, as Hiffelsheiin 
and Jahn have shown, on cutting off the supply of blood to the cham-
bers of the heart), but differ concerning the manner in which 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, Kürschner, 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 apex 
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 concentrically, 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 effect 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. I t 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 affected 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 apex. 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. 

Hiffelsheim has demonstrated the recoil experimentally in a caout-
chouc heart filled with water, discharging into an artificial aorta; he 

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 been mentioned certain clinical facts which admit of 
satisfactory explanation by means of the Gutbrod-Skoda theory only. 

PATHOLOGICAL ALTERATIONS OF T H E NORMAL CARDIAC 

I M P U L S E . 

These affect t he si tuation, force, and extent of the impulse. 
Alterat ion in the situation of t he apex-beat arises f rom dis-

placement of t he whole hear t , which is very f requent ly the resul t 
of change in the position of the d iaphragm,—when the la t ter is 
depressed the hear t sinks, when elevated the hear t rises. 

Depression of the whole d iaphragm may be caused by bilateral 
emphysema of the lungs, lowering of one-half by the presence of 
gas or fluid in one of the pleurfe. The dislocation of the hear t 
in pu lmonary emphysema takes place downwards and to the 
r ight , in effusion into, t he left pleura, when t h e fluid is mode-
rately abundant , simply downwards, or when the quant i ty is 
excessive, to the r igh t side, somet imes even as far as the r igh t 
mammillary l i ne ; pyo-pneumothorax of the lef t side has t h e 
same effects, t hough not usually to such a marked degree. On 
the absorption of the exudation, should the lef t lung ful ly 
expand as the fluid is removed, the hear t , if i t have not formed 
adhesions to its new surroundings , re tu rns gradually to i ts 
normal position. 

If the displacement of the heart towards the right be but 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 
middle segment of the diaphragm,—the part over which the apex must,, 
of course, pass when pushed over into the right side of the thorax; the 
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 effusions, 
into the right pleura push the heart beyond its normal limits towards: 
the left side, sometimes even as far as the axillary line. In most 
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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. 

T h e d iaphragm may come to occupy an abnormally h igh posi-
tion as the resul t of atrophy of one lung, or of atelectasis of a 
l u n g after absorption of pleurit ic exudation of long s t a n d i n g ; or i t 
may be driven f rom below upwards by increase in the volume of 
t h e abdominal organs, particularly by hepatic, splenic, uterine, 
and ovarian tumours , and by ascites or meteor ism. The hear t 
rises h igher in the thorax in proportion to the ex tent of the 
upward displacement of the d iaphragm, and in extreme cases 
may pulsa te in the th i rd 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. 

Congenital malposition 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. 

T h e position of the apex-beat (or cardiac impulse) may fur ther 
be modified by increase of the size of the heart, hyper t rophy with 
di la ta t ion. 

W h e n t h e left ventricle is hypertrophied and dilated it is 
chiefly in its long d iameter t ha t i ts size is augmented , so tha t 
t he impulse is shif ted downwards to the sixth, seventh, or even 
t h e e igh th intercostal space ; as the ventricle also gains sensibly 
in bread th t h e pulsat ion of the hear t extends outwards beyond 
t h e mammi l l a ry line. 

I n hyper t rophy with dilatation of the r igh t ventricle i t is prin-
cipally the breadth of t he hear t tha t is added t o ; i ts impulse, 
accordingly, passes fur ther to the r igh t t h a n normally, some-
t i m e s to the r igh t margin of the s te rnum or even to the r ight 
mammil la ry l ine. I n cases in which t h e di latat ion of the r ight 
ventricle is moderate in amount the cardiac impulse to the r ight 

is not so dist inctly visible as i t is to the left when t h e left 
ventricle is hypertrophied to an equal degree, t he intercostal 
spaces becoming considerably narrower towards the s t e rnum. 

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 heart's impulse p resents great differences 
even amongs t individuals who are in perfect heal th , and is found 
also, other circumstances being the same, to vary chiefly with the 
energy with which the hear t contracts. The impulse may be so 
weakened as to escape detection ei ther by eye or hand , or may, on 
the contrary, become so forcible as to elevate and throw into 
vibration a large pa r t of the chest-wall. 

Enfeeblement of the cardiac impulse, even to such a degree tha t 
no perceptible shock is communicated to the hand , takes place 
(apart f rom the physiological causes already ment ioned on p. 207) 
in the following circumstances : 

1. W h e n the hear t ' s action becomes less vigorous than in hea l th . 
This may occur as t h e resul t of fat ty degenerat ion of the cardiac 
muscular fibres, or of inf lammatory changes in the la t ter , due to 
myocarditis or ar is ing in t h e course of severe acute affect ions; 
or it may be owing to t h e prolonged influence of a h igh febrile 
temperature (from the so-called a lbuminous infil tration of the 
muscular fibres), or to abnormally feeble innervat ion of the hear t . 
This disorder of the innervat ion may be of a t rans ient character , 
as in an ordinary case of faint ing, or it may be more last ing or 
recurrent, present ing itself f requent ly as a concomitant symptom 
in many diseases of the nervous system ; and, finally, it usual ly 
appears short ly before death, indicat ing paralysis of the nervous 
system. 

2. W h e n the hear t is separated from the cliest-wall by any 
medium, which may ei ther be interposed between tha t organ and 
the pericardium (—the presence of fluid, or rarely air, in the 



pericardium), or which covers the hear t (an emphysematous 
lung, for instance), or which comes between the hear t and the 
thoracic parietes (such as pleurit ic exudation, air in pneumo-
thorax). Displacement of the hear t f rom the causes j u s t men-
tioned does not abolish the cardiac impulse, t he lat ter being in 
such conditions usual ly visible at some other t h a n the normal 
spot. 

3. W h e n the hear t has contracted adhesions to the pericar-
d ium. I n these cases, as the systolic movement of the hear t 
downwards and forwards is rendered impossible, t he impulse 
is absolutely wanting, and instead of the rais ing 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). 

Finally, it is sometimes observed that when stenosis of the aortic 
orifice or of the l if t auriculo-ventricular orifice reaches a certain degree 
of intensity the apex-beat in absent; in such circumstances also the im-
pulse of the base 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 theoiy 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 difference 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 difference 
between the pressure over the aortic orifice and that at the apex of the 
heart is consequently abnormally small. 

The force of the cardiac impulse is increased by whatever 
s t rengthens the hear t ' s contract ions: in heal th , therefore, th is 
takes place from menta l excitement or violent physical exertion ; 
pathologically it occurs in all febrile conditions, in inflammatory 

diseases of the hear t , endocardit is , pericarditis (in the latter, 
however, only so long as the exudation is insufficient in quanti ty ' to 
obscure the perception of the shock), in the various neuroses of 
the hear t (which may exist independent ly of any other disease, or 
may complicate other morbid processes of the most diverse kinds) , 
and in all those conditions which favour the t ransmission of t h e 
hear t ' s impulse to the surface, such as condensation of the upper 
lobe of the lung, retraction of the margin of t h e left lung, &c. 
This phenomenon is met with most often and in its most aggra-
vated form, as the resul t of increase of t h e muscular substance 
(hypertrophy) of t h e hear t . 

The impulse is the more forcible the more the hyper t rophy of 
the muscular s t ructure of the hear t preponderates over the dila-
tation of i ts cavities ; should the hyper t rophy cease to increase, 
or should it even decrease, as it f requent ly does in the more 
advanced stages of the disease, f rom fatty degeneration of t h e 
muscular fibres, so tha t t he dilatat ion comes to be a more promi-
nent feature in the case t h a n the hypertrophy, the impulse of t h e 
heart grows feebler ; t h i s is observed in the later stages of all 
cardiac lesions. 

The hear t ' s impulse is s t ronger in hyper t rophy of the left 
ventricle than in t ha t of t h e r ight . W h e n the power of t h e left 
side of the hear t is increased to a considerable degree the impulse 
takes on a heaving character, and in severe cases the greater par t 
of the f ron t of the left side of the chest is elevated and thrown 
into dist inct vibration each t ime the hear t contracts ; in the dias-
tole the raised portion re tu rns sharply and with some force to its 
original position. Such a heaving impulse is never observed in 
hypertrophy of the r ight ventricle, as in the la t te r t he th ickening 
of the cardiac muscle is not so great as in the left ventricle ; 
while the thickness of the hypert rophied wall of the r ight hear t 
amounts only to § — 1 c tm. or very li t t le more, t ha t of the hyper-
trophied lef t hear t reaches 2 — 2^ c tm. , or even slightly exceeds 
tha t measurement . I n a large number of cases also an increase 
in the force of the cardiac impulse f rom hyper t rophy of the r ight 
ventricle is not very readily detected by t h e eye, as the r ight side 
of the hear t is not so favourably si tuated anatomically as the left 
for the conduction of i ts stroke to the surface (compare p . 2 1 2 ) ; it 
may, nevertheless, always be felt, by placing the hand on the lower 
part of the s t e rnum.—Other t h ings being equal the impulse of 



t he hear t is mos t powerful in enlargement of the whole organ .— 
W h e n the hyper t rophy of either ventricle is considerable i t may 
give rise to very marked prominence in the precordia l region, 
part icularly 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. J l 

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 m 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 systemic 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 right 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 oi the walls of the aorta, by stenoses of the aorta, by 
aneurisms of the aorta (when complicated by lesions of the aortic 
valves), by insufficiency of the aortic valves, and stenosis of the aortic 
orifice. 

Hypertrophy of the right ventricle may be due 
1. To engorgement of the pulmonary circulation. I t 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 obliteration of a large number of the pulmonary capillaries. 
, a n s . e s f r o m vesicular emphysema, atrophy of the lung from 

chronic interstitial disease, prolonged compression of the lung by 
pleuritic exudation, and from lateral and angular curvatures 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 

with sufficient force to open up a pathway for the blood through the 
already reduced area in which it circulates in the lungs.* 

3. To valvular lesions at the orifice of the pulmonary artery (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 circulation also appears. 

The auricles also undergo hypertrophy when, from contraction of the 
auriculo-ventricular orifice, they are unable to empty themselves 
entirely, or when, from insufficiency of the auriculo-ventricular valves, 
the blood regurgitates at every systole from the ventricles into the 
auricles, so that the latter are kept constantly in a state of overdisten-
sion ; in both affections 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 auricle, for 
instance, in stenosis and insufficiency of the mitral valve). 

Hypertrophy with dilatation of the ventricles may also arise inde-
pendently 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 liquors and by immoderate smoking. 

E X T E N T OF T H E H E A R T ' S I M P U L S E . 

An impulse whose breadth within the fifth intercostal space 
* Baumler Las recently made t h e assertion t ha t extensive, b u t more part icularly 

complete adhesion of the pleural surfaces to each other gives rise to a disposition t o 
the development of hypertrophy of the heart, as the f ree expansion of the various parts 
of the lungs is thus hampered or prevented and the elasticity of the lungs diminished. 
Bu t as diminution of t he elasticity of the pulmonary tissue impedes t he outflow of 
blood f rom the pulmonary veins towards t he left ventricle the pulmonary circulation 
becomes overloaded, and the work which the r igh t hear t has to perform is increased. 
There is t hus produced a disposition to hyper t rophy of the r igh t heart, t he occurrence 
of which in such cases is generally fur ther favoured b y other concomitant circumstances. 
—When a t a later stage t he congestion extends also to t he systemic veins, and the left 
ventricle is t hus called upon to contract more energetically, t he le f t side of t he hear t 
also becomes enlarged, though no t usually to such a considerable degree as the right. 

EXTENT OF T H E H E A R T ' S I M P U L S E . 



amounts to more t h a n 2J- c tm. , and which t hus passes beyond 
the mammil lary l ine to the left or the parasternal l ine to the 
r ight ,—provided there be no displacement of the organ as a 
whole,—invariably indicates hyper t rophy of the hear t . 

T h e hear t ' s impulse in hyper t rophy may be distinctly appre-
ciable, both to the eye and hand , in two or even three intercostal 
spaces at o n c e ; when t h e en largement is considerable and 
l imited to the left hear t t he pulsat ion may manifest itself in 
these spaces with greater or less in tensi ty as far outwards as the 
axillary line, or when the r ight half of the organ is affected it 
may extend in the other direction to near the r ight mammil lary 
l ine. 

I t is to be borne in mind , however, t ha t t he hear t may pulsa te 
in a t least two intercostal spaces and ye t show no trace of hyper-
trophy, as when it lies in immedia te contact with a larger part 
of the chest-wall than usual , f rom retraction of the anterior 
border of the left lung as the resul t of atrophy. B u t never, in 
such cases, is the apex-beat felt to the outside of the mammil la ry 
l ine to the lef t or beyond the paras ternal line to the r ight , a 
fact which, apart f rom other points brought out by f u r t h e r 
examination, renders it impossible to mistake th is condition for 
a genuine hyper t rophy of the hea r t .—Hyper t rophy , especially in 
children and young persons, announces itself not only in the 
character of t h e impulse, but also by giving rise to a certain degree 
of prominence of t he p record ia l region ; in older pat ients , whose 
chest-walls are more rigid, t h i s prominence is more seldom 
observed. 

The various signs which have been discussed in th is section 
always enable us to recognise whether the hear t is normal with 
regard to position, whether it is hypertrophied and dilated, 
whether the increase in size is l imited to the left or r ight 
ventricle or affects b o t h ; and the diagnosis so arrived at is 
almost invariably a sound one, part icularly when the examination 
of the impulse by inspection and palpation is followed up by the 
inspection of the ar ter ies (see p. 223 ) ; but a moderate amount 
of hyper t rophy of t h e right ventricle may escape notice by 
inspection when the hear t is covered by emphysematous lung . 

SYSTOLIC PULSATIONS, 

(proceeding part ly f rom the hear t and part ly f rom the great 
vessels). 

1. Systolic Pulsation in the Epigastrium. 

Thi s may be synchronous with the apex-beat in the normal 
situation, or may exist alone, when no other impulse i s percep-
tible in the precordia l r eg ion .—The first condition is very 
frequently observed when the hear t is ac t ing with increased 
energy, and is then simply owing to the t ransmission of the 
normal impulse to tha t p a r t ; i t disappears when the hear t again 
begins to act quie t ly .—In another class of cases the epigastric 
jndsation accompanying the normal apex-beat is merely the 
t ransmi t ted pulse of the abdominal aorta. I n such circum-
stances it depends on the presence of conditions which ei ther 
s t rengthen the pulse of t h e abdominal aorta or which facilitate 
its conduction to a distance ; t he force with which tha t vessel 
expands is increased in hyper t rophy of the left ventricle f rom 
whatever cause ar is ing (excepting only tha t connected with 
stenosis of the aortic orifice), and t h e impulse is more readily 
conveyed th rough th in and lax abdominal coverings (as in women 
after several pregnancies) and t h rough an enlarged and depressed 
left lobe of the l iver .—Epigas t r ic pulsation propagated f rom the 
abdominal aorta appears an ins tan t later than the hear t ' s impulse, 
and is also not strictly confined to the epigast r ium, but extends 
over a considerable par t of the abdominal su r f ace ; in cases of 
aneurism of the abdominal aorta and of the cel iac artery the 
greater par t of the abdominal wall may be caused to pulsa te .— 
The recognition of epigastric pulsation conducted f rom the abdo-
minal aorta is t h u s comparatively easy, as t h a t vessel may be 
directly examined by t h e hand , provided the tension of the rccti 
muscles do not interfere to any great extent with the proper per-
formance of palpation. By compressing the abdominal aorta a t 
a more distant point the epigastric pulsat ion may be increased in 
force. 

The second variety of systolic pulsation in the epigastrium, t h a t 
in which the hear t ' s impulse is ei ther entirely want ing in t h e 
normal si tuation or is weak and diffuse, occurs when the 
diaphragm is depressed, part icularly when at t he same t ime 



t he right ventricle is hypertrophied. Both factors are present 
m the severer forms of vesicular emphysema of the l u n g s : here 
the hear t is drawn downwards and to t h e r ight , so tha t each con-
traction of the enlarged r ight ventricle gives r ise to an impulse 
in the epigastr ium. 

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 m pulmonary emphysema the heart is displaced laterally, towards 
the s t e r n u m . - I n 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-

(For some remarks on the systolic wave seen in the upper part of 
the abdomen occurring m certain rather rare cases and caused by pul-
sation oj the hepatic veins, see p. 232.) 

2. Systolic Pulsation in the Great Vessels. 

To th is category belong the pulsat ions of the aor ta and the sub-
clavian artery, and the pulsa t ing aneurisms of the aorta (aneurisms 
of the ascending, t ransverse, and descending port ions of the 
arch of t h e aorta). 

T h e pulsat ions of the aorta and subclavian ar tery are seen 
externally when the lef t ventricle undergoes any considerable 
degree of t h i cken ing ; they are most distinctly visible, and 
perceptible also to the finger, a t those par t s at which these 
vessels approach most closely to the c h e s t - w a l l , - i n the case of 
the aor ta , m the second r ight intercostal space at the sternal 
insert ion of the third r ib, and also a l i t t le below tha t point 
and in the case of t h e subclavian artery, t he region immediately 
above, and more especially t ha t immediately below, the clavicle 
towards i ts acromial end . 

T h e stroke is still more energetic when the aorta (rarely the 
subclavian artery) is the seat of aneurismal di latat ion. Aneurism 
of the ascending aorta (the most common variety of aneurism) 
forms a pulsa t ing tumour in the second r igh t intercostal space 
near the s t e r n u m ; tha t of the t ransverse par t of the aortic arch 
is s i tuated a t t h e level of the m a n u b r i u m sterni , but reaches to 

a variable distance to the left of tha t bone according to t h e size 
of the aneur ismal swell ing; t ha t of the descending aorta renders 
prominent a pa r t of the left posterior surface of the thorax, in 
the neighbourhood of the lower dorsal vertebras. 

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 large 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 
cylindrically 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 liver, it is obviously beyond the reach 
of examination by the finger. 

All these pulsat ions are either exactly synchronous with t h e 
heart 's beat or take place immediately af ter it. Before an 
aneurism h a s become sufficiently large to produce any bulging of 
the surface, t he diagnosis between aneur ismal pulsat ion and tha t 
due to t h e t ransmission of the cardiac impulse or an abnormally 
forcible a r te r ia l pulse, is based par t ly on the circumstance tha t 
between the two centres of pulsat ion, t he aneurism and the hear t , 
intervenes a region in which there is no pulsa t ion. Other differen-
tial signs are obtained by palpation (see p. 238), percussion (the 
aneurismal swelling is dull to percussion), and auscul tat ion. 

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 similar, though somewhat rarer, pulsation in 
the second right intercostal space, caused by the closure of the aortic 
valves, see p. 239. 

Ins tead of systolic pulsat ion systolic retraction of certain points 
in the precordia l region is sometimes observed, either accompany-
ing the apex-beat or occurring in its absence. 



1. Those systolic retractions which accompany t he normal 
apex-heat appear in the th i rd and four th intercostal spaces ; The 
hear t is sometimes m t h e s e cases in all respects n o r m a " generally 
1 1 S act ing unusually energetically, most commonly it is hyper-

trophied, and m contact with a correspondingly lar^e portion of 
the chest-wall, t he margin of the left lung being p t h e d back 

r c hi tTT s Thmore frequent in youn* ~ 
n chaldren, whose thoracic p a n e t e s are thin, than among adul ts 

whose t h o i . x is less yielding and is protected by thickei- cover-' 
mgs . I n these circumstances, when the hear t acts with undue 
force each systole is at tended by an exceedingly rapid u n d X t o r y 
movement passing over the precord ia l region from abovedown-
wards, and a slight recession of the surface in the th i rd a n ! four th 
intercostal spaces. T h e explanat ion of these phenomena is v y 
probably this tha t wi th the systolic locomotion of the a p j toThe 
lef downwards a n d / o n W s , is ^ne^rnovement of the base 
{•motbackwards and to the r i g h t ; t h i s creates an empty 
space between the base of the hear t and the chest-wall, to fill ™ 
which the superficial soft pa r t s are dragged inward . The ! 
depressions have no diagnostic importance. 

This explanation of the occurrence of systolic recession • * 
costal spaces at a point situated above that at w S Z , 
seen, is, however, not perfectly satisfactory f h l S r T ^ 18 

heart m a similar state of contraction. I t is n e v S ^ L * t h e 

2. The less common form of systolic retraction is also the 
more impor tan t of the two, t ha t in which the apex-beat is corn 
pletely wanting. I n these cases the soft par t s in ti e fifth 
intercostal space recede, are not elevated as they shou d be on 
each con ractmn of the h e a r t ; t h i s change may either be l i m i t S 
to the area usually occupied by the normal apex-beat or may 
extend over nearly the whole of the precordia , so t ha t even T h e 
sternal ends of the r ibs and the lower end of the 'sternum a e drawn 
inwards. This phenomenon is pathognomonic of adhesion o t i e 

heart to the pericardium (Skoda) or of the pericardium to the 
substernal connective t issue and the d iaphragm. T h e degree and 
extent of the adhesion may be inferred f rom t h e depth and area 
of the depression : thus , if t he hea r t be adherent to the pericar-
dium and the vertebral column on one side, and to t h e s t e rnum 
on the other , i ts movement downwards and forwards on contrac-
tion is prevented, and as all t he diameters of the hear t are 
shortened dur ing the systole, and as the spinal column is a fixed 
point , the lower end of the s t e rnum is r e t r ac ted ; if adhesions 
have also been formed with t h e connective t issue invest ing t h e 
ribs, t he la t ter also are similarly acted u p o n ; and finally, if t he 
hear t be completely adherent to the t issues round it on every side, 
the systolic depression involves a large p a r t 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 i ts funct ions, t he 
heart necessarily acts with increased ene rgy .—It is nevertheless 
sometimes observed t h a t depressions l imited to the region in 
which the apex-beat usually manifes ts itself, may be dependent on 
adhesions of very trifl ing e x t e n t . * — W h e n the contractile power of 
the hear t is greatly diminished, t h e systolic retractions disappear, 
notwithstanding the existence of extensive and int imate adhesions. t 

The par t s of the thorax which, on account of the adhesions 
formed by the hear t , are at each systole dragged inwards towards 
the vertebral column spr ing back again dur ing t h e diastole to 
their former position ; if t he systolic retraction is confined to the 
spot at which, in normal circumstances, t he apex-beat is felt, th is 
region becomes markedly prominent dur ing the diastole, consti-
tu t ing a diastolic cardiac impulse or apex-beat ,—the only exception 
to the general ru le t ha t t he apex-beat is systolic in rhy thm. 

INSPECTION OF T H E A R T E R I E S . 

T h e increased pulsation of Lhe aorta in hypertrophy of the left 

* Traube has described one case of dist inct systolic retraction, in which there was 
no adhesion of t he heart to the pericardium. T h e retraction was found, on post mortem 
examination, t o be caused b y the presence of a congenital fold on the posterior 
surface of t he heart , passing f rom the upper end of the pulmonary ar tery to t he le f t 
auricle, so situated tha t the systolic movement of t he heart to the le f t and downwards 
was prevented, or a t least l imited. 

t A case of this kind has come under m y own no t ice : on examining the body 
of a pat ient who had died in t he stage of asphyxia in cholera, the heart was discovered 
to be adherent a t nearly every point to t he surrounding tissues, yet during life no 
trace of retraction was seen ( the cardiac impulse was no t perceptible). 



hear t and in cases of aneur ism has already been under considera-
t ion . I n the same way the force of the pulsat ion in t h e fur ther 
ramificat ions of the a o r t a — t h e carotid and subclavian arteries, 
&<$., may be taken as a measure of the degree of power being 
exercised by the hear t . 

W h i l e the hear t is act ing quietly the arteries in the neck 
pulsa te feebly, t he carotid wave appear ing only in the fossa 
between the sternomastoid muscles, and tha t of the brachial and 
radial ar ter ies only when the a rms are held in a suitable posit ion. 
W h e n the hear t acts more powerfully, but still within physio-
logical bounds, arterial pulsat ion is to a corresponding degree 
increased, and is particularly noticeable over the larger vessels. 
I n hyper t rophy of the lef t ventricle the pulse becomes still more 
forcible, t ha t of the carotid being clearly seen th rough the soft 
t i ssues of the neck; and smaller vessels which at other t imes 
are scarcely visible, such as the temporal ar ter ies and t h e smaller 
branches of the brachial and femoral arteries, pulsa te prominent ly 
and appear dilated and tortuous.—The phenomena a t tendant on 
hyper t rophy of the right side of the hear t are characteristically 
different f rom those in the domain of the systemic vessels i n 
en largement of the lef t ventricle. H e r e t h e arterial pulse is not 
only not rendered stronger, but i t is f requent ly feebler t h a n 
usual, as, f rom the engorged condition of the pu lmonary circula-
t ion, of which t h e hyper t rophy of the r ight ventricle is but 
another of the resul ts , t he aortic system of vessels contains a 
smaller volume of blood than normally. E n l a r g e m e n t s of the 
r igh t and left ventricles are therefore often dis t inguishable f rom 
each other at t h e first glance by simple inspection of the arteries. 
And fu r the r , as any considerable degree of hyper t rophy of the left 
ventricle, if the strongly pulsa t ing arteries are at t he same t ime 
dilated and tor tuous, is generally due to insufficiency of the 
aortic valves, and as, on the other h a n d , hyper t rophy of the r ight 
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 t h e imped iment to the 
circulation. 

INSPECTION OF T H E V E I N S . 

The pathological phenomena observed on inspection of the 
veins are 

1. Engorgement of t h e venous system, and therefore visible 
dilatat ion of the superficial veins ; 

2 . Certain movements, seen almost exclusively in the jugula r 
veins, t h e resul t ei ther of the respiratory expansion and 
contraction of the thorax (undulatory movements) or of 
t h e movements of the hear t [venous pulsation). 

VENOUS CONGESTION. 

Of all t h e superficial vessels near the hear t t he cervical veins 
show the greates t differences with regard to the amount of blood 
they contain at different t imes in hea l th and d i sease ; they are 
therefore well adapted for examination by inspection. Even in 
normal conditions the external jugu la r vein as i t crosses the 
sternomastoid muscle may, by simply t u rn ing the head to one 
side, be made to s tand out prominently on the skin as a th in , 
somewhat bluish-coloured cord ; t h e in ternal jugu la r vein, on the 
contrary, placed deeply as it is between the two lower divisions of 
the same muscle, never comes in to v iew.—The reason for th is is 
found in the fact t ha t t he vertical course of the cervical veins 
promotes a rapid flow of blood f rom the head towards t h e 
hear t ; t h i s tendency is still fu r the r favoured by the act of 
inspiration, which lessens the pressure within t h e innomina te 
veins and t h e superior vena cava (into which t h e jugula r veins 
empty themselves), and in t ha t way, by a kind of aspiratory 
action, quickens the current th rough these vessels. 

As a pathological phenomenon congestion of all t he veins of 
the body, part icularly of those of the neck, is met wi th under t h e 
following c i rcumstances : 

1. W h e n the contractile power of the r ight ventricle is 
diminished : t he la t te r is then unable to discharge itself of the 
whole of i ts contents, and so fails to accommodate all t he blood 
which should enter it f rom the r ight auricle, and the auricle 
itself, and eventually also the venous t r u n k s and the whole venous 
system, become undu ly distended with blood.—Of all t he changes 
in the organs of circulation, mi t ra l insufficiency and constriction 
of the left auriculo-ventricular orifice, and of the affections of the 
respiratory appara tus those which lead to pers is tent congestion of 
the pulmonary circulation, and so to hyper t rophy of the r ight 
heart, and at a la ter stage to fa t ty degenerat ion of the cardiac 
muscular fibre, are the diseases which mos t commonly give r ise 
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to swelling of tlie cervical veins in t l ie manner descr ibed; a good 
ins tance of such a sequence of events is fu rn i shed by chronic 
vesicular emphysema of the lungs. 

2 . W h e n the pressure on t h e venous t runks within the thorax 
(the v e n e cave) is f rom pathological causes so augmented tha t 
they are no longer able to receive all t he blood flowing towards 
t h e m . 

As in normal condit ions the increase of the intrathoracic pres-
sure which takes place dur ing expiration checks the flow of the 
venous cu r ren t ,—an effect, however, which is neutral ized and even 
more t h a n compensated for by t h e accelerating influence of 
inspiration, and which, therefore, in hea l th is never seen externally, 
—so also in pathological c i rcumstances a pers is tent increase of the 
same intrathoracic pressure resul ts in an equally pers is tent over-
loading of the veins of the n e c k ; copious pericardial and pleuritic 
effusions, large medias t ina l t umour s and aneur isms of the aorta, 
pneumothorax , and t h e severer fo rms of pu lmonary emphysema 
(in which expiration is much prolonged and usually effected only 
wi th the aid of the auxil iary muscles of respiration), are among 
the affections in which the phenomena under discussion are 
observed. I n the more advanced stages of emphysema the swell-
ing of the cervical veins (and also of those of the body generally) 
becomes a very s t r ik ing symptom, because not only does the 
r igh t ventricle act more feebly, as already pointed out, but the 
pulmonary capillaries are extensively atrophied and obliterated 
and t h e volume of blood permi t ted to circulate th rough the lungs 
t h u s 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. 

T h e swelling of the veins of t h e neck is much more con-
spicuous while the pa t ien t is ly ing on h is back than when 
s tanding or si t t ing, as in the fo rmer position the flow of blood 

into t h e auricle is considerably re tarded. T h e respiratory 
movements, also, have an impor tan t inf luence on the cervical 
veins with respect to the i r s ta te of distension, an influence 
which is, fu r ther , more marked when decubi tus is dorsa l ; in in -
spiration the veins t end to collapse, t he blood they contain being 
rapidly drawn off, while in expirat ion they are speedily refilled 
and s tand out on the surface as dis t inct b luish cords. Coughing 
renders t h e veins still more tu rg id , t h e s inus of the jugu la r vein 
then becoming especially p rominent and appear ing as a large 
bluish-coloured swelling. These effects of the different phases 
of respiration, however, are noticeable only in those pathological 
conditions in which the jugu la r veins are pers is tent ly dilated and 
overfilled. I n t h e hea l thy 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 t ime re ta in ing the chest-walls in t h e position most 
favourable to expiration, or by prolonged and severe coughing. 

MOVEMENTS IN T H E V E I N S OF T H E N E C K . 

These consist occasionally of a rhy thmica l dilatation of t he 
veins, de termined by the movements of respiration ; or they may 
be of an undulating charac ter , . tak ing t h e fo rm of a continuous, 
but non-rhythmical succession of waves pass ing along the dis-
tended vessel, due jo int ly to the expansion and contraction of t h e 
chest in respiration and to the action of the h e a r t ; or, finally, 
they may be of the na tu re of a pulsation, dependent solely on 
the movements of the hea r t (venous pulse) . 

UNDULATION OF T H E J U G U L A R V E I N . 

Undula to ry movements , like the various degrees of congestion 
of the jugula r veins coinciding with the different phases of 
respiration, indicate a state of engorgement of t h e pu lmonary 
circulation. They, however, are also considerably modified by 
the action of the h e a r t : an obstructed lesser circulation always 
leads to overloading of t h e r igh t auricle, each systole of which 
throws a small quant i ty of blood back in to t h e vena cava superior, 
engorgement of t h e la t ter ensues, t he current of blood th rough 
the jugu la r vein becomes slower (or is possibly sometimes arrested 
for an ins tan t ) , and local congestion is developed. Th i s mass of 
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blood t hus forced backwards into the vena cava by the contraction 
of t h e over-filled r igh t auricle, on t h e one hand , and t h e s imul-
taneous re tardat ion of t h e outflow of blood f rom the jugula r 
veins, on the other, combine to dilate these veins and communi-
cate a dis t inct impulse to their con ten t s ; and as the veins once 
thrown into commotion do not immediately r e tu rn to a s ta te of 
quiescence, and as they are fu r the r also subjected to some dis-
turbance and caused to swell up by the expiratory movements , 
t he agi ta t ion of the i r walls, when the impediment to circulation 
th rough t h e lungs is of a serious character , becomes undulatory 
and a lmos t cont inuous. 

Undulation of the veins of the neck, therefore, which occasionally 
also extends to the smaller vessels opening into the jugulars, 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 (not 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. 

V E N O U S PULSATION. 

Thi s presents itself as a rhythmical elevation of t he walls of the 
internal jugular vein, coinciding with the systole of the hear t or 
somet imes barely preceding it , always clearly perceptible to sight 
and touch ,—mos t clearly when decubitus is dorsal. T h e vein 
pulsa tes ei ther in its whole length , t h e impulse being always 
propagated f rom below upwards, or only i ts lower par t , t he sinus, 
par takes in the movement . 

The venous pulse frequently consists of only a single throb, syn-
chronous with the systole of the hear t ; at other times the wave is 
double, m 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. 

T h e persistent distension to which a pulsa t ing jugula r vein is 

subjected largely increases its ca l ibre : in one case t h a t was 
under m y own care the breadth of the vessel was 1 c t m . — T o 
mis take the venous pulse for t ha t of the carotid ar tery is hardly 
possible ; if i t be suspected t h a t t he pulsa t ion is communicated 
from t h a t ar tery to the jugula r vein such a source of error may 
easily be excluded by so al ter ing t h e position of the head t h a t 
these vessels are brought into less close relation to each other . 
If t he pulsat ion be presystolic as well systolic, and somewhat 
feeble, it ra ther closely resembles simple undula t ion , f rom which, 
nevertheless, i t may be at once dist inguished by pressing upon 
the vein with t h e finger : undulation disappears below the point 
at which pressure is made, ( that is, in t h e central par t of the 
jugular vein, t h a t nearest t he hear t ) , while pulsation continues, 
and is even intensified, by the proceeding described. 

Venous pulsation is caused by the regurgi ta t ion of a wave of 
blood which, dur ing t h e systole of the hear t , passes upwards 
into the vena cava superior and th rough it into the innominate 
veins and the jugu la r s . Such regurgi ta t ion mos t commonly 
depends on insufficiency of the tr icuspid valves ; each contraction 
of the r igh t ventricle drives a port ion of i ts contents backwards 
through the r igh t auricle into the superior cava and the inno-
minate and jugula r veins. The greater pa r t of t h i s backward 
wave reaches the right j ugu la r vein th rough t h e right innominate 
vein, as the la t ter is cont inuous, in almost a direct line, with 
the vena cava superior, while the left innomina te vein jo ins it a t 
nearly a r igh t angle. The venous pulse is therefore more marked 
on the light side t h a n on the l e f t ; in the la t ter situation it may 
even be completely w a n t i n g . — I n 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 t h e hea r t ; 
bej'ond t h e pulsa t ing s inus undulation of t h e vein may be ob-
served, the resul t part ly of the shock which is t r ansmi t t ed 
through t h e whole length of t h e vein, and part ly of the obstruc-
tion presented to the free outflow of blood. Gradual ly, however, 
the jugula r valves are overcome by the pers is tent pressure f rom 
below, they lose their elasticity or are perforated or torn , and so 
become incompe ten t ; t h e regurgi ta t ing wave then rises above 



t he valves, and pulsation is perceptible in the jugula r vein as 
h igh even as t h e angle of t h e j aw. I n cases of insufficiency of 
the tr icuspid valve, besides the systolic pulsat ion j u s t ment ioned, 
there may be a distinct, t h o u g h much feebler, presystolic pulsa-
t ion, due to the regurgi ta t ion of blood which takes place on 
contraction of the overfilled r ight auricle. Presystolic and 
systolic pulsat ions of t h e jugula r veins are t h u s always, wi thout 
exception, pathognomonic of absolute or relative insufficiency of 
the tr icuspid valve. 

Absolute insufficiency of the tr icuspid valve is the resul t of 
organic lesion, while relative insufficiency is caused by excessive 
dilatat ion of the r ight auriculo-ventricular orifice f rom the unduly 
large quant i ty of blood contained in the r ight hear t , t he valves 
themselves being intact . Relative insufficiency of the tricuspid 
valve occurs also with stenosis of the mi t ra l orifice * : venous 
pulsation is set up therefore in these cases, t he whole length of 
the jugula r vein being involved when i ts valves are incompetent , 
or only i ts lower par t so long as these s t ructures continue to 
perform thei r off ice.—But venous pulsation may also be observed, 
independent ly of the existence of any relative insufficiency of the 
tr icuspid valve, in cases of stenosis of the mi t ra l orif ice; th is 
symptom, indeed, is comparatively common in the severer forms 
of th i s valvular lesion. I t is produced by t h e contraction of the 
overloaded r ight auricle, (and is accordingly presystolic), is bu t 
feeble, and l imited to the lower par t of the jugula r ve in .—And 
finally, i n certain rare cases venous pulse is developed in the 
absence of any affection of t h e hea r t , t ha t is, wi thout mi t ra l 
lesion, f rom simple uncomplicated insufficiency of the valves 
of the jugula r vein (Friedreich). I n pathological conditions, 
(pulmonary emphysema for example) , which give rise to per-
s is tent obstruction of t h e cu r ren t of blood th rough these vessels, 
their valves yield gradual ly to the s t rain they have to bear in 
each expirat ion, they become relatively or really insufficient, and 
on the contraction of t h e r i g h t auricle a quant i ty of blood is 

* Th i s may occasionally arise even though t h e mi t ra l valve be structural ly unaffected, 
as i n a case which I recently had an oppor tun i ty of observing, in which a consider-
able di latat ion of t h e r ight ventricle appeared as one of t h e resul ts of pulmonary 
ph th i s i s ; on post mortem examinat ion t h e t r icuspid valve was found to be normal, 
the orifice, however, being wide enough t o admi t th ree fingers, while t h e mitra l valve 
and orifice showed no trace of morbid al terat ion. Dur ing life a systolic m u r m u r was 
audible a t t h e lower p a r t of t h e s te rnum, a n d the ext remely dilated jugular veins 
pulsated synchronously wi th the systole of t h e hear t . 

thrown back into the jugula r v e i n ; b u t a venous pulse generated 
in th is 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 whether 
it is caused by incompetency of the tricuspid valve', or, the latter 
being normal, by insufficiency 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 
systolic 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 
return to a state of rest. In such circumstances palpation offers more 
reliable 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 systolic 
thrill, which owes its existence to the regurgitation of blood through 
the incompetent valves, when the heart's action is sufficiently strong, 
and particularly during 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. 

I n general t he re t rograde impulse does not go beyond t h e in-
ternal j ugu la r vein ; in other cases, however, smaller vessels 
which jo in it also pulsate , relatively most f requent ly t h e external 
jugular and thyroid veins, more seldom the veins of the face. 
Should a port ion of the wave pass f rom t h e innomina te into t h e 
subclavian veins, t h e larger veins of t h e regions drained by these 
venous t runks , t he axillary, brachial, and the superficial veins of 
the arms, exhibit similar pulsatory movements . 



Occasionally the pulsation is propagated not only through the 
vena cava superior but also in to the inferior cava • but i t 
appears m the la t ter vessel and in those discharging in to it onlv 
when the force of the impulse is sufficiently great, and tha t 
occurs only in cases of absolute insufficiency of the tricuspid valve 
If t he wave be feeble it is lost before it penet ra tes any distance 
in to the vena cava inferior. T h a t a venous pulse should be so 
rare m the domain of the inferior cava is explained part lv by the 
fact t ha t t he si tuation of the orifice by which tha t vessel opens 
in to the r i g h t auricle is very unfavourable to the admission of a 
backward current of blood, and part ly by the great length of the 
course of the vein before it becomes accessible to palpation in 
t n e abdominal cavity. 

Not unfrequent ly the impulse traverses the vena cava inferior 
reaching as far as the hepatic veins, when it gives rise to I 
rhy thmica l pulsation of the liver, following closely af ter the stroke 
of t h e hear t . If t h e liver be also increased in size, as in such 
cases it generally is, f rom the congested s ta te of all i ts veins so 
as to form a more or less p rominent t umour below the r ibs th is 
pulsation is perceptible to the finger applied over any par t o'f the 
organ, and is t hus easily dis t inguished from the circumscribed 
elevation of the left lobe of t h e liver which is so often caused by 
the systolic expansion of the subjacent abdominal aorta . 

J M i n , C a S e? E f f i c i e n c y o f the tricuspid valve is 
partly though not exclusively, due to the rhythmical dilatation of the 

Z ^ Z Z T l ^ 1 6 8 i e h i ? d t h e l i v e r : aPart from the fact 
that the pu se 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 point i t S 

! a P f a t l°D - c e r t a i n c a s e s 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 

livTr (Friedreid^)! ^ ° f ^ * t 0 t h e ™ 

Pulsa t ion of the femoral veins is sometimes, ( though very 
rarely), observed as a resul t of insufficiency of the tricuspid 
valve, as the greater par t of the blood regurgi ta t ing in to the 
vena cava inferior enters the hepat ic veins, only a very small 
portion of it going pas t t he orifices of these vessels. 

I t may be here remarked that feeble pulsation sometimes also occurs 
as a physiological sign in the superficial veins on the back of the 

hand and the dorsum of the foot, when the impulse generated by the 
contraction of the left heart is not abolished in the capillaries but 
passes through the latter (giving rise to a capillary pulse, visible in the 
linger nails) into the veins. Quincke has directed special attention to 
this symptom, which, however, had been noticed by several earlier 
authors. _ It may appear in those who are in perfect health, but is most 
common m cases m which the pressure within the arteries is patho-
logically increased and suddenly diminished,—particularly, therefore 
m 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. 



PALPATION OF THE PRECORDIAL REGION. 

THE investigation (by m e a n s of palpation) of tlie phenomena 
which depend for their existence on the action of the hear t , and 
which manifes t themselves in the p record ia l region and the 
pa r t s in i t s vicinity, is in many respects supplementary to 
inspection, t he resul ts already acquired by t h e la t ter method 
be ing completed and rendered more intelligible by those obtained 
by the former, t hough palpation alone is also capable of affording 
very impor tan t informat ion. Very frequently palpation and 
inspection are employed s imul taneously , a fact t he practical 
bear ing of which has been repeatedly pointed out while discussing 
the signs observed in inspect ion. 

The phenomena to which examinat ion by palpat ion is usually 
directed are : t he cardiac impulse, i t s force and ex t en t ; pulsa-
tions appearing a t various points on the surface of t h e thorax, 
and connected directly or indirectly with t h e impulse of t h e 
h e a r t ; murmurs which communica te a certain feeling of vibration 
to the hand in the precord ia l region ; t he arterial pidse. 

Palpa t ion of the impulse of the heart yields substant ia l ly t h e 
same indications as inspection, bu t wi th more rigorous exactness, 
part icularly as regards i ts s i tuat ion, extent , and force. Slight 
increase of the energy wi th which t h e hear t contracts , an 
impu l se of a heaving character , extension of the area of impulse 
towards the r ight , &c., are conditions the presence of which 
can often be determined wi th certainty only by the aid of 
palpat ion. 

Murmurs associated with tactile vibration are occasionally felt 
in the precord ia l region, coincident with t h e hear t ' s contraction 
(systolic), going immediately before it (presystolic), following 
closely after i t (diastolic), or occurring irregularly in the pause. 
Systolic, diastolic, and presystolic thr i l ls of t h i s kind originate 
xvithin t he hear t or at t he root of the great vessels, while those 
observed in the interval between t h e contractions of the hear t 
arise in par t s external to t ha t o r g a n ; the former are te rmed 
endocardial thr i l ls , t he la t ter exocardial, or, as they are generated 
within the pericardium, pericardial thr i l ls . 

ENDOCARDIAL T H R I L L . 

Endocardia l thr i l l gives to t h e h a n d t h e impression of l ight 
rubbing or vibration, a sensation which so resembles the pur r ing 
of a cat t ha t L e n n e c bestowed on i t t h e name fremissement 
cataire. I t is set up when the blood-stream dur ing the systole or 
diastole or (rarely) dur ing both phases of the hear t ' s action, is 
thrown into vibration, acquiring a whir l ing motion, f rom contact 
with degenerated valves, or a t contracted valvular orifices, or in 
pathological dilatat ion of the initial portions of the great vessels. 
This vibration, which is felt as a thrill, is also auclible as a 
murmur; but every such dis turbance within the organs of 
circulation is not sufficiently great to make itself sensible 
externally to palpat ion, only a comparatively smal l proportion of 
audible m u r m u r s being associated with tactile vibration. Endo-
cardial thr i l l usually increases in in tens i ty as the hear t ' s action 
becomes more energetic, or may even in t h a t way be first called 
into existence. 

1 . SYSTOLIC T H R I L L . 

This may be developed at t h e mitral , t r icuspid, aortic, or pul-
monary orifice. I t is ei ther most marked at t h e point at which 
it originates, provided the re be no obstacle to i ts t ransmiss ion 
to the surface at t ha t s i tua t ion ,—as when the hear t is covered 
by lung ,—or i t is propagated mos t distinctly in the direction of 
the current of the blood. 

P u r r i n g t remor, systolic in r h y t h m , felt most intensely at t h e 
apex and becoming feebler t h e fu r the r t h e hand is removed from 
tha t par t , e i ther to t h e r ight or upwards , is invariably due to 
insufficiency of the mi t ra l valve. Immedia te ly over the valve 
itself (at t he sternal inser t ion of the th i rd rib, in the second left 
intercostal space) i t is not appreciable, t he base of t h e hear t 
being there sheltered behind a process of lung t issue. 

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 f remissement most perceptible at t he lower end of t h e 
s te rnum is generally t ransmi t ted f rom the aortic orifice, or is 



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 diffused over a large part of 
the sternum and the adjoining costal cartilages. 

A systolic thr i l l confined to a spot in t h e second left intercostal 
space, near t h e s te rnum, may arise f rom roughness or contraction 
of the pu lmonary orifice, both very rare valvular affections ; i t 
may also be due to mi t ra l insufficiency, when, for instance, 
t he base of the hear t lies in immediate contact with the chest-
wall, f rom retract ion of the anterior marg in of the left lung. 

Systolic fremissemcnt in the second r igh t intercostal space, close 
to t h e s t e rnum, radiat ing along the body of the bone even to the 
ensiform process and to the adjacent inser t ions of the r ibs on the 
r ight side, proceeds f rom roughness or contraction of the aortic 
orifice, f rom a theromatous degenerat ion of the aortic walls, and 
f rom aneur isms of t h e ascending aorta . 

2 . D I A S T O L I C T H R I L L . 

Diastolic thr i l l most frequently takes i ts rise at t he mi t ra l 
orifice, more rarely at t he aort ic orifice, still more seldom at the 
pu lmonary orifice, and is scarcely ever dependent on uncomplicated 
disorder of the tricuspid orifice. 

Constrict ion of the mitral orifice produces a diastolic thril l , t he 
current of blood being agitated or thrown into eddies in passing 
f rom the left auricle into t h e left ventricle. Th i s t remulous 
sensat ion is felt most distinctly at t he apex of t h e hear t , is usually 
spread over a somewhat large area, bu t is not at all points of 
equal in tensi ty . I t exists in every case of considerable s tenosis 
of the left auriculo-ventricular orifice, or, if i t be want ing, may 
usual ly be developed by whatever t ends to increase t h e hear t ' s 
ac t ion,—rais ing the a r m s rapidly, or walking quickly to and fro, 
&c. I t las ts ei ther th roughou t t h e whole of the diastole, or 
appears only at t he end of i t , short ly before t h e systole, and is 
therefore sometimes also called presystolic thr i l l . I f i t be pro-

longed th rough the whole diastole to the next systole i t is 
generally feebler at its c o m m e n c e m e n t ; at t he end of the dia-
stole, t ha t is in the presystole, i t is suddenly much augmented 
in intensi ty by t h e contraction of the auricle, wbich presses the 
blood with greater force th rough t h e narrow mit ra l orifice. Such 
cases are usual ly also characterised by a loud m u r m u r , quite 
perceptible to the hand, but still more so to the ear, s imilarly 
divided in to two stages or portions (see Mitra l M u r m u r s ) . 

The diastolic thr i l l generated at t he aortic orifice does not , like 
tha t or iginat ing at t he mi t ra l orifice, show the j e rk ing quality j u s t 
mentioned, but is cont inuous, of near ly equal in tensi ty dur ing the 
whole of t h e diastole. I t occurs, t hough not very frequently, in 
insufficiency of the aortic valves, and is owing to the regurgi tat ion 
of blood f rom t h e aorta in to the left ventricle. I t may usually be 
felt over the whole of the s te rnum, bu t is mos t ful ly developed at 
that pa r t behind which the aort ic orifice really lies. Fremisse-
mcnt of th is description, radiat ing to some distance over the 
sternum and fu r the r also to the left or r ight , appears not only in 
aortic insufficiency bu t also as one of the s igns of large aortic 
aneurisms. 

Diastolic thr i l l f rom valvular lesion at t he orifices of the right 
heart is exceedingly rare . 

Diastolic thri l l over the pulmonary orifice is connected with 
incompetency of the pu lmonary valves ; i t mani fes t s itself in the 
second lef t intercostal space at t he sternal insert ion of the th i rd 
rib, and is l imited to a comparatively small area. 

On only one occasion have I felt a diastolic thrill clearly traceable to 
pulmonary insufficiency. I ts situation, and the point at which it is of 
maximum intensity, effectually 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 diffused over a much larger surface than the 
vibration due simply to pulmonary insufficiency. 

Diastolic thr i l l originat ing at the tricuspid orifice is always t h e 
result of stenosis. Th i s lesion is one of the rarest in the whole 
range of hear t affections, and almost never occurs without com-
plication. 



PERICARDIAL T H R I L L . 

Pericardial fr ict ion-sound is frequently accompanied by a thril l , 
produced by the movements of the hear t , t h e visceral and parietal 
layers of the pericardium, roughened by inf lammatory fibrinous 
deposit , being thereby caused to rub on each o ther .—As this 
sign is bet ter appreciable by the ear than by t h e hand , i t is 
reserved for discussion in t h e chapter on Auscultat ion. 

PULSATIONS OF T H E L A R G E V E S S E L S . 

Palpat ion also proves useful in t h e investigation of certain 
circumscribed pulsat ions observed a t various points on the 
anterior surface of the chest , and dependent on the movements of 
the great vessels, t he aorta and subclavian artery. T h e causes of 
these pulsat ions (undue expansion of the vessels from hyper-
t rophy of the left ventricle, or aneurismal dilatation of the aorta) 
have already been under consideration on p . 220, in the section 
devoted to Inspect ion. 

Pa lpa t ion elucidates the i r na tu re more fully and exactly than 
Inspect ion, part icularly with regard to the area they involve, their 
force, and the presence or absence of thr i l l . 

P r o m t h e pulsat ions j u s t ment ioned, due to dilatation of the 
arteries and synchronous with t h e systole of the hear t , certain 
others are to be dis t inguished, diastolic in r h y t h m , and confined 
to a small pa r t of the great vessels close to the i r origin. There is 
t h u s sometimes seen and fel t in the second left intercostal space 
close to the s te rnum a strictly circumscribed pulsat ion, appearing 
an ins tan t later t h a n the hear t ' s impulse, t ha t is, in t h e diastole ; 
in very marked cases th is a l ternate elevation of the t issues over 
the apex and those in t h e second intercostal space is well 
brought out by l ightly placing a finger on each of the spots 
indicated. Th i s shor t diastolic s t roke proceeds f rom the pulmo-
nary artery, and is connected with hypertrophy of the right ven-
tricle; i t is t he expression of the unduly forcible closure of the 
pulmonary valves, f rom t h e abnormal ly energetic recoil of t h e 
blood within the vessel. T h e conveyance of th is impulse to the 
chest-wall is favoured by condit ions i n which the rigidity of the 
thorax is d iminished (it is therefore mos t perfect in children), and 

by retraction of the anterior border of the left lung, such as 
resul ts f rom hyper t rophy of t h e r igh t ventricle, when no lung-
t issue is interposed between the pu lmonary ar tery and t h e thoracic 
parietes. W h e r e there is no retract ion of the lung t h e diastolic 
impulse of the pu lmonary ar tery is exceedingly feeble or 
absolutely w a n t i n g ; it disappears also at a later s tage when t h e 
contractile power of the r igh t ventricle is lessened by fa t ty 
degeneration of the muscular substance of t h e hear t . Inasmuch 
as the pulsat ion in question can be set up only by a very con-
siderable degree of hyper t rophy of the r ight ventricle, and as such 
enlargement resul ts only f rom defects of the mi t ra l valve, a dia-
stolic impulse plainly emanat ing f rom t h e pu lmonary valves may 
be looked upon as an a lmost certain sign of mi t ra l insufficiency 
or stenosis of the left auriculo-ventricular orif ice.—This pheno-
menon presents itself also to the ear in t h e greater loudness of 
the pulmonary arterial sound. 

More rarely a diastolic impulse is felt in the second right inter-
costal space, close to the s t e r n u m . I t comes f rom the aorta, and 
is occasioned by t h e abnormally forcible closure of the aortic 
valve, observed in hypertrophy of the left ventricle. I t s rari ty 
is due to the fact t h a t t he conditions which give rise mos t 
f requent ly to hyper t rophy of the left hear t are precisely those 
in which t h e aort ic valve is more or less diseased and incom-
petent ; th is form of pulsat ion therefore is l imited to those cases 
of en largement of the lef t ventricle which, una t tended by aortic 
valvular lesion, depend on contraction of the kidneys or sclerosis 
of the arteries, t hough even in such circumstances the symptom 
is seldom met with, as the hear t is not always sufficiently hyper-
trophied, nor does the aorta approach close enough to the chest-
wall, to ensure the ready t ransmiss ion of the diastolic valvular 
impulse . 

EXAMINATION OF T H E A R T E R I A L P U L S E . 

The pulse is always taken at t he radial artery^ or at t he carotid 
or other superficial ar ter ies (the brachial or femoral) for the sake 
of comparison. 

1 . FREQUENCY OF T H E P U L S E . 

T h e acceleration of the pulse in all febrile conditions h a s 
already been referred to (p. 8) . I n diseases of the hear t t h e 



frequency of the pulse is most commonly increased, seldom 
normal or diminished. I t 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 t he 
term cardiac neuroses. 

( v a S h f L t S P U l S 6 ^ ^ i r i c ' a P ? r e x i a l d i s e a s e s o f ^ e heart (valvular lesions) vanes from 80—120 beats per minute the higher 
numbers being reached only occasionally, when the heZ is' stimukted 
to greater activity by physical exertion. The pulse of m i t r a H s on 
often differs very markedly, with respect to frequency, from that of 
aortic disease : in the former it is almost always » p a f i n S T l a t t S it 

' T ' n ° T h ,°r f 6 n <*S C a s e " * constriction o 
atheromf of J*™ p u I s e ^ t i m e s accompanies 
cardiac h r f J i l ¡ k P 1 ' ° b a b l y l W m m e c h a n i c a l N a t i o n of the 
fetfv disiaso nf j . \ T U S T P a t i C n t S s u f f e r i n g from idiopathic tatty disease of the heart, also, have usually a remarkably slow nulse 
(m two such cases noted by me it fell, in the one to 28 in the' 
o her to 22, per minute), though in some instances it is normal oi even 

b S o r even T 1 S e T a y / U r t h e r bG T G r y S t r i k i 1 ^ retarded num-
S w J 6 T r b e a t s P e r m m u t e > ^ h o u t any disease of the 
ipritif.being objectively recognisable; causes located in the neivous 
centres may then be suspected, and now and then actually demonstrated! 

2 . K H Y T H M OF T H E P U L S E . 

I n heal th the strokes of the pulse follow each other at perfectly 
regular intervals, tha t is to say, the hear t is rhythmical in action! 
l h i s rhy thm, however, is subject to very frequent disturbance : in 
the minor degrees of irregularity the arhythmical contractions of 
the hear t are few and occur at variable points in a moderately W 
succession of rhythmical contract ions; in the severer forms the 
pulse loses all trace of regularity, and i ts individual beats very 
generally become unequal in volume and force—Absence of 
rhy thm may appear in the course of the most widely different 
diseases as he expression of a derangement of the innervation of 
the h e a r t ; 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 
R e g u l a r i t y is found in cases of cardiac disease, particularly of 
valvular affections, and of these it is most frequently at tendant on 

Z In ] ? ? U l a n t y ° f t h e P u I s e ^ m o s t commonly first 
developed m hear t diseases at a rather advanced stage, when the 

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 i ts appear-
ance while compensation is still perfect. 

An artificial and temporary disturbance of the rhy thm of the 
pulse may be excited, in cardiac diseases, by the use of digitalis. 

A peculiar variety of irregularity of the pulse has been described by 
Traube, under the designation pulsus bigeminus. This consists of a 
pulse in which the heats run in pairs, a somewhat protracted pause 
occurring 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 
trigeminus, 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 alternons, 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 precordial region ; there is but one pulsation at the wrist, therefore, 
to represent every two contractions (Fràntzel), 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 rhythmical in its recurrence.—Another and 
somewhat rare variety of pulse has been described, the jmlsus 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 rhy thm of the pulse may fur ther be disturbed in such a way 
tha t the blood waves do not arrive at t he 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 
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evident when the t u m o u r is s i tuated on the arch of t h e aorta, 
between t h e vessels which spr ing f rom i t ,—the innominate artery 
(or r ight subclavian) and lef t subclavian. 

I n other cases of aneur ism, especially of the ascending aorta, 
t he pulse in the radial ar ter ies is not indeed unequal , bu t is con-
siderably pos tponed ; ins tead of occurring directly af ter the 
cardiac systole, i t does not appear t i l l a dist inctly appreciable 
interval has elapsed. Th i s is also sometimes caused by stenosis 
of the aortic orifice, f rom the longer durat ion of the systole in tha t 
affection. And in the severer forms of aortic insufficiency the 
pulse, more part icularly t h a t of the carotids, is not synchronous 
with the hear t ' s impulse, but is felt an ins tan t later, a circum-
stance which h a s been explained by t h e supposit ion tha t t he 
blood projected into t h e aorta at t h e beg inning of the systole 
encounters the regurgi ta t ing blood-stream, and is therefore later 
in reaching the arteries of the neck (Tripier) .—Final ly , large 
aneur i sms of the descending aorta tend to re tard the pulse-wave, 
so t h a t it is not perceptible i n the femoral arteries so soon as in 
the radials . 

3 . INTERMISSION OF T H E P U L S E . 

I n observing the pulse it is of ten noted tha t af ter several 
regular strokes one or sometimes two are omitted. Th i s depends 
on one of two condi t ions : e i ther t h e hear t ' s action is periodically 
in ter rupted {pulsus deficiens), which is most commonly the case, 
or more rarely certain of i ts contractions, though regular enough, 
are not sufficiently energetic to give r i se to a corresponding th rob 
of the radial arteries. Such an in t e rmi t t en t pulse is sometimes 
seen to be compatible with the en joyment of perfect hea l th in 
other r e spec t s ; it p resents itself also in very diverse affections, 
independent ly of any disease of t h e hear t , t hough in a large 
number of cases it is associated with positive cardiac disorder. I t 
is often connected with a partially-filled or shrunken state of the 
left ventricle (from mit ra l stenosis or mi t ra l incompetency), when 
an abnormally smal l quant i ty of blood is thrown into the aort ic 
ar ter ial system on each contraction of the h e a r t ; i t is most fre-
quently due, however, to t ha t d iminut ion of the hear t ' s contractile 
power which t akes place in t h e later stages of every cardiac 
disease. 

4 . VOLUME OF T H E P U L S E . 

The largeness or smallness of the pulse depends on tha t of the 
blood-wave which passes th rough t h e radial artery, and th is 
again depends, cceteris paribus, on t h e capacity of the artery at t he 
wrist. E v e n in hea l th 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 p u l s e ; between 
those extremes numerous gradat ions are observed. The volume 
of the pulse in heal th and disease also varies with the energy of 
the hear t ' 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 . W h e n the radial 
artery is permanent ly distended, as in insufficiency of the aortic 
valves, i t becomes the seat of pers is tent pathological dilatation, 
and the pulse is in consequence increased in volume. On the 
other hand, d iminut ion of the calibre of the artery and of t h e 
volume of the pulse takes place when the quant i ty of blood circu-
lating in the systemic ar ter ies 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 t h e 
aortic arch is compressed by morbid growths, such as mediast inal 
tumours ; when the arteries of the body generally are undu ly 
contracted; in all diseases of t h e hear t in which the systemic 
arteries are deprived of the i r proper share of the blood in circu-
lation, f rom congestion of the pulmonary vessels and of the whole 
venous sys tem—in mi t ra l stenosis, mi t ra l insufficiency, &c. The 
pulse always becomes smaller as the hear t ' s action begins to f a i l : 
if the hear t be very seriously enfeebled, as it is in the last s tages 
of those affections which te rmina te fatally, and temporari ly in 
ordinary cases of fa int ing, pulsa t ion is so slight as to cause 
scarcely any appreciable elevation of the ar tery (threaddy pulse) or 
merely a s l ight quivering movement is communicated to the 
arterial wall {tremulous pulse). I n the aspliyxial stage of cholera 
the radial pulse disappears altogether. 

Rhythmical variations are somet imes observed in the volume 
of the pulse, dependent on the influence of the respiratory 
movements ; t he characteristic features of th is sign are t h a t 
simultaneously with each inspiration t he pulse-wave in all t h e 
arteries is reduced in magni tude , or is absolutely suppressed on 
making' a ful l and deep inspirat ion, bu t re tu rns to i ts normal 
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volume dur ing expirat ion. Th i s form of pulse, first noticed by 
Griesinger, and named pulsus paradoxus by Kussmau l , occurs in 
various diseases, and is an index of the presence of one of two 
conditions : t he existence dur ing inspirat ion of a direct mechani-
cal obstacle to the empty ing of the lef t ventricle in to t h e aorta, or 
increase of the negative inspiratory p res su re f rom changes which 
prevent the free ent rance of air into t h e lungs . T h e most strik-
ing examples of the first condition are found in fibrous mediasti-
nals and fibrous pericarditis ; t he firm cords of connective t issue 
developed in these affections, pass ing f rom t h e s t e rnum and 
per icardium upwards and backwards towards the great vessels, 
enclosing the la t ter and to some extent dragging them f rom their 
normal position and a t taching t h e m more or less int imately to 
the s t e rnum, are pu t on the s t re tch when the thorax is dilated in 
inspirat ion, and grasp and constrict t he aorta, innomina te artery, 
&c. Only a port ion of the contents of the lef t ventricle, therefore, 
finds i ts way into the aorta dur ing inspirat ion, t he arterial pulse 
is rendered feebler, or even disappears if t he chest be expanded 
to i ts u t m o s t ; in expiration, on the contrary, t h e aorta regains its 
na tura l calibre and the pulse i ts normal volume. I t is plain also 
tha t t h e pulse will be fu l l enough which responds to those con-
t rac t ions of t h e hear t which do not happen to coincide with an 
insp i ra t ion .—But t h e pulsus paradoxus is also observed in certain 
cases of pericardi t is in which the aorta is free f rom the embrace 
of such adhesions. I t s occurrence in these circumstances is 
ascribed to various causes : to occasional embarrassment of the 
lef t ventricle during inspirat ion, f rom thickening of t h e pericar-
d i u m associated with atrophy of the muscular s t ructure of the 
hear t (Traube, S t r ieker ) ; or to the pressure of pericardial 
effusion, which re ta rds the flow of blood f rom the venascavse into 
the hear t , part icularly dur ing expiration (when the intrathoracic 
tens ion is augmented) , so t h a t t he h e a r t contains less blood at the 
beginning of inspirat ion t h a n at t he commencement of expiration 
(Baumle r ) .—The second condition described as favourable to the 
production of the pidsus paradoxus is found in stenosis of the air-
passages. E v e n in heal th t h e pulse may be sl ightly of th is 
character , as each inspirat ion lessens the pressure within the 
thorax and within t h e aortic system of vessels generally, while 
expirat ion, on the contrary, adds to th i s p r e s s u r e ; t he arterial 
pulsa t ions therefore, which correspond to such contractions of the 
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hear t as are coincident wi th inspiration are smaller t h a n those felt 
dur ing expiration. These differences, t h o u g h usually so tr if l ing 
as to be inappreciable by the finger, are readily demonstrable on a 
sphygmographic t racing, t h e p r imary wave of the inspiratory 
pulsations being considerably lower t h a n tha t of t h e expiratory 
pulse (Riegel). I f , however, t he inspiratory negative pressure 
within t h e thorax be abnormally low, as in cases of stenosis of the 
larger air-passages, and if to th is be added as a second factor 
d iminut ion of the contractile power of the hear t , t he inequali t ies 
jus t ment ioned are much exaggerated, and are easily detected by 
the unaided sense of touch, pulsat ion being somet imes completely 
abolished dur ing inspi ra t ion. 

Inequal i ty of t h e pulse in one radial ar tery as compared with 
tha t in the other (pu l sus differens) may be of physiological or 
pathological origin. Of the former na ture are those ins tances in 
which t h e vessel divides in to i ts two branches at a h igher point in 
its course on one side of the body t h a n on t h e other, and so 
comes to be of comparatively small calibre at t he par t a t which 
the pulse is usually t a k e n ; and as th i s anomaly is not on the 
whole very rare, i t should always be looked for when marked 
difference in the radial pulses presents itself. Pathological 
inequalities of th is k ind are most commonly due to p ressure on 
the arteries of one side, as by intrathoracic t umour s implicating 
the aorta between the left common carotid and t h e left subclavian, 
occasionally also by tumours (carcinomatous lymphat ic glands) 
which press upon the axillary a r t e r y ; part ial obliteration of one 
of the brachial arteries, and other local and generally easily 
recognised causes, often give r ise to the same phenomena . 

5 . TENSION OF THE A R T E R Y . 

By th is t e rm is mean t the pressure exercised by the blood on 
the inner surface of the vessels. I t reaches i ts m a x i m u m when 
the expansion of the artery is a t i ts he igh t , and s inks to its 
minimum at the end of the contraction of the ar ter ial wall. The 
greater t h e distension of the vessel by the blood-wave t h e greater 
is its tension. An artery in a state of ext reme tens ion is less 
compressible t h a n one whose walls are more r e l axed ; the 
former is ha rd to the touch, t h e la t ter soft , a tense artery t hus 
making what is technically known as a hard pidsc, a relaxed 



artery a soft pulse. Other th ings being alike the intra-ar ter ial 
pressure is increased by hyper t rophy of the left ventricle, and 
diminished when the action of the hea r t is weakened, or when i ts 
cavities contain less than the normal amoun t of blood.—The degree 
of tension of the arterial wall dur ing expansion determines also 
the extent to which the ar tery spr ings into prominence with each 
stroke of the h e a r t ; t he harder and s t ronger the pulse the greater 
will be the elevation of the artery, provided tha t t h e capacity of 
the vessel is not in any way lessened, (as, for instance, in cases of 
s tenosis of the aortic orifice). 

Constrictions of the left venous and arterial orifices offer good ex-
amples of affections in which the differences 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 P U L S E . 

Thi s t e rm is used to express the relat ion which exists between 
the duration of the expansion and t h a t of the contraction of the 
artery. 

I n the normal condition the expansion of the vessel by the wave 
propagated f rom the hear t lasts a lmost exactly as long as i ts con-
tract ion ; this , at least, is t he impression given to the finger, but 
the sphygmographic t racing shows t h a t t he lines formed by the 
dilatation of the ar tery are really shorter than those corresponding 
to its elastic recoil. T h e relation of these different par ts of the 
t rac ing to each other, however, is subject to great variation. If 
f rom pathological causes the artery at ta in at once i ts max imum 
of expansion, and re turn equally rapidly to a state of quiescence, 
a pulse is produced which is designated the pulsus celer,—a brisk, 
active pulse . The slighter manifes ta t ions of th is peculiarity are 
scarcely appreciable by the finger, bu t in well-marked cases such 
a pulse is exceedingly characterist ic, and is usually spoken of as 
a bounding pulse . Th i s nimbleness in movement displayed by 
the ar ter ial wall is t he more readily recognised t h e larger the 
vessel in which i t is observed; it is therefore more distinct in 
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t h e brachial and femoral arteries t h a n in t h e radials. T h e 
most exquisite examples of th is symptom are found in aortic 
insufficiency : the arteries are quickly and forcibly dilated by the 
pressure of the blood driven in to t h e m by the enlarged and power-
ful left ventricle, bu t their recoil follows as speedily, the systolic 
wave being exhausted in two direct ions,—centrifugally (into the 
•capillaries) and centripetally (by regurgi ta t ion into the ventricle). 
A sharply-defined pulse, therefore, is regarded as pathognomonic 
of insufficiency of the aortic valves. 

A pulse dist inguished by the opposite quali t ies is termed a 
sluggish pulse (pulsus tardus). I t is noticed part icularly when 
the arteries lose their elasticity, as f rom sclerosis. Vessels so 
affected present unusua l resistance to expansion by the pulse-wave 
and subside equally slowly in the intervals ; they feel firmer to 
the touch t h a n in heal th , and in exaggerated cases may become so 
hard as to be absolutely incompressible. 

7 . DICROTISM OF THE P U L S E . 

Though the finger applied to the radial ar tery in the heal thy 
subject is sensible of but one impulse, occurring during the period 
of expansion of t h e vessel, it may be demonst ra ted by m e a n s of 
the sphygmograpli (see p. 248) t ha t in the period of contraction 
also a s l ight elevation of the ar tery takes place,—usual ly indeed 
two such elevations are observable in the t racing. These are 
caused by recoil-waves, t ha t is, by blood-waves which, dur ing 
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. B u t 
if t he tension of the arteries is lessened, as in high fever, and if, 
fur ther , t he primary impulse produced by the systole of the hear t 
be short and vigorous, t h e reflected wave may effect such a con-
siderable degree of diastolic elevation of the artery as will render 
the use of the sphygmograph superfluous, t h e unaided finger 
being sufficient for the detection of the feebler after-stroke. Th i s 
is designated the double, or dicrotic pulse. I t is ful ly developed 
only when the tempera ture becomes decidedly febrile, 39°—40°C. 
(102-2°—104° F . ) , part icularly when it remains for some t ime 
at this point , as in typhus and other affections characterised by 
continued fever. I n individuals already exhausted and emaciated 



by chronic disease very s l ight fever and a comparatively low 
tempera tu re suffice to give r ise to dist inct dicrotism of the pulse, 
as t h e ar ter ial tension in such pat ients gives way more rapidly 
t h a n in cases of acute disease in previously heal thy persons. I n 
febrile a t tacks of shor t durat ion, also, as in in te rmi t t en t fever, 
dicrotism is observed, occasionally even when the pulse is not at 
all increased in f r equency ; th i s fact is direct proof t ha t t he h igh 
tempera ture , apart f rom the other phenomena of fever, is of itself 
to be regarded as t h e 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 
linger to the wrist 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 
issumg 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 
rl cemautography. 

The hyper-dicrotom pulse is observed in very high fever, in which 
the temperature ranges from 40c—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 resembles 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-dicrotic; it is noticed in 
moderate fever, when the temperature is only slightly elevated. 

SPHYGMOGRAPHY. 

(The graphic representat ion of the arterial pulse.) 

The undulations of the pulse in all the superficial arteries may be 
measured mstrumentally and represented graphically in tracings. The 
apparatus which is almost universally employed for this purpose is that 
invented by Marey, subsequently modified and improved by other in-

vestigators. I t 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 . Wolff). 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 perfectly unbroken, 
that which answers to the contraction or systole of the arteries is 
interrupted by slight secondary elevations, of which two 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, Marev, 
&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 diffe-
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 effected 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 



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 finger 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 
effectually 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 affection is possible if it be founded solely on the 
data furnished by sphygmographic examination. 

Another instrument, named the " Pulsuhr," which promises to be of 
great service in the investigation of the properties of the pulse, has 
recently been introduced by "VValdenburg. 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 falls 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 

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 greatest of these oscillations 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 required to compress the 
artery, that is, the tension of the pulse. 

PALPATION OF T H E V E I N S . 

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 affections 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 (frémissement or thrill), associated with chlorosis, is 
reserved for consideration in the section on Auscultation (see "Venous 
murmurs "). 



PERCUSSION OF THE HEART. 

PERCUSSION of the hear t is practised with one of two objects in 
view,—either the delimitat ion of those par t s of the anterior sur-
face of t h e hear t which, not being covered by lung, are in imme-
diate contact wi th t h e chest-wall, or the definition also of those 
which are s i tuated more deeply, behind port ions of the pulmonary 
t i ssue . T h e superficial cardiac dulness may usually be mapped 
out with a considerable degree of precision ; t he percussion of the 
deeper par ts , on the other hand , is a t tended by more difficulty 
and unce r t a in ty .—I t will contr ibute mater ial ly to a clear under-
s tanding of the subject if t he discussion of details be prefaced by 
a shor t description of the position of the hear t in relation to the 
thoracic parietes and the anter ior marg ins of the lungs. T h e 
axis of t h e hear t is directed from above downwards, forwards, and 
to the left , t h e organ being so placed behind the anterior wall of 
the chest t ha t two-thirds of i ts bu lk fall to the left of t h e median 
l ine of the s te rnum and one-third to the r ight . T h e highes t point 
of the hear t , t he uppermost par t of the left auricle, is found at the 
level of a l ine jo in ing the lower edges of the sternal insert ions of 
the second ribs (right and l e f t ) ; t he lowest point of the hear t , t he 
apex, lies immedia te ly behind the sixth lef t costal cartilage, to 
t h e inside of the mammil lary l ine. T h e left boundary of the 
hear t , formed by the left border of the organ, corresponds with 
a l ine pass ing from t h e second left intercostal space downwards to 
t h e apex of the hear t , describing a curve the convexity of which is 
t u rned outwards, and whose greatest distance f rom the middle line 
of t h e s t e rnum amoun t s to 8—9 c tm. The right boundary, which 
coincides with the r ight border of the hear t , is represented by a line 
s tar t ing f rom a po in t in t h e second r ight intercostal space close 
to the s te rnum, te rmina t ing opposite the sternal insertion of the 
fifth r ight rib, sl ightly convex outwardly, and distant 2 — 3 ctm. 
f rom the r igh t edge of the breast-bone. If f rom the lower end of 
t h e l as t -ment ioned l ine to the apex of the hear t another line be 
drawn, the la t te r will mark the lower boundary of the hear t , 
formed by the wall of the r igh t ventricle. 

I n the space enclosed within these l imits lies the hear t , for t h e 
most pa r t covered by lung . A certain port ion of i ts surface, how-
ever, defined by the anterior marg ins of the lungs , is not so 
covered in. As already stated (see p. 108) t h e lungs are in close 
apposition anteriorly f rom the second to the level of the four th 
rib, being separated only by the anterior mediast inal fold of the 
pleurae. F r o m th is point upwards , therefore , t h e superior seg-
ment of the hea r t ,—both auricles and a par t of the ventr icles,— 
is completely hidden by pulmonary t issue. 

At the level of t h e four th r ib the lungs diverge, t he anterior 
margin of the lef t passing outwards th rough t h e four th left inter-
costal space, t u rn ing downwards and a l i t t le inwards opposite the 
fifth costal cart i lage, and ending in the lower border behind t h e 
cartilage of t h e s ixth rib. T h e greater par t of the r igh t ventricle, 
and the apex of the left , are t h u s exposed; the rest of t h e lef t 
ventricle, very li t t le of which indeed appears on t h e f ront of the 
heart, r emains concealed.—The anterior border of the r ight lung 
turns outwards at a lower point t h a n the left , opposite t h e s ternal 
insertion of the fifth r ight costal car t i lage; it merges imme-
diately, at t he level of the sternal end of t h e s ixth rib, in the 
lower border of the l ung . I n following th i s course it overlaps 
to a sl ight extent t h a t pa r t of the r i g h t ventricle which lies 
farthest to the r igh t . 

I t is t h u s seen tha t t h e segment of the hea r t between which 
and the chest-wall no lung- t i ssue is interposed belongs, -with the 
exception of the apex, exclusively to the r ight ventricle, and in-
cludes li t t le more t h a n the half of t ha t par t of the organ. I t s 
extent, also, is not c o n s t a n t ; i t varies somewhat with the differ-
ences frequently observed in t h e configuration of the lungs. E v e n 
in the same individual the movements of respirat ion are found to 
affect very considerably the anatomical relat ions of the h e a r t : 
during inspiration the edges of t h e lungs converge and encroach 
still fu r the r on t h e anterior surface of the r igh t ventricle, and if 
the inspiration be deep and energetic the ent i re hear t may be 
so closed i n ; forcible expiration, on the o ther hand , causes the 
margins of the lungs to retire, and a larger par t of the hear t ' 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 t h e r ight of t h e 
sternum, the percussion-sound is d u l l ; th is is te rmed the absolute 
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cardiac dulness, or, as i t coincides with the more superficial p a r t 
of the surface of the hear t , t he superficial dulness. I t is to be 
dis t inguished f rom t h e less markedly dull sound given by t h e rest 
of the precord ia l region, which is designated the relative car-
diac dulness . 

Before proceeding to the percussion of the hear t t he s i tuat ion 
of the apex-beat should first be ascertained, as th is indicates at 
once t h e inferior l imit of the cardiac dulness and t hus facili tates 
i ts de l imi ta t ion ; the po in t s are then to be determined at which 
the clear pu lmonary percussion-note passes into t h e dull sound 
yielded by t h e hear t . T h e upper l imit of the absolute cardiac 
dulness begins usual ly at the zipper border of the fourth left rib; 
t he left coincides with a slightly curved line passing f rom the 
superior border of the four th r ib to the apex of the hear t , inside 
the mammillary line ; t h e right is marked by the left edge of the 
sternum from the fourth to the sixth rib. T h e lower boundary , 
which corresponds with the lower border of the r ight ventricle, is 
not definable, as the cardiac sound is here cont inuous with t h a t 
of the adjacent lef t lobe of the l iver; it may be represented, how-
ever, by a line drawn f rom the sixth chondro-sternal articulation 
to the spot at which t h e apex-beat is felt. Th i s space, t he shape 
of which, when traced with black dermograpbic crayon, is seen to 
be t h a t of an i r regular four-sided figure, is not accurately com-
mensura te with the superficial portion of the hear t , as will be 
obvious on referring to the description already given of the ana-
tomical relat ions usual ly subsist ing between the hear t and t h e 
marg ins of the l u n g s ; to the right of the left border of the s te rnum 
lies a par t of the right ventricle not overlapped by pulmonary 
tissue, yet t h e percussion-note over it (at t he middle of the 
breast-bone, towards i t s lower end) is not dull, bu t of t h e 
normal pu lmonary quali ty, clear and of low pi tch. T h e cause of 
th is can only be tha t t h e s t e rnum, from the readiness with which 
i t enters into vibration, t ransmi t s the force of the percussion-
stroke to the adjoining lung, so tha t t he slight dulness which the 
r ight ventricle really gives is overborne by the clearness of the 
pulmonary note . Th i s explanation is supported by t h e observa-
tion t h a t on placing t h e hand on the s ternum, and in tha t way 
diminishing i ts power to vibrate, t he previously clear sound 
becomes somewhat muffled. 

The extent of the hea r t ' s surface not covered-in by lung being, 
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as already noticed, subject to constant variation dur ing the move-
ments of inspirat ion and expirat ion, t h e dimensions of the region 
of absolute cardiac dulness show similar c h a n g e s ; t he l imits 
above set down, therefore, are applicable only to conditions in 
which the respiration is perfectly superficial, when the differences 
referred to are so tr if l ing as scarcely to vitiate the resul ts obtained 
by percussion. I t is always necessary, however, to direct t he 
patient to cease breathing when absolute precision in the delimi-
tation of the hear t is required, part icularly in determining i t s 
boundaries superiorly and to the lef t . Deep inspiration reduces 
the area of cardiac dulness bo th in height , as the upper l imit 
sinks downwards, and in breadth , as t h e lef t boundary-l ine moves 
inwards; only the r ight border of the region in question remains 
unchanged .—Whether the pa t ien t lies on h is back, sits, or s tands, 
is immaterial so far as t h e accuracy of t h e resul ts is concerned; 
but on tu rn ing to one or other side t h e posit ion of the apex-beat 
is altered and tha t of the cardiac dulness with it , t he lat ter being 
diminished to the lef t and superiorly if t he pat ient be on h is r ight 
side and enlarged in the same directions if he be on h is left. T h e 
boundaries of the hear t to the r ight are as li t t le influenced by 
attitude as by the movements of respirat ion. 

The intensity of the absolute cardiac dulness is very inconsider-
able, t he organ percussed being but s m a l l ; t he s troke m u s t there-
fore be l ight , in order to avoid awakening s imul taneous vibration 
in the contiguous por t ions of the lungs , otherwise the t rue hear t -
sound will be lost in the clear pu lmonary note . I t is necessary 
to proceed with similar caution in examining the lower par t of 
the prificordial region, part icularly in children, as the tympani t i c 
tone derived from t h e s tomach may mask the dull sound belonging 
to the hear t . Simple finger-percussion will be found the method 
best adapted to the determinat ion of the absolute cardiac 
dulness. 

Those portions of the heart which are overlapped by lung are 
inaccessible to percussion by the ordinary gentle s t roke employed 
in the manner j u s t described, the sound so elicited being loud and 
clear; a firm stroke, on the other hand , often demonstra tes a 
decided decrease in the loudness of t h e note as h igh as the th i rd 
rib, indicating t h a t here a th inner layer of lung has been caused 
to vibrate. Such a sound, therefore, t hough intrinsically clear in 
quality, is somewhat muffled, t ha t is, relatively dull, as compared 
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with t h a t obtained at other points , beh ind which only lung is 
s i tuated. I t is chiefly superiorly, towards the upper l imit of the 
p record ia l region, t h a t relative dulness is observed on forcible 
percussion ; those other par ts of the hear t lying behind and to 
t h e r igh t of the s t e rnum give no muffl ing of the sound even in 
answer to a heavy stroke, and it is only by availing oneself of the 
sense of resistance communicated to t h e finger, and a t the same 
t ime as far as possible e l iminat ing the vibrations of the s te rnum 
by pressing on it and in i ts immedia te neighbourhood, t ha t they 
can be recognised by means of percussion. B u t even th i s method 
fails to demonstra te clearly t h a t port ion of t h e r ight ventricle 
which is beyond t h e r ight edge of t h e s t e rnum. To define pre-
cisely the whole of t he anter ior surface of the hear t is t hus im-
possible ; most commonly, therefore, n o t h i n g more is a t tempted 
t h a n the del imitat ion of the area which is not sheltered behind 
pulmonary t issue.— I t is obvious t h a t t h e extent of th is super-
ficial cardiac dulness is no absolute guide to t h e real size of the 
organ within, as there is no constant relation between t h e covered 
and the non-covered par t s of the hear t , on account of the irregu-
lari t ies so often displayed in the contour of the lungs anteriorly. 
Nevertheless t h e d imensions of t h e region in question usually 
warrant a general inference as to the presence or absence of en-
la rgement of the hear t , as such enlargement is always associated 
with increase of the area absolutely dull . 

I n certain circumstances the absolute cardiac dulness may 
extend beyond t h e l imits above stated, even while the hear t 
remains normal in point of size, as, for example, when the 
processes of lung which as a ru le are found in f ront of the base 
of t h e hear t , are a t rophied and re t rac ted, pe rmi t t ing the whole of 
t h e anter ior surface of the hear t to come into contact wi th the 
chest-wall . 

The area of cardiac dulness is, on the contrary, lessened, when 
the hear t , though still of normal size, is shu t in to an unusual 
extent by the lungs. T h e lungs encroach t h u s on the hear t 
when the i r anterior marg ins are less divergent than is generally 
the case, or when they are unduly inflated, as in emphysema. 
T h e hear t may also be pushed backwards and separated f rom the 
chest-wall by the accumulat ion of gas in the per icard ium,—a very 
ra re event, when the whole precord ia l region renders a clear 
tympani t ic note instead of the no rma l dull sound ; or there may 
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be air in the pleural sac, when the percussion-sound over the 
heart becomes tympani t ic or metall ic in qua l i ty ; or there may 
be fluid in t h e pleura, when the cardiac dulness is indis t inguish-
able f rom t h a t of the left side general ly,—provided the hear t be 
not displaced. 

The cardiac dulness is increased in extent and intensi ty in 
hypertrophy and dilatation of the heart, th is augmenta t ion being 
most manifest in its length in enlargement of t h e left ventricle, 
and in i ts breadth in enlargement of the right ventricle ; t he dull 
area fu r the r takes a somewhat conical fo rm when the pericardium 
is filled ivith fluid. 

In hyper t rophy and dilatation of the lef t ventricle the point a t 
which the cardiac impulse is felt , below and to the outside of i ts 
normal s i tuat ion, oilers a ready means of de te rmin ing approxi-
mately the extension of the area of dulness in an outward direc-
tion. I n such cases also the fixing of t h e upper l imit 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, t h e thoracic 
parietes. 

Similarly, in cases of marked hyper t rophy and dilatation of the 
right ventricle the undue propagation of the hear t ' s impulse 
towards t h e r ight at once indicates the nature , and roughly the 
extent, of the physical change, t hough usual ly t h e non-reson-
ance to percussion, even when the dilatation of the r ight hear t is 
considerable, is not very apparent beyond the mids te rna l 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 r ight ; 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. 

s 
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T e h as consolidation (from infi l t rat ion, compression, &c.) 

I t is sufficient merely to 
the signs by which they may be differentiated « n 
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be due to some other cause. 
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W t o t t a I p e " f to hear t , a sign which is always a 
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conclusive indication of t l ie existence of pericardial exudation. 
A very copious effusion completely suppresses the apex-hea t ; 
disappearance of the lat ter , therefore, and a precord ia l dulness of 
the characteristic t r iangular form, may he accepted as positive 
proof of the presence of a large pericardial exuda t ion .—And 
fur ther , as t h e layer of fluid is so much deeper below (next 
the diaphragm) t h a n above (towards the roots of the great vessels) 
the non-resonance is more marked at t h e lower t h a n in the upper 
part of the precordia l r e g i o n ; the sound indeed is rendered 
absolutely dul l inferiorly. On causing the pat ient to He on 
his back t h e fluid at once subsides to the h inder par t of t h e 
pericardium, diffusing itself equally over i ts posterior surface, t he 
apex-beat again becomes appreciable, and the percussion-sound 
somewhat clearer i n f ront , t he edges of the lungs being now allowed 
to expand freely and to fill up the space lef t vacant by the shi f t -
ing of the effusion. A similar change in the quality of t h e sound 
is noticed on tu rn ing to t h e r igh t or left side : i n the former case 
the sound clears to the left , in the lat ter i t clears to the r i gh t .— 
These s ta tements regarding pericardial exudation apply with still 
greater force to the more mobile fluid poured out in cases of 
pericardial transudation (hydropericardium). 

This variation of the sounds on changing the position of the patient 
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 fine 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. 
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AUSCULTATION OF THE HEART. 

THE opposite qualities, normal and pathological, of the sounds 
developed by the action of the hear t , are known as sounds and 
murmurs. 

T H E SOUNDS OF T H E H E A R T . 

I n normal conditions each contraction of the hear t gives rise 
to tivo sounds, audible over the whole precordia , and separated 
f rom each other by a shor t pause . The first of these, t h e systolic 
sound, is exactly synchronous with the systole of t h e ventricles, 
while t h e second, t h e diastolic sound, corresponds with the 
beginning of the diastole of the h e a r t ; t h e n follows a pause, t he 
cardiac pause, which lasts till, with the nex t contraction of the 
hear t , t h e same phenomena are repeated in the same order. 

T h e sounds are not of equal intensi ty at all points in the 
precord ia l r eg ion : the first sound, t h a t associated with the 
cardiac systole, is more clearly accentuated at t he apex of the 
hear t and over the lower portion of the s te rnum, t h a n tha t occurring 
dur ing the diastole, the r h y t h m of the sounds at these par ts being 
t rocha ic ; t he second is, on the contrary, t he more accentuated of 
t h e two on the second intercostal space close to the s te rnum, at 
b o t h i ts r ight and lef t marg ins , and the rhy thm of the sounds is 
here iambic. The systolic sounds at t he four points j u s t indicated 
are exactly coincident with each other, as are also t h e diastolic 
sounds which succeed t h e m ; there are four systolic sounds, 
therefore, and four diastolic,—eight in al l . 

These four points on the surface mark , as will afterwards be 
shown, four centres in or near which the different sounds of the 
hear t o r ig ina te ; at the apex, accordingly, will be heard the 
sounds produced at the mitral valve, at the lower end of the 
sternum those connected with the tricuspid valve, in the second 
left intercostal space, close to the stermcm, those proceeding from 
the pidmonary artery, and in the second right intercostal space, at 
the edge of the sternum, those generated in the aorta. 

AREA OF HEART-SOUNDS. 261 

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 heard; 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 hear t and the large 
vessels, bu t i t is to them tha t , as is proved by many physiological 
and pathological observations, t h e acoustic phenomena are most 
freely conducted, and there t h a t they are loudest . Th i s is due 
chiefly to the anatomical relat ions of t h e hear t and lungs. 

1. Sounds emanat ing f rom the mitral valve are not looked for 
directly over t h e valve (in t h e second left intercostal space, close 
to the s ternal insert ion of the th i rd left costal cartilage), as here 
the lat ter lies behind air-containing lung-t issue, a bad conductor 
of sound ; they are auscultated ra ther at t he apex of the hear t , 
which is free of lung and in immedia te contact with the chest-
wall, and towards which experience shows tha t sonorous vibrations 
coming f rom the mi t ra l valve are t ransmi t ted with greatest 
intensity. 

2. In the same way the sounds of the tricuspid valve are not 
to be sought for exactly over the i r po in t of origin (behind the 
sternum, at t h e level of a line drawn obliquely f rom t h e sternal 
insertion of t h e th i rd left r ib to t h e fifth r igh t costo-sternal 
articulation), bu t somewhat lower down, on t h e lower port ion of 
the s te rnum. 

3. The pidmonary sounds are most clearly conducted to the ear 
placed precisely over -the anatomical site of t h e pulmonary artery, 
—in the second left intercostal space, at t he s ternal insertion of the 
third left costal cartilage. 

4. Sounds developed in the aorta are loudest, not j u s t over the 
orifice of the vessel (in t h e second left intercostal space), bu t in 
the second right intercostal space, in the direction of the ascend-
ing aorta. As the aorta at i t s origin completely covers in the root 
of the pulmonary ar tery t h e sounds produced in these vessels are 
necessarily intermingled, and would be indist inguishable from 
each other were i t not for the fact t ha t those generated at t h e 
aortic valves are propagated mos t energetically in the direction 



taken by the current of blood in t h e ascending aorta, along the 
course of the vessel towards t h e second r ight interspace ; a t t he 
lat ter point , therefore, aortic sounds should be auscultated. 

I t is t h u s possible to define with sufficient precision t h e four 
regions in which the sounds of the hear t t ake their rise, by 
observing carefully the direction in which these sounds are most 
perfectly conducted. T h a t t h i s t ransmiss ion always takes place 
towards the par t s indicated above is proved, provided tha t the 
relat ions of the hear t to the lungs be not al tered—by the 
abnormal hear t -sounds , t he cardiac murmurs , to be discussed 
fu r the r on. 

I t was Lasnnec 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 apex 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, bein« 
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 of 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 irregularity, indeed, 
it is a matter of some difficulty to distinguish between the systolic and 
diastolic sounds. 

PHYSICAL CAUSE OF T H E H E A R T ' S SOUNDS. 

The first sound arises f rom the tension of the auriculo-ven-
tricular valves, due to the shock of the mass of blood thrown 

against t hem dur ing the cardiac sys to le ; t h e second sound is 
caused by the tension of the semilunar valves of the aorta and 
pulmonary artery a t t he ins tan t t ha t t he blood projected into t h e 
vessels is driven backward by t h e 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 hea r t ; the short 
auricular systole, which precedes by an instant that of the ventricles, 
renders them somewhat tense, but to such a slight degree 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 papillary muscles connected witn the 
valves by the chorda! tendine®. 

The theory above stated, first propounded by Rouanet (1832) , 
is supported by many physical analogies and pathological obser-
vations. Eve ry elastic m e m b r a n e (like a cord of cat-gut , for 
instance) emits a sound on be ing suddenly b rought f rom a s ta te 
of relaxation into one of ext reme t e n s i o n ; t h e sudden tension of 
such membranes , therefore, as the cardiac valves, may natura l ly 
be supposed to be a t tended by similar phenomena . Exper i -
mentally, also, a feeble, dull tone may actually be obtained f rom 
a tense mi t ra l valve by directing agains t it a forcible s t ream of 
water either f rom the apex of the hear t ( 0 . Bayer) or th rough 
the aorta, t he semilunar valves of the la t te r being previously 

removed (Landois) . 
The mi t ra l and t r icuspid valves m u s t also give out sound, each 

independently of the other, b u t bo th at t he same moment , bo th 
ventricles contracting s imultaneously. 

Fur the r proof of the accuracy of E o u a n e t ' s theory is fu rn i shed 
by certain pathological condit ions. T h u s , if t h e mi t ra l valve lose 
its smoothness of surface and delicacy of s t ruc ture f rom patho-
logical deposits of any k ind , f rom retract ion or inf lammatory 
adhesion of t h e t ips of the valvular segments , &c., in such a 
way t h a t i t becomes totally or par t ia l ly incapable of being pu t 
thoroughly on the stretch, t he systolic sound at t he apex of t h e 
heart undergoes change, or disappears completely and is replaced 
by a m u r m u r . Over the lower t h i rd of t h e s t e rnum, however, 
the first sound remains perfectly pure and clear so long as 
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t h e tr icuspid valve re ta ins i ts smoothness ,—which it usually 
does. 

On t h e other hand , in those rare cases in which the tricuspid 
valve h a s been deprived of its elasticity, t h e systolic sound over 
t h e lower port ion of the s te rnum is superseded by a m u r m u r , 
while at t he apex it is still dist inctly hea rd provided t h a t t he 
mi t ra l valve be in tac t .— 

B u t tension of the auriculo-ventricular valves, t h o u g h t h e 
principal, is not the only cause of the first sound of the h e a r t ; 
t h i s depends to a certain extent also on t h e muscular contraction 
of t h e ventricles. Every large muscle , when contract ing vigor-
ously, especially under electric s t imulat ion, genera tes sound 
(Wollaston), usual ly of a quali ty so distinctly musical t h a t its 
p i t ch may be determined with precision (Helmholtz) . Th i s 
takes place not only in all striped muscles , bu t also in the hear t . 
T h e most weighty evidence in favour of th is view, however, is 
presented in the experimental fact t ha t t he hear t , removed from 
the body and emptied of blood, emi t s a dis t inct sound at each 
contraction (Ludwig and Dogiel), a l though under these condi-
t ions the tension of the auriculo-ventricular valves is reduced to 
a m i n i m u m . 

A n d fur ther , in the domain of the pathology of the hear t many 
phenomena are observed which tend to suppor t t he doctrine tha t 
muscular contraction plays a par t in the production of the first 
sound. T h u s the systolic sound is found not to be invariably 
abolished by the presence of even very marked and advanced 
changes in the mi t ra l valve; and , on t h e other hand , i t may 
become indist inct and feeble, even though the mi t ra l valve pre-
serve i t s normal smoothness and general s t ructure , if t he muscular 
substance of t he hear t be affected, as in myocarditis, fa t ty degene-
rat ion, and other diseases which d iminish the contractile power 
of the organ .—There are also other circumstances which lend 
countenance to the theory tha t t he action of the cardiac muscle 
is concerned in t h e generation of t h e first sound ,—the facts t ha t 
i n certain conditions the durat ion of th is sound is longer than 
can be satisfactorily accounted for by the t rans ien t tension of the 
auriculo-ventricular valves, and tha t a s imple s ta te of tension of 
t h e mi t ra l valve, produced artificially (by water-pressure) in the 
hear t extracted f rom the body, gives r ise to a sound having no 
resemblance to t h a t heard in the living subject . Nevertheless, 
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the par t taken by muscular contraction in t h e development of the 
systolic sound of t h e hear t is bu t a very subordinate one : i t 
must not be inferred,—solely on the exper imental ground t h a t 
the hear t even when empty gives a sound in some respects similar 
to the normal first sound in the living subjec t ,—that muscular 
contraction is t he essential factor in the causat ion of the sounds 
and the tension of the valves bu t a secondary element , as such 
a conclusion is plainly at variance with the fundamen ta l 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 hear t ; 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 (Lamnec, 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 ligature, 
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 (without timbre), 
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 musculo 
papilläres continue to contract, and that therefore a certain, though 
probably slight amount of tension of the auriculo-ventricular valves is 
brought about. There is thus the possibility to be borne in mind, that 
this valvular tension may be sufficient 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 in the origination of 
the first sound would be the production of evidence to the effect that 
the sound is heard even after total destruction of the auriculo-ven-
tricular valves; it seems impossible, however, to perform such an 



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 chronic diseases he 
has noted various changes in the first sound, especially enfeeblement 
and diminution in its distinctness, while, as was demonstrated by post 
mortem 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). 

I t 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 systolic 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 cases 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 conductcd 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 (initial tension) gives 
no sound; an audible sound is produced only by the firmer tension 
which results from the systole of the ventricle ( f ina l 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 suddenly and violently 
tightened. If, on the other hand, the difference between initial 
and final tension become less, the vibrations of the valve become less 
ample and the sound consequently more feeble; and if the difference 
be diminished still further, absolutely no sound is heard. Diminu-
tion of the difference 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 affection 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 hear t ; but this view is negatived by the fact that it is 
not only in the later stages of the valvular affection, when the con-
tractile power of the heart begins to fail, but also in its earlier stages, 
when the hypertrophy of the ventricle is fully 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 valvular 
origin and only to a slight extent muscular. 



CAUSE OF T H E SECOND SOUND OF T H E H E A R T . 

T h a t t h e second sound of the hea r t is produced, not within 
the chambers of the organ, bu t at t he semilunar valves of the 
aor ta and pulmonary ar tery by the recoil of t h e column of blood 
agains t these structures, and t h a t it is only conducted towards 
the cavities of the hear t , is placed beyond all doubt by numerous 
observations, experimental as well as pathological. 

T h e second sound disappears to ta l ly on cu t t ing off t he flow of 
blood to the hear t in living animals . This may be effected, 
(artificial respirat ion being kept up) by pass ing a l igature round 
the venaa cave close to the point a t which they enter the r ight 
au r i c l e ; on l i f t ing and t h u s t igh ten ing the cord circulation is 
stopped, on slackening the cord it goes on as before. Raising 
t h e l igature abolishes the sound completely, lowering the l igature 
restores it a t once ; bu t the first sound is found to persist , not-
wi ths tand ing the arrest of the circulation, as the hear t continues 
to contract as usual and the auriculo-ventricular valves are regu-
larly thrown into a s ta te of tension. Over t h e hear t , also, 
removed f rom the body and still pulsat ing, only the first sound 
is heard , not the second ; af ter the hear t has ceased to contract , 
however, a second sound may be produced at t h e aortic valves by 
closing them abruptly by inject ing a s t ream of water into the 
vessel with sufficient force. The greater t h e pressure exercised 
by t h i s body of water the louder the sound obtained. 

T h e ordinary physiological and pathological phenomena which 
pass under our notice every day are strongly confirmatory of the 
above conclusions. Thus , it is observed t h a t t h e second sound 
is much feebler over the ventricles t h a n opposite the arterial 
orifices, and it is only at t he lat ter s i tuat ion tha t it possesses i ts 
dist inctive flapping character. W h i l e auscul ta t ing, if t he stetho-
scope be slowly moved along the surface f rom the region of the 
apex towards tha t corresponding with the orifices of the great 
vessels the gradual intensification of the second sound may often 
be clearly traced. 

B u t by far the s t rongest evidence t h a t t h e second sound of the 
hear t is generated at t he semilunar valves is furn ished by the 
following pathological observations. W h e n , f rom hyper t rophy of 
the left ventricle, t he blood is thrown into the aorta with unusua l 

force the second sound becomes abnormally loud, in consequence 
of the more energetic recoil of the mass of blood against t he 
aortic valves. W h e n , on the other hand, the quant i ty of blood 
which enters the aortic system on each contraction of the hear t 
is small, as in mi t ra l insufficiency, and more especially in mi t ra l 
contraction, t h e diastolic recoil of t h e blood against t h e aortic 
valves is less forcible and the second sound becomes m u c h fainter , 
or occasionally even qui te inaudible, over the left ventricle. Th i s 
occurs also when the contractile power of the hear t is f rom any 
cause lowered, as in cases of fat ty degeneration, t he general 
failure of s t reng th which precedes death , and in the asphyxial 
stage of cholera. ( In the las t -ment ioned affection the re is some-
times not the s l ightest indication of a second sound at t he apex, 
while it is still perceptible, t h o u g h faintly, a t t h e great ar ter ial 
orifices.) F u r t h e r , when the aortic valves are so altered in 
structure as to be no longer competent to perform thei r office 
efficiently, when therefore there is no second sound bu t a dist inct 
murmur at t he root of t h e aorta, t h e diastolic sound over the 
left ventricle is also want ing, no th ing whatever being heard after 
the systolic sound, or only the feeble diastolic m u r m u r conducted 
from t h e aortic valves. And finally, in cases of reduplication of 
the second aortic sound, the second sound over the lef t ventricle 
is also double, but weaker t h a n over the aorta . 

I t can be shown equally clearly tha t t he second sound heard 
over the right ventricle is t r ansmi t ted f rom the semilunar valves 
at the origin of the pu lmonary artery. I f , as the result of hyper-
trophy of the r igh t ventricle, t he blood be driven into this vessel 
with greater force than usual it is thrown back with proport ion-
ately greater force against t he semilunar valves dur ing t h e 
diastolic period, and the second pulmonary sound is conse-
quently intensified ; over the r ight ventricle also the same sound 
is then considerably louder. I f , on t h e other hand , the pul-
monary valves become insufficient from degenerat ion,—a some-
what rare occurrence,—no second sound, bu t a diastolic m u r m u r , 
is produced, and over the r ight ventricle also there is no second 
sound, but t h e feeble diastolic m u r m u r conducted f rom the 
pulmonary valves. And finally, when the second pulmonary 
sound is double at i ts point of origin it has the same character 
over the r ight ventricle. 



CAUSE OF T H E F I R S T A R T E R I A L SOUND. 

The first arterial sound, which is heard in the second r ight 
and second left intercostal spaces, close to the s ternal articula-
t ions of the th i rd pair of ribs, and which is synchronous with 
t h e first ventricular sound, is to some extent to be regarded 
simply as the ventricular sound propagated towards the periphery; 
it takes its origin chiefly, however, at the orifices of the aorta and 

•pulmonary artery, and is due to the tension and sudden expan-
sion of the arterial walls which take place when the blood is dis-
charged into the vessels by the contraction of the heart. Many 
pathological observations go to prove th i s . Thus , if t he coats 
of the first par t of t h e aor ta undergo such changes (as from 
atheromatous degeneration) as deprive t h e m of their property of 
un i form expansibili ty and of the i r power of enter ing into vibra-
t ion, t he arterial sound under consideration is not developed; 
instead of it is heard , at t he aortic orifice, a systolic m u r m u r , 
while the first ventr icular sound remains unaffected. Similarly, 
t he first sound at t he pu lmonary orifice disappears, and is 
replaced by a m u r m u r , when t h e width of t h e opening is 
d iminished or t h e inner surface of the vessel roughened by 
disease .—The first sound at t h e ar ter ial orifices also cont inues 
audible when over t h e ventr icles, generally over t h e left , t h e first 
sound is abolished or is represented by a systolic m u r m u r . 

B u t it is not merely in . t h e central port ions of the vessels 
spr inging f rom the hear t t h a t t h i s systolic sound, arising from 
distension of the i r walls by t h e advancing blood-wave, is 
observed ; i t occurs also in the i r larger subdivisions, in the 
carotid and subclavian, and even, under certain pathological 
conditions, in still smaller arteries, a t a greater distance f rom 
the hear t . These sounds will be t reated of when discussing the 
auscultat ion of the arteries. 

I t will t hus be seen t h a t of the eight sounds heard at t he above-
described four points in the precord ia l region to six only is a 
proper point of origination assignable: at each of the auriculo-
ventricular valves one (systolic) sound is produced ; in the aorta 
and pulmonary artery arise • two sounds, one systolic and one 
diastolic; t he second ventr icular sound is merely t h e t ransmit ted 
second arter ial sound . 

These views regarding the par t s at which t h e hear t - sounds 
are developed, first announced by Rouane t and accepted (with 
some modification only with respect to the first ar ter ial sound) 
by Skoda, have been almost universally adopted. 

The diagnostic interpretation of the presence of the normal 
cardiac sounds is simply this,—that all the valves arc faithfully 
executing their normal functions, and that therefore there is no 
obstacle to circulation within the heart itself. B u t the satisfactory 
performance of their funct ions does not necessarily imply the 
absolute anatomical in tegr i ty of t h e valves themse lves ; sl ight 
changes may nevertheless exist , and these are not unfrequent ly 
found on examining the bodies of individuals in whom the cardiac 
sounds dur ing life were perfectly clear. 

PHYSIOLOGICAL AND PATHOLOGICAL VARIATIONS IN T H E CHARACTER 

OF T H E H E A R T - S O U N D S . 

The sounds of the hear t natural ly present so much diversity of 
character, and pass f rom t h e domain of hea l th to t h a t of disease 
by stages so insensible, t ha t i t is f requent ly only by calling to our 
aid such other signs as are fu rn i shed by an exhaustive examina-
tion of the organs of circulation, t ha t i t can be determined 
whether or not these changes in the sounds are really due to 
anatomical lesion of the hear t i tself. These al terat ions affect 
the intensity, t he purity, and the timbre of the s o u n d s ; 
reduplication or division of the sounds comes under the same 
category. 

T H E INTENSITY OF T H E H E A R T - S O U N D S 

is very different in different individuals, even in the to ta l absence 
of any excitement of the hear t ' s action. T h e sounds are some-
what louder in the erect t h a n in the recumbent posture, and are 
still more accentuated when decubi tus is on t h e left s ide ; they 
also acquire greater intensi ty dur ing expirat ion and in the respi-
ratory pause, as in inspirat ion the marg ins of the lungs creep 
forward and cover the hear t and so prevent the free conduction 
of its sounds to the surface. T h e s t rength of the cardiac sounds 
is also considerably modified by t h e thickness of the thoracic 
parietes ; o ther th ings being equal the sounds are therefore 
louder in children and in those who are emaciated t h a n in persons 



having large muscles and an abundan t covering of fa t over the 
chest . They are fu r the r intensified by everything which increases 
the force of the hear t ' s contract ions ,—mental excitement, physical 
exercise, t he febrile s t a t e ; in these circumstances all t he sounds, 
bo th those connected with the ventricles and those emanat ing 
f rom the vessels, are alike influenced. 

Intensification of only one of the diastolic arterial sounds, 
however, caused by hypertrophy of the hear t , is very frequently 
observed, ei ther in the region of t h e aorta or of the pulmonary 
ar tery . To de termine whether there is actually any exaggeration 
of either sound i t is only necessary carefully to compare the one 
with the other . Normally the second aortic sound is a very little 
louder than tha t of the pulmonary ar tery. Under pathological 
conditions the second sound at t he two great arterial orifices 
varies in s t r eng th within very wide l i m i t s ; t he reinforcement 
of t h e sound may even be so considerable t ha t t he diastolic recoil 
of the blood against t h e semilunar valves, which gives rise to the 
sound itself, may be perceptible to the hand or to the eye as a 
dist inct pulsat ion in the superficial par t s corresponding to the 
s i tuat ion of these vessels (see p . 238) . 

Hypertrophy of the left ventricle, f rom whatever cause arising, 
(excepting only tha t form which resul ts f rom aortic insufficiency, 
as in such circumstances no sound is produced, bu t a diastolic 
murmur ) , intensifies the second aortic sound. 

An intensification of the second pulmonary sound is t h e neces-
sary consequence of hypertrophy of the right ventricle, to what-
ever cause the la t te r may be due, with the exception of those 
exceedingly rare cases in which the enlargement is connected 
with insufficiency of the pu lmonary valves, when the diastolic 
sound is suppressed and replaced by a diastolic m u r m u r . The 
most notable increase in the loudness of th is sound takes place 
in hyper t rophy of the r ight side of the hear t from mit ra l insuffi-
ciency or stenosis of the mi t ra l orifice, or f rom a combination of 
bo th les ions ; 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 intensi ty is generally directly proportionate to the 
enlargement of the corresponding vent r ic le .—When, from fatty 
degenerat ion of the muscular substance of the hear t , t he con-
tracti le power of the hypertrophied ventricle begins to fail and to 
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be inadequate to fully compensate for valvular defects, t h e 
strength of the second arterial sound also diminishes . 

It was Skoda who first drew attention to exaggeration of the second -
pnlmonary 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 (e.g., bron-
chial catarrh of long duration accompanied by vesicular emphysema). 
It is in mitral affections, however, that it is found in its most marked 
form, as in such cases the consecutive hypertrophy of the right heart 
reaches its maximum. 

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 
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 
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-
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-
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 of the heart lies immediately behind the thoracic wall. 

Exaggeration of the second arterial sound is of much less frequent 
occurrence in the aorta than in the pulmonary artery, as simple and 
uncomplicated 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 insufficiency,—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 
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-
quisite 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. 

T 



ENFEEBLEMENT OF THE SOUNDS OF THE H E A R T . 

This is f requently noticed, within physiological l imits , in per-
fectly heal thy persons and in those whose chests are protected 
by a thick covering of fa t . Pathologically it proceeds from one 
of three causes : f rom the mere feebleness of the hear t ' s action, 
— i n cases of general debility, therefore, in convalescence from 
severe acute diseases, and in fa t ty degeneration of the cardiac 
muscular subs tance ; f rom t h e presence of some obstacle to the 
clear t ransmission of the hear t -sounds to t h e chest-wall, as when 
t h e margin of an emphysematous lung comes in f ront of the 
hear t , and when the la t ter is separated f rom the thoracic parietes 
by pleurit ic or pericardial e f f u s i o n ; or f rom masking of the 
sounds by loud r i l e s in t h e adjo in ing par ts of the lungs . 

All t h e cardiac sounds are weakened in the conditions jus t 
named . B u t there are also cases of cardiac valvular lesion in 
which the second arterial sound alone is e f fec ted; the sign, 
however, is of no great diagnost ic importance. Thus , t he 
partially-filled state of t h e aortic system which accompanies 
extensive and advanced mit ra l disease (insufficiency and stenosis) 
leads to enfeeblement of the second aortic s o u n d ; and in the 
rare cases in which the tricuspid valve becomes incompetent the 
diminut ion in the quant i ty of blood in circulation in the pul-
monary system lessens the intensi ty of the second pulmonary 
arterial sound. 

HEART-SOUNDS ALTERED AS REGARDS THEIR PURITY. 

The sounds of the hear t , part icularly the systolic ventricular 
sounds, are f requent ly ne i ther so accentuated nor so markedly 
flapping in character as those heard in h e a l t h ; they become 
impure , and in extreme instances lose more or less completely 
the qualities of a sound proper, so much so t h a t one is sometimes 
in doubt whether to regard t h e m as sounds or m u r m u r s . Sounds 
of th is doubtful kind often merge into unmistakeable m u r m u r s 
when the hear t is excited to more powerful action. 

T h e slighter degrees of impur i ty of the sounds may have their 
origin in comparatively un impor t an t changes in the auriculo-
ventricular and arterial valves ; t h u s a merely trifl ing diminution 
in the s t ructural delicacy of the valves, a sl ight th ickening of 

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 resul t . 

Impurity of the Sounds, when not associated with other cardiac 
anomalies, part icularly with changes in the cardiac impulse or 
in the volume of the hear t , has not usual ly 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 par ts of t h e 
lungs which are in immediate proximity to the hear t . I n all 
these cases a metallic t imbre is added to the hear t -sounds, by 
consonance in the air-spaces th rough which they are conducted 
(compare the metallic respiratory m u r m u r and râles, pp. 1 3 9 , 1 5 6 , 
etseq.). 

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. I t is only under 
specially favourable circumstances also that pulmonary cavities situated 
near the heart communicate to the sounds a metallic 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 pa r t s ; if these be separated f rom each other by a short 
pause they may be spoken of as reduplicated cardiac sounds, or if 
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t he one passes into t h e other wi thout any appreciable interval, as 
divided sounds. Reduplicat ion and division, however, are t e rms 
which are generally used synonymously, as bo th forms commonly 
owe the i r existence to t h e same causes, and are ap t to pass 
insensibly in to each other even in one and the same pat ient . For 
instance, t he pause which comes between the two elements of t h e 
sound disappears when the hear t ' s action is accelerated, and the 
properly double sound becomes a divided sound . T h e closer the 
two par t s approach to each other the less clear and pure is t he 
quality of the sound. The rhy thm of the hear t -sounds when 
t h e first is redupl icated is anapaestic, when t h e second sound is 
so affected, dactyl ic .—In some rare cases the sound falls into 
th ree very shor t por t ions .—Divis ion of t h e first ventricular 
sound is relatively mos t f requent , t he nex t mos t common pheno-
menon of th i s kind being doubling of the second arterial sound. 

Reduplicat ion of the first'ventricular sound occurs in perfectly 
hea l thy persons, bu t is t h e n never pe rmanen t ,—i t comes and goes, 
disappearing entirely as the force and rate of the h e a r t s action 
are increased. I t is noticed temporari ly also in diseases of the 
hear t , bu t cannot be said to be characterist ic of any particular 
affection. I t is connected sometimes with mi t ra l and sometimes 
with tr icuspid disorder, and most probably originates i n non-
synchronous tension of the individual segments of the aunculo-
ventricular valves. Th i s explanation does not necessarily involve 
the assumpt ion of the non-s imul taneous contraction of the ven-
tricles, t hough such an occurrence is not impossible m certain 
cases, marked by a double cardiac impulse (see p. 2 0 8 ) ; t he 
irregularity in tension of the valvular segments may quite justifi-
ably be ascribed to the absence of perfect uniformity i n the 
contraction of the papillary muscles. W h e n the hear t begins to 
act more powerfully these muscles contract regularly and ener-
getically, t h e tension of the valves with which they are connected 
becomes uni form, 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 fast sound. 

1 I t is explained by some on the supposition that the tension ot the 
arterial walls produced by the entrance of the systolic blood-wave is 
later in point of time than the tension of the aunculo-ventncular 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 off from each other by a very 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. Reduplication 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 
semilunar 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 first sound is split up into three parts (trcmi-
melschlag, 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 (bruit de galop) in 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. I t 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 hypertrophied 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 auricle 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 first sound associated with a systolic murmur; occa-
sionally also I have observed this sign at once develop e into a marked 
systolic murmur when the heart's action was increased in force. 

Reduplicat ion or division of the second arterial sound, audible 
over the aor ta and pulmonary ar tery, occurs sometimes physio-



logically, bu t more generally as a pathological condition. I t s 
cause is non-simultaneous closure of the pulmonary and aortic 
valves. T h e two diastolic ar ter ial sounds therefore do not 
coincide with each other, and one of t h e two heard over either of 
the arteries is t hus invariably conducted from the other vessel. I t 
is, nevertheless, not unreasonable to suppose tha t certain ana-
tomical changes in the semilunar valves migh t cause the tension 
of these s t ructures to take place in two dist inct movements , and 
t h u s give rise to division of t h e second sound ; th i s assumption 
would explain those cases in which the reduplication is confined 
to t h e sound proceeding f rom only one of the ar ter ial orifices, 
while t ha t arising at t he other is ei ther simple and undivided or 
very much enfeebled in i ts second element. 

Eeduplicat ion of t h e second sound occurs most often, and is 
most fully developed, in stenosis of the mitral orifice. I n my 
experience it is heard in almost a th i rd of all such cases. I t 
is most clearly defined over the lower port ion of the s te rnum and 
near the apex of the hear t , and is less pronounced in the region 
of the ar ter ial orifices ; i t is, fu r the r , generally appreciable only 
when the hear t ' s action is slow and t ranqui l , while if t he hear t be 
excited to quicker and more vigorous contraction the two sounds 
usual ly merge into a diastolic m u r m u r : in some cases, however, 
they persist, notwi ths tanding t h e appearance of th is m u r m u r . 
T h e double diastolic sound associated with mi t ra l contraction 
remains tolerably constant, and always re tu rns even after a 
temporary disappearance. 

Eeduplication 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, 

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 pulmonax-y 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 M U R M U R S . 

The m u r m u r s heard over t h e hear t , in pathological conditions, 
arise either within t h e hear t or the init ial port ion of the great 
vessels, or outside the hear t , on i ts outer sur face ; t he first are 
named endocardial, t he second pericardial, m u r m u r s . 

ENDOCARDIAL M U R M U R S . 

These are produced, 
1. By those anatomical changes in the valves or arterial coats 

which give r ise to incompetence of a valve, to contraction of a 
valvular orifice, or to dilatat ion of the roots of t h e great vessels, 
lesions which all cause some obstruction of t h e c i rculat ion; 
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 l ining of the 
ventricles, &c. 

2. By non-uni formi ty in t h e tension of valves and arterial 
walls, t he anatomical s t ructure of the hear t being perfectly normal . 
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M u r m u r s dependent on t h e existence of actual obstruct ion of 
t h e circulat ion are t e rmed o r g ^ c m u r m u r s those occurr ing 
independen t ly of such obstacle, a n d in a h e a r t m no way altered 

in s t ruc ture , inorganic m u r m u r s . 
T i n e m u r m u r s arise f rom oscillation (a whi r l ing eddy-like 

mot ion) of the blood-current, caused by t h e obstruct ion which 
embar rasses t h e circulat ion. . 

T h e physical cause of th i s oscil lation in cases of stenosis o 
any of t h e cardiac orifices (arterial or venous) i s t h e abnormal 
L e e w i th which t h e m a s s of blood is driven t h r o u g h he 
narrowed a p e r t u r e ; in valvular insufficiency i t depends on he 
c i rcumstance t h a t a pa r t of t h e blood on t h e f u r t h e r side of t h e 
affected valve regurg i ta tes t h r o u g h t h e partial!y-closed opening 
/ , ( l f r o m t h e lef t ventricle in to t h e le f t auricle m mi t ra l insuffi-
ciency, f rom t h e aorta in to t h e le f t ventricle in aort ic insuffi-
ciency), t h e backward wave t h u s coming in to collision with the 
onward c u r r e n t ; a s imilar movemen t takes place wi th in aneuris-
m ^ t u m o u r s of t h e aorta , t h e co lumn of blood wi th in t h e sac 
b e i n - t h rown into commotion by each successive systolic b ood-
wave& All m u r m u r s es tabl ished in connect ion with dis turb-
a n c e o f t h e circulation f rom organic causes, a re t h u s pr imari ly 
murmurs pertaining to fluid; unques t ionably , however, these 
movemen t s are of ten communica ted also t o t h e degenerated 
valves, and t h e m u r m u r s are in t h i s way great ly intensif ied. 

Some anatomical alterations also, which do not present any hin-
drance to the transit of the blood, snch as abundant and thick deposit 
on the i n n e r surface of the ventricular walls, small tumours, &c., may 
o c c a S S y give rise to murmurs ; in this case, as m the others, they 
are to be referred to some commotion in the blood-stream. 

I m p e d i m e n t to t h e circulation takes no share in t h e causation 
of inorganic m u r m u r s ; they a re a t t r ibu tab le solely t o i r regular , 
non -un i fo rm vibrat ion of t h e valves and ar ter ia l walls. Uniform 
vibration yields sounds, non-uniform vibration, murmurs (see 

p . 2 8 7 ) . 

E n d o c a r d i a l m u r m u r s are always exactly synchronous with 
one or other of t h e two phases of t h e hea r t ' s movement , and are 
therefore ei ther systolic or diastolic, or bo th , according as the 
embar ra s smen t of circulat ion occurs only in t h e systole or an the 
diastole, or in bo th . 

I N T E N S I T Y O F CARDIAC M U R M U R S . 

I t i s genera l ly a m a t t e r of no difficulty to de te rmine w h e t h e r 
m u r m u r s are systolic or diastolic, t h i s be ing accomplished 
by no t ing t h e re la t ion they bear to t h e cardiac i m p u l s e : 
systolic m u r m u r s coincide with t h e apex-beat , diastolic m u r m u r s 
come direct ly af ter i t . B u t when t h e h e a r t ' s action is very 
i r regular (as is f requent ly t h e case in m i t r a l valvular lesion when 
compensa t ion begins to fail , and af ter t h e u s e of digitalis) or 
t u m u l t u o u s , or so feeble t h a t pu lsa t ion is n o longer percept ible 
to t h e touch, t h e r h y t h m of t h e m u r m u r can be ascertained by 
placing t h e finger on t h e carot id a r te ry , t h e t h r o b of which is 
synchronous with t h e impul se of t h e hea r t . Pa lpa t ion of t h e 
radial a r te ry is n o t to be t r u s t e d to for t h i s purpose , as t h e pulse 
a t t h e wrist is appreciably la te r t h a n t h e h e a r t ' s contract ion. 
Systolic m u r m u r s are fu r the r commonly d i s t inguished f rom dias-
tolic m u r m u r s by be ing m o r e accentuated, a n d usua l ly also louder , 
as t h e force under t h e inf luence of which t h e y or ig inate i s t ha t 
supplied by t h e muscu l a r contract ion of t h e h e a r t i t se l f ; diastolic 
m u r m u r s , on t h e other hand , are genera l ly prolonged and not 
accentuated. 

Endoca rd i a l m u r m u r s , bo th systolic a n d diastolic, are very 
variable in character; t h e y are usua l ly blowing or sof t ly aspi ra ted , 
bu t may also be of a rus t l ing , sawing, scraping, g ra t ing , whist-
l ing. or s inging qual i ty . N o t un f requen t ly a m u r m u r presents 
several of these peculiari t ies s imul taneously . 
- None of t h e proper t ies j u s t men t ioned possesses any differen-

t ial d iagnost ic s igni f ica t ion; t h o u g h t h e differences in t h e m u r -
m u r s are in part due to t h e special fo rm of degenerat ion in which 
t h e valves or t h e s t ruc tures r o u n d t h e cardiac orifices are involved, 
all t h e various diseases t o which these pa r t s a re subject se t u p 
the same h ind rance to t h e circulation, and i t i s only t h e la t ter , 
the n a t u r e of t h e obst ruct ion, t h a t i s t h e proper objcct of 
diagnosis . 

T h e intensity of m u r m u r s i s a s variable a s the i r qual i ty . 
Somet imes t h e y are so fa int a n d soft t h a t they are recognized 
only af ter long and a t tent ive examinat ion and by e l imina t ing t h e 
respiratory sounds (causing t h e pa t i en t to suspend respirat ion) ; 
at other t imes they are so loud as t o be hea rd no t only in t h e 
precord ia l region b u t also over t h e whole anterior , and occa-
sionally also t h e poster ior surface of t h e ches t . I n the la t te r 
case t h e y may be audible even to t h e pa t ien t h imsel f , a n d t h e 
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examiner may hear t h e m while h i s ear is still a short distance 
f rom t h e chest-wall. Such a p i tch of intensi ty is reached only 
by systolic, never by diastolic m u r m u r s . 

Amongs t the conditions which influence the in tens i ty ot a 
m u r m u r the most impor tant is t h e energy of the heart's action. 
T h e more violent the whir l ing movement of t h e blood-stream at 
t he degenerated valves or contracted orifices the louder the 
m u r m u r so produced. A m u r m u r , therefore, which is scarcely 
audible while t h e hear t contracts quietly and regularly may be 
t ransformed into one of a loud and dist inct ly-marked character 
when the action of the hear t is exaggerated (as by walking 
rapidly or rais ing t h e a r m s frequent ly) , and m u r m u r s which 
before h a d no existence may by th i s means be at once developed. 
Th i s sudden springing into notice under excitement is part icu-
larly characteristic of diastolic m u r m u r s at a contracted mi t ra l 
orifice, these, under ordinary circumstances, often entirely 
escaping the ear (see p . 289) . M u r m u r s may also frequently be 
intensified by press ing firmly with t h e stethoscope on the surface 
of t h e chest in e x a m i n i n g . — W h e n t h e muscular power of t h e 
hear t diminishes, especially f rom fat ty degeneration of the 
cardiac substance, at t he s tage in which compensation fails, 
m u r m u r s become weaker and somet imes almost completely 
disappear . 

In those cases in which 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 
wMch it has to contend in keeping up the circulation. Such murmurs 
are accordingly usually loud. Inorganic systohe murmurs, on the con-
trary, not bdng 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. 

T h e intensi ty of the m u r m u r is by no means invariably pro-
port ionate to t h e gravity or ex tent of the anatomical lesion to 
which it is due ; it not unfrequent ly happens tha t on post mortem 
examinat ion very s l ight changes are found in the valves of those 
who, dur ing life, had presented a very loud m u r m u r , and vice 
versa. For example, t he in tens i ty of t h e systolic m u r m u r 
resul t ing f rom degeneration of the whole extent of the mi t ra l 
valve is not necessarily greater t h a n tha t generated when the 
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valve is still in part intact. Only such m u r m u r s as proceed 
f rom a constricted orifice show any correspondence in intensi ty 
with the degree of contraction p re sen t .—On the other hand , the 
nature of the degenerative process which has taken place in the 
valves and orifices occasionally, bu t not always, has a marked 
influence on the s t rength of the m u r m u r ; very hard excrescences 
excite a louder, rougher m u r m u r than a soft deposi t .—Final ly , 
all m u r m u r s are louder when t h e pa t ien t stands or sits t h a n 
when he is r e c u m b e n t ; in the la t ter position indeed the softer 
m u r m u r s are somet imes entirely suppressed. 

The duration of a m u r m u r is very different in different cases ; 
in some instances i t is short , in others i t takes up the whole of 
the systole or diastole, while if both periods of the cycle be 
occupied by m u r m u r s the la t ter may be so prolonged as to leave 
scarcely any appreciable pause between t h e m . 

I n general organic m u r m u r s are of considerably longer dura-
tion t h a n the normal sounds of the hear t , as the la t ter arise 
simply f rom the short , t rans ien t t igh tening of the valves, while 
the former are produced dur ing the whole of the t ime tha t t h e 
whirling commotion of the blood-current lasts . This is t rue 
especially of the diastolic m u r m u r s ; t he ordinary diastolic 
sounds are heard only at t he commencement of the diastole, bu t 
the m u r m u r s often continue to near i ts end ; in another class of 
cases, however, such m u r m u r s appear only towards t h e close of 
the diastole. 

For th is reason t h e pauses observed between the sounds of the 
heart have been by some subdivided, t h e 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 par ts , of which t h e first is termed the peri-
diastole, t he second, which short ly prcccdcs the systole, the pre-
systole (Gendrin). Th i s classification, except for the fact t ha t it 
recognises the importance of the presystole, which will be found 
more minutely discussed on p . 290, is of no part icular practical 
value, as i t is not on the longer or shorter duration of a m u r m u r 
that t he diagnosis of any valvular or other anatomical lesion 
rests, but simply on the existence of t he m u r m u r as the pr ime fact, 
on the exact point in the cardiac cycle (in the systole or in the 
diastole) at which it makes i ts appearance, and on the consecutive 
changes found in the hear t . 



The normal hear t -sound is ei ther completely lost in, or still 
r emains audible along with the m u r m u r , systolic or diastolic, 
which accompanies i t . Th i s sound, when associated with a 
systolic m u r m u r , is ei ther synchronous with it or immediately 
antecedent to i t ; i t is somet imes louder , sometimes feebler, than 
t h e m u r m u r , and is always of shorter durat ion. I f such a sound, 
accompanying, for ins tance, a systolic m u r m u r at t h e apex, 
presents any decided difference in intensi ty and t imbre f rom the 
systolic sound of the r igh t ventricle, i t is obviously not to be 
regarded as propagated f rom t h e la t te r , bu t as being produced 
independent ly a t t he mi t ra l valve. T h e diagnostic significance 
of a sound of th i s kind, coinciding with a systolic mi t ra l mur -
m u r , is t h a t a port ion of t h e valve in question is still functionally 
perfect, capable of en te r ing in to vibrat ion and of complete 

closure. . , 
As at t he apex (mitral valve) so over every other pa r t of the 

hea r t , a systolic m u r m u r may be a t tended by a systolic hear t -
sound, and the lat ter , when not traceable to t ransmiss ion from 
some other valve, poin ts to t h e conclusion formulated a b o v e -
t h a t t h e corresponding valve or ar ter ia l wall is st i l l to some 
extent anatomicallv in tac t and susceptible of vibration. 

A diastolic sound often mingles with diastolic m u r m u r s , bu t 
generally only at their o u t s e t ; t h i s applies almost exclusively to 
t h e m u r m u r heard in aortic insufficiency, when the presence of 
the sound, as in the other cases j u s t ment ioned, shows the 
par t ia l integri ty of t h e 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 ¿asked 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 (Kapp 
and Gendrin). Friedreich advises, for the attainment of the same ena, 
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 oi the 
great utility of both of these methods in enabling one to distinguish 

clearly the sounds of the heart. 
A systolic sound associated with a systolic murmur, heard at the apex 

of the heart and of a moderate degree of loudness, distinctly difierent 
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in timfo-e from the systolic 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 
muscular 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 m u r m u r s are not invariably dependent on s t ructura l 
change within the hea r t ( the exceptions are given on p . 286) ; 
diastolic m u r m u r s , on t h e contrary, never occur save as the result 
of anatomical lesion. 

T h e changes which give r ise to systolic m u r m u r are, on the 
left side of the hear t , insufficiency of the mitral valve, contraction 
of the aortic orifice, atheromatous degeneration and aneurism of 
the ascending aorta; on t h e right side of t h e hear t they are clue 
to tricuspid insufficiency and narrowing of the mouth of the 
pulmonary 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, without being thereby rendered incom-
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 murmur. 

The anatomical al terat ions which give rise to diastolic mur -
murs are contraction of the auricido-ventricidar orifices and 
incompetence of the arterial valves. I t is t he mitral orifice 
which is most f requent ly the seat of stenosis , and the aortic 
valves tha t are mos t often i n c o m p e t e n t ; t he same anomalies 
on the r igh t side of t h e hear t are, on the contrary, extremely 
rare. 



These anatomical structural modifications, which 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 valvular segments to each other or to the endocardial lining of 
the heart, &c., are always the sequel® of a previous attack of acute 
or chronic endocarditis. 

INORGANIC (ACCIDENTAL, A N E M I C ) M U R M U R S . 

Whils t , as already remarked, diastolic m u r m u r s appear only 
in connection with some actual mechanical dis turbance of circu-
lation, it is one of the commonest experiences to find a systolic 
m u r m u r in a hear t in which there is no valvular disease or other 
anatomical lesion, t h a t is, under normal conditions so far as the 
organs of circulation are concerned. Such a m u r m u r , in contra-
dist inction to those which result f rom organic affection, is termed 
an inorganic m u r m u r . 

Inorganic m u r m u r s are dis t inguished f rom those of organic 
origin by t h e following characters : 

1. By the i r softness, feebleness, and short du ra t i on ; they are 
of a gently blowing quality or softly aspirated, never harsh , 
sawing, or rasp ing , &c. 

2. By their r h y t h m ; they are, as already noted, never diastolic* 
b u t invariably systolic and generally a t tended by a more or less 
marked systolic hear t -sound. 

3. They occur most f requent ly at t he pu lmonary orifice, nex t 
most of ten at t he mi t ra l orifice, b u t very seldom at the aortic or 
t r icuspid valve. The systolic m u r m u r is most usually l imited to 
t h e pu lmonary orifice, somet imes i t is heard over bo th i t and the 
mi t ra l valve, occasionally over t h e la t ter alone, and very rarely 
over both auriculo-ventricular valves and bo th ar ter ial orifices. 

4. They are very commonly, in chlorotic subjects, combined 
with murmurs in the veins of the neck. 

5. They are not pe rmanent , b u t become feeble as the general 
hea l th improves, and ul t imately disappear altogether. 

Systolic, inorganic m u r m u r s are noticed not unfrequent ly in 
severe acute diseases, such as pneumonia , typhus, puerperal fever, 
scarlatina, small-pox, in the later stages of re lapsing fever, &c.; 
bu t i t is part icularly in ancemic condit ions tha t they are heard, 
whether th i s impover ishment of t h e blood be due t o direct loss 

* Several authors s ta te t ha t in some extremely rare cases they have observed an 
inorganic murmur diastolic in rhy thm ; I have never ye t seen such a case. 

by h e m o r r h a g e (as in women who have been recently confined) 
or to chronic disease leading to changes in the const i tut ion of the 
blood, (especially chlorosis, pernicious a n e m i a , l eukemia ) , to 
m a r a s m u s (as in carcinoma of the various organs and in malarial 
cachexia), or occasionally to pregnancy. 

Inorganic m u r m u r s at the mi t ra l orifice are caused by the 
unequal tension of the segments of the valve, and a t t he pul-
monary orifice by t h e unequal tension of t h e sides of t h e 
ar tery. 

Th i s abnormal vibration (or tension) of the valves and arterial 
walls is chiefly the resul t of sl ight fa t ty metamorphosis of the 
muscular substance of the hear t , more especially of the papillary 
muscles, which takes place whenever a n e m i a becomes profound.* 

W h e n t h e papillary muscles, as the consequence of fa t ty 
degeneration of the i r const i tuent fibres, contract unequally and 
with less energy than in heal th , t h e tension of the auriculo-
ventricular valve with which they are connected is likewise 
diminished and non-uni form ; in th i s way, as in cases of dilata-
tion of the hear t , a temporary relative insufficiency of these valves, 
particularly of the mitral , may be produced. 

The recognition of an inorganic m u r m u r is , as a rule, com-
paratively easy, i ts character and seat, t he general morbid con-
dition in which it seems to have i ts origin, and the existence of 
a n e m i c m u r m u r s in the veins of the neck, being usually sufficient 
to establish i ts ident i ty . The inorganic na ture of a m u r m u r , 
however, is most conclusively demonst ra ted by proving the 
absence of consecutive organic changes in the hea r t . 

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. I t is, never-
theless, quite conceivable that in certain cases in which chlorosis is 
present murmurs may be generated by a relative insufficiency of the 
mitral value. 

* I n animals f a t t y degeneration of t he hear t may be experimentally produced b y 
repeated and copious venesection (Perl J. 



PROPAGATION AND P O I N T OP O R I G I N OP CARDIAC M U R M U R S . 

W h e n it lias been ascertained s imply tha t a m u r m u r systolic 
diastolic or both, is heard over t l ie hear t , t he o n l y diagnostic 
inference t L can be drawn is the general one tha t there exists 
s o m e obstacle to the circulation of the blood withm „ near t h 
hear t - bu t the part icular valve or arterial orifice at which i t 
a S e s ' c a n be determined only by finding tha t i t is loudest a t a 
certain spot corresponding to t h e anatomical si tuation of t h a t 
" o r i f i c e , by fixing, in other words, i ts point o « « 
intensity. Wherever t h e m u r m u r presents greatest in tens i ty , 
t he re is t he centre f rom which it emana tes ; t h e fu r the r the ear 
is removed f rom th i s spot the feebler becomes the m u r m u r . I n 

m u r m u r s are propagated to, 
in tensi ty at , certain points according to t h e same laws tha t are 
found to ho d good in the case of the h e a r t - s o u n d s ; they are 
t ransmi t ted most distinctly, therefore, towards those par t s a t 
w S h e hear t is no t covered by lung and in the direction t aken 
by the blood-current . Thus , m u r m u r s arising at fl»,m»aI valv^ 
ale loudest at the apex of the heart or immediately above i t , 
Z e Z d murmurs are loudest over the lower part of the sternum 
vulmonary murmurs in the second left intercostal space close to 
t Z n L , and « o ^ c — S in the second ^ ^ o s t f 
space at the edge of the sternum and over the whole length of the 

body of that bone. 

1 . M I T R A L M U R M U R S . 

Systolic m u r m u r s or iginat ing at t he mi t ra l v a l v e , whether t ha t 
s t ructure be functionally competent or not , are almost always of 
m a x i m u m intensi ty at t he apex of t h e hear t , while at t ha t 
benea th which the valve really lies they are bu t faint ly audible, 
as t h e hear t is t he re sheltered behind a layer of pulmonary t issue 
E v e n in those cases i n which the base of the hear t is not so 
covered over by lung, whether th i s be due to r e t r a ^ o n of he 
anterior border of t h e lung f rom hyper t rophy and dilatation of 
the r igh t hear t or to the presence of pulmonary condensation 
complicating the cardiac lesion (a very rare circumstance) the 
m u r m u r is still loudest a t t he apex, the cases being very ex-
ceptional in which it is of greatest intensity over i ts point o 
origin, t ha t is, in the second left intercostal space. The resul ts 

of post mor tem examination warrant us in a t t r ibut ing the last-
mentioned phenomenon, when it does occur, to hypertrophy of 
the left auricidar appendix, as th is par t 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 systolic regurgi tant current of blood, rush ing from the left 
ventricle, enters not only the corresponding auricle but penetra tes 
also to its appendix, (the cavities of both par ts being continuous), 
the fu r the r t h e la t ter passes round the pulmonary artery and the 
nearer i ts apex comes to the anterior chest-wall, the more favour-
able are t h e conditions presented for the propagation of the 
mitral m u r m u r th rough the lef t auricle into the appendix and 
thence to the thoracic parietes. 

. Naunyn based his opinion that the abnormal intensity of this murmur 
in the second left intercostal space is really caused by hypertrophy of 
he left auricular appendix on a simple experiment: he found that if at 

the spot at which the murmur was loudest during life a slender needle 
be thrust perpendicularly into the chest it pierces the appendix exactly 
at the part at which it turns round the pulmonary artery and comes 
lorward towards the anterior surface of the heart. 

The diastolic m u r m u r ar is ing f rom stenosis of the mitral 
orifice is always loudest a t t he apex of the hear t and in the 
region immediately adjoining it towards the r i g h t ; it is t r ans -
mitted, therefore, in the direction of the blood-stream, as it is 
produced by the commotion of the la t ter in pass ing f rom the left 
auricle into the ventricle. 

But th is m u r m u r , apar t f rom the circumstance tha t it presents 
its greatest in tensi ty at t he apex, is marked by one very distinctive 
feature by which it may be known f rom the other diastolic mur -
murs heard over the hear t , part icularly from those emana t ing 
rom the aortic valves : it is not of precisely the same quality 

throughout the whole period of its durat ion, bu t is generally 
divided into two, sometimes even three portions, which are not 
indeed separated f rom each other by any very appreciable pause 
but which differ very str ikingly in character and in the rapidly 
increasing loudness of the m u r m u r f rom i ts commencement 
to its end. Thus , while the m u r m u r is a t first feeble and 
soft, it speedily becomes louder and towards the end of the 
diastole is usually rough, rasping, or gra t ing in qual i ty .— 
f requent ly , also, m cases of mi t ra l contraction no m u r m u r what-



ever is audible over t h e apex of the hear t a t t he beginning of the 
diastole, t h i s being developed only at t h e end of the diastole, 
immediately before the systole ; i t is accordingly m such circum-
stances named a presystolic m u r m u r . 

Tha t the m u r m u r is so often absent at t he commencement, 
and is developed towards the end, of t h e diastole t ha t is, m 
t h e presystole, is probably to be explained in the following 
way- when t h e hear t is a t rest in t h e diastole the pressure 
o n ' t h e blood flowing f rom the left auricle in to the ventricle is 
very low, and if t he valvular orifice be not excessively contracted 
and i t s walls not very rough the blood-stream encounters no 
resistance in i ts passage t h rough it , and therefore no m u r m u r is 
set up • but when, j u s t before the contraction of the ventricle m 
t h e presystole, t he auricle contracts , t he onward current in to the 
ventricle is suddenly quickened, the pressure at t he narrowed 
auriculo-ventricular opening is considerably increased, the blood 
is thrown into commotion and a m u r m u r is of necessity produced. 

I n l ike manner the presystolic m u r m u r may be intensified, and. 
a t r u e diastolic m u r m u r , coming short ly before it , may be called 
in to existence, by exciting the hear t to more forcible contraction. 
I n such cases, therefore, there is generated a m u r m u r which 
occupies the whole of t he diastole, bu t which, as i t is added to 
and rendered louder in each presystole, is composed of two dis-
t inctly recognisable par t s . 

As stenosis of the mi t ra l orifice is a lmost invariably compli-
cated bv insufficiency of the mi t ra l valve, t he diastolic-presystolic 
m u r m u r generally passes at once in to the systolic m u r m u r result-
ing from tha t insufficiency; the la t ter is often accompanied by 
a shor t dull systolic hear t -sound when the valve at any par t still 
preserves enough of i ts normal s t ruc ture to enable it to enter 
in to 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 wbch 
immediately converted into a diastolic murmur ^ 
heart 's contraction is increased (compare p. 2 7 8 ) . - T h e diastole 
valvular sound also, proceeding from the arterial orifices and propa^ 
gated downwards towards the apex of the heart, is commonly heaid 
along with the diastolic or presystolic murmur. , • 

The Ion« duration of the diastole, which m cases of mitral stenosis 
is owing to the slow filling of the ventricle, explains the long duration 

of the diastolic murmur as compared with the shortness of the systolic 
sound or, when the stenosis is complicated by insufficiency, of the 
systolic murmur. 

2 . AORTIC MURMURS. 

M u r m u r s originat ing at t he aortic orifice, a t t h e aortic valves, 
and beyond them in t h e ascending aorta are, like the normal 
arterial sounds, conducted with greatest in tensi ty in the direction 
taken by the blood-stream, and are therefore f requent ly very 
loud and dist inct in the second right intercostal space a t t h e 
sternal inser t ion of the th i rd r igh t costal ca r t i l age ; they have 
the same intensity, however, over a large part of the sternum, and 
are indeed often louder over that bone t h a n at t he po in t j u s t 
mentioned. I t is essential , therefore, in invest igat ing any case 
of aortic disease, t h a t t h e whole of t he s te rnum should be care-
fully auscultated, as t h e m u r m u r presents i ts greatest in tens i ty 
sometimes at one spot, sometimes at another , on the surface of 
the bone. 

The systolic aortic m u r m u r is caused by contraction of t h e 
aortic orifice, by rough excrescences which re ta rd the current of 
blood th rough it, by a theromatous disease in the init ial port ion of 
the vessel, and by aortic aneur isms. T h e diastolic aortic m u r -
mur arises f rom the regurgitat ion of blood f rom t h e aorta into-
the left ventricle when t h e semilunar valves which guard t h e 
aortic orifice prove i n c o m p e t e n t ; i t is d is t inguished f rom t h e 
systolic aortic m u r m u r by its longer durat ion, and from the 
diastolic mi t r a l m u r m u r (which, however, i t resembles in po in t 
of duration) in being of more uniform cha rac t e r ; i t is not , like.' 
the mi t ra l m u r m u r , divided in to several detached and dissimilar 
portions, but preserves its ru sh ing or blowing quali ty in f u l l 
intensity often t h roughou t the whole of t h e diastole. T h i s 
peculiarity alone, apar t f rom the s i tuat ion in which i t is bes t 
heard, is sufficient to ident i fy it as aortic in-or ig in .—Systol ic 
and diastolic m u r m u r s may co-exist, and are then generally 
separated f rom each other by a well-defined pause , t hough occa-
sionally the one runs directly into t h e other wi thout any such 
interval. 

3 . TRICUSPID MURMURS. 

These are commonly loudest over the lower pa r t of the 
sternum. As they are exceedingly rare, however, t he diastolic 
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taly the 'venous pulse) are demonstrably present . 

4 PULMONARY M U R M U R S . 

l l f t T n t ^ o s t a " a e, d o s e to t h e s ternal insert ion of the 

monary orifice is s i tuated. 

other m v a n o u s ^ l h e a n d a diastolic, a t 

i n ^ c o — . — m o s t of ten at t h e mi t ra l valve 
the same s p o t , t h i s takes P or i f ice .—The other variety of 

combination is tha t m wn s u c h m u r m u r s 

e i t h e r in any given case is placed 
originate independent!) o intensity, 
beyond doubt by observing t h a t t h e y a i e o j i n t s 

and are possibly very at one of 

S f a n H t l ^ L S l i c at another , i t is self-evident t ha t 
t h e s e and exclusneiy m 0 r b i d al terat ions at more 
i t is double, owing i s e x i s e ^ ^ ^ ^ ^ 
t h a n one pa r t of t h hea r t ^ ftt t w ) p o i n t s i n t l i e 

two recognit ion of their separate origin is as a 

^ r t n e ^ ^ m the mi t ra l and aortic 

T a l V 6 S ' n* twn murmurs, at two of the valves or two of the 
The occurrence of two murmurs p r o p a g a t i o n or the localiza-

orificcs of .the b ^ r t does not ffec^ he r ? p ^ ^ & ^ ^ 
tion of their points « f ^ ^ V f d k s t o ic murmur at the aortic valves, 
murmur at the ^ ^ ¡ ^ ^ ^ X i i e s loudest at the apex, the 
latter°aTth'e ^ S ^ l f t h e third right rib or over the surface 

of the hreast-hone.—The number of murmurs heard in the precordial 
region varies with the number of valves or cardiac orifices involved in 
disease. At each auriculo-ventricular valve and orifice two murmurs 
may be generated, one, systolic 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 insufficient. It is to this 
that the great variety of combination into which murmurs enter in 
complicated cardiac diseases is due. I had for a long period one case 
under observation, in which five different murmurs were distinguish-
able, one systolic and one diastolic at each of the arterial orifices and 
one systolic at the mitral valve. 

Occasionally the differentiation, particularly as regards timbre and 
seat of greatest intensity, of the various murmurs dependent on cardiac 
diseases of a complex nature, is attended by some little 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 circulation 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 résumé of the physical signs connected with the 
various heart murmurs. 

1 . M I T R A L INSUFFICIENCY. 

A systolic murmur presenting its greatest intensity at the apex of the 
heart (the systolic sound being either completely wanting or still 
heard with greater or less distinctness), hypertrophy and dilatation of 
the right ventricle, and intensification of the second pulmonary arterial 
sound, 

2 . M I T R A L STENOSIS . 

A diastolic or presystolic murmur loudest at the apex (sometimes 
also, when the heart's action is tranquil, reduplication of the diastolic 
sound), hypertrophy and dilatation of the right ventricle and intensifi-
cation of the second pulmonary 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 . T R I C U S P I D INSUFFICIENCY. 

A systolic murmur most distinct over the lower part of the sternum, 
systolic pulsation of the jugular veins, and sometimes very marked 
enfeeblement of the second pulmonary arterial sound (from lowering of 
the blood-pressure within that vessel). 



4 . TRICUSPID STENOSIS . 

This is an extremely rare cardiac lesion, scarcely ever occurring 
alone I t 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 T H E AORTIC O R I F I C E . 

A systolic murmur most audible in the second right intercostal space at 
the sternal insertion of the third right rib, of equal intensity over the 
whole of the upper part of the sternum (the first sound being absent or 
still heard along with the murmur), hypertrophy and dilatation of the 
left ventricle, a very small radial pulse. 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 greater -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 bring 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 
bounding pulse. The arterial pulse may be accompanied by an audible 
sound. 

7 . S T E N O S I S OF T H E PULMONARY A R T E R I A L O R I F I C E . 

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 T H E PULMONARY A R T E R I A L V A L V E S . 

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. 

The point 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 effecting complete closure of the orifice the ventricle may 
show no increase in size. 

PERICARDIAL M U R M U R S . 

So long as the opposed visceral and parietal surfaces of the 
pericardium retain the i r normal perfect smoothness , t he gl iding 
of t h e one upon the other , which necessarily takes place when 
the hear t contracts and moves about in t h e pericardial sac, is 
accomplished absolutely noiselessly. B u t when they are 
roughened by the deposit of fibrinous exudation, as the resul t 
of inf lammat ion of the per icardium, t h e fr ict ion of the one on 
the other, due to t h e hear t ' s movements , gives rise to certain 
murmurs , known as pericardial friction-murmurs. 

The impression these sounds make on the ear is t h a t of a 
l ight rubbing, scratching, grat ing, &c., characters which alone 
are generally sufficient to dis t inguish t h e m f rom the soft blowing 
m u r m u r s of endocardial origin. 

Pericardial f r i c t ion-murmurs also, those at least arising on 
the f ron t of t h e hear t , are very f requent ly accompanied by well-
marked fremitus which, except t h a t it is somewhat feebler, is in 
no way different f rom the thr i l l due to pleur i t ic fr ict ion. The 
general character of th is vibration is such as to suggest a very 
superficial or igin ,—it seems to proceed f rom a point immediate ly 
beneath the ches t -wal l ; as there is no palpable endocardial 
murmur which bears any resemblance to the palpable pericardial 
murmur in th i s par t icular respect, a t tent ion to th is sign alone is 
enough to set a t rest any doubt as to the origin of a m u r m u r . 



Next in diagnostic importance to th i s superficial quality is 
another by which pericardial may be known f rom endocardial 
m u r m u r s : they are not permanently synchronous with the systole 
or diastole, but are apt to occur irregularly in the cardiac cycle, 
following at one t ime t h e systole, a t another the diastole,' accord-
ing to the si tuation of the points , on the surface of the hear t , a t 
which the roughened pericardial membranes come into contact. 
T h u s , a friction-sound may be heard at t h e base of the hear t an 
ins tan t earlier t h a n in t h e region of the apex, as the contraction 
of the auricles precedes the ventr icular systole .—Most commonly 
both of the hear t -sounds remain audible, t he f r ic t ion-murmur 
being interposed between t h e m . Pericardial murmurs , also, are 
never propagated to such a distance as endocardial m u r m u r s ; 
somet imes at par t s comparatively close to those at which they 
are distinctly appreciable they become feeble or even disappear 

completely. . . 
The intensity of pericardial m u r m u r s depends principally on 

the following condi t ions : t h e amoun t and th ickness of t h e 
fibrinous deposit, t h e degree of energy with which t h e hear t acts, 
t h e locality a t which the m u r m u r s are generated (other th ings 
being equal, therefore, fr ict ion-sounds developed towards the 
f ront of the pericardium are louder t h a n the others), and the 
a t t i tude of the pa t ien t . F r i c t i on -murmurs may be caused to 
disappear from one par t and reappear at another by changing t h e 
a t t i tude of the pa t ien t and so al ter ing the position of the hear t , 
t h e visceral and parietal surfaces of t h e invest ing membrane 
being then brought to bear on each other at different points . I n 
t h e same way they may be weakened or even abolished by placing 
t h e pa t ien t on h is back, or, on the other hand , they may be first 
called into existence, or intensif ied, when he is caused to sit or 
s tand or to t u r n over to t h e lef t side. Inspi ra t ion , when it 
coincides with the contraction of the hear t , has usually the effect 
of increasing the in tens i ty of the f r ic t ion-murmur . 

The various conditions which have been described above as 
d iminish ing or increasing the intensi ty of pericardial m u r m u r s 
have no such influence on endocardial m u r m u r s ; a consideration 
of these diagnostic indications, therefore, apart f rom the other 
signs of pericarditis , usual ly enables one to recognise with cer-
ta in ty t h e pericardial na ture of a m u r m u r , even when the lat ter 
presents a low degree of in tensi ty . 

very soft and f e eble pericardial murmurs, such as com-

t W l l ! n g - °J I l b r a t i 0 n t 0 t h e h a n d a n d thus want one of 
then most characteristic features, that are apt to be mistaken for those 

T J h a P p e û S Particularly when the heart acts 
Z and with great rapidity, when there is almost no possibility 
° * r J f o g d , 1 S t i n C 1 0 I i b e t w e e n s y s t o l e and diastole. But even in 
such cases prolonged observation, and examination when the heart's 

Nrf i f r generally warrant the formation of a positive diagnosis, 
^ r l I T * 18 Î ? ï® p l a c e d o n t h e r u l e sometimes laid down, that 
2 ! F R E M T H T LC T T H 0 S C ° P E ' W h i c h b ™ § s t h e Pericardial 

S S S Z l m t ™ a t , e c o n t a c t each other, serves to dis-
3 ' ± r t W e , f P T C a ! ' d l a l a n d endocardial murmurs by intensifying 

rise within fTIP 1 W e a n S latter, as murmurs r ea l l / taking their 
OC Ï Ô L W a r e s o m e t i m e s ™ d e r e d louder by this manœuvre, 

-occasionally even a pure systolic heart-sound at the apex may, by 

| S T m t h i S W a y ' b e W f o r m e d * t o a - n - m a ^ e i 

Sometimes fr ict ion-sounds which differ f rom each other in 
some part icular , but which nevertheless are of equal intensi ty , 
are heard at several poin ts in t h e precord ia l r eg ion ; such 
m u r m u r s are not produced at and t r ansmi t t ed from one common 
point of origin, bu t proceed from several dist inct and separate 
spots on the hear t ' s surface. 

Fr ic t ion-sounds are not usual ly audible th roughou t the whole 
period t h a t t he pericardit is lasts, bu t , as a rule, only at i t s be-
ginning and end ,—at t h e outset of the disease, as the a m o u n t of 
exudation poured out is still comparatively small and the two 
layers of the per icardium are t h u s permi t ted to come into closer 
relation to each other, and towards i ts te rminat ion , as the fluid 
portion of the exudation is now absorbed and only the firm 
fibrinous port ion is lef t b e h i n d ; bu t at t h a t stage of the affection 
at which the exudation is most abundan t the m u r m u r disappears, 
the serous surfaces being held apar t by the m a s s of fluid inter-
posed between t h e m . Pericardial and pleurit ic fr ict ion are t hus 
subject to exactly the same laws as regards the par t icular stage 
of the disease at which they are observed.—Pericardial friction 
appears earliest and mos t frequently at t he base of the heart, in 
the neighbourhood of the great vessels, as at th is par t t he organ 
is less freely movable t h a n in i ts lower segment , and the peri-
cardial surfaces are allowed to remain longer in contac t ; here 
also a much more copious exudat ion of fluid is required to sepa-
rate the visceral from the par ietal layer of the pericardium and 



so prevent t h e m f rom rubbing on each other . On t h e other 
hand , fr ict ion-sounds of ten persis t for weeks af ter the subsidence 
of the pericarditis, b u t they diminish gradual ly m intensi ty as 
the fibrinous deposit me l t s and becomes more fluid, t i l l they 
disappear al together when the surfaces regain nearly the i r normal 
smoothness or when the two port ions of t h e membrane are glued 
together by adhesions. 

P e r i c a r d i a l 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 hea t 
and similar affections. I t is stated also that abnormal dryness of the 
pericardium, in the stage of asphyxia in cholera, occasions pericai-dial 
murmurs ; for my part I have never observed murmurs _ of this nature 
though I have frequently searched for them in patients m the condition 
described. 

M u r m u r s are also somet imes caused by the presence of rough-
ness of the outer surface of the per icardium, when th i s par t of 
the membrane rubs against t h e adjoining portion of the lungs or 
t h e thoracic pa r i e t e s ; these are te rmed extrapericardial or 
pneumo-pericardial m u r m u r s , and are identical in character wi th 
the intrapericardial murmur s .—Fina l l y , t h e pericardium may be 
perfectly smooth bu t may move to and fro on the roughened 
pleura (in cases of Pleur isy) . M u r m u r s (pleuro-pericardial) ^so 
produced are usually enfeebled or even abolished by simply hom-
ing the b r e a t h ; very rarely they pers is t no twi ths tanding tha t 
respirat ion is suspended. T h e format ion of a diagnosis between 
in t ra- and extrapericardial m u r m u r s is possible only on t ak ing 
in to fu l l consideration all t h e other s igns fu rn i shed by physical 
examinat ion, t h o u g h even t h e n i t cannot always be made with 
perfect certainty. 

AUSCULTATION OF THE ARTEEIES AND VEINS. 

ARTERIAL SOONDS. 

As in the init ial port ion of the aorta, so in the great vessels 
spr inging f rom it , certain sounds are heard accompanying each 
contraction of the hear t , developed par t ly in these arteries t hem-
selves, bu t for the most par t conducted th i the r f rom t h e aorta 

S e r i e s which it is customary to auscultate for the 
purpose of invest igat ing these sounds, are t h e carotid and sub-
clavian ; m certain cases, however, to be ment ioned fu r the r on 
vessels of m u c h smaller calibre, such as the brachial or femoral ' 
are examined with the same end in view. T h e point a t which 
the carotid may best be auscul ta ted is in the fossa inter-s terno-
cleidomastoidea, t ha t best adapted for the s tudy of the subclavian 
sounds being m t h e supra- or infraclavicular fossa, towards the 
acromial end of the collar-bone. 

If t he stethoscope be placed l ight ly on the carotid artery, 
when the circulatory appara tus is in i ts normal state, there are 
heard two perfectly pure sounds accompanying each cardiac 
systole, separated f rom each other by a shor t pause ; t he first of 
these coincides with the expansion, the second with the contrac-
tion of the artery. T h e expansion of the carotid ar tery is 
synchronous with the systole of the hear t , i ts contraction is 
s imultaneous with the cardiac diastole. 

To prevent misunderstanding I think it is better to avoid the use of 

o u n Z L S y S t ° l e : d i a s t ° l e " i n d e s c r i b - g 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 
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cardie pulsation and the arterial throb may be so prolonged that the 
latter comes to coincide almost with the diastole of the W o r occurs 



so prevent t h e m f rom rubbing on each other . On t h e other 
hand , fr ict ion-sounds of ten persis t for weeks af ter the subsidence 
of the pericarditis, b u t they diminish gradual ly m intensi ty as 
the fibrinous deposit me l t s and becomes more fluid, t i l l they 
disappear al together when the surfaces regain nearly the i r normal 
smoothness or when the two port ions of t h e membrane are glued 
together by adhesions. 

P e r i c a r d i a l 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 hea t 
and similar affections. I t is stated also that abnormal dryness of the 
pericardium, in the stage of asphyxia in cholera, occas^ns pencaj-dial 
murmurs ; for my part I have never observed murmurs of this nature 
though I have frequently searched for them in patients m the condition 
described. 

M u r m u r s are also somet imes caused by the presence of rough-
ness of the outer surface of the per icardium, when th i s par t of 
the membrane rubs against t h e adjoining portion of the lungs or 
t h e thoracic pa r i e t e s ; these are te rmed extrapericardial or 
pneumo-pericardial m u r m u r s , and are identical in character wi th 
the intrapericardial murmur s .—Fina l l y , t h e pericardium may be 
perfectly smooth bu t may move to and fro on the roughened 
pleura (in cases of Pleur isy) . M u r m u r s (pleuro-pericardial) ^so 
produced are usually enfeebled or even abolished by simply hom-
ing the b r e a t h ; very rarely they pers is t no twi ths tanding tha t 
respirat ion is suspended. T h e format ion of a diagnosis between 
in t ra- and extrapericardial m u r m u r s is possible only on t ak ing 
in to fu l l consideration all t h e other s igns fu rn i shed by physical 
examinat ion, t h o u g h even t h e n i t cannot always be made with 
perfect certainty. 

AUSCULTATION OF THE ARTEEIES AND VEINS. 

A R T E R I A L S O O N D S . 

As in the init ial port ion of the aorta, so in the great vessels 
spr inging f rom it , certain sounds are heard accompanying each 
contraction of the hear t , developed par t ly in these arteries t h e m -
selves, bu t for the most par t conducted th i the r f rom t h e aorta 

S e r i e s which it is customary to auscultate for the 
purpose of invest igat ing these sounds, are t h e carotid and sub-
clavian; in certain cases, however, to be ment ioned fu r the r on 
vessels of m u c h smaller calibre, such as the brachial or femoral ' 
are examined with the same end in view. T h e point a t which 
the carotid may best be auscul ta ted is in the fossa inter-s terno-
cleidomastoidea, t ha t best adapted for the s tudy of the subclavian 
sounds being m t h e supra- or infraclavicular fossa, towards the 
acromial end of the collar-bone. 

If t he stethoscope be placed l ight ly on the carotid artery, 
when the circulatory appara tus is in i ts normal state, there are 
heard two perfectly pure sounds accompanying each cardiac 
systole, separated f rom each other by a shor t pause ; t he first of 
these coincides with the expansion, the second with the contrac-
tion of the artery. T h e expansion of the carotid ar tery is 
synchronous with the systole of the hear t , i ts contraction is 
s imultaneous with the cardiac diastole. 

To prevent misunderstanding I think it is better to avoid the use of 

o u n Z L S y S t ° l e : d i a s t ° l e " i n d e s c r i b - g 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 
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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 m u s t be regarded as con-
sis t ing partly of the t ransmi t ted first aortic s o u n d ; to some 
extent , also, i t is generated independent ly in the vessel itself, 
by t h e s tretching of i ts walls. Various facts may be adduced in 
suppor t of the view t h a t it is i n some measure of local origin : 
i t is often quite as loud as the first sound over the ao r t a ; i t 
sometimes continues audible even when th i s sound is want ing or 
is superseded by a systolic m u r m u r ; in other large arteries, 
and also in some of smaller size at a great distance f rom t h e 
hear t , sounds may be hea rd when f rom any cause the arterial 
walls are more fully expanded t h a n usual by the blood-wave. 

The second carotid sound is not developed in the artery, t he 
conditions necessary to i ts production being want ing local ly; i t 
is s imply the transmitted second aortic sound. Th i s view is 
based on the facts t ha t when t h e second aortic sound is replaced 
by a diastolic m u r m u r t h e second carotid sound also disappears, 
t he re being then ei ther no sound whatever in the carotid dur ing 
the diastole of t h e hear t or in i ts stead a propagated diastolic 
aortic m u r m u r . 

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 first; 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. 

I n the subclavian artery also, in normal conditions, two 
sounds are associated with each contraction of the h e a r t ; these 

have the same rhy thm as the carotid sounds, are due to the same 
causes, and in similar pathological c i rcumstances undergo t h e 
same modifications. I f ei ther of the subclavian sounds is 
abolished it is generally t h e first. 

L ike the carotid and subclavian arter ies the aorta, in the 
whole length of its course t h rough the thorax and abdomen, 
presents a systolic sound which depends directly on the contrac-
tion of the hear t . W h e n the hear t ' s action is vigorous the sound 
of the descending aorta is appreciable with considerable dist inct-
ness close to the vertebral column (provided especially the 
respiratory m u r m u r be el iminated by suspending resp i ra t ion) ; 
t he sound of the abdominal aor ta 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 th is port ion of the vessel t h e second aortic sound not 
being carried to par ts so remote f rom i t s point of origin. 
I n the other per ipheral superficial arteries, t he femoral, brachial, 
and radial, no sounds are as a ru le discoverable in h e a l t h ; in tlie 
first-mentioned of these, however, in the femoral, a very feeble 
sound is occasionally audible, dur ing i ts period of expansion. 

In diseased conditions all peripheral arteries, even those of 
small calibre, may yield a sound at the instant in which their 
walls are put on the stretch by the advancing blood-wave. 

One of two conditions seems to be necessary to the production 
of th is s i g n : the ar tery is ei ther more forcibly dis tended by 
the blood-wave than normally, or (and th is is a still more 
impor tant factor) is brought more quickly t han usual in to a state 
of complete tension. These condit ions are found combined in 
cases of insufficiency of t h e aortic valves; t he ar ter ies are ren-
dered abnormally tense by the force exerted by the hyper t rophied 
left ventricle, and th is increase of tension is developed with great 
rapidity, as the ar tery is possessed of bu t a low degree of tension 
when i t is in the act of contraction, it being emptied of blood in 
two directions at once, centr ipetal ly and centrifugally. The 
arterial sounds are therefore louder and more exquisitely defined 
in aortic insufficiency t h a n in any of the other disorders still 
to be ment ioned. I n aggravated cases of th is valvular lesion 
a short and well-marked sound is obtained on applying the 
stethoscope l ight ly over the axillary, brachial, radial, ' femoral, 
or popliteal artery, sometimes even over smaller vessels, sucli 



as t h e pa lmar arch, as they are expanded by each successive 
systolic blood-wave; it disappears, however, or becomes weaker 
in the la ter stages of th is affection, when t h e contracti le power 
of the lef t ventricle begins to fail and the tension of the 
arteries, and the blood-pressure within t hem, are consequently 
diminished. I n those instances, moreover, in which the cardiac 
disease consists s imply of hyper t rophy of t h e left ventricle 
wi thout any valvular defect in the aorta, a sound is heard in the 
larger arteries (the femoral, for example), t hough th is sound 
is not by any means constant ' in i ts occurrence, and even when 
presen t is feeble; so long as the aortic valves preserve the i r 
no rma l s t ructure the ar ter ies show no unusua l diminut ion of 
tension dur ing the period of contraction, t h e increase in their 
tens ion is therefore not so great , nor does i t t ake place so 
rapidly, as in other cases in which t h e valves of the aorta are 
incompetent . 

F u r t h e r , a soft, fa int sound is occasionally detected over the 
femoral ar tery dur ing the period of systolic expansion, in febrile 
diseases, and in anasmia and chlorosis (Weil) , bu t only when 
t h e tens ion of the vessel in contraction is in some way lessened, 
so tha t t h e difference between the tension of contraction and tha t 
of expansion is greater t h a n in hea l th . 

I t has been stated above tha t sounds in the large arteries near 
the hear t are to be considered as purely physiological phenomena, 
and t h a t sounds in vessels at a dis tance f rom the hear t and in all 
t h e smaller arteries have a decidedly pathological signification. 
There is another variety of arterial sound, however, produced 
artificially, by compression, which is different in na ture from both 
of those j u s t described, occupying a middle position between 
t h e m . If an ar tery of somewhat large calibre be pressed upon 
wi th the finger or the edge of the t rumpet - shaped extremity of 
t h e stethoscope, so as to close i t completely or a lmost completely, 
i t s expansion at t he point of compression is accompanied by a 
sound, as the walls of the vessel, above t h e obstruction, are by 
th i s proceeding more forcibly s t retched and rendered tense, with 
each cardiac pulsat ion,—exactly the conditions which are held to 
be requis i te to t h e physiological production of the first (systolic) 
sound in the great vessels, the aor ta and pulmonary artery. I f , 
on the other hand , the pressure made on the vessel be not suffi-
cient to completely arrest t he flow of blood through it a m u r m u r 

is hea rd instead of a sound, as the blood-stream is th rown into 
the necessary whirl ing or eddy-like commotion at t h e narrowed 
part of the ar tery. 

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 
rareexceptions single and is associated with the expansion of the vessel. 
0 . Wolff asserts that over arteries of medium size, such as the radial 
or ulnar, (m 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 
tncrotism as demonstrated by the s p i r o g r a p h ; 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 arteria 
recoil-waves My Qwn 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 favourable 
to the practice of arterial auscultation—In certain cases of Very marked 
insufficiency of the.aortic valves, not merely one sound, connected with 
the expansion of the vessel, is audible over the femoral artery, but also 
f J S sound, dependent on arterial contraction; the sound here, 
theiefore, ™ 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 m which its tension is very low (as the result 
of the rapid draining-away of the blood in two Opposite directions 
simultaneously towards the heart and peripherally into the capillaries) 
and that m 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-
denly 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 appl icable . -
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 arteiy in this way in-
creased the result is a sound, but if the wave be small and the arter al 
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 u p i 
numerous branches. I t seems, moreover, that the occurrence of a 
double arterial sound is not limited to cases of aortic insufficiency 
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A R T E R I A L M U R M U R S . 

M u r m u r s may arise from local causes in tlie large arteries (the 
carotid and subclavian), or may be transmitted to these vessels 
from the heart, or may be developed artificially in all superficial 
arteries by simple pressure. M u r m u r s of local origin and art i-
ficial m u r m u r s are invariably synchronous with the arterial 
pulse, i.e., wi th the expansion of the a r t e ry ; 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. M u r m u r s in the carotid and subclavian are to be set clown 
as of local development, when over the hear t no trace of the i r 
existence can be made out . Such m u r m u r s , always exactly 
coincident in t ime wi th the pulse, not unfrequent ly occur even 
while t h e s t ructure of the arteries is still perfectly normal . 
One condition, however, is essent ial to the i r existence,—in-
creased action of t h e h e a r t ; when by th is means the ar tery is 
widely dilated, and when th i s expansion is effected suddenly, 
a m u r m u r is excited by the oscillation of t h e blood-wave as i t 
enters the widened par t of t h e vessel. I t is nevertheless con-
ceivable t ha t these are no t merely " f l u i d - m u r m u r s " bu t t h a t 
they may also be owing to unequal tension of the arterial walls; 
t hus , as it is undoubted t h a t t he expansion of the arterial walls 
by the pulse-wave (in the large arteries) occasions a sound, i t 
appears not improbable t ha t in certain circumstances, part icularly 
when the action of the hear t is accelerated and s t rengthened, 
t ha t is, when t h e arteries are more quickly and more forcibly 
dilated, a m u r m u r may be generated instead of a sound. As a 
mat te r of fact it is f requently observed t h a t pure and unmis take-
able sounds are t ransformed into indubi table m u r m u r s when the 
action of t h e hear t is increased in vigour. These local carotid 
and subclavian m u r m u r s are also always at tended by a more or 
less distinct and loud sound. And fur ther , whilst the really 
arterial murmurs , so long as the circulatory apparatus cont inues 
unal tered in structure, occur only periodically,—when the hear t is 
s t imula ted to more energetic contract ion,—they often persist for a 
c o m p a r a t i v e l y lengthened period when t h e left ventricle is the seat 
of a considerable degree of hyper t rophy, especial Iv the hyper t rophy 
which is consecutive to aortic insuff iciency; here are presented 
circumstances most favourable for the formation of ar ter ial 

m u r m u r s , - d i l a t a t i o n of the arteries and extreme and rapid 
tension of the i r walls. 

In t h e branches of t h e carotid also, local arterial murmurs , 
synchronous with the hear t ' s systole, are heard when these vessels 
undergo such morbid changes as cause t h e m to become tor tuous 
and dilated, and when t h e widened portions of the arteries are 
continuous with others t h e lumen of which is normal and which 
are therefore narrower. I n smal l vessels which suddenly widen 
at certain par t s of the i r course, and equally in large vessels which 
at points are abrupt ly reduced in calibre, an oscillation of the 
particles of blood ensues, a ver t iginous motion is communicated 
to the blood-stream, and a m u r m u r is produced. T h e arterial 
m u r m u r s heard in the enlarged thyroid gland (and also in the 
carotid and subclavian) in exophthalmic goitre, are of th is na tu re -
they are to be dis t inguished f rom the venous m u r m u r s also 
observed m th i s kind of t umour (see p. 313) by being audible 
only with each systole of the hear t , while those emana t i n - f rom 
tlie veins are cont inuous. 

Murmurs set up locally in the subclavian and carotid arteries 
coincident wi th the cardiac systole, are also sometimes due to 
pathological changes (sclerosis) of the arterial walls, part icularly 
when these are complicated by hyper t rophy of the lef t ventricle 
ot the hear t , or, above all, by aneur ism. The cause of the m u r -
mur m these cases as in the others, is t h e whirl ing commotion 
imparted to the blood-current at t he diseased pa r t . 

To the group of murmurs under consideration, those developed in 
the carotid or its ramifications, M s to be added the encephalic mfZur 
discovered by Fisher m 1833. I t occurs in nearly 'one-half o f a l l 
mammals (Steffen ; it consists of a soft blowing murmur, which keeps 

over the great fontanelle and m its immediate vicinity (sometimes also 
at the small fontanelle) from the fourth month to ¿ s e c o n d year of 
i M ' ^ r t a i n a f f e c t l o n h i c h t h e f o n t a u e l I e s r e m a i n J 0 1 

as ate as the sixth year. I t probably arises in the manifold w i r i n g s 

2 J r r g S ° L t h e f ' T S , a t t h e b a s e o f t h e cranium, and is con! 
ducted thence through the brain mass to the surface With the 
f t ! m T U 1 ' 1 8 ° f t e n C ° n ? b i n e d a cardiac-systolic carotid murmur 

(Jurasz). Bram-murmur is destitute of any diagnostic importance • it 
is present in children both in health and disease. P ' 

2. M u r m u r s in the carotid and subclavian arteries are also 
, very frequently of more central origin, being propagated into 
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t hese vessels f rom the orifice and init ial port ion of the ao r t a ; 
m u r m u r s f rom other par t s of the hea r t never reach the vessels 
named, or if in exceptional cases they do they are of very feeble 
in tensi ty . W h e n such arter ial m u r m u r s coincide with the 
diastole of t he hear t t h e inference is unavoidable t ha t they pro-
ceed from the aortic orifice, as in the carotid and subclavian 
arteries the generation of a m u r m u r of cardiac-diastolic rhy thm is 
impossible, t he necessary physical conditions being there want ing. 
Th i s explanation finds ample confirmation in the results of 
auscul tat ion of the aortic orif ice; t he diastolic m u r m u r caused 
by insufficiency of the aortic valves is observed to be loudest in 
th i s s i tuat ion. B u t should the diastolic m u r m u r be soft and faint 
in character at i ts s tar t ing-point it may not be recognisable even 
in the large arteries, in which case, of course, no th ing whatever 
is heard in the carotid artery dur ing the cardiac diastole.—Those 
carotid and subclavian m u r m u r s also which are synchronous 
with the cardiac systole are very frequently of central origin, 
be ing 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 a theromatous degeneration and of 
aneur i sm of the aorta), and th is t ransmiss ion of aortic systolic 
m u r m u r takes place with much greater regulari ty t h a n is the 
case with diastolic m u r m u r s , t he former being carried along 
with the blood-stream towards the periphery, t he lat ter (which 
are caused by the regurgi tat ion of a quant i ty of blood f rom the 
aorta in to the left ventricle) tending ra ther to pass backwards 
towards the hear t . 

3 . B y exercising moderate pressure with the stethoscope 
artificial m u r m u r s may be produced in the ar ter ies ,—the carotid, 
subclavian, femoral, and (rarely) the brachial . They give to the 
ear the impression of a short blowing m u r m u r synchronous with 
t h e pulse, often of great in tens i ty in t h e larger arteries, such as 
t h e carotid and subclavian. I n auscul ta t ing the apices of the 
lungs p ressure -murmurs of th is kind are often h e a r d ; on re-
lieving the pressure they disappear at once. Very slight pressure 
is enough to elicit them, especially when t h e velocity of the 
blood-current is increased as the result of excitement of the 
hear t ' s action. T h e femoral ar tery also, on account of its 
proximity to the surface, is equally favourably placed with the 
carotid and subclavian for the development of pressure-murmur . 

As already explained, artificial m u r m u r s owe their existence to 
d i s t u i W e of the blood-stream (oscillation of the pa 2 of 
he circulating flind), inasmuch as the blood-wave passes f om 
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louder t he m u r m u r , t he slower t he cur ren t t he feebler t he m u r m u r . 
Venous m u r m u r s are intensified in t h e following condi t ions. 

1. By turning the head towards the opposite side. I f t he 
m u r m u r be audible even while t he pa t i en t holds t he head erect 
and looks s t ra igh t forward, t h e augmenta t ion on t u r n i n g is very 
s t r i k i n g ; t he examiner , accordingly, f requent ly avails h imself of 
th i s device to render louder such m u r m u r s as are feeble and 
doubtful in character . T h e intensif icat ion of t he bru i t , so b rought 
about, is due to t he c i rcumstance t h a t on ro ta t ing t he head t he 
cervical fascia and muscles , especially t he omohyoid, on t he side 
under examinat ion , are p u t on t h e s t re tch and t he jugu la r vein is 
compressed and narrowed. T h e normal , physiological difference in 
the calibre of t he upper pa r t of t he vein and i t s bulb ( the la t ter being, 
as already indicated, a t tached on all sides, and so m a d e incapable 
of undergo ing any d iminu t ion in capacity) is t h u s rendered still 
greater , and t he m o s t favourable condi t ions are established for 
giving to t he blood-s t ream t h a t spiral direct ion which is requisi te 
to t he product ion of t he venous m u r m u r . — I n t h e great ma jo r i ty 
of individuals t h i s proceeding usual ly developes a faint m u r m u r , 
somet imes even one of a considerable degree of in tens i ty , which 
is quite inaudible while t h e head is kep t erect and not t u rned to 
one or o ther side. Such artificial m u r m u r s m u s t be carefully 
dis t inguished f rom those which are heard when t he muscles and 
other s t ruc tures on both sides a re i n an equal s ta te of tens ion, 
and which are very seldom observed in t he hea l thy subject . 

2. By acceleration of the outflow of blood from the jugulars. 
T h e inf luence of th i s acceleration of t he blood-current is seen in 

the facts t h a t t he venous m u r m u r is louder while t he pa t i en t si ts or 
s tands , t h a n when t h e r ecumben t pos ture is adopted, and t h a t 
augmenta t ion of t he m u r m u r is not iced also in deep inspi ra t ion , 
and enfeeblement of t he m u r m u r in forced expirat ion ; inspirat ion 
favours t he efflux of t h e venous blood, expirat ion re tards i t . W h e n 
respiration is suspended for a few seconds t he p ressure on t h e in -
trathoracic venous t r u n k s is increased, and t he escape of t he blood 
from the jugu la r veins rendered slower and more difficult, t h e cur-
rent t h r o u g h t he vessels is a lmost arrested, t he condition on which 
the whirl ing movement of t he blood depends is t h u s practically 
removed, and t he m u r m u r consequent ly becomes feebler, and unde r 
certain c i rcumstances is nearly abol ished. 

The effect produced by p lac ing t he pa t i en t on h i s back, by 
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forced expiration or by suspension of the brea th ing , is obtained 
more rapidly and perhaps in a more s t r iking form by exercising 
pressure on the dilated lower end of t h e jugu la r vein, as above the 
po in t of compression the vessel becomes engorged with blood, and 
distended to such a degree t h a t circulation t h r o u g h it ceases. I n 
t h e same way, by pressing on the vein with the stethoscope, alter-
nately firmly and gently, t h e h u m may be augmented or diminished 
in intensi ty at pleasure ; i t is therefore above all necessary to the 
detection of the less marked venous m u r m u r s to bear as lightly 
as possible on t h e vessel. 

T h e brui t de diable in t h e right jugu la r is very much louder 
t h a n tha t in the left , and f rom two causes : in the first place, t he 
dilatat ion at the central end of the vessel is greater on the r ight 
t h a n on the left side, and is accordingly more favourable to t h e 
production of the eddy-like commotion of the b lood-s t ream; 
secondly, t he blood flows out of the r ight jugu la r vein faster 
t h a n out of the left , as the former opens in to the r igh t innomi-
na te vein in almost a direct l ine, while the la t ter , in jo ining the 
lef t innomina te vein, forms wi th it an appreciable a n g l e ; and 
fu r the r , t he somewhat wider r ight innomina te vein also passes in 
a direct l ine in to the vena cava superior, while the left inno-
mina t e crosses f rom the left to the r ight side to debouch into the 
same venous t runk . T h e venous m u r m u r is therefore often 
hea rd on t h e r igh t side as far down as the level of the first rib, in 
t h e region corresponding to the innominate vein ; a t t he symme-
tr ical spot on the opposite side, however, i t is no longer audible . 
—Occasionally, nevertheless, the m u r m u r on the left side is as 
loud as, or even louder than , t ha t on the r igh t , t hough why it 
should in these cases be of such unusua l in tens i ty is not generally 
very obvious. 

3. The movements of the heart affect t he intensity of the 
yenous hum to a much less marked degree t h a n the conditions 
already ment ioned. I n accordance with the laws of physiology it 
is to be expected tha t t he m u r m u r should be weaker dur ing t h e 
systole of the hear t , as the outflow of blood f rom the jugulars in to 
t h e intrathoracic veins is then to some extent impeded, and louder 
dur ing i ts diastole, as the current of blood is favoured at th is 
period of t h e cardiac cycle. Th i s diastolic intensification of the 
m u r m u r is in fact generally observed when t h e 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 
m u r m u r , on the other hand, is not so often demonstrable. There 
is, nevertheless, generally noticed dur ing the systole an apparent 
augmentation of t he m u r m u r , t he lat ter being reinforced by the 
sound of the carotid pulse. On el iminat ing and leaving out of con-
sideration the sensory impression raised by the ar ter ial pulse, and 
concentrat ing the a t tent ion solely on the venous h u m , i t will be 
found tha t the brui t is not really intensified dur ing the cardiac 
systole. 

I t follows from the description j u s t given of the continuous 
venous m u r m u r s tha t they show a constant variation in intensi ty , 
a variation, however, which is characterised by no definite r h y t h m , 
as the factors which exercise most influence on the circulation 
through the jugular veins ( the respiratory and cardiac movements) 
do not always work together , bu t , being only occasionally coin-
cident, are at one t ime favourable, a t another antagonist ic to each 
other in their operation. 

Cont inuous venous m u r m u r s of a certain degree of in tensi ty 
are also almost always perceptible to the finger placed on t h e 
skin above the clavicle, as a dis t inct thrill (fremissement of t he 
jugular veins) . Th i s vibration is not constant as regards in-
tensity, bu t is often in ter rupted by numerous shor t pauses, only 
the more energetic of the movements of the blood-st ream in the 
veins being then felt . 

Intermittent venous m u r m u r is of rarer occurrence t h a n the 
continuous m u r m u r s which have been described. I t has the 
same blowing character , but is very much feebler. I t appears 
when t h e velocity of the current th rough t h e jugula r veins is 
increased, (when, therefore , one of the condit ions favourable to 
the generat ion of a m u r m u r is present) , t h a t is, dur ing inspira-
tion or dur ing the cardiac diastole. W h e n inspirat ion and 
diastole occur together t h e m u r m u r becomes still louder , but 
when the diastole coincides with expiration the accelerating 
influence of the former on the venous circulation is counteracted 
by the re tard ing influence of the la t ter , and consequently no 
murmur may be heard . A diastolic venous m u r m u r , therefore, 
often disappears on suspending respirat ion. Th i s serves to dis-
t inguish it f rom a cardiac-diastolic carotid m u r m u r , as the la t ter 
continues unabated in intensi ty even when the pa t ien t holds h is 
b rea th ; t he venous m u r m u r , moreover, has not the well-defined 



r h y t h m of the carotid m u r m u r , — i t does not keep t ime solely and 
invariably with the cardiac diastole, i t s appearance being also in 
a large measure determined by inspirat ion ; and finally, it is 
audible only over t h e veins and no t over t h e hear t , while t h e 
carotid m u r m u r , synchronous with the cardiac diastole, is never 
s imply of local ar ter ial origin, bu t arises at the aortic orifice and 
is propagated peripherally f rom t h a t point . Diastolic venous 
m u r m u r s are fu r the r f requent ly accompanied by cardiac mur-
murs , bu t the lat ter are wi thout exception systolic. 

M u r m u r s in the jugula r vein have a pathological significance 
only when they are loud and cont inuous, t he stethoscope being 
placed l ightly on the vessel, and the pa t ien t ' s head held erect 
and tu rned nei ther to the one side nor the other. Such mur -
m u r s may indeed somet imes be detected in persons in perfect 
heal th , but (so far as I have been able to observe) only in a very 
smal l number of ins tances as compared with the frequency with 
which they are noticed in those suffering f rom chlorosis and 
other aniemic affections. M u r m u r s of the h ighes t degree of 
intensi ty , associated with marked f remissement of the jugula r 
veins, occur only i n anasmia, never in hea l th . I t is therefore 
plain tha t in anaemic conditions some other e lement is added the 
effect of which is to increase the intensi ty of the m u r m u r , and 
t h e conclusion is a lmost unavoidable t ha t th is is to be sought 
chiefly in the diminut ion of the quant i ty of blood in circulation, 
t h e s t ream th rough t h e j ugu la r s being t hus reduced in volume 
and so caused to sweep more forcibly round the walls of the vessel. 

Weil holds that the venous murmur is not to be interpreted as a 
pathological sign, as he has been unable to discover it more frequently in 
anaimic 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 aniemic than in those who are strong and well-nourished. 

In some rare cases of chlorosis and aniemia the 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-

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-
times heard,—as over the enlarged thyroid gland in exophthalmic goitre. 
Here they originate partly in the dilated arteries, partly in the veins, 
their continuous character being derived from the latter source; they 
depend on the formation of large and irregular dilatations in the course 
of the veins, whereby the eddying movement previously described is 
given to the sanguineous current. My experience leads me to support 
strongly the opinion that in the ordinary form of endemic goitre, no 
matter how large the tumour, murmurs of this kind do not occur, as in 
this affection the enlargement of the gland is due simply to hyperplastic 
development of the normal glandular substance and not to widening of 
the vessels. I consider the presence of such a murmur in the goitrous 
swelling a most important diagnostic symptom in doubtful cases of 
Graves' (Basedow's) disease, that is, in those in which there is only 
the tumour of the thyroid and palpitation of the heart, but no exoph-
thalmos, to act as guides to their true nature. 

Systolic murmurs in the jugular veins, produced by the movements of 
the heart, are occasionally, though seldom, met with ; they come into 
existence only when there is at the same time a distinct venous pulse 
from insufficiency of the tricuspid valves. This murmur is developed 
partly at the insufficient jugular valves, but in part also consists of the 
transmitted murmur due to the tricuspid insufficiency. 

CARDIO-PULMONARY M U R M U R S . 

There is a g roup of m u r m u r s of considerable rar i ty , which 
are dependent, not on cardiac disease of any Und, but on 
structural changes in the substance of the lung, and which are 
excited by the ordinary movements of t h e hear t . These are 
known as cardio-pulmonary m u r m u r s . They are mos t commonly 
systolic, bu t may also be diastolic as well as systolic, t ha t is to 
say, they may encroach a l i t t le on t h e d ias to le ; they are, never-
theless, always louder in the systole. 

I n th is category are included t h e following m u r m u r s : 
1. The blowing or sipping {schlürfenden) m u r m u r heard , 

s imultaneously with the cardiac systole, in large thin-walled 
pulmonary excavations s i tua ted in those pa r t s of the lung 
adjoining the hear t . The manner in which th is m u r m u r origi-
nates is obvious : t he shock caused by the movements of the 
heart is propagated t h rough t h e walls of t h e adjacent cavity to 
the column of air it contains, and a certain quant i ty of t h e air 
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t hus thrown into commotion is driven out th rough the bronchus 
with which the cavity communicates . Such a m u r m u r therefore 
arises f rom substantial ly the same physical causes as the brui t de 
p 0 t f ê l é .—Dur ing the cardiac diastole the air is readmit ted in to 
the cavity, i ts re turn , however, being a t tended by a m u r m u r of 
bu t very feeble intensity. The effect of suspension of the respira-
t ion on pneumo-cardiac m u r m u r s is very variable ; they are some-
t imes decidedly weakened, occasionally almost abolished, and at 
other t imes in no way perceptibly affected. 

2. Certain systolic murmurs which are sometimes heard in the 
pulmonary artery when the upper pa r t of the lef t lung is to some 
degree contracted and consolidated as the resul t of chronic pneu-
monic infil tration. T h e shrunken t issue in such cases grasps 
and compresses the main t r u n k or one of the larger branches of 
the pu lmonary artery, so tha t the passage of the blood th rough 
t h e constricted pa r t of the vessel gives r ise to a systolic m u r m u r . 
I n certain circumstances also a diastolic m u r m u r may be pro-
duced in connection with regurgi tat ion of blood taking place in 
the period of contraction of t h e same a r t e ry .—These pulmonary 
m u r m u r s are occasionally l imited in distr ibution to a small area 
in t h e second lef t intercostal space, when they may also be asso-
ciated with an appreciable thri l l , or they may be audible over a 
considerable port ion of the upper segment of t h e thorax. 

Immermann lias 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 systolic pulmonary murmur was heard over the whole 
upper part of the lung, 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 
pulmonary murmur: 1, an absence of due proportion between the 
calibre of the 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 wall of the chest; as the anteroposterior diameter ol 
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 suffers 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 murmurs observed at various parts 
of the thorax, which cannot be traced to t h e ma in t r u n k of the 
pu lmonary artery, as in the region of the pulmonary orifice both 
sounds are clear and pure, but which seem ra the r to take their 
rise in the larger subdivisions of the vessel, when these are the 
seat of a certain amoun t of di latat ion. 

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. I t 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, systolic 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 (Schrotter, &c.). 

I n the subclavian artery, immediately under the clavicle, short 
blowing murmurs are sometimes observed, synchronous with the 
cardiac systole, and th i s no twi ths tanding tha t t he circulatory 
apparatus may be in all respects intact and tha t every care is 
taken to press as l ight ly as possible with the stethoscope. They 
are in no way connected with those subclavian m u r m u r s which 
accompany m u r m u r in the carotid (see p. 304, et seq.), but are con-
fined strictly to t h e pa r t s ment ioned; they are fu r the r dis t inguished 
from the group of m u r m u r s described on the pages j u s t referred 
to, by being audible in only one subclavian artery, not in bo th . 
They are by no means common, but occur mos t f requent ly in 
cases of chronic pneumonic indurat ion of the apex of the lung. 
When inspirat ion and the systole of the hear t coincide with each 
other these m u r m u r s are usually rendered much louder. Their 
mode of origination is probably essentially the same as t ha t of the 
systolic pulmonary m u r m u r , t ha t is, they may be a t t r ibutable to 
compression of the subclavian ar tery by contract ing lung-t issue, 
or perhaps to dragging on the ar ter ial wall, and consequent 
diminution of the calibre of the vessel, by adhesions which may 
have been formed ei ther between the costal and visceral layers of 



t he pleura near the apex of t h e lung , or between the outer surface 
of the pleural sac and the ar tery (Fr iedre ich) . 

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 
limited 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. 

I t is now known also not to be invariably connected with disease 
of the apices of the lungs, being occasionally heard when the whole 
respiratory apparatus is perfectly sound. 

EXAMINATION OF THE ABDOMINAL ORGANS. 

INSPECTION OF T H E 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 t h e abdominal cavity. As th is 
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 i ts impor tance as a method of investiga-
tion when applied to the examinat ion of t h e par ts within t h e 
abdomen. To ensure accuracy also t h e signs which it elicits 
should, as a rule, be checked by palpat ion. 

The mos t common change observed in the size of the abdo-
minal cavity is enlargement. 

W h e n th i s is sl ight t h e determinat ion of i ts actual existence 
is not always an easy ma t t e r . T h e normal d imensions of the 
abdomen vary within very wide l imi ts . I n those whose customary 
diet is more of a vegetable t h a n an animal nature , in those who 
habitually eat to excess, in dr inkers , and somet imes also in 
individuals who are in all respects strictly temperate , dis tension 
of the bowel and u n d u e development of fa t may, as our daily 
experience teaches, combine to produce a degree of prominence 
such as is seen in other cases only as the resul t of consider-
able ascites or decided increase i n the bulk of some of t h e 
abdominal organs. Nevertheless , t h e presence of pathological 
increase even of a less marked character is also usual ly indi-
cated by other easily-appreciated signs. Thus , t he morbid 
processes which give rise to swelling of t h e abdomen modify 
also t h e whole aspect of the p a t i e n t ; they lead to more or 
less emaciat ion 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 na ture of the original disorder). 
I n such cases the contrast between the bulky abdomen and 
the lean chest and body generally, becomes very s t r ik ing ,— 
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N o t unfrequent ly pathological en la rgement of the abdomen is 
accompanied by other anomalies which owe their existence to 
the same causes ; of these may be ment ioned distension of the 
superficial abdominal veins, cedema of t h e inferior extremities, 
&c. 

Bu lg ing of the abdomen may be partial or general. Partial 
enlargements are most commonly due to increase in size of 
certain of the subjacent o rgans ,—the liver, spleen, uterus , 
ovaries. Undue prominence on t h e right side is usually con-
nected with t h e liver, t h e exact form and outl ine of which can 
often be easily made out, when t h e in tegumentary coverings are 
t h in and flaccid, and more especially when the pa r t s are viewed 
f rom the side, in profile. B u t hepat ic t umour may assume such 
enormous proport ions, as in many cases of carcinoma, hydatid 
cyst, and amyloid degenerat ion, t h a t t h e projection which it 
makes on the surface is no longer merely local or par t ia l but 
may involve the greater par t of the abdominal wall. 

Very marked hyper t rophy of the spleen (from leukaemia, 
amyloid degeneration, in te rmi t ten t fever, &c.) elevates the t issues 
in t h e left side, and on lateral inspection the anterior inner 
border of the organ may frequent ly be t r a c e d ; occasionally the 
splenic enlargement dependent on l e u k e m i a is of such a size as 
to occupy almost the whole of t h e abdominal cavity, and to raise 
i ts walls nearly equally at all points . 

Dilatation of the stomach gives r ise to a uni form, somewhat 
oval-shaped swelling in the epigastric region, pass ing a li t t le 
towards the left , under the r ibs and so beyond the superficial 
boundary of the a b d o m e n ; if t h e dilatat ion be excessive, as 
in a case which I witnessed, t he tumefact ion may be general, 
t he whole abdomen being rendered tensely prominent . If t he 
dis tension, however, be not caused by air, bu t by some other 
med ium, there may be no appearance of u n u s u a l projection of 
the par t s ment ioned. Occasionally in a s tomach so affected 
peristal t ic movements , spontaneous or of reflex character (ex-
cited by rubbing the epigastr ium briskly with the hand) , are 
seen travell ing f rom left to r ight , towards the p y l o r u s ; by 
following these movements closely a t r u e r conception of the 
d imensions and shape of the organ may generally be formed 
t h a n is possible even by palpation and percussion,—in some cases 
indeed its outl ine becomes in th i s way so distinctly visible t ha t 

it may a lmost be mapped out on the sk in .—Cancer of the 
s tomach, which affects most frequently the pyloric end, manifes ts 
itself externally, when the t umour is moderately large, as a 
circumscribed elevation in the epigas t r ium ; it m u s t be borne in 
m i n d tha t a similar protrus ion is caused by cancer of t h e left 
lobe of the liver. 

. Diseases of the intestine yield very few diagnostic data to 
inspec t ion ; large fecal accumulat ion in t h e colon, when i t pro-
duces any very considerable degree of distension of the bowel, 
forms an elongated and often movable t u m o u r in the r ight or 
left iliac region. ° 

I n persons of spare hab i t i t is often possible, by simple friction 
of the abdominal surface, to excite or intensify the peristal t ic 
movements of the intestine and so to b r ing them clearly into 
view. W h e n the intest inal tube is narrowed by a s tr icture peri-
staltic movements are seen only in t h a t port ion of it which is 
above the contracted par t , if i t be tensely swollen and apparently 
loaded by a s t agnan t accumulat ion of in tes t inal contents , and 
not in the pa r t beyond the obstruct ion. 
. Tumours of the omentum (carcinomatous, hydat id , &c.) some-

t imes at ta in to enormous dimensions, bu t are seldom so l imited 
as to involve t h a t s t ructure a lone ; they are generally compli-
cated by the presence of similar morbid changes in t h e liver and 
other solid organs, or they contract adhesions with these organs 
the resul t of which is t ha t t he projection of the abdomen is not 
confined to the anatomical area represent ing the omen tum. 

Tumours of the uterus, physiological {pregnancy) and patho-
logical {fibromyoma, &c.), so long as they are not of unusua l 
size, keep generally to the middle line of the abdomen. 

Tumours of t he r ight or left ovary 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, moderate ly uniform both in 
outline and surface, of the whole lower and upper segments of the 
abdomen, so tha t by mere inspection i t is often impossible, and 
even with the aid of palpation it r emains difficult, to de termine 
whether they have sprung originally f rom t h e r ight or left ovary. 
As a rule the ovarian tumour is movab le ; when the pat ient 
therefore t u r n s to one side i t seeks the more dependent par t s of 



t h e abdominal cavity, and the re renders the in tegument still 
more tense t h a n before. 

Among diseases of the kidneys, cancer and hydronephrosis 
form at first smooth or i rregular swellings in the lumbar region, 
which afterwards, on developing still fu r ther , extend to the 
f ron t of the abdomen in t h e r igh t or left hypochondrium, or even 
to par t s more remote . A dislocated (movable) kidney is occa-
sionally, t hough rarely, appreciable by inspection, when i t is 
seen as a flattened, roundish elevation of the t i s sues .—The 
bladder, when dis tended with ur ine, projects in the median l ine 
of the abdomen, making there an oval-shaped t u m o u r reaching 
upwards to a variable point according to the quant i ty of ur ine 
retained. 

I n the foregoing paragraphs have been discussed only t h e 
more common of the diseases of the abdominal organs which 
give r ise to partial, localised swellings recognisable by inspection. 
A fuller consideration of al l those abdominal affections which at 
t imes present similar s igns would lead us into the domain of 
descriptive, systematic medicine, which is beyond the scope of 
t h i s work. Suffice it therefore to direct a t tent ion generally to 
the large, encysted per i toneal exudat ions , to t h e various new 
format ions in the different organs and t issues of the abdomen, to 
t h e cysts, extravasations of blood, abscesses, hernias, &c., which 
sometimes at one part , a t o ther t imes at another , reveal the i r 
presence externally as visible t umours , and whose t rue na ture 
and connection with t h e several organs can be satisfactorily 
demonst ra ted only by m e a n s of palpat ion, percussion, and above 
all by the closest scrut iny of the general hea l th and of t h e 
his tory of the origin and course of the disease ,—but which, even 
after prolonged and careful observation, f requently remain 
wrapped in an obscurity which t h e most skilful examiner fai ls to 
penetra te . 

Uniform, general intumescence of t he abdomen, apar t f rom 
t h e somewhat rare cases of great enlargement of certain of 
the abdominal organs (ment ioned above), is produced most 
commonly by the presence of some abnormal material in the 
peritoneal sac (usually fluid, more seldom gas) or by distension 
of the bowel by gas (meteorism). 

W h e n the per i toneum contains fluid, a condition which is 
named ascites, t h e smooth, un i form tumefact ion of the abdomen 
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undergoes some str iking modifications on changing the position 
of the p a t i e n t : when he lies on one side the prominence lessens 
or disappears in the uppermos t flank bu t becomes more marked 
in the par ts which are u n d e r m o s t ; in the upr igh t position the 
bulging is most obvious in the lower half of the abdomen, and 
when decubitus is dorsal t he swelling projects less forward and 
gains in breadth . All these al terat ions depend on the move-
men t s of the fluid, which invariably seeks the lowest level in the 
abdominal cavity.—Only when t h e quant i ty of fluid is excessive, 
when accordingly the abdominal par ie tes are a t all points in a 
state of extreme tension, is t he re no variation in shape notice-
able on changing the pa t ien t ' s a t t i t u d e . — I n cases of intest inal 
meteorism, and when the peritoneal sac is filled with gas, t he 
uniform enlargement of the abdomen is unaffected by the posture 
of the pa t i en t ; t h i s therefore is a point by which these con-
ditions may be dist inguished f rom ascites. 

I n cases of very abundan t peritoneal effusion the skin over the 
abdomen exhibits a shining, a n e m i c , whit ish blue coloration, 
and at those par t s where the s tretching of the in teguments is 
greatest are seen white l ines, such as those which occur in 
pregnancy, due to the separation of t h e t issue elements of the 
corium. 

I n the umbilical region, and radia t ing f rom it both upwards 
and downwards, blue-coloured venous plexuses are often observed, 
which belong to the widely-dilated epigastric and m a m m a r y 
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 tha t on account of th is venous stasis a port ion 
of the blood which should pass th rough the liver finds i ts way 
by collateral branches in to the superficial abdominal veins. Th i s 
sign is associated chiefly with cirrhosis of the liver, being- caused 
by the compression of the ramificat ions of t h e por ta l vein which 
takes place in t ha t affection. Should there also be any obstacle 
to the re turn of the blood th rough the vena cava inferior, as 
from obliteration, compression by tumours , al l the superficial 
abdominal veins, arid still more those of the lower extremities, 
are increased in ca l ibre ; cedema is t h e n also generally present . 

Diminution in volume (depression) of t h e abdomen usually 
affects equally the whole of the abdominal cavi ty ; it is not 
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peculiar to any one disease of the organs, hu t is ordinarily to he 
regarded merely as one of the concomitant s igns of the general 
emaciation which a t tends the various consumptive disorders. I t 
is also observed when the bowel is almost or entirely empty, as 
f rom str icture of the cesophagus, cancer of the pylorus, stenosis 
of t h e upper par t of the in tes t inal canal. Emacia t ion from these 
causes is commonly accompanied, part icularly in children, by 
other phenomena which are equally characterist ic of a lowered 
state of nut r i t ion of the skin, such as loss of elasticity and free 
desquamation (pityriasis). 

In tbe 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 
centres which govern the movements of the bowel. 

N o t unfrequent ly the examiner may obtain impor tant informa-
tion by not ic ing the movements which are communicated to the 
contents of the abdomen by the act of respiration and the action 
of the hear t . Thus , large t umour s of the liver and spleen sink 
into t h e abdominal cavity in inspirat ion and r ise in expiration ; 
in t h e case of the liver, indeed, the whole of i ts sharp lower 
border may be distinctly discernible dur ing respirat ion. The 
movement given to the d iaphragm by the action of the heart is 
f requent ly manifes t to the eye when there is a large free effusion 
in t h e peritoneal sac, t he impulse pass ing onward th rough the 
fluid, and making itself visible as a superficial wave which 
appears and disappears with great rapidi ty. 

PALPATION OF THE ABDOMEN. 

THIS is a method of examination of the first importance in the 
invest igation of abdominal diseases. I t enables u s to determine 
the size, form, consistence, and si tuation of the various organs, 
and discloses the existence of tenderness to superficial or deep 
pressure, t he presence of any abnormal body or substance in the 
abdominal cavity, &c. The information so ' gained, it is t rue , is 
only of a general character, i t reveals simply t h e physical con-
dition of t he par t s and not t h e exact na tu re of the diseases by 
which they may be affected; but it const i tu tes t h e groundwork 
on which the fur ther diagnosis rests , a more complete or par-
t icular unders tanding of the case in hand being possible only on 
tak ing into consideration the other symptoms presented by the 
pat ient . 

I n another class of cases, especially of abdominal t u m o u r , 
diagnosis is rendered exceedingly difficult or becomes at best a 
mat te r of some uncertainty, when the organ f rom which t h e 
t umour spr ings undergoes al teration in form or anatomical situa-
tion, or when t h e s tar t ing point of the growth can no longer be 
positively made out . I n m a n y other diseases also, which give 
rise merely to physiological, funct ional disturbance, bu t to no 
deformity, displacement, or change in the dimensions of the 
organs, palpation yields no indication of any value f rom a 
diagnostic point of view. 

Palpat ion is most conveniently practised when t h e pa t ien t is 
laid on h is back or, occasionally, on one or other s i d e ; if t he 
tension of the abdominal walls prove a serious obstacle to its 
proper performance t h e th ighs should be flexed on the body, 
t h o u g h even th is -expedient is not always successful in accom-
pl ishing the object intended. T h e great difficulty to be over-
come, apar t f rom tha t presented by the varying thickness of the 
subcutaneous layer of fa t , is t he tension of the abdominal 
muscles, part icularly of the recti . The examiner should be 
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familiar with the general anatomical relations of these muscles, t he 
manner and direction in which their fibres are disposed, and t h e 
resistance they offer when grasped between the fingers, to guard 
h i m from error when dealing with disease.—Palpat ion is easiest 
in emaciated individuals and in women who have borne several 
children. 

W h e n the abdominal organs are in the i r normal condition t h e 
hand meets wi th no unusua l resis tance when applied to t h e 
sur face ; all par ts of the abdomen give a uniform feeling of 
softness, except those corresponding to the rect i muscles, and 
t h e 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 t h e vessel itself and close to it 
t he vertebral c o l u m n ; even t h e coils of t h e intest ine may be 
dist inguished when the abdominal coverings are sufficiently lax. 

PALPATION OF T H E L I V E R . 

I n men the presence of the liver under the marg ins of the ribs, 
when the organ is of i ts na tura l size, is indicated merely by 
an increase in the resistance to pressure in deep insp i ra t ion ; i t 
is only when the abdominal par ie tes are unusual ly th in and 
flaccid tha t i ts edge is detected with the hand . I n women, 
especially such as have been several t imes pregnant , t he softness 
and looseness of the superficial t i ssues facilitate the exploration 
of t h e par ts benea th t h e arch of the ribs and permi t t he more 
ready appreciation of the inspiratory descent of the border of the 
liver. 

T h e extent to which an enlarged liver is accessible to palpation 
depends on the distance to which it projects beyond the margin 
of the r ibs into the abdominal cavity, occasionally only its sharp 
edge, at other t imes a considerable port ion of i ts surface, coming 
within reach of the finger. I n extreme cases of enlargement the 
liver may fill u p a large par t , somet imes even the whole of the 
abdomen. The greatest amoun t of swelling of the organ is 
observed in carcinomatous degeneration, t h e increase in size 
being usually slightly less in amyloid degeneration and hydatid 
cystic d isease ; t he less marked degrees of enlargement occur in 
cases of re tent ion of bile, passive congestion (as tha t due to 

mitral lesion), fa t ty infi l t rat ion and parenchymatous hepat i t i s .— 
The palpation of an enlarged liver, both of i ts borders and 
surface, presents l i t t le difficulty, as the whole extent to which 
the organ is increased in volume is readily detected, provided 
there be no unusua l tension of the abdomen, such as often 
resul ts f rom asci tes .—Palpat ion fu r the r determines the presence 
or absence of sensibility or pain in t h e liver, t he 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 amoun t of pain to pressure is f requent ly associated 
with the swelling ar is ing f rom retention of bile (in duodenal 
catarrh, &c.) and with all in f lammatory condit ions, t hough it 
is most characteristic and mos t severe in mal ignant disease. 
According as the cancerous nodules are scattered on the surface 
of the liver or are s i tuated more deeply i n i ts texture, t he pain 
is elicited by applying the hand l ightly or with f i rmness and 
fo rce ; it occurs spontaneously also, and is almost cons tan t 
throughout the whole course of t h e disease.—Spontaneous 
paroxysmal pain of ext reme severity is felt in the upper abdo-
minal region in cholelithiasis. 

Hepat ic pain originat ing spontaneously and aggravated, by 
pressure, is always a valuable indication of liver-disease in 
general, and is of service also in d is t inguish ing between pa infu l 
and painless affections. F a t t y liver, amyloid liver, and hepat ic 
hydatid growths are painless to palpat ion. 

The surface of the enlarged liver may be perfectly smooth or 
rough and nodulated, t h e i rregulari t ies by which it is marked 
consisting ei ther of s l ight elevations al ternated with shallow 
depressions, or of t umour s varying in size f rom the bulk of a pea 
to t ha t of t h e closed fist.—The surface of the liver is smooth in 
all acute and chronic enlargements connected with hype remia , 
biliary engorgement , and fa t ty and amyloid degenera t ion ; i t is 
irregular when the organ contracts in the later stages of cirrhosis 
(granular atrophy) and in inters t i t ia l gummous hepa t i t i s ; nodu-
lat ion,—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 



liver several smooth projections of moderate size, which offer only slight 
r e j l t a m » to ^ e finger; bnt till the stage of the disease arrives at 
S S h the surface o f t h e organ is distinctly ^ 
vesicles the diagnosis amounts merely to a probability and depends 
on the careful exclusion of all other causes of hepatic enlargement. 

T h e enlarged liver is of a variable degree of consistence. 
I n acnte swellings, such as arise f rom inflammation or reten-

t ion of bile, t he organ is sl ightly softer to the touch t h a n t h e 
chronic enlargements and degenerat ions. Among the ch onic 
d e g e n e r a t i o n s (leaving out of consideration the cirrhotic live , 
which is t he hardes t of all, b u t which need not be noticed here 
as it contracts to less t h a n i ts normal size and is therefore not 
reachable by palpation) t h e amyloid liver is t h e mos t dense he 
fa t ty liver be ing somewhat less firm. W h e n t h e distinction 
between these two conditions is no t otherwise clear the con-
sistence as revealed by palpation m a y b e taken as a diagnostic 

cri terion. ,, , . . „ 
U n i f o r m enlargement of t h e liver causes no alteration m t h e 

general form of t he organ ; but when t h e tumefact ion is confined 
chiefly to the r ight lobe, or more rarely to t h e lef t he most 
diverse changes in shape are m e t wi th . These affec t h e whole 
m a s s of t h e liver as well as i ts border, t h o u g h the lat ter alone 
may be the seat of t h e greatest change, the rest of the organ not 
be ing involved, as, for instance, in cases in w h i c h echmococcus-
vesicles develope in t h e marg in of the l i v e . These hydatid 
crrowths and cancer (sometimes also syphilis) produce on the 
whole, t he greatest degree of deformity of the liver, t he other 
hepat ic diseases being generally attendedL by uni form enlarge-
m e n t of the organ in all i ts d i a m e t e r s . - W h i l s t t he breadth of 
the hvper t rophied liver is usually easily and accurately deter-
minable by palpation, and i ts breadth by percussion only an 
approximate est imate of i ts th ickness can be formed if t ha t esti-
m a t e be based simply on the amoun t of abdominal enlargement 
present • t he th ickness of i t s lower par t is more easily ascertained, 
part icularly when a port ion of i ts concave under surface can be 
felt th rough the flaccid abdominal walls. 

A p e c u l i a r sensation, known as « hepatic fremitus " was described 
hv Brianoon and some time after him by Piorry, as characteristic of 
the presence oTechinococci in the liver. They state that when a short 
sharo stroke is delivered with the finger on the echinococcus-tumour 
S must ¿ y e extended quite to the surface of the liver, a tremulous 
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sensation is felt in 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 285 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 peculiar to hydatid cysts ; 
it is felt over ovarian cysts and in cases of ascites, and even in 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 
large hepatic abscesses which reach the anterior surface of the liver,— 
affections which, in our northern climate, are exceedingly rare. 

T h e mere fact t ha t the liver can be felt projecting f rom under 
the ribs, is not always to be taken as an indication t h a t it is en-
larged ; in women who lace t ight ly it may be pressed downwards 
t i l l i t s edge protrudes 2 | -—5 ctm. beyond the margin of the ribs, 
or in aggravated cases descends almost as far as the umbil icus. 
Downward displacement of t h e liver also occurs when the 
d iaphragm is depressed by pulmonary emphysema, r ight pleural 
effusion or pneumothorax . I n certain ra ther rare cases it sinks 
in t h e cavity of the abdomen f rom relaxat ion of i ts suspensory 
l i g a m e n t ; when th i s relaxation, which may be caused by some 
intr insic affection of the l igaments themselves, becomes excessive, 
and when to th is is added other e lements (such as severe labour) 
which tend to aggravate t h e original defect, t he liver may hang 
downwards even as far as t h e anterior superior iliac spine. Th i s 

* I h a v e h a d under observat ion t h i r t e en cases of h y d a t i d disease of t h e l i ve r ; 
a m o n g s t those were t h r ee in w h i c h t h e t u m o u r s h a d m a d e then- w a y t o t h e su r f ace cf 
t h e o rgan , a n d one in w h i c h a n e n o r m o u s mass of echinococcus-vesicles was discharged 
through the umbilicus, b u t in none of t h e m could I discover a n y t r a c e of t h e peculiar 
p h e n o m e n o n u n d e r discussion. 

T h a t a s imple h y p e r t r o p h y of t h e l iver, w h e n combined w i t h a ce r t a in a m o u n t of 
so f t en ing of t h e h e p a t i c substance, m a y closely s imula t e h y d a t i d disease, w a s s t r ik ing ly 
demons t r a t ed in a case w h i c h I h a d a n o p p o r t u n i t y of see ing . T h e pa t i en t appa ren t ly 
presen ted t h e m o s t marked s igns of h y d a t i d affect ion of t h e l iver . T h e d iagnos is 
seemed so c lear t h a t some t i m e a f t e r w a r d s t h e p roposa l w a s m a d e t o p u n c t u r e t h e c y s t 
and e v a c u a t e i t s contents , b u t as t h e p a t i e n t w a s unwi l l ing t o s u b m i t t o t h e opera t ion 
n o t h i n g was done. A t t h e examina t i on of h i s b o d y a f t e r d e a t h abso lu te ly no echinococci 
w e r e f o u n d in t h e l iver . T h e swel l ing w a s d u e pr inc ipa l ly t o a n enormous hyperp las i a 
of t h e in te rs t i t i a l connect ive t issue. T h e cause of the decep t ive sense of fluctuation 
wh ich w a s so m a r k e d du r ing life could n o t b e discovered. 



is described as movable or wandering l i ve r ; only nine cases of 
t h i s kind have h i ther to been recorded. 

The differentiation of enlarged f rom displaced liver is effected 
by determining the upper border of the organ by means of 
percussion. I f this be normal , and if the liver also extend 
downwards to some distance beyond the ribs, enlargement is 
clearly indica ted .—It is not to be forgotten also tha t t he 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 , project ing sl ightly 
beyond the edge of the liver, usually distinctly visible on the 
surface, bu t still more easily recognised by palpation, offering 
l i t t le resistance to the touch, and at t imes giving to the finger 
an unmistakeable sensation of fluctuation. This tumour may be 
temporari ly diminished in size by pressing upon it and causing 
a quant i ty of the bile which it contains to flow out th rough the 
excretory d u c t s ; I observed th i s in a severe case of jaundice, in 
which the dilated gall-bladder had produced a considerable, pear-
shaped elevation of the abdominal wall. T h e si tuation of a 
biliary tumour of t h i s kind a t t he par t corresponding anatomically 
to the posit ion of the gall-bladder, and the severe accompanying 
icterus, render i ts recognition easy .—The gall-bladder is, in cer-
ta in exceptional cases, enormously distended with serous fluid 
(dropsy of the gall-bladder), Avhen it loses all trace of its original 
shape and may occupy a large par t of the abdominal cavity. 

PALPATION OF T H E S P L E E N . 

The spleen, so long as it re ta ins i ts normal dimensions, cannot 
be touched with the pa lpa t ing finger; i t is only in ful l inspirat ion 
and when the abdominal coverings are unusual ly soft and yield-
ing, t ha t its anterior lower end may be felt deep in the left hypo-
chondr ium. Palpat ion of the spleen is best accomplished dur ing 
the respiratory pause, t he finger-tips being th rus t in under t h e 
left costal margin as the pa t ien t draws a long deep brea th . 
W h e n palpation is found to be difficult or impossible in the 
dorsal recumbent posture the abdominal wall may be still fu r the r 
relaxed, and the examinat ion t h u s rendered easier, by t u rn ing 
the pat ient over on h is right side. 

Even a slight degree of enlargement of the spleen is, a t t he end 

of a long and ful l inspirat ion, appreciable to deep palpat ion, 
though th is is not always indicated by an actual advance of 
i ts lower end bu t sometimes only by a well-marked increase 
of the sense of resistance. As the organ grows larger i t takes 
up more and more of the abdominal cavity, extending obliquely 
downwards and inwards, toward the median l ine. I n accordance 
with the laws of gravitation t h e direction in which the increase 
in volume of the spleen takes place is almos't invariably 
downwards, upward displacement of the diaphragm f rom th is 
cause being observed only when the t u m o u r is of exceptional 
magni tude . 

T h e slighter forms of splenic enlargement are met with in the 
various infectious diseases, typhoid fever, typhus, p y e m i a , 
relapsing fever, small-pox, recent syphilis, &c., and in cases 
of obstruction of t h e circulation in the portal system, caused 
most usual ly by cirrhosis of the liver and various cardiac lesions; 
even in these affections the spleen, t h o u g h it occasionally swells 
to twice i ts na tura l size and often to a greater extent, very seldom 
emerges f rom under the costal arch, bu t is perceptible to t h e 
hand only i n deep inspirat ion. I n t e r m i t t e n t fever of long s tand-
ing, and amyloid degeneration, give rise to still greater enlarge-
ment ; i t is in leukajmia, however, t ha t t he most notable amount 
of hypertrophy is observed. I n the las t -ment ioned affection it is 
not uncommon to find a splenic t umour of such dimensions t h a t 
it fills half or even more of the abdominal cavity. 

Except in those cases of enormous enlargement j u s t referred 
to the spleen, when hypertrophied, generally preserves i ts original 
form, the increase which it undergoes being nearly equal in all 
i ts d iameters—its length , b read th , and thickness . Splenic 
tumours of irregular outline, bear ing no resemblance to t h e 
normal shape of the spleen, are exceedingly rare . The ana-
tomical s i tuat ion of the enlarged spleen also corresponds 
generally with tha t of the organ in h e a l t h ; i ts long diameter r uns 
parallel to the curve of the ribs, t ak ing a more diagonal direction 
than the transverse diameter . T h e thickness of the tumour 
may also be approximately est imated when i ts concave surface 
can be reached with the finger. 

The notches or depressions on t h e surface of a very much 
enlarged spleen may usually be distinctly f e l t ; t he swelling of 
the organ as a whole deepens t h e m to such an extent t ha t they 
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can be made out wi th the greatest precision. Generally there is 
only one large fissure on t h e spleen, and one, somet imes two, 
ra ther smaller . I n cases in which the re is some difficulty in 
recognising whether the t umour is really spleen or not, these 
indenta t ions become of pr ime importance as diagnostic signs, as 
they are discovered in no other variety of swelling t h a n tha t con-
sis t ing of the hyper t rophied spleen. 

All splenic t umour s of any considerable magni tude , reaching 
downwards some distance in the abdominal cavity, are of firm 
consistence ; t he l eukemic , amyloid, and malar ia l forms are all 
more or less alike in th is respect, or at least differ so sl ightly 
t h a t the i r density offers l i t t le t h a t is of value in a diagnostic 
sense. Those associated with acute diseases, on t h e contrary, 
never at ta in any very great size and are always of very soft 
cons is tence; in typhus indeed they are even softer t h a n t h e 
heal thy spleen. 

The surface of all these tumours is smooth, or at most presents 
no marked irregulari ty. 

Pa lpa t ion of tumours of the spleen gives r ise to almost no 
pain, or, in exceptional instances, to only a slight feeling of 
uneasiness . 

Final ly , t h e spleen may form hi the abdomen a distinctly 
visible and palpable swelling without at t he same t ime necessarily 
be ing the seat of any en l a rgemen t ; i t may be dislocated as the 
resul t of relaxation of i ts re ta in ing l igaments , when i t is caused 
to sh i f t about f rom one pa r t to another of the abdominal cavity 
with every change in the pos ture of the body, const i tut ing what 
is known as movable or wandering spleen. As it commonly 
s inks so far t h a t i ts upper end comes to be si tuated j u s t under 
the border of the costal arch, and as, fu r ther , i t lies so close to the 
surface t h a t i ts general configuration is readily and accurately 
made out with the hand , the diagnosis in such a case is easy.* 

* I have seen t h r e e cases of movable spleen. I n t h e first case, t h a t of a man in 
Ms th i r t ie th year, the spleen was replaced and kep t in position by means of a bandage, 
when t h e pain, which had been till t h a t t ime t r ea ted in various ways wi thout success, 
and which was evidently caused b y d is turbance of t h e neighbouring organs by the 
spleen, immediately disappeared.—In the second case, which occurred in the person of 
a woman 48 years of age, t h e dislocated spleen l ay in t h e l e f t iliac region, just under 
t h e sof t loose abdominal cover ings; i ts whole outline, even its notch, could be 
dist inguished w i t h per fec t precision b y palpation, and the o rgan could be moved 
about in the abdomen to a very considerable extent . The dislocation had occurred 
suddenly, as t h e result of some violent physical effort , t h e pa t ien t a t t h e same t ime 
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The diagnosis of splenic t umour in general rests , as we have 
seen, on the indications, furn ished by palpat ion, relative to the 
si tuation and shape of the swelling, t he presence on i t of one or 
more indenta t ions , and on the fact t ha t t h e tumour , lying under 
the lef t lower ribs, presents an area of percussion-dulness which 
is cont inuous superiorly with t h a t of the spleen. The precise 
na ture of the tumour is inferred f rom the resul ts of fu r the r 
examinat ion. I t is obviously leukcemic if any very considerable 
increase in the n u m b e r of the white blood-corpuscles can be 
shown to exist,* or may be assumed to be amyloid if the pa t ien t 
labour under any disease in which it is known tha t the organs are 
liable to th i s form of degeneration (destructive changes in the 
lungs, diseases of the bones, syphil is—in which the liver also is 
usually enlarged) and if, in addit ion, t he ur ine is found to be 
a lbuminous (amyloid k idneys ) ; i t may be regarded as of malarial 
origin if i ts appearance is preceded by chronic in te rmi t ten t fever, 
or as due to congestion in those affections in which circulation 
in the portal system is impeded (cirrhosis of the liver, &c.)— 

being made conscious, b y her sensations, of t h e na tu re of the accident t h a t had 
befallen h e r ; the tumour occasionally gave her s l ight dull pain. T h e splenic dulness w a s 
want ing in its normal situation, the pulmonary percussion-sound merging directly into 
the clear tympani t ic sound of the intest ines.—In the third case, t h a t of a young woman 
who suffered f rom angular and lateral curvature of t h e spine and who had been twice 
delivered of a child by inst ruments , the spleen lay in contact wi th t h e flaccid abdominal 
wall a l i t t le above the l e f t iliac region ; the displacement was supposed to have taken 
place af ter the second confinement. T h e tumour was movable wi thin certain nar row 
limits, and its size and shape were exactly definable by palpat ion. The most notable 
fact in connection wi th th is case was t h a t the pa t ien t , desiring, perhaps , to become 
famous as a pathological marvel, caused the spleen to be to ta l ly extirpated; in fourteen 
days she h a d recovered f rom the operation. She continued in good heal th for three 
months, when she died f rom t h e effects of another operation—colporraphia posterior. 

* I n normal blood there a re about 300 red corpuscles to every white corpuscle, and 
in the field of the microscope, under a power of 300 diameters, i t seldom happens t h a t 
more than 10 of the l a t t e r a re seen scattered among t h e closely packed and adherent 
red globules. I n profound leukcemia the proportion of colourless corpuscles to red 
rises to 1 of the former to 10, 5, or even 3 of t h e la t ter , and cases have been m e t 
wi th in which the number of t h e whi te globules equalled or even exceeded t h a t of the red. 
Even in t h e less intense forms of t h e affect ion the increase of t h e colourless corpuscles 
as compared wi th their rar i ty in heal thy blood strikes the eye a t once. 

I n splenic leukajmia, i.e., in those cases in which only t h e spleen is swollen and no t 
the lymphat ic glands, t h e colourless corpuscles a r e found to be of large size and t o 
contain several nucle i ; whilst in t h e lympha t ic form of t h e disease, in which only the 
lymphat ic g lands a re enlarged, and not t h e spleen, the white corpuscles are small and 
granular, wi th solitary, relatively large nuclei. W h e n , as is very f requent ly the case, 
both spleen and lympha t ic glands are swollen, both kinds of colourless corpuscles are 
seen side by side.—The blood required for examinat ion may be taken f rom any pa r t of 
the body which is most convenient, by m a k i n g a s l ight scratch on the skin. 



I n certain not very numerous cases (of ^ I h M s e n J ™ 
well-marked instances) a considerable 
is combined with mal ignant swelling of the glands of t he neck, 
axil I ' 2 ; th i s variety of splenic tumour is distinguished f rom 
tha t of leukaemia by the circumstance tha t it is not accompanied 
by any a u g m e n t a t L in the number of t he colourless blood-
corpuscles. This condition has been designated splenic ancemia, 
or psOTdoleuksemia.—Hydatid disease of t he spleen >s rare there 
be ng up to t he present t ime b u t 26 cases recorded in m e s c a l 
l i teratuie. W h e n i t does occur i t may give rise to great deformi y 
a n T enlargement of t he sp leen ; if the l i v e r be simultaneous y 
infested by echinococci, l i t t le doubt is left as to the cause of the 
swelling, bu t when the parasites are lodged in the spleen only 
t he principal guide to the t rue character of the tumour is t he 
discovery, on i ts surface, of a circumscribed spot o 

consistence to p a l p a t i o n - t h e e c h i n o c o c c u s - c y s t - 0 he tumours 
(carcinoma) are developed only secondarily in the spleen. 

Splenic enlargement can scarcely be mistaken for any otkei 
variety of swelling found on the left side of the body, from 
whatever organ or t issue i t 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. P a m fel 
over a circumscribed area and aggravated by pressure, almost in 
variably indicates gastric ulcer ; diffuse pam, on the other hand 
Occurring periodically, is observed in almost all diseases of the 
s tomach: w hether neuralgic or associated with tissue-change in 
t he wall of the organ, f rom simple catarrh to the gravest forms 
of m ^ n a n t growth. The pain in the purely neuralgic affec-
t ions comes on in paroxysms ; starting from the epigastrium it 
radiates both to l i f t and r ight and backwards towards the ver-
tebral column, and is sometimes of a degree of severity such as 
s experienced in no other disease of the s tomach ; occasionally 

also u ^ e the pain due to round ulcer of the stomach, i t is 

relieved by pressure on t he epigastrium. 
The new formations which are found m the stomach usually 

of a cancerous nature , are almost always in their advanced s ag 
appreciable by palpation when, as is most usual, they have then 

seat at the pylorus ; cancer of the larger curvature of the 
stomach, a rarer variety of the disease, may also be felt with the 
hand, but tha t of its cardiac end or of the smaller curvature is 
too deeply-seated for examination with 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 par ts , at other t imes extending 
beyond the epigastric region and then often having intimate con-
nections with the liver. B u t 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 ; t he diagnosis of gastric 
cancer therefore is warranted only on observing the other symp-
toms which point to disease of the s tomach.—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 t he epigas t r ium.—In pathological 
dilatation of the stomach the extent to which i t s greater cur-
vature is displaced downwards may be demonstrated by passing 
a sound and feeling i ts point through the abdominal coverings 
(Leube). 

Diseases of the intestines do not frequently present signs 
which are appreciable by palpation. 

Large, hard, /cecal accumulations in the intest inal canal are 
usually felt on the r ight or left side of the abdomen as irregular, 
movable masses ; their t rue na ture is apt to be mistaken, par-
ticularly when, as occasionally happens, they do not disappear 
even on the administration of s t rong purgat ives.—In cases of 
stenosis of any part of the canal the peristaltic movements of the 
bowel may be observed on passing t he hand over the abdominal 
wall, which in such circumstances is generally th in 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 intest ine. 

Of the many varieties of pa inful sensations, differing widely 
from each other in character and distribution, associated with 
inflammatory affections of the bowels, tha t most worthy of notice 
from the diagnostic stand-point is the ileocecal pain connected 



with inflammation of the ccecum, typhoid fever, and perforation 
of the processus vermiformis. I f in the course of the lat ter 
affection exudation takes place a semi-solid t umour is formed, 
tolerably sharply defined from t h e ne ighbour ing par ts , per-
ceptible to superficial or deep palpation according as the amoun t 
of the exudation is great or small . 

T h e presence of fluid in the gastrointestinal canal,—in t h e 
s tomach in cases of dilatat ion, in the bowel often as the result of 
simple catarrh or of Asiatic cholera (in which the intest ine is 
f requent ly loaded with an enormous quant i ty of fluid),—is 
marked by the occurrence of a loud splashing, which is no t only 
fel t bu t is also distinctly audible, on press ing firmly and quickly 
on t h e abdomen (see p . 371). I n typhoid fever th is gurgling is 
generally l imited to t h e i leocecal r e g i o n ; the same symptom, 
however, similarly circumscribed, is occasionally noticed in 
catarrh of th is par t of the intest inal canal. 

T h e principal diseases to which the omentum is subject are 
t h e various new formations, especially tuberculous and cancerous 
degenera t ion ; the par t s in which these changes have taken 
place are of ten felt th rough the th in abdominal wall as hard 
cord-like masses . Not uncommonly they give r ise to tumours 
of greater or less size (fibroma, sarcoma, l ipoma, carcinoma, 
hydat id and vascular growths) whose point of origin can be 
determined with certainty only when the neighbour ing structures 
are not involved in t h e swel l ing ; bu t when th is is t he case, 
when the adjoining organs are likewise enlarged and invaded by 
t h e same degenerative process, t h e resu l t ing t u m o u r may be of 
such enormous size and so irregular in fo rm tha t it is no longer 
possible to discover what share each par t takes in i ts format ion. 

T u m o u r s of the pancreas and of t h e retroperitoneal glands 
may sometimes be detected by palpat ion. Those of the pancreas 
are rare , almost always of a cancerous nature , and very seldom 
pr imary or unassociated with similar changes in other o rgans ; 
they form in t h e epigastr ium 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 t h e pancreas can somet imes be demon-
st ra ted dur ing life, bu t a confident diagnosis becomes impossible 
when, as in mos t of t h e cases h i ther to recorded, they are merely 
p a r t of a general swelling of the abdomen. This applies also to 

cases of enlargement of the retroperi toneal glands, which is 
occasionally pr imary , more of ten secondary, and developed in 
the course of very many of the general const i tu t ional diseases. 

PALPATION IN D I S E A S E S OF T H E P E R I T O N E U M , AND IN CASES OF 

ACCUMULATION OF F L U I D IN T H E P E R I T O N E A L SAC. 

I n diffuse peri toni t is , whatever he i t s cause, gent le pressure 
or even a l ight touch wi th the finger at any par t of the abdomen 
causes the mos t acute p a i n ; in circumscribed peri tonit is t h i s 
ext reme sensibili ty to palpation is observed only over the area 
affected. Cancerous degenerat ions of the per i toneum are cha-
racterised by the presence of i r regular nodules , always painful to 
pressure, which may be defined with the h a n d provided there is 
no over-distension of the abdomen with ascitic fluid ; tubercular 
degeneration and th ickening arc likewise somet imes d is t inguish-
able by palpat ion. 

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 peritoneal sac,—which 
consist usual ly of transuded serum, more rarely of exudation, 
—give a sensation of fluctuation to palpat ion. On placing the 
pat ient on h is back or in t h e upr igh t position and s t r ik ing with 
the finger of one h a n d on the abdomen, a sense of fluctuation is 
t r ansmi t ted to the other hand laid flat on t h e abdominal wall 
either near or at a distance f rom t h e par t pe rcussed ; a dist inct 
wave is also usual ly seen to pass over t h e su r face .—The 
force of t h i s wave depends on t h e quant i ty of fluid present 
and the consequent tension of the abdominal p a r i e t e s ; if t he 
lat ter be still flaccid, t he amount of effusion being small , fluctua-
tion may be quite want ing or appreciable only in the upr igh t 
position, in which t h e fluid s inks to a lower level in the cavity 
and there renders tense the superficial par ts . F u r t h e r , if t he 
effusion be scanty the undula tory sensation may be elicited only 
in the neighbourhood of the spot percussed, and not at more 
dis tant p a r t s . — T h e level to which the fluid subsides may be 



defined with considerable precision by not ing how far upwards 
fluctuation extends . 

Encysted peri toneal exudat ion, hemmed in by inf lammatory 
adhesion of the per i toneum with neighbouring organs, gives no 
sensation of fluctuation. Per i toneal transudations, not being of 
inf lammatory origin, are not usually encys ted ; where, however, 
t ransuded fluid is found enclosed in th is manner the adhesions 
by which it is confined m u s t be the remains of some antecedent 
inf lammatory process. 

Friction-murmurs are sometimes appreciable by palpat ion. 
I f , for instance, t he par ietal layer of the per i toneum, and t h a t 
which covers a large hepat ic or splenic tumour , become roughened 
by chronic inf lammation, t he opposed peritoneal surfaces come 
in to more int imate contact wi th each other dur ing the inspiratory 
and expiratory movements of t h e liver and spleen and rough 
friction takes place between them, capable of being considerably 
aggravated by pressure on the enlarged organ.* T h e conditions 
most favourable to the development of the f r ic t ion-murmur are 
presented in carcinomatous disease of the liver, when the peri-
toneum over the irregular nodules with which the organ is 
s tudded is a t the same t ime i n f l a m e d ; on the other hand , t h i s 
abdominal friction is absent when the t umour is chronic in i ts 
progress, there being no provocation to inf lammat ion of the 
per i toneum when the en largement of the organ is s low.—In 
connection with other abdominal tumours also, when they con-
tract adhesions wi th the per i toneum, evidence of fr ic t ion may be 
obtained by palpat ing deeply or by moving the affected organ 
sl ightly with the h a n d . 

PALPATION OF T H E U R O - G E N I T A L A P P A R A T U S . 

The kidneys become accessible to palpation when they shif t 
f rom their normal s i tuat ion and s ink deeper in the abdominal 
cavity (movable or wandering kidney), or when they are the seat 
of great enlargement ,—part icular ly t ha t due to hydronephrosis. 

* Peritoneal friction, first accurately described b y De'sprbs, gives to t he finger the 
same impression as pleurit ic fr ict ion,—that of scratching or grating. I n one case 
which I saw the fr ict ion-murmur was so marked t ha t t he pat ient himself drew m y 
at tent ion to i t . 

T h e movements of t he 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 f r ic t ion-murmur. 

/ 

Dislocation of the kidney, which is very seldom congenital bu t 
most usually acquired, occurs most often on t h e right side, rarely 
on t h e left Relaxat ion of t h e l igaments predisposes to th is 
attection, a fact to which is to be ascribed the greater frequency 
of floating kidney in women af ter conf inemen t ; violent physical 
exertion is also occasionally a cause of th is displacement . ' 

The data on which the diagnosis of movable kidney res ts are 
the presence in the abdomen of a palpable t umour having the 
anatomical form of the kidney, and, if fu r the r proof be desired 
the absence of the renal percussion-dulness in the region in 
which it is usual ly found . 

As the dislocated kidney lies comparatively close to the ab-
dominal wall t he smoothness of i ts surface and i ts characteristic 
bean-shaped out l ine are readily made out when it can be suffi-
ciently ful ly grasped between the two hands . On account of its 
extreme smoothness and very free mobil i ty it often slips from 
under the finger when pressed upon. T h e fu r the r it has wan-
dered f rom i ts original position t h e more easy is it to fix it • if i t 
has moved only f rom t h e right l umbar region in to the ' r ight 
hypochondnum it somet imes disappears spontaneously, or on 
a t tempt ing to examine it wi th the hand , or occasionally in con-
sequence of various movements on t h e par t of t h e p a t i e n i s inking 
behind the hypochondr ium again and pass ing for a t ime beyond 
the reach of the finger. Pa lpa t ion of the dislocated kidney gives 
no p a m ; it is only on using considerable force t h a t uneasy 
sensations are felt in t h e par t . 

Over t h e region which should be occupied by the kidney the 
sound to percussion is clearer t h a n t h a t obtained at t he cor-
responding point on the opposite side ; t h i s clear sound becomes 
dull when the kidney is re turned to i ts no rma l posit ion. 

The palpation-signs and those elicited by percussion are as a rule 
sufficient to prevent a movable kidney being mistaken for an abdominal 
tumour. I t is only in those cases in which, by pressing upon and 
irritating the neighbouring tissues, it has excited inflammation and 
thickening of the surrounding parts, as in two cases which I observed 
that the diagnosis presents any difficulty, as the organ is deprived of 
its mobility and its distinctive outline 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. 

z 
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I f t he kidneys undergo extensive degenerative changes and at 
t h e same t ime increase so m u c h in size t ha t they may be appro-
priately described as large renal tumours, they may come near 
enough to t h e surface to be examined satisfactorily by palpat ion. 
Hydronephros is , due to the presence of some mechanical im-
ped iment to the flow of ur ine into the bladder, const i tutes a 
swelling of th i s character . If t h i s obstruction, ar is ing f rom 
compression, adhesion, or malformat ion of t h e par t at faul t , 
affects only one of the ureters the hydronephrosis involves only 
one kidney, bu t if both ureters become impassable, or if t he 
obstacle be si tuated at t he ure thra l orifice of the bladder (cases 
which are somewhat rare) , bilateral hydronephrosis resul ts . T h e 
largest t umour s 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 uni lateral form 
of the disease the discharge of the ur ine secreted by the other 
kidney goes on unh indered . 

T h e t umour produced by hydronephrosis , when it is of con-
siderable magni tude, is fel t bo th posteriorly in the lumbar region 
and in f ront t h rough the abdominal walls, as a soft fluctuant 
mass of somewhat spherical shape . I t s volume may lead to its 
being t aken for an ovarian growth, bu t the history of the manner 
in which t h e t umour was developed and the data furnished by 
fu r the r physical examination, usual ly render such an error in 
diagnosis impossible. 

A n enormously distended bladder, (which has been known to 
reach as h i g h as the umbil icus) , is recognised by inspection, and 
still more positively by palpat ion, as a firm, elastic, oval-shaped 
tumour in the lower par t of t h e abdomen. 

Hypertrophy of the prostate may be diagnosed by palpation 
th rough the rec tum. 

Among the diseases of the female genital apparatus, tumours 
of the ovaries and of the u terus may usually be made out with 
the greatest ease by palpation. Ovarian tumours are generally 
unilateral , f requent ly irregularly spherical in shape, and movable. 
I n mos t cases they contain a large quant i ty of fluid, and yield then 
a dist inct feeling of fluctuation to firm pressure (ovarian cysts). 
I n other less common cases they appear to t h e touch to be solid 
t h r o u g h o u t ; they may, nevertheless, enclose fluid, fluctuation 
being want ing merely because the force exerted by the hand in 

PALPATION OF OVARIAN TUMOURS. 
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palpat ing through the thick coverings of the cyst is insufficient 
to set i ts fluid contents in mot ion . I n multi locular ovarian 
cysts also there is no fluctuation. On the other hand , ovarian 
t umour s have been observed which, dur ing life, gave very dis-
tinctly the sensat ion of fluctuation, bu t which at post mor tem 
examinat ion were found to contain no fluid; they were exceed-
ing y soft and flabby in consistence, their whole t issue being 
infil trated with s e r u m . - T h e r e is, in general , no difficulty in 
ascer taining whether the t umour spr ings f rom the r ight or the 
left ovary, even when it is so large as to pass to some distance 
oyer t h e middle l i n e ; but if f rom the enormous bulk of the 
tumour , which may fill up both sides of the abdomen equally, it 
becomes impossible to make t h i s dist inction by physical ex-
aminat ion, t he pat ient ' s recollections as to the par t in which the 
swelling first appeared will usually afford t rus twor thy enough 
indications as to i ts s tar t ing point . 

T h e his tory of the case, and especially examination per 
vagmam by which lat ter means the growth can always be reached 
with the finger, will generally serve to dis t inguish ovarian f rom 
other fo rms of abdominal en la rgemen t ; t he diagnosis of hydro-
v a n u m from ascites may be made with a l ike degree of certainty 
by combining palpation with percussion and by giving due weight 
to the his tory of the course of the disease, to the results of the 
exploration of the other organs, &c. (see p . 363 ) .—I t may seem 
to some impossible to confound an ovarian t u m o u r with a "ravid 
uterus , yet th is has often been done. 

En l a rgemen t of the uterus,—physiological in pregnancy, 
pathological in cases of t umour of the u ter ine substance or of 
accumulation of fluid in i ts c a v i t y , - a r e appreciable by palpation 
through the abdominal wall as soon as the organ emerges f rom 
the pelvis and rises in to the abdomen. 

z 2 



PERCUSSION OF THE ABDOMEN. 

PERCUSSION of the abdomen is most conveniently practised when 
t h e pa t ien t is made to lie on h i s back, in which position t h e 
abdominal coverings, especially t h e recti muscles, are relaxed to 
t h e greatest extent . 

T h e object to which percussion is here directed is t he de-
l imitat ion of certain of the subjacent o rgans ,—the liver, spleen, 
and gastro-intest inal canal, very rarely t h e kidneys. The pan-
creas, ovaries, and u terus , when of the i r normal size, are no t 
definable by percussion. 

T h e diagnostic importance of percussion in many abdominal 
diseases is merely secondary, part icularly in cases of enlargement 
of the various organs, t he informat ion obtained by palpation 
being more reliable, inasmuch as by the lat ter means we are 
enabled to detect not only increase in volume bu t also many 
other al terat ions to which t h e pa r t s are subject and t h u s to form 
a clearer conception of the precise na tu re of the morbid process 
going o n ; t h i s is exemplified in cases of palpable t umour of the 
liver, spleen, ovaries, u t e rus , and in various other abdominal 
t umour s . I n other cases, however, in which palpation gives 
negative or uncer ta in indicat ions, percussion comes to be of 
t h e greatest value as a me thod of physical examination, as, 
for instance, in free ascites, encysted peritoneal exudation, 
intest inal meteor ism, accumulat ion of gas in t h e peritoneal 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. F u r t h e r details having a bearing on th is 
subject will be given in discussing the percussion of the different 
organs . 

I t is immater ia l i n wha t order the abdominal organs are per-
cussed, t hough it is customary to begin with the liver and spleen 
a n d af terwards to tu rn t h e a t tent ion to the gastro-intestinal 
canal. 

PERCUSSION OF T H E L I V E R . 

This is under taken with t h e view of ascer taining the position 
and size of the liver. 

I n normal circumstances, in which the liver is not definable 
by palpation, percussion is t he only me thod by m e a n s of which 
the d imensions and si tuat ion of t h e organ can be determined, 
while in those cases in which, on account of enlargement , t he 
liver projects f rom under the costal arch and may therefore be 
distinctly felt, percussion supplements the resul ts obtained by 
palpation by fixing the upper hepatic boundary; "diminution in 
the size of the organ can be recognised only by percussion. 

The liver lies in the greater par t of i ts extent close against 
t h e thoracic and abdominal parietes, only i t s upper convex 
surface, occupying the concavity of the diaphragm, being by t h e 
la t ter s t ructure , and by the lung towards the r ight , separated 
f rom the chest-wall . T h a t port ion of it which is in contact 
with the thoracic and abdominal wall, extending on the f ront of 
the chest f rom t h e sixth r ib superiorly to the margin of t h e arch 
of the r ibs inferiorly, and reaching in the median l ine to midway 
between the base of the xiphoid carti lage and t h e umbil icus, 
gives at all points a dull sound to percussion. Th i s area of 
dulness is known as t h e absolute hepatic didness. Tha t par t 
of t h e liver which is separated f rom the chest-wall by lung-
t issue extends upwards, when the d iaphragm is in a medium 
state of contraction (as in quiet expirat ion), to the level of t h e 
fifth r ib between the r ight mammi l l a ry and parasternal l i n e s ; 
from th i s point downwards to t h e inferior border of the lung ' 
beyond which the liver is in immedia te contact with the thorax! 
the sound is not dull, bu t is only less loud t h a n tha t elicited 
higher up (at par ts behind which lung alone is si tuated), and is 
therefore spoken of as merely relatively dull. The he ight of t h i s 
relative hepat ic dulness, however, is less t h a n the actual he ight 
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 s t r a tum of l u n g 
which comes in f ront of the liver becomes sufficiently th in , while 
above th is level the layer of lung is too deep to permit of any 
diminut ion in the in tens i ty of t h e percussion-sound taking place. 



As, accordingly, the relative hepat ic dulness can never be defined 
with rigorous exactness no a t t empt is as a rule made to do so, 
a t tent ion being directed to the determinat ion of t h e area of 
absolute dulness only. T h e fu l l vertical diameter of the organ 
may nevertheless be approximately shown by placing the upper 
boundary of t h e absolute dulness 4 c tm. h igher ,—the extent to 
which the liver, in the mammil lary line, is covered by lung, t h e 
d iaphragm occupying a middle position between relaxation and 
extreme contract ion. 

T h e liver should be percussed dur ing t h e respiratory pause, 
a n d generally a long four l ines, t he axillary, mammil la ry , 
paras ternal and median l ines. 

T h e upper boundary of t h e hepat ic dulness is found at t he 
e igh th rib in the axillary line, a t t he upper (sometimes the lower) 
border of the s ixth r ib in the mammillary line, a t t he upper 
border of the sixth rib (sometimes in the fifth intercostal space) 
i n the parasternal line, and at t he base of the xiphoid process in 
t h e median l ine. Posteriorly the liver rises as high as the level 
of the t en th r ib . T h e superior boundary of the hepat ic dulness 
is t h u s conterminous with t h e inferior marg in of the r igh t 
lung . 

T h e lower limit of the hepat ic dulness is s i tuated between 
t h e t en th and eleventh r ibs in the axillary l i n e ; in the mam-
mil lary and paras ternal lines i t comes close to t h e edge of 
the arch of the ribs, comparatively seldom passing beyond it , 
and then only to the extent of 1 — H c tm. I n women th is 
inferior boundary may be considerably lower,—as much as 2 4 — 
5 c tm. , a condition which is commonly due to t ight lacing, 
somet imes to relaxation of t h e suspensory l igament of the 
liver ; in the la t ter case the upper l imi t also is lowered. I n the 
median l ine the hepat ic dulness reaches downwards to nearly 
midway between the base of t h e xiphoid process and the um-
bilicus ; f rom the median l ine i t extends about 5 c tm., a t most 
6 — 7 ctm. , to the lef t , where i ts lower edge, tu rn ing upwards, 
passes into the lower margin of the cardiac dulness and there 
ends, as migh t be expected from the anatomical site and outl ine 
of the liver, in the upper border of t h e hepat ic dulness .— 
Posteriorly the lower boundary of the l iver-dulness is no longer 
demonstrable beyond the scapular l ine, in which i t is s i tuated at 
t h e level of the eleventh rib; t he dulness is here undefinable, 

being lost in t ha t ar is ing f rom the thick mass of the dorsal 
muscles . 

The percussion-sound is not equally dull a t all par t s of the 
hepat ic a r e a ; over the th ick r igh t lobe of the liver the non-
resonance is much more decided t h a n over the th in lef t lobe, 
while towards the lower margin of the organ, where it diminishes 
rapidly in thickness , t he sound becomes more and more clear. 
The proximity of the intest ine to the lower pa r t of the right lobe, 
and of the s tomach and bowel to the whole lef t lobe, adds to the 
dull sound heard on percussing in these regions one of tympani t ic 
qua l i ty ; by s tr iking gent ly with the h a m m e r or finger the con-
fusion ar is ing f rom t h e ming l ing of these sounds may be reduced 
to a m i n i m u m . I t is only in children tha t , no twi ths tanding the 
employment of a l ight stroke in percussing, t he dull sound over 
the whole hepat ic area is accompanied by a tympani t ic sound. 

DISLOCATION OF T H E L I V E R . 

I n th is affection the boundaries of the area of l iver-dulness are 
altered, b u t the organ itself remains of no rma l size. 

Dislocation of the liver from physiological causes occurs dur ing 
the respiratory a c t ; in quiet respiration the amoun t of displace-
ment is merely t r i f l i ng ; deep inspirat ion, on the other hand , 
occasions a very considerable s inking of t h e liver, and con-
sequently also of the upper l imit of the hepa t ic dulness . A t the 
same t ime t h e vertical diameter of the dul l area diminishes, as 
in inspirat ion the lower margin of the liver descends only to 
a point about 1 — 1 | c tm. below t h e edge of the costal arch, 
whilst t he upper convex surface of the organ is overspread by 
the expanding lung to t h e extent of 2 — 3 c tm. The a t t i tude of 
the body has also a certain influence on the position of t h e lower 
border of the l iver ; in lying on the r igh t side the r ight lobe 
sinks and the lef t rises somewhat , and if decubitus be on the 
other side these relat ions are usually reversed. 

Pathological displacement of t h e liver takes place generally 
downwards, seldom (and t h e n only to a very inconsiderable 
degree) upwards or laterally. 

Dislocation downwards is produced by all those conditions in 
which depression of the d iaphragm is a marked symptom,—the 
severer forms oipidmonary emphysema, r ight pleuritic exudation 



and pneumothorax; in a rarer class of cases the depression is 
due to relaxation of the l igamentum suspensor ium hepat is . 

If both lungs be emphysematous the displacement of the liver 
is un i fo rm,—and th is is t he more common variety of the affection; 
bu t if t he disease be more marked in the r ight lung, as it occa-
sionally is, t h e r igh t lobe is pushed fu r the r downwards t h a n t h e 
lef t . 

The extent to which the upper boundary of the liver s inks ,— 
one, or even two intercostal spaces,—is proport ionate to t h e 
degree of distension of the emphysematous l u n g ; in aggravated 
cases it may even come to occupy a position opposite the e ighth 
r ib in the mammil lary line, when the margin of the organ will 
be found to project beyond the arch of the ribs. Th i s descent 
of t h e lower hepat ic boundary , however, is not so great as t h a t 
of t h e upper b o u n d a r y ; the hepat ic dulness is therefore not 
simply displaced bu t is also diminished in size, a condition which 
is favoured by t h e fact t h a t t h e adjacent intest ine gives a tym-
pani t ic 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 r ight pleuri t ic exudat ion ; much more rarely, and t h e n 
not to such a marked extent , a similar displacement is produced 
by r ight pneumothorax, if i t have not at the same t ime given r ise 
to an abundant pleurit ic effusion. I n such cases the r igh t lobe of 
t h e liver is driven fu r the r downwards t h a n the left , so t h a t t he 
organ is made to take up an oblique position in the abdominal 
cavity, t he descent of the heavy r igh t lobe render ing tense the 
suspensory l igament and causing the left lobe to tu rn more to 
t h e left and u p w a r d s . — L e f t pleuri t ic effusion, left p y o p n e u m o -
thorax, or very copious pericardial effusion, may, but never to 
any great degree, depress the left lobe of t h e liver. 

The liver, when dislocated downwards, may generally he 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 easy. 

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 

enumerated, particularly by those which indicate a descent of the 
upper limit of the hepatic dulness. In right pleuritic effusion, 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 t h e resul t of 
pressure f rom below by enlargement of the abdominal organs , 
intest inal meteorism, ascites, large t u m o u r s of t h e abdominal 
cavity, especially of the ovary. The displacement is t h u s most 
f requent ly u n i f o r m ; occasionally, however, t h e liver is pushed 
up unequally, according as the p ressure takes effect chiefly on i t s 
r ight or left lobe. The actual ex tent of the upward dislocation 
f rom these causes connected with the abdominal organs is never 
so great as t ha t of the displacement downwards f rom thoracic 
disorder, as f rom the more yielding character of i t s walls the 
abdomen undergoes a much greater degree of enlargement t h a n 
the thorax before the s igns of pressure on the liver become 
ev iden t ; generally, indeed, the effect of even very considerable 
abdominal pressure is merely to raise the liver bu t one interspace 
higher , so t h a t t he upper boundary of the organ comes to coincide 
with the fifth rib. Stil l f u r t h e r elevation of the liver, t i l l i t 
reaches even as h igh as the four th rib, is r a r e . — T h e determina-
t ion of the lower border of t h e liver by percussion is often difficult, 
occasionally quite impossible, when the dislocation is due to 
pressure f rom below,—in cases of very abundant ascites, for 
instance, as th is affection itself is associated with a dul l per-
cussion-sound. And even in those suffering f rom intest inal 
meteorism, or abdominal en largement f rom other causes, we 
frequently fail to delimit t he liver inferiorly, as i ts dulness is 
swallowed up in the tympani t i c sound of the bowel ; in these 
circumstances therefore the vertical measurement of the hepat ic 
dulness is less than it is normal ly . 

E N L A R G E M E N T OF T H E L I V E R . 

W h e n the liver increases in size i t s surface and margin , as 
already observed (p. 324), come wi th in easy reach of tbe hand , 
when it is no longer necessary to have recourse to percussion to 
recognise the presence of t h e enlargement . L e s s marked aug-
mentat ion of volume, however, gives no sign which is appreciable 



by palpat ion, especially if there be much tension of t h e abdominal 
w a l l ; in cases of th is k ind the increase is clearly enough shown 
by the dull sound elicited by percussion of the hepatic area 
Th i s sound is never absolutely non-resonant , bu t is of a dul l 
tympani t ic quali ty. T h e distance downwards to which t h e liver 
reaches is indicated by t h e l ine of demarcat ion between the du 
tympani t ic sound of the organ itself and t h e clear tympani t ic 

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 effusion into the peritoneum (ascites) or meteonsm ot 
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 ot tne 
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. la 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 delimitation of the liver by percussion, a s c i t e i t h e . most 
common (as in cases of hepatic enlargement, and peritonea effusion m 
the sta«e of failure of compensation m mitral lesions). If the supei-
ficial tissues be sufficiently L the swollen.organ is acce^o pac-
tion when the enlargement is easily detected without the a d 
percussion! Even when the abdominal parietes are moderately tense 
the hvTerrophied liver may be explored by palpation by pressing 
sudden!^ and firmly with the hand over that p a r t of the abdominal 
s u r f a c e 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 a p p a r e n t l y increased 
by the presence of firm, hard fecal masses filling up the tians-
verse colon, by tumours of the pylorus and of the stomach m 
general, and by peritoneal exudation encysted m the neighbour-
hood of the liver. 

In these cases also, in which percussion is plainly not to be relied on 
as a means of investigation, palpation very generally, though 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 faecal 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 considerably 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 affection. Thus, in a woman whom I lately had under observa-
tion, suffering from hydatids of the liver, the tumour, which was large 
and distinctly fluctuant, was not simply 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 T H E L I V E R . 

The principal sign which this condition gives to percussion is 
diminution in the extent, or even entire disappearance, of the 



hepatic dulness. I n t h e la t ter case the existence of atrophy of 
t h e liver is unquest ionable , in the former case i ts presence is to 
be regarded as satisfactorily demons t ra ted only after all possible 
complications such as migh t invalidate the resul ts of percussion 
have been exc luded .—The circumstances under which t h e liver, 
even when of i ts na tura l size, may be associated with an area of 
dulness abnormal ly small , have already been in par t enumera ted 
on p. 343 ; t h e following may also be ment ioned here . 1. W h e n 
some coils of intes t ine, dis tended by gas, come between t h e 
convex surface of t h e liver and the thoracic or abdominal wall, 
t he vertical m e a s u r e m e n t of the hepat ic dulness is diminished, 
as over the lower pa r t of t h e liver the non-resonant percussion-
sound gives place to a loud tympan i t i c note , while the dull sound 
proper to t h e left lobe may a lmost total ly disappear . I t is 
usual ly t h e t ransverse colon which, when inflated with intest inal 
gases, rises in f ron t of t h e liver and masks the percussion-
dulness of i ts r igh t and lef t l obes ; ' the area of non-resonance 
corresponding to the lef t lobe may also be invaded and reduced 
in size by distension of t h e s tomach. 2. T h e hepat ic dulness 
is encroached upon when t h e upper surface of the liver is in 
great pa r t covered over by emphysematous lung ; i t s upper l imit 
s inks very considerably, while i t s lower l imit is pushed down-
wards in to the abdomen to bu t a very s l ight degree. 3. Similarly, 
a very decided reduct ion in the area of the hepat ic dulness takes * 
place when the liver is dr iven upwards by ascites, in tes t inal . 
meteor ism, or large ovarian t umours , as a much larger port ion 
of the convex surface of t h e liver is t h u s caused to pass behind 
the anterior lower marg in of t h e lung . 4 . Final ly, a decrease in 
t h e extent of t h e hepat ic dulness is also observed in certain 
ra ther rare cases in which, in consequence of perforat ion of the 
in tes t ine (as in typhoid fever) gas finds i ts way upwards between 
the liver and the thoracic or abdominal wall. 

Actual d iminut ion of the area of hepat ic dulness is due to 
contraction of t h e liver, ar is ing specially f rom cirrhosis and acute 
yellow atrophy 

I n cirrhosis of t he liver the contraction of the organ is often 
very marked. I t may become difficult or even impossible to 
demonstra te any diminut ion in the extent of the hepat ic dulness, 
on account of the ascites which invariably accompanies cirrhosis, 
t h e non-resonant hepat ic area be ing continuous inferiorly with 

the dulness associated with t h e ascites, while i t s super ior boun-
dary is found at i ts normal level or even somewhat lower, if t he 
liver be pushed upwards and so b rought more ful ly under cover 
of the lung . I f , on t h e other h a n d , the ascites be bu t tr if l ing 
one can generally convince h imsel f—always , if t he fluid be drawn 
off by p u n c t u r e — t h a t the du lness which represents the r igh t 
lobe of the liver is d imin ished in height , and often t h a t of the 
dulness corresponding to the lef t lobe no trace is discoverable.* 

The most extreme degree of contraction of the liver occurs in 
the course of acute yellow atrophy. T h e liver, in th is affection, 
may very rapidly become so smal l as to s ink quite to the back of 
the abdominal cavity and lie against t he vertebral column. Coils 
of in tes t ine t h e n come in between the liver and the chest-wall, 
and the pulmonary percuss ion-sound may, as I observed in one 
case, in the f ron t and side of t h e chest pass directly into t h e 
tympani t ic in tes t inal sound. 

P E R C U S S I O N OF T H E S P L E E N . 

T h e spleen lies deep in the lef t hypochondr ium, i ts long 
diameter being directed obliquely f rom above and behind , down-
wards and forwards. I t s upper or poster ior end is s i tua ted close 
to the body of the t en th dorsal vertebra, in the concavity of the 
d iaphragm, and under the edge of the lef t lung, while i ts lower 
or anterior end is found behind t h e eleventh r ib near i ts free 
terminat ion, t ha t is, somewhat posterior to the middle axillary 
l ine. T h e anterior border of t h e spleen r u n s parallel with t h e 
n in th r ib, t h e posterior parallel wi th the eleventh. T h e organ 
is more or less rounded at i t s upper and lower ends. 

Percussion of the spleen can be carried out equally well while 
the pat ient is in t h e s i t t ing, s tanding, or recumbent p o s t u r e ; 
bu t in those cases in which the organ is enlarged, fo rming a 
t umour which projects beyond the marg in of the arch of the r ibs, 
percussion mus t be practised not only with the pat ient in the 
upr igh t position, bu t also while he is recumbent and, as the 
spleen is placed at some distance f rom the f ron t of the t r unk , 
t u r f e d somewhat to the r ight . The resul t obtained by percus-

* I n one case of cirrhosis which I saw the ascites was exceedingly slight in amount , 
a condition which was obviously owing to the fac t t ha t t he patient had almost daily, 
during a period of several weeks, a very profuse watery discharge from the bowel; t h e 
smallneBS of t he liver was for this reason very easily demonstrable. 



t Z Z r S ' m t l e ' h ? W 6 V e r ' a c c o r d i n ° « Person nnder 
examination assumes the one or the other posit ion. W h e n he 

S S S Z W 4 t h G S p l G n i C ^ d i s p l a c e d and 
t t f s w T t 7 ^ ' a S t h e S P I e e D s i ° k s ^ d is turned still fu r the r forward (inward) at i ts lower end, in such a 
way t h a t t he direction taken by i ts long diameter is no onge 
diagonal, as m he s tanding posture, but more nearly hor izont t 

extent) of I " 1 ™ *"»> * t h e d e s c e n * ( 2 - 3 ctm. in 
na Z i l T m a i ' g m ° f t h e l 6 f t w h e i ' e b J « larger 
pa r t of he upper posterior) end of the spleen is hidden by pul-

R R Y OWER (ANTETR) END °F THE OI°AN ^ 
^ T h l s displacement and d iminut ion in size of the splenic 
du nes is recognised by comparing t h e areas of dulness obtained 
in the upr igh t and r ight lateral posi t ions ; t he difference is often 
i ^ S T t 6 V e n t i l G ^ S p l 6 e n i S n ° r m a l - W , bu t 
I Z i i V 1 0 U S W h e n ifc i S e n l a r ^ e d - J t i s * almost every 

ins tance advisable to percuss in both posit ions al ternately 
comparison of the outl ine of the non-resonant areas provide a 

S ^ T ^ ^ ^ * ^ °f " 
r t J h e ? i ! T b e i n g 0 f c o m P a r a t i v e I y smal l Size, only 2 4 - 4 
c tm in thickness, and surrounded on almost all sides by a h , 
containing organs, gives a sound to percussion which is much 
less dull t h a n tha t of t h e liver. I n adul ts frequently, in children 
g nerally, t he splenic sound is not absolutely d u l l ? bu t merely 
s l ight ly muffled and at t he same t ime of tympani t ic quali ty - t he 
percussion-stroke employed m u s t therefore be gentle, o t h L S e 
vibration will be set up in the adjacent s t ructures the l ™ 
stomach and colon), and the muffled splenic sound will be 
a lmost lost m t h e clear sound so awakened. The stroke mus t 
also be delivered in the respiratory pause , as dur ing insp raTon 
he greater pa r t of the upper end of the spleen °is sh te ed 

behind pulmonary t i s s u e ; a very deep and ful l inspiration may 
even cause the splenic dulness to disappear entirely. Even after 
complete expiration, however, nearly the whole upper third of 
t h e organ, about 4 ctm. in length , remains covered by lung 
th is port ion of the spleen is accordingly not definable by percus-
sion - t h o r , g h exactly t h e contrary has been mainta ined by some 
authors . A t t ha t pa r t of the posterior thoracic surface which 
coincides with th is upper segment of the spleen, t ha t is, in the 
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space lying between the n in th and t e n t h dorsal vertebra? and the 
scapular line, no diminut ion in the in tens i ty of the percussion-
sound is heard , t he note being uni formly clear quite up to the 
lower border of the lung . As t h e upper t h i r d of the spleen is 
t h u s too deeply seated to be recognisable by percussion, it 
follows natural ly t ha t t he long diameter of t h e organ as indicated 
by th i s method of examination is one-third shorter than it really 
is anatomically. 

I n percussing f rom above downwards—preferably wi thout the 
hammer—between the left middle and posterior axil lary lines, 
t h e pat ient being in the s tanding pos ture and having h is left 
a rm sl ight ly raised, dist inct dulness is first obtained usual ly at 
t he upper border of the ninth rib, and at t he same t ime the 
sense of res is tance experienced in t h e finger is i nc reased ; t h i s 
marks the superior boundary of the splenic dulness . Th i s area 
of non-resonance extends downwards to the eleventh r ib or to i t s 
lower border, which is therefore regarded as the inferior boundary 
of t h e splenic du lness ; the muffl ing of t h e percussion-sound 
ceases at t h i s point , and is replaced by the clear note yielded by 
the bowel. Posteriorly the splenic dulness is bounded by the 
scapular line, from t h e n in th to t h e eleventh r i b ; i ts anterior 
l imi t coincides almost exactly with the middle axillary line, also 
between the n in th and eleventh r i b s . — T h e long diameter of the 
splenic dulness measures about 7 — 8 ctm. , i ts greates t breadth 
5 — 6 ctm. , while the actual length of the spleen itself is on the 
average about 12 c tm. , and its breadth about 8 c tm . 

W h i l s t t he spleen is easily definable between the n in th and 
eleventh r ibs in the axillary l ine, t h e del imitat ion of i ts anterior 
and posterior borders in the i r whole extent is an under tak ing of 
m u c h greater difficulty, and one which sometimes cannot be 
satisfactorily accomplished. Th i s is accounted for by the 
anatomical relations of the organ. Thus , t he upper pa r t of i ts 
posterior border lies deeply sunk behind lung-t issue, and is 
therefore not traceable by percuss ion ; the middle and a port ion 
of t h e lower par t of t h e same border, also, r un up to and overlap 
the convex edge of the kidney, so t h a t in th i s direction the 
splenic dulness is cont inuous with and indis t inguishable from 
the renal dulness . There remain accordingly of the posterior 
border only two small port ions, an upper and a lower, which 
may be isolated by percussion f rom the adjoining resonant pul-
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monary area. These po in t s be ing found they should be con-
nected by a sl ightly curved l ine, which will include and indicate 
wi th subs tant ia l accuracy those o ther points , lying between the 
two extremit ies of t h e line, which are not distinctly demonstrable 
by percussion. T h e anterior border of t h e spleen, covered, l ike 
t h e poster ior border , by lung in i t s upper th i rd , comes in i t s 
lower two-thirds into somewhat close proximity to the greater 
curvature of t h e s tomach, while i t s lowest th i rd is in immediate 
relat ion with the splenic flexure of t h e colon. If t he s tomach 
be dilated, as af ter a hear ty meal , t he tympani t ic or r inging 
metal l ic sound which i t t h e n gives modifies t h e dulness not 
merely of the anterior pa r t b u t of near ly the whole of the splenic 
area. The colon, also, when dis tended with gas, encroaches on 
the splenic dulness . 

T h e changes in form and dimensions which t h e splenic 
dulness undergoes may be caused b y dislocation of the spleen, 
by apparent and by actual en largement of the splenic area. 

"Very deep respirat ion is a t t ended by a slight dislocation of 
t h e spleen. I n inspirat ion the organ s inks somewhat in the 
abdominal cavity, b u t the space which i t renders dul l to percus-
sion becomes smaller, as i t s upper end is more fully shu t in by 
pulmonary t issue. I n t r anqu i l inspira t ion, however, no down-
ward displacement of t h e lower l imi t of t h e spleen is noticeable. 
The spleen is pushed still f u r the r f rom its normal s i tuat ion, and 
i t s area of dulness to a similar ex tent reduced or even caused to 
disappear, by lef t pleuri t ic effusion, pneumothorax, and pul-
monary emphysema. I n cases of pleurisy in which the fluid is 
so abundan t as to occupy t h e f ront as well as the back par t of 
t h e pleural sac, t h e splenic dulness and tha t due to the presence 
of the effusion cannot be defined f r o m each o t h e r ; if t he exuda-
t ion be unusual ly copious, and the d iaphragm be depressed, t h e 
spleen also is displaced and pro t rudes f rom under the costal 
arch.— I n lef t pneumothorax t h e splenic dulness may vanish 
completely; t he spleen, however, is commonly driven down-
wards by t h e weight of t h e p leura l effusion which is always 
poured out soon after t h e air h a s gained access to the p leu ra .— 
I n l ike manner t h e pressure of an emphysematous lung causes 
t h e spleen to sink to a lower point in the abdomen. I n a case 
of th is kind the splenic dulness is always greatly diminished in 
size, as the margin of t h e l u n g creeps downward over the upper 

par t of the-spleen to a considerable distance, whils t t h e actual 
descent of the organ, due to depression of the diaphragm, is 
comparatively t r i f l i n g . - I f t he spleen be dislocated upwards, as 
f rom ascites, i ts area of dulness is not traceable on the surface ; 
it t he displacement be the resul t of an extreme degree of 
me teonsm, the splenic dulness is invaded and lessened in size, 
as on the one h a n d a larger port ion of the spleen is covered by 
lung, and on the other the dul l sound i t renders to percussion is 
overborne by t h e loud and clear intest inal no te .—If the disloca-
tion be complete, if t he spleen have, in other words, become 
movable, percussion-dulness is entirely want ing in the region 
corresponding to the normal anatomical' situation of t h e organ. 

Apparent enlargement of the splenic dulness is produced when 
the hollow or air-containing organs in i ts immedia te vicinity are 
f rom any cause t ransformed into solid, airless s t ructures . The 
dulness of these solid organs t h e n becomes continuous with t h a t 
of the spleen. This is what takes place in cases of effusion con-
fined to the posterior lower par t of t h e pleural cavity, consolida-
tion of the lower lobe of the lef t l ung , engorgement of the colon 
with fecal masses, t umours of the liver of such dimensions tha t 
they reach over to t h e spleen, &c. Careful examinat ion, how-
ever, will suffice to establish t h e diagnosis of apparent enlarge-
ment of the splenic dulness f rom actual increase in the volume 
of the spleen itself, t he former condition being characterised by 
an irregulari ty of form which is str ikingly different f rom i ts 
normal oval or rhomboidal outline, and by the total absence of 
the usual shi f t ing of the area of dulness on al ter ing the a t t i tude 
of the pat ient , as on changing f rom t h e upr ight to the recumbent 
posture on the r ight side. T h e other me thods of physical 
examination also at once suggest t he merely apparent character 
of the augmenta t ion of the splenic dulness and indicate i ts 
special causes. 

Actual enlargement of the splenic dulness is t he resul t of 
enlargement of the spleen itself. The non-resonant area is 
normal as regards shape, bu t is increased in size in all direct ions; 
t he lines therefore which are represented above as bounding the 
normal splenic dulness are set more widely apar t , on account of 
the lengthening of the vertical and t ransverse d iameters of the 
splenic area. The extension of the dulness takes place most 
commonly downwards and backwards, when the swelling of the 
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spleen is moderate in degree ; when this is still greater the 
organ passes beyond i ts normal l imi ts anteriorly as well as in 
t h e other directions, and when t h e t umour is of unusua l dimen-
sions it pushes the diaphragm upwards* before it into the thoracic 
cavity, and percussion then shows tha t the upper boundary of 
t h e spleen 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 m u c h greater t han over 
t h e normal sp leen ; the percussion-sound of a large splenic 
tumour is as absolutely dull as t h a t heard over t h e liver, while 
the sense of resistance experienced in the percussing finger is 
augmented to a very unusual degree. T h e larger the spleen 
becomes in all i ts diameters the more easily definable is i t by 
percussion, the influence of the sounds given by the parts in the 
vicinity being eventually completely neutral ised as the hyper-
t rophy of the organ goes on. 

If the spleen forms a dist inct tumour , protruding from under 
the arch of the ribs, it mus t , except in some rare cases of dis-
location (movable or wandering spleen), be regarded as enlarged. 
W h e n it comes down in th i s 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 
na tu re of the swelling under consideration (see p. 328). As a 
confirmatory test, however, percussion is here of some import-
ance, as it shows tha t t h e 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 t h e 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 . 

* I n one case -which I observed, in which the whole abdomen was filled by an 
enormous splenic tumour, the apex of the hear t was found beating at the level of the 
four th rib ; immediately below this point also the absolute splenic dulness began. 

PERCUSSION OF T H E STOMACH. 

A small portion of the anterior surface of the stomach, and the 
larger par t of its great curvature, are in direct contact with 
the abdominal parietes anteriorly; the rest of the organ is 
covered over, partly by the left lobe of the liver and partly by the 
left lung. This portion of the stomach, t h a t which in front 
touches the wall of the abdomen, is bounded towards the r ight 
by t h e lef t lobe of the liver, and superiorly by the lower border 
of the left lung, which t u rn s backwards behind the sixth and 
seventh ribs, to the outside of the apex of the h e a r t ; the lower 
border of the stomach, its larger curvature, crosses the epigas-
t r ium from the left lobe of the liver to the lef t hypochondrium 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 t en th rib, and at the level of the sixth 
rib, in the anterior axillary line, meets the upper boundary of the 
organ. These are the l imits of the s tomach when it is in a s tate 
of only moderate distension. 

I t follows from what has jus t been stated tha t it is never pos-
sible to delimit the stomach in i ts whole circumference by means 
of percussion, but only so much of it as is not overlapped by 
other organs and is in immediate relation with the anterior 
abdominal wall. In examining the stomach the pat ient should 
be placed on his back, th is being the most convenient position 
for percussion in th is region. The upper l imit of the stomach 
should first be found, the line along which the clear pulmonary 
note gives place to one which is tympanit ic in qual i ty ; the 
boundary of t h e gastric area towards the r igh t may then be 
determined by following the edge of the hepatic dulness till i t 
ends in the lower margin of the cardiac dulness ; the delimitation 
of the superficial gastric area is completed by tracing the course 
of i ts lower border, which coincides with tha t of the greater 
curvature of the stomach (see above). T h e close proximity of the 
transverse colon, however, often proves a serious obstacle to the 
proper carrying-out of th is proceeding, as the percussion-sounds 
of the great intest ine and the s tomach are sometimes exactly 
alike both in intensity and pitch, when all tha t can be accom-
plished is usually merely to fix certain points in the line of the 
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lower boundary. I n otber cases, however, when the sound of 
the colon is h igher in p i tch t h a n tha t of the s tomach, the course 
of the larger curvature may be made out wi th much greater pre-
cision. The percussion-sound in the gastr ic area j u s t described 
is generally loud, clear, tympanit ic , and of low pitch. 

T h e gastr ic percussion-sound undergoes many modifications 
both in quality and in the extent of surface over which it is 
audible, according as the s tomach is empty, part ly filled, or 
completely and fully distended by i ts contents. 

W h e n the s tomach is empty a deep and clear tympani t ic note 
is heard over i ts whole e x t e n t ; but if i t be so ful ly occupied by 
fluid and solid mat ters t ha t but l i t t le space is left in it for air , 
t he region of tympanici ty is diminished in size, and at t he 
dependent par t s of the great curvature the sound is often 
muffled, when it becomes easy to dis t inguish it f rom the tympa-
nit ic sound of the t ransverse colon, provided also tha t th is pa r t 
of the intest inal canal is not in a similarly overloaded condit ion. 
I f t he s tomach contain only a moderate quant i ty of solid ma t t e r s 
there is no muffl ing of t h e percuss ion-sound; if there be also a 
considerable volume of air present the sound may even be 
tolerably clear, so much so as to become indist inguishable f rom 
t h a t of the co lon .—When the s tomach is overcharged with food 
the tympanit ic gastr ic area is also considerably altered in extent , 
t h e above-described lower boundary-l ine, represent ing the larger 
curvature, being sh i f ted fu r the r downwards, to a greater distance 
f rom the upper l imit of the tympanici ty proper to the s tomach 
(the sixth r i b ) ; t h e somewhat crescentic gastr ic area is t h u s 
increased in diameter , i t includes t h e whole left hypochondrium, 
overspreads and m a s k s the anterior pa r t of the splenic dulness 
and to some degree also tha t part of the hepatic dulness which 
marks the left lobe of the l iver.—If the s tomach be widely 
dilated by gas, so tha t i ts 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 metall ic rod is 
used (see p . 106). W e r e i t possible to elicit th is metallic sound 
over the whole of the gastric area, we should have in t h i s 
system of percussing with a small rod of metal a means of fixing 
t h e boundaries of t h e s tomach with almost absolute exactness. 
Th i s method of examination h a s been elaborated particularly by 
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Leich tens tem, but the resul ts it yields are far from being per-
fectly satisfactory, as the metall ic sound so produced is not only not 
heard over the whole of t h e region corresponding to the s tomach, 
but is also sometimes audible over the transverse colon when it 
is inflated with gas .—There is still another method, however, 
described by Frer ichs ,* whereby the outl ine of the stomach may 
be traced on the surface with somewhat greater precision. To 
the pat ient to be examined is administered a quant i ty of tar tar ic 
acid, followed up by a like quant i ty of bicarbonate of soda dis-
solved in w a t e r ; effervescence takes place freely within the 
stomach, which i s soon distended by the carbonic acid gas dis-
engaged. ^ W h e n in th is condition the s tomach, which often 
forms a visibly prominent swelling in the epigastric region, gives 
a deep, tympanit ic , and metall ic percussion-sound, frequently of 
a strikingly different character f rom tha t rendered by the t rans-
verse colon.—Another method sometimes adopted to dis t inguish 
stomach from bowel by percussion, is to fill the former with fluid, 
when the sound obtained along its lower border, t he pat ient being 
in the upr ight position, will be found to be dull . 

The tympanit ic gastr ic area which is here represented as 
associated with a med ium s ta te of dilatat ion of the s tomach, m a y 
appear to be dislocated, increased, or decreased in size. 

The stomach is dislocated downwards in those conditions in 
which the diaphragm is depressed,—copious pleurit ic effusion, 
pulmonary e m p h y s e m a ; it is displaced upwards when the dia-
ph ragm is caused to rise to a h igher level in the thorax, as by 
ascites, or large abdominal tumours . 

The gastr ic 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 t he space which the s tomach renders tympa-
nitic to percussion occurs in cases of pathological dilatation of 
the organ. I t is one of the s igns f requent ly observed in gastric 
catarrh of long durat ion, and more especially in connection with 
str icture of the pylorus ; in these circumstances the s tomach is 
dilated along i ts greater curvature, i ts lower boundary sinks 

* I n like manner Schreiber has proposed to pass into t h e stomach an oesophageal 
tube, to which is a t t ached a smal l india-rubber ba l loon; t h i s balloon, when i t reaches 
the stomach, is inflated by blowing t h r o u g h the tube, a n d t h e organ is in th is way 
distended wi th air. 



sometimes even as low as tlie umbil icus, while to the r ight i t . 
may extend far over the middle line, and to t h e lef t may pass 
beyond the axillary line, so tha t t he whole upper, and occasion-
ally also the middle portion of t h e abdominal cavity is occupied 
by the dilated organ. Throughou t the whole of th is region t h e 
percussion-sound is tympanit ic , and a t some par t s may possibly 
be of a r inging metall ic character, if t he s tomach contain chiefly 
air and only a relatively small proport ion of fluid. I f t he 
s tomach-contents consist mainly of fluid, and if t he abdominal 
wall be soft and lax (as it generally is, these cases being usually 
marked by excessive emaciat ion), t he gastr ic percussion-sound 
undergoes considerable modification on al ter ing the position of 
the pat ient , and in th is way the delimitat ion of the pa r t may be 
greatly facili tated ; t hus , in the upr igh t position the fluid gravi-
t a tes to the lowest level within the s tomach, and the sound 
along the greater curvature becomes much less resonant and 
more readily dist inguishable f rom the clear tympanit ic note of 
the colon. The lateral l imits of the stomach may be determined 
in like manner , by t u rn ing the pat ient first to t h e r ight and t h e n 
to the left s ide; t he fluid, as before, seeks t h e lowest level, when 
the previously clear tympanit ic percussion-sound at t he 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 T H E I N T E S T I N E . 

The percussion-sound of the great and small intestine is, in 
hea l th , always tympani t ic . The pi tch of t h i s tympani t ic sound 
is different at different points on the abdominal surface, and is 

subject to constant variation ; t h i s al terat ion in pi tch is in 
general caused by t h e very variable condition of the bowel with 
regard to the amount of gaseous and solid mat te rs it contains, 
and by the consequent variation in the tension of the walls of 
the intest ine. Though a definite s ta tement , therefore, of the 
points at which the tympanit ic percussion-sound will be found to 
be lower or higher in p i tch cannot be made, t h e general ru le may 
nevertheless be laid down, t ha t over the small intest ine the 
sound is h igher in pi tch than over the large intest ine. 

The tympani t ic intest inal sound is most exquisitely developed 
at those points at which the abdominal coverings are not too 
tense, a t which, accordingly, they do not interfere with or muffle 
the percussion-note. I t is t hus always more or less diminished 
in resonance when the pat ient s tands, th is being the result chiefly 
of the tension of the recti muscles ; a large accumulat ion of fat 
in the subcutaneous t issues has the same effect on the sound. 

T h e rais ing and lowering of the p i tch of the tympani t i c 
intest inal sound so often observed in disease are generally refer-
able to definite pathological causes. If there be an unduly small 
proportion of gaseous mat te rs present in the intest ine the lat ter 
is diminished in calibre, (as in ascites, in which the fluid presses 
on the bowel), and i ts percussion-sound r ises in pi tch ; t hus , in 
a case of ascites in which the small in tes t ine is compressed into 
much less t h a n i ts normal bulk, t h e sound above the level of the 
effusion is acutely t ympan i t i c .—When , on the other hand , the 
bowel is tensely inflated with gas , t he abdominal percussion-
sound becomes deeper in pi tch, but not t y m p a n i t i c ; t h i s is 
observed, physiologically, af ter a heavy m e a l ; pathologically it 
occurs in peritonitis, in typhoid fever (from paralysis of the mus-
cular coats of t h e bowel), and in cases of s tr icture of the intestine, 
from the obstruction set up to the onward passage of the intes-
t inal contents . T h e sound is lowered in pi tch, because a larger 
body of air is thrown into vibration, bu t it is not rendered tym-
panitic, as the wall of t he intestine as well as the air it surrounds 
is caused to vibrate (see p . 91). 

If a port ion of the bowel, s i tuated above a s t r ic ture , be widely 
distended with gas, a r inging metallic percussion-sound is heard 
over it, while below t h e point of constriction the whole intest inal 
tube is reduced in lumen and therefore gives no such sound to 
percussion. 



The intensi ty of t h e tympani t i c note varies very much at dif-
ferent points on the surface of the abdomen, these changes being 
dependent on the a m o u n t and na ture of the intest inal contents . 
The more solid the matters-dying in the bowel, and the less the 
proportion of gas mixed up with them, the less the intensi ty of 
the tympani t ic sound. Thus , a t those pa r t s benea th which lies 
the in tes t ine loaded with large masses of fecal material , t he 
sound acquires t h e dull tympani t ic charac te r ; in the left iliac 
region particularly, when the descending colon is filled wi th 
retained excreta, t he percussion-note is less clear than at t he 
corresponding point 011 the r igh t side. Nevertheless the sound 
is never absolutely dull , even when the accumulation becomes 
enormous in amount .* 

If , on the other hand , the intest ine contain l i t t le solid m a t t e r 
but a large quant i ty of gas, t he percussion-sound becomes very 
loud, but , a t t he same t ime, loses i ts tympani t ic character if 
t he intest inal walls are so t ense as to be capable of enter ing 
in to s imul taneous vibrat ion. 

Accumulation of gas in the •peritoneal sac, most commonly t h e 
resul t of perforat ion of t h e intes t ine, somet imes also owing to 
the disengagement of gas f rom a put r id peritoneal effusion, and 
in rarer cases caused by the burs t ing of a pyopneumothorax 
through the d iaphragm, may give rise to the same intumescence 
of the abdomen as in tes t inal meteor ism.—The percussion-sound 
in such cases is often in no way different from t h a t of the las t-
ment ioned affect ion; occasion ally, however, it is of a r inging 
metallic quali ty. F u r t h e r , if t he gas burrow upwards between 
the anterior surface of t h e liver and the abdominal parietes, t ha t 
is, to the h ighes t point within the abdomen when the pat ient 
lies on h is back, forcible percussion elicits a clapping or flapping 
sound, resembling tha t obtained over the stomach or bowel af ter 
removal f rom the body, due to t h e collision of the flaccid and 
only partially distended walls of these par t s when s t ruck 
w i t h the percussing i n s t rumen t . I n both instances the sound 
originates in t h e sudden escape of the layer of air which is 
compressed by the percussion-stroke.f I n cases of th is na ture , 

* Bar th records the case of a boy who presented two large intestinal fecal tumours, 
one of which measured 12 ctm. in diameter, over which the percussion-sound was not 
absolutely dull, bu t of dull tympanit ic qual i ty . T h e mass which occupied the bowel 
was found, a t the post mor tem examination, to weigh 6 kilogrammes. 

f Chomjakoff, on the contrary, explains the clapping sound heard on percussing 

also, percussion of the lower and posterior par t s of the abdomen 
usually reveals the presence of fluid effusion, as along with the 
intest inal gases a quant i ty of the liquid contents of the bowel 
escapes into the peri toneal cavity, and th is very speedily excites 
a diffuse per i toni t is with exudation, if t he orifice in the intest inal 
wall be not at once closed by adhesive inf lammation. 

m u i a l ^ o f L ^ f S t 0 C 0? f°U 1 i d i n t e s t b m l m e t e o r i s m ^ h an accu-s a t i o n o gas n the peritoneal sac, in view of the violence of the 
symptoms by which the latter accident is a t t ended , - the s gn oFper-

w M c M h e a t - o ^ S e q U f f , P e ^ ° B i t i S - T h e P ™ ^ 1 P k j s i S sign on which the diagnosis of the entrance of intestinal gases into the neri 
S T / ? ! ,.1S disappearance of the hepatic dulness on both 

sides of the median line, as the bubbles of gas seldom fail to make 

F L U I D E F F U S I O N IN T H E P E R I T O N E U M . 

d i l G e f f n i 0 ? W b i c h d 0 e s n 0 t r i s e a b o v e t b e pelvic cavity is not 
discoverable by percuss ion ; as i t increases gradual ly in quant i ty 
however, and extends upwards into the abdomen, it renders nil 

^ T t r 0 U n d ° V e r m ° r e a n d m ° r e 0 f t h e l ° w e r abdomin 
fi f e T w h h T b e fl ^ T S t a n d S e r 6 C t - W h 6 n t h e W h 0 l e n is filled with the fluid the sound is a t all points dull, but the dulness 
becomes absolute only when the effusion is so abundant as to press 
heavily on the bowel, the la t ter being t hus to a great extent emptied 
ol air and so compressed as to occupy much less space t h a n 
normally. Nevertheless, on s inking the pleximeter deeply into 
the abdominal t issues, and in th is way pushing aside a port ion 
ol t he fluid, t he previously dul l sound is made somewhat clearer 
oy the accompanying tympanit ic intest inal sound. Very fre 
quently t h e air-filled coils of in tes t ine are floated up on the 
surface of the fluid, and are therefore detected above t he area of 
du lne s s ; m such circumstances the sound will be found to be 
ol clear tympani t ic quali ty on percussing with a gentle stroke, 
ana ol t he dull tympanit ic variety on percussing forcibly and 

: r e d
b b g f a r e m t e r P ° s e d between the liver and the abdominal coverings as 

s t r Z T Í ? ° f t h 6 S e P a r t S a g a i D S t e a c h o t h e r w h e * o b j e c t e d to an enerfe t lc 
2 a ^ r d w i t h H r T r f f e r e d a b ° V e ' h ° W e y e r ' S e e m S t 0 m e m o r e n a t o a l and more i m ° S t S e n e r a I 1 y recognised as satisfactory in the case of 
close analogy p h e n ° — t o w h i c h t h e * * ™ * e r H u s s i o n presents a 



pressing the pleximeter firmly down.—If the ascites he moderate 
in degree the dulness is always attended by the tympanitic 
intest inal 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 par ts of the abdomen. On tu rn ing to the r ight 
side, accordingly, i t sinks to the r ight , and to the left on turning 
to t he left side, t he sound invariably becoming dull at the deeper 
parts , and clear (tympanitic) in those which are for the t ime 
being uppermost and which are occupied by the movable mass 
of the intestines. Similarly the sound in t he lower abdominal 
region, which in the upright position is rendered absolutely 
dull by t he subsidence of the ascitic fluid to t ha t part, clears 
considerably in t he dorsal recumbent posture, as the effusion 
is then more equally diffused throughout the abdominal cavity. 
This modification of the percussion-sound with t he varying 
at t i tude of the body is quite as positive an indication of 
t he presence of free fluid in the abdomen as the sensation of 
fluctuation formerly described; it is a point therefore of h igh 
diagnostic importance, and one of which full advantage is always 
taken in the examination of cases of ascites. I n doubtful cases, 
in which t he effusion is limited to t h e deeper par ts of the 
abdominal cavity, and is not abundant enough to yield the 
sensation of fluctuation, or to give rise to any very distinct 
muffl ing of the percussion-sound, a comparison of the sounds 
obtained in the flanks in the dorsal recumbent posture and in 
the r ight and left lateral positions is of itself generally sufficient 
to just ify a positive diagnosis. I t is only when the peritoneal 
effusion is unusually abundant t ha t 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 tha t i t is precisely in these extreme 
cases of ascites tha t th is diagnostic aid is of least moment as a 
method of examination, the na ture of t he affection being evident 
enough from the other signs. 

Percussion indicates also the level to which the effusion 
reaches in the abdominal cavity. Over the whole space taken 
up by the fluid, as far as i ts margin, the sound is du l l ; above 
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this point, m 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. 

I n cases in which the effusion is excessive in amount it is 
sometimes found to be impossible, when the pat ient 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 5—1 ctm. of its actual l i m i t ; 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 punc tu re ; the most weighty consideration 
m th is 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 cedemo 

f w f n S fleTS#ellula• t i 8 S U e- A s c i t e s - connec ted ^ any 
other form of fluid effusion is observed in those diseases of the ab 
i ° r T n l ° , r g a n S r h 8 1 V V T t 0 of the portal circulation 
particularly in diseases of the liver (cirrhosis) and in the differen 
I Z t G l d e g r e ? t l 0 n ° V ' h e P^ i toneum,- /ancer , and more rarely 
tuberculosis.—Ascites is also found accompanying general droosv 
whether the latter be dependent on congestion of t L ^ s t e m i c vems' 
a s m cardiac and pulmonary affections, or on diseases which lead to 
impoverishment of the blood in respect of albumen, such a nephritis 
amyloid degeneration of the kidneys, &c. In all these condi ons 

Z bodv ° r r r 7 a f t 6 r % d 6 m a b a S a PP C a r e d °«ier Part 
the body,—m heart diseases, for example, usually only when the 
dropsical effusion has reached as high as the thigh.-Ascites is also 
often complicated by edema of the abdominal wal l . -The pos bfl v 
of nnstakiy ovanan dropsy 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 thin that 
overT f e , f e l t t h T g h th%abd0mina l the tumour then giring over its whole surface a uniform feeling of fluctuation. These affec° tions are distinguished from each other partly by the results of va^nal 

a
e ™ a , 1 0 K ^ W i U C h " f C>'st ^ b e r e a °hed with the finger 

and partly by percussing while the patientis placed in the various pos 
a ' r e a d y described ; m ascites the percussion sound varies wih 

every change of attitude on the part of the patient, in ovaZnd,o2 
it does not. Occasionally, however, the two conditions are combined 



the ascites arising either from some cause independent of the ovarian 
affection 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 E F F U S I O N S . 

These are formed by the adhesion of neighbouring parts to 
each other f rom inf lammat ion of their peritoneal envelope, and 
t h e inclusion of the inf lammatory exudation within the space so 
shu t in . Per i toneal effusion may be encysted at any point 
within t h e a b d o m e n ; th i s occurs relatively most often in the 
ileocascal region, where i t is caused either by inf lammation of the 
ciecum and of the per i toneum, or by perforat ion of the processus 
vermiformis . 

T h e percussion-sound at t h e par t s a t which the fluid is con-
fined is dull or muffled, t h e intensi ty of t h e dulness, other 
t h ings being equal, being dependent on the amount of the exuda-
t ion . The sound undergoes no alteration on changing the at t i-
t ude of the body, a point which dis t inguishes it a t once f rom free 
peritoneal effusion ; fluctuation is want ing also, or is only feebly 
appreciable over a very circumscribed area. 

T h e differential d iagnosis between encysted exudation and 
tumours , local affections which may present substant ia l ly t h e 
same signs to palpation and percussion, is based on a considera-
t ion of the fur ther details of t h e clinical examination, t he history 
of the case, t he origin and course of the disease, &c. 

PERCUSSION OF THE K I D N E Y S . 

I t is practically impossible to delimit t he kidneys with any 
degree of precision by means of percussion. This fact is ex-
plained by the anatomical relat ions of the organs. I n the first 
place, those par t s of the poster ior abdominal wall which coincide 

with the anatomical position of t h e kidneys, ( the space included 
between the lower edge of the eleventh dorsal and the upper edge 
of the th i rd lumbar vertebras, according to Luschka) , are covered 
by a th ick layer of muscles, t he sacrospinalis and quadra tus 
l umborum, which of itself produces a very considerable muffl ing 
of the percussion-sound. F u r t h e r , t he kidneys in the greater 
par t of the i r extent are in immedia te relation with organs which 
give a dull sound to pe rcuss ion : t hus , t he upper end of the 
r ight kidney is over-arched by the lower edge of the liver, t he 
upper par t of the lef t kidney borders on the spleen, the inner 
concave marg ins of both kidneys lie close to the t ransverse pro-
cesses of the vertebras,—all par t s which are non-resonant to 
percussion. A t only two points are the kidneys in contact with 
ai l-containing o r g a n s : they are in apposition with the colon 
along the lower half of the i r external convex border and at the i r 
lower ends, a t which spot therefore the dull renal sound and the 
tympani t ic note yielded by t h e colon m a y b e sharply defined f rom 
each other . T h e capsule of fa t i n which the kidneys are em-
bedded should also be ment ioned as one of the factors which 
tend to increase the uncer ta in ty which a t tends the delimitat ion 
of the organs by percussion. W h e n th i s fa t ty envelope is well 
developed it may, according to t h e measurements of Pansch , be 
as th ick below the kidneys as the kidneys themselves in the i r 
middle portion ; in such cases therefore, which are far from being 
rare, t h e renal dulness extends fu r the r downwards than is in 
keeping with the position and size of the organs. I n fact t h i s 
dulness, notwi ths tanding tha t t he lower end of the kidney comes 
generally only to within 3 — 5 c tm. of the crest of the i l ium 
(Pansch), often reaches to very near th i s bone, where it is lost in 
the tympanit ic note given by the colon. 

F r o m the foregoing account of the relations of the par ts it will 
be obvious tha t a t its upper and inner borders the kidney can not 
be delineated on the surface by means of percussion, t ha t even at 
i ts lower end th is can be accomplished only very imperfectly, and 
tha t t he sole portion of the renal area tha t can be clearly marked 
off from the adjacent colon is i ts outer convex margin , from about 
the middle downwards, si tuated usually at 10 c tm. f rom the 
spinous processes of the corresponding lumbar ve r t ebra . At th is 
point t h e dull renal sound is exchanged for the tympanit ic note of 
the large -intestine. 



I n very muscular subjects percussion of the kidneys yields 
absolutely no resul t which is of any practical diagnostic va lue ; 
t h i s applies also to the practice of percussion in those whose 
t issues are loaded with fat, or who suffer f rom extreme distension 
of the bowel, engorgement of the liver or spleen, ascites, &c. 
Bear ing 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 tha t i ts applicability should be limited almost 
exclusively to the ra ther rare cases of dislocated (movable, 
floating) kidney. I n th is condition the lumbar region 011 the side 
affected is sometimes clearer to percussion than the other ; in two 
out of six cases of dislocation of the r ight kidney which I have 
observed, the sound over a somewhat extensive area in the r ight 
lumbar region was of dull tympani t ic quality, while in the four 
remain ing cases no difference whatever was discernible between 
the two sides. I n none of the other diseases of the kidneys is 
percussion employed as a method of physical examination, as the 
indications it fu rn i shes are not reliable. The most common of 
t h e diseases of the kidneys, t he various forms of nephri t is , are 
recognised with so much ease and certainty by the changes to 
which they give rise in the ur ine and by the occurrence of dropsy, 
t h a t as a ru le there is no necessity for fall ing back on percussion, 
and there is t he less occasion for it as the kidney, when inflamed, 
undergoes no such degree of enlargement as is discoverable in 
th i s way. I t is likewise impossible to demonstra te by percussion 
the contraction of the kidney which takes place in the third stage 
of nephr i t i s . There remain, therefore, as objects to which per-
cussion of the kidneys may be advantageously directed, only the 
larger kinds of renal t umours , such as those due to hydronephrosis . 
The sound in such cases is dull over a very wide a r e a ; even 
here , however, percussion is not indispensable, as the swelling 
may be distinctly felt with the hand through the abdominal 
wall. 

PERCUSSION OF T H E B L A D D E R . 

The bladder, when empty, does not rise above the pubes ; when 
widely distended with ur ine, however, it projects upwards from 

the pelvis into the abdomen and forms in the hypogastric region, 
provided the skin of the part be lax and soft, a pyriform efastic 
t umour which is readily detected by pa lpa t ion .—The percussion-

• sound over a bladder tensely distended with ur ine is absolutely 
dull. All risk of confounding such a swelling with any other 
pathological condition is obviated by simply int roducing a 
catheter into the b ladder ; if on account of the state of the par t s 
(as f rom enormous hyper t rophy of the prostate) it is found to 
be impossible to pass an ins t rument , t he question whether 
the t umour is or is not the b ladder ,—a question of pr ime im-
portance, having in view the fact t ha t in such cases puncture 
of the bladder is sometimes called fo r—may be sett led by a 
consideration of the history of t h e case, by the circumstance 
tha t for some t ime no ur ine, or but a very smal l quanti ty, has 
been passed, and by not ing tha t t he swelling, in contradistinction 
to t ha t of ascites, retains the same dull percussion-sound in 
all t he different a t t i tudes tha t t he pat ient assumes. T h e non-
resonance to percussion dis t inguishes th i s condition at once 
f rom intest inal meteor ism. I t occasionally happens, though 
comparatively rarely, t ha t a coil of intest ine becomes fixed 
between the bladder and the abdominal wal l ; here t h e sound, 
on percussing gently, is of a tolerably clear tympani t ic character ' 
t ha t obtained in answer to a more forcible s t roke being of a dull 
tympanit ic quali ty. T h e degree of distension of the bladder, if 
t he upper end of the organ be not appreciable by inspection a'nd 
palpation, is indicated by the upper boundary of the area of 
dulness . 

PERCUSSION OF T H E U T E R U S . 

•Dur ing pregnancy, or in cases of pathological enlargement , 
percussion of the u terus gives no informat ion which cannot be 
elicited with much greater dist inctness by palpation. T h e 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, tha t 
is, when it rises out of the pelvis into the abdomen. 

As a general ru le the enlarged u terus lies immediately behind 
the abdominal wall, t hough in certain cases these par t s are 
separated by coils of intest ine, when the percussion-sound takes 



on the same modifications as t ha t 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. 

A U S C U L T A T I O N O F T H E A B D O M I N A L O R G A N S . 

THE phenomena observed on auscul ta t ing the abdominal organs 
per tam with the exception of the sound heard over the u terus in 

t l l f Z . T p r e g n a n c y ' a l m 0 S f c e x c l u s i v e ] y to the digestive 
appara tus , they are constant in only a few isolated pathological 
conditions, and are as a ru le merely accidental and irregular in 

A 3 / n r ' t l 0 U i a t t i m 6 S t h e y m a ? a I s o b e produced a t will. 
A methodical application of auscultat ion in the examination of 

a s ^ m o Z 1 ^ , ° r g a n S i S t h r S c a r c e l y p r a c f c i c a b l e ' ifc i s - p l o y e d 
7 O C C a s i o n a % ' t h e r e f o r e , when dealing 

w th affections which are known to present signs appreciable by 
auscu1 ation. I t is of importance, however, to be acquainted 

U n a l 1 7 S T ? W M c h ° V i g i m t e h i t h e gastro-intest inal 
canal, as certain of t h e m reach the ear when auscul ta t ing the 
low« f Par t of the thorax and the cardiac region, where they 

h T w soARRPANJAND MODIFY THE RESPIRAT°^ 
S e x i n ? ; T a n d m m ' m m ' S i n S U C h a ^ a s prove per-
plexing to the inexperienced examiner, who is apt to consider 
t h e m as sounds actually developed within the chest . 

AUSCULTATION OF T H E (ESOPHAGUS. 

Thi s method of examination, recommended strongly by H a m -
burger as an aid to diagnosis i n diseases of t h e oesophagus, is 
based on the circumstance tha t t he act of degluti t ion, whether 
the substances swallowed be fluid or solid, is at tended by the 

C h ~ t i C ^ * u P P e r P - t of 

The cervical par t of the (esophagus is bes t auscultated by 

S i t 1 T ° n t h e l e f t S i d e 0 f t h e n e c k ' c l ° s e to and 
behind the trachea, a t any point between the hyoid bone and the 
2 n o 7 7 - / ° S S a ; m T U r S a r i S i n g the thoracic port ion 
are most readily recognised close to the lef t side of the spine 
from the level of the las t cervical to the e ighth dorsal v e r t e d ' 

i n normal conditions there is heard in the cervical portion of 
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t he oesophagus a r inging gurg l ing sound when fluid is swallowed; 
a similar s o u n d , b u t weaker, is audible over t h e thoracic par t 
I n stenosis of t h e oesophagus, when t h e constriction is so great 
t ha t even fluid passes slowly and with difficulty, i t is sometimes 
not iced tha t below the str icture t h e sound follows degluti t ion a t 
an abnormally long interval and is also to some extent enfeebled, 
bu t these signs never occur with such regulari ty or constancy as 
to enable one to determine t h e precise point a t which the canal 
is narrowed. T h e fact t ha t in such cases fluid takes a longer 
t ime to reach the s tomach and enters i t more slowly is also m u c h 
more clearly appreciable on auscul ta t ing in the epigastr ium t h a n 
over the thoracic par t of the oesophagus. I n a case of inversion 
of t h e viscera which I examined the s i tuat ion of the oesophagus 
to t h e r igh t was indicated by the presence of deglut i t ion-mur-
m u r s on tha t side of the neck and the i r absence on t h e left. A 
m u c h more marked m u r m u r , and one therefore much better 
adapted for auscultat ion, is generated by dr inking fluids t h a n by 
swallowing solids. 

AUSCULTATION OF THE GASTRO-INTESTINAL CANAL. 

The phenomena revealed by auscultat ion of t h e gas t ro in t e s -
t ina l canal consist of murmurs , of which some are spontaneous 
while others (and t h e greater number) are produced voluntarily. 
T h e presence of fluid in the s tomach or bowel is necessary to 
the existence of these m u r m u r s ; they are in a few rare cases due 
to other causes, which will be ment ioned fu r the r on. On agitat-
ino- the fluid contained in the s tomach or in tes t ine by pressing 
repeatedly and quickly on t h e abdomen, a loud r inging metal l ic 
splashing or gurgl ing sound is hea rd , which may be detected 
without br inging the ear close to t h e abdominal wall, or even at 
some distance f rom the pa t ien t . I t is identical wi th t h e 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 condi t ions ,—the agitat ion of fluid and air m a 
closed cavity present ing the conformation, &c., necessary to the 

development of consonance. 
These murmurs , part icularly those ar is ing in the s tomach, 

are very frequently noticed, in perfectly heal thy persons shortly 
af ter food or a large volume of fluid h a s been taken, when t h e 
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contents of the stomach are thrown into commotion by makino-
sudden pressure on the upper par t of the abdomen. They also 
somet imes originate spontaneously, independent ly of any mecha-
nical dis turbance of the par t s adjoining t h e stomach, ' but are 
then scanty and feeble and audible only th rough the stetho-
scope or with the ear applied directly to the surface. They not 
unf requen t ly seem to depend on the upward and downward 
movement communicated to the s tomach dur ing respirat ion. 
E v e n the simple movement of t h e pa r t s concerned in the act of 
degluti t ion may be accompanied by a scanty m u r m u r , appreci-
a b l e ^ auscul ta t ing the s tomach, and closely resembling the 
r ing ing metall ic r â l e s ; on actually swallowing a li t t le fluid 
moreover, these sounds increase great ly in intensi ty. 
" The spontaneous gastric m u r m u r s above ment ioned are some-

t i m e s so distinctly audible over the posterior lower par t of the 
thorax and in the cardiac region tha t one unski l led in ausculta-
tion, when examining these par ts , m igh t very readily fall into 
t h e error of regarding them as t r u e pu lmonaiy metall ic râles • 
the i r generally rapid disappearance, however, the i r i r regular i ty 
with respect to the period of respiration at which they occur, and 
the fact t ha t they are heard even when respiration is suspended, 
are a 1 points which suffice to s tamp t h e m as m u r m u r s ar is ing in 
the s tomach or m the aoljacent portion of t h e colon 

W h e n the stomach, dilated f rom pathological causes, contains 
a large quant i ty of fluid as well as gas, and when in addition to 
th is i ts walls are soft and flaccid (as they generally are), sudden 
pressure m the upper abdominal region gives r ise to numerous 
r ing ing splashing or gurgl ing sounds, f requent ly audible even at 
a d i s t a n c e , - s o u n d s which, in proport ion to the violence of the 
dis turbance of t h e s tomach, are dis t r ibuted over a large par t of 
the abdominal surface superiorly or even, as I observed in one 
case over nearly the whole of the abdomen. Th i s physical sign 
together with others already mentioned, is diagnost ic of dilatation 
of the s tomach or of t ha t condition of the organ in which food 
and fluid are detained in it for an unusual ly long period In 
such cases also a n u m b e r of fine râles may be detected on auscul-
ta t ing, without making any pressure with the hand on or near 
the ep igas t r ium; these spontaneous râ les are doubtless due to 
fermenta t ion of the contents of the stomach and the consequent 
iormation and burs t ing of bubbles of gas . 

2 B 2 



Gurgl ing or splashing sounds similar to those arising within 

t h e stomach may he produced also in 
contents are t h in and watery, by shaking and pressing upon he 
abdomen. Th i s is observed in all cases of diarrhea; i t is t h e 
louder the greater the quant i ty of fluid, and is therefore exceed-
ingly well marked in cholera, in which the paralysed intest ine 
often found enormously distended with watery discharge. T h i s 
gurgl ing may be audible over the whole a b d o m e n - t h o u g h not 
usually in equal in tensi ty at all p o i n t s - o r only at certain par ts 
Of hose coming under t h e la t te r category, t he circumscribed 

intest inal soumfs, t he mos t note-worthy ^ ^ 
point of view is t ha t elicited by pressure and l imited to t h e 
S T L o l region, occurring especially in typhoid f e v e r , h o r n e t 
wi th also in simple catarrh of t h e i leum and c * c u m . - Gurg l ing 
m v also be developed spontaneously within the bowel m case 
of diarrhcea, when the fluids are urged quickly onward f rom one 
par t of the in tes t ina l tube to another by p o w e r f u l peristal ic 
action or when the bowel is compressed by the contraction of t h e 
abdominal musc le s ; in these circumstances the action of t h e 
muscles of t h e abdomen and intest ine gives rise to the same phe-
nomena which in t h e cases ment ioned above are mechanically 
excited bv the force of the h a n d of the examiner . 

Such sounds, however, do no t depend solely on the presence 
of fluid in the intest inal cana l ; they may be caused by the rapid 
passage of gas t h rough t h e bowel, as the resul t of increased 

P e W i t h t L a s t r u m b l i n g noises (borborygmi), in Germany described 
onomatopoietically by the t e rms « kollern, poltern gurren . every 
one is sufficiently fami l ia r ; they are often heard when the s tomach 
and bowel are empty , as after a prolonged fast , very frequently 
in d i a r r h e a l conditions they are t h e immediate precursors of an 
evacuation of the bowels, while in many who are subject to flatu-
lence their cont inual occurrence becomes a troublesome and 
annoyin* habi t . I n diarrhoea they are sometimes accompanied 
by colicky pains passing rapidly over the abdomen m the direc-
t ion of the colon. Not unfrequent ly they cease spontaneously, 
bu t relief is complete and last ing only when the wind escapes 

byinecaTesS'of perforation of the bowel, murmurs of a blowing 
amphoric character may be developed, when the opening is suffi-
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ciently wide to permi t of the free intercommunicat ion of the gases 
contained in the intest ine with those which have already entered 
the peritoneal sac. These sounds are synchronous with the 
respiratory movements , and are louder in inspirat ion t h a n in 
expiration (Tschudnowsky) ; i t is to the inspiratory descent and 
the expiratory ascent of t h e d iaphragm tha t they are to be 
ascribed, as by the former the in t ra-abdominal pressure is greatly 
increased and a quant i ty of gas driven t h rough the opening into 
the peritoneal cavity, while by the la t ter t he pressure is relieved 
and a certain proport ion of the gas caused to re-enter the 
bowel through the perforation. Th i s amphoric sound, on the 
other hand , when i t is not spontaneously audible and does not 
happen to coincide with t h e respiratory movements , may be 
artificially produced by exercising sudden rapid pressure on the 
abdomen and at t h e same t ime l is tening ei ther wi th the ear 
applied directly to the surface or th rough the s te thoscope; t h e 
gas is olisplaced from the par t s under the hand, a port ion of it 
pass ing into the intest ine when the perforation is still pa ten t 
and of sufficient width (Sommerbrodt ) . I f , however, t he opening 
in the bowel be small , as it mos t commonly is, or closed up by 
inf lammatory products , no t race of these amphoric sounds can 
be discovered; but as in per i toni t i s f rom perforation of t h e 
in tes t ine 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 t h e abdomen, or on 
grasping it between the h a n d s and shaking i t ,—provided such 
rough hanolling is bearable, considering t h e acuteness of the pain 
by which these cases are usually characterised. The severity of 
the symptoms which accompany peri toni t is f rom th is cause 
affords a ready m e a n s of d is t inguishing these sounds f rom the 
splashing or gurgl ing developed in the s tomach or intest inal 
canal . The sounds of t h e abdominal aorta also acquire a 
metall ic quali ty when t h e peri toneal sac is filled with gas .— 
Sometimes, t hough rarely, t he evolution of gas, t ak ing place 
within closed abdominal cavities containing pus, (encysted 
exudat ions , cysts), gives r ise to similar splashing sounds 
(Laboulbene, Gerhard t , &c.). 

The peritoneal friction-murmurs which are met with in certain cases 
are palpable as well as audible, and have already been discussed in the 
chapter on palpation (see p. 336).—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 calculi, the clinking 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 suffering from tumour of the 
spleen, and Leopold has heard them once in hepatic cancer. Their 
arterial origin is shown by then- being synchronous with the pulse. 

AUSCULTATION OF T H E GRAVID U T E R U S . 

T h e a im of auscul ta t ion of the gravid u te rus is t h e detection 
of the sounds of the fœtal hear t and the placental m u r m u r . 

T h e sounds of the fœtal heart, discovered by Mayor, of Geneva, 
i n 1818, are first appreciable towards the end of the four th m o n t h 
of pregnancy. A t th is period they are feeble, bu t subsequently 
t h e y gain considerably in volume ; they are most often heard on 
t h e left side of the mother , f rom the great frequency of the first 
cranial presentat ion, in which t h e back of t h e child is tu rned 
forwards and to the lef t . Thei r presence proves conclusively 
tha t t he child is alive, their absence t h a t i t is dead, auscultat ion 
t h u s fu rn i sh ing an impor tan t indicat ion for the adoption or t h e 
avoidance of operative interference with t h e process of delivery. 

T h e placental murmur, discovered by L e j u m e a u de Kergaradec, 
in 1822, is a sound which is synchronous with the arterial pulse, 
b u t is f requent ly of sl ightly longer durat ion, part icularly when 
t h e abdomen is somewhat forcibly pressed upon with the hand . 
I t is not of equal in tensi ty at all points on the surface of the 
womb, be ing louder sometimes to t h e r igh t side, somet imes to 
t h e lef t . I t is heard in t h e second, half of pregnancy, being at 
first very faint , but af terwards of greater in tensi ty . I t is de-
veloped in the dilated u ter ine arteries, a t t he par t a t which they 
t e rmina te in the uter ine veins. 
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T H E U K I N E . 

THE points to be noted in examining the ur ine are i t s quanti ty, 
colour, reaction, specific gravity, and the occurrence in it of 
abnormal cons t i tuents . 

QUANTITY OF T H E U R I N E . 

Thi s is very variable even in perfect heal th , and depends 
chiefly on t h e amount of fluid t aken by the pat ient and on the 
greater or less abundance of the excretion of water by the 
sudoriparous glands of the skin. I f the consumption of fluid be 
modera te and the cutaneous t ranspira t ion slight, as in winter, 
t h e quant i ty of urine passed by an adu l t in t h e twenty-four h o u r s 
amoun t s on the average to about 1 ,500 ccm. 

T h e ur ine is diminished in quant i ty in all febrile affections, in 
t h e stage of failure of compensation in diseases of the hear t , and 
f requent ly in the different forms of nephritis ( though in t h e 
la t te r class of cases i t somet imes remains normal in vo lume) ; i t 
is , fu r the r , reduced in a number of other disorders, and occa-
sionally even in heal th , f rom causes of only temporary durat ion, 
to be ment ioned in detai l f u r the r o n . — T h e quant i ty voided in 
t h e twenty-four hours may , in ex t reme cases, s ink to one-fourth 
t h a t passed normal ly ; a t t imes even, as in t h e stage of collapse 
in cholera, a n d now and then also in scarlat ina, almost complete 
anur ia m a y b e observed.—The cause of t h i s d iminished excretion 
i s e i ther t h a t the quant i ty of blood in circulation is unusual ly 
smal l or t h a t the blood itself is deficient in water, t he pressure 
wi th in the renal arteries being in bo th cases reduced to a mini-
m u m . W h e n in the la ter s tages of cardiac disorders the com-
pensatory changes in the hear t ' s s t ruc ture fail to completely 
overcome t h e obstacle to circulation, t he venous system becomes 
overloaded, t h e arteries, and among them those of t h e kidneys, 
contain less blood than normally, and t h e excretion of ur ine 
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natura l ly goes on b u t s lowly; t h e ur ine is scanty also in other 
conditions in which t h e blood is not sufficiently fluid, ei ther f rom 
the escape of i t s watery cons t i tuen ts th rough t h e walls of t h e 
veins, from increase of t h e cutaneous t ranspira t ion, or f requent ly 
as the result of t h e u n d u e abstract ion of water f rom t h e system 
by the very abundan t and th in discharge f rom the bowel in 
diarrhoea and t h e allied affections. Diminu t ion in the amount 
of ur ine excreted, wi th whatever form of disease i t may be asso-
ciated, and whether i t be only a pass ing complication or a 
phenomenon of a more pers i s ten t character, may generally be 
easily accounted for by a careful consideration of the series of 

causes j u s t enumerated. 
T h e flow of ur ine is great ly augmented in diabetes mel l i tus 

and diabetes insipidus, t he in tense th i r s t f rom which the 
pa t ien ts suffer causing t h e m to dr ink very freely of w a t e r ; t he 
amount passed daily may increase to three , four, or even eight 
t imes tha t of a heal thy person . 

A moderate increase in the quant i ty of the ur ine may often 
be produced by s t imulat ing the kidneys by the employment of 
d iu re t i cs ; diuresis also appears when, f rom any cause, t he 
arterial pressure is raised. 

COLOUR OF T H E U R I N E . 

Normal ur ine varies in colour f rom pale yellow to clear amber 
yellow or yellowish-red, t h e precise shade being determined by 
t h e greater or less abundance of the ur inary p igments or by 
t h e degree of concentrat ion of t h e ur ine . I t has been calcu-
lated tha t in a hea l thy u r ine of clear amber colour there are 
eight par t s of colouring mat te r to every thousand of fluid, and in 
a yellowish-red ur ine sixteen pa r t s to the thousand (Yogel). 

Normal urine contains at least two pigments, possibly more. The 
best known of these is urobilin, first separated by Jaffe; it resembles 
the colouring matter of the bile (bilirubin), is allied to hiematin, and is 
found in the contents of the intestine and in fecal masses, which owe 
to it their 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 which, 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, uro-
erythrin (or purpurin) gives to the sediment of uric acid and the urates 
its yellowish-red or brick-red colour. 

The ur ine becomes reddish yelloiv or red in all febrile diseases, 
chiefly f rom the increased format ion of the red colouring mat te r 
bu t part ly also f rom the scant iness and consequent concentra-
tion of the ur ine in fever. T h i s reddish t in t is also observed, of 
various degrees of intensi ty, in chronic affections, when the 
volume of ur ine excreted diminishes to any very marked extent , 
part icularly in the s tage of failure of compensation in cardiac 
d i sorders .—The ur ine may, on the contrary, be abnormally pale 
f rom absolute deficiency of p igment ; t h i s occurs frequently in 
convalescence f rom severe acute diseases, in anœmic chlorotic 
conditions, and as the resul t chiefly of dilution in both forms of 
diabetes. 

Of the abnormal colouring mat t e r s which may be present in 
the ur ine the most common are those of the biliary secretion and 
the blood. 

A large proportion of biliary pigment (bilirubin) gives to t h e 
ur ine a brownish colour, wi th an occasional admixture of 
yellowish green or brownish g r e e n ; an abundant foam, the 
yellow or green hue of which is more evident than tha t of t h e 
res t of t h e ur ine, fo rms on i ts surface when shaken. Str ips of 
linen or blott ing-paper dipped in such a ur ine at once take on a 
marked yellow colora t ion .—The mos t convenient t es t for biliary 
p igment is t ha t proposed by Gmel in , in which the extremely 
delicate reaction of bil irubin on impure ni t r ic acid ( that con-
ta ining n i t rous acid) is made use of, t he tes t fluid being prepared 
by adding to a small quant i ty of t h e chemically pure nitric acid 
a few drops of the f u m i n g acid. T h e icteric ur ine is poured 
slowly, drop by drop, down t h e inside of the tes t - tube at t he 
bottom of which lies a l i t t le of t h i s impure acid, when at t h e 
point a t which the fluids meet will appear a series of beautiful 
r ings of colour ar ranged in the following order : t he upper r ing 
is br ight grass-green, the next below it blue, t he 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 blue and yellow being often 
mdistmguishably mixed up with the other shades. The green rin« is 
the only really characteristic indication of the presence of biliary pig-
ment, as the other colours, especially the reddish-violet tints, appear 
also m urine containing no bile, on the addition of strong nitric acid 
the change, in the latter case, showing that another pigment, indican' 
is present. The more slowly and carefully the urine is added to the 



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 mine 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 dissolves 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. 

Bloocl communicates to the ur ine a decided r ed colour, t h e 
dep th of which depends on the proport ion of the abnormal 
e lement p resen t . I f t h e blood has been diffused th rough t h e 
u r ine for some t ime, and i t s colouring mat te r in th is way 
altered, t he u r ine may be reddish brown, brownish black, or 
even inky black. The colour presented b y t h e ur ine , even when 
t h e blood-pigment h a s undergone change, and also when the 
quant i ty of blood contained is bu t small , is usually so character-
istic t ha t it is a lmost impossible to mis take it for any other 
variety of abnormal coloration (such as t ha t caused by the in-
crease of the normal ur inary p igment observed in fever, &c.) 

T h e colouring mat te r of t h e blood (oxyhemoglobin) is always 
l iberated f rom the corpuscles and dissolved by the fluid basis of 
the u r i n e ; i t is only in those ins tances in which the proportion 
of blood present is exceedingly large, in which accordingly the 
process of diffusion between t h e ur ine and the blood globules is 
practically arrested, t ha t t he red corpuscles still retain the i r 
p igmen t . W h e n ur ine containing blood is allowed to s tand 
some t ime, t h e corpuscles subside to t h e bot tom of the vessel as 
a red sediment .—Microscopic examinat ion shows the blood disks 
e i ther dis tended and more or less pale in colour, or shrunken 
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and crumpled and of the i rregularly denta te outl ine which they 
assume m saline solut ions. Some cases are m e t with, however 
in which notwi ths tanding tha t t he ur ine is of a deep blood red 
colour, the blood corpuscles are completely wanting, even in ur ine 
f reshly passed. This variety of the affection is designated 
hemoglobinuria. I t indicates t ha t t he dis integrat ion of the 
blood globules has taken place within the organism itself, t he 
l iberated colouring mat te r then pass ing directly in to the urine. 
The causes which br ing about th is des t ruct ion of the corpuscles, 
and m th i s way produce temporary or pers is tent hemoglob inur i a 
are st i l l obscure.* 

I n those cases in which the ur ine has a redd ish blood colour 
but shows no trace of corpuscles on microscopic examinat ion, 
t h e presence of the blood pigment may be readily demonstra ted 
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 tha t 
observed on boiling the ur ine af ter adding to it a l i t t le caustic 
soda or p o t a s h ; brownish red coagula are formed, consisting of 
the precipitated phosphates and h e m a t i n (Hel ler) . The sl ightest 
trace of oxyhemoglobin in a fluid, even as l i t t le as 1 par t in 10 000 
is recognised in t h e spectroscope, by t h e appearance of two separate 
absorpt ion-bands between Fraunl iofer ' s l ines D and E in the 
yellow and green of t he spect rum. Af ter u r ine containing blood 
has stood for some t ime t h e oxyhemoglobin is gradual ly 
t ransformed into methcemoglobin, th is is simply one step in 
the series of changes th rough which oxyhemoglobin passes in 
breaking up into h e m a t i n and a lbuminous ma t t e r s . Such a 
ur ine is reddish brown in colour, and shows in the spect rum 
only one absorpt ion-band, between the lines C and D I n 
those ur ines also which contain blood but f rom which the red 
corpuscles have disappeared the oxyhemoglobin is converted 
into me themog lob in . 

The blood which is mixed with the ur ine may be derived from 
any pa r t of the ur inary t r a c t ; a t one t ime it is observed only in 

(Vogel) , and in a case resembling in te rmi t ten t fever iSecvhil Tn ; 

corpuscles themselves, bu t simply by the colouring mat te r of t h e b l o o T ^ 



t races, a t another the ur ine seems to consist almost exclusively 

of a perfectly sanguinolent fluid. 
The quant i ty of blood discharged is by no means a sure guide 

to the par t f rom which i t comes, t h i s being indicated ra ther by 
t h e symptoms and appearances as a whole and by the resul t of 
microscopic examination of the u r i n e ; t hus , t h e h e m a t u r i a i s 
obviously not due to kidney affection if on repeated examination 
no casts or epithelial scales f rom t h e tubul i u r i m f e n are found. 

Several other urinary pigments have been observed all of them re-
sulting from the decomposition of certain of the normal constituents ol 
the urine. 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: pellicle floating 
on the surface. The best method of demonstrating the existence of 
indican in the urine is that devised by Jaffe: to the p i n e 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 ol urine and 
fuming hydrochloric acid, and heating the mixture over a lamp,—gives 
a beautiful reddish violet coloration (indigo-red, urrhodm), the intensity 
of which varies with the amount of indican in the urine so t reated; 
if this be unusually large the indigo is separated by this method also 

as a blue precipitate. . , . 
Increase of the indican takes place v e r y frequently in the most diveise 

diseased conditions, particularly in consumptive affections and all 
disorders accompanied by much debility (Senator); to this category 
belong diseases of the stomach and bowels, especially cancer oi the 
stomach, ileus, peritonitis, phthisis, &c. The q u a * of urinary 
indigo may rise in ileus and diffuse peritonitis to 5 0 - 1 0 0 or even 
150 milligrammes per day, the normal amount being only ¿u 
milligrammes daily (Jaffe). . „ 

Brown or inky black pigments sometimes appear m the urine ol 
patients suffering from melanotic 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 m contact with 
the air, or on adding to it oxidising substances such as chlorate ot 
potash, chromic acid, nitric acid, &c. I t 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 m unduly great 
quantity ; it is most probably the former, however, as it diflers trom 
the other familiar colouring substances found in the urme in oflenng 
greater resistance to then-usual solvents (Ganghofner). 

There is still another brown pigment sometimes discovered in the urine, 

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 (Muller 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 further addition of ammonia or the bicarbonate 
of soda. 

T h e u r ine may also incidentally and temporar i ly be abnormal 
in colour af ter the in ternal adminis t ra t ion of certain medicines ; 
af ter rhubarb and senna i t becomes brownish red (from the forma-
tion of chrysophanic acid), a lmost black after inunct ion with t a r 
and part icularly af ter the in ternal use of carbolic acid, and yellow, 
like t h e ur ine in jaundice, af ter san tonin . 

REACTION OF THE U R I N E . 

This is usually acid ,• blue l i tmus paper dipped in the ur ine is 
coloured red, while red l i tmus paper remains unaffected. The 
acid reaction is owing chiefly to the acid phosphate of soda which 
the ur ine contains, though sometimes it may be part ly due also 
to free uric acid and acid ura tes . 

T h e degree of acidity is even in normal conditions very 
variable, and is es t imated according to the intensi ty of the red-
dening of the blue l i tmus paper . Ur ine of very acid reaction 
is often associated with inf lammatory febrile diseases, especially 
with acute art icular rheumat i sm, &c. 

T h e ur ine becomes alkaline a f ter exposure to the air for some 
days. The occurrence of th is change, which has been designated 
alkaline fermentat ion, is favoured by a h igh t e m p e r a t u r e ; it is 
caused by the decomposition of the urea of the ur ine and i ts 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 ur ine renders red 
l i tmus paper blue, has a powerful smell of ammonia , and gives a 
white vapour of chloride of a m m o n i u m on holding over i t a glass 
•rod dipped in hydrochloric acid. 

E v e n directly af ter emission the ur ine may, in a variety of cir-
cumstances, give for a longer or shorter period an alkaline or 
neutra l react ion; in the lat ter case i t does not change the colou 
of ei ther red or blue l i tmus paper . The ur inary secretion is 
alkalised by the prolonged in te rna l adminis t ra t ion of carbonate 



of soda or potash (in alkaline minera l waters) , or of the alkaline 
sal ts of the vegetable acids (in various k inds of f rui ts) , all of 
which appear in the ur ine as alkaline carbonates. The reaction 
of the ur ine is found also to depend to some extent on the secre-
t ion of the acid gastric j u i c e ; if the acids needed for digestion 
be (in animals) neutral ized by the exhibition of carbonate of l ime 
or magnesia (Maly), or if they be removed f rom t h e s tomach by 
washing (Quincke), t he ur ine speedily becomes neut ra l or even 
alkaline. The fact also t h a t t h e acidity of the gastric juice is 
expended on the food accounts for the neutra l or feebly alka-
l ine reaction of the ur ine so often noticed for a few hours after a 
mea l . I n diseases of the s tomach, in which f rom many causes 
(as f rom frequent vomiting) very l i t t le of the gastric acid is 
retained, t h e ur ine is not uncommonly distinctly alkaline. I t is 
still more markedly alkaline when loaded with pus ,—in catarrh 
of t h e bladder, in pyelitis, &c. ,—when it may , even when 
recently voided, have a strong ammoniaca l odour ; if t he quant i ty 
of p u s be moderate, however, t he ur ine does not usually become 
alkaline, bu t m u c h more feebly acid t h a n in hea l th . Alkaline 
fermenta t ion of the ur ine may somet imes be set up within the 
bladder by the introduction of a catheter which has not been pre-
viously made scrupulously clean. Ur ine which is alkaline when 
passed is invariably opaque and turb id , f rom precipitation of the 
phosphates ; recent ur ine, when alkaline, may even contain crystals 
of ammoniaco-magnesian phosphate , exactly as in the case of a 
ur ine which h a s undergone alkaline fermenta t ion outside the body. 

S P E C I F I C GRAVITY OF T H E U R I N E . 

T h e specific gravity of the ur ine is es t imated by means of t h e 
a reomete r ( the ur inometer) . Th i s in s t rumen t is placed in a 
cylindrical vessel filled with t h e ur ine to be examined, in which 
it should swim f ree ly ; it s inks the deeper the l ighter t h e ur ine , 
and vice versd. T h e densi ty is indicated by the number on the 
graduated scale which, when the in s t rumen t comes to a s ta te of 
rest , is found to be on a level wi th the upper surface of the fluid. 
Normal ly the specific gravity of t h e ur ine varies from 1015— 
1020, t ha t of distilled water being regarded as 1000. 

I n disease t he density of the ur ine may m o u n t to 1040 or s ink 
as low as 1005 ; in many cases even these l imits are con-
siderably overstepped. 

_ T l i e specific gravity of the ur ine rises, to 1025 or even a sl ightly 
h igher point , in febrile diseases. Th i s is t he resul t chiefly of 
increase of the excretion of urea; i t seems also to be owing 
part ly, but to only a very l imited extent , to increase of the other 
solid ur inary const i tuents ( the urates) . Some of the solid 
e lements of the ur ine may even be d iminished in febrile condi-
t ions ; thus , in inf lammatory exudative diseases, especially in 
pneumonia, t he chlorides may almost or ent irely disappear from 
t h e ur ine (Kedtenbaclier). T h e degree of dilution of the ur ine 
also takes an impor tan t place among the factors which determine 
i t s specific gravity. If t he same weight of solid ma t t e r s be at 
one t ime 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 la t ter case r ises. T h e amoun t of water in the ur ine 
is reduced in fever, and in all those conditions which are followed 
by dropsy and asci tes ,—in the stage of fai lure of compensat ion 
in hear t diseases, in affections of the liver, ' & c . ; in these dis-
orders therefore the density of the ur ine is increased, a specific 
gravity of 1030 being generally reached, but no t commonly 
exceeded. Ur ines which, f rom deficiency of water , t he absolute 
quant i ty of solid const i tuents be ing ei ther unal tered or possibly 
increased, possess a density so h igh , are invariably dark in 
colour. 

B u t there is another condition in which, notwi ths tanding tha t 
t he watery portion of the secretion is great ly augmented , t he 
density of t h e ur ine rises, f rom t h e presence of sugar along with 
the normal ur inary solids. Such a ur ine is dist inguished from 
those j u s t described by i ts perfect clearness and i ts pale yellowish 
colour. The lowest densi ty of ur ine containing grape sugar 
(diabetes melli tus) is about 1 0 3 0 ; usually it ranges f rom 1032— 
1040, seldom r is ing above 1040—1050, and only in the very 
rarest cases reaching 1060—1065 (Seegen). T h e specific gravity, 
however, is not exactly proport ionate to the amoun t of sugar 
present , being influenced also by the other solid const i tuents of 
the ur ine, whose quant i ty may be s imultaneously increased or 
d iminished. The proportion of sugar contained in the ur ine 
cannot t hus be inferred with absolute certainty f rom its specific 
gravity. 

The densi ty of the ur ine is somet imes loiverecl temporari ly in 
perfect heal th , af ter a large d raugh t of water, the total quant i ty 



of ur ine secreted being in proport ion to the amount of fluid 
taken ; t he density may f rom th is cause rapidly fall even to 
1005. I f , however, t h e specific gravity s inks, no twi ths tanding 
t h a t t he ur inary secretion is not augmented , we have before u s a 
fact of distinctly pathological signification. Th i s is observed in 
anasmic condit ions, and f requent ly also in nephr i t i s ; t h e lower-
ing of the density is here due principally to d iminished separa-
t ion of urea by t h e k idneys .—Decrease in the density of the 
ur ine occurs also in diabetes insipidus, f rom pathological increase 
of the watery par t of the ur ine , independently al together of any 
alteration in the excretion of urea or of t h e other solid con-
s t i tuents .—All ur ines of low specific gravity are pale. 

Trapp ' s formula fu rn i shes a ready method of es t imat ing 
approximately the solids held in solution in t h e ur ine . If t h e 
two last figures of the specific gravity be multiplied by 2 '3 , t h e 
product indicates in g rammes the amoun t of solid mat te rs present 
in 1000 ccm. of t h e u r i n e ; t hus , if t he density be 1015, 1000 
ccm. of such a ur ine will contain 34 '5 grammes of solids. 

T h e solid const i tuents of the ur ine consist of about equal par t s 
of inorganic salts and urea. Of the former , t he chloride of 
sodium occupies t h e first place, be ing excreted to the extent of 
10 15 grm. per d a y ; the sulphates amoun t on the average to 
2 grm. , t h e earthy phosphates to 1 grm. , in the 24 hours , while 
the salts of ammonia are detected only in t r a c e s — O f the organic 
urinary solids t he mos t impor tan t is urea. I t const i tutes 2 | — 3 
per cent, of t h e ur inary secret ion; the other organic elements 
are much less abundant , h—i g rm. of Icreatinine, 0"2—1 g r m . 
of uric acid, \ g rm. of hippuric acid, being discharged in 
t h e twenty-four hours . The ur inary p igments have already been 
discussed.—Several other organic substances (xanthine, oxalates, 
&c.,) occasionally appear in t h e urine, bu t only in minu te t races. 

ABNORMAL SUBSTANCES IN T H E U R I N E . 

Albumen. Th i s substance passes f rom the blood into the 
ur ine when the blood pressure within t h e renal veins is increased, 
whether f rom inf lammation of the kidneys (which is t h e com-
monest of all t he causes of a lbuminur ia , and gives r ise to t h e 
phenomenon in i ts mos t fully developed form) or as the resul t 
of diseases of the circulatory, and sometimes also of the respira-
tory apparatus , when they produce engorgement of all t h e 

systemic veins, and , among them, of the renal ve ins ; or t h e 
a lbumen is one of the s igns of the presence of extravasated blood 
or ot pus, which may be mingled with t h e ur ine a t any pa r t of 
the uropoietic s y s t e m ; or, finally, i t may proceed f rom other 
secretions which may have gained admission to the ur ine acci-
dentally. 

The presence of a lbumen in ur ine is demons t ra ted by precipi-
ta t ion. In ur ine of acid reaction the a lbumen is thrown down 
on hea t ing to the boiling-point, by the addit ion of ni t r ic acid, 
f \ . 1 0 e f u r e accuracy it is bet ter to employ both methods , 
bea t ing and the use of ni t r ic acid, in examining for a lbumen, as 
the phospha te of l ime falls as a whi te precipitate on simply 
warming the urine, but is again dissolved on adding a few drops 
of t h e acid, when the ur ine becomes c lea r ; albumen which has 
been precipitated by boiling, on t h e contrary, is unaffected by the 
ni t r ic acid, or if t he first pa r t of the process has been insufficient 
to coagulate t h e whole of i t t he acid completes the precipitat ion. 
On the other hand , ne i ther is t he s imple addition of ni t r ic acid 
to the cold ur ine a t es t which is absolutely free f rom fallacy, as 
i t produces a s l ight degree of tu rb id i ty in the presence of urates ; 
t h i s cloud is cleared away, however, if t he ur ine be non-albu-
mmous , on applying heat , as the amorphous urates are in th is 
way at once dissolved. W h e n t h e precipitate is abundan t i t is 
always easy to decide, even by s imple inspection, whether i t con-
sis ts of a lbumen, phosphates , or urates : coagulated a lbumen 
takes the form of a whi te flocculent precipitate, t he phosphates 
have the appearance of a more uni form white s ed imen t /wh i l e 
the ura tes are readily recognisable by the i r yellowish-red colour 

As a lbumen is th rown down by heat in acid urine only, and 
not, or only m small quant i ty as compared with the actual 
amoun t present , in ur ine which is alkaline, t he reaction of t h e 
ur ine should always be ascertained before boiling, and if i t t u rn 
out to be neutra l or alkaline i t should be acidified with a drop or 
two of acetic acid. 

Albuminous ur ines are seldom perfect ly clear, t he cloudiness 
by which they are pervaded being caused by the various figurate 
organised elements which such urines generally contain. I f t h e 
turbidi ty be considerable, and the ur ine be bu t very slightly 
albuminous, it is desirable to apply the flame of the l amp to only 
the upper layer of fluid in the tes t tube, as th i s renders t h e 

2 c 



contrast between the increased cloudiness of the warmed upper 
port ion and t h e unchanged appearance of the lower portion of 
the ur ine the more apparent . I f t he cloud produced by hea t be 
so indist inct as to leave i t still doubtful whether or not it is 
really due to a lbumen, a portion of the recently passed ur ine 
mus t be filtered and the clear filtrate examined for a lbumen. 

The daily loss of albumen in in f lammatory affections of the 
kidneys is exceedingly variable, amoun t ing to 5—10 grm. in the 
less severe cases, and 15—20 g rm. in those in which the disease 
is of greater in t ens i ty ; t h e ur ine is occasionally so loaded with 
a lbumen tha t almost the whole of the fluid in the tube is changed 
into a firm coagulum on boiling. To observe whether the ex-
cretion of a lbumen is on the increase or the decrease, t he tes t -
tubes containing the different specimens of ur ine examined f rom 
day to day should be set aside in an upr igh t position, and the 
depth of the layer of precipitated a lbumen in each compared ; 
t h i s method gives, of course, only an approximate quanti tat ive 
es t imate . T h e glasses m u s t be of the same diameter and an 
equal volume of ur ine m u s t be used each day. 

Of the various modes of calculating accurately the amount of 
albumen in the urine the simplest is the optical method, circum-
polarization with the Soleil-Ventzke apparatus. After this mechanism 
has been so arranged that the zero of the nonius corresponds 
with the zero of the scale, a glass tube is introduced, filled 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 
alike, at once become different in colour. The compensator is now 
moved, by means of the screw, towards the left till 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 
he shifted till the nonius points to 3-6 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 h igh degree of a lbuminur ia is always caused by nephr i t i s ; 
t he existence of dropsy, above all t he discovery of renal e lements 
in the ur ine by microscopic investigation (epithelial scales, casts 
of the uriniferous tubules) , are also indications which point to 
the same diagnostic conclusion. The a lbuminur ia usually 

SUGAR IN T H E U R I N E . 
387 

a T t i l ^ t 6 n e P * f * P T e S S t h r O U " h o u f c i t s ^hole course, though 

Ä I Ä ^ 01 m S°me ™ -
Albuminur ia is also observed, altogether" apart f rom an V 

seveiei afiectmns of the uropoietic system, f rom the pelvis of the 

sionally appears, but remains only a short t ime, in a cvelt m Z 

T l S That6 a n d f ° 0 i C d i S e a S e S ; i n SUCh af f - t ioL 0 he u T e 7 

Ä Ü Ä Ä 5 s h o w s 110 

^ t t Ä T i a i fcdhe b,?od there « 
stitution,—paraglobulin ( E d " e f s e ' n W n Ì ì COn" 
sometimes also found in the u r i n e w W ^ f t h e s e 

(Gerhardt). In ekyluria,l J Z Z r Ze witÌL tron 7 ^ 

i S — m ^ t r ^ 8 r ••but ifc 

coagula or oi fibrinous ( g r a n u l a Z a ^ T l " ^ ° f 

acute and severe nephr i t i s ' ^ C a S 6 S ° f V e r ^ 

Mucus occurs in mere traces in normal ur ine - it is d e r i v i 

and i s easily recognised with t h e J 6 b I a M e r ' 
cloud which floatslbout In L f l u i d and e T T „* " É ^ 
bot tom of the glass when ft^rS^ 7 t 0 t h e 

t ime. E x a m i n e d m i c r o s c o p ^ ^ L Ì ' T 7 

t i . % of a clear, absolutely Ä T Ä 1 ^ 

À C 2 



colour is very pale or fa int ly yellowish with a t inge of green ; i t 
is perfectly clear and limpid, and gives no sediment on s t a n d i n g ; 
i t s specific gravity is unusually high, 1 0 3 0 - 1 0 4 0 , i n certain 

cases 1050 and even h igher . 
There are four tes ts which serve foV the detection of sugar 

(grape sugar) in the u r i n e : Trommer's process, the caustic pot-
ash, the bismuth, and t h e fermentation tests; t he first of these 
is by far the most delicate and is t ha t mos t often used. 

1 Trommefs 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 potass., he la ter be n 
gently poured in till the whole fluid assumes a clear and beautiful dcak 
blue colour. On obtaining this coloration the examiner may feel sure 
that the urine is saccharine, as no other sort of urine undergoes tos 
change on being treated with these r e a g e n t s . - O n now heating the 
mixture an orange yellow or brick red precipitate is. formed, which m a 
short time falls to the bottom of the test-tube. This deposit consists 
ofsuboxide of copper. The chemical reaction which takes place is he 
follow^ : the sulphuric acid of the sulphate of copper unites with he 
stronger base, the caustic potash, forming sulphate of potash ; the 
sugar s oxidised at the expense of the oxide of copper, and the latter 
being reduced to the condition of a red i n s o l u b l e suboxide, is at once 
precipitated—This process also bears the name of the reduction test 
7 « potash test. Moore's test. The suspected urine is mixed with 
a little liquor potass® 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 ~ 7 . 
red which is the more intense the more potash has been added. The 
portion of fluid which is not heated preserves its original colour, winch 
renders the change just described the more striking. If the warmth 
be kept up till the urine boils there is developed, especially on adding 
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 

Sh°3rt mlmth test. To' the urine should be added first a few drops of 
Honor potass* 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 m 
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 tes t : 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. 

The indications offered by these tests may be 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 filteyng before the testing for sugar can be pro-
ceeded with.—There are several other tests for sugar in the urine, but 
as they are not much used no account of them need be given here. 

l'he quantity of sugar present in diabetic urine varies from f — 1 0 
p e r c e n t . ; in the great majority of cases it fluctuates within narrow 
limits, from about 3—5 per cent. The per centage is calculated by 
using J? tilings standard solution of sulphate of copper or by means of 
the SoleiM entzke saccharimeter. After introducing the glass tube 
failed 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 right 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 U R I N E . 

Normal ur ine is perfectly clear, containing neither crystalline 
nor any other organic figurate e lement , except possibly now and 
then traces of mucus . I f , however, t h e ur ine be turbid imme-
diately af ter emission, we have dis t inct evidence of the presence 
of such const i tuents . I n order to examine these with t h e 
microscope the ur ine m u s t first be filtered, as they occur in very 
small quant i ty compared with the volume of the fluid in which 
they are diffused ; or the u r ine should be allowed to s tand some 
t ime in a glass which tapers towards the bot tom, when a small 
port ion of the sediment may be removed with a pipette. 

The organic figurate elements found in the ur ine in disease 
are p u s cells, blood corpuscles, casts of the uriniferous tubes , 
epithelial cells, and fung i . 

Pus corpuscles. These are in no respect different f rom the 
colourless globules of t h e blood. A highly pu ru l en t ur ine is 
perfectly turbid and of a whitish-yellow, mi lky colour, even at 
t he moment it is p a s s e d ; if set aside for a shor t t ime the pus 
corpuscles are deposited at t h e bot tom of t h e glass as a yellowish 
sediment. The pus globules retain the i r ordinary shape in the 
ur ine so long as th i s fluid remains acid or neut ra l in reaction ; 
but the occurrence of alkaline fermenta t ion converts them into 
a gelatinous mass which is qui te devoid of s t ructure under t h e 
microscope. 

P u s corpuscles are found in the ur ine in greatest number in 



catarrh of the bladder; they are more or less abundant , however, 
in catarrh of any par t of the ur inary tract , f rom the pelvis of t h e 
kidneys down to the orifice of the ure thra , being mechanical ly 
mixed with the ur ine in i ts passage outward. I t is generally 
easy to infer f rom what pa r t of the ur inary appara tus the p u s 
comes by not ing the fu r the r results of objective examination and 
t h e other symptoms of t h e affection. I f i t be derived f rom t h e 
u re th ra , in men , a puru len t fluid may also usually be expressed 
f rom the canal before as well as af ter mic tu r i t ion ; in women p u s 
cells often gain admission into t h e ur ine f rom the admixture of 
vaginal secretions (as in cases of leucorrhcea); to prevent error 
it is advisable in such circumstances to draw off the ur ine with a 
catheter . I f t he pus be secreted by the bladder, which in chronic 
cases of puru len t ur ine is t he usual source, it i s accompanied by a 
n u m b e r of the large vesical epithelial cells. If i t proceed from 
a point considerably higher , f rom the pelvis of the kidney, for 
example , there are usually also observed t h e other signs of posi-
tive renal d i sease ; t h e principal e lement in t h e diagnosis in 
such cases is t he exclusion of every other part of the ur inary 
passages as a possible source of t h e discharge. 

Bed blood corpuscles. They are found in the ur ine in suffi-
ciently large quant i ty to impar t to t ha t fluid a distinctly blood-
like coloration, only as the resul t of h e m o r r h a g e (rupture of some 
vessel) within the uropoietic appara tus . They occasionally appear 
in smaller numbers , bu t still abundant ly enough to suggest to 
t h e eye at once tha t t he ur ine contains blood, wi thout rup tu re of 
the walls of the vessels ; t h i s form of bleeding, hemorrhage per 
diapedesin, may occur in all inf lammatory conditions within the 
uropoietic system, part icularly in very severe acute nephri t is , b u t 
also in the course of chronic nephr i t i s , when the inf lammatory 
action is f rom any cause increased in violence.—The shape and 
colour of the red blood corpuscles as they are seen in the ur ine, 
have already been described on p . 378. 

Epithelial cells. T h e epithelial cells found in t h e ur ine may 
be detached f rom any part of t h e ur inary apparatus , and are m e t 
with in all affections of these par ts . The renal epithelial cells, 
as they appear in t h e u r ine in kidney diseases, are somet imes 
separate f rom each other, a t other t imes adherent . The ur inary 
passages th roughout the i r whole • length are protected by several 
layers of pavement epi thel ium, disposed one over the other , 

fo rming a l ining membrane which is of greates t th ickness 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 ur ine when the catarrh is severe enough to involve the deeper 
layers of the epithelial l ining of the bladder. 

TUBE-CASTS IN T H E U R I N E . 

. B e f o r e b e S i n n i n S t 0 l o o k ^ these bodies, which play such an 
impor tan t par t in the diagnosis of renal diseases, t he ur ine should 
be filtered, or should be allowed to s tand and deposit a sediment 
in a glass of suitable construct ion, as the casts are seldom so 
abundan t as necessarily to be presen t in every single drop of the 
ur ine when agitated, as immediately af ter emission. One drop 
of the sediment from the glass, or of t ha t 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 va r i e t i e s : epithelial, g ranular 
and hyaline casts. Epithelial casts consist of the epithelial 
l in ing of the tubul i uriniferi , expelled in a more or less complete 
form (desquamative nephri t is) . As regards the manner in which 
the granular and hyaline casts are formed authorit ies are not by 
any means unan imous . W h i l s t according to the older (and 
recently revived) view they should be regarded as t ransudat ion-
products derived f rom the blood, they are described by some as 
clue simply to degenerative change in the epithelial cells. I t is 
generally assumed tha t the granular casts represent the pr imary 
form, of the degeneration of the renal epithel ium, and tha t the 
hyaline casts are a secondary modification resul t ing f rom 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 following arguments : the epithelial lining of tubules filled with 
homogeneous casts is found perfectly intact ; casts are often entirelv 
wanting m tubuli whose epithelium is already the seat of very 



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 
are 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 uriniferous canals, seems to be gradually transformed into casts of 
these tubes. 

The granular (or fibrinous) casts are of different lengths , 
according as they are expelled from the ur iniferous tubules unin-
jured or in f r agment s* they vary in length f rom g to 1, seldom 
2 m m . or a l i t t le more, and in breadth f rom 0 ' 0 4 — 0 ' 0 6 m m . ; 
they are very darkly granular , a feature by which they are very 
readily known when seen, are frequently covered by blood and 
p u s corpuscles, and contain also a yellowish fa t ty detr i tus . I n 
very violent acute nephr i t i s they occur in great number s in the 
ur ine ; they are also very abundan t in chronic nephri t is . 

Hyaline casts are s tr ikingly pale and t ransparent , the i r out l ine 
being also made more distinctly visible by staining with carmine 
or aniline ; they are occasionally absolutely free of any figurate 
element, bu t in other cases show here and there a li t t le granular 
fa t ty detr i tus or a few epithelial cells. Between t h e typically 
granular and hyaline casts come many intermediate forms; m a n y 
present the characters of bo th varieties, being darkly granular 
at one par t and perfectly pale and clear at another . I n l eng th 
and breadth the re is no difference between hyaline and granular 
casts. 

Epithelial casts consist almost entirely of the detached 
epithelial l ining of t h e ur iniferous canals ; t he 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 
bril l iant globules of fat , and are occasionally surrounded and 
a lmost h idden by blood and pus corpuscles and fa t ty débr is . 
They are, as a rule, easily dist inguished f rom the other figurate 
const i tuents of the urine. 

Tube casts in the ur ine are commonly accompanied by free 
red blood corpuscles, colourless blood globules (pus corpuscles), 
and epithelial cells. These elements often afford a clue to the 

part icular s tage which the morbid process within t h e kidneys 
has reached, though any inference based on the results of micro-
scopic examination alone is ap t to be fallacious. A very 
abundan t fa t ty detr i tus mingled with epithelial cells in a s ta te 
of fat ty degeneration, and the presence also of large numbers of 

1 n a n w c a s t s > generally indicate t h a t t he nephr i t i s has 
arrived at a somewhat advanced s t age ,—at rophy ; very large, 
broad granular casts and red blood corpuscles are indicative of 
the early stages of nephr i t i s or of a f resh exacerbation of an old-
s tanding affect ion; very frequently, however, all the different 
k inds of casts are found together in the same ur ine . T h e 
special form of nephr i t i s present in each case cannot be 
determined by microscopic examination alone. 

W h i l s t in all cases t h e occurrence of tube-casts in the ur ine 
may of itself be accepted as conclusive evidence of the existence 
of an inf lammation of the k idneys ,—an inf lammat ion which may 
be simple and uncomplicated, or which may appear in connection 
with other affections, such as scarlatina, d iphther ia , cholera, 
small-pox, &c. ,—the other f igurate elements , t he red and white 
blood corpuscles, epithelial cells, detr i tus , are to be regarded as 
diagnostic of nephr i t i s only when accompanied by cas t s -
wherever such casts are want ing the microscope alone is no t 
sufficient to fix with precision t h e site of the disease. 

Coagula of fibrin are often observed in the urine in acute and 
hemorrhagic nephritis; these bodies are somewhat elongated in shape 
and are not unlike granular 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 
o the casts; the latter may be few in a highly albuminous urine, or 
plentiful when the albuminuria is slight. Thus, in amyloid degenera-
t on 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-caste are often abundant in a urine which is but feebly 
albuminous.—Nothnagel states also that hyaline casts always appear in 
the mine in intense icterus. 

INORGANIC URINARY S E D I M E N T S . 

The sediments which are m e t with in acid urines, both 
normally (but only in traces) a f t e r cooling and in pathological 
conditions, are the ura te of soda and free uric acid, more rarely 
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the oxalate of l ime ; the sediments of ammoniacal urine consist 
of urate of ammonia and phosphates (phosphate of lime and 
ammoniaco-magnesian phosphate). 

Urate of Soda. This salt, which is found in small quantit ies 
in normal urine, is deposited in great abundance in all febrile 
diseases, especially during t he critical period, after violent 
physical exertion, "and in t he urine of those who habitually 
indulge to excess in eating. I t is precipitated only when the 
ur ine cools, and forms a dirty yellowish clay-coloured or reddish 
(brick-dust) sediment. Under the microscope i t is seen to be 
amorphous, and is made up of very minute , irregular granules, 
often aggregated into small masses, bu t easily broken up and 
reduced to its original divided condition by gentle pressure with 
the object-glass. The opacity occasioned in t be urine by the 
ura te of soda disappears rapidly on t he application of heat, the 
fluid becoming perfectly clear. 

Uric Acid. I n warm urine th is substance is bu t 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 on 
dumb-bell or barrel-shaped crystals. Sometimes these crystals 
are separate from each other, at other t imes 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. I n t he urine i t is commonly 
combined with t he acid urates of soda and potash. On adding 
hydrochloric acid to the urine t he uric acid is set free and in a 
short t ime crystallizes o u t ; t he process of crystallization may be 
observed in the field of the microscope on adding one drop of 
hydrochloric acid to a sediment of ura te of soda. 

Uric acid may be recognised by its chemical reaction as well as by 
its microscopic characters. Thus, on dissolving a few crystals m a 
little nitric acid, warming and 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 ot 
caustic potash or soda. 

INORGANIC URINARY S E D I M E N T S . 395 

The excretion of uric acid is doubled, sometimes trebled, in 
febrile and other diseases (of the respiratory and circulatory 
organs disturbances of nutri t ion, &c.) ; in ar thr i t is it is de-
posited m the joints . Renal calculi are often composed exclu-
sively or m great part of uric acid and i ts salts. 

stituent of'fhp ^ a n 0 ™ a l t h 0 U g h n o m e a u s a constant con-
S i n e i p r e s e n t s l t s e l f u n d e r t h e microscope in the form 
envelope oF a i X " ^ a c e r t a i * - semblance to Z 
Z s t o f L t L w ^ T h l S d e p ° S l t i s S c n e r a % very scanty, and is 
T u n d a i t d t l T m , U n n e W h i c h a l s o c o n t a i n s uric acid. The 
~ discharge of such crystals is not an unfailing sign of a 
S lic agcM i ; r r ? S e d ° X a l U r i a J t h ° U r i n e ^ b e m°derately rich in 
m r a i S g 7 nse to the separation of oxalate of lime 

crystals, as the latter salt may be held in solution, especially by the 
c e n t i t Z t ? ^ - l 0 d a " r n t i t y p e r * * seldom rises above 2 
k i ^ ^ s T ^ b l a z e r m ° 6 r ' * ^ ^ W C a l ^ * ^ 
w f t f S ? f linU*f phosphate of magnesia are soluble in acids 

aSouUhe e x t t r o n 0 1 d e P ° S l t C d ^ u r m e s ' a i ' e excreted to about the extent of 1 gramme per day (Neubauer). When present in 

sediment L n f T ^ P ^ ^ t e d i s an abund'an whiS 
sediment, the urine being neutral or alkaline to test-paper. Phosphate 
of lime occurs as an amorphous powder, sometimes also in crys al 
often forming beautiful star-shaped masses. The phosphate of 
magnesia is also sometimes deposited in the crystalhne W a 

ftent n K l ( S t e m ) - , - f ^ t • ? ! t h e e a r t h ? P l a t e s is noticed olten in phthisis, m rachitis m children, and in other diseases fre-
Z t ^ Z Z ^ r W i t h a S i m i l a i > «le separation of 
r!n 117 KO (Senator). Ogstine 1S rather a rare constituent of the urine 
S a t u r e " ? Z ^ d e t 6 C t e d ^ — r d e d in medical 
iteiatuie it sometimes forms concretions in the kidneys, at other 

times crystallizes m colourless hexagonal plates or p r i sm! Amon" 
other points by which cystine may be distinguished5 from u r i c ^ 
hi i h i r ^ a S S U m f 4 K t h e s a m e crystalline forms, there is 

tins, that the former, when dissolved in nitric acid and treated with 
n ° m u r c x i < 1 T C t i o n - T h e d a i ' y 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 — 

t o Z Z u a r G m e t w i t h i n t h e U1-ine in certain cases'of 
acute atrophy of the liver and variola; the former substance appears 
ni granular, yellowish globular masses, or, when perfectly pure, in 
white needloXsCe m g 7 P k t e S ; t h 6 ^ «Tstallizes in very kne 

Urate of ammonia is formed when the urine undergoes alkaline 
fomentation crystalhzmg in small spherical masses studded over 
with spines (the thorn-apple crystals). 

Ammoniaco-magnesian phosphate is invariably separated, as soon as 



the urine becomes alkaline, in colourless prismatic crystals of various 
sizes, most of them slightly modified and tending to the ordinary 
coffin-lid shape. These crystals are freely soluble m 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 ot some 
importance, as the phosphatic crystals, 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 
surcince. 

V O M I T I N G . 

W h e n the ramificat ions of the pneumogast r ic nerve in t h e 
mucous membrane of the s tomach and pharynx are subjected 
directly or indirectly to any abnormal irr i tat ion, reflex and very 
energetic contraction of the d iaphragm and abdominal muscles is 
set up, whereby the s tomach is firmly compressed on all sides 
and its contents discharged upwards. T h e stomach itself is 
not actively concerned in the act of vomiting, except in so far as 
i t contr ibutes by the opening of i ts cardiac orifice; i ts muscular 
coat contracts very little, if a t all.* 

T h e irr i tat ion of the sensory nerve-terminat ions in t h e s tomach 
may be direct or indirect . Direct i rr i tat ion is produced by 
emetics, poisons, nauseous substances, violent shocks, or by 
merely overloading the s t o m a c h ; in all gastric diseases, f rom 
simple catarrh to the ma l ignan t new formations, and often also 
in s imple hyperes thes ia of the gastr ic nerves, unaccompanied by 
any anatomical change, the s tomach is more or less directly irri-
ta ted . There is no disease of the s tomach in which vomiting, 
t rans ient or pers is tent and recurrent , may not appear as a symp-
tom in some pa r t of i ts course, t hough in many cases i t is entirely 
want ing f rom beginning to end ; i t is only in cancer, especially 
when it causes s tr icture of the pylorus, t ha t vomit ing comes to 
he an absolutely constant symptom. 

* I t is necessary t h a t the cardiac orifice of the stomach should be opened before 
vomiting can take place. T h e abdominal pressure alone is no t sufficient to effect 
this, as there are certain conditions, difficult and pa infu l defecat ion, for example, in 
which, notwi ths tanding the amount of pressure b rough t to bear on the s tomach by 
the abdominal muscles, the contents of t h e s tomach are no t ejected, simply because 
t he cardiac orifice of t h e organ remains closed ; on the other hand, vomiting is not 
unfrequently observed in animals on exposing the stomach and injecting ta r ta ra ted 
ant imony into the veins, though in this case the force exerted by the walls of tue 
abdomen is completely eliminated as a factor in t he process. 

In diseases of the stomach vomiting takes place more readily when 
the organ is fall than when it is empty; it is occasionally brought on 
also in such circumstances by every variety of solid food, sometimes 
even by the blandest fluids, at other times only by taking 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 from 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 hours have passed. 

The irri tat ion of the gastr ic nerves may be indirect, t he organ 
itself being perfectly heal thy in s t ructure . Th i s is sometimes due 
to abnormal excitation of the vagus at i ts origin in the b ra in ,— 
hence the frequency of vomiting in cerebral diseases and in certain 
affections of the nervous sys tem,—or to reflex irr i tat ion of the 
vagus through some of t h e abdominal plexuses of the sympa-
thet ic , with which it is connected by anastomoses. I n some cases 
the vomit ing which so often a t tends affections of the abdominal 
organs may be explained by the relation which subsists between 
these two port ions of the nervous system ; in many other cases, 
however, t h i s explanation is not so satisfactory. 

EXAMINATION OF T H E V O M I T E D M A T T E R S . 

Thi s is generally made with t h e naked eye, which in most 
instances is qui te sufficient for diagnost ic p u r p o s e s ; in certain 
circumstances, however, a microscopic examinat ion becomes 
necessary. 

According to the s tage of digestion at which vomit ing h a s 
occurred, t he ma t t e r s brought up, consis t ing part ly of fluids and 
part ly of solids, are more or less acted upon by the gastric juice, 
and have a more or less powerful acid odour. W h e n the stomach 
is empty, or af ter repeated evacuation of i t s contents, vomit ing 
expels only a ropy, viscid, mucous secretion, with which are 
sometimes mingled biliary mat t e r s f rom the duodenum, which 
give to the discharges a greenish coloration. The bile is pressed 
out of the duodenum into the s tomach by the energetic contrac-
tion of the abdominal muscles, part icularly when the vomiting is 
severe and accompanied by much s t ra in ing ,—as it always is when 
the s tomach is empty. 
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certain cases it is possible to form some idea as to the seat of the 
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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 
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however, t h i s explanation is not so satisfactory. 
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Thi s is generally made with t h e naked eye, which in most 
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occurred, t he ma t t e r s brought up, consis t ing part ly of fluids and 
part ly of solids, are more or less acted upon by the gastric juice, 
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Of tlie abnormal elements which may present themselves in 
t h e vomited mat t e r s t h e most impor tan t is blood. I n some cases 
the proportion which appears among the vomited mater ia ls i s 
small , in others t h e blood is rejected nearly pure , a lmost always 
coagulated and blackened by the action of the acids of t h e 
s tomach, when it resembles black coffee-grounds. H e m a t e m e s i s 
is observed mos t often in the ulcerative affections of the s tomach, 
and is pe rhaps most abundan t in round u l ce r ; t he bleeding is 
very free also in the ulceration which is due to corrosive poisons. 
H e m o r r h a g e may take place even in the absence of any anatomical 
lesion of the s tomach, f rom congestion of the gastr ic veins, f rom 
engorgement of the por ta l sys tem (as in cirrhosis of the liver), 
or f rom overloading of t h e gastr ic vessels f rom other causes ; of 
t h i s las t -ment ioned variety is t h e periodical recur ren t h e m a -
temes i s met with in certain cases of amenorrhcea. 

Sarcince are f requent ly found in the vomited mat t e r s i n 
chronic gastr ic catarrh, and part icularly in cases of dilatation of 
the s tomach. They are developed in all conditions in which the 
food remains for an unduly long period in the stomach and in 
th i s way undergoes various abnormal modifications ( fermenta-
t ion, &c.). 

Sarcinie 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 further 
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. 

T H E I N T E S T I N A L D I S C H A R G E S . 

Alterat ion in the frequency and in the appearance of the alvine 
discharges are the principal objective s igns of funct ional intes-
t ina l d is turbance . The mot ions may be fewer than normally 
{constipation), or more f requen t and l iquid (diarrhoea). 

CONSTIPATION. 

Slight constipation, in which the bowels are moved about every 
two days, and a severer fo rm also in which the interval between 

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 hab i tua l . Constipation 
las t ing o 6 days is seldom m e t with, as therapeut ic measures 
intended to remedy the condition are generally adopted before it 
h a s cont inued so long, while still longer intervals, 2 - 3 weeks 
for instance, are very exceptional. 

Constipation is most commonly to be ascribed to sluggish peri-
staltic action of the bowel, and in a smaller n u m b e r of cases to 
the presence of some obstruction within the bowel, which mechani-
ca l lyopposes the onward progress of the intestinal contents, and 
which may, m certain circumstances, offer an absolute barr ier to 
the i r passage. 

T h e peristaltic movements of t he bowel are rendered sluggish 
by very many different causes, which are in par t connected with 
the m a n n e r of life of the individual , and which in the more 
marked forms of the affection are invariably of a pathological 
na tu re . These causes may be grouped together in the following 
way : want of active physical exercise, slowness of digestion and 
t issue-metamorphosis , unsui table diet (consisting especially of 
very solid and uns t imula t ing substances) , distension of the bowel 
by g a s ; peristal t ic action is slackened also when bile, a normal 
s t imulan t of the bowel, is want ing in the in tes t inal contents 
a fact which explains the frequency of constipation in obstruction 
of the bile-duct, f rom duodenal catarrh and other causes • the 
muscular coat of the bowel may , fu r ther , be temporar i ly en-
feebled t h rough over-exertion and simple fatigue, induced bv 
severe diarrhoea or the action of medicines ,* or i t may be perma-
nent ly weakened by repeated drastic purgatives ; f t he peristalt ic 
movements are also re tarded by d iminut ion in the contractile 
power of t h e muscular tunic of the intes t ine, such as tha t 

* W h e n in disease t he peristaltic movements of the bowel become abnormally active 
they may be moderated by the use of remedies which soothe t he irr i tabil i ty of the 
sensory nerves of the intestinal mucous membrane or which diminish the secretion 
from the internal surface of the bowel ; to a s l ight degree also this may be accom 
plwhed by a properly-regulated diet, consisting of bland mucilaginous substances 
winch cover and protect t he sensitive mucous surface. 

f Many who suffer f rom habi tual constipation aggrava te their malady by t h e mis-
use of d r a ^ c purgatives, t h e effect of which is t h a t an ever-increasing degree o< 
irritation, obtained e i ther by adding to t he dose or b y the employment of more 
energetic drugs, is needed to awaken peristal t ic action in t he bowel ; the natural 
stimulus, t he mere presence of t he intestinal contents, is of very l i t t le avail in such 
cases, though i ts influence is soon in grea t par t restored on withholding the purgat ive 



observed in inflammation of i ts peritoneal investment, or by 
deficient innervation, as in diseases of t he brain and spinal cord, 
perhaps also by spasmodic contraction of the intestinal muscles 
and consequent narrowing of the al imentary canal, as in lead 
colic.—In some cases several of t he above-named causes may be 
in operation simultaneously ; their recognition is usually a mat ter 
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 intest ine ; large, hard fecal 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, consti tute mechanical obstacles of t he 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 t he 
intest ine (strangulated hernia). If these obstacles produce 
merely a narrowing of t he lumen of the intestine, they may 
always be overcome by drastic purgatives, by exciting powerful 
peristaltic ac t ion ; b u t if the closure of the canal be complete, 
as in strangulation, no advance of t he 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. 

DIARRHOEA. 

Diarrhceal discharges are more fluid and are usually also more 
abundant than those of heal th. I t sometimes happens tha t a 
person is seized with a sudden but t ransient attack of diarrhoea, 

one or two thin watery motions following closelv one on the 
other, the disturbance then subsiding and stools of na tura l con-
sistence making their appearance; this is usually caused by some 
short-lived irritation of the intest inal mucous membrane by errors 
m diet, by cold in those who are so predisposed, by sudden 
change m 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 o f ' t he 
bowels m the 24 hours are a moderate number in acute intestinal 
diseases, while m the intestinal catarrh of children, in typhoid 
fever, dysentery, and cholera they may number 20 or more in the 
24 hours. This stage of t he affection, however, in which the 
stools are so loose and so frequent, does not last l o n g , - a few 
days or even a shorter t ime. I n 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. 

Diarrheal evacuations are sometimes perfectly painless • at other 
fames they are preceded by a peculiar painful sensation, known as 
which generally originates about the middle of the abdomen and 

a S t P l T d S , t h ! , 0 i h e r P a i D f u l a n d Painless s oo s ^ a y 
o i ^ ° i e r m t h e S a T P a t i e n t ; the presence or absence 
S " 6 ' m t h f f aJO"ty of cases at least, offers no diagnostic 

mdication of the special form of disease in which the bowel is involved 
Nevertheless pam before or at stool, if associated with tenderness to 
w T 6 ° \ t h , t o r a l l y warrants the inference that the 
bowel is probably the seat of an ulcerative affection. 

The alvine discharges always assume a diarrhceal character 
en irom a n y cause tlie peristaltic movements of the bowel are 

increased m rapidity and energy, so tha t the intestinal contents 
are carried more quickly onward, so quickly that they are ex-
pelled before their fluid consti tuents (dissolved alimentary 
matters and fluid derived f rom the intestinal vessels) have been 
to a sufficient extent absorbed. 

The causes of the increased peristaltic action are many and 
varied, but they all admit of one of two i n t e r p r e t a t i o n s , - t h e 
sensory nerves of the intestinal mucous membrane are either 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 
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large quant i ty or injudiciously combined. T h e l in ing membiane 
of the bowel becomes abnormally sensitive when at is a t t a c k e d b y 
d isease ; all intest inal affections, f rom simple t rans ient catarrh 
to the severe ulcerative processes, are usually accompanied by 
h a rhcea, which in chronic diseases may for a t ime disappear 

id be replaced by marked constipation This i n c r e a s e d 

sibilitv may in acute in tes t inal diseases become so intense t h a t 
even 'the intest inal secretions, which in such cases are greatly 
augmented in quanti ty, act as powerful i r r i t an ts 

Peris tal t ic movements , excited in any par t of the intest ine by 
any of the above-named pathological causes, travel onward in 
und imin i shed in tens i ty t h rough t h e whole length of the bowel, 
so tha t , for instance, in ca tar rh of the small in tes t ine they may 
be t ransmi t ted f rom thei r s tar t ing-point there to the perfectly 
hea l thy colon. 

Tf the increased activity of the peristaltic movements m catarrhs oi 

s & r s f f w n u s s i s s M f S a 
^ s s s s ^ ^ - f i g s -
of drastic purgatives, are produced by the increased energy of the 
peristaltic movements. 

EXAMINATION OF THE INTESTINAL DISCHARGES. 

I n examining t h e mot ions a t tent ion should be directed spe-
cially to the following p o i n t s : their quant i ty consistence and 
form, colour, odour, and t h e presence in t h e m of abnormal 

cons t i tuents . . . . , ,, 
T h e quantity of fecal Mat ters passed in hea l th depends on t h e 

amoun t of food taken and on the proportion of indigestible 
elements which the various articles of diet contain. I t is always 
increased in diarrhoea, by t h e addition of t h e intest inal secretions 
and of such port ions of food as have escaped absorpt ion. I n 
acute intest inal d i s e a s e s - a c u t e ca tar rh , European and Asiatic 
cholera, dysentery, for e x a m p l e , - t h e evacuations may be enor-
mous , consisting in great par t of watery t ransudat ion f rom the 
mucous surface and to but a s l ight extent of excrementi t ious 

ma t t e r s . , , ,, . 
The consistence of solid mot ions is proport ionate to t h e t ime 

s t t t s s i r r •• ' " " " * « « • >»• 

ducts, though the flow of bile into 'the T T ° f ^ K v e r a n d 

is never entirely arrlsted I S t T 18 ° f t ° n Hpeded it 
the feces begin to s h o w a e a k , * W ™ T a d u o d e n a l ^ t a r r h , 

I n young infants the motions, which normal ly are of , ,1 . 
yellowish brown colour, often become g r e e n ^ ' c i a l v w 
dyspepsia is p r e s e n t ; t he cause of this cobra i ion t f n 7 
been satisfactorily made out, though i t i s T o b a W w o t 
m a metamorphos is of bil irubin I n t o m ^ ^ F * ? 
a c ^ a s i ^ a r grass-green hue on the i n t e i ^ ^ S 

The motions take on an abnormal ly deep brown colour in 
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constipation of long durat ion. They are b l a m e d b y t h e in 
te rna l use of the prepara t ions of iron of which o,aly a a 
portion is absorbed, t h e remainder being mixed up in t h e 

s ta ined reddish brown or b — ^ 
(chocolate-colour) when they contain 'of ^blood 
derived f rom the upper pa r t of the ^ t e s t m a l canal n such 
cases t h e oxyhemoglobin of the ar ter ial 
in to methemoglob in a n d h e m a t m . W h e n t h e blood comes 
f rom t h e rec tum it does not remain long enough in contact 
wi th the fecal ma t t e r s to permi t of t h i s round of changes 
h e t n l g , so tha t t he colour i t impar ts to the mot ions is a 
c S W -marked red. T h e presence of even a sligh trace of 
blood is indicated by the colour it communicates to the evacu-

a t T l m odour of t he mot ions is characteristic ; 
t ially to t h e volatile products formed m connection with h e 
decomposition of fa t ty ma t t e r s . I t is of very li t t le piactical 
importance, as t h e differences which i t p r e s e n t J ™ 
ferences in intensi ty, not in kind. T h e simpler and p lamei the 
food in in fan t s still nursed at t he breast , t he less powerfu 
he smell . W h e n the mot ions are very fluid and succeed each 

other rapidly their odour diminishes very considerably T h e 
t e water discharge observed in cholera is almost entirely devoid 
of odour as i t contains practically no feculent materials I n 
inf lammatory and ulcerative affections of the bowel, part icularly 
of the rec tum (cancer, for example), t he mot ions sometimes 
have an extremely offensive and penet ra t ing smell . 

ABNORMAL SUBSTANCES IN THE INTESTINAL DISCHARGES. 

T h e appearance of any abnormal consti tuent in t h e m o t i o n s i s 
as a general 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 h o w e v e r t h e 
presence of t h e morbid mater ia l cannot be satisfactorily deter-
mined without having recourse to microscopic examination 

T h e 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 r ise to in-
tes t inal h e m o r r h a g e s are also usually accompanied by diarrhœa. 
Smaller quant i t ies of blood may be mingled with f ecu len t 
mat te rs of a semi-solid consistence or disposed in s t reaks on 
the surface of the mot ions . Blood may also be voided per-
fectly pure and unaltered. I n certain circumstances the blood 
which is seen in the stools comes f rom t h e s tomach, as, for 
instance, when the blood poured out in cases of perforat ing 
gastr ic ulcer is not got rid of by vomit ing bu t passes downwards 
th rough the intest ine ; such discharges commonly take the form of 
masses of coagula of a brown or blackish-red colour, resembl ing 
tar . In all other cases the blood is derived from the intestine" 
such h e m o r r h a g e being caused usually by ulceration of the 
mucous membrane ; blood is therefore very frequently present in 
the evacuations in typhoid fever and dysen te ry .—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 ; t he 
h e m o r r h a g e may take place f rom ruptured capillaries or f rom the 
bu r s t ing of the dilated and tensely engorged veins of the rectum. 
I t is to the occurrence of bleeding of the lat ter variety tha t the 
disease known as hemor rho id s owes its name. 

But the dilated hemorrhoidal veins are not the only source of 
intestinal hemorrhage ; in those cases in 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 m this way intestinal vessels of small calibre are often ruptured' 
Hemorrhage from this cause is not unfrequently observed in cirrhosis 
of the liver and m cases in which the portal vein is compressed by 
tumours. J 

Pus is found in the motions, or is passed in small quant i t ies 
pure and unmixed, in ulcerative affections, particularly of the 
rec tum, and in chronic rectal inf lammat ions ; or it may come 
f rom 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 f rom the intest inal mucous membrane occur 
in the stools in violent enter i t is and ulcerative affections of the 
bowel ; they are composed for the most par t of detached epi-
the l ium, sometimes of shreds of mucous membrane . The 
in tes t inal epi thel ium is separated freely in cholera. 
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Fungi appear abundant ly in the rice-water motions in cholera. 
I n the intest inal or infectious disease designated mycosis 
in tes t inal is , to which at tent ion h a s 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 t issues, and in t h e blood.# 

T h e motions, part icularly those observed in the diarrhcea of 
children, often contain f ragments of undigested food. 

Worms are frequently voided with t h e intest inal discharges, 
sometimes spontaneously, bu t usually, and in greatest number , 
af ter t h e adminis t ra t ion of anthelmint ics . The eggs of the 
worms are often expelled with the feces, occasionally in such 
abundance tha t several may be seen in every drop examined 
under the microscope. 

The worms which inhabit the human intestine are : the ascaris lurn-
bricoides, the round worm, whose habitat is the whole of the small 
intestine ; the oxyuris vermicutaris, the thread-worm, which lodges in 
the large intestine, chiefly in the rectum; both of these are most com-
monly found in children. The tricocephalus dispar, the whip-worm, 
lives in the caacum and colon, and occurs in both children and adults. 
There are three varieties of tape worm, tcenia solium, tcenia saginata 
(or mediocanellata), and bothriocephalus latus; 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 tamia solium abounds. 

Calculous formations, (gall-stones and intestinal calcidi), 
occasionally appear in the motions. T h e former may be de-
tected in the feces af ter t h e pa t ien t has suffered for a longer or 
shorter period f rom gall-stone colic; b u t small calculi, biliary 
gravel, very often escape observation. Gall-stones enter t h e 
duodenum th rough the duc tus choledochus, or sometimes through 
openings formed between the gall-bladder and the bowel by 
inf lammatory adhesion and subsequent perforation, a process 
which explains satisfactorily the voiding of concretions so large 
tha t they could not possibly have passed th rough the common 
bile-duct. Bil iary calculi are composed chiefly of Cholesterine, 
and are therefore soluble in alcohol and e ther .—Intes t ina l con-
cretions are formed in the bowel itself, certain salts, particularly 

* According to all tlie la tes t observers (Buhl, "YValdeyer, E . "Wagner, Leube and 
Müller, &c.) th is disease is s imply a local manifes ta t ion of t h a t known as splenic 
fever . 
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phospha te of magnesia, ammoniaco-magnesian phosphate , and 
various organic combinations, being accumulated round some 
solid body (such as a fruit-stone) as a c e n t r e ; in some cases 
organic concretions, blood clots, undigested f ragments of food, 
or very hard fecal masses, serve as the nucleus round which the 
different const i tuents of the s tone are deposited. 



A P P E N D I X . 

L A R Y N G O S C O P Y . 

* The discovery t ha t t he interior of t he la rynx may be seen reflected in a mirror 
laid on the uvula belongs really to t he early pa r t of t he present century, but the 
observations then made were very imperfect ¡—even the views of Garcia, t he singing-
master, on the movements of t he vocal cords in phonation, published in 1855, did no t 
material ly advance the practice of laryngoscopy. 

THE larynx is explored by b r ing ing its different par t s into 
view by means of mirrors . I t s interior is i l luminated with 
na tura l or artificial l ight reflected downwards f rom the pharynx, 
the image of the vocal cords and the adjacent s t ructures being 
received on a p lane mirror ( the laryngeal mirror) placed against 
t he uvula. 

T h e real originators of the practice of laryngoscopy are 
Turck and Czermak ( 1 8 5 7 — 1 8 5 8 ) ; t he former invented t h e 
laryngeal mirror , while to t h e lat ter we owe the publication of 
the first experiments made with it and the introduction of 
artificial l ight as a means of i l luminat ion.* 

The larynx may be i l luminated in one of three ways : by the 
rays of the sun, by the diffuse l ight of day, or by lamp-l ight . 

1. The ful l light of the sun is t he most i n t ense ; if therefore 
one has at disposal a chamber into which i t shines strongly i t s 
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 i t 
necessary to be continually sh i f t ing t h e pat ient about. These 
difficulties, which at most are bu t trifling, may easily be got over 
by placing a plane mirror fitted with a universal jo in t (like tha t 
of the ordinary toilette mirror) in t h e window of the apa r tmen t , 
in such a position tha t t h e beams of the sun fall upon it and 
are thrown either directly into the pat ient ' s m o u t h or on a 
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concave mirror and thence in to the pharynx. The mirror m u s t 
natural ly be tu rned f rom t ime to t ime, to follow the apparent 
movements of the sun . 

2 . The diffuse light of day is s t rong enough to be used for 
the i l luminat ion of the larynx in a well-lighted room and on a clear 
«ay. I t has th i s advantage, t h a t it shows the inter ior of t h e 
larynx m i ts na tura l colouring. T h e best method of emploving 
it is to reflect it into the m o u t h of the pa t ien t f rom a concave 
mirror of 2 6 - 2 9 c tm. focal distance placed so as to receive the 
l ight enter ing by the window. T h e glare may be lessened bv 
allowing t h e l ight to pass through- only a port ion of the window 
or t h rough a small chink in the closed shut ters , but th is is 
seldom necessary, nor is it practicable without great inconvenience, 
i h e i l luminat ion so obtained is not , of course, so br ight as t ha t 
produced by the rays of the sun, but i t is generally sufficient to 
permit the several pa r t s of the larynx to be distinctly seen. The 
position of the reflecting mirror for diffuse daylight and for sun-
l ight is t he same as t ha t specified below as requisite for artificial 
i l luminat ion and the same appara tus is necessary. 

3. Artificial Illumination. Sunl ight and daylight being 
natural ly available only at certain t imes , some method of i l lumi-
na t ing the l a rynx artificially m u s t often be resorted to, and since 
the introduction of laryngoscopy the efforts of inventors have 
been pers is tent ly directed to t h e perfect ing of the appara tus by 
which th i s may be most efficiently accomplished. 

Artificial l ight is used in two ways. 
a - A concave mirror of about 16 ctm. focal distance, fixed on 

a s tand, is placed on a table in f ront of a common lamp (either 
a gas, petroleum, or oil lamp), t he l ight f rom which is t hus 
reflected into the pat ient ' s mou th . By th is means a very br ight 
light is ob ta ined ; the area i l luminated is indeed small^ but is 
sufficiently large for the purpose, as only the laryngeal mirror , 
which projects, t he beam downwards in to the larynx, needs to be 
l ighted up, and not the whole of the pharynx. I f i t is desired to 
explore the m o u t h and pharynx, it is necessary merely to tu rn 
the concave mirror sl ightly f rom side to side in order to throw 
the l ight on the different par t s one after the other . 

The form of the lamp is perfectly immaterial. The concave mirror 
should be mounted on a stand (Turck) which is fastened to the table 
(Waldenburg, Bose, &c.); this is a more convenient arrangement than 



that in which 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. 

b. The second method of employing artificial l ight consists in 
t h e introduction of lenses between the f lame of the lamp and the 
concave mirror which reflects it ; some use only one simple 
biconvex lens (Levin, B . Frankel ) , others two lenses (v. B runs ) , 
or even three (Tobold). 

The l ight obtained by t h i s appara tus is no br ighter t h a n tha t 
given by simple reflectors without lenses, bu t it appears clearer, 
as it is distr ibuted over a larger surface and falls on t h e par t s in 
t h e 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 left 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 in s t rumen t which is required in examining the 
la rynx is t h e laryngeal mirror. Th i s is a plane mirror , round, 
oval, or square in shape, t he circular form being the most generally 
u s e f u l ; i ts diameter varies f rom l i to c tm. The larger size, 
which has the advantage of showing a larger portion of the larynx, 
may be introduced when t h e fauces are wide, and in individuals 
in whom i ts f requent application h a s rendered the par t s tolerant 
of i ts p re sence .—The mirror is made of highly polished glass, 
and is fas tened to a s tem of German silver at an angle of about 
45 degrees ; t h i s s tem fits into a wooden handle , in which it is 
firmly fixed by m e a n s of a screw. 

LARYNGOSCOPY EXAMINATION. 

T h e pat ient , wi th h is head sl ightly thrown back, should be 
seated facing the observer and as close to h i m as convenient. 
The fauces are then to be i l luminated, in the manner described 
above, and carefully examined to de termine 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 pat ient to the 
larynx. The examination of the larynx is then proceeded with . 

To introduce t h e laryngeal mirror the mou th m u s t be opened 
widely and the tongue th rus t forward. By the lat ter action t h e 
cavity of the mou th is enlarged, especially posteriorly, and as it also 
ra ises the larynx somewhat the la t ter is more readily i l luminated. 
T h e pat ient should pu t out h is tongue and grasp i ts t ip with the 
forefinger and t h u m b of h is r igh t hand , protected by a napkin , 
and keep i t fixed in t h a t position ; if f requent ly examined he 
soon learns to keep out the tongue without the aid of the hand . 
I n the case of pat ients who are st i l l unaccustomed to the process 
the observer may, with the t h u m b and index finger of t h e left 
hand , have to catch hold of the tongue and at the same t ime 
steady the chin, in order to keep the head erect. 

Many pat ients bear la ryngoscopy examination exceedingly 
we l l ; others with extreme difficulty, and only after long practice. 
T h e principal obstacles to be overcome are the disposition to 
elevate the tongue (and so obstruct t he view) and the sensibility 
of the uvula to the touch of the laryngeal mi r ro r . I n most people 
the re exists the inclination, when the tongue is t h r u s t forward, 
to raise its base and press it against t h e hard palate, an action 
which renders laryngoscopy difficult or even impossible. I f t he 
pat ient is unable to control th is movement he should be directed 
no t to pu t out t h e tongue ; if, no twi ths tanding th is , t h e root of 
t h e tongue still r ises, t he examinat ion may be facilitated by 
causing the pat ient to take several deep inspirat ions, t he effect 
of which is usually to depress the t o n g u e ; or the base of the 
tongue may be kept down by means of a spatula. Occasionally 
these proceedings cannot be borne by the pa t ient , on account of 
t h e choking sensations and retching they are apt to exc i te ; 
repeated manipulat ion, however, generally lessens the sensibility 
of the par ts . 

The difficulties ar is ing from a faul ty position of the tongue 
having been overcome, others appear on a t t empt ing to use the 
laryngeal mirror, as simply touching the uvula is often enough to 
cause spasmodic contraction of t h e muscles of degluti t ion and 
severe retching. These accidents are often due to the unsk i l f u l ' 
introduction of the mirror , and pa t ien ts who have frequently 
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submit ted to examination soon come to know, by the occurrence 
of retching, when the mirror is not properly laid against t he base 
of the uvula, as they can bear its presence even for several minutes 
without discomfort if i t be held so as to lie in contact only with 
the uvula and with none of the neighbour ing par ts . Some 
pat ients never get accustomed to the irr i tat ion of the mi r ror 
even though treated carefully and perseveringly, or at mos t 
they learn to endure it for a shor t t ime only. I t is f requent ly 
observed also tha t whils t in the first few trials the mirror is 
borne easily and for a moderately long t ime, it 011 subsequent 
occasions produces an increasing amount of annoyance and a t 
las t ceases to be tolerated, part icularly if t he examinat ions be 
too protracted or repeated too o f t en ; t hen , of course, all a t t empts 
to get a view of the larynx m u s t be given up for a t ime . 

Besides these choking sensat ions and the re tching ju s t men-
tioned certain other difficulties, due to local morbid conditions 
which seriously interfere with the proper ad jus tmen t of t h e 
laryngeal mirror , are encountered. Hypertrophied tonsils and an 
abnormally long uvula present obstacles of th is kind, t he point of 
the la t ter being always apt to come in f ront of the mir ror ; in the 
first case the introduct ion of a long narrow mirror , in the second 
the employment of one of larger size t h a n usual, will enable the 
observer to see the larynx. Mucus , when accumulated in quant i ty 
in t h e pharynx, may also prove t roublesome; it may be removed 
by gargl ing or coughing. 

Before int roducing the laryngeal mirror i t should be warmed, 
face downwards, over the globe of the lamp or, when examining 
by sunl ight or the diffuse l ight of day, over the flame of a spirit 
l a m p ; to make sure tha t it is not too hot, and in order to avoid 
burn ing the pa t ient , i ts metall ic surface should then be applied 
to t h e skin of the back of the h a n d . The warming prevents t h e 
condensation of the mois ture of the breath 011 the face of the 
mirror , and the consequent obscuration of the image it reflects, 
as well as the irr i tat ion which a cold body in the mouth would 
certainly produce. The mirror m u s t be cleaned and warmed 
anew after each application. 

The examiner should take the mirror in h is r ight hand, as one 
holds a pen, grasping i t a t t h e point where the s tem joins the 
wooden h a n d l e ; he t h e n passes it into the mouth , with the 
reflecting surface directed downwards and forwards. If he has 
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to use h is r ight hand , ei ther in operat ing in the larynx or in 
manipula t ing a b rush dipped in some as t r ingent solution, t he 
mirror may be introduced with the lef t hand. T h e mirror is 
now carried steadily backward, wi thout touching the back of t h e 
tongue or the hard palate, and is gently laid with its metall ic 
surface upwards against t he base of the uvula, t he pat ient being at 
t h e same t ime directed to say " eh " or " a " (as in tell or tale); t he 
image of the interior of the larynx will then be seen in the mir ror . 
T h e whole of the interior of the larynx does not become visible at 
once ; to obtain a view of all i ts par t s in succession the mirror 
m u s t be turned a li t t le to the r ight or left , upwards or down-
wards, as required. The precise direction in which it m u s t be 
tu rned when i t is desired to examine any par t icular pa r t of t h e 
larynx, will be indicated on a subsequent p a g e ; but i t is not 
always possible to follow set r u l e s ,—the method of procedure 
m u s t to a great extent be determined by the special local con-
ditions in each case, t he skill of t h e observer being shown in the 
readiness with which he adapts himself to these . D u r i n g all 
these manipulat ions , however, the mi r ror m u s t not be moved 
f rom i ts position against t he uvula . 

The parts seen reflected in the mir ror , in t h e order in which 
they appear, are : t he back of the tongue, wi th i ts circumvallate 
papilla}, t he anterior surface of t h e epiglottis with its th ree glosso-
epiglottidean l igaments (1. med ium and l ig. lateralia), then t h e 
arytenoid cartilages, t he posterior part of the rima glottidis, t he 
vocal cords, and the posterior wall of the larynx. If t he mirror 
be slightly lowered and pointed more nearly vertically downwards, 
t h e anterior wall of the larynx comes into view, the anterior par t 
of the vocal cords and their angle of union anteriorly, t he false 
vocal cords, t he ventricles of the larynx, a small port ion of the 
posterior surface of the epiglottis, and, if t h e i l luminat ion be 
good and the glottis widely dilated, t h e trachea, sometimes as 
far down even as i ts bifurcat ion. As soon as t h e mirror has 
been placed in position the first t h i n g tha t should be done, par-
ticularly if t he examination has to be made somewhat hurriedly, 
is to look for the t r u e vocal cords ; t h e other par t s may then be 
inspected in succession by sl ightly t u rn ing the mirror as before 
described. 

The par ts of the larynx seen to t h e r ight and left in the mirror 
correspond with the pat ient 's , , and not with the examiner 's , r ight 



and l e f t ; thus , those which appear to the observer's lef t in the 
mirror represent par ts s i tuated on the pa t ien t ' s r ight , and vice 
versa. I t is more difficult a t first, however, to realise t ha t 
according as the mirror is held the position of the different pa r t s 
of the larynx will seem to vary. As i t is usually placed, point ing 
obliquely downwards and backwards, t he s t ructures at t he back 
of the larynx are seen at t he bot tom of the mi r ror (the arytenoid 
cartilages, for instance), and those at t h e f ront of the la rynx 
(the anterior angle of t h e glottis, for example) , in the upper 
port ion of the image. A lit t le practice soon enables one to 
recognise the various s t ructures in t h e mirror and to refer t h e m 
to the i r real position in the body. 

EXAMINATION OF T H E D I F F E R E N T PARTS OF T H E LARYNX. 

W h e n the mirror is laid against t he base of the uvula the first 
object seen is the epiglottis ; on ra is ing the mirror a l i t t le and 
placing it a t t he junc t ion of the ha rd and t h e soft palate, t he 
back of the tongue also becomes visible. The l igaments which 
pass f rom the base of the tongue to the epiglottis, t he median 
l igament and t h e two lateral fcenula, nex t catch the eye, and 
between these folds the two glosso-epiglottidean sinuses or 
valleculce. 

T h e epiglottis is t he first s t ructure which comes into view on 
ge t t ing the laryngeal mirror in to position, only i ts 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 t h u s , apar t from the great 
differences it shows with regard to size, be considerable irregu-
lari ty of i ts anterior surface and iu the outl ine of i ts anterior 
margin . Very frequently i t is found to be inclined too far back-
wards; while occasionally it is markedly contracted in the middle . 
I n both cases a large par t of the larynx is shu t off from inspection, 
and it becomes difficult, sometimes impossible, to obtain even a 
g l impse of the par t s in the f ront of t h e laryngeal cavity (the 
anter ior port ion of the vocal cords and the i r angle of junct ion) . 
T h e mirror m u s t in such cases be th rus t as deeply as possible 
in to t h e pharynx, being held no longer obliquely bu t pointing 
a lmost vertically downwards. 

W h e n the mirror is placed in i ts ordinary position only the 

anterior surface of the epiglott is is exposed ; to br ing into view 
i ts posterior surface the mirror m u s t be directed very obliquely 
downwards and backwards, t h o u g h even t h e n only a portion of 
t h i s side can be seen. W h i l e the mi r ror is so held also the 
anterior part of the glottis is generally at t h e same t ime visible. 

Af ter having sufficiently investigated t h e par t s a t t he base of 
the tongue and the epiglottis, a t tent ion should be directed to 
those within the larynx. On depressing the mirror and tu rn ing 
it somewhat more obliquely backwards t h e arytenoid cartilages 
next come into view. These bodies appear as two cart i laginous 
prominences, about as large as small peas, pale reddish in colour, 
and converging towards each other . I n inspirat ion they fall 
widely apar t , in expiration they approach each other , while in 
pronouncing the vowel-sound " eh " or " a " (as in tell or tale), they 
come into close apposition with each other . On the i r apices are 
si tuated the cartilages of Santorini, two cart i laginous nodules 
which are visible only when the i l luminat ion is exceptionally good. 

D u r i n g respirat ion there remains between the arytenoid 
cartilages a fissure of greater or less size, occupying the long-
diameter of the larynx, the rima glottidis, t h rough which the 
posterior laryngeal wall is discovered. Th i s t r iangular aper ture 
is dilated in inspirat ion and contracts in expirat ion. T h e wider 
it is t h e more ful ly not only the posterior bu t also the anterior 
wall of the larynx is opened to the view; t h e pa t ien t should 
therefore always be asked to make several deep inspirations, but 
to do so as quietly as possible. 

T h e r ima glottidis is bounded on each side by t h e vocal cords 
The posterior pa r t of the vocal cords is usual ly seen when the 
arytenoid cartilages appear in the mirror , or in u t te r ing t h e vowel-
sounds described above. To recognise readily the vocal cords and 
to examine them carefully in their whole length , from thei r posterior 
a t t achment to the arytenoid cartilages to the point a t which they 
jo in anteriorly, are the principal objects of laryngoscopy. For 
prolonged and thorough examinat ion of the vocal cords, such as 
t h a t often made simply for practice, quiet respiration is most 
favourable, occasionally in terrupted only by the production of the 
vowel-sound " eh " or " a . " 

T h e vocal cords a t t ract the a t tent ion at once, the i r te?idinous 
lustre and whiteness being quite d i s t inc t ive ; in quiet respiration 
only the i r inner margins , which bound the r ima glottidis, are 
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observed, bu t in pbonat ion, in producing the sounds ment ioned 
above, tbey become visible i n tbe i r whole breadth, as they are 
t h u s made to approach each other and close the glottis. 

T h e vibration of t h e vocal cords, both of their whole breadth 
and of their edges alone, may be studied while the pat ient sings, 
t h e cords vibrat ing in their ent i re depth when t h e lower notes 
are sounded, and only the i r edges when the h igher notes, 
part icularly those which const i tu te the falsetto voice, are sung. 
I n those who have become accustomed to examination the in-
crease and decrease of these vibrations may be followed closely 
while the pat ient s ings up and down a scale. 

T h e appearance of the vocal cords is practically the same 
th roughout the i r whole e x t e n t ; a t one point only do they 
present a yellowish spot, t he macula flava, about as large as a 
p in ' s head and si tuated on the i r inner edge, close to the arytenoid 
car t i lages; these spots are small nodules of fibro-cartilaginous 
t issue, seated on t h e posterior surface of the cords and shining 
t h rough t h e m . — W h i l s t t he posterior part of the vocal cords is 
always easily enough seen i t is generally difficult to get a good 
view of their anterior par t , and part icularly of their anterior 
angle of junct ion. If t he epiglot t is be marked ly t rough-shaped, 
or curved so as to resemble the Greek let ter omega, a very small 
port ion only of the larynx is open to inspection, and it is seldom 
possible to get a s ight of t h e point of insertion of the cords. 
E v e n these disadvantages may sometimes be overcome, however, 
by securing good i l lumination and by varying the position of t h e 
head and of the mirror to meet the special local conditions which 
complicate each case. No precise set of rules can be formulated 
on th i s subject, bu t i t will in general be found to be of service to 
t i l t back the pat ient ' s head considerably and to push the mi r ror 
more deeply in to the pharynx, point ing it a t t he same t ime more 
obliquely downwards. Throwing the head back raises the larynx 
and hyoid bone, t he consequence of which is t ha t t he anterior 
angle of the glott is is also elevated and the mirror allowed to be 
still fu r the r depressed. If notwi ths tanding the adoption of these 
expedients the examiner is still unable to see the point of in-
sertion of the vocal cords t h e pat ient should be asked to make a 
series of deep inspirat ions and rapid and complete expira t ions; 
t h i s will raise the epiglottis against the base of the tongue and so 
expose the par t s below, though each view lasts only for an ins tan t . 
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T h e vocal cords are also somet imes covered by tough , clear 
mucus , which may prevent any proper survey of these and the 
neighbour ing par ts being made ; a few slight coughs will usually 
expel th is mucus'. 

Above and to t h e outside of the vocal cords, and runn ing 
parallel with them, lie t h e false or superior vocal cords, dis-
t inguished f rom the t rue vocal cords by the i r pale reddish colour. 
Between the superior and inferior cords the re is si tuated on each 
side an elongated fissure of variable breadth, t he ventricles of the 
larynx, or ventricles of Morgagni. 

I t is usually a mat ter of considerably greater difficulty to bring 
clearly into view the aryteno-epiglottidean folds, two th in folds 
of mucous membrane of exactly the same colour as the rest of 
the mucous surface, pass ing f rom the sides of t h e epiglottis to 
the arytenoid car t i lages; they are often hidden by the over-
hang ing epiglottis. Towards the i r posterior ends small carti lagin-
ous nodules are sometimes found, t h e cartilages of Wrisberg; 
frequently, however, these bodies are want ing . 

To the outside of the cartilages of Wrisberg and Santorini are 
seen the pyriform sinuses, formed on each side by the arching 
outwards of the walls of t h e pha rynx ; in phonat ion these sinuses 
are dilated to some extent and are therefore then more readily 
made out . 

W h e n the i l luminat ion is good, and dur ing deep inspiration, 
t he par t s below the glottis may become so distinctly visible t ha t 
t he carti laginous r ings of t h e trachea may be counted, part i -
cularly if t he larynx be exceptionally wide. The bifurcation of 
t he t rachea 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 port ion of the 
principal bronchi . 

W h e n by repeated examination in t h e heal thy subject a clear 
conception has been formed of t h e shape, mobili ty, and colour of 
the various par t s 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 par t , whether these diseases 
are uncomplicated and limited to t h e larynx or arise in connection 
with affections of other organs, especially of the organs of 
respirat ion. T h e laryngoscopy appearances presented by the 
most impor tan t of these affections will now be considered. 
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ACUTE CATARRH OF THE LARYNX. 

(Acute Laryngi t is) . 

Catarrh (or inflammation) of t he larynx presents t he same 
appearances as catarrh of the other mucous membranes : 
redness (vascular injection, sometimes punctate extravasations of 
blood), softening, and swelling. The submucous t issue is also 
usually to some extent involved in the inflammatory process. 

The catarrh may affect, in greater or less intensity, every part 
of the larynx, or i t may be limited to particular par ts , such as the 
epiglottis, the arytenoid cartilages, or the vocal cords. I n the 
lat ter case, therefore, we are justified in speaking of an epiglottitis, 
arytenoiditis, or chorditis. 

Inf lammation of the epiglottis is characterized by a deep red 
coloration, more frequently of i ts posterior than i ts anterior sur-
face, and sometimes also, when the inflammation is intense, by a 
greater or less degree of swelling. Inf lammations 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-
l i ty 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 part ly hide the t rue vocal cords; the 
lat ter then appear narrower than usual, and show only a small 
portion of their margin dur ing phonation. The inflamed superior 
vocal cords also encroach on the ventricles of the larynx or may 
even obliterate t hem.—But of all the par ts within the larynx the 
t rue vocal cords exhibit the most striking changes when inflamed; 
normally white, with a br ight 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 affected a t once, inflammation of 
only one at a t ime being comparatively rare. Inf lammation of 
moderate intensity is marked merely by vascular inject ion; in the 
more severe forms sivelling 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. 

at tended h f r ^ t h e ^ i s occasionally 
at tended by desquamation of the superficial layers of the epithe -
m m and the formation of superficial catarrhal ulcers, particu-
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folds and on the vocal cords. The inflamed par t s are generally 
coated with mucous secretions, which are often drawn out into 
fine viscous threads, especially between the vocal cords during 
their respiratory movements. 8 

CHRONIC CATARRH OF THE LARYNX. 

(Chronic Laryngitis). 

of ™ r f e C t r ^ P 1 ' i m a r y ' t h a t i s ' f t b e developed out 
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m destructive diseases of the la rynx; or i t may be of the nature 
of a local manifestation of some other disorder, such as syphilis 
or pulmonary phthisis . I t is distinguished laryngoscopicallyfrom 
the acute form of the affection by the less bright, dirty g/evish 
red colour of the inflamed p a r t s ; as in acute catarrh, however 
t he intensity of th is coloration varies from light to dark red. L ike 
acute laryngitis, also, chronic laryngitis sometimes involves 
uniformly the whole of the laryngeal mucous membrane, while at 
other t imes 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 t rue vocal cords. As marked 
differences are observed in the degree and distribution of the 
swelling as m the intensity of the inflammatory r e d n e s s . - R o u n d 
superficial ulcers are more common in chronic than in acute 
catarrh . 

CROUP OF THE LARYNX. 

Laryngoscopy examination is seldom called for in laryngeal croun 
the symptoms of the affection being so characteristic and such a s fo 
define it so clearly from other diseases of the larynx. Apart T o m tl e 
pamfulness of the proceeding, it is scarcely likely that any a t t e Z t to 
explore the larynx in this way would be successful, as croup u^ual v 

ex W d t f T ° f ' " J 3 ' e a r S ° f a g e - I n s u c h c ases asTave £ en examined the false membranes were seen, accompanied by thickening 
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D I P H T H E R I T I S OF T H E LARYNX. 

Diphtheritis is rarely developed exclusively in the 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 laryngoscopy 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. 

P H T H I S I S OF T H E LARYNX. 

Pulmonary ph th is i s is very of ten accompanied by more or 
less extensive laryngeal disease, which may take any of the 
many forms to which the larynx is subject, f rom simple ca tar rh 
to ulceration and destruction of t issue. 

Phthisical laryngeal catarrh is in no respect different in 
appearance f rom ordinary pr imary c a t a r r h . — I n f l a m m a t i o n of the 
submucous tissue adds considerably to the gravity of t h e disease; 
when th is takes place the mucous membrane becomes not only 
hyperfemic bu t thickened, th rown into folds, covered with 
irregular rounded prominences (like those so often seen in t h e 
pharynx) , and occasionally markedly (edematous. — A s the 
phthisical disease advances the surface of the larynx is very 
frequently broken by ulceration. Ulcers of th is kind may be 
solitary or m u l t i p l e ; when crowded close together they may 
coalesce and form one large ulcer. "While they may occur in 
any par t of the larynx they are more often met with on i ts 
posterior wall and on the epiglot t i s ,—most often of all, however, 
on the vocal corcls, usual ly bo th . The ulcerative process may 
attack only t h e superficial t i ssues or extend also to the deeper 
layers . T h e cords, when ulcerated, are generally reddened and 
swollen, and seldom of the i r na tura l colour and s t ruc ture . I f 
t he loss of t issue be considerable and the ulcers be si tuated on 
t h e inner border of the vocal cords, t he la t ter have a notched 
appearance, and when, dur ing phonat ion, they are drawn 

together, sl ight i rregulari t ies are observed in the outl ine of the 
n m a glott idis. I n ext reme cases one or other of the vocal cords 
may be almost totally destroyed. Laryngoscopically t h e loss of 
substance occasionally seems greater t h a n it really is : thus , all 
t ha t is sometimes seen of the vocal cords is a narrow ulcerated 
bo rde r ; but th is d iminut ion in size is to a great ex tent merely 
apparen t and caused by the u n d u e prominence of the swollen 
superior vocal cords, which then conceal the t r u e cords si tuated 
beneath t h e m . If both vocal cords be deeply hollowed out by 
ulceration, closure of the glottis may be very incomplete dur ing 
p h o n a t i o n ; a gap of greater or less size will remain between the 
cords .—Phthis ical ulcers of the vocal cords have exactly t h e 
same shape as ulcers due. to any other cause. They are i r regular 
and indented at the edges ; if very superficial and perhaps also 
covered by clear tough mucus they are very difficult of detection 
with t h e laryngoscope, bu t 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 
puru len t secretion. 

The above-described forms of phthisical disease of the larynx are in 
general scarcely distinguishable, by their laryngoscopic characters, 
irom 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 spontaneously, 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-
bellious 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-
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stance of the vocal cords, denudation of the arytenoid cartilages, &c., 
while the pulmonary disorder is still in a comparatively early stage. 

S Y P H I L I S OF T H E LARYNX. 

AS in phthis is , so in syphilis, every variety of laryngeal 
affection is observed. 

Syphilitic catarrh of t he larynx and syphilitic inflammation of 
the submucous tissue, occur generally in t h e same par t s and 
present precisely the same appearances as the simple, pr imary 
or phthis ical inf lammations. No specific character therefore can 
be assigned to these affections t i l l other signs of syphilis are 
discovered (in the fauces, skin, &c.). 

Syphili t ic laryngeal disorders, when they have lasted some 
t ime, are invariably complicated by the formation of ulcers. 
These lesions are found most commonly on the vocal cords, next 
mos t frequently on the epiglottis, especially on its free borders , 
and more rarely on the posterior wall of the larynx. They are 
dist inguished f rom catarrhal ulcers, which are generally formed 
very rapidly, by their slow ra te of development; laryngoscopically, 
however, they often offer no sign which indicates positively 
the i r syphilitic na ture . I n some cases, nevertheless, syphilit ic 
ulcers differ f rom those of catarrhal or phthisical origin in 
be ing more nearly circular in fo rm, in the fa t ty or lardaceous 
appearance of their floor, and in having project ing and sharply-
defined edges. 

The heal ing of the ulcers under ant isyphil i t ic t rea tment is 
natural ly the surest proof of the i r syphilitic character. They 
hea l by cicatr izat ion; where therefore such cicatrices are 
observed at various points within t h e larynx it may be assumed 
with almost perfect certainty tha t t he ulcers which preceded 
t h e m were syphilitic, as phthis ical ulcers, which are practically 
t h e only lesions f rom which they need to be differentiated, as a 
general rule show no inclination to heal . Cicatrices of any great 
magni tude in t h e neighbourhood of the glottis give rise to deformi-
t ies and impa i rment of t h e mobili ty of the vocal cords, and to a 
fo rm of stenosis of the rima glottidis, which in certain cases ( I have 
seen one such) may become so extreme as to demand the per form-
ance of t racheotomy. If from neglect, or because the i r syphili t ic 
na tu re was no t recognised, t he ulcers do not heal , they may in 
the i r fu r the r progress produce t h e mos t widespread destruction 
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of the various par t s of the larynx, denudat ion and erosion of the 
cartilages (the epiglottis, in part icular , being somet imes reduced 
to an irregular, shapeless mass) , and destruction of the vocal 
cords so extensive tha t only a few almost unrecognisable r emnan t s 
of them may be left . 

It has been placed beyond doubt, by some careful observations, that 
syphilitic gummata are occasionally, though rarely, developed in the 
larynx They may occur in any part of the larynx, especially in those 
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 diffused in the tissues, and so give rise to 
irregular nodulation or wrinkling 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 
ainerence in colour depends on the stage which the gumma has reached : 
m the first stage, that of infiltration (inflammatory swelling), the part 
is red ; m the second stage, that of softening, the yellow colour begins 
to show itself. If the morbid material be absorbed a depression OT a 
cicatrix is formed, or if it break up and become disorganized ulceration 
takes place (Scheele, &c.). 

P E R I C H O N D R I T I S OF T H E LARYNX. 

Perichondri t is , with t h e subsequent accumulat ion of puru len t 
exudation beneath the per ichondrium, the eventual escape of the 
pus and denudat ion and necrosis of the cartilage, may at tack any 
of the carti laginous s t ructures which form par t of the larynx 
Perichondri t is of the larynx is generally a secondary, rarely a 
pr imary affection, and very of ten follows phthis ical and syphilitic 
laryngitis, the ulcerative process so begun extending to the deeper 
t i s sues ; not unfrequent ly it appears in the course of severe acute 
diseases, part icularly typhus, somet imes also in diplitherit is of 
the larynx and small-pox. 

Unt i l t he pus collected between the carti lage and perichondrium 
has forced i ts way th rough the lat ter s t ruc ture the s igns dis-
coverable by the laryngoscope do not enable one to make the 
diagnosis wi th any degree of confidence. A t those par ts a t 
which the abscess is fo rming there is observed a firm, dark red 
prominence, surrounded by inf lammatory swelling and project ing 
in to the cavity of the larynx, often producing in th is way a con-
siderable degree of laryngeal s tenos is ; but it m u s t be remembered 
tha t a moderately acute inf lammation of the submucous tissue, 



particularly if developed with great rapidi ty , may present pre-
cisely the same la ryngoscopy appearances. 

Per ichondri t is often at tacks the posterior port ion of the cricoid 
cartilage, f rom which it rapidly extends to the other cartilages, 
especially in typhoid fever ; if suppurat ion supervene and an 
abscess be rapidly developed, laryngeal stenosis and the pheno-
mena of th rea ten ing suffocation are produced. T h e occurrence 
of perichondri t is cricoidea in typhoid fever is usually readily 
diagnosed on tak ing into consideration the whole course of t h e 
disease in t h e case in h a n d ; laryngoscopically, also, it is gene-
rally easily .recognised by the firm prominent tumour which 
projects downwards from the posterior wall of the larynx. 

Perichondri t is of the thyroid cartilage seldom occurs pr imari ly 
(except af ter injuries) , bu t as a rule secondarily, in connection 
with the morbid conditions ment ioned above. On the whole it 
is rarer t h a n perichondri t is of t h e cricoid cartilage. I t may be 
unilateral or bilateral, strictly circumscribed or spread over a 
comparatively large area. If t he inf lammation have i ts seat on 
t h e outer surface of the cartilage the diagnosis is easy ; mos t 
commonly however i t t akes place on the inner surface, be ing 
often l imited exactly to the thyroid notch, when phthisical 
ulceration at t he anterior angle of junct ion of the vocal cords 
extends to th i s par t . Per ichondri t i s 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 laryngoscopy appearances vary 
with the intensi ty and distr ibution of these morbid processes. 

Per ichondri t is of the arytenoid cartilages, usually of both, is 
t he most common form of the disease, and is often observed 
alone, unassociated with any affection of t h e other carti lages. 
I n most cases it is of syphilit ic or phthisical origin ; in phthis is , 
particularly, when the laryngeal disorder has lasted some t ime , 
t h e ulceration frequently extends to the arytenoid cartilages and 
partially or total ly destroys t h e m . — I n perichondrit is of one of 
the cartilages, before t h e pus formed has escaped and whils t 
nothing is yet to be. seen bu t swelling of the cartilage, t he ap-
pearance of the par t s is in all respects the same as t ha t presented 
in cases of swelling of then- submucous t issue, such as is so 
often met with in simple laryngit is . I n the affection under 
consideration, however, t h e mobility of the cartilages and of t h e 

vocal cords of the same side is somewhat diminished, which is 
t he more s t r iking as t h e carti lage of the opposite side is heal thy 
and freely movable, whilst in simple swelling of the mucous 
covering of the arytenoid carti lage t h e movements of the pa r t 
are but very slightly r e s t r i c t ed .—When the pus escapes the car-
t i lage lies exposed ; if t h e denudat ion be merely part ial and 
circumscribed it may be completely concealed f rom view by the 
swelling of the sur rounding soft p a r t s ; but if no such swelling 
is present, and the cartilage be separated f rom its connections 
by the destructive process, there is produced a deep depression 
which occupies t h e place of the destroyed cartilage, a change 
which is part icularly noticeable when t h e corresponding vocal 
cord is intact . 

The various forms of ulceration or necrosis of the carti lages of 
the l a r y n x , - s i m p l e , syphilit ic or phth is ica l ,—are indis t inguish-
able f rom each other by their la ryngoscopy characters alone ; 
t he differential diagnosis res ts solely on the ascertained nature of 
the coexisting general affection. 

CEDEMA OF T H E LARYNX. 

CEdema of the larynx may be either part ial and circumscribed 
or may involve many of the laryngeal s t ructures . I t is most 
marked at those par t s a t which the submucous t issue is most 
lax and most capable therefore of accommodating a large amount 
of dropsical e f fus ion: these par t s are the aryteno-epiglott idean 
l igaments , t he arytenoid cartilages, t he posterior surface of the 
larynx, and the epiglottis. The e d e m a t o u s swellings present a 
l ight yellow or pale reddish coloration, which is s tr ikingly dif-
ferent f rom the deep redness of the tumefact ion due to simple 
inf lammation. 

The severer forms of oedema give rise to such intense dyspnoea that 
caretul laryngoscopy examination becomes impossible, and the swelling 
ot the epiglottis also, which is seldom wanting in these cases, is usually 
so great that the mtralaryngeal structures are completely hidden from 
sight. IF the epiglottis be highly cedematous 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 parts. A high de<n-ee 
ot cedema of the mtralaryngeal structures, particularly of the superior 
or interior vocal cords, or of the aryteno-epiglottidean ligaments, 



always produces considerable stenosis of the rima glottidis. Less 
marked cedema, wbicb fcr 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 
(edematous infiltration is very 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. 

M O R B I D GROWTHS IN T H E LARYNX. 

These are most commonly (in at least 75 per cent, of the cases) 
seated on t h e vocal cords, and are comparatively seldom seen a t 
other par ts of the larynx. 

Theymaybe arranged in two groups, according to their histologi-
cal s t ructure : the first includes those composed of elements which 
occur normally in the larynx, benign growths; the second those 
consist ing of heterogeneous t issue elements, mal ignant growths. 

To t h e first group belong t h e papillomata, fibromata, myomata , 
and cystic tumours of the l a r y n x ; to t h e second the different 
varieties of carcinoma. 

T h e most common of the new formations developed within t h e 
larynx are the fibroid and papillary growths. 

Fibroid laryngeal growths are of moderately firm consistence 
and, t hough occasionally sessile, are generally connected with t h e 
par t f rom which they spring by a dist inct pedicle. They are 
rounded or oval in shape, vary in bulk f rom the size of a pea t o 
t h a t of a hazel-nut , have usually a smooth, hu t sometimes a 
granulated or even lobulated surface, and are whit ish, pale 
yellowish-red, or vivid red in colour. T h e differences in colour 
depend on the greater or less vascularity of the t u m o u r . 
F ibrous growths ordinarily spring from the upper surface of the 
vocal cords and from their inner borders, and in the lat ter case 
may be found attached to any par t of the m a r g i n ; not unf re-
quently they are seated at the anterior insertion of the cords, 
and when of small size the observer lias considerable diffi-
culty in seeing them in th i s si tuation. They are seldom me t 

with at other par ts of the larynx. F ib rous tumours of t h e larynx 
are developed from the submucous connective t issue. 

i h e papillomatous growths are formed by hyperplastic develop-
men t of certain portions of the mucous membrane with simul-
taneous hypertrophy of their epithelial covering. Thev assume 
the most diverse f o r m s : 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 fat ty t issue, or pale reddish when 
they are more richly supplied with blood-vessels. 
. s u l ' r ound ing par ts m a y b e heal thy, or may present the 

signs of active inf lammation. Papi l lary t umour s 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 est imate of their actual size, even 
when they project beyond the marg in of the cords. They are 
seldom observed on the superior vocal cords, the ventricles of t h e 
larynx or other par ts . I n phthisical laryngitis a number of small 
greyish-white excrescences of papillary aspect are sometimes 
seen on t h e posterior wall of the larynx between t h e arytenoid 
cartilages, scattered over the swollen, inflamed, and possibly 
also ulcerated mucous membrane, bu t these are not regarded 
as new formations in the strict sense of the term. 

Cystic tumours of the larynx are ra re ; they are of small size and 
occur most usually on the superior vocal cords and the vent 5 es of 
^ e arynx,occasionally also on the inferior vocal cords and the epi-
glottis, Lipoma and myoma have been observed in the larynx in onlv 
a few exceptional cases. J 

CARCINOMATOUS G R O W T H S IN T H E LARYNX. 

Cancerous growths are very rarely developed primarily in the larynx 
or u n a s s o r t e d with malignant disease elsewhere; they geneiafly 
g t e n d o the larynx from neighbouring parts, the p h a r y n x / J o p h S 
&c As the tissues so invaded are generally so altered in aspect a f t o 
be unrecognisable and as the cancerous growth is usually of some con-
siderable size audi t s rate of increase more rapid t ha i that of any 
other new formation the laryngoscopy appearances of the parts 
attacked scarcely admit of description. Growths of this kind have a 

, C a u l l f i
t
o w e r - l l k e S U r f a c e ' w h i c h feature alone, especially if 

the growth be extensive, is sufficient to indicate clearly their carci-
nomatous nature; the diagnosis becomes more certain when similar 



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 epithelial and medullary 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 dyspncea and a distressing feeling of suffoca-
tion. They 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 Morgagni. 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 T H E VOCAL C O R D S . 

Temporary closure of the glottis takes place from spasm of 
those intr insic laryngeal muscles which approximate the vocal 
cords (spasmus glot t id is ) ; i t occurs most frequently in children, 
and next mos t frequently in the hysterical at tacks of adul ts . The 
closure may be complete or incomplete. 

PARALYSIS OF T H E YOCAL C O R D S . 

Paralysis of the vocal cords is due to a great variety of causes. 
Two forms of the affection are recognised, central and peripheral 
paralys is : t he first of these is very rare, being observed in con-
nection with cerebral apoplexy t a t t he par t a t which the vagus 
nerve has i ts origin, while the second is exceedingly common. 

Per ipheral paralysis of the vocal cords may be neuropathic 
( tha t is, caused by interference with t h e motor nerves of the 

* I have observed one case of epithelial cancer of t he epiglottis, in which the f ree 
border of the lat ter was transformed into an irregular, shapeless mass, which was of 
sufficient size to produce considerable stenosis of t he l a r y n x ; in t he interior of t he 
l a rynx noth ing abnormal could be seen. 

f I have had under observation a case of apoplexy in which complete paralysis, of 
central origin, of the left vocal cord, together wi th paralysis of t he right hypoglossal 
nerve and slight facial paresis, were suddenly developed, wi thout any other sign of 
disturbance of motor power. 

larynx such as to deprive t h e m of their conducting power), or 
myopathic. 

The neuropathic paralyses are generally of mechanical origin, 
being commonly produced by pressure on the inferior laryngeal 
nerve or the vagus by large t umour s of the thyroid gland or of 
t h e cervical or bronchial glands, by t u m o u r s of the mediast i -
n u m and aneurisms of the a o r t a ; in the last-mentioned case 
the paralysis always affects the left recurrent laryngeal nerve .— 
Neuropath ic paralyses of t be vocal cords occur also in certain 
infectious and zymotic diseases (diphtheri t is , typhus , &c.) 
and in hysteria . 

I n t h e great major i ty of ins tances , however, paralysis of t h e 
vocal cords is myopathic. Two varieties have been dist inguished 
f rom each other : 1. paralysis of the vocal cords in the proper 
sense of the t e rm, t ha t is, t he form in which the immobili ty of 
t h e cords depends solely on paralysis of the muscles, t he laryngeal 
s t ructures being in other respects n o r m a l ; 2. paralysis due 
simply to mechanical condit ions, in which the loss of motil i ty is 
caused by other laryngeal diseases, such as a high degree of 
swelling of the vocal cords and the pa r t s in immediate relation 
with them, cicatrization after ulcerat ion, &c. Cases of the la t ter 
kind are characterized, not by complete paralysis , but ra ther by-
greater or less impai rment of the mobili ty of one or both cords ; 
they have already been under consideration on a preceding page. 

T h e paralysis may involve one cord or b o t h ; it is somet imes 
incomplete (paresis), at other t imes complete (paralysis). 

In order to the better understanding of the laryngoscopy appearances 
in the various forms of paralysis of the vocal cords the actions of the 
different intrinsic muscles of the larynx may here be shortly 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-arytenoid muscles 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 arytenoid muscles. The 
glottis is also contracted by the lateral crico-arytenoid 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-thyroid and thyro-arytenoid muscles. 



UNILATERAL PARALYSIS OF T H E VOCAL CORDS. 

The left vocal cord is much more f requent ly paralysed than 
the r ight . If t h e loss of power be complete, all t he muscles 
which act on the cord, t he dilators, constrictors, and tensors of 
the glottis, being paralysed together , t h e affected cord and i ts 
corresponding arytenoid carti lage remain perfectly immovable 
dur ing respiration and p h o n a t i o n ; the unaffected cord, on the 
contrary, part icularly when t h e higher notes are sounded, moves 
unusual ly actively, and crosses over the middle line even as far 
as the paralysed cord, and in th i s way usually completely closes 
the glot t is . The movements of the sound cord may indeed be 
so energetic t ha t t he corresponding arytenoid cartilage not merely 
touches tha t of the opposite side bu t passes over it some l i t t le 
dis tance. I n all cases in which the unaffected cord comes in to 
contact wi th i ts fellow the r ima glottidis is directed obliquely 
towards the paralysed side. On sounding a deep note, which 
does not require for i ts production such a degree of tension of 
the heal thy vocal cord, t he la t ter does not cross the median 
l ine so far as to reach the paralysed co rd ; the closure is there-
fore t h e n imperfect, a small gap being lef t between the vocal 
cords.—"When the paralysis has lasted some t ime the cord 
loses i ts sh in ing tendinous appearance, becomes dull and lustre-
less and somewhat wrinkled on the surface, and the arytenoid 
cart i lage to which it is a t tached grows paler in colour and 
atrophies sl ightly. 

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 elliptical 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 

recognised by thQ absence or comparative feebleness of the sensation of 

t í t l í r í 0 U l d b e
+ , f e l t P l a c i Q § t h e on the outside of 

(Gerhardt) g G ' ° n t h e S l d e r e s p o n d i n g to the affected cord 

G e r h ^ S v í f - í l 6 e p i g l f f S , iS a n e x c e e d i n g l y rare affection (Leube, 
í f r S r , 6 U n i k t T ' P r o c l u c e d h J Paralysis of either of the 
toward« « P e t t i s is stated to be turned obliquely 
towards the sound side while the upper part of the interior of the 
iaiynx, on one side, is devoid of sensation. 

BILATERAL PARALYSIS OF T H E VOCAL CORDS. 

Bilateral paralysis of the muscles which act on the vocal cords, 
unl ike uni lateral paralysis, is usually complete. There are two 
fo rms of the affection : 

1. Bilateral paralysis of the constrictors and tensors of the 
g lo t t i s ; and 2. Bilateral paralysis of the dilators of the glottis. 

I f the whole group of constrictor muscles on both sides be 
paralysed the vocal cords are a lmost motionless dur ing inspira-
t ion and expiration, and in phonat ion move only very s l i -h t ly 
towards the median l i n e ; even in forced phonat ion they never 
come perfectly into contact with each other , or if they do for an 
ins tan t 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. I f t he paralysis of the constrictors 
be incomplete the movements of the vocal cords in respiration 
and phonat ion are not entirely abolished, though they are much 
less extensive than normal ly ; a great many intermediate stages 
between absolute immobil i ty and normal freedom of movement 
are observed.—Bilateral paralysis of the constrictors of the glott is 
may also be par t ia l in th is respect, t h a t t h e loss of power may 
be l imited chiefly to the lateral c r icoary tenoid and the thyro-
arytenoid muscles, or to the transverse arytenoid muscle. The 
following varieties of t h i s partial paresis are met with : 

a . The anterior angle of junct ion of the vocal cords is closed 
and the arytenoid cartilages touch each other in phonat ion while 
the other par t s of the cords make no movement towards each 
other , t he middle portion of the r ima glottidis, the pars l igamen-
tosa, r emain ing o p e n ; th is condition indicates paralysis confined 
chiefly to the lateral crico-arytenoid and the t hy roa ry t eno id 
muscles . J 
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b. The l igamentous portion of the vocal cords closes normally, 
bu t the carti laginous portion cont inues open, the arytenoid carti-
lages remaining fixed; here t h e paralysis affects principally the 
transverse arytenoid muscle . 

c. T h e vocal cords come together only in their anterior par t , 
t he rest of the l igamentous and the whole of the cart i laginous 
port ion remaining open. 

Bilateral paralysis of the dilators of the glottis is much less 
common t h a n tha t of the constrictors. I t presents the following 
laryngoscopic appearances : t h e vocal cords, even in quiet respira-
t ion, are abnormally close together, t he r ima glottidis being 
reduced to a mere chink between t h e m . I n inspiration the cords 
are not drawn a p a r t ; they are, on the contrary, approximated to 
each other by the diminished pressure of t h e air, t he glot t is is 
almost completely closed, ext reme dyspncea is established, and 
inspiration acquires a whist l ing, sonorous character which is 
qui te distinctive of stenosis of the glottis. In expiration t h e 
cords are again separated slightly, bu t only so far as to leave t h e 
above-described narrow chink th rough which t h e air may pass. 
I n phonation the vibration of the vocal cords, and the movements 
of these s t ructures and of t h e arytenoid cartilages towards each 
other , are normal , the constrictors of the glott is 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. 

I n 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 s imply difficulty in the formation of 
sounds, observable sometimes only in the upper notes, sometimes 
only in the lower. T h e 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 dur ing 
the most s t renuous efforts to produce a s o u n d ; the voice fails also, 
even though the closure of the glottis be complete, if the cords 
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have lost the i r power to vibrate, f rom paralysis of the tensors of 
the glottis. If t he glot t is close perfectly, however, and if t he 
paralysed cord vibrate normally, t he s t rength and pur i ty of the 
voice may be preserved unal tered. B u t if t he cords do not come 
fully and accurately into apposit ion, if, for instance, the glot t is be 
completely closed in its l igamentous but not in i t s carti laginous 
portion, t he voice becomes hoarser .—With regard to the difficulty 
in the formation of sounds, or alteration or fai lure of the sound 
when the voice is of a certain pi tch, t he most diverse modifica-
t ions are observed ; t he only general s ta tement t ha t can be made 
on the subject is t ha t the n u m b e r of sounds tha t can be ut tered 
by the pat ient and their pur i ty depend—provided always t h a t 
notwi ths tanding the unilateral paralysis of the vocal cords efficient 
closure of the glott is takes place—on the amount of vibration of 
which the affected cord is capable. Thus , t he voice very readily 
breaks into falsetto when only the inner margin of the paralysed 
cord enters into vibration ; it, on the other hand, becomes deeper 
in pi tch when the cords are shor tened and relaxed, f rom paresis 
of the thyro-arytenoid muscles , a form of t h e affection which is 
not uncommon. W h e n energetic a t t empts at phonat ion are made 
sounds may natura l ly still be produced which are not heard as 
the resul t of feebler efforts, as in the former case more accurate 
closure of the glott is takes place and the vocal cords are thrown 
into more active vibration. Diphthonia is sometimes observed 
when the tension of t h e vocal cords is unequal on the two 
sides. 

In all other affections of the larynx, f rom simple catarrh to the 
destructive ulcerative processes, temporary or pe rmanen t impair-
ment of the voice, varying in intensi ty from t ime to t ime, amount-
ing in some cases merely to s l ight hoarseness, in-others to complete 
aphonia, is a symptom almost as constant as cough in the various 
diseases of the respiratory appara tus . B u t j u s t as the cough 
cannot be said to be characterist ic of the special nature of the 
pulmonary disorder, so the al teration in the voice indicates only 
approximately the nature , seat, severity, and extent of the 
laryngeal affection. 
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I N D E X . 

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 affections, 
43 ; in pulmonary diseases, 45. 

Accessory muscles of respiration, 49. 
Accidental cardiac murmurs, 286. 
Activity of the pulse, 246. 
Acute yellow atrophy of liver, percussion 

dulness in, 349. 
^Egophony, 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 râles, 148. 
Amphoric murmurs, 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. 

Ansemic cardiac murmurs, 286. 
Aneurism, aortic, physical signs of, 294 ; 

pulsation in, 220. 
Aortic area, 261. 
Aortic murmurs, 291, 293. 
Aortic sounds, 301. 
Apex-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,299; 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 liver in, 345 ; 
inspection in, 321; palpation in, 335; 
percussion in, 361. 

2 

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 leukœmia, 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, 86. ' 
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, indeterminaterespiratory 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 fêle', 102. 

C. 
Calculi, intestinal, 406. 
Cancer of the larynx, 427. 
Carbon in sputum, 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, 
'2oo. 

Cardiac murmurs, 279; anœmic, 286; 
combinations of, 292; duration of, 283; 
inorganic, 286 ; intensity of, 281 ; or-
ganic changes which cause, 285 : pro-
pagation of, 288 ; rhythm of, 281 ; 
sounds heard with. 284. 
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Cardiac sounds, 260 ; intensification of, 
in hyper t rophy of heart , 272. 

Cardio-pulmonary murmurs , 313. 
Carotid murmurs , 304. 
Carotid sounds, 300. 
Catarrhal pneumonia, spu tum in, 199. 
Catechin in the urine, 381. 
Caustic potash test for sugar, 385. 
Cavernous fremitus, 69. 
Cavernous phenomena. See " Pu lmonary 

Cavities." 
Celerity of the pulse, 246. 
Cerebral disease, prolongation of respira-

tion in, 54. 
Chest, contraction of, 31 ; di latat ion of, 

29 ; fluctuation in, 70 ; localised de-
pressions of, 33 ; mensurat ion of, 34 ; 
palpat ion of, 62 ; percussion of, 71 ; 
percussion-sound of, normal, 76. 

Chronic diseases, t empera tu re in, 7. 
Cheyne-Stokes respiration, 55. 
Chloride of sodium in urine, 383 & 384. 
Chyluria, 387. 
Cirrhosis of liver, percussion dulness in, 

348. 
Coarse bubbling râles, 153. 
Colour of spu tum, 189 ; of urine, 376. 
Compression, arterial sounds produced by, 

302. 
Congestion, venous, 225. 
Consistence of spu tum, 187. 
Consonance, 137. 
Constipation, 398. 
Constitution, varieties of , 19. 
Contraction of chest, 31 ; a f t e r pleurisy, 

33. 
Contraction of liver, 347 ; in acute yellow 

a t rophy, 349 ; in cirrhosis, 348. 
Cough, auscultation of, 164 ; f requency 

of, 166 ; in pertussis, 167 ; tone of, 168. 
Cracked-pot percussion-sound, 102 ; in 

pleurisy, 104; in pneumonia, 104; i n 
pu lmonary cavities, 103 ; in thoracic 
fistula, 104. 

Crepitation, 151 : artificial, 152. 
Crisis, 6. 
Croup, laryngoscopic examinat ion in, 419 ; 

respiratory movements in, 40. 
Crystals in sputa, 182. 
Cyanosis, 12 ; in abdominal diseases, 15 ; 

absence of, in chronic diseases, 13 ; in 
cardiac diseases, 14 ; in pu lmonary 
diseases, 13. 

Cyrtometer, 36. 
Cystic tumours in larynx, 427. 
Cyst ine in the urine, 395. 

D. 

Debris of lung-tissue in spu tum, 179. 
Delimitation of lungs, 108. 
Dens i ty of t h e urine, 382. 
Depressions of abdomen, 321. 
Depressions, localised, of chest, 33. 
Diabetes, flow of urine in, 376 ; specific 

g rav i ty of ur ine in, 383. 
Diabetic urine, properties of , 387. 
Diarrhoea, 400. 

Diastolic thri l l , 236. 
Dicrotism of pulse, 247. 
Dila ta t ion of chest, f rom medias t ina l 

tumour, 30 ; in pneumothorax, 30 ; in 

Îulmonary emphysema, 31. 
atation of s tomach, inspection, 318 ; 

percussion, 357. 
Diphtheri t is , laryngoscopic examinat ion 

in, 420. 
Diphthonia, 433. 
Dislocation of kidney, inspection, 320 ; 

palpation, 337 ; percussion, 366. 
Dislocation of liver, palpat ion, 327 ; per-

cussion, 343. 
Displacement of apex-beat of heart , 210. 
Distribution of fluid wi thin the pleuras, 85. 
Division of t h e heart-sounds, 275. 
Double arterial murmurs , 307. 
Dropsy, 21 ; hydremic , 23 ; passive, 22. 
Dry râles, 158 ; sibilant sonorous, 159-
Dyspnoea (see acceleration of respiration), 

43 ; cause of, in as thma, 48 ; hea t as a 
cause of, 44 ; subjective, 48. 

E . 
Echinococcus-vesicles in spu tum, 184. 
Elast ic fibres in sputum, 179. 
Emaciat ion, 20. 
Emphysema, pulmonary, cyanosis in, 14 ; 

dilatation of chest in, 31 ; dislocation of 
l iver in, 344 ; displacement of apex beat 
of hear t in, 211 ; in determinate respira-
tory m u r m u r in, 142 ; pneumat ic t rea t -
m e n t of, 59; resistance to percussion in, 
116 ; respiratory movements in, 39 ; 
venous congestion in, 225. 

Emphysema, subcutaneous, 25. 
Encysted peritoneal effusion, 364. 
Endocardial murmurs , 279 ; thrill, 235. 
Epigas t r ium, systolic pulsation in, 219. 
Epiglott is , examination of, 414. 
Epi thel ia l tube-casts in the urine, 392. 
Epi thel ium in the sputum, 177 ; in t h e 

urine, 390. 
Excre ta , examinat ion of, 375. 
Expi ra tory murmur , 129. 
E x t e n t of hear t ' s impulse, 217. 

F . 
Fajcal accumulations, palpation of, 333. 
F a t t y acids in t h e sputa , 202. 
Femora l veins, pulsation in, 232. 
Fever , 3 ; acceleration of respirat ion in, 

44 ; crisis in, 6 ; pulse in, 8 ; tem-
pera ture in, 3. 

F ibr ine in t h e urine, 387. 
Fibrinous casts, in t h e sputa, 180 ; in t h e 

urine, 393. 
F ibroma of t h e larynx, 426. 
F igura te elements in t h e urine, 389. 
F i r s t arterial sound, cause of, 270. 
F is tu la of thorax , cracked-pot percus-

sion-sound in, 104. 
Fluctuat ion, sensation of, in t h e chest , 70. 

: F lu id in the a l imentary canal , pa lpa t ion 
of, 334. 

F œ t a l heart , sounds of, 374. 
j Food in the sputum, 185. 

Foreign bodies in the larynx, 428. 
Fo rm of the sputa , 187. 
Fremitus , bronchial, 68 ; cavernous, 69 ; 

endocardial, 235 ; hepatic, 326 : peri-
cardial, 238 & 295; pleural, 66 ; 'vocal , 
(or pectoral) , 63. 

Frequency of cough, 166 ; of pulse, 239 ; 
of respiration, 42. 

Frict ion, abdominal , 336; pericardial , 
295 ; pleuritic, 161. 

Fulness and scantiness of percussion-
sound, 101. 

Fungous g rowths in t h e motions, 406 ; in 
the sputum, 183. 

. G. 
Gall-bladder, enlarged, palpat ion of, 328. 
Gall-stones, 406. 
Gangrene of lungs, sputum in, 202. 
Gas in per i toneum, percussion-sound of, 

360. ' 
Gastr ic murmurs , 370. 
Gastro-intest inal canal, auscul tat ion of, 

370. 
General nutri t ion, condit ion of, 20. 
Gmelin's t es t for bilirubin, 377. 
Granular tube-casts in urine, 392. 
Gravid uterus, auscul tat ion of, 374. 
Grea t vessels, pulsat ion of, 238 ; systolic 

pulsation in, 220. 
Green sputa . 193. 
Gummata , syphilitic, in the larynx, 423. 
Gurg l ing in t h e intestines, 371. 
Gutbrod-Skoda theory of causation of 

cardiac impulse, 208. 

H. 
Hœmatemesis , 398. 
H e m a t u r i a , 378. 
Heemautography, 248. 
Hemoglob inur i a , 379. 
Haemoptysis, 190 ; diagnosis f r om hœma-

temesis, 190. 
H a r d pulse, 245. 
H a r s h respiration, 125. 
Hear t , auscultation of, 260 ; h y p e r t r o p h y 

of, 212, 255, 272; impulse of, 206; 
percussion of, 252. 

Heart-sounds, enfeeblement of , 274 ; 
fœta l , 374 ; impur i ty of, 274 ; intensi ty 
of, 271; metallic, 275; reduplication 
of, 275. 

Heat-dyspncea, 44. 
Helmholtz 's resonators, use of, in de-

termining size of pu lmonary vomie», 
95. 

Hepa t ic dulness, limits of, 342. 
Hepa t ic fremitus, 326. 
Hepatic veins, pulsation of, 232. 
Hippocrates acquainted with auscul ta-

tion, 119. 
Hippocrat ic succussion, 158. 
Humming- top murmurs , 308. 
Hutchinson ' s spirometer, 57. 
Hyal ine tube-casts in t h e urine, 392. 
Hyda t id disease of liver, hepatic f remitus 

in, 326. 

H y d a t i d disease of spleen, 332. 
H y d r e m i a , as a cause of dropsy, 23. 
Hydronephrosis , palpation in, 338 ; per-

cussion in, 366. 
Hydropericardium, cardiac dulness in, 

Hydro tho rax , percussion in, 86. 
Hyper-dicrotous pulse, 248. 
Hyper t rophy 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. 

Hyper t rophy of spleen, 318. 

I. 
Icterus, 15 ; two forms of. 17. 
I l luminat ion of the larynx, 408. 
Impulse of heart, 206. 
I m p u r i t y of heart-sounds, 274. 
Inde te rmina te râles, 154. 
Inde te rmina te respira tory murmur, 141. 
Indican in the urine, 380. 
Inorganic cardiac murmurs , 286. 
Inorganic sal ts in the urine, 384. 
Inorganic sediments in t h e 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 hyper t rophied 
spleen, 318 ; in intestinal diseases, 319 ; 
of omental , ovarian, and uter ine tu-
mours, 319 ; of precord ia l region, 206 ; 
in renal diseases, 320 ; of thorax, 28 ; 
of veins, 224. 

Insufficiency of jugular valves, venous 
pulsation in, 230. 

In tens i ty of cardiac murmurs , 281 ; of 
heart-sounds. 271; of percussion-sound 
of chest, 78 ; of râles, 149. 

Intermission of pulse, 242. 
I n t e rmi t t en t fever, t empera ture in, 7. 
I n t e rmi t t en t venous murmurs , 311. 
In tes t ina l calculi, 406. 
In tes t ina l discharges, examination of, 398. 
In tes t inal diseases, inspection in, 319. 
In tes t ina l murmurs, 372. 
In tes t ina l worms, 406. 
Intest ine, percussion of, 358. 
I r r egu la r i t y of pulse, 240. 

J. 
Jaundice, 15; yellow or green spu t a in, 

194. 
J e rk ing respiration, 125. 
Jugu la r murmurs , systolic, 313. 
Jugu la r veins, undula t ion of, 227. 

K. 
Kidneys, diagnosis of movable, 337 ; dis-

located, inspection of, 320; palpat ion 
of, 336 ; percussion of, 364. 

L. 
Lasnnec's theory of causation of bronchial 

respiratory murmur , 135. 



Laryngeal diseases, prolongation of respi- 1 

rat ion in, 53. 
Laryngeal morbid growths , 426. 
Laryngea l phthisis, 420. 
Laryngea l respiratory murmur , 130. 
Laryngeal syphilis, 422. 
Laryngit is , acute, 418 ; chronic, 419. 
Laryngoscopy, 408. 
Larynx, acute ca t a r rh of, 418 ; cancer of, 

42? ; chronic ca ta r rh of, 419 ; croup of, 
419 ; cystic tumours of, 427 ; d iphthe-
ritis of, 420 ; foreign bodies in, 428 ; 
morbid g rowths in, 426 ; cedema of, 
4 2 5 ; perichondri t is of, 423; phthis is 
of, 420 ; syphilis of, 422. 

Leucin in t h e urine, 395. 
Leukasmia, t h e blood in, 331. 
Leyden ' s theory of causation of bronchial 

as thma, 183. 
Liver, contract ion of, 347 ; dislocation of, 

343; enlargement of, 345; pa in 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 

f rom, 30. 
Mediastinitis, fibrous, pulsus paradoxus 

in, 244. 
Mediate auscultat ion, 121. 
Mediate percussion, 72. 
Medium-sized bubbl ing râles, 153. 
Melanin in t h e sputum, 195. 
Melanotic cancer, p igmented ur ine in, 380. 
Mensuration of chest, 34. 
Metall ic echo, 105. 
Metallic heart-sounds, 275. 
Metallic percussion-sound, 105. 
Metall ic râles, 156. 
Metall ic t inkl ing, 156. 
Metamorphosing respira tory murmur , 138. 
Metamorphosis of colour ing-mat ter of 

sanguineous sputum, 192. 
Meteorism, intestinal, percussion-sound 

in, 359. 
Mitra l area, 261. 
Mitra l murmurs , 288.& 293. 
Mitra l stenosis, reduplication of hear t -

sounds in, 278; venous pulsation in, 
230. 

Moore's t es t fo r sugar in t h e urine, 388. 
Morbid growths in t h e larynx, 426. 
Morphological elements of the sputum, 

177. 
Motions, blood in, 404 ; concretions in, 

406 ; f u n g i in, 406 ; pus in, 405 ; worms 
in, 406. 

Movements of respiration, 37. 
Movements in t h e veins of t h e neck, 227. 
Muco-purulent spu tum, 186. 
Mucous sputum, 186. 
Mucus in the sputum, 185. 
Mucus in the urine, 387. 
Murmur , expi ra tory , 129 ; placental, 374 ; 

respiratory, 122. I 

Murmurs , aortic, 291 ; arterial, 304 & 
3 1 5 ; arterial , double, 307 ; cardio-
pulmonary, 3 1 3 ; endocardial, 279 ; 
gastric, 370 ; intestinal , 372 ; mitral , 
288; pericardial, 295; pulmonary, 292; 
tricuspid, 291; venous, 307. 

Muscular action as a cause of the first 
hear t -sound, 264. 

O. 
Odour of sputa, 189. 
(Edema, 21 ; glottidis, 425 ; localised, 24. 
(Esophagus, auscultat ion of, 369 ; stenosis 

of, 370. 
Omenta l disease, inspection, 319 ; palpa-

t ion, 334. 
Organic cardiac murmurs , 280, 
Organic changes on which cardiac mur-

murs depend, 285. 
Ovarian tumour , diagnosis of, f rom ascites, 

339 & 368 ; inspection of, 319 ; palpa-
t ion of, 338. 

Oxalate of l ime in the urine, 395. 
Oxyhemoglob in in t h e urine, 378 ; spec-

t r u m of, 379. 
P . 

Pain, as a cause of acceleration of t h e 
respiration, 43 ; to pressure on t h e liver, 
325. 

Palpat ion, of abdomen, 323; of ascites, 
335; of ' bladder, 338 ; of chest, 62 ; of 
f;ecal accumulat ion, 333; of fluid in 
a l imentary 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 precord ia l region, 234 ; of renal 
tumours , 3 3 8 ; of retro-peri toneal 
glands, 334 ; of spleen, 328; of s tomach 
and intestinal canal, 332; of uro-genital 
apparatus , 336 ; of uterus, 339 ; of veins, 
251. 

Pancreas, palpat ion of, 334. 
Papi l loma of the larynx, 427. 
Paraglobulin in the urine, 387. 
Paralysis of t h e vocal cords, 428. 
Pectoral f remitus , 63. 
Pep tone in t h e urine, 387. 
Percussion, of abdomen, 340 ; in ascites, 

361; of bladder, 366 ; of chest, 7 1 ; of 
hear t , 252; history of, 71 ; of intestines, 
358; of kidneys, 364; of liver, 341 ; 
methods of, 72 ; regional, 112 ; rales 
regarding, 7 4 ; of spleen, 3 1 9 ; of 
stomach^ 355 ; topographical , 107 ; of 
u terus , 367. 

Percussion-sound, in compression of t h e 
lungs, 83 ; cracked-pot, 102 ; in diseases 
of the bronchi, 86 ; fulness or scanti-
ness of, 101; in hydrothorax, 86 ; in 
infil tration of the lungs, 80 ; metallic, 
105 ; in pleurisy, 84 ; in pneumonia, 
80 ; tympanit ic, 90. 

Percussion-sound of the chest, 76 ; on 
back , 114; on l e f t side, 113: on r ight , 
1 1 2 ; on s t e rnum, 113 ; intensi ty of, 
78 : pi tch of, 87 ; properties of, 77. 

Phonometry , 117. 
Phosphates in the urine, 384 and 395. 
Phthis is of the larynx, l a ryngoscopy ex-

amination, 420. 
Phthis is pulmonahs, elastic fibres in 

spu tum of, 179 ; respiratory movements 
in, 3 9 ; spu tum in, 200; tympani t i c 
percussion-sound in, 100. 

Phys ica l cause of bronchial respiratory 
murmur , 135; of bronchophony, 172 ; 
of the first ar ter ia l sound, 270; of t h e 
sounds of t h e heart , 262. 

Physical signs of cardiac murmurs , 
resume of, 293. 

Per icardia l effusion, cardiac dulness in. 
. 258. 
Pericardial murmurs , 295. 
Pericardial thrill , 238. 
Pericardium, adherent , reduplicat ion of 

heart-sounds in, 279. 
Perichondrit is of the larynx, 423. 
Peridiastole, 283. 
Per ipheral arterial sounds, 301. 
Perisystole, 283. 
Per i toneal diseases, palpation in, 335. 
Per i toneal effusion, encysted, 364. 
Per i toneum, percussion-sound when gas 

is accumulated in, 360. 
P igmenta t ion of the skin, 17. 
P igmen t s of the urine, 376, 380. 
P i t ch of percussion-sound of chest, 87. 
Pityriasis versicolor, 19. 
P lacenta l murmur , 374. 
Pleural f remitus , 66. 
Pleurisy, bronchophony in, 171; contrac-

tion of chest af ter , 33 ; cracked-pot 
percussion-sound in, 104 ; dilatation of 
ches t in, 29 ; dislocation of liver in, 
344; displacement of apex-beat in, 211; 
fr ict ion-sound in, 161; percussion of 
chest in, 84 ; pi tch of percussion-sound 
in, 89 ; tympani t ic percussion-sound in, 
98 ; vocal f remi tus in, 64. 

Pleximeter . 73. 
Pneumat i c t r ea tment of pulmonary 

diseases, 59. 
Pneumatometr ic types of diseases of the 

lungs, 61. 
Pneumatomet ry , 60. 
Pneumonia, bronchial respirator}' murmur 

in, 133 ; bronchophony in, 170; cracked-
po t percussion-sound in, 104; percus-
sion-resistance in, 115; percussion-
sound in, 80 ; p i tch of percussion-sound 
in, 89 ; spu tum in, 196; tympani t ic 
percussion-sound in, 99 ; vocal f remi tus 
in, 65. 

Pneumonic crepitation, 151. 
Pneumo - pericardium, metallic heart-

sounds in, 275. 
Pneumothorax, amphoric resonance in, 

106 ; amphoric respiratory m u r m u r in. 
140; di latat ion of chest in, 30; per-
cussion-resistance in, 116 : tvmpanic i tv 
in, 96. J 

Post -expi ra tory rales, 147. 
P record ia l region, inspection, 206; pal-

pation, 234. 

Presystole, 283. 
Prolongation of respiration, 49, 53. 
Propaga t ion of cardiac murmurs , 288. 
Prune- ju ice sputum, 199. 
Pulmonary area, 261. 
Pu lmonary abscess, spu tum in. 199. 
Pu lmona ry cavities, amphoric' resonance 

over, 105; amphoric respiratory mur-
mur in, 139; bronchial respiratory 
m u r m u r in, 132 ; bronchophony in, 170 ; 
cardio-pulmonary murmurs over, 313 • 
cracked-pot percussion-sound over, 103 • 
metal l ic t ink l ing in, 157; resonant 
rales in, 154; tympani t ic percussion-
sound over, 93. 

Pu lmonary diseases, acceleration of re-
spirat ion in, 45 ; cyanosis in, 13. 

Pu lmonary ar ter ia l murmurs , 292. 
Pulsa t ion , in aortic aneurisms, 220; of 

femoral veins, 232; of grea t vessels, 
238; of hepat ic veins, 232 ; of jugular 
veins, 2 2 8 ; 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; r h y t h m of, 240; tension of, 
245; threaddy, 243 ; tremulous, 243 : 
volume of, 243. 

" Puls -Uhr " (Waldenburg 's) , 250. 
Pulsus al ternans, 2 4 1 ; biaeminus, 241 • 

celer, 246; differens, 245; deficiens.' 
242; myurus, 4 2 1 ; paradoxus, 244 • 
tardus , 247 ; t r igeminus, 241. 

Pulse-waves, 249. 
Pu ru l en t spu tum, 186. 
P u s in t h e motions, 405. 
Pus-corpuscles in the sputum, 178. 
Pus-corpuscles in the urine, 389. 
Put r id bronchitis, spu tum in, 202. 

Q-
Quant i ty of the sputum, 188. 
Quant i ty of the urine, 375. 

E . 
Rales, 145 ; amoun t of, 148 ; classification 

of, 145; coarse bubbling, 153; dry 
158; fine bubbling, 151; indetermi-
nate, 154; in tensi ty of, 149; masking 
the respiratory murmur , 143 ; medium-
sized bubbling, 153; metallic, 156; 
heard in t h e mouth, 150; post-expira-
tory, 147 ; resonant and non-resonant, 
154 ; r h y t h m of, 147 ; size of, 151. 

Reaction of t h e urine, 381. 
Red blood-corpuscles in the sputum, 178 • 

in the urine, 390. 
Redupl icat ion of the heart-sounds, 275; 

in adherent pericardium, 279; cause of, 
276; in mitral stenosis, 278. 

Regional percussion, 112. 
Relaps ing fever, temperature in, 7. 
Remi t t en t fever, temperature in, 6. 
Renal diseases, inspection, 320; palpat ion, 

338. 



Resistance, sense of, in percussion, 114. 
Resonance, amphoric, 105. 
Resonant and non-resonant rales, 154. 
Resonators , Helmholtz's, in determining 

size of pulmonary vomica!, 95. 
Respiration, accessory muscles of, 49 ; 

Cheyne-Stokes, 55 ; effects of con-
densed and rarefied air on, 59 ; exami-
nation of organs of, 28 ; f requency of, 
4 2 ; movements of, 37; prolongation 
of, 49, 53. . ^ t . 

Respiratory diseases, pneumat ic t r ea tment 
of, 59. . 

Respiratory murmur , 122; amphoric , 
139 ; bronchial, 130 ; expira tory, 129 ; 
indeterminate , 141; metamorphosing, 
138; vesicular, 123. 

Retraction, systolic, 221. 
Retro-peri toneal glands, palpat ion of, 

334. 
R h y t h m of cardiac murmurs , 281; of 

pulse, 240. 
Riegel 's double s te thograph, 41. 
Rouane t ' s theory of causation of hear t -

sounds, 263. 
Rumbl ing in t h e intestines, 372. 
Rus ty sputum, 197. 

S . 

Sanguineous sputum, 186,190. 
Sarcinse, in the sputum, 184; m t h e 

urine, 396 ; in vomited matters, 398_. 
Sclerosis of the subcutaneous tissue, 27. 
Second sound of heart , physical cause of, 

268. 
Seitz's double -pleximeter, <3. 
Sense of resistance in percussion, 114. 
Sibilant rales, 159. 
Simple respiratory murmurs , 122. 
Size of rales, 151. 
Skin, p igmentat ion of, 17. 
Skoda's consonance-theory, 137 ; his theory 

of causation of bronchial respiratory 
murmur , 136 ; his theory of causation 
of bronchophony, 172. 

Soft pulse, 245. , 
Solid const i tuents of the urine, 384. 
Sonorous rales, 159. 
Sounds, arterial, 299 ; aortic, 301; carotid, 

300; peripheral arterial, 301; sub-
clavian, 300. 

Sounds of heart , 260 ; fcetal, 374 ; heard 
along w i t h cardiac murmurs , 284; 
physical cause of, 262. 

Spasm of the vocal cords, 428. 
Specific gravity of t h e urine, 382. 
Spectrum of oxyhemoglob in , 379. 
Spirometry, 56. . 
Spleen, hydat id disease of, 332 ; inspection 

of, 318 ; l imits of, 351; movable, 330 ; 
palpation of, 328 ; percussion of, 349. 

Splenic dulness, enlargement of, 353. 
Splenic l eukemia , blood in, 331. 
Splenic tumour, diagnosis of , 331. 
Sphygmography , 248. 
S p u t a cocta, 196. 
Sputa , classification of, 186. 

Spu tum crudum, 196. 
Sputum, amorphous elements of, 180 ; 

bil iary p igmen t in, 194; black, 194; 
blue, 196 ; in bronchiectasis, 189, 204 ; 
in ca tar rhal pneumonia, 199; colour 
of, 186 ; consistence of, 187 ; in croup-
ous pneumonia . 196 ; crystals in, 182 ; 
debris of lung-tissue in, 179 ; m dis-
eases of the air-passages, 196 ; echino-
coccus-vesicles in, 184 ; elastic fibres 
in, 179 ; epithelium in, 177 ; f a t t y 
acids in, 202; fibrinous coagula in, 
180 ; food in, 185 ; form of, 18/ ; 
fungous growths in, 183 ; in gan-
grene of lungs, 199, 202 ; green, 193 ; 
morphological e lements of, 177 ; odour 
of, 189 ; prune-juice, 199 ; m pulmo-
nary abscess, 199 ; pus-corpuscles in, 
178 ; in put r id bronchitis, 202 ; quan-
t i ty 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 œsophagus, 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; t umour s of , 
332 ; tenderness to pressure over, o32. 

Subclavian murmurs , 304 ; uni la tera l , 
315. 

Subclavian sounds, 300. 
Subcutaneous emphysema, 25. 
Sub-dicrotic pulse, 248. 
Subjective dyspnœa, 48. 
Succussion, Hippocratic, 158. 
Sugar in t h e urine, 387 ; tests for, 388. 
Sulphates in t h e urine, 384. 
Syphilis of t h e larynx, la ryngoscopy 

examinat ion in, 422. 
Systolic jugular murmurs , 313. 
Systolic pulmonary murmurs , 314. 
Systolic pulsations, 219. 
Systolic respiratory murmur, 127. 
Systolic retraction, 221. 
Systolic thri l l , 235. 

T . 

Tempera ture , 3 ; in ohronic diseases, 7 : 
in continued fever, 5 ; h ighest re-
corded, 5 ; in in termi t tent fever, 7 ; 
method of taking, 4 ; normal, 3 & 4 ; 
in relapsing fever, 7 ; in remit tent 
fever, 6. 

Tension of t h e pulse, 245. 
Thermometers , 3. 
Thorax, dilatation of, 29 ; inspection of, 

28. 
Threaddy pulse, 243. 
Thril l , diastolic, 236 ; endocardial, 23o ; 

pericardial, 238 ; systolic, 235. 
Tinkling, metallic, 156. 
Tone of cough, 168. 
Topographical percussion, 107. 

Trachea l resonance of Wil l iams, 100. 
Trachea l respiratory murmur , 130. 
Trapp ' s formula for es t imat ing the 

ur inary 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 t h e urine, 391. 
Tuberculosis, spu tum in, 200. 
Tuning-fork, use of, in phonometry, 117. 
Tumours , omental, ovarian, and uterine, 

inspection of, 319. 
Tympan i t i c percussion-sound, 90 ; f r om 

diminution of pulmonary tension, 97 ; 
in cedema of lungs, 99 ; in phthis is 
pulmonalis, 100; in pleurisy, 9 8 ; in 
pneumonia, 99; in pneumothorax, 96 ; 
over pulmonary cavities, 93. 

Tyrosin in the urine, 395. 

U. 
Ulcers in the larynx, 421. 
Ul tzmann 's test for bilirubin, 378. 
Undulat ion of t h e jugular vein, 227. 
Ura te of ammonia in the urine, 395. 
U r a t e of soda in t h e urine, 394. 
Uric acid in the urine, 394. 
Ur inary pigments, 376. 
Urine. 375 ; albumen in, 384 ; bilirubin 

in, 377; blood in, 378 ; blood colouring 
mat te r in, 3 7 9 ; blood-corpuscles in, 
390; catechin in, 381; chloride of 
sodium in, 383; chyle in, 387 ; colour 
of, 376; cyst ine in, 395 ; epithelial cells 
in, 390; fibrin in, 387; figurate ele-
ments in, 389; indican in , 380; inor-
ganic sediments of, 3 9 3 ; leucin in, 
395 ; mucus in, 387 ; oxalate of lime 
in, 395 ; paraglobulin in, 387; peptone 
in, 387 ; phosphates in, 3 9 5 ; pus cor-
puscles in, 389; quant i ty of, 3 7 5 ; re-
action of, 381 ; sa rc ine in, 396 ; solid 
const i tuents of, 384; specific g rav i ty of, 
382 ; sugar in, 387 ; tube-casts in, 3 9 1 ; 

tyrosin in, 395 ; u ra te of ammonia in, 
395; u r a t e of soda in, 394; uric acid 
in, 394 : urrhodin in, 380. 

Urobilin, 376. 
Uroerythrin, 376. 
Urogeni ta l apparatus , palpation of, 336. 
Urrhodin in the urine, 380. 
Uter ine tumour, inspection of, 319. 
Uterus , gravid, auscultat ion of, 374. 
Uterus, palpat ion of, 339 ; percussion of, 

367. 

Y . 
Veins, inspection of, 224; palpat ion of, 

251; of neck, movements in, 227. 
Vena cava inferior, pulsation in . 232. 
Venous congestion, 225. 
Venous murmurs , 307 ; intermit tent , 311. 
Venous pulsation, 228. 
Vesicular respiratory murmur , 123; ab-

sence of, 128; causes of, 124; ha r sh , 
125; systolic, 127. 

Vibriones in sputum, 184. 
Vierordt and Ludwig's s te thograph, 41. 
Vi ta l capacity of lungs, 57. 
Vocal cords, laryngoscopic examinat ion 

of, 415 ; paralysis of, 428. 
Vocal f remitus , 63. 
Voice, auscultat ion of, 168 ; enfeeblement 

of , 169 : in paralysis of the vocal cords, 
432. 

Volume of the pulse, 243. 
Vomi ted mat ters , 397; ascarides lum-

bricoides in, 398 ; blood in, 398 ; 
sarcinse in, 398. 

Vomiting, 396. 

W. 
"Water in the sputum, 185. 
Waldenburg ' s " Puls -Uhr ," 250. 
W e i g h t of t h e sputum, 188. 
Wil l iams' t racheal resonance, 100. 
Woillez' cyrtometer, 36. 
W o r m s in the motions, 406. 

T. 
Yellow sputa, 193. 
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