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BACTERIA.
(After an Original Drawing by Richard Muir.)

a, Bacillus diphtherize. Long forms. 24 hours' growth; agar cult; stained

watery methyl blue; x 1,000,

a’, The same after 5 days’ growth. Involuted forms,
b, Bacillus tuberculosis in sputum, from case of phthisis. Stained Z. Neelsen ;

x 1,000.

¢, Spirillumm cholerse, 24 hours’ growth ; agar cult ; stained fuchsine; x 1,000.
d. Pnenmococens (Fraenkel's) in sputum, from ease of acute pnenmonia. Stained

7. Neelsen, fuchsine ; decolorised in weak acetie acid ; x 1,000.

¢, Gonoeoeci in gonorrhoeal pus.  Stained thionine blue ; x 1,000.

(Frontispiece.
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PREFACE TO THE FOURTH EDITION

TuE rapid advance in methods of Clinical investiga-
tion has again made a new edition: of this Manual
necessary. In preparing it, the whole work has been
carefully revised and several additions and alterations
have been made, especially in the chapters on the
Alimentary System, the Blood, the Urine, the Nervous
System, and Clinical Bacteriology ; but care has been
taken to avoid increasing the bulk of the book, and
the description of methods which have now been
superseded has been omitted. Some of the diagrams
and Plates have also been replaced by others which
represent, more accurately the results of the latest
investigations.

The Authors desire to take this opportunity of
expressing their obligation to Dr. James Ritchie for
advice regarding the chapter on Bacteriology, and
to Professor Cunningham for invaluable assistance
in preparing the mew DPlates illustrating regional
topography.

i R S

H R.
May, 1908,
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PREFACE TO THE ORIGINAL EDITION

Tue title *Clinical Methods” probably describes
the scope of this book better than any other. It is
not intended as a treatise upon medical diagnosis.
On that subject there is already a sufficiency of good
works in existence. It aims rather at describing
those methods of clinical investigation by the proper
application of which a correct diagnosis ¢an alone 'be
arrived at. To every student when he first begins
work in a medical ward the question presents itself :
How shall I investigate this case? To that question
the present work is intended to provide an answer.
The first chapter deals, therefore, with the methods
of case-taking in general, and includes a general
scheme for the investigation of medical cases. The
rest of the book is really an expansion of that scheme,
each system being taken up separately, and the
methods of investigating it described in detail.

A special chapter has been devoted to the clinical
methods of examining children, as these differ in
many respects from those employed in the case of
adults. Chapters have also been added on the ex-
amination of Pathological Fluids and on Clinical
Bacteriology, subjects which are daily growing in
importance. The methods employed in the investi-
gation of surgical, gynecological, or obstetric cases
do not fall within the scope of the work.

No effort has been spared to make the book
thoroughly up to date, and it is hoped, therefore, that
it will be found useful by those practitioners who may
wish to make themselves acquainted with the latest
methods of clinical investigation. While the whole
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book has passed through the hands of both of us, yet
each has made himself speclally responsible for cer-
tain parts. Thus Dr. Rainy has written Chapters
1L, IV., VL, and X1IV., the sections on the electrmal
exammatwn uf‘ mu‘mles and nerves, on the parasites
of the alimentary tract, and on the mmmseupml ex-
amination of the urine. The rest of the work is from
the pen of Dr. Hutchison.

In order to avoid burdening the text, but few
references have been given to authorities and original
sources. We should like, however, to take this oppor-
tunity of acknowledging the help which we have
received from wvarious friends. Amongst these are
Drs. Alex. Bruce, R. W. Philip, G. Lovell Gulland,
and John Thomson, who have helped us with criticism
and advice in the preparation of Chapters IV. and
IX., VI, V., and XII. respectively. We have also
to thank Dr. Patrick Manson, Dr. Byrom Bramwell,
Dr. J. Purves Stewart, and Prof. Symington for the
use of specimens and illustrations, and Dr. T. F.
Milroy for assistance in the revision of proofs. To
Dr. R. J. M. Buchanan we are specially indebted for
preparing the drawings illustrating the mmmscupma,]

examination of the blﬂm]
R ET

Ll
September, 1897,
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CLINICAL METHODS.

GRS ANE A RSHNR ST
CASE-TAKING.

TaERE can be no question of the value of accurate
and systematic case-taking. It trains the beginner in
habits of thoroughness and exactness at the bedside,
and ensures that no point of importance in the case is
missed. To the more experienced clinician the sys-
tematic record of cases is of no less value. It gives
to his experience a concrete embodiment, so that he
can draw upon it at any future time by the comparison
of new cases with old, and so enables him gradually to
build up his clinical knowledge upon a sure foundation.
When we come to the method to be pursued in taking
a case, however, it is a question of “quot homines, tot
sententice.” Almost every clinical teacher has his own
particular plan for investigating and recording a case.
, Nor isit of so much importance what particular method
one adopts, provided he adheres to it. Every good
method of case-taking should be both comprehensive
and concise.” It should be comprehensive, so as to be
capable of being applied to every case and of covering
all the points in it ; it should be concise, 5o as to pre-
sent all the important features of a case in as small
a compass as possible. The question of conciseness is
of very great importance. Nothing is more annoying
than to be obliged to wade through a mass of verbiage

in order to get at the chief facts of a particular case,
B .



2 CASE-TAKING.

The student should practise the art of focussing a case
in such a way as to present its leading features in a
few sentences. For this object the writing of résumnés
of cases will be found a useful exercise. He should
also avoid lengthy verbal descriptions as far as possible,
especially where the facts admit of graphic repre-
sentation. The outline diagrams now supplied by
Messrs. Lewis, Danielsson, and others will be found
useful aids in this respect. Physical signs can be
filled in on them by means of conventional symbols.
We have appended to this chapter a scheme of
case-taking which meets all necessary requirements.
At the same time, it must be used, like all such
schemes, with some judgment and elasticity. All the
points mentioned need not be minutely inquired into
in each individual case. For example, if a patient is
suffering from advanced cardiac disease, there is no
use in writing a minute description of the state of his
teeth. Yet that is the kind of error into which be-
ginners not unfrequently fall. Of course, it demands
some experience to enable one to say what the points
are which it is of importance to inquire into in
any particular case, and at first one may sometimes
be at fault ; but the application of a little common-
sense will ensure the avoidance of any gross blunders.
The ¢ taking ” of any case consists of two parts—

I. The interrogation of the patient.
II. Whe physical examination.

I. The object of the imterrogation of the
patient is to elicit information regarding his present
illness and the state of his previous health and that
of Lis family. The interrogation must be pursued
with patience, the patient being allowed, as far as
possible, to tell his story in his own words. T'wo good
rules should be remembered — first, to avoid lead-
ing questions ; and, secondly, never to ask the same



INTERROGATION OF PATIENT. 3

question twice. The use of leading questions is only
occasionally allowable, as, for instance, when one
suspects that he has to do with a case of malingering,
when one may get the patient to assert the existence
of contradictory symptoms, so confirming one’s sus.-
picions. It may also be necessary in dealing with
patients who are stupid either by nature or as the
result of disease. When one is trying to elicit what
are known as ‘““ subjective symptoms,” the use of lead-
ing questions may also be admissible. It is important
to avoid asking the same question twice, because to do
so looks careless, and conveys to the patient the im-
pression of taking but a languid interest in his case.*

We may proceed now to go more into detail re-
garding the questions which should be asked. 1In
doing so, we shall consider first the questions which
one has to put in every case—what one may call the
general interrogation—and then we shall take up the
questions which have to be put in examining cases of
disease affecting the different systems or organs; this
may be called the special interrogation.

l. Gemneral interrogation.—Begin by ascer-
taining the patient’s name, age, occupation, and
whether he is married or single. It is also of ‘im-
portance to note his exact postal address for purposes
of future communication.

Two important questions then follow—(1) Of what
does he complain ?t (2) How long have the symptoms
been present? Having thus defined his com plaint and

its duration, proceed to ascertain the chief facts in his
history. |

_* When one has to deal with a patient who is very deaf it
will often be found convenient to use a binaural stethoscope as a

speaking trumpet, the ear picces being placed in t1 lent’ .
while one speaks {um the clhest 11iem].g P 1e patient’s ears

t It is a wmistake to ask “ What is the matter 7’ as this lays

Dn: open to the retort that that is what the patient came to find
ou



4 CASE-TAKRING.

The most logical plan is to take the famaily history
first.* It is usually suflicient to inquire regard-
ing the state of health or cause of death of the
immediate relatives only—the parents, brothers and
sisters, and, if the patient be married, of his own
children, if he has any. These facts tell us whether
he is predisposed by heredity to any particular
disease.

One may then pass to his personal history. Here
it is well to begin with what may be grouped together
as the patient’s environment, or surroundings and
habits. Thisincludes inquiry into () the exact nature
of his occupation, and whether or not it exposes him
to injurious influences; (b) his home surroundings,
their sanitary condition or otherwise ; (¢) the amount
of exercise he takes ; (d) the nature of his food, and
the amount of his indulgence in such articles as alcohol,
tea, and tobacco.t Regarding alcohol, it is important
to ascertain not merely how much—e.g. how many
glasses of spirits per day—the patient takes, but how
and when he consumes it—e.g. with or between meals.
The kind of tobacco he smokes and the number of
ounces consumed per week may require to be ascer-
tained in some cases. (e) One should always ascertain,
lastly, whether or not he has ever lived abroad, and,
if so, in what part of the world.

The information thus acquired enables one to add
to the tendencies to disease which the patient has in-
herited, those which he has acquired from his environ-
ment and personal habits.

One should take up next the question of the

#* This statement is perfectly true in theory, but in practice it
is perhaps more convenient to begin with the history of the pre-
gent illness, to pass from that to an Inquiry into the patient’s
previous health, and from thence to the family history.

+ When inquiring into a patient’s habits of life it will often be
found a.dvants?gﬂous, particularly in private practice, to ask him
to give a brief account of a typical day.
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patient’s previous health. Ascertain what illnesses
he has had, when he had them, their duration, and
whether or not his recovery from them was complete.
It is usually necessary to inquire directly as to
whether or not the patient has ever had syphilis. It
1s not sufficient to ascertain that he has had a sore;
the question of secondary symptoms—e.g. rash—must
also be gone into. If the patient denies syphilis, it
may be necessary to ask whether or not he has ever
been exposed to the risk of it, and whether or not he
has had any other venereal disease. In the case of
female patients, information regarding venereal disease
should, as far as possible, be obtained indirectly,
direct interrogation on the subject being employed
only when a definite history is absolutely necessary
for the elucidation of the case. The student need
hardly be reminded that even under these circum-
stances his questions should be put as delicately as
possible.

Having now ascertained the patient’s inherited
and acquired tendencies, and the seeds of disease
which may have been sown in him by his previous
illnesses, we are ready to acquire information re-
garding his present disorder.

Ask how and when it began, whether suddenly or
gradually ; what was the first thing he noticed wrong ;
what has been the order of appearance of his symp-
toms, and which are those that chiefly trouble him
at the present time. Ascertain whether or not he has
already been under treabment, and, if so, what has
been done for him.

This exhausts the general interrogation, and in-
gludes the chief facts that have to be inquired into
In every case,

2. The special interrogation, to which we have
already referred, must be modified according to the
particular organ which is believed to be affected and
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the nature of the disease of which it is suspected to
be the seat. It is here that the student has most
difficulty. It is only by experience that one can tell
what it is essential to ask in each individual case. In
order to help the beginner, however, we have drawn
up for his guidance a scheme of interrogation which
he can pursue when he has reason to suppose that the
patient’s general symptoms point to an affection of
any particular system or organ. Such a scheme is
necessarily very far from complete, and may require
to be supplemented in individual cases. Nor is one
able in such a work as this to explain why such and
such questions should be put in affections of this or
that organ or system. The reasons for the questions
the student will find out for himself in due time. Our
present object is merely to help him in the interroga-
tion of his earlier cases, so that he may not miss any
important facts. The questions are to a considerable
extent concerned with eliciting what are sometimes
spoken of as “ subjective symptoms”—a.e. the morbid
sensations experienced by a patient as the result of
the disease of some organ or system.

In making the notes, these, along with the other
replies, should be entered under the special system to
which they refer.

1. Alimentary system and abdomen.”
(@) Symptoms point to an affection of the stomach.
Inquire regarding— i
Appetite.—Is it excessive, diminished, or capricious? Does
it increase on eating ? Does he suffer from thirst ?
Meals.—Arrangement of these; the nature of the food.
Does he eat between meals ?

* While the methods of gynecological examination are beyond
the scope of this book, yet it must not be forgotten that it is
frequently necessary in purely medical cases to inquire regarding
the menstrual function. The cases in which such Inquiry may be
required are too diverse to be enumerated here. 1t need hardly
be said that the necessary questions should not be abruptly put
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Sensations referred to stomach.—Their nature, and where
exactly they are felt. Their relation to the taking of food ;
are they produced or relieved by it ? How long after food do
they come on? Are they specially influenced by different
kinds of food ? :

Vomiting.—Frequency and time of; by day or by night;
in the morning or in the evening. Its relation to food; is it
only after food, or does it occur at other times ?  Its relation
to pain; does it relieve pain or not ? Does patient strain and
retch much, or does the vomited matter come up quite easily?

General characters of womited matter,—Ifs amount and
colour, Is there ever “ coffee-grounds” vomiting ; is it eves
sour and frothy ?

Eructations.—Presence or absence ; have they any taste ?

Flatulence. —Presence or absence: after food only or
between meals ? Relation to particular articles of food. Does
it tend to escape downwards or upwards ?

State of the bowels.—How often are they opened ? Any
special characters of the motions,

(b) Symptoms point to an affection of the intes-
tines. Inquire regarding—

Diarrhea.—Its frequency and its relation to meals or to
special articles of food, Character of the motions. Has he
ever passed any blood or slime? Is there any straining or
tenesmus during defacation ? Is there any flatulence P

Constipation.—What is his usual habit? are the bowels
opened regularly, and if so, how often? How long since the
last motion? Has he ever noticed any grooving or flattening

to the patient, but should be delicately led up to. Having in-
quired regarding the regularity of the bowels, one may ask if the
patient is *‘ regular in her own health,” or “ regular in her unwell
times.” It will be remembered that in a majority of cases
menstruation recurs every twent -eight days, but the intervals
may be longer or shorter accorc ing to the patient’s habit, If
menstruation has ceased, one must mnquire how long it has been
absent. Normally the cessation of menstruation, or menopause,
should not occur fill about the forty-fifth year. Tt is also neces-
sary to inquire whether the patient is losing more or less blood
than usual. This is speciall ¥ indicated in cases of anmemia. If
the menstrual flow lasts for less than two or more than eight days,
1t 18 to be regarded as abnormal, The presence or absence of
pain at the period is also a point of some importance, The age
at which menstruation began, and the occurrence or not of inter-

menstrual leucorrheea (‘“white discharge ') must sometimes be
imquired into,
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of the motions? Does the constipation alternate with diar-
rhoea? Has he any griping pain ? Hashe had any vomiting ?

FPain.—Character; persistent or intermittent. Where is it
felt worst? Isit relieved or aggravated by pressure ?

(¢) Sy_mpto_msi point to an affection of the liver
—¢.g. patient is jaundiced, or has pain in region of
liver. Inquire regarding—

 LPain.—Its site. Has he ever any attacks of very severe

pain, coming on suddenly and lasting for a few hours? If so,
did the pain radiate, and in what direction ? Was there vomit-
ing with it 7 Was he yellow at all after it subsided? Has he
ever pain in the tip of the shoulder ?

Does he suffer from piles ?

Does he ever vomit blood P

Has he noticed any change in the colour of the urine or
feeces ?

Does his gkin itch at all (if he is jaundiced) ? Inquire also
regarding his digestion on the lines of the interrogation already
laid down for affections of the stomach.

2. The symptoms point to an affection of the
circulatory system.

Inquire regarding—

A family history of gout, rbeumatism, angina, apoplexy, or
heart disease,

A personal history of rheumatic fever, St. Vitus’ dance,
scarlatina, or diphtheria, (If a child, ask also about sore
throats and “growing pains,”’)

The following subjective sensations :—

Dyspnea.—Has he to sit up in bed, or can he sleep lying
down? When does it come on ? Precordial pain or distress;
its exact site and character ; does it radiate or not 7 If so, in
what divection?  Palpitation : its relation to meals, and to
exertion. Does the heart give an occasional thump now and
then ? Sleep, good or bad ; does he dream? Giddiness, is it
ever present, and when?

Ask also for signs indicative of general venous distension
—e.g. do the feet ever swell? Has he any cough? What is
the state of the digestion? Does his nose ever bleed ?

3. The symptoms and appearances point to an
affection of the blood. Inquire regarding—

Family history of bleeders. Has he had any loss of blood ?



SpPECIAL [INTERROGATION. Q

Has he bleeding piles? (If a woman—is menstruation exces-
pive or diminished f) What is the state of th.e bowels ?

Any possibility of lead poisoning or malaria ? :

Such subjective sensations as breathlessness on exertion;
headache ; giddiness.

Do the feet ever swell ?

4. The symptoms point to an affection of the
respiratory orgams. Inquire regarding—

Family history of bronchitis, asthma, phthisis, or ‘*scro-
fula.” The patient’s occupation; does it expose him to the
inhalation of irritating fumes or particles? Has he ever had
large glands in the neck? Does he sweat at night ? Is he
getting thinner ?

Cough.—Its character and frequency; when is it worst ?
Does it pain him or not? Does he ever vomit with it ?

Expectoration.—Its amount and general characters : yellow
or not? Kver blood in it? If so, is it only after severe
coughing ? Ts the blood bright and frothy or dark in colour ?

Fain in chest.—Is it aggravated by taking a breath P
Constant or not? Where seated P

Dyspnea—When is it felt? If spasmodic, ask him to
describe an attack.

9. The symptoms point to an affection of the kid-
neys—e.g. general dropsy—or urinary passages
—¢.g. pain in micturition. Inquire regarding—

Family history of Bright's disease, gout, or apoplexy.

Personal history of scarlatina, syphilis, lead-poisoning, pro-
longed suppurations, gravel or gout, and previous renal disease,

Has he any pain in the lumbar region ? Ever any attacks
of acute pain shooting down into the groin ?

The following remote symptoms :—

Headache, vomiting, drowsiness, paralysis or fits, dimmness
of sight, dyspncea.

Does the face ever look puffy in the morning P

What is the state of the bowels ?

Inquire regarding micturition as follows :—
, Urine.—TIs it altered in amount? Has he to rise in the
night to pass it p

_ s it altered in colour? Ts it clear or turbid when passed ?
J_Ever any blood in it? If so, at what period of micturition is
it present ? '
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Is there auy increased frequency of micturiti
inm:'teasa by day or by night ? ; % ol i o5 1T
8 there any pain during micturition ? Is it before, duri
or _after the act 7 What iamita character, and where ia' itmf:arlltg 5
Is it aggravated by movement ?

6. In skin diseases.

Inquire carefully into the patient’s personal habits as
regards diet, clothing, and washing. Ask if he has been takin
any drugs recently. It may be necessary to'inquire carefully
regarding syphilis. Does the eruption itch? If so, when 18
the 1t|3hmg1 worst 7 Did the eruption appear all at once or in
crops ! (Family history of gout; previous history of rheuma-
tism. anmmia, ete.)

7. The symptoms point to an affection of the
nervous system,

Inquire regarding—

A family history of mental disease, 8t. Vitus’ dunce,
paralysis, or fits,

The nature of the patient’s work; is he exposed to any
poisons—e.g. lead, mercury, arsenic, naphtha, ete. Syphilis
and alcohol should be inquired about with special care.

In cerebral cases it is often very important to inquire re-
garding discharge from the ear,

Should he complain of fits, the following questions should
be asked :—

Age at first fit? Any assigned cause? Describe the first
fit. When did the second occur? What has been shortest and
longest interval between the fits? Are they more or less
frequent now? Do they oceur in sleep or not? Has he any
premonition or aura ¢ What is its character? How long
before the loss of consciousness does it occur ? Is the onset
sudden or gradual? Are convulsions present? Are they
general or local ? Where do they begin and end? Does he
fall? Has he ever hurt himself! Does he bite his tongue,
micturate, or defmcate during the fit? Are there any after-
symptoms, such as sleep, headache, automatism, or paralysisf
Is there any subsequent mental disturbance?

If he complains of paralysis, inquire regarding—

Symptoms of heart disease, or chronic renal disease (sce
Circulatory and Urinary Systems). Had he any premoni-
tory symptoms before the onset ¥ Ilas he any headache or
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vomiting? Where is the headache sitnated? Has he any
riddiness or difficulty in walking? (The method of eliciting
other subjective symptoms of nervous disease is considered
along with the investigation of the cranial nerves.)

8. The symptoms point to an affection of the
bomnes or joints.

Inquire specially, in the family history, for tubercular
disease, rheumatism, gout, or syphilis, and in the personal
history for tubercular disease, previous manifestations of gout
or rheumatism, for syphilis or gonorrheea, and for any remote
or recent injury (and in a woman for leucorrhoea or post-partum
trouble),

If there be pain referred to a bone, ask whether it is worse
during the day or during the night, If the pain be in a joint,
ask whether it is constantly present or only when the joint is
moved. Are there any starting pains at night? Is the pain
aﬁegﬁedéb}r weather? Does the pain shift from one joint to
another

If the patient is a young child, the following
special questions should be put to the mother* :—

How many other children are there? Any dead, and of
what? ‘Where does patient come in the family? Have there
been any miscarriages ? If so, when? Health of father’s and
mother’s family ¢ Mother’s health during pregnancy ?

Was this a full-time child # Was the labour normal ? Was
the child breast-fed : if so, how long # If.not, how was it fed
What food does it get now? Had it any rash after birth, or
a.n:,lrk s?nuﬂilea? When did it begin to get its teeth and to
wa

What is the usual state of the digestion and bowels ?

Inquire regarding previous illnesses :—Fits (number and
dates), attacks of diarrhcea, vomiting, sore-throat or bronchitis.
Iul’uctl_nua diseases and ages at which they occurred (measles,
whooping cough, chicken-pox, scarlatina, etc.). Has there
been any running from the ears? If the child has a cough
inquire whether it has ever whooped, when the attacks are
worst, and whether the cough is ever followed by vomiting.

The interrogation of the patient being c
ompleted
one proceeds to— : : i

* In ¢
e f}{:ftu. ii]: dia,bsmn.ca of the mother, note from whom the history
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II. The physical examination.

One investigates first of all, in every case, the
patient's general state. This includes the general
condition of his nutrition, the presence of any ob-
viously morbid appearances, and the other points
considered in detail in Chapter II. One proceeds after
that to the investigation of each system by itself.
What system should be taken up first? As regards
this, there are two possible methods. One may either
take up the systems in one and the same order in
every case, beginning, say, with the Alimentary, or
one may examine first the system which is most
affected. The latter is, on the whole, the better plan,
provided always that one is able to tell which system
1t really is that is most diseased. The advantage
of this method is that it gives most prominence to the
most important part of the physical examination.
Whichever plan the student elects to adopt, he may
now proceed to the physical examination of the
different systems in accordance with the instructions
laid down in the following chapters, the results being
noted in the order given in the scheme below.

Only one more point regarding case-taking remains
to be emphasised, and that is the importance of noting
negative as well as positive facts. It is often quite
as essential, for example, to state that such a symptom
as dyspnecea is absent as to record the fact of its
presence. This is a point the importance of which is
apt not to be fully appreciated by the beginner.

In conclusion, it need hardly be said that the
examination should be carried out as gently as
possible, all unnecessary exposure, exhaustion, or
chilling of the patient being carefully avoided. If
the patient is suffering from severe or acute disease,
it may be advisable to postpone all physical examin-
ation other than that which is absolutely necessary to
the diagnosis of his condition, or for guidance in
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treatment. It should also be borne in mind that
when a patient is much exhausted, or suffering from
serious disease of the lungs or heart, very dangerous
and even fatal results may ensue if he be thoughtlessly
made to sit up in bed in order to have his chest
examined.

CASE-TAKING SCHEME.
I. INTERROGATION.

Name., Age. Occupation. Married or single. Address.
Date of coming under observation.

Complaint.
Duration.

Family history.*—Inquire regarding parents, brothers
and sisters, and patient’s own children. Note state of their
health, or the cause of their death, with age at which they
died.

Personal history.

Environment,—Nature of work and its surroundings.
Hygienic conditions at home ; habits as to exercise, food, tea,
alcohol, and tobacco.

Previous illnesses or accidents (if any), with their time of
occurrence, duration, and results.

Present illness—Time and mode of its origin, the order in
which symptoms appeared, and the chief symptoms whick
trouble patient now; treatment (if any) already employed.

II. PHYSICAL EXAMINATION.

1. Present state.

General condition.—General state of consciousness and
intelligence. Decubitus (if in bed), or attitude and gait (if
up) (pp. 19 and 23), General state of development ang nutri-
tion, Fxpression of face; presence or absence of pallor,
jaundice, cyanosis, dropsy, or trophic changes. Presence or
absence of any special characters of the hands (p. 32).
xlandular enlargements. Character of the respiration, and
the presence or absence of cough. Take the temperature.

* See footnote, p. 4.
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2. Alimentary system.

Subjective symptoms (see special interrogation).

Examine the mouth (including the teeth, gums, and tongue)
the pharynz, and fauces (pp. 46-50), and the esophagus {wiﬂ{
use of sound if necessary) (p. 51).

General inspection, palpation and percussion of the aldomen
(pp. 54-64).

Stomach.—Palpation and percussion (pp. 64-69). Exami-
nation of gastric contents (test breakfast) or vomit.

Intestines.—Investigation of (p. 81). Rectal examination
if necessary (p. 82). KExamination of faeces (p. 93).

Liver and Gall Bladder.—Examination of by palpation
and percussion (pp. 69-75).

Spleen.—Examination of (p. 75).

3. Circulatory system.

Heart.—Subjective symptoms (see special interrogation).

Pulse.—Describe its rate and its rhythm. Compare the
force of successive beats. Ascertain the state of the wvessel
walls. Note the blood pressure during and between the beats.
Observe the amplitude of the pulse waves. Analysea complete °
beat of the pulse regarding rise, maintenance, and fall of
pressure, and determine the presence or absence of secondary
waves. Take tracings if the pulse is abnormal.

Inspection and palpation of precordia, noting position and
character of apex beat, presonce or absence of epigastric pul-
sation or preecordial thrills, or of pulsation in the neck or at
the base of heart.

Percussion of Heart (p. 131).

(a) Upper border

() Right border } superficial, deep.

(¢) Left border

Auscultation of Heart (p. 147).

(a) At apex and a little internal to it.

(4) Tricuspid area at lower end of sternum.

(¢) Aortic area.

(d) Pulmonary area and a little outside it.

(¢) Between base and apex (third and fourth left costal
cartilages).

(f) Veins and arteries of neck.

1f a bruit is heard, note :—

(a) Its time.

(b) Its character (musical, harsh, ete.).

(¢) Its point of maximum intensity.

(@) Its direction of propagation.
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4, The blood.

Count the red and white corpuscles (pp. 206-215). Esti-
mate the hwmoglobin (pp. 215-222). Examine the blood
microscopically, making films if necessary (pp. 222-212).

D. Respiratory systemn.

Subjective symptoms (see special intexrogation).

Count the respirations and describe their character.

Inspection of chest, noting its shape, power of expansion,
ete. (p. 247).

Mensuration of the two sides of the chest. ?

Palpation of chest (expansion and vocal fremitus) (p. 258).

Percussion of lungs anteriorly, laterally, and posteriorly
(p. 264). _

Anscultation of lungs in same order (p. 276), noting—

(¢) Type of breath sounds.

(4) Character of vocal resonance.

(¢) Presence or absence of accompaniments,

Sputwin.—Note its naked eye and microscopic characters
(p. 294).

6. Urinary systemnaz.

Palpate the Kidneys (p. 79).

Examine the Urine.—Physically (p. 305), chemically
(p. 320), microscopically (p. 377), making a mnote in every
case of the following points :—

Quantity in twenty-four hours, colour, specific gravity,
reaction, odour, general character of deposit.

Presence or absence of albumin, blood, sugar. and bile.

Microscopic chaacters of deposits,

7. SKin.

General colour; presence or absence of pigmentation or
eruption; nature of ‘ primary lesion” in eruption and of
“secondary lesions,” if present (p. 395).

Palpate the skin; dryness, smoothness, thickness, elasticity.
Character of subcutaneous tissues,

8. Nervous system.
_Inquire regarding subjective symptoms (sce special interro-
gation),
Investigate state of —
(1) Intellectual functions (intelligence, memory, sleep
coma, delivium, speech, ete.) (Chapter 1X.). : ;
(2) Cranial nerve functions (testing them in order) (p. 435).
(8) Motor functions (noting presence or absence of paralysis,
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or n_f abnormal muscular movements, and state of muscular
nutrition) (pp. 468-479). Electrical reactions of museles and
nerves, if necessary (pp. 497-509).

(4¢) Sensory functions (including condition of sensibility to
touch, weight, temperature, and pain, and the muscle sense)
Epp.‘:1 ;:;f)ﬂ—fits 3) ; presence or absence of abnormal sensations
k (7) Reflexes :—

Superficial Reflexes (p. 484).
Deep Reflexes (p. 489).
Organic Reflexes and Sphincters (p. 494).

(6) Vasomotor and trophic changes. "Tache or ahnormal
flushing. Localised pallor or blueness, Sweating {presence
or absence in any locality). Joint changes. Changes in the
nails, hair, or skin (abnormal pigmentation, eruptions,
atrophies, ete.) (p. 495).

9, The eye.

Appearances seen on ordinary inspection of lids, conjunctiva,
cornea, iris, ete. (p. 510).

Use oblique illumination and ophthalmoscopy, noting state
of media, refraction, and characters of fundus (pp. 513-527).

N.B.—The fundus of the eye should be reported on in all
cases of nervous disease.

The Ear.—Examine pinna, meatus, and membrane (using
speculum and inflation if necessary) (p. 527).

The Mhroat, nose, and larymx,—Examine larynx
(laryngoscopy) and anterior and posterior nares (posterior
rhinoscopy) (pp. 532-540), noting any abnormalities.

10. Locomotory system.
Describe any changes in the bones or joints (p. 541).

Diagnosis.
(Progmnosis).
Notes of Treatment and Progress.

(Daily notes in acute cases ; in others make a note of progress
every three days.)
State on dismissal. :
If patient died, add notes of post-mortem (if held),

The following special scheme for cases presenting
mental symptoms has been drawn up by Dr. Henry
Head, and will often be found useful in medical

wards :(—
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(1) GENERAL.

The aspect of the patient as modified by the mental distur-
bance. General attitude and behaviour. _

Any peculiarity in clothing. Does patient tend to strip
himself or behave indecently ? Can he dress himself? How
does he take his food ?

General standard of intelligence. Can he read? Can he
write ? Can he amuse himself with pictures ?

Speech as modified by the mental state.

Is he destructive ? . ;

Is he dirty in his habits ? If so, is it from inattention, or
is he actively dirty ?

Masturbation, alcoholism, etc.

Is he cataleptic or rigid 7 Does he make any rhythmical
movements or sounds ? Restlessness or tremor of the hands?
Overaction of muscles of face?

Does he sleep P _

Does he tend to wander about the room or house at night ?

(2) SeNsory.

Illusions of Sight, Hearing, Smell, Taste. Subjective
sensations of touch based upon wrong interpretation of soms
actual sensation.

Hallucinations

(3) EMOTIONAL.

Ezaltation—Chattering, Shouting, Singing. Excessive
sense of well-being. Restlessness or Violence.

Depression.—Crying, Sighing, Moaning. Miserable feeling,
either in attacks or continuous. Fear. Is the patient suicidal ?

Erotism. — Are the patient’s statements coloured by an
erofic tone? Give examples.

Religion.—Is the patient’s mental state coloured by an
extravagantly religious tone?

(4) Mesmory.

Memory of intention, i.e. does the patient wish to say or
do something and immediately forget the intention? Does
patient misplace things?

Memory of recent events,

Memory of remote events [2.g. events of childhood].

[If recent memory only is lost, try and find out when the
break in memory occurs,)

a
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(5) IpeaTION.

Orientation. — Sense of Time and Space. Delusions of
identity [i.e. does patient mistake those around him for his
friends and associates before he entered hospital, or does he
imagine they are famous or legendary persons?]. Does he
appreciate his surroundings, or does he imagine himself else-
where than he actually is? Does he invest the acts of those
around him with a Secondary or Symbolic meaning ? Does
he describe actions he has performed, in themselves not im-
possible or improbable, which, however, did not actually
occur ? [e.g. when in bed with alcoholic paralysis, does he
deseribe the walk he took in the morning, the people he met,
ete. f

tf'i&ercmce or Incoherence of Ideas,

Delusions of Suspicion.—Continuous or only in attacks,

Delusions of Persecution.—Action of unseen agencies, etec.
(especially at night).

Delusions of Grandeur.—Riches, Power, Bodily Strength.

Delusions concerning his kealth or bodily state,

Fears (unfounded) in neurasthenia.
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CHAPTER II.

GeENERAL CONDITION AND APPEARANCES.

BEFORE commencing the physical examination, the
physician may gather invaluable information from a
more general survey of his patient. During the time
occupied in asking questions, and even before it, the
skilled eye and ear may detect much that has an
important bearing on the case. Experience in actual
clinical practice can alone educate to this, but some |
lines may be indicated along which to work.* .

One of the first things to observe is the attitude
of the patient as he lies in bed (decubitus). In
health a person lies in any manner in which he feels
comfortable—sometimes on his back, sometimes on his
side. He changes his position without much difficulty
from time to time, and has no hesitation in altering
his attitude if he slips from his pillows or feels other.
wise uncomfortable. But the stress of disease will
often confine his activity in narrow bounds. When
fever has run high, or when some other cause has
reduced the patient to extreme weakness and dulled
his consciousness, he no longer makes an effort to
secure a position of comfort, but passively slips down-
wards from his pillows in obedience to the law of
gravity, and lies listless, flaceid, and silent even where
the resulting attitude is such as to render the act of
breathing unnecessarily exhausting.

Almost equally characteristic is the lateral position
necessitated by some diseases of the viscera, and

_*For much fuller information than ean be given here, the
senior student is referred to Futlmr?i]l's ** Physiological Factor in

Diagnosis,” and to the writings of Hutchinson, Gairdner, and
IﬂFGDEk. "
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especially by those of the lungs and pleura. The two
main factors in compelling this attitude are, firstly,
the greater ease with which respiration can be per-
formed on one side than on the other; and, secondly,
the fact that in certain positions the pain is rendered
less acute, whilst in others it is aggravated. When
these factors co-operate, it is easy to say which side
the patient will choose. Thus, in pleurisy with much
effusion, where the chief difficulty is the mechanical
one of providing sufficient expansion for the uninjured
lung, and where pain is slight or absent altogether,
the patient will be found lying on the diseased side.
If, however, pain be the prominent element, as occurs
in the earlier stage of pleurisy, he will best secure
easy respiration by lying in the position of least
suffering.  What this position will be it is not easy to
predict, for the pain depends both on the amount of
movement and the pressure exerted by the inflamed
surfaces on each other. When the inflamed pleura is
uppermost its movement is greatest, but its pressure
against the chest-wall is least ; when it is lowermost
the opposite is true ; and so when movement is the
chief cause of pain the patient will lie on the affected
side, but when pressure exerts the greater influence,
on the sound one. In either case, however, he
confines himself to the selected side, and any
change indicates an alteration in the state of the
disease.

Another class of patients who prefer one side are
those who have a cavity in the lung. When this
cavity lies with its aperture below, the secretion
flowing from it enters healthy bronchi, and by irri-
tating them maintains a perpetual and most distressing
cough. If, however, such a patient turns over, so
that the cavity fills before its contents escape, a period
of tranquillity is obtained, and though the cough
eventually recurs, a larger quantity of secretion is
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promptly got rid of, and another period of rest
secured. When, as frequently happens in phthisis,
the secretion is tough and scanty, this symptom is
inconspicuous.

Even in health many persons feel more comfort-
able on one side than on the other, and when ill will
often contimue to prefer the accustomed attitude;
hence the fact that the patient is repeatedly found on
one side, although it suggests the propriety of being
on the outlook for disease, does not always indicate
its presence.

In cases where great demands are made upon the
respiratory system, and especially when it fails to
respond fully to such demands, the sufferer can rarely
lie down in bed, but sits more or less erect and
propped up with pillows. To this condition the name
of orthopnea has been given. It is common in
advanced stages of heart, lung, and kidney disease,
and its rationale is found in the fact that this attitude
permits of freer use of the accessory respiratory
muscles, whilst it leaves the diaphragm less impeded
by intra-abdominal pressure, and perhaps, also, acts
favourably on the intra-cranial venous pressure.
When the abdomen is. greatly distended the sufferer
cannot flex his thighs without raising the abdominal
pressure ; at the same time he prefers to sit up rather
than to remain in bed, in order that the weight of the
fluid may not hinder the descent of the diaphragm.
In sitting up, however, he tries to avoid bending his
thighs, and therefore he keeps well forward in his
armchair, sometimes almost in a kneeling attitude,
whilst he rests his head on a table placed before hin.
In such cases it is obvious that the removal of the
ascitic effusion may afford unspeakable relief to
the patient, '

In abdominal disease, especially when the peri-
toneum is involved; the aspect is frequently character-
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istic. The patient lies on his back with a rigidity of
attitude and shallow respiration which betoken the
pun that any movement produces, whilst one or
both legs are drawn up, according as the inflam-
mation is limited to one side or has become more
general,

In colic and dysmenorrhea there is often great
restlessness, which contrasts vividly with the fixed
attitude of serious inflammation, In renal colic the
patient tosses about and tries one position after
another in futile search for a posture free from pain,
whilst the less acute but more constant dragging
pain of renal calculus produces a drooping of the
shoulder on the affected side, which is most marked
when the patient is erect, but may be present even
in bed.

Patients who are attacked by acute rhewmatism
have a peculiar aspect of helplessness, the limbs lying
motionless, and the joints being swollen, stiff, and
painful.

Various discases of the mervous system produce
characteristic attitudes ; peculiarly important is that
of meningitis, where the neck is bent backwards so
that the head seems to bore into the pillow.

When possible, the physician should not only
study his patient in bed, but should also see him up
and walking. Many very characteristic attitudes,
which are of the greatest value in forming a diagnosis,
can only be observed when the patient is in the erect
posture. Thus the forward stoop, the stiff neck, the
tremor, and the fingers flexed at the metacarpal joints
and working against the thumb as though engaged in
making cigarettes, are as characteristic of paralysis
agitans as is the festinant gait.

When the patient is stamdimg, observe (1) the
pose of the head; (2) the set of the shoulders ; (3)
the inclination at which the trunk is carried on the
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pelvis—thrown back in hypertrophic muscular para-
lysis, in pregnancy, and in massive abclm'mr}al tumour,
often bent forward when abdominal pain 1s present ;
(4) the position of the arms and hands ; (5) the out-
line of the lower limbs. ¥ &b 27

When the patient walks, any peculiarity in his
gait must be observed. The more important types
of gait are described in Chapter XI., but the student
must remember that alterations may not only be due
to diseases of the muscular and nervous systems, but
that the pain of a gouty toe, or of a blistered heel, or
surgical conditions in the ankle, knee, and hip joints,
likewise produce characteristic effects.

At least a passing glance should be bestowed on
the dress. Apart from insanity, where the patient’s
clothing is frequently dishevelled or grotesque, one
may discover indications of a local or general change
in his bulk, or his boots may wear unevenly in conse-
quence of some abnormality of gait.

The gemneral development and nutrition
of the patient demand careful examination. In
different types of men very considerable variations
must be looked for, and various races differ greatly in
breadth of chest. Age also is a factor which cannot
be left out of the reckoning, and a proportion between
height, girth, and weight that would be natural enough
at fifty may be quite abnormal at twenty-one. Recog-
nising, however, that variations must be expected in
individual cases, there is still a certain general ratio
between height, weight, and chest circumference which
has been found to represent the average of a very
large number of cases, and may therefore be taken as
a rough standard, any wide divergence from which
would call for special explanation. The following

table is one of several that have been compiled from
very extensive statistics.*

* Hutchinson,
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_ Limits of deviation in
Height. Normal weight. excess or defect of this

which are compatible
with good healtgfl

ft. in. 1bs. 1bs,
BT 120 + 24
5 s 133 -3 + 27
5 5 142 i T
T 145 + 29
B 148 + 30
B8 155 b ZENS]
5 9 162 + 32
5 10 169 + 34
5 11 174 = 3B
8. i) 179 + 36

Various attempts have been made, with partial
success, to produce a formula which would enable the
weight to be estimated when the height and girth are

known. One of these, cited by H. Vierordt, is W —

—H_G.kil{}grams, where W stands for weight, H for
240

height in centimetres, and G- for girth in centimetres.
If one translates the metric into the more usual British
system, and estimates the weight in pounds and the
height and girth in inches, the formula becomes W =
HG

7 1bs.

It 1s important to compare the chest girth taken
at the level of the nipples * with that of the abdomen.
If in a man below middle age the latter measurement
is the larger, it either indicates an undue tendency to
fat formation, which may at a later period impair his
vitality, or it is due to intra-abdominal disease.

When these measurements have been made, the
nutrition of the patient is observed. Under this head
one notes whether the patient is too stout, is :.vell
nourished, or is emaciated. In health there is a
fair quantity of subcutaneous fat, t]u_a muscles are of
moderate size and firm texture, whilst those which

* In male subjeets.
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have been called into special exercise in the ordinary
occupation of the individual under examination may
be markedly prominent, and the skin is elastic and
neither very moist nor very dry.  When nutrition 1s
perverted, the muscles become flabby, and the sub-
cutaneous fat is increased so as eventually to become
burdensome to its possessor ; or emaciation sets in,
owing to the balance between ingestion and excre-
tion becoming deranged, and the waste of tissue ex-
ceeding its reparation. Emaciation is thus an important
indication of many diseases, especially those which are
accompanied with fever.

In estimating the state of nutrition, the observer
will take into account the general build of the patient
—some are naturally small and slight, others are large
and raw-boned ; and one also meets with persons who,
though possessed of little subcutaneous fat, have well-
nourished muscles, whilst others, whose muscles are
weak and soft, have an abundant supply of fat in the
subcutaneous tissues.

Besides the nutrition of the patient, an attempt
should be made to ascertain his temperament
and, 1f present, his diaathesis, since this often exerts
a marked influence on the course of his illness. The
analysis of temperament is beyond the scope of this
work : the senior student will find valuable contribu-
tions to the subject in Hutchinson’s * Pedieree of
Disease.” ¢

To the trained observer the expressiom of the
patient yields information of the very highest im-
portance, and amongst the factors which determine
expression, the eye holds the foremost place. Some
patients cannot look their doctor in the face, and this
F{Hl(;lﬂllf::j' to avoid ?q.tching his eye is important, as
indicating a probability that the information they are
about to give lacks truthfulness, and also that they
are not to be trusted to obey the instructions which
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they receive. Sometimes the eyes are restless, follow-
ing every movement of the attendant, as often occurs
in phthisis; at other times they stare vacantly into
space, regardless of all that is passing around them, a
condition well seen when the consciousness is growing
dull. In exophthalmos the eyes are prominent, and
show a ring of sclerotic above the cornea ; or the
prominence may be due to a high degree of myopia.
In wasting disease or in profound collapse, such as is
found in cholera, the sunken eyes and half-closed
eyelids cannot fail to command attention. There are
racial differences in the ‘“set” and obliquity of the
eyes, and by noting this feature something may at
times be learned either of the heredity of a patient or
of the tendency to reversion towards a lower type.
The arch of the eyebrows may give a hint, where it is
either excessive or too slight, of a proclivity to tuber-
cular disease, and an even closer connection seems to
exist between the strumous tendency and long, dark
eyelashes, coupled with singularly clear sclerotics.

More detailed reference is made in a subsequent
chapter to important abnormalities in the different
structures of the eye, where the student will learn
how the conjunctiva and sclerotic tell of tuberﬂla.
and Bright’s disease, of an@mia and rheumatism, of
jaundice and of intemperance ; and how the cornea
foretells an early onset of senile changes in other organs
by the appearance of an arcus senilis, or rev?als the
ravages of syphilis and struma; how the size and
mobility of the pupils indicate the existence of disease
in the nervous system, or the presence of aneurysm,
or it may be only of synechiw from an old iritis ; and
how the iris may contain a tubercular nodule, or be
muddy and discoloured from iritis.

The lower eyelids are puffy and cedematous,
especially in the morning, when the patient 1s El:lffel‘l ng
from Bright’s disease ; and a like appearance 18 often
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to be noted in patients who are suffering from very
severe paroxysms of cough. It is very character-
istically present in children affected with whooping
cough. The eyelids may also be swollen and inflamed
as the result of bug bites.

People look “dark under the eyes” when their
digestion is out of order, or when fatigued, especially
from want of sleep; often women are darker under
the eyes during menstruation than at other times.

The mose has a sunken bridge in congenital
syphilis ; the tip is red in some cases of mitral regur-
gitation, in habitual drunkards, in females with
chronic indigestion, and sometimes in purely local
conditions, Undue mobility of the ale nasi may be
due to neurosis, or it may indicate obstruction to
inspiration, and is in this respect very important to
look for in infants. Young persons who suffer from
adenoids, and to a lesser extent those afflicted with
enlarged tonsils or chronic bronchitis, have pinched
noses and open, fishy mouths. The pinching of the
nose is due to falling-in of the ale nasi where they
lose the support of the nasal bones whilst the mouth is
kept open to reduce the resistance to the entrance of air.

The Bips are pale in chlorosis and other forms of
angemia ; livid and blue in heart disease when com-
pensation fails. A thick, short, and coarse-looking
upper lip is often found in association with a phthisical
tendency, whilst thin, mobile lips occur in persons of
a neurotic temperament, and especially in female
invalids whose constitutions are naturally weak, and
who have not, nor can ever hope to possess, a large
stock of vitality. Herpes on the lip is very often
asgociated with inflammation of the respiratory tract,
and is often an early and suggestive accompaniment
of pneumonia. When it occurs in a patient who 1is

obviously ill the chest should always be most carefully
examined.
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The ears are often ill-developed in idiots, and
sometimes in the insane develop hematomata. Of
greater frequency is the occurrence of tophi in persons
of gouty habit,

The cheeks give valuable information regarding
the patient’s health. In ansmia and aortic disease
they are pale; in hectic fever there is a bright cir-
cumscribed blush over the malar bounes ; in the capil-
lary engorgement of plethora they are ruddy and
high-coloured, as they also are in many persons who
lead an open-air life, exposed to all weathers ; in heart
disease they are also high-coloured when back pressure
has begun to tell on the systemic circulation, but the
colour is of a bluish and cyanotic tint, which cannot
be mistaken for the rubicund cheeks of plethora. In
unilateral chest inflammations, and particularly in
pneumonia, the cheek corresponding to the affected
lung may be flushed, but if the patient has been lying
for some time on one side there is often a difference
between the two cheeks, resulting from the pressure
of the lower one upon the pillow, quite apart from
the presence of disease.

The form of the cramium may also indicate
points of importance, to which reference is made in
Chapter XI.

In addition to the appearance of individual
features, the general expression of the patient
must be noted. Is it animated, apathetic, or has it
the absolute vacancy of unconsciousness? Ave there
wrinkles on the face, or is it smooth ; or is one side
smooth and the other wrinkled, as one sees it in uni-
lateral paralysis of the seventh nerve? Is the mouth
drawn over to one side, and is there any other lack of
symmetry between the two halves? The expression
may be characteristic of pain, or there may be a
placidity resting on the features whirfh gainsays the
assertion of a patient that his agony is most severe.
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A look of -anxiety on a patient’s face often presages
serious illness at a time prior to the appearance of any
other signs or symptoms which would suggest the
gravity of the situation. Twitching of the face some-
times results from a nervous habit, al other times 1t
is a symptom of definite disease, of which chorea
affords a good example.

When pain is present, the various features are
differently affected, according to its situation. Pain
in the head, whether simple headache or of organic
origin, causes the sufferer to frown ; painful diseases
of the chest and abdomen tend rather to affect the
expression of the lower part of the face. These
signs are of peculiar importance in the case of
children who cannot describe their sufferings.
Attempts have been made to associate certain lines
which appear on the faces of sick children with
diseases in special groups of organs. With the
exception of a furrow which runs downwards from
the ala mnasi to curve round the angle of the mouth,
and which is not unfrequently present in cases of
gastro-intestinal disorder, they are of little or no
value for diagnosis.

The physiognomy of insanity is often highly
characteristic, but descriptions of it must be
obtained from special text-beoks. In serious ill-
ness the nose often looks pinched, the eyes look
sunken and lustreless, and the chin and malar
bones sharp and prominent, owing to the loss
of tone which the soft tissues have under-
gone.

Several types of expression have received special
names. Of these the most important are the facies
Hippocratica and the typhoid facies.

In the facies Hippoeratiea the skin is livid
or pale, and opaque, the eyes are dull and sunken
but remain open, the nose 18 sharpened, the temples
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are hollow, the chin is sharp, the mouth is open
through dropping of the lower jaw, the ears are cold
and shrunken, and the cheeks drawn in. When this
facies is associated with abdominal disease there is
a red or livid ring around the eyes. The Hippocratic
facies is a presage of impending dissolution. The
typhoid facies is characterised by dull, lustreless
eyes, tremor of the lips (with muttering delirium),
and a blank, expressionless countenance. Associated
with this are found a brown, dry tongue, a rapid
pulse, a tendency to sink low in the bed, twitching
of the tendons (subsultus tendinwm), and a constant
purposeless picking of the bedclothes,

The state of the skim where it is exposed
must be carefully investigated. In the face we
notice especially the complexiom. This is depend-
ent on two factors—the colour and the transparency
of the skin. The most important abnormalities are
pallor, yellowness, bronzing, an earthy tint, and a
dusky bluish red hue. Pallor occurs in various
anemic states, and also when the heart’s action is
greatly enfeebled, as in fainting or severe nausea.
Yellowness may be due to pernicious ansemia, when
the tint is pale lemon yellow, which contrasts with
the whiteness of the sclerotics; or to jaundice, when
the skin may be only faintly discoloured, or may be
of a dark yellow colour, with excoriations from the
scratching that results from the intense itchiness which
the bile acids evoke. In jaundice the conjunctive
and mucous membranes share in the coloration.
Bromnzing is found in Addison’s disease, and affects
both the skin and the inside of the mouth. An earthy
timt 1S common in states of serious ill-health. It
sometimes indicates a malarial history; in other
instances it is the result of syphilis or of cancer;
and in yet others it can be traced to an anzemic
condition maintained by continual small losses of
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blood, such as bleeding piles may involve. This tint
is partly due to the altered state of the blood,
partly to abnormal opacity of the skin. The dusky
tint of embarrassed breathing and of advanced
heart disease does not demand further mnotice
here.

It is also important to search for cutameous
eruptions, some of which—measles and syphilitic
rashes, for example—frequently appear first about
the roots of the hair, whilst others have equally dis-
tinctive situations. Ulcers and scars should also be
looked for. The colour and nutrition of the hair, and
the dryness or moisture of the skin, must be noted ;
and if perspiration is present, its amount and
situation. The perspiring brow of a rachitic child
is very characteristic,

Reference has already been made to the panmi.
culus adiposus; but in addition to the presence
or absence of fat, morbid conditions may lead to
abnormal states of the cellular tissues. The chief
of these is the presence of fluid or of air, the former
being by far the commoner.

When fluid is present, the condition is that known
as dropsy, and there are two varieties of this, which
are sometimes described as “hydremic” and ¢ pas-
‘sive.”  Inhydramic dropsy, typical examples of which
occur in sufferers from Bright’s disease, the transuda-
tion does not first show itself in the most dependent
parts of the body, but in other sites where laxity of
the tissues favours its accumulation. Thus in chronic
nephritis an early symptom is the cedema of the face,
especially below the eyes, which comes and goes, being
most noticeable when the patient first rises in the
morning. In passive dropsy, however, which is typi-
cally present in those cases where pulmonary or cardiac
disease produces a backward pressure in the veins,
the swelling first appears at the ankles and over the
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dorsum of the foot, and only gradually mounts to
the legs, thighs, and trunk. When the venous
obstruction 1is local, the dropsy is confined to the
parts from which the return of blood is impeded.
In this way one finds ascites resulting from cirrhosis
of the liver, or edema of an arm when the axillary
glands are cancerous and constrict the axillary vein.
(Edema of the whole upper part of the body may
result from intrathoracic tumours ; the writer has seen
it follow compression of the superior vena cava by an
aneurysm. Dropsy may be recognised by the pallid
and glossy appearance of the skin over the swollen
part, by its doughy feel, and by the fact that it pits
on pressure.

Localised edema may be, due to nervous
causes, and is found in certain of the angioneurotic
group of diseases.

Subcutaneous emphysema is not common,
but when present it can be readily recognised by the
crackling sensation which is detected on pinching the
part affected.

The hands of the patient merit careful observa-
tion. Notice the strength of his grip as he shakes
hands ; this often indicates improvement or the
reverse with considerable accuracy. Their general
shape should then be noted. Are they stunted as
in congenital cretinism, or ¢ spade-like,” as in
myxcedema ; are the joints large, as occurs in rickets
and in persons of strumous diathesis? Are they
deformed as well, as oceurs in rheumatoid arthritis,
or swollen and painful, as in acute rheumatism
Sometimes what looks like enlargement of the joints
is really due to wasting of the surrounding tissues,
When the patient is gouty, the finger joints are
often implicated, and nodules, known as Heberden’s
knobs, are formed. These must not be confused
with Haygarth’s mnodosities, which are fibrous
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thickenings found in cases of rheumatism.* Gout
sometimes shows itself by producing a contrac-
tion of the palmar fascia that , prevents extension
of the fingers. In nerve disease the skin of the
hhand may undergo trophic changes, 'becmmng
thin and glossy; or the vessels may be influenced
by vasomotor disorders, and lead to redness or to
a pallid and dead-looking state of the fingers. Nerve
diseases also produce very characteristic movements
or attitudes of the hand, as may be seen in athetosis,
tetany, and lead palsy. Tremor of the hands is a
frequent indication of disease. Amongst the con-
ditions which produce it may be instanced paralysis
agitans, multiple sclerosis, certain traumatic neuroses,
Graves’ disease, uremia, insomnia, mercurial poisoning,
alcoholism, abuse of tobacco, and senile degenerative
changes. The methods of studying this symptom are
detailed on page 478. In ulnar paralysis the hand
becomes deformed by over-extension of the first
phalanges, combined with excessive flexion of the
rest, so that a claw-like attitude is produced. This is
known as the “main em griffe.” When the
muscles of the thenar and hypothenar eminences
have undergone atrophy the hand becomes flattened,
and thus somewhat resembles that of an ape. In
acromegaly and in pulmonary osteoarthropathy there
are very characteristic enlargements of the hands,
which present a singularly massive appearance. The
fingers become clubbed under conditions which
produce chronic congestion of the peripheral veins,
chief amongst such conditions being respiratory or
cardiac embarrassment. Where the congestion is

* Considerable difference of opinion exists as to what Heberden
really described, but the terms are now generally used in the
sense given in the text. Those who desire to consult the originals
are referred to Heberden, ¢ Commentaries 6n the History and
Cure of Diseases,” London, 1803, 2nd Edit,, p. 148; and Hay-
garth, ‘“ A Clinical History of Diseases,” part ii., Bath, 1805,

D
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marked the finger tips are blue and cold, and the
nails are much curved longitudinally. The nails
exhibit longitudinal grooves in gouty persons, in
whom also they are often singularly hard and brittle ;
whilst a transverse furrow is the record of some
former interference with the mail’s nutrition, and in
the absence of a local cause points to some severo
constitutional illness. Many persons, especially those
of the so-cailed lymphatic temperament, have moist
and clammy hands. These in women frequently
indicate excessive leucorrheceal loss, and so aid in
directing inquiry towards this subject. Even when
the hand is not moist when the patient is seen, the
fact that the colour has been sweated out of the palm
of the glove may show that the tendency exists. In
infants the movements or position of the hands and
fingers will often direct an acute observer to the seat
of disease.

The meek should always be inspected, and special
note taken of any of the conditions described in the
paragraphs that follow.

1. The state of the lymphatic glands.—In
syphilis the glands under the upper part of the
trapezius are very frequently enlarged. In septic
ear diseases the glands below the ear can often be
roadily felt. ~Where there are carious teeth, and
where there is malignant disease in the mouth,
enlarged glands can usually be detected near the
angles of the jaw. In scrofulous persons enlarged
tubercular glands occur in groups or in long chains
beside the sternomastoid, and scars will mark the
points where they have suppurated. In lymphade-
noma the glands are enlarged and firmly matted
together.  If enlarged glands are found either in
the neck or elgwhere, it is important to observe
whether they remain firm and distinct, or become
fused together, or whether fluctuation can be detected.
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2. The thyroid gland.—The existence of any
swelling of this gland is important, and its effect on
the patient’s respiration should be studied. Some-
times such enlargements exercise considerable pressure
on the trachea ; at other times, particularly if the
disease be malignant, the recurrent laryngeal nerves
may become implicated. In cases where there is
difficulty in determining whether a tumour is con-
nected with the thyroid, much assistance may be
obtained from the fact that the gland and any tumour
which is connected with it move up and down with
the larynx during deglutition.

3. Unusual prominence of amy muscle
or group of muscles in the neck should be described.
Such prominence may be bilateral, as of both sterno-
mastoids in emphysema, or unilateral, as in tonic wry
neck. A congenital sternomastoid tumour may be
present, and, if unrecognised, may lead to much
perplexity ; whilst various cysts, cold abscesses, or
developmental abnormalities may be encountered,
Their recognition, however, is rather a question for
surgical diagnosis,
| 4._ Movements of the larymgeal box are
sometimes conspicuous, and may call for explanation.

5. Rigidity of the meck may be due to inflam-
mation, to rheumatism, todisease of the spinal column,
or to various nervous diseases, whilst spasmodic move-
ments occur in clonic torticollis.

fi, Any bulging of the apices of the lungs
during a fit of coughing, or pulsations seen in the
vessels, must be recorded, nor must the existence of
aneurysm be overlooked.

7. Boils and carbuncles are very frequently
situated on the back of the neck. As they are not
unfrequently present in cases of diabetes, they should

direct the observer's inquiries to the urinary system,
and sugar should be tested for.
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8. Finally, with respect to the gemeral shape
of the meck, it should be noted whether it is
short and thick, or long and smooth, or * seraggy,” or
projecting forwards with a prominent larynx. The
last form is common in persons with phthinoid chests.

The character of a patient’s wespiration is often
of great service in reaching a diagnosis and a
prognosis, Under the name of ¢ Extra-auscultation ”
Professor Wyllie has grouped together the various
phenomena connected with respiration which are to be
heard, apart from those revealed by the stethoscope,
when standing at the bedside of the patient.* In the
following scheme his classification is adopted :—

(CLASSIFICATION OF THE PHENOMENA OF EXTRA- AUSCULTATION,

[. Obstructive noises in the respiratory passages.
a. Thickened mucosa, or accumulated secre-
1. In the nose i tion.
b. Paralysis of ale nasi.
i a. Nasal stertor. The soft palate strikes
2. In the back the back of the pharynx.
of the throat. | b. Oral stertor. The soft palate strikes the
! tongue, which has fallen back.
( @. Swelling of Cords | Larnygeal stridor
3. Inthelarynx { 6. Paralysis or Spasm} (almostinvariably
of Glottis. inspiratory.)

a. Tracheal stridor (occur during both

(leopard growl. R q
4. In thetrachea 5 et aa] ratt{e Eﬁiﬁi‘gﬂ.] an

(death-rattle.) |
a. Musical sounds (wheezing).
b. Crepitant sounds.

5. Inthe bronchi {

II. Cough.
1. Duration. Single coughs, repeated coughs, paroxysms.
9. Quality. Resonant or toneless, moist or dry, suppressed
or free,
II1. Hiccough,
LV. Voice.
1. Volume,
2. Quality.
* Fdinburgh Hospital Reports, vol. 1., p. 48.
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Where the respiratory passages are obstructed the
normal quiet respiratory sound is replaced by more or
less noisy breathing. When the obstruction occurs
in the nose either from mucus in the meatus or
from thickening of the mucosa which covers the
turbinated bones, or from paralysis of the ale nasi,
the breathing is sniffing or bubbling in character.
When the soft palate is relaxed, and especially when
it is paralysed, it prevents the free passage of air
between the mouth and thorax, and produces a snor-
ing or stertorous sound. When the rima glottidis is
obstructed from any cause, such as spasm or paralysis
of the vocal cords or cedema of the larynx, stridulous
breathing results. If a polypus or other tumour lie
between the cords, there may either be stridor or
simply noisy breathing. The trachea may have its
airway narrowed by pressure from the outside, as in
cases of tumour and especially of aneurysm, when the
breathing becomes growling ; or mucus may obstruct
the lumen, producing a rattling sound. The “ death-
rattle,” which occurs when weakness and insensitive-
ness combine to prevent any effort at expectoration,
is a typical example of the condition. Obstruction in
the bronchi gives rise to wheezing and crackling
sounds.  Sometimes the respiration is sighing ;
Gairdner is inclined to think that this may indicate
fatty degeneration or slight dilatation of the heart.
An important division of dyspneic conditions may
be made according as the difficulty in respiration is
telt during the inspiratory or the expiratory period.
Most cases of obstruction of the alr-passages are
characterised by imspiratory dyspneea, whilst
many of the pulmonary causes of dyspneea produce
expiratory trouble. Asa common example of the
latter one may cite the prolonged expiration of a case
of bronchitis with emphysema. The breathing may
be characteristic of discases quite distinet from those
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of the respiratory system. Examples of this are
found in the stertorous breathing of apoplexy, the
hissing expiration of uremia, and the dyspnea or
“air-hunger” * of commencing diabetic coma, which
affects both inspiration and expiration.

If cough is present, its character must be most
carefully noted.t The first thing to observe in this
connection is whether the cough consists of inde-
pendent explosive expirations, or is paroxysmal in
character. The former occurs in early phthisis, in
granular pharyngitis, and in some forms of nervous
irritation ; the latter is often found in severe bron-
chitis, and is very typical in pertussis. One should
also notice whether the cough induces pain or nausea,
and whether its tone is resonant, or suppressed, or
husky. In common colds the cough is at first short
and dry, but as the quantity of secretion increases,
the type becomes more paroxysmal, and the fit of
coughing continues till the mucus is expectorated.
In bronchitis the condition resembles that found in
the last affection, but the paroxysms are more severe,
and wheezing is often present. When due to early
phthisis, the cough is frequent, short, and sharp, and
is described as dry because there is no rattling of
mucus associated with it. Later in the disease,
when the caseous masses are breaking down, secre-
tion is much more copious, and the cough becomes
moist and paroxysmal. In severe cases actual vomit-
ing may be induced. A mnervous cough generally
has the character of single, short, dry explosions,
repeated at intervals, and a similar type is produced

* Kiissmaul. .

+ The student will observe that two elements must be dis-
criminated in a cough. The first of these is the explosive ele-
ment, due to the sudden opening of the valve formed by the
false cords and surrounding structures; the second is the vocal
element, due to the rush of released air between the true cords
(vide Wyllie, loc. cit.).
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by irritation of the peripheral nerves, whether the
source of the irritation Le found in a disordered
stomach or threadworms in the rectum, or be due to
disease in the ear or to the discomforts of teething,
or take origin in the nerves of the pregnant uterus.
Local conditions in the throat may be the cause of
most troublesome and persistent coughing, and a
careful observer will not fail to look for granular
pharyngitis when the patient complains of constant
hawking, or for a relaxed and trailing uvula, more
particularly when the cough starts the instant the
patient lies down.

In pleurisy, pneumonia (associated as it often is
with more or less pleurisy), and in pleurodynia, the
cough consists of solitary dry, hacking, expulsive efforts,
suppressed as much as possible to prevent unneces-
sary pain, but repeated frequently. In laryngitis and
croup the cough may be simply noisy, but more often
1s either husky or stridulous. When the lumen of
the trachea is encroached upon by a mediastinal
tumour or an aneurysm there is generally a very
resonant, brassy :ough, aptly compared to the cry of a
gander, When once heard, this is almost sufficient to
clinch the diagnosis without further examination.

In hysteria the cough is often loud and barking,
and gives the impression of being produced with
the view of attracting attention. Such a cough 1is
sometimes associated with hysterical aphonia. Per
fussis, when it is fully developed, is distinguished
by a most characteristic cough. There is first a long-
drawn, almost stridulous inspiration, then a series
of short, sharp, expiratory coughs, which follow each
other with extreme rapidity. The face turns dark
?:dagle veins grow Pt‘u}minent, the child clings firmly

y support 1t can find, so as to give full play
Lﬂﬂtt]l:h:ﬂf;?éss{;y muscles of respiration, and when ot
coughing ends it is followed by a
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long-drawn whooping inspiration. The severity of
the paroxysm induces vomiting, and sometimes causes
evacuation of the bladder and bowel.

Hiccough, which results from spasmodic con-
traction of the diaphragm, is a common enough dis-
order. 1t may be due to trivial causes, such as an
attack of indigestion ; but it also occurs, and that
most persistently, in many serious illnesses, when the
symptom may become one of considerable gravity.
Thus, if it be met with in a patient whose kidneys are
affected, and especially if the occurrence in such a case
follow the passage of instruments to relieve stricture,
there is ground for serious apprehension as to the 1ssue.

The voice, as well as the cough, should be studied.
The chief points to observe are its strength,
whether it is clear or husky, or whether aphonia
exists, The voice may be nasal either through habit
or in consequence of obstruction in the upper airways.
A distinction should be made between open and
stopped nasal tones, the former resembling the sound
produced when the mouth is kept shut during phona-
tion, the latter that heard when one speaks whilst
holding the nose, ‘

Temperature.—The hand laid upon the skin
gives a certain amount of information as to the
temperature, especially if there be no perspiration ;
but a far more accurate guide is found in the ther-
mometer, whose use should mnever be omitted.* 'In
taking the temperature the following practical
points must be attended to:—

1. The thermometer must be accurate and of good
quality. To insure accuracy, it should be compared
with a standard instrument. In Britain this 1s

* Just because the hand takes account of moisture as well
as of the actual temperature, it may convey mfnrmaﬂ:mn which
the thermometer fails to impart—e.g. the ¢ pungent dry heat
of early pneumonia is most characteristic,
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done at Kew, and certificates are issued which state
the error of each individual instrument. In process
of time, however, and particularly if the thermometer
has been recently made, molecular changes occur in
the glass which tend to make the reading too high.
Such changes are slight, and seldom attain a value of
any clinical importance, though if great accuracy
is necessary a fresh comparison should be made every
two or three years. Also, if the bulb of the thermo-
meter be made too thin, the glasswill yield to pressure,
and the patient may either purposely or accidentally
compress it so much as to make the mercury reach
to four or six degrees above the actnal temperature.

2. The thermometer must be kept in position long
enough to allow the mercury to reach the body tem-
perature. Generally it is well to exceed the period
which the instrument professes to require.

3. In adults the temperature is taken in the
mouth or in the axilla; in young children the ther-
mometer should be placed in the fold of the groin,
and the thigh flexed on the abdomen, or it may be
inserted into the rectum. The temperature of the
mouth and rectum is generally at least half a degree
- higher than that of the groin or axilla, but in old
people the mouth temperature is often too low, and
less trustworthy than that of the axilla. When taken
in the latter situation, care must be exercised to keep
the part as free as possible from perspiratiou, both
during the observation and for a few minutes before
it. Moreover, the arm should be drawn to the side
for a short time before the thermometer is inserted,
that the skin may not have been chilled by exposure
to the air,

4. Before inserting the thermometer, make an
invariable rule of washing it in lotion or in cold
water, and see that the mercury is well shaken
down ; wash it again before replacing it in its case.
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In Great Britain the Fahrenheit scale is used, on
the Continent the Centigrade.*

The temperature should be taken at fixed times,
twice daily when possible, and at shorter intervals
when fever fluctuates or runs high. Times that are
convenient, and that fairly represent the daily con-
ditions, are at 9 am. and 7 p.m. In health the
temperature has a daily range of from one to two
degrees Fahrenheit, being lowest in the small hours
of the morning, and gradually rising to attain its
principal maximum somewhere about 5 or 6 p.m.
Age exercises a rather marked influence on the
temperature. In children it varies greatly with their
time of life, and trivial causes produce great fluctua-
tions. On the average, it is about half a degree
higher than in adults. In the very old it is also
slightly higher than in middle life, unless the circula-
tion is weak, when the temperature may be con-
siderably lower,

In diseased conditions marked deviations from
the normal temperature are often present. Tem-
peratures may be classified as follows :—

Normalt ... 98°—99°F. or 36:5—37-2°C,

Sub-normal ... below 98°F. or below 36:5°C,
Collapse ... below 96°F. or below 35-5°C.
Felrile ... above 99°F. orabove 37-2°C.

Hyperpyrexia above 107°F. or above 42-0°C. :
By consecutive observations, taken at suitable
intervals, it 1s easy to determine whether an abnormal
temperature is constantly present, or only occurs
at intervals. When the temperature rises quickly,
the patient feels chilly in consequence of the incom-
plete response of the vasomotor mechanism to the

* For a comparison of the two scales, sce Appendix 4, p. GOS8,

+ The figures given are merely approximate. Wunderlich
allows a rather wider range for normal temperatures than those
stated above, and taking the mean normal temperature at 37°C.
would allow a range of from 36°25° to 37'5°C,
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new conditions, and in marked cases rigors occur.
If, however, the temperature remains c::mtlmmualy
high, the rigor gives place to a feeling of heat, coupled
with thuab head: wche, and a mpld pulse. This 1is
known as pyrexia, or fever. If atter fever the
temperature falls rapidly, or if during the fever the
extremities are chilled, the patient suffers from
collapse, when the pulse is small, the features ure
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Fig. 1.—Remittent faver {he::tlc}. Case of pht]usrs. {Aﬂe-r F mimgsnn.]

pinched, the skin is moist with a clammy sweat,
and the patient suffers from a sinking sensation and
from nausea.

There are three principal types of fever—the
continued, the remittent, and the intermittent.
When fever does not fluctuate more than about
degree and a half (Fahrenheit) during the twenty-
four hours, and at no time touches the normal, it
15 described as comtimumed. When the daily
fluctuations exceed two degrees, it is known as
remittent (Iig, 1); and w]wn im er is only present
for several hours during the day it is called imter-

l,
i
-

C. |
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mittent. In remittent fever the evening tempera-
ture 1s usually higher than the morning one, but in
some cases, not unfrequently in phthisis, this type is
wnwverted, and the “remission ” occurs in the evening,
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Fig. 2.—Intermittent fevers.

whilst there 1s a morning * exacerbation.” When a
paroxysm of intermittent fever occurs daily, the
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Fig. 3.—Crisis. Case of lobar pneumonia.
(After Wunderlich.)

type is said to be
“gquotidian®;
when on alternate
days, ¢tertiam?;
when two days in-
tervene  between
consecutive attacks,
“ quartan” (Fig.
2). A «“double
tertian” 1s the
name applied to a
daily fever when
the paroxysms oc-
curring on the first,
third, fifth, and
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following odd days differ from those of p]m second,
fourth, sixth, and following even days in hour of
appearance, in severity, or in ch_a.rac_te_r. '

The course of a fever is divided into three
stages—the initial or pyrogenetic, “ stadium _i-;-m?:g-
menti”; the stage of full development, or « fastigiwm " ;
and the stage of termina-
tion, or ‘‘stadium decre-
menti.” When the fever
ends rapidly it is said to
resolve by “crisis 7 (Fig. 3) ;
when gradually, by “ lysis”
(Fig. 4). Not seldom crisis
is preceded by a short but
marked rise of temperature,
accompanied in many cases
by delirium ; it 1s some-
times followed by collapse.

In the study of any
case of fever the points @ L
which S v to be ob- Fig. 4.—Lysls. Case of broncho-
served are whether the pueumuuih. (After Wunderlich.)
type is one of apathy and
indifference, or of restlessness and twitching ; whether,
and if so how far, the sensorium has beenr involved ;
what the height of the temperature is, and what its
course has been ; what are the rate and character of
the pulse ; whether the skin is moist or dry, or
exhibits any eruption; and which of the viscera or
secretions are characteristically affected. The expla-
nation of these points may be found in works on

medicine, but their true significance can only be
learned at the bedside.,
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CHAPTER III.

ALIMENTARY SYSTEM AND ABDOMEN.

SECTION IL—THE MOUTH, THROAT
AND ESOPHAGUS,

The mouth.—For the examination of the
mouth the patient should be placed facing a good
light. If artificial light is used it should be thrown
into the mouth by means of a reflector. A piece of
candle wrapped in blotting-paper and held in front of
a bright spoon forms a good extemporised light and
reflector.,

Lips.—Note the colour of the lips. They are
blue in cyanosis, pale in an®mia. Note the presence
of any crusts, fissures, or ulcers. The lips should be
everted in order to permit of an examination of their
inner surfaces, Herpes of the lips is often seen in
inflammatory conditions ‘of the air-passages and lungs,
especially in croupous pneumonia.

The teeth.—The temporary teeth are cut in the
following order :—

First.—The two lower central incisors, sixth to
eighth month.

Second.—The four upper incisors, eighth to tenth
month.

Third.—The lower lateral incisors and all the front
molars, twelfth to fourtéenth month.

Fourth.—The canines (upper first), eighteenth to
twentieth month.

Fifth.—Posterior molars, at two to two and a half
years.

The permanent teeth appear as follows :—

First molar at six years.

Central incisors at seven years,
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Lateral incisors at eight years,

Bicuspid (anterior) at nine years.

Bicuspid (posterior) at ten years.

Canines at eleven to twelve years.

Second molars at twelve to thirteen years.

Third molars at seventeen to twenty-five years.

The following table shows the relations of the
permanent and temporary teeth :—

U arars AR % 8| 7 b S’

er .

TEmpor&ry{ I }ZD
Lower 2 1 2 2 1 2
Sk R B S

er

PErmanent{ ‘L . }32

Lower 3 2 1 2 24 B o B s

The presence of any irregularity or defect or
carious disease in the teeth should be noted. It
should be observed whether there is any exposure
of their roots, or whether they are surrounded with
tartar. Grinding of the teeth leads to bevelling of
their edges; this is specially found in young children.
The presence of ““ Hutchinson’s teeth” is important
as affording evidence of congenital syphilis. In this
condition the two central upper permanent incisors
are at a higher level than the adjoining teeth ; they
are rounded in section and slope inwards below, they
are broader nearer the gum than at the crown, so as
to be peg-shaped, and they present a semi-lunar notch
ab their ends. They are usually discoloured as well,
In the same condition the molars tend to be dome.
shaped. ,

The gums.__Their colour should first be noted
In lead poisoning a blue line can often be observed
running along the gum near the insertion of the teeth,
and especi&]ly, perhaps, on the gum between the teeth.
In copper poisoning a greenish line can sometimes be
seen 1n a similar position. The gums may be swollen
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and spongy in scurvy. They are sometimes retracted
or show ulcerations or hamorrhages. Ulcers and
heemorrhages may also be observed in the buccal
mucous membrane in various conditions.

The tongue. Ask the patient to protrude it.
Note if it is put out in a straight line. Observe
its size and shape, whether broad or pointed. Look
for tremulousness of the whole tongue and for fibril-

et

ir. 5.—a, Scraping from a patch of thrush; x 800. b Culture of Sac—
F:gchammycss albicans (Monilia candida)—the fungus of {hrush 3 % 800,

lary twitching of it. Note in the dorsum (1) its
colour : is it pale, red, or discoloured? (2) Isit dry
or moist? (3) The presence or absence of fur; the
colour and distribution of the latter should be noted.
(4) The character of the papille. (5) The under sur-
face of the tongue—a small ulcer on the freenum is
sometimes seen in persistent coughing, and particu-
larly in whooping cough. Lastly (6), observe the
edges of the tongue. Look for ulcers, indentations
of the teeth, etc., on them.
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The presence of thrush may sometimes be observed
on the surface of the buccal mucous membrane, espe-
cially in children. It presents the appearance of
small white points or patches raised somewhat above
the surrounding surface, which is sometimes redder
than normal. Patches of thrush are very apt to be
mistaken for small milk curds. They may be distin-
guished by the fact that milk curds can be easily
detached, while thrush patches can only be removed
with difficulty, and when removed are apt to leave
behind a raw surface. To search for the fungus
(saccharomyces albicans) a small piece of the patch
should be scraped off and examined in a drop of
glycerine. A quantity of epithelial débris, along
with bacteria and leucocytes, will be seen, and
mixed up with these the filaments of the fungus.
These consist of long but unequal segments, each
usually possessing a refractile nucleus at each end
(Fig. ).

The palate, fances, and pharynx.—Intro-
duce a tongue depressor, and note first the general
colour of the soft palate, fauces, and pharynx ; ob-
serve any abnormal degree of pallor or redness, The
yellow tinge of jaundice often lingers long on the
soft palate, and in commencing measles a patchy red-
ness can be made out very early in the same situation.
Note the presence of any ulcers or mucous patches on
the palate, fauces, or tonsils, Look carefully at the
tomsils, noting any enlargement of them. Yellowish
or greyish points or patches may sometimes be seen
on their surface. Try whether these can be wiped
-off, leaving a sound surface, as is the case with ac.
cumulated follicular secretion, or whether removal
leaves behind a raw surface, as happens with the false
membrane of diphtheria. Note always whether or
not the soft palate and uvula show any similar spots

or patches. Next look at the pharymx. The .
E
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presence upon its surface of a number of flat adenoid
swellings, somewhat resembling sago grains, is so
common as to be almost a normal appearance. In
granular pharyngitis these are much increased. A
few dilated venules can also be frequently observed.
Note the presence of any pus or excess of mucus
on the surface, and the existence of any ulceration.
In retro-pharyngeal abscess the posterior wall of the
pharynx is bulged inwards. Sometimes this can be
more easily made out by palpation.,

The breath.—The character of the breath may
be noted at this stage. If it is offensive, ask the
patient to breathe out first through the nose only, and
then through the mouth, and observe whether the
odour is present on both occasions or not. This
affords an indication as to whether the source of the
odour is in the nose or mouth only, or whether it
is lower down than either. If the odour proceeds
from the nose, make a rhinoscopic examination (p. 537),
looking especially for the presence of a foreign body
or for evidence of atrophic rhinitis or other local
disease. Bad teeth, ulcerations of the gums or mucous
membrane, and enlarged tonsils, accompanied by
retention and decomposition of secretion in their
follicles, are the commonest sources of offensiveness
in the mouth.

In gangrene of the lung the breath has a putrid
smell. In bronchiectasis, also, it has a peculiarly
offensive odour cnly to be recognised by experience.
Feetor due to pulmonary conditions is best brought
out by asking the patient to cough.

Slichter degrees of nﬁbnsiveness_ may be due to
gastric disorder or to prolonged constipation. -

In ursemia the breath has a urinous or ammoniacal
odour. In diabetes it is sweetish, like new-mown
hay. In cases where diabetic coma is impending,
the odour becomes ethereal, Various drugs—e.g.
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turpentine, creosote, paraldehyde, ete., impart their
characteristic odours to the breath, while in the case
of patients who are taking bismuth a garlicky odour
can often be observed. Iodides produce a peculiar

feetor.
Tae (KsoPHAGUS.

Special amatomy.—The cesophagus is from
- 9in. to 10 in. long. Tt begins opposite the cricoid
cartilage, and ends opposite the ninth dorsal spine.
It is crossed by the left bronchus between the fourth
and fifth dorsal vertebrz.

Exploration of the cesophagus. — This is
done in cases in which there are signs of stricture. Tt
is best carried out by means of a stomach tube. The
latter should never be passed, however, unless one has
first excluded the possibility of the existence of an
aneurysm. It should also be avoided in cases where
there has been any recent hematemesis.

It is best to use a long, red rubber stomach tube,
No. 20 or 21 in the English scale. It should be at
least a yard long—mnot too thin in the wall, rounded
at the end, and with at least one large and bevelled
eye. Before being used it should be thoroughly cleaned,
and then dipped in hot water ; oil is unnecessary,

If the pharynx be very irritable, it may be
anesthetised with cocaine, either by painting or by
giving the patient a pledget of wool to suck, soaked
in a 57 solution, and directing him to keep the saliva
at the back of the mouth. After the lapse of five
minutes, one can proceed to pass the tube.

The patient should be sitting up, with the head
slightly beut forwards.  His mouth js open, but the
tongue not protruded. The physician grasps the tube
in his right hand, and passes 1t back in the middle
line to the posterior wall of the pharynx. It is not
usually necessary to introduce a finger into the mouth
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in order to guide the tube, as there is no real danger
ot entering the larynx. The patient is then told to
swallow, and the tube is “ payed out” until it reaches
the stomach, or until it is permanently arrested.
Whilst this is going on the patient should be told to
breathe freely through his nose.

During this manipulation one has to look out for
the following : (1) Pain on passing the tube ; 1its site
should be noted. (2) The presence of an obstruction.
If the tube is arrested, one must not conclude all at
once that a stricture exists, Frequently the tube is
seized by a muscular spasm of the cesophagus. On
waiting for a moment, however, this always passes off.
If a permanent obstruction be discovered, one has
to attempt to localise it. The commonest sites for a
stricture are—(a) At the entrance; this is 6 in. from
the incisor teeth. () Where the wsophagus is crossed
by the left bronchus; this is 8in, to 9 in. from the
teeth, (¢) At the cardiac orifice ; thisis about 17 in.
from the teeth.

Tt is interesting to note that these are also the
positions in which some normal narrowing of the
wsophagus exists.

(3) One has to look for diverticula. The existence
of such should be suspected when the tube passes very
regularly at one time, but it is obstructed at another.

The presence of any blood on the tube after its
withdrawal is an indication of the presence of ulcera-
tion. Sometimes, also, fragments of new growth can
be detected in the eye of the tube. Ar

Auscultation of the esophagus,—This 1s
done in order to note the presence or absence of the
sound produced by swallowing. In order toauscultate
the cesophagus in the neck, the stethoscope should be
placed at the left side of the trachea. In the upper
part of the thoracic course of the esophagus (as far as
the 6th dorsal vertebra) it should be placed just to the
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left of the dorsal spines, and below this just to their
right. The patient is told to take a mouthful of water,
and to retain it until told to swallow.  When he
swallows, one hears a noise similar to that heard in
one’s own ear on swallowing saliva. The higher up
one listens, the louder is this sound. If an obstruc-
tion is present, the sound is either not heard at all
below that point, or it is greatly delaxed.

SECTION II.—_THE ABDOMEN,

Anatomy.—The natural lines on the surface of
the abdomen are (1) the linea alba ; (2) the linez
semilunares ; (3) the line® transverse,

The linea alba is often selected as the site of
puncture in tapping the abdomen. The structures
lying behind it, from above downwards, are (@) the
left lobe of the liver, extending to about three
fingers’ breadth below the ensiform ; (4) part of the
stomach, unless when empty; (¢) the transverse
colon, reaching as low as the umbilicus; (d) coils of
intestine covered by omentum ; (e) the bladder when
distended, and the uterus when pregnant.

The linea semilunaris runs from the lowest part
of the seventh rib to the spine of the pubes. 1t is
about three inches from the umbilicus, but lies
farther out when the abdomen is distended. The |
gall bladder lies just to the outer side of the linea
semilunaris of the right side.

Of the linew transverse one is opposite the um-
bilicus, another at the ensiform, and a third midway
between these points. Inaddition to these markings,
the abdomen has been artificially divided into regioms
by means of vertical and horizontal lines.* The vertical

* In describing the regions of the abdomen we have followed
Quain, We should like, however, to point out that for clinical
purposes the inferspinous line, drawn between the two anterior
superior iliac spines, has many advantages over the bi-iliac,
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lines are drawn upwards from the mid-point of Pou-
part’s ligament on each side. The transverse lines are
(1) the infracostal, drawn across horizontally at the
level of the lowest points of the 10th costal cartilages,
and (2) the bi-iliac, between the most prominent points
of each iliac crest. Nine regions are thus marked off
in three vertical rows. Those in the middle row
are, from above downwards, the epigastrie, umbilical,
and hypogastric, and in each lateral row we have
the (right or left) hypochondriac, lumbar, and iliac
regions. The contents of these regions are exhibited
in the annexed table,

The umbilicus is 1} in, to 11 in. above the level
of the bi-iliac line, and lies opposite the upper part
of the 4th lumbar vertebra. Its position is far too
variable for it to be a trustworthy landmark.

The aorta bifurcates about § in. below and
slightly to the left of the umbilicus, the iliac arteries
running in a line drawn from that point to the
middle of Poupart’s ligament.

The ceeliac axis arises at a point 41 in. to b in.
above the umbilicus, and the renal arteries about an
inch lower than the ceeliac axis.

GENERAL EXAMINATION OF THE ABDOMEN,

The patient should be lying on his back in a good
light. The abdomen is exposed by turning down all
the bedclothes except the inmer sheet. The night-
shirt should then be drawn up, and, lastly, the sheet
folded down a little above the level of the pubes.
These details are of especial importance in the case of
female patients. Before beginning the examination
of the abdomen, make sure that the bladder is empty.
If necessary, a catheter must be passed.

Inspection of abdomen.—Look first at the
general contour of the abdomen. Is it of normal
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fulness, 1s it swollen or protuberant, or is it sunken
or retracted ¥ If there is any bulging, note if it be
general or local. General fulness, it has been epi-
grammatically remarked by Professor Wyllie, may be
due to “fat, fluid, or flatus.” If one were to venture
to improve upon this, it would be to add ¢ feetus ” as
a possibility in the case of women. It must further
be remembered that a new growti may also be a cause
of general abdominal tumidity. The mode of dis-
tinguishing these conditions will be considered when
we come to ascites. In general bulging it should be
noted whether the distension is most marked in the
antero-posterior or in the transverse diameter.

If the bulging be merely local, observe in which
zone it is sitnated. Is it above or below the level of
the umbilicus, and in which of the abdominal regions
is il most marked ! Lastly, note if there is any move-
ment to be seen in the swelling, either along with or
independently of respiration.

Pulsation in the epigastric regionm is a
phenomenon which may be noticed on abdominal
inspection, apart from any bulging in that region.
The causes of it arp (1) distension of the right
ventricle (see p. 119); (2) venous pulsation of the
liver ; (3) aortic pulsation. The last is a condition
which is very frequently observed in nervoussubjects,
especially women. The cause of it is obscure. It
may be distinguished from right ventricle pulsation
by being situated somewhat to the left of the middle
line, by the fact that it can usually be traced down-
wards towards the bifurcation of the aorta, and by its
being not quite synchronous with the apex beat, but
somewhat delayed. (4) Transmitted pulsation from a
tumour overlying the aorta. (5) Aneurysmal, This
is, perhaps, the least common cause of epigastric
pulsation. The pulsation in this case is expansile, a
fact which can best be elicited by placing the narrow
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ends of two stethoscopes one on each side of the
swelling, and observing if the other ends move apart
at each impulse. : ;

The movements of the abdominal walls
should be studied. Normally, they bulge during
inspiration, and fall in again during expiration. In
paralysis of the diaphragm the reverse holds true ;
sometimes the paralysis is unilateral, in which case
one side of the abdomen will move naturally. Ces-
sation of movement of the abdominal walls 1s a
valuable sign of peritonitis. f

Sometimes peristaltic waves are visible through
the abdominal wall. This is especially apt to be the
case in chronic intestinal obstruction. The coils of
intestine above the constricted part then stand out
prominently. From this a definite ‘ pattern” of
abdominal tumidity results, depending on the site of
the obstruction. If, for example, there be a constric-
tion at the ileo-ceecal valve, the distended coils of
small intestine may often be observed standing out in
the centre of the abdomen one above the other, so as
to form a “ladder pattern.” On the other hand, if
the obstruction be low down, say in the sigmoid
flexure, the pattern of tumidity is one in which the
periphery of the abdomen is chiefly affected. A dilated
stomach may also stand out as a prominent tumour 1n
which peristalfic waves are visible. The direction of
such waves should always be noted. If absent, they
can often be elicited by flicking the surface with
a wet towel, or by merely sharply tapping it with
the finger. Peristaltic waves in the stomach run
from left to right; those in a distended transverse
colon from right to left. This may sometimes be of
diagnostic value.

Attention should next be paid to the surface of
the abdomen. In great distension the surface is
smooth and glossy.  Strie (white lines in the
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epidermis) should be looked for ; they indicate former
distension. Note any distension of the surface
veins, and endeavour to ascertain in what direction
the blood in them is flowing. In obstruction
of the inferior vena cava, the inferior epigastric
veins are full from the establishment of a collateral
circulation. In such cases also a large laferal vein
can be seen running up about the mid-axillary line,
and thus establishing a communication with the tribu-
taries of the superior vena cava. In portal obstruc-
tion a number of distended veins may often be seen
radiating out from the umbilicus. To this appear-
ance the term “caput meduse” has been applied.
It is due to establishment of a connection between
the portal and parietal veins by means of the round
ligcament.  Pigmentation of the abdominal wall is
sometimes important. Along the middle line it forms
the linea nigra—one of the signs of pregnancy.
Note the appearance of the wmbilicus. Is it de-
pressed, level with the surface, or bulging? Is there
any excoriation around it? Lastly, one should never
omit to look at the usual sites for any evidence of
hernia.

Palpation of the abdomen.—The patient
should be on his back, with the knees drawn up,
and the shoulders a little raised. @~ He should
be told to keep the mouth open and to breathe
quietly, or his attention may be diverted by conver-
sation. The hand of the physician must be warm.
Ordinary palpation should be performed with one
hand only. In order to gain the confidence of the
patient’s abdominal muscles, the hand should be
allowed to rest for a moment on the surface of the
abdomen before palpation is actually commenced.
FEach region should be palpated systematically.
Poking with the finger tips should be avoided, the
best movement being a gentle one from the metacarpo-
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phalangeal joints. During expiration the receding
abdominal wall should be followed by the fingers,
and a gentle rotatory motion of the finger tips may
then be carried out. It often enables one to feel the
deeper structures better than one can do by simple
pressure. In examining the lateral regions of the
abdomen, bimanual palpation is often of service. The
physician should sit or kneel by the bedside. Ome
hand is placed posteriorly in the interspace between
the last rib and the crest of the ilium. The other is
placed over the abdominal wall in front. The posterior
wall is then pushed up against the hand in front, so
that any structure lying between the two hands can be
distinctly felt. The secretof the method consistsin keep-
ing the front hand as still as possible. This procedure
1s of special value in the examination of the kidneys.

The first thing to notice in palpation of the abdo-
men 1s the degree of tension of the walls and of
resistance experienced. Normally, the abdomen has
an elastic or doughy feeling only to be learnt by
practice. In disease the resistance may be increased.
It should be observed whether this increase is general
or local. General peritonitis produces a great increase
in the resistance from a reflex contraction of the
muscles of the abdominal wall. TLocal increase in
resistance is very frequently due to localised periton-
1t1s, and is often of great diagnostic value. Palpa-
tion of the normal abdomen is painless. If tenderness
18 elicited, its exact extent and point of maximum
mntensity should be noted. Anything of the nature
of a tumour should be carefully felt for. In doing
this, confusion is apt to be brought about by the
rectl. The thickening produced by parts of these
may easily simulate a tumour. If this source of
fallacy be suspected, try if the fingers can be got
under the edge of the muscle, and feel if it thickens
s the patient raises himself in bed
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1f it be decided that a tumour is really present,
one has first to determine whether it is situated inside
the abdomen or in the abdominal wall, Try, there-
fore, to move the abdominal wall from side to side
over the tumour. If the growth be intra-abdominal,
this can usually be done without difficulty, unless it
has contracted adhesions to the parietal peritoneum,
Try also to grasp the tumour and to make the fingers
meet, as 1t were, under it. This can usually be
accomplished in the case of tumours situated wholly
in the abdominal wall,

Supposing the tumour to be intra-abdominal, the
first question to be settled is—Where is it growing
from? and, especially, is it coming up out of the
pelvis, or is it truly abdominal? To decide this the
edge of the hand should be pushed back about an
inch below the umbilicus, and in the direction of the
prominence of the sacrum. One can then feel
whether the tumour is passing down into the pelvis
or not. The size and shape of the tumour should next
be noted, and the nature of its surface—whether
smooth or nodular. The presence or absence of flue-
tuation should then be investigated.

The mobility of a tumour is a very important
point to determine. The directions in which it can
be moved should be noted, and whether it is
influenced by respiration. The latter is a point of
special value. Tumours connected with the liver
and spleen move freely with respiration, and so may
those of the stomach., Tumours of the kidney may
be slightly movable ; those connected with plle other
abdominal organs do not move with respiration at all
unless they have contracted adhesions.

In palpating the abdomen, the existence of splash-
ing or gurgling at any points shquld be looked for,
Splashing is often found over a dilated stgr!laﬂh, but
is only of diagnostic value if it can be elicited some
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hours after the swallowing of food. Gurgling 1§ pro-
duced by the passage of gas and fluid througll con-
stricted parts of the alimentary tract. It may thus
be felt at the pylorus, especially if stenosed, or over
strictures of the intestines. 1

Finally, the umbilicus should be examined. In
malignant disease of the liver the umbilicus often
becomes early infiltrated, and this sign has proved
of great diagnostic value. The infiltration can often
be recognised by its producing a ‘“mooring " of the
umbilicus—just as a scirrhus of the mamma does of
the nipple.

Tn obscure cases of abdominal disease palpation in
the knee-elbow position, and under an anmsthetic,
should never be omitted.*

Percussion of the abdomen.

This should be carried out in the same manner as
will be described for the chest. In abdominal per-
cussion the “flicking” method is extremely service-
able in detecting slight degrees of dulness—eg. 1n
making out the lower edge of the liver. The fore-
finger of the left hand is placed firmly on the abdomen,
the palmar aspect uppermost, and is sharply ¢ flicked ”
with the middle finger of the right hand. Percussion
of the normal abdomen yields a resonant note through-
out, except in the regions of liver and splenic dulness,
or over a full bladder. The percussion pitch of the
hollow viscera depends on two chief factors—(a) the

depth of the air space; (6) the tension of the con-
taining wall.

* Examination of the patient in a hot bath has been recom-
mended as of even greater value than the use of an anmsthetic
11 obscure abdominal cases, besides being safer., The patient
gets into the bath at 100° ¥., and the temperature is rapidl
raised by the addition of very hot water until 110° F. is rcachcd}j
Complete relaxation of the abdominal wall is usually brought
about at this temperature in five or ten minutes, but in some

instances one may require to go up to 120° F. before the desired
result is obtained,
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s these two factors are of almost equal import-
ance,"and as each of them varies greatly in the same
viscus at different times, the reader will readily
understand that it is a mistake to dogmatise about
the relative pitch of the note yielded by the various
hollow viscera. The presence of free gas in the
peritoneal cavity causes the normal liver and spleen
dulness to disappear.

If any abnormal dulness be detected, the chief
point to be determined regarding it is whether it is
constant in position or shifts with alterations in the
position of the patient. This will be more fully dis-
cussed when we come to speak of ascites.

Hydatid cysts yield on percussion a special kind
of vibration called the “ hydatid thrill.” To elicit it
three fingers should be placed over the cyst, and the
middle one firmly percussed, the percussing finger
being allowed to rest for a moment after each stroke.
An “after-thrill ” will then be experienced in the two
adjacent fingers. It should be added that the sign is
absent in about half the cases of hydatid cyst,

Auscultation of the alldnngen: .
Auscultation is not of much service in the exami-

nation of the abdomen. It is best to carry it out by
means of a binaural stethoscope. In the region of the
stomach one may listen for swallowing sounds, bub-
bling and splashing (to be described later), or for
abnormal conduction of heart sounds. Hlsewhere one
may hear friction sounds—from the presence of lymph
on the surface of the peritoneum. One may listen over
aneurysms to detect a bruit, and over suspected enlarge-
ment of the uterus for the presence of the uterine
souffle or feetal heart sounds. The latter are best
heard (in normal presentations) -at a point midway be-
tween the umbilicus and the left anterior superior spine.

Examination by the combined auscultation-per-

cussion method will be referred to later.
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In cases of general abdominal swelling measure-
ment should never be omitted, as it affords a valuable
index of the progress of tlie case. The.qir{:umfereﬂﬂﬂ
may be taken at the level of the umbilicus or at the
point of maximum distension. :

The examination of cases which are believed to
have fluid in the peritoneal cavity or ascites ﬂiﬂ_lﬂ
for special consideration. In cases in which the fluid
is sufficient to cause general distension, the conditions
for which one is apt to mistake it are, as we have
seen, fat in the abdomen and abdominal wall, gas
in the intestines or free in the peritoneum, and new
growths. Fluid gives, of course, a dull note on
percussion, The dulness is not always absolute,
however, owing to the transmitted resonance of sub.
jacent bowel. When the fluid is free and not suffi-
cient to fill the whole abdomen, its upper limit is
more or less horizontal, but may show irregularities
owing to the fluid running up into “bays” between
coils of bowel. |

Free fluid is also distinguished by the fact that
1t shifts its position with that of the patient.” If he
be turned over on his side and time given for the
intestines to float up, it will be found that the upper-
most flank is now resonant, while the height of the
dulness on the lower side has risen. If the fluid be
verysmallinamount, it is a good plan to turn the patient
onhis hands and knees. A dullarethenappears around
the umbilicus from accumulation of fluid there.

The “transmitted thrill” is another important
physical sign of fluid in the peritoncum, Tt is elicited
by placing one hand over the lumbar region of one
side, the patient being on his back, whilst the opposite
lumbar region is sharply tapped with the fingers of
the other hand. A distinet impact will be felt to
pass from one hand to the other. As a not dissimilar
impulse is apt to be transmitted through the abdo-
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minal wall, especially if fat, it is always well to get
an assistant to place the edge of his hand firmly in
the middle line of the abdomen while percussion is
being made. This damps down any vibrations trans-
mitted by the wall. Where the amount of fluid is
large, the vibrations are visible as well as palpable.
On the whole we consider that the results of simple
percussion afford the most trustworthy evidence of
the presence of ascites.

Fat is to be distinguished by taking the abdominal
wall between the hands and pinching it up. Gas is
distinguished by the results of percussion. Of new
growths, ovarian tumour is, perhaps, most liable to be
mistaken for ascites. An ovarian tumour, however,
causes an antero-posterior bulging of the abdomen,
while in ascites the bulging is mainly lateral. In
ovarian tumours, also, the dulness is central, and
does not change with the position of the patient ; In
ascites the chief dulness is in the flanks, and it shifts,
as we have seen, when the patient is moved. Lastly,
in ascites, the umbilicus is flat or bulges out, while in
ovarian tumours it is drawn upwards,

SECTION III.—THE ABDOMINAL VISCERA.

One may now pass to the examination of the
viscera in the abdomen, beginning with the stomach.

THE STOMACH.

Special anatomy (Plates 1., 1 N7
The stomach is situated in the left hypochondriac
and the epigastric regions. Its cardiac orifice lies
behind the seventh left costal cartilage, one inch from
the sternum and four inches from the surface. The
yloric orifice is surprisingly close to it, being about
one full hand’s breadth below the base of the xiphi-
sternum and one finger’s breadth to the right of the
middle line. It passes considerably farther to the
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richt, however, when the organ is distended. 1t is
usually under cover of the liver. About two-thirds
of the stomach is under cover of the ribs, the fundus
reaching, in ordinary circumstances, as far up as the
fifth rib in the mammary line. It is, therefore, some-
what behind and above the apex of the heart. Only
a small part of the body of the stomach and of the
pyloric region is in contact with the anterior abdom-
inal wall. The exact position of the great curvature
varies. Under normal conditions 1t should never be
lower than the level of the umbilicus ; usually it s
considerably highenr.

It is difficult to determine the exact dimensions
of the stomach, owing to its position, to the varying
amount of gas it contains, and to the proximity of
the transverse colon.

Recourse is frequently had to wnfation of the
stomach with gas in order to overcome some of these
difficulties. The best method of inflating the stomach is
to passastomach-tube provided with aglass mouthpiece.
One distends the stomach either by blowing down the
tube or by connecting it with a Higginson’s syringe
or bicycle pump. One can clamp the tube when a
sufficient degree of distension has been attained.

Inflation may also be carried out by causing car-
bonic acid gas to be produced in the stomach by the
mteraction of tartaric acid and bicarbonate of soda.
In order to inflate the organ to its normal dimensions
without over-distending it, 15 grains of tartaric acid
should be given in a cachet, followed immediately by
30 grains of bicarbonate of soda in solution. If the
stomach be dilated, however, three times these quan-
tities or even more may be required.

A moderate degree of inflation can also be brought
about by causing the patient to drink a tumblerful
of soda water. If the stomach be then percussed
with the patient sitting up, the fundus will be

.
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found to be resonant from its distension with gas,
whilst the lower limit of the greater curvature can
be determined from the dulness caused by the
water. .

Inflation should never be practised if there has
been any recent bleeding from the stomach or if one
has reason to suspect the existence of a gastric ulcer.
It should also be avoided in feeble subjects and in
those in whom the heart is in any way embarrassed.

Inspection of the stomach region is included
in the general examination of the abdomen (q.v.)-

Palpation of the stomach. Note any
tenderness, and define its point of greatest intensity.
Examine for tumours. The commonest of these 1s a
pyloric mew growth. Tumours of this region are
characterised by their great mobility. They may be
felt in, or pushed into, any region of the abdomen.
Lastly, try for splashing. To make out this, sit at
the left side of the patient with one hand over the
left lower ribs behind ; with the other placed over
the front of the stomach make short, sudden dipping
movements. If “splashing” be elicited 1t will be
partly heard and partly felt.

Distinet splashing elicited three hours after a meal,
especially if it can be made out below the level of the
umbilicus, is very suggestive of a dilated stomach.*

Percussion of the stomach.—Three bound-
aries of the stomach can be made out by percussion :
(1) between stomach and lung ; (2) between stomach
and liver ; (3) between stomach and colon.

The last is that which it 1s most important to
determine, and should be examined first. It is by
no means always easy to define the lower border of

# Tt should be remembered, however, that a splash may be
elicited over even a normal stomach shortly after a meal contain-
ing much fluid, especially if the abdominal wall be thin, and care

should also be taken not to mistake a splash produced in the
transverse colon for a stomach splash.
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the stomach exactly. This is because the transverse
colon may give an almost identical note with it. Use
light percussion. The “flicking” method succeeds
very well here. Begin low down near the pubes and
percuss upwards just to the left of the middle line.
The lower border of the stomach should be reached
at least a finger’s breadth above the umbilicus.

The limit between the lower edge of the lung and
the upper part of the stomach is made out in a similar
way. It is better to percuss from stomach to lung.
The usual line of demarcation between the two runs
in a slightly arched manner from the sixth costal car-
tilage in the parasternal line to the ninth rib in the
mid-axillary, line. The area of stomach resonance
which is bounded above by this line and by the
anterior edge of the spleen, and below by the left
costal margin, is called Traube’s space. Tt covers
that portion of the stomach which is in direct contact
with the chest-wall. We have seen that the fundus
of the stomach extends above this under cover of the
lung as high as the fifth rib in the nipple line. It
cannot, however, be satisfactorily percussed out.

The demarcation between the stomach and liver is
made out by percussing lightly from the stomach
towards the liver margin, It is not of much import-
ance in diseases of the stomach.

We would repeat that for the diagnosis of dilated
stomach the position of the great curvature is of most
importance. If this be found to be below the umbilicus,
while the lesser curvature is in its normal position,
then the existence of dilatation is certain. Tt 18 con-
firmed if the stomach note extends much across the
middle line towards the right,

The position of the boundaries between stomach
and lung and stomach and liver depends as much
upon the condition of the lung and liver as upon the
‘stomach itself. Thus in fibroid contraction of the lung
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more of the stomach is exposed than is normal, and its
area is therefore apparently increased. Cirrhosis of
the liver may produce a similar apparent extension of
stomach area. On the other hand, effusions into the
pleura or enlargements of the liver cover up the
stomach and cause a diminution in its area of reson-
ance. Hence in the former condition Traube’s space
is much diminished (see p. 269). The possibility of a
dislocation of the whole organ downwards must never
be lost sight of. In such a case the outline of the
lesser curvature may often be seen standing promi-
nently out, especially when the organ is inflated. If
the distance between the greater and lesser curvature
is more than 10 c¢m., dilatation exists. .

The combined percussion-auscultation
method often gives valuable aid in mapping out the
stomach. It depends upon the fact that vibrations
set up in the stomach, or any other gas-containing
organ, resound all through it, and can be heard
through a stethoscope placed over any part of it. To
carry out this method proceed as follows :—Place the
end of a binaural stethoscope as mnearly as possible
over what one believes to be the mid-point of the
stomach, .e. a little below the xiphi-sternum. Then
-make light scratching movements on the skin along
lines radiating out from this point towards the borders
* of the stomach. So soon as the edge of the stomach
is passed the characteristic note produced by the
vibrations set up in the organ cease. In this way the
limits of the stomach can be mapped out in every
direction. If the characteristic stomach note is not
obtained at first the stethoscope should be moved

" - downwards in the direction of the umbilicus. Pre-

vious inflation, though not essential, greatly facilitates

the carrying out of the method.
Auscultation of the stomach area may

detect peritoneal friction over it, or the crackling
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due to the bursting of fermentation bubbles in the
interior. Heart sounds and murmurs are sometimes
heard loudly over the stomach as over a resonating
chamber. . The deglutition sounds are of no diagnostic
value.

The chemical investigation of the stomach is con-
sidered in Section I'V. (p. 83).

Taer LIVER.

Special anatomy (Plates 1., IT1.). The liver
lies chiefly in the right hypochondrium. Its left
lobe extends across the epigastric region, but does not
pass more than two inches to the left of the sternum.
Above, the liver reaches almost to the nipple ; below
it extends to the costal margin. The lower border
passes obliquely upwards from the ninth right to
the eighth left costal cartilages, crossing the middle
line somewhat above the mid point between the base
of the xiphoid and the umbilicus.

The gall bladder is situated just internally to the
ninth right costal cartilage, and immediately to the
outer side of the right rectus muscle.

Inspection of the liver is of little value,
Any visible swelling, fulness, or pulsation should be
noted. The edge of the liver can sometimes be seen
when the organ is enlarged. It forms a sharp line
which moves up and down with respiration.

Palpation of liver.—The lower edge should
first be felt for. In order to do this, place the hand
Hatly on the abdomen, with its edge towards the costal
margin and just to the outer side of the rectus
muscle, the reason for going so far out being to
avoid the upper septum of the rectus sheath, which
1 apt to be mistaken for the lower edge of the liver.
Then depress the edge of the hand slightly so as to
push up a fold of skin, and ask the patient to take a
long breath. If the edge of the liver is palpable,
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it will be felt to ride over the edge of the hand.
Trial, of course, must be made at different levels
before it is decided that the edge cannot be felt.
The edge of the liver cannot, or can only very rarely,
be felt in health. It moves down from two-fifths to
three-fifths of an inch with inspiration. The character
of the edge should also be noted—whether it is
smooth or irregular, thickened or sharp. If in doubt
whether what is felt be really the liver edge, feel
for the fissure of the gall bladder, and, towards the
middle line, for that produced by the round ligament.

The surface of the liver in the epigastrium should
then be felt in the usual way. Any tenderness
should be noted, and whether it is localised or
general. The character of the surface should be
made out. Is it smooth, as in waxy disease, or
nodular, as in carcinoma? In the latter condition
the centres of the nodules will often be found to
be umbilicated. Care must be taken not to con-
found little irregularities which are frequently
present in the upper parts of the recti with irregu-
larities on the surface of the liver. Liver friction
(due to perihepatitis) can sometimes be felt. It is
usually best made out over the posterior surface of the
organ between the vertebrz and the mid-axillary line.

Heaving pulsation of the whole organ can best
be appreciated by placing one hand over the lower
right ribs behind and the other over the organ in front.

The Procédé du Pouce, or thumb method,” is
a special means of palpating the lower border of the
liver devised by Glénard.* The patient lies on his
back, the legs extended and the shoulders slightly
raised. The physician sits on the edge of the bed
facing him. The hands are placed as shown in Fig.
6. The fingers of the left hand push forward the
right loin, the middle finger being placed just below

# ¢ es Ptoses Viscérales,” p. 913.
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the last rib. The right hand depresses the anterior
abdominal wall in the hypogastric and right iliac
regions, and pushes the coils of intestine up under the
liver. In performing this part of the manipulation
the fingers of the right hand move in the arc of a
circle, as shown in Fig. 7. The left thumb now
depresses the abdominal wall just below the supposed
situation of the edge of the liver, whilst at the same
time the patient makes a deep inspiration. As the
edge descends the pulp of the thumb should slip
upwards, outwards, and forwards, so as to come in
contact with 1it.

This method is specially serviceable for the detec-
tion of ptosis of the liver or a floating (Riedel’s) lobe.

Percussion of the liver.—The following table

shows the normal percussion lmits of the liver
(Fig. 23, p. 135) :—

lios : Mammary | Mid-axil- Scapular
Middle line. line. lary line. line.
r  Deep 4th space. | Tth space, | 9th space.
dulness. Blend
Upper with
limit. : ]l!eart
Superficial | | ¢ 1e88 ;
¥ dtﬁnesa. 6th rib. gth rib, 10th rib.
Hand’s- | Costal mar- Blinn:s with
. breadth rin or some- kidney
Doper ink bel:::w base ii:--'huﬂ.t: above 10th space. dulness.
of xiphoid. |or below it.

 Procedure.—The patient should be lying down in
percussion of the anterior and lateral aspects ; sitting

up or

To ma
cussion—two fingers, if necessary. Be
nd rib—so as to get a good lung
down from rib to rib till im-
repeat the process,

say about the seco
note, and percuss
pairment is detected. Then

standing for the posterior aspect.
ke out the deep dulness, use heavy per-
gin high up—
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going from space to space instead of from rib to rib,
Percuss in this way down the mammary, mid-axillary,
and scapular lines. :

The upper limit of liver dulness in the middle
line cannot be distinguished from the heart dulness.
To map it out, draw a straight line from the apex
beat to the angle where the right edge of the
heart and the deep liver dulness meet. To make
out the upper limit of superficial dulness, percuss
lightly down the same lines. The upper limit of
liver dulness forms an almost horizontal line around
the chest.

In defining the lower edge of the liver, use very
licht percussion, and pass upwards. The ¢ flicking ”
method does well. Another good plan is to percuss
with three fingers of the right hand held in a row.
Very slight degrees of dulness can often be more
easily detected by this device.

The exact position of the lower edge of the liver
1s extremely variable. Usually it coincides with the
costal margin in the mammary line. It may be con-
siderably above or below this, however, without there
being any pathological change in the organ: Its
position in the middle line is also very variable.
As a rule, it is situated about a hand’s breadth below
the base of the xiphoid.

In percussing the surface of the liver where it
18 not covered by lung, it should be observed that the
organ has a certain degree of resistance or resilience.
The normal amount of this can only be learnt by
practice. If the organ be enlarged or congested, its
resistance to percussion is increased owing to its being
more firmly pressed against the chest wall.

. The liver may be displaced, enlarged, or dimin-
ished.

Displacement may be either upwards or down-
wards. Upward displacement may occur from
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tumours, etc., in the abdomen pushing the liver up
Downward displacement may be brought about b':-l
dilatation of the right ventricle of the heart, righl)
pleural effusion or emphysema of the lungs, or, mor:
rarely, by new growths below the diaphragm. Whex
the liver is dislocated downwards, the rounded uppe:
surface of the left, and part of the right, lobe cax
usually be made out crossing the epigastrium. A dis:
placed liver also does not move freely with respiration:
while a liver which is merely enlarged does,

One must distinguish between real enlargementt
and diminutions of the liver and those which ary
apparent only.

This enlargement of the liver may be simulatee
by consolidations of the base of the right lung, o
by effusion into the right pleura. Downward em
largement may be simulated by accumulation of feces
in the transverse colon.

Real enlargement may be due to waxy disease
congestion, fatty infiltration, hypertrophic cirrhosiss
new growths, leucocytheemia, abscess, or hydatids.

A hydatid cyst in the liver often produces
an enlargement of the organ upwards rather thax
downwards.

Diminution of the liver may be simulated by
the organ being covered up by an emphysematoun
lung, or by the colon passing up between it anq
the abdominal wall. The latter is a rare conditiom

It should be suspected if the lower limit of livesf

dulness varies very much at different points. Reay
dininution occurs in cirrhosis and in acute yellow
atrophy. ' ‘
The gall bladder is examined by palpation
and percussion. It cannot be felt unless distended!

It may then form, a smooth, pear-shaped tumounf
situated just to the outer edge of the right rectuif

musele. It can be moved freely from side to sidif
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round a point opposite to the ninth costal cartilage.
It also moves with respiration. Sometimes gall stones
can be felt in it. If there be many of these they
produce on palpation a sensation resembling that
produced on feeling a bag of nuts.

On percussion, a distended gall bladder forms
a dull area, projecting out from the liver dulness to-
wards the umbilicus, but usually continuous with it.
Sometimes, however, the
transverse colon comes to lie
across the neck of the gall
bladder, so as to separate
it from the liver. When °
this oceurs, diagnosis of the
tumour 1s apt togive trouble.
To this point we shall recur
when we come to the ex-
amination of theright kidney

(p. 79).

THE SPLEEN.

Special anatomy
(Plates II. and IV.).—The I

spleen lies in the left hypo- pig 9.—Enlargement of Spleen.
chondrium. It is bounded
above by lung, elsewhere by stomach and intestine.
Its lower end rests upon the costo-colic fold of peri-
toneum, It lies along the ninth, tenth, and eleventh
ribs, being partially separated from them by the
diaphragm and lower edge of the left lung. Its
upper end 1s opposite the ninth dorsal spine, and
reaches to about 1} in. from the middle line, Its
it_::-war end comes as far forward as the mid-axillary
ine.

Inspection of the spleen.—If much enlarged,

the spleen may form a visible tumour in the left side
of the abdomen, which moves with respiration (Fig, 9)
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Palpation of the spleen.—This is really the
most important method of investigating the spleen.
If one can exclude dislocation, then a spleen which
is palpable may safely be pronounced to be enlarged,
and it is never safe to diagnose enlargement of the
spleen unless it s palpable.

There are two methods of feeling for the spleen—

(1) Stand or sit at the left side of the patient as
he lies on his back. Keep the hand flat on the abdo-
men, and depress the fingers a little, so as to push up
a fold of skin near the left costal margin opposite the
tenth cartilage, and get the patient to take a long
breath. The edge of the enlarged spleen will be felt
to come up against the finger tips, and to ride over
them, as it were.

(2) Go to the right side of the patient. Place
the fingers of one hand behind in the space between
the ends of the tenth and eleventh ribs. Place the
other hand over the left hypochondrium, with the
fingers slightly tucked in under the edge of the costal
arch. With the posterior hand tilt the spleen for-
wards while the patient inspires. The edge of the
organ will then be felt against the fingers of the other
hand.

The edge of the spleen is sharp and usually quite
smooth. Notches can often be felt in it, but by no
means invariably. It is important to mote (1) that
the anterior border of an enlarged spleen is always
divected downwards and inwards, and (2) that there
is always a slight space between the posterior edge
of the spleen and the erector spin, Into which the
fingers can be dipped. Occasionally the spleen en-
larges upwards only. This may happen where the
costo.colic fold is abnormally well developed, and
keeps the organ up. For the detection of such a
condition one must have recourse to percussion.

Sometimes. on the other hand, when the spleen
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gets very large it pushes down the costo-colic fold
and then drops down itself. A spleen which at one
time crossed the middle line may cease to do so by
dropping down in this way, though the organ is
really larger than ever. _ ,

Percussion of the spleen.—The anterior part
of the spleen can be defined whilst the patient is
lying on his back. For the posterior part one of two
positions is advisable—he may either sit up, with his
lett hand supported on the top of his head, or he may
be semi-prone, resting chiefly on the right scapula,
with the left arm behind the head. He should not
be altogether on his right side, else the spleen falls
away too much from the surface of the body. The
organ is most sharply defined when percussed with
the chest either in full inspiration or full expiration.
It is least clearly made out when the chest is in an
intermediate position.*

The limits of the normal spleen cannot always be
defined by percussion. It may be borne away so much
from the surface, owing to extreme arching of the
diaphragm, or it may be so covered up by lung, that
1t is impossible to be sure of its exact limits.

Procedure.—Define the anterior edge by percussing
lightly along the tenth rib, beginning near the costal
edge. The splenic dulness (absolute) should be reached
at the mid-axillary line,

The lower edge is defined by percussing lightly
upwards along the posterior axillary line or slightly
behind it. The lower edge of the spleen should be
reached about the Jower border of the eleventh rib.

To make out the upper and posterior borders,
heavier percussion is required. Percuss vertically
downwards about midway between the posterior
axillary and scapular lines, beginning at about the
level of the angle of the scapula. The lung note

* See Buttersack (Zeit, £ kiin, Med., 40, p. 244),
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will become impaired at the upper edge of the ninth
rib, indicating that the upper limit of the spleen
has been reached.

The posterior border is defined by percussing
along the tenth rib, beginning near the middle line.
The splenic dulness is reached at about 14 in. from
the vertebral spines. This border is not always easy
to make out.

By joining together the different points defined
above, an oval area will be mapped out, which
measures about 3 in. in its long diameter and 2 in,
transversely.

Extension of splenic dulness may be simulated by
effusions into the left pleura, or consolidation of the
base of the left lung ; by the presence of fluid in the
stomach, or of fiecal accumulation in the colon.

Enlargement of the spleen occurs in acute fever
(especially typhoid), in waxy disease, malaria, various
blood affections, ete.

Auscultation over the spleen may be prac-
tised to detect the existence of friction. The latter
occurs in perisplenitis and over the surface of splenic
infarcts.

Tar KIDNEYS.

Special anatoemy (Plates TI, IIL).—lach
kidney lies partly in the epigastric, partly in the hypo-
chondriac region. The right kidney lies partly in the
Jumbar region as well. As regards their relation to
the anterior abdominal wall, the kidneys are nigher
up than one is apt to suppose. The lower end of the
right kidney is fully 1 in. above the umbilicus, the
left is about 1 in. higher. The lower end of each is
about 3 in. from the middle line.

As regards their posterior relations, about one-
third of each kidney lies above the last rib. The
upper end of the right kidney is at the level of the
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eleventh dorsal spine, whilst its lower end reaches
to about 1 in. above the iliac crest. The left kidney
is about § in. higher.

Palpation of the Kidney.

Procedure.—The patient must be on his back
with the knees slightly flexed and the shoulders
raised on a firm pillow. The lumbar region must
be quite flat on the couch, not arched forward. Sit
or kneel beside the patient on the side to be examined.
Place one hand upon and below the last rib behind,
the other immediately below the costal margin 1in
front. It is best to have the right hand in front
when examining the right kidney, and the left hand
in front when examining the left. The posterior
hand should press the loin forwards, while the other
hand pushes the anterior abdominal wall backwards,
upwards, and outwards. The kidney will then be
felt between the two hands if it is at all enlarged
or displaced. Even in health (provided the patient
is not too fat) the lower part of the organ can
often be felt.

Should this manipulation not succeed, the patient
must be asked to take a long sighing inspiration.
If the front hand follows up the receding abdominal
wall as the air leaves the chest the kidney will be
caught between the two hands.

The kidney moves very slightly with respiration.
An exaggeration of this normal mobility, so that the
organ slips up and down like a pea in a pod, con-
stitutes ‘“ movable kidney.” This must be distinguished
from floating kidney,” in which the organ moves
freely forward so as to ‘ float” towards the anterior
abdominal wall, as well as moving vertically and
laterally,

A floating right kidney is very apt to be mistaken
for a distended gall bladder, and wvice wersd. The
shape, size, and consistence of the tumour may be
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apparently identical in the two cases. One point of
distinction is that while a distended gall bladder can
be temporarily pushed back from the abdominal wall,
yet it always tends to spring forward again. It is
therefore always in evidence. It is not so with a
floating kidney ; the latter often disappears for a
time, and can only with difficulty be got hold of again.
Another point of distinction is that a kidney can be
pushed down towards the pelvis
and held there even during forcible
expiration, whilst the gall bladder
moves upwards again during the
expiratory act. The different
relation of the colon to the kidney
and to the gall bladder shculd
also be remembered.

An enlarged left kidney may
be mistaken for thespleen, The
points of distinction are: (1)
That the spleen has a sharp edge.
The edge of the kidney is always
rounded. The existence of a
sharp edge in any abdominal

: : tumour excludes the kidney at

Fig. 10.—8howing colon .

crossing a tumour of once. (2) There 18 no space

e (4fter  hetween the posterior border of

' the kidney and the erector spine,

as there is in the case of the spleen ; and (3) the colon

lies between the kidney and the anterior abdominal
wall, but not over the spleen (Fig. 10).* .

It is impossible to determine the size of the kidney
by means of percussion.

An enlarged kidney tends to bulge forwards,
Perinephric abscesses, etc., bulge backwards.

* Tf one is in doubt whether the colon lies in front of the
tumour or not, it is often a help to inflate the large bowel by
means of a rectal tube connected with a Higginson's syringe or
bicycle pump. _
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TaE INTESTINES.

Special anatomy.—The small inte_stine oceu-
pies chiefly the umbilical and hypogastric regions;
the large intestine, the peripheral zone of the
abdomen. The ileum joins the colon at a point 2 in.
internal to, and somewhat above, the right anterior
superior 1iliac spine. The apex of the csecun
corresponds to a point a little to the inner side of
the middle of Poupart’s ligament. The base of the
vermiform appendix usually lies opposite a point
1} to 2in. from the anterior superior spine along a
line drawn from that spine to the umbilicus. This
is sometimes called McBurney’s point, because he has
shown that in the majority of cases of appendicitis
that is the point of maximum tenderness as determined
by the pressure of one finger. _

The splenic flexure of the colon lies behind the
stomach, the hepatic lies under cover of the liver.
The former is at a somewhat higher level than the
latter. The transverse colon passes across the abdo-
men in a slightly curved direction, the lower part of
the curve reaching to about the umbilicus,

Examination of the intestines by inspection and
palpation has been described earlier in the present
chapter under the general examination of the abdomen

. D4).
P Pgrcussinn of the intestines._The notes
ylelded by the small and large intestine cannot be satis-
factorily discriminated. The combined percussion-
auscultation method can be used to map out the colon
in the same way as was described for the stomach.
One should place the stethoscope near the splenic or
hepatic flexure, and percuss close to it. Then one
may begin at what is presumably beyond the periphery
of the gut, and continue to percuss towards the stetho-

scope until one recognises the characteristic note.
G
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- Rectal examination.—Place the patient in a
good light and in a semi-prone position—i.e. resting
on the left breast with the right thigh and knee well
drawn up, the inner aspect of the right knee resting
on the couch. Draw aside the glutei and inspect the
region of the anus, noting the presence of any eruption,
of external hzmorrhoids, etc. Smear the right fore-
finger with vaseline and fill the nail with soap. Pass
the finger slowly and gently through the anus,
directing it slightly forwards at first. Note the
degree of resistance offered by the sphincter; this
shows whether the latter is normal, spasmodic, or
relaxed.

Once the anal canal is passed, direct the finger
slightly backwards and upwards, asking the patient
to bear down a little at the same time. The finger
can then be swept round and the whole inner surface
of the rectum explored.

Two folds of mucous membrane will be encoun-
tered (Houston’s folds), one opposite the prostate in
front, the other higher up, near the middle of the
sacrum, and passing in from the left side. The
prostate will be felt projecting into the rectum in the
male, and above it is the trigone of the bladder
flanked by the seminal vesicles ; below it is the mem-
branous urethra. In the female the cervix uteri will
be feli projecting back in the form of a hard knob.
The mucous membrane must be examined for polypi,
ulcers, ete.

It must be remembered that hemorrhoids are
not palpable. The presence of scybala or foreign
bodies can be determined, and the existence of any
tumour, either in the bowel or pressing upon it, can
be made out. If the lymphatic glands which lie 1n
the hollow of the sacrum are enlarged, they can be

felt.
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SECTION IV.—CHEMICAL INVESTIGATION
OF THE STOMACH CONTENTS.

The object of the investigation now to be described
is to test the digestive and motor power of the
stomach.

A “test meal” is given, and the stomach
contents withdrawn, after a stated interval, and
examined. The simplest meal consists of 2 slices of
dry toast and 2 cups of weak tea with a little milk,
but almost equally good results can be obtained by
examining the contents of the stomach after any
ordinary light meal which contains sufficient proteid
and the nature of which is known.

After such a light meal as the above the stomach
tube may be passed in an hour ; if a heavier meal has
been taken it may be necessary to allow the lapse of
four or even six hours.

Method  of withdrawing contents. — Pass the
stomach tube as described at p. 51, but have it con-
nected with a glass or vulcanite funnel. The patient
should sit on a chair placed on a square of waterproof
sheeting. He should be wrapped in a mackintosh
and sit with his legs apart, so that anything spilt on
the mackintosh may run into a pail placed between
‘them.

When the tube has reached the stomach ask the
patient to retch or cough, the end of the funnel being
depressed at the same time. In this way a sample of
the contents can usually be obtained and caught in
a clean vessel. Should this fail, press over the
epigastrium while the patient leans forward and tr
to drive the stomach contents up into the tube.
Should the contents still fail to come away the
following procedure, as recommended by Gillespie,*

* ¢ Modern (Gastric Methods,’ p, 18,
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may be tried :—* Fill the funnel with warm water,
pinching the india-rubber tube a short distance below
with the left hand, so that no air can get down ; then
relaxing the pressure, let the water fill the tube to
some way beyond the piece of glass inserted in the
middle of it. Then, when just enough water has
been allowed to pass down to fill the tube, lower the
funnel, let the water run into the pail, and the
contents of the stomach are sucked up by the syphon-
action thus induced, and may be caught, when they
appear after the water, in a clean basin held for
the purpose. If it is done carefully, little or no
water enters the stomach, and hence the contents are
not diluted.”

If one still fails, one may be obliged to aspirate
the contents by means of a rubber ball syringe (such
as is used for giving an enema) or a partially ex-
hausted aspirating bottle. As far as possible, how-
ever, any method of aspiration should be avoided, as
none is free from some risk.

When the stomach contents have been obtained
they should be allowed to settle in a tall jar, after
which one can proceed to examine them. If
necessary, they may be decolorised by shaking them
up with animal charcoal. . o i

The points that have to be ascertained are five in
number, as follows :(—

1. Are the contents acid?—Test with litmus
paper. ) ;

9. Is the acidity due to free acid or to acid
phosphates *—This may be tested in two ways :—

() Dip in a piece of Congo red test paper.
(Appendix, 8.) Free acids turn this blue ; acid
phosphates do not.* T

(b) Take 5 cc. or so of the fluid in a test tube

* Combined hydrochloric acid, if present in large amount,
also gives a blue reaction,
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and add to it a pinch of calcium carbonate. If effer-
vescence occurs, free acid is present. Filter. 1f the
filtrate still retains its acidity, then acid phosphates
are present. e
This test depends upon the fact that free acid is
neutralised by calcium carbonate, while acid phosphates

are not. k
3. How acid are the contents?! ¢ total

acidity.—Take 20 cc. of the original fluid (un-
filtered), add 280 cc. of distilled water, and shake
up thoroughly, so as to break up any particles,
Divide into two equal portions of 150 cc. each,
and add to each a few drops of phenol-phthalein
solution. Place the two portions in separate flasks,
and titrate one with decinormal soda solution,
keeping the other as a standard. Stop running
in the soda whenever the least trace of flesh
colour appears in the flask., This can best be
appreciated by holding the two flasks alongside each
other against a white surface. The process may
then be repeated with the other flask, and the results
compared.

The result may be stated in one of two ways: (1)
Directly, the number of cc. of decinormal soda solution
required to neutralise 100 cc. of the stomach con-
tents being taken as the ‘““acidity ”"—e.g. if 10 ce.
of the stomach contents be titrated, and 5 cec. of
decinormal soda run in before a pink tinge is
produced, then 50 cc. of soda would be required for
100 ce. of the fluid, and the acidity is 50. The
normal acidity of stomach contents varies from 30
to 70.

(2) One may express the result in terms of HCIL.
Thus one litre of decinormal soda is required to
neutralise 3-65 grms. of HCL  1f, therefore, 100 ce.
of stomach contents require 50 cc. of soda to neutralise
them, then the acidity of the 100 cc. is equal to that
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of 0-18 grm. HCOl—that is to say, the acidity is 0-18
per cent. The normal total acidity in terms of HCI
is about 0-2 per cent.*

4. Is the free acid present mineral (1.e.
HCIl), or orgamic (ie lactic, acetic, butyric), or
both ? -

Giinzburg’s test for free HCl.—Place ten drops of .
the stomach contents in a porcelain capsule, add an
equal quantity of the phloroglucin and vanillin
solution (Appendix, 5). Heat gently, taking care to
avoid charring. When almost dry complete the
evaporation by blowing on the surface of the fluid.
If free hydrochloric acid is present a pink colour
appears, usually at the periphery of the dried fluid.

The reaction is only given by free hydrochloric
acid. The combined acid and organic acids do not
yield it.

Boas’s resorcin reagent (Appendix, 6) may be
used similarly. It gives a purplish colour. This
method is less sensitive but much more economical
than that of Giinzburg.

Dimethyl-amido-azo-benzol gives a red reaction
‘with free hydrochloric acid, but not with weak
solutions of organic acids. It is a delicate test, pre-
ferable in many ways to either of the above, and 1s
best used in the form of test papers soaked in a 05
per cent. alcoholic solution of the dye. ‘

Tests for organic acids.—It is best first to dissolve
these out by means of ether. Shake up 10 ce.
of the fluid with 50 ce. of ether very thoroughly
in a separation funnel or tall cylinder. Pour off

* The necessity for calculation may be avoided if one remem-
bers that, provided 10 cc. of contents have been taken and that
deci-normal soda is used for titration, the number of cc. of soda
required X 0365 = HCI per 1,000 parts. In order to get the

ercentage of HOI one has merely to shift the decimal point one
place to the left. For example, if 10 cc. of soda solution were
required to neutralise 10 cc. of gastric contents, the amount of

HC] present is 3'65 per 1,000 or 0°365 per cent.
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the ether. Divide the ethereal extract into two
equal portions, and place these in wide beakers.
Set one in hot water ; allow the other to evaporate
slowly at the temperature of the room. In the
former all the ether will soon have disappeared.
Dissolve the residue in about 5 cc. of water. Take
some of Uffelmann’s reagent (Appendix, 7) In a test
tube, and add to it a few drops of the watery
solution. If the blue solution changes to yellow,
lactic acid is present.

The residue of the second beaker is used to test
for acetic and butyric acids. These, being volatile,
would be driven off unless the ether had been
evaporated at a low temperature. Dissolve the
residue in a little water. Neutralise part with a
little carbonate of soda, and add to it some wery
dilute neutral perchloride of iron solution. A claret-
red colour indicates the presence of acetic acid. To
the other part of the solution of the residue add a
small fragment of calcium chloride. If oily drops
appear on the surface, butyrie aecid is present,

Acetic acid can also be recognised by the odour
of vinegar; butyric acid by its characteristically
rancid smell.

In carrying out the above tests, it is well to
filter the stomach contents first through fine muslin,
and to use only the filtrate.

An approximate idea of the proportion of the
total acidity which is made up of free HCI, combined
HCI, lactic aecid, and other organic acids respectively,
may be arrived at by a simple method described by
Gillespie.*  This method depends upon the fact that
if a portion of the stomach contents is evaporated to
complete dryness at boiling temperature, lactic and
combined hydrochloric acids are not volatilised,
whereas free HCl and other organic acids are,

* * Modern Gastric Methods,” p. T4.
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10 ce. of the filtered or unfiltered gastric contents
are evaporated in a basin placed on a water bath or
floated on a pan of boiling water. The basin is left
for at least an hour after its contents seem to be dry.
A small quantity of distilled water is then added
and a drop tested with phloroglucin vanillin, TIf
free hydrochloric acid is present the evaporation must
be repeated, if mneed be, thrice. Ultimately: the
residue 1s stirred up with distilled water, and its
acidity estimated by decinormal soda solution. The
result gives the amount of acidity due to combined
HCl and lactic acid, or, if a qualitative test has
shown absence of the latter, to combined HCIl alone.
The presence of acid salts may be ignored. The
difference between the acidity after evaporation and
that of an equal quantity of the fresh contents gives
the amount of acidity contributed by free HCIl and
volatile organic acids (acetic and butyric). As the
residue left after evaporation is often highly coloured
some difficulty may be experienced in determining
the exact point at which the end reaction occurs.
The best way of overcoming this difficulty is to divide
the re-dissolved residue into two parts, and to titrate
one only, keeping the other as a standard of com-
parison, :

The amount of free HCI present can be estimated
alone with a very fair degree of accuracy by Topfer’s
method. This consists in adding to 5 or 10 cec. of
the filtered gastric contents a few drops of a solution
of dimethyl-amido-azo-benzol, and then very {:n,ut]!:msly
running in decinormal caustic soda solution, until the
pink colour produced by the free acid has just dis-
appeared. The amount of free HCI present can
easily be calculated from the number of ces. of deci-
normal caustic soda required to bring about this result.

5. Are albumoses present ! —Place’in a test
tube two or thres drops of a 10 per cent. solution
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of sulphate of copper. Invert the test tube so that
most of the solution runs out again. As much will
adhere to the sides as is required for the test.

Neutralise a little of the filtered stomach con-
tents, and add about 1 in. of the fluid to the copper
solution. Then add about an equal amount of caustic
soda solution (10 per cent.). Ifalbumoses are present,
a reddish or pinkish colour is produced (biuret re-
action).

The presence of albumoses proves the presence
of pepsin in the gastric juice. In the absence of
albumoses, Pepsin can be tested for by its digestive
action on egg albumen. Strips of hard-boiled white
of eco are cut with a double-bladed knife and discs
punched out by a cork borer. These are preserved
in glycerine till required. To each of four test tubes
9 ce. of filtered gastric contents and a disc of egg-
white are added. The first tube rececives no further
addition ; to the second add two drops of dilute
hydrochloric acid (B.P.); to the third three grains
of pure pepsin; and to the fourth both acid and
pepsin.  Keep all the tubes about body temperature.
The rate at which the disc dissolves in the different
tubes will show which ingredient, if any, is deficient
in the gastric juice,

Renmin may easily be tested for by adding 2 cc.
of the gastric contents (neutralised and filtered) to
10 ce. of raw milk and keeping the mixture -about
the body temperature for a quarter of an hour. If
the milk sets into a solid mass the ferment is present.
Rennin disappears from the gastric juice when the
mucous membrane is atrophied (achylia gastrica).

Product of test breakfast in health.,—If
a test breakfast be given to a healthy person
and the contents removed one hour afterwards,
1t w*ill be found that 20 cc, to 40 cc. of fluid are .
obtained. This is transpavent, straw-coloured, of
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an acidity equal to that of 02 per cent. or so HCI;
it contains free hydrochloric but no organic acid.
Albumoses are present.

In some functional disorders of the stomach the
total acidity of the contents is increased, rising above
that of 0'2 per cent. HCl. Sometimes no free HCI
is found. In cases of malignant disease of the
stomach the absence of HCl is of sufficient con-
stancy to be of diagnostic value. The presence of
organic acids is an indication of the existence of
abnormal fermentative processes in the stomach.

The absorptive power of the stomach cannot
be satisfactorily tested.

The motor power is best tested by means of a
test dinner. Seven hours after such a dinner the
stomach should contain no food, and its contents
should be neutral. If expulsion of the contents has
not been active the fluid withdrawn will have an
acid reaction, and will show the presence of albumoses.
The presence of large lumps or fragments indicates
enfeeblement of churning power.

SEOTION V.—EXAMINATION OF THE
VOMIT.

1. Naked-eye characters.—The general char-
acter of the vomit varies greatly, of course, with
the nature of the food which has been taken. In
dilatation of the stomach the vomit is apt to be
very copious, sour-smelling, and after standing
exhibits a froth on the surface. Brlwous vomat 18
yellow or green in colour ; feecal mmi.f presents a
very similar appearance, but is distinguished by its
frecal odour and by its neutral or alkaline reaction.
The presence of much mucus gives to the vomit a
viscid consistence. The appearance of the vomit
in hmmatemesis varies. If the bleeding be very
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copious, the vomit may present the appearance of
pure blood and may contain clots. Such bleeding
may proceed from a gastric ulcer or from varicose
esophageal veins. More commonly the blood is
altered in colour by being retained for some time 1in
contact with the gastric juice. Thus it may be
blackish in colour or dark brown, The latter appear-
ance is due to the conversion of hemoglobin into
hematin. The altered blood gives to the vomit an
appearance often compared to that of coffee grounds
or hare soup. It should be borne in mind that the
taking of preparations of iron or red wines may
produce a very similar appearance in the vomit.
Vomit which contains dark green bile may resemble
very closely vomit which contains blood. On dilut-
ing with water, however, the green colour of the bile
bacomes more apparent, while blood remains dark.

9. Chemical examination.—The vomit should
be filtered through fine muslin. The filtrate can
then be examined, if desired, in the manner already
described for the stomach contents.

Bile can be detected by Gmelin’s test (p. 367).
For the chemical detection of Blood in the vomit the
gualac test is not satisfactory. It is better to take
up some of the brown deposit with a pipette, to place
it in a porcelain capsule, and add a pinch of powdered
chlorate of potash and a few drops of strong hydro-
chloric acid, Heat till dissolved. Cool and add a
few drops of ferrocyanide of potash solution. A
blue colour indicates that blood is present. The
reaction is due to the iron contained in the blood
pigment. If the patient has been taking iron the
test 1s, of course, inapplicable. In such a case some
of the deposit should be digested with caustic potash,
filtered, and the solution examined for the spectrum
of alkaline h®matin, or the deposit may be subjected
to Teichmann’s test (Appendix, 21). To confirm the
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test, add to the alkaline hesematin solution a few
i:lrups of sulphide of ammonium, which converts it
into hemochromogen. The spectrum of the latter
18 identified by its possessing two bands, one, narrow
and dark, in the yellow between D and K, the
other, broader and less dark, at the junction of the
yellow and green between the lines E and b (Fig, 73,
p. 238).

Fig. 11.—Microscopical view of vomited matter.

a, vegetable cell ; b, epithelial cells; ¢, starch granule; d, oil globuleg
e, muscle fibre ; f, sarcina ventriculiy; g, torula,

3. Microscopic examinatiom (Fig. 11).—
Take up some of the depogit which adheres to the
muslin, spread it out on a slide, and examine either
directly or in a drop of salt solution.

Various particles derived from the food may be
recognised. Muscle fibres by their transverse strie.
Starch granules by their concentric lines and the fact
that a drop of very dilute iodine solution turns them
blue. Elastic fibres by their double contour and bold
curves. ZFatty particles by their high refractility.
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Various vegetable parasites may be present,
The most important are the sarcima vemtriculi
(a large micrococcus) and the yeast fungi. The
former can be recognised by their forming small
cubical packets of cells resembling miniature bales of
wool ; the latter consist of round or oval cells in
chains or clusters. They are usually about the size
of white blood corpuscles.

The addition of a very little dilute iodine solution
to the vomited matter may render the detection of
sarcinze more easy. The iodine stains them a deep
mahogany brown.

Permanent preparations of these fungi may be
made by spreading out some of the deposit in a thin
layer on a cover glass and drying over a flame. The
best stain for sarcinw is an extremely dilute —almost
transparent—solution of gentian violet. Stain for a
minute or two. Bismarck brown also gives good
results ; stain very briefly. For yeasts use a 2 per
cent. solution of methylene blue, and stain for half a
minute, Wash in water in both cases, dry between
filter papers, and mount in balsam,

SECTION VIL—EXAMINATION OF FACES.

l. Naked eye.

The following points should be attended to :—

() Amount of the daily stools ;

(b) Their colour ;

¢) Their odour ;

d) Their consistence and form ;

(¢) The presence of any abnormal ingredients.

As regards amounmt, it is usually sufficient to
state whether the stools are copious or scanty. The
average daily amount of faces in health is 120-180
grms. (about 4 ozs.).

The colour of normal fwxces is partly due to
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urobilin, partly to chlorophyll and other pigments,
The presence of unaltered bile pigment is always
abnormal, and may be due to increased rapidity of
peristalsis. Black stools may be produced by the
administration of iron, bismuth, or manganese. In
hzemorrhage high up in the intestine the altered blood
makes the stools dark, tarry-looking, and very offensive.
The blackness due to blood may be distingnished from
that produced by drugs by mixing part of the stool
with twice 1ts volume of water and allowing it to
.stand in a glass jar. If blood be present the water
becomes reddish ; under other conditions it remains
dark or greenish.

Pallor of the stools may be due to an obstruction
to the entrance of bile into the intestine, as in jaun-
dice, or to extreme dilution of the stool, as in cholera.

The odowur of the faeces is due to the presence of
indol and skatol. The absence of bile seems to
favour putrefaction, hence the stools in jaundice are
often very offensive, Cholera stools, on the other
hand, contain very little organic matter, and are
almost free from odour. In fermentative processes
in the intestine the stools may have a sour smell.

The form and comsistemnece of the stools is of
importance. In obstinate constipation the stools may
be much drier and harder than normal, and even
friable. In all forms of diarrheea they are more fluid
than normal, and may even be watery. Slimy stools
are due to the presence of an excess of mucus.

It is important to note whether the stools are
formed or fluid. If formed, any abnormality in the
shape should be noted. The stools of constipation
have often the form of round balls, frequently coated
with mucus. In obstruction in the large intestine
the stools may be ribbon-like. If ascites is present,
the pressure of the fluid on the bowel often leads to
flattening of the feces. The presence of a rectal
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polypus may produce a groove or furrow along the

feecal mass. ;
In order to facilitate the detection of abmormal

ingredients, the stool should be placed on a fine
sieve, and a large quantity of water added. The
whole is then shaken and stirred up till the soluble parts
are all washed away. The residue is then examined.

For the detection of finer particles it is better to
take a portion of the fwces of about the size of a
walnut and to rub it up in a mortar with some dis-
tilled water to the consistence of pea soup. It should
then be poured into a shallow glass dish with a black
background against which particles of mucus or of
food residues are easily seen.

Gall stones are easily recognised. It is important
to note whether they are facetted or not, for, if they
are, then the stones are multiple. Particles of un-
digested food, fruit stones, foreign bodies, concretions
—e.g. those produced by magnesia—and parasites
should all be looked for. .

The full consideration of the parasites which may
be found in the stools is undertaken later. We
would only mention here that one has often to search
stools for the head of a tapeworm. The best method
of procedure in such a case is to add to the stool a
considerable quantity of water containing a little
carbolic acid, and to shake the mixture gently for a
few moments. It is then allowed to stand for about
ten minutes, The parasite sinks to the bottom, the
supernatant fluid is poured off, and more water added
till the residue is mearly colourless. The parasite
will then be readily found. The head is only about
as large as that of a large pin, and the neck about as
thick as a stout thread.

Special terms are applied in clinical medicine to
some particular varieties of stool,

The bilious stool is well illustrated in the typical
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stool of typhoid fever. Its characters are described
in the term of * pea soup” stool, usually applied to it.

Watery stools are found in all cases of colliquative
diarrheea, and after the administration of hydragogue
cathartics. To the watery stools of cholera the
special name of rice-water stools is applied. Such a
stool is colourless, devoid of odour, alkaline in reac-
tion, and contains a number of small floceuli, consisting
of shreds of epithelium and particles of mucus. The
name is applied to it from its resemblance to the
water in which rice has been boiled. Purulent, or
pus-containing, stools are found in severe dysentery
or intestinal uleeration, or in cases where an abscess
has found its way into the intestines. Slimy stools
are due to the presence of an excess of mucus, and
point to an affection of the large bowel. The mucus
may envelop the fiecal masses, or may be intimately
mixed with them. Zloody stools vary in appearance
according to the site of the hamorrhage. If the
bleeding takes place high up, the stools look like tar, as
has been already mentioned. In an ordinary intus
susception the stools may look like red-currant jelly.
In those rare cases in which the intussusception
occurs in the jejunum the appearance of the material
passed per anum has been compared to that of a
melted strawberry ice. If the hemorrhage be from
the large intestine, the blood is less intimately mixed
with the fecal matter, and may even be of a bright
colour, In hemorrhage from the rectum or anus it
may merely streak the fecal masses. .

In membranous colitis the motions contain casts
of the bowel, which are mainly composed of mucin.
The individual casts vary considerably in size, being
commonly from one to six inches long, but in ex-
ceptional cases attaining a length of a foot or more.
They vary in width from narrow strips to tubes
more than an inch in diameter ; they are sometimes
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agrey and transparent like ordinary mucus, at other
times they are more opaque and resemble the casts
formed in the air-passages in membranous croup.
Sometimes they are stained of a brownish yellow
colour from adherent or incorporated fecal matter;
rarely they are red from the presence of blood,
They are often very abundant, and may become
agglomerated into irregular masses *l.?l,?‘}_'lli_'sh:l when
floated on water, can be unravelled into their com-
ponent parts. As a rule the cast is tubular, but the
wall varvies much in thickness, and the lumen may
be obliterated. If teased out in water one can some-
times separate the cast into membranous layers,
between which small particles of fmcal matter may
be observed,

These casts, when small, may, on casual observa-
tion, be mistaken for segments of tapeworm. .On the
other hand, cases are recorded where the remains of
indigestible substances in the food or firm clots of
curdled milk have been regarded as casts.

Chemically, they are mainly composed of a mucin
body with which small amounts of globulin and other
albuminoids are associated. The presence of fibrin in
any quantity appears to be very uncommon, if, indeed,
1t ever occurs,*

The stools on rare occasions contain imtestinal
sand, which may be of either mineral or vegetable
origin. The former, which is sometimes called * true
sand,” chiefly consists of phosphate of calcium,
associated with smaller amounts of carbonate of
calcium and of silica, around an organic nucleus of
animal origin. When it is washed and dried it usually
presents the appearance of ordinary fine sand, some

. ¥ If present, fibrin may be demonstrated by fixing and harden-
ing a small portion of the cast with sublimate and aleohol and,
atter preparing a section for the microsco e, staining it with
Ehrlich’s triple stain, when the mucin is coloured green, whilst
albumins and fibrin appear red.

H
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of the particles being yellowish brown and others
almost colourless. On microscopic examination the
grains are found to be very varied in shape; some
are oval and smooth, others irregular and rough,
whilst in structure they are granular rather than
crystalline.

When the sand is of vegetable origin it 1s known
as “false sand,” and consists of sclerenchymatous
particles such as those that are present in pears and,
to a less degree, in some other fruits. Under the
microscope it is easy to recognise the nature of the
grains, as, after the removal of any inorganic incrus-
tation by an acid, the thick transparent walls of the
woody cells, traversed by channels passing between the
surface and the narrow cell-cavities, are clearly visible.

2. Chemical Examination of Fa®ces.

(1) Reaction of the Stool.—If fluid the stool should
be well mixed, and if solid a small portion rubbed in
a mortar with distilled water to a soup-like con-
sistency. A drop should then be applied with a
glass rod to a piece of blue or red litmus paper pre-
viously moistened. The reaction can easily be seen
on the other side of the paper. A normal stool
should be nearly neutral.

(2) Test for Bile.—Mix some of the stool with a
concentrated solution of corrosive sublimate and
allow it to stand 24 hours. A normal stool is turned
ved from the presence of urobilin; a green colour
shows unaltered bile pigment. A complete absence
of either green or red colouring shows the absence of
bile altogether.

(3) Test for Occult Hemorrhage.—Previously to
carrying out this test the consum ption of red meat n
any form should be avoided for 2 or 3 days. Proceed
as follows :—A portion of the stool, the size of a
hazel nut, is broken up with about 2 ce. of water in a
mortar. This is placed in a test tube. Halt its
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volume of glacial acetic acid is added and the whole
1s shaken thoroughly. Then the test tube is nearly
filled with ether, and is carefully reversed 20 or
30 times. In this way hematin acetate is ex-
tracted and an emulsion is avoided. To about one
inch of this resulting translucent yellow ethereal
solution are added () a few drops of glacial acetic
acid, (b) one inch of saturated solution of benzidin in
rectified spirits,” (c) one inch of liquor hydrogenii
peroxidi. The mixture is shaken and a few drops
are poured on to a white porcelain slab. Blood
present even in minute quantities causes a blue colour
to appear.

3. Microscopic examination of fieces,

If the stool is solid, a small particle of it should
be picked up with forceps, placed on a slide, and
mixed with a little salt solution. If the stool is
liquid, a portion of the deposit should be removed
with a pipette and placed on the slide without salt
solution. A cover glass is put on in either case, and
the specimen examined directly.  Should it be
desirable to use any stain, a little very dilute watery
eosin is to be recommended for the purpose.,

One may find (1) particles of food—as already
described in the vomit ; (2) cells—red blood cor-
puscles, intestinal epithelial cells, pus corpuscles, or
leucocytes ; (3) crystals—e.g. triple phosphates,
phosphate of lime, cholesterin, fatty and hematoidin
crystals. None of these has any pathological sig-
nificance. (4) Parasites and bacteria may also be
found. The latter are considered in Chapter XTIV, ;
the former demand a more detailed description here.
The parasites which oceur in the intestinal tract
include worms and protozoa. The worms belon
either to the nematoda or to the flat worms, the latter
group containing the cestoda, which are fairly

* This solution should be prepared each time, as it does not keep,
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common, and the fukes, which, in Kurope at least,
are by no means ordinarily found in man.

(A) NEmATODA.

1. Perhaps the commonest of all internal parasites

1 2 c

Fig. 12. — Oxyurls
vermicularis.
1, female; 2,male,

Nat. siza. (Afler

FPayna.)
is the small threadworm,
Oxyuris vermicu-
laris, whose presence is
associated with consider-
able itching about the
anus, Itinhabitsthelarge
intestines, cecum and
vermiformappendix,and
specimens can often be
seen wriggling about in
the 1e¢ently -passed
motions of their host.
To the naked eye they
look like small white
threads, from a half to
one centimetre in length.
Under the microscope
the female may be dis-
tinguished by the large
uterus filled with ova,
H.lld the PDllltEd POs- Fig. 13. —Oxyuris verm miculars.
terior end, whence its o, Founs ff;,‘l‘,;}ﬁ T e Payne.)
pame is derived (Figs. 12, 13, 18, 4
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times  considerably
exceeds this length.
Not  unfrequently
Fig. 14.—Ankylostoma jts  presence 1
duodenale. S . :
children 18 associ-

a, male: b, female. Nat.,

size. (After Payne.) ated with nervous

disorders. The ova,
which can occasionally be found in the
dejecta, have brownish-yellow granular
contents, and in many cases the shell
is surrounded by an irregular albu-
minous sheath (Fig. 18, B).

3. Ascaris mystax, a closely
allied worm, is sometimes parasitic
in children ; the infection is got from

cats,

' 4. Ankylostoma duodenale
1s a parasite whose presence is fraught
with much greater risk to the host than
that of those already mentioned, as it
causes profound anzemia by drawing
blood from the wall of the bowel. It
livesfor the most part in theupper part
of the jejunum, and its existence there
is rendered probable, when, in an
infested district, severe ansemia, other-
wise inexplicable, sets in. The diag-
nosis 1is clinched by the discovery
of ova in the motions. They exhibit
‘a segmented yolk, enclosed in a thin
shell, and are sufficiently numerous
to be readily detected. The adult
worm, which iy rarely seen before

I0I

2. Ascaris lumbriceoides
has a general resemblance to an
earth-worm. It measures, as a rule,
from six to eight inches, and some-

Fig. 15. — Ankylo=
stoma duodenale,

a, female; b, male
Magunifled, e, nat.
gize. (DBristows.)
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therapeutic agents have been employed, is about half
an inch Jong, and the mouth is provided with four claw-
like teeth. The male is distinguished by its lobed
caudal bursa (Figs. 14, 15).

5. Trichocephalus dispar is, perhaps, a
commoner parasite
than might be sus-
pected ; its presence
does not seem to
cause any very
serious incon-
venience, The
length of the worm
is under two inches,
its colour is white, the anterior portion is much
narrower than the posterior, and is buried in the
mucosa of the ceecum, The ova are very characteristic,
and when present are readily recognised (Figs. 16,
18, c).

6. Mrichina spiralis occurs in the alimentary
canal in the sexually mature state. The striped muscles
are the habitat of the embryonic form, and when much
affected they may become shortened. This is well
seen in the biceps, where the contraction induces a
very typical flexion of the forearm. The adult male
measures 15 mm. in length; the female, which is
viviparous, is about twice as long.

(B) CEsTODA.

Many different kinds of tapeworm have been found
as parasites in man, but those of most importance
are Tewenia solium, T. mediocanellata, and T. echino-
coccus. Teenia cucumerina is also occasionally found
in children. Besides its occurrence in the fully
developed state, T. solium may be present in the
tissues, in the form of a cysticercus; T. mediocanel-
lata is almost never found in this condition in man;
whilst T. echinococcus always occurs in the cystic

Fig. 16.—Trichocephalus dispar.
a. female: b, male. Nat. size (After Payne.)
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stage, and has never been found in the mature
condition in the human intestinal tract (Fig. 17).
The presence of an adult tapeworm in the bowel

Fig. 17.—Cestora.

a,head of Tmenia solium, x 10; a’, mature segment of do., nat. size; b, head
of T. sacinata, x 10; V, mature segment of do., nat. size: ¢, head of
Bothriocephalus latng, x 10 : ¢’ mature segments of (o, nat. size: 4. head
of T. cucumerina, X% 10; d', mature sexments of do., nat, size: e, T.
echinacoceus, X 10; f, hydatid scolex (invaginated), x 250 ; ¢, hydatid
hooklets, x 250; h, hydatid membrane (ectocyst), X 250:1, houklet
from cysticercus, x 26

is generally revealed by the passage of ripe proglot-
tides in the stools, and after the administration of
anthelmintics the head may be detected by the
methods previously described.
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1. Mania solium (Figs. 17, g, o, 18, D). The
mature worm measures 2 or 3 yards in length; a ripe
proglottis is about 10 mm. long, and 6 mm. broad, with
the sexual opening placed laterally ; the uterus is
coarsely branched. The head, whose size is about the
same as the head of a large ordinary pin, has four
suckers, often pigmented, and a small rostellum, with a
ring of 20 to 30 hooklets. The ova, which are nearly
spherical, are readily recognised by their thick shell,
with radiating striations. Inside the ovum, when
mature, the six hooklets of the embryo may be visible.

The cysticercus varies in size according to its
situation, but never attains anything approaching the
magnitude of an echinococcus cyst. The vesicle
contains one head only, whence the adult worm is
developed.

2, M. mediocanellata (saginata) is larger
than T. solium, and attains a length of 5 to
9 yards. The ripe proglottides measure 16 mm. in
length, by 5 mm. in breadth, but immature segments
are broader than they are long. Very often they
exhibit movements after they have been detached
from the strobilus and have passed from the bowel,
The sexual opening is lateral, and the uterus is
finely ramified, with frequent dichotomous divisions
of the primary branches. The head is rather square
in outline, and is larger than that of T. solium, It
has four suckers, but is devoid of hooklets. The
ova closely resemble those of T. solium, but are
slightly longer in proportion to their breadth (Figs.
1.,:6;0% 18, B).

3. T. echinococcus.—The adult worm, which
consists of a head and three segments, and whose
length is only four or five millimetres, need not be
fully described, since it is not found in man. The
cystic stage is very important, as it gives rise to
serious disease in many of the viscera, and especially
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in the liver.¥ The cysts of this teenia are not simple,
but produce, from their inner surface, one or two
generations of secondary vesicles, on which the brood-
capsules, containing the cestode heads, are formed.
During the period in which this process is going on the
primary vesicle dilates to accommodate its increasing
contents, and may eventually reach the size of a
cocoa-nut. The vesicles may rupture spontaneously
and their contents may escape by the lungs, by the
bowel, or by the urinary passages, or specimens may
be obtained by aspiration, or after surgical interference.
In a case of suspected hydatid disease one may re-
quire to found the diagnosis either on the chemical
nature of the fluid withdrawn, or on the recognition
of hooklets or scolices, or on the appearance of the
ectocyst, portions of which are sometimes discharged,
especially when the cyst has opened into the lungs
and bronchi (Fig. 17, ¢, ¢, £, g, h).

The fluid is clear, alkaline, devoid of albumen,
and contains abundance of sodium chloride and traces
of glucose. Tts density is low, being generally under
1:010. The appearance of echinococcus hooklets is
shown in Fig. 17, g, 2. The scolex, if it is obtained
in a perfect condition, is about 1 to 13 mm. in
diameter, and a number of them often spring in a
group from ome brood-capsule. They have four
suckers and a crown of hooklets. Portions of the
ectocyst appear as whitish-yellow shreds, which can be
recognised under the microscope (x 250 diam.) by
their lamination, and by the pectinate markings on
the lamine (Fig. 17, A).

4. T. cucumerina and Bothriocephalus
latus, though rare in Britain, are common in some
parts of Europe, The appearance of the head, and a

[t' The Eu-mllli:i “h&dutid thrill” is described elsewhere (p. 26).
may occur where there are no daughter cysts. and it ma v
absent when daughter cysts oceur. g il fadae S
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@
Fig. 18.—Ova of Entozoa, 350, (After Heller.)

4, OXyUria vermicularis ;- B, ascaris lumbricoides; G trichocephalus dispar;
D, t@nia solium ; =, tenia mediocanellata; ¥, bothriocephalus latus; G,
distoma hapaunﬁm: H, distéma lanceolatum.
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mature segment of each is shown in Fig. 17, d, .0,
¢’, and the ovum in Fig. 18, F.

(C) TremaToDA (Fig. 18).

1. Distoma hepaticum (Fig. 18, ) is rather
rare as a human parasite. When it does occur, the
ova may be found in the feeces, and are recognised by
their brown colour, and by the presence of an oper-

Fig. 19. —.Amcehiﬁ dysentery.

a ameeha dysenterim fixed and stained (Councilman); b, amaeba dysenteriege in
stools (after Léach, Virchow's ** Archiv,” Bd. 6s).

culum at one pole. The adult fluke is leaf-shaped,
and measures about 25 mm. by 12 mm.

2. Distoma lanceolatum (Fig. 18, 1) is con-
siderably smaller, and is narrower in proportion to

its length. The ova are similar to those of D. hepa-
ticum, but smaller.

(D) Prorozoa.

A number of protozoa, including members both of
the Rhizopoda and Infusoria, have been found in the
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fces. The only one which is of undoubted clinical
importance is the Amaeba dysemterize, which is
present in a great proportion of cases of tropical
dysentery, and also in tropical abscess of the liver
(Fig. 19).

When in a state of activity they vary in form,
and throw out pseudopodia, which are thick and few
in number ; usually only one or two are present. The
division of the two plasma layers is indistinet and the
ectoplasm is small in amount. At rest they become
spherical, measure on an average from 12 to 26u
in diameter, and generally exhibit a nucleus. The
resting condition is that in which they are usually
found in the feeces, when they are recognised by their
high refractility and their greenish tint. For careful
examination, a portion of the dejecta should be
hardened in Miiller’s fluid, and subsequently cut and
stained like sections of tissues; or cover glasses,
smeared with a thin film of the fecal material, can
be prepared and fixed with corrosive sublimate, The
specimen should be stained with methylene blue,
The amcba is most easily detected in the little
mdsses of mucus which occur in the stool, and atten-
tion should always be carefully directed to these.
When the motion is pultaceous the addition of warm
solution of sodium chloride will be found to facilitate
the preparation of a suitable film, in which the
organisms may be seen moving about if care be taken
to maintain the slide at the temperature of the body.
If the motion is a formed one the mucus adhering
to its surface should be exclusively examined. In
addition to amabz dysenteric stools invariably
contain bacteria, amongst which streptococei and the
bacillus coli communis seem to preponderate.
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CHAPTER IV

CIRCULATORY SYSTEM
SECTION I.—ANATOMY

Tuis system is composed of two main elements—the
heart and the blood-vessels—and these are for the
most part dealt with separately, although, when
the chest is exposed for the examination of the
heart, the vessels in the thorax and at the root of
the neck are more conveniently examined along
with it. = (See Plate 1.) )

The heart lies obliquely in the thorax, being 1n-
clined from above downwards, forwards, and to the
left. Two-thirds of it lie to the left of the middle
line. The part which reaches highest in the thorax
is the left auricular appendixz, which in the cadaver
extends as far up as the second left costal cartilage.
During life it is usually opposite the second inter-
space or lower border of the second cartilage, as the
diaphragm then occupies a lower level. The greater
portion, however, of the left auricle lies posteriorly,
and constitutes the hindmost cavity of the heart.

The right awricle is the chamber that lies most
to the right. It extends somewhat beyond the
right margin of the sternum, and its border may
be traced by a curved line joining the third and
seventh right chondro-sternal articulations, and
reaching about one inch* to the right of the
sternum.

The right ventricle occupies the great portion of
the front of the heart. Its inferior margin extends
from the seventh right chondro-sternal articulation

* Luschka,
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to the apex, and constitutes the lower border of the
heart. '

The left wentricle only appears in front as a
narrow strip, scarcely half an inch broad, and its
outline completes that of the heart on the left, where
its border forms a curved line, ascending from the
apex to the lower margin of the second left inter-
space at a point just internal to the parasternal line.

The topograpbical anatomy of the valves of the
heart and of the great vessels will be discussed in
connection with auscultation, as it is in this de-
partment that a knowledge of their situation is most
necessary (pp. 151-154),

The most important orgaus which come into
relation with the heart are the lungs on either side,
the liver below, and the great vessels above. A small
portion of the anterior surface is only separated from
the thoracic wall by the anterior mediastinum, whilst
behind, the heart is in relation with the structures
that occupy the posterior mediastinum.

That portion of the anterior aspect of the chest
which overlies the heart is known as the praecordial
regiomn.

It is often necessary to define the exact situation
of a point on the front of the thorax, and certain
lJandmarks, some natural and some artificial, are
commonly made use of for this purpose.

The ribs and interspaces on either side form
convenient horizontal landmarks. In order to count
them, one must feel for the ridge which marks the
junction of the manubrium’ with the body of the
sternum, known as the angle of Louis.* When
this has been found, by running the finger outwards
it reaches the second costal cartilage, which articulates
with the sternum at this level. It is then easy to
reckon upwards or downwards to the other ribs. The

* Angulus Ludoviei,
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determination of the first rib directly is neither so
easy nor so certain, since 1t is overlapped by the
clavicle,

In order to define the distance of any given point
from the mesial sagittal plane of the body, a series
of vertical lines is imagined to be drawn on the
chest, These are the mid-stermal and Iateral
sternal lines, drawn down the middle and either
border of the sternum ; the mammary line, best
defined, since the situation of the nipple is inconstant,*
as the vertical line dropped from the centre of the
clavicle, or, what amounts to the same thing, the line
midway between the middle of the suprasternal notch
and the tip of the acromion ; the parasternal line
midway between the lateral sternal and mammary
lines ; the anterior, mid, and posterior axillary
lines descending from the anterior border, the centre,
and the posterior border respectively, of the axilla;
and the scapular lime, which is defined as the
vertical line drawn through the angle of the
gcapula.

The methods commonly employed in the examina-
tion of the heart are inspection, palpation, percussion,
and auscultation, These will be taken up consecu-
tively, although in practice inspection and palpation
are often advantageously combined.

SECTION II.—INSPECTION.

Inspection determines :—
(A) Form—

1. Of preecordia { Elﬂﬁgﬁng

2. Of surrounding parts (especially bulging).

* The ordinary situation of the nipple in an adult male of

average du?f!lﬁ];ment may be placed in the fourth intercostal
space, four inches from the mid-sternal line.



112 CIRCOLATORY SYSTEM.

(B) Movements— apex beat.

s . diffuse pulsation.
1. In pracordial region pulsation at base of heart.

local indrawing,
Pulsations at root of neck.
2. Outside preecordial region % ¥ in thorax.
L in epigastrium,
(C) Dilated veins and venules,

For inspection of the chest, the patient should be
stripped to the waist, and set in a good light, either
sitting up or lying on his back. The observer should
directly face him, but must be careful not to obstruct
the light. In some cases the observer may with
advantage take up a position at the top of the bed,
and lower his head until he looks along the chest
tangentially. By this mancuvre he will be able to
study various pulsations with great facility.

The following points must then be systematically
noted :—

1. The shape of the pracordia ;

2. Pulsations in the preecordial region ;

3. Bulging or pulsation outside the precordia,
either at the root of the neck, or the front of the chest,
or the epigastrium (scrobiculus cordis) ; .

4. The presence or absence of distended veins on
the chest wall or in the neck.

1. The shape of the pracordia.

In health the chest is bilaterally symmetrical, and
there is no greater prominence on the left side than
on the corresponding area of the right. When the
right pectoral muscles are exceptionally well developed,
the pracordia may be less prominent than the right
side of the chest.

In cases where the praecordial area is pro-
minent, it must be remembered that other cﬂncliti_uns
than disease of the heart may have caused the projection,
whilst it is equally to be observed that serious disease
of the heart is comparatively seldom accompanied
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by bulging of the precordia unless 1t had already
manifested itself when the patient was young and
the bones were incompletely ossified.

Should prominence be observed, note whether the
ribs are involved, or whether the intercostal spaces
alone bulge. The latter condition occurs in pericarditis
with effusion., Prominence of the pracordia may be
due to disease in the framework of the thorax, such as
scoliosis, parietal tumour, or abscess, or to a diseased
condition of the thoracic contents, such as cancer ctf
the lung or effusion into the pleural cavity, medi-
astinal tumour, fluid in the pericardium, enlargement
of the heart, especially if it occur in early life, and
aneurysm behind or above the heart.

Flattening of the pracordia may be con-
genital ; it may mark the former occurrence of peri-
carditis ; it may be due to retraction of the lung ; and
in some instances, particularly in certain trades, 1t
may be the result of pressure.

9. Pulsations in the praecordial regiomn.

Besides the movement of respiration, which affects
the precordia with the rest of the chest, an impulse
which occurs three or four times to each respiration
is generally seen in the lowest and leftmost part of
that region. |

This pulsation is called the apex beat of the
heart, and in health usually exhibits the following
characters :—

Firstly,.—It is found in the fifth left intercostal

space.
Secondly.—It is limited to an area less than an
inch in breadth, and is only visible in one interspace.
Thirdly.—1t is situated outside the left parasternal
line, and inside the left mammary line ; and
Fourthly.—It is due to the impact on the chest
wall of the apical segment of the heart, and for
clinical purposes the actual apex of the heart may be
I
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assumed to be situated at the lowest and leftmost
part of the above area of pulsation, although it may
really be slightly lower down and farther out, under
cover of a rib.

The apex beat may be abnormal in foree, in
position, or in extent. Even in perfect health, if
the chest is well clothed, and the apex lies behind a
rib, it may be quite invisible. Disappearance, therefore,
of the apex beat is not to be regarded as necessaril y
indicative of disease, though it must not be forgotten
that it is in cases of weak action of the heart that it
its most frequently absent or diminished in force.
When abolished, its place may be taken by a more
diffuse impulse over the lower part of the pracordial
area, In cases where the apex is pushed away from
the chest wall by a dilated right ventricle, or when
pericardial effusion separates the heart from the front
of the thorax. On the other hand, the apex beat
may appear to be more forcible than usual in cases
where the heart’s action is excited, where the chest
wall is thin, or where the left ventricle is hypertro-
phied. Such changes are more accurately observed
by palpation, and will be discussed under that head.

The position of the apex beat may be altered
in three classes of cases. The cause may be (a)
congenital, where the heart is reversed so that the
apex lies to the right (dextrocardia), or where other
developmental anomalies are present. The displace-
ment of the apex beat may be due to (b) extrinsic
causes, where the heart 1s displaced by diseased con-
ditions of surrounding viscera which push or pull
it from its usual site. Instances of this are found
in pleurisy with effusion, in abdominal tumours, and
in retraction of a lung.

Where the heart is pushed over to the right by
a left pneumothorax, or pleuritic effusion, the pul-
sation which is conspicuous to the righthand side of
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the sternum is not that of the apex, which is usually
lying somewhere behind the bone, 1{11(1 18 due to
pulsation of the right ventricle and auricle.

Thirdly, the displacement may result from (c)
disease of the heart or pericardium. The apex beat
is displaced mostly ouwtwards when the heart 1s

Fig. 20.—The heart in en infant. (A4fter Symington.)

dilated ; downwards and outwards when the left
ventricle is hypertrophied ; and often wpwards when
fluid is present in the pericardial sac.

In addition to these causes, it should be remem-
bered that the position of the apex beat varies con-
siderably with the patient’s age; in .children it is
usually as high as the fourth interspace* (Fig. 20);
v the aged 1t descends as low as the sixth.

* Even in young children, although the apex beat is seen in

the fourth interspace, the actual apex lies lewer down—usually
behind the fifth rib.
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In certain cases the apex beat is replaced by an
wmdrawing of the same area during cardiac systole.
This, when it is marked in degree, and when it
appears over an extensive area of the lower segment
of the precordia, suggests pericardial adhesion.
When only slightly visible and limited to the apex,
it is of no great consequence.

The extemt of the apex beat is increased in
cases where the heart is hypertrophied. This con-
dition must not be confused with diffuse pulsation
over the precordia. Doubling of the apex beat some-
times occurs, and may be due to various causes, of
which the most important are alternate systole of
the right and left heart, and hemi-systole,

The consideration of other pulsations which
may be visible in the precordial region must next be
undertaken. Allusion has already been made to the
diffuse pulsation which occurs when the right ventricle
is dilated and hypertrophied, and which in these
circumstances is visible over the lower part of the
area in several of the intercostal spaces, and nearer
the middle line than the normal apex beat.

Pulsation is also seen at times in the second left
intercostal space. It may arise either in the pul-
monary artery, which lies half under cover of the
left side of the sternum, and half under the inner
end of this interspace, or in the left auricular
appendix. In the former case, it follows the apex
beat, and marks the closure of the pulmonary valves ;
in the latter case, which is not common, 1t 1mme-
diately precedes the apex beat. Y

In chests which have thin parietes, and especially
when, in addition, the left lung is retrafzted from
phthisis or other disease, pulsation of a diffuse nature
can be observed over most of the interspaces of the
praecordial region, as well as at the apex. In these
cases the apex beat still causes a limited area of the
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chest wall between the left parasternal and mammary
lines to bulge forward with each beat of the heart,
whilst the diffuse pulsation which is caused by the
systole of the right ventricle is associated with
indrawing of some portion of the intercostal spaces.
This retraction, accompanied by a normal apex beat,
and not confined to the lower praecordial segment,
must not be confused with the systolic indrawing
already described as characteristic of pericardial

adhesion. :
3 Pulsations outside the pracordia.

In addition to the pulsations already described,
movements should be looked for at the root of the
neck, the front of the chest, and the epigastrium.

At the root of the mneck, pulsation may
oceur either in the episternal notch or external to the
sternomastoid.

In the episternal notch, the pu]satiﬂn 18
usually systolic in time, and when well marked 1s
generally an indication of dilatation or aneurysm of
the transverse portion of the arch of the aorta. Less
commonly it is due to a thyroidea ima artery of con-
siderable size, or to an abnormal origin of the right
subclavian from a point to the left of the middle line.
Palpation generally enables these conditions to be
discriminated. Pulsation here and in the carotids is
not uncommonly seen in cases of chlorosis and in
other forms of ang@emia. L

Outside the stermomastoid various pulsa-
tions may be observed. These may be either arterial
or venous. The carotids pulsate visibly on exertion ;
from menlal excitement; in diseases which cause
excitement of the circulatory system, such as
exophthalmic goitre ; in cases of hypertrophy of the
left ventricle, especially when associated with aortic
incompetence ; and in aneurysm of the artery.

The jugular veins may exhibit undulation or



118 CIRCULATORY SYSTEM.

pulsation.  This is usually caused by back pressure
of blood on the right side of the heart. It will be
discussed under the venous pulse (p. 199).

In the thorax, besides the pulsations referred
to as occurring in the preaecordial region, a diastolic
pulsation may occasionally be observed in the second
right intercostal space, and results from the closure
of the aortic valves. Animportantsource of pulsation
in unusual parts of the thorax is aneurysm of the aorta.
Such aneurysmal pulsationsalways manifest themselves
at first above the level of the fourth rib, though at a
later period they may affect a very considerable portion
of the chest wall. The position of the impulse varies
according to the part of the aorta which is diseased.
If the ascending aorta is affected, the pulsation is
chiefly to the right of the sternum, whilst the #rans-
verse aorta gives rise to pulsation under the manubrium
sterni, and the descending aorta still more to the left.
Aneurysm of the innominate may project far into the
neck. The time of this pulsation is systolic, following
immediately on the apex beat, and it may be observed
to be expansile in character. The pulsation will, of
course, be much earlier manifest when the vessel
lies behind soft parts than when it is covered by
bone.

Pulsating empyema may be present ; it generally
occupies the preecordial area from which the heart
is more or less displaced, and malignant tumours
with a large blood supply may also give rise to
pulsation in the part of the chest wall that overlies
them,

Dr. J. F. H. Broadbent has pointed out that marked
systolic retraction of some of the lower ribs on the
lateral and posterior aspects of the thorax may occur
as a result of extensive pericarditic adhesion, involving
not only the central tendon, but also the muscular
part of the diaphragm on the one hand and the
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interior wall of the thorax on the other. It usually
occurs on the left side.

In the epigastvium there may be several
kinds of pulsation. The first thing to be determined
as whether it is strictly systolic, coinciding exactly with
theapex beat,or whetherthe pulsation is slightly delayed,
so as to appear just after the apex beat has occurred.

In the former case the pulsation is caused by a
dilated and hypertrophied right ventricle, which either
conveys its impact directly to the parietes, or does so
indirectly by exercising a thrust upon the liver, or else
it is due to the apex beat of a heart displaced to the
right by some diseased condition, of which the most
important are left-sided pleurisy and pneumothorax.

In the case of delayed pulsation, the cause may
be arterial. The existence of an aneurysm of the
abdominal aorta would produce such an effect. More
commonly, however, the condition is simply neurotic ;
whilst, in other instances, the pulsation of a normal
abdominal aorta is conveyed to the surface either by
the liver or by an abdominal tumour, such as pyloric
cancer, which lies in front of it. (See also p. 56.)

In cases of regurgitation from the right heart,
pulsation also occurs just after the apex beat, and is
due to a distensile pulsation of the liver itself from
the back flow of blood into the hepatic veins. It
should be observed, however, that distensile pulsation
of the liver is by no means a common condition, and
does not occur in all cases of tricuspid regurgitation.

It is comparatively rare to observe a systolic de-
pression of the epigastrium. If well marked, it would
probably indicate adhesions resulting from an old
pericarditis.

In order to observe with greater facility the
characters and time relations of these various pulsa-
tions, one can employ small flags, made as light as
possible and attached to the various areas of the chest
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wall. Todetermine whether a pulsation is expansile,
place one of these flags on either side of the tumour.
If it be expansile their free extremities will recede
from each other as the tumour fills. If it is desired
to time the occurrence of two pulsations, after fixing
a flag on the point where each occurs,one may takeup a
position in which they are as nearly in line as possible.
It is then quite easy to determine which of them
begins to move first.

Flags can readily be improvised by taking a piece
of straw or a bristle about three inches long, fixing a
fragment of gummed paper to one end and surround-
ing the other with a pellet of modeller's wax or stiff
ointment which will adhere with sufficient tenacity to
the skin. Other more primitive methods may also be
used, such as passing a pin through a piece of adhesive
plaster, with the head to the sticky side, and fixing it
on the chest, or affixing little cones of cotton wool to
the points in question by means of vaseline.

4, Conspicuous veins.

The veins of the thoracic wall may be unduly
conspicuous. This occurs (@) when the patient’s skin
is unusually transparent ; (b) when the patient has
been undergoing considerable exertion, especially when
the effort is of such a kind (e.g. playing a wind
instrument) as to throw a strain on the respiratory
system ; (¢) when intrathoracic tumours impede the
return of blood to the heart; (&) when the action of
the right side of the heart is laboured ; (¢) when, in
consequence of portal obstruction or of blockage of
the inferior caval system, the blood returning from
the abdominal viscera or lower limbs is forced to find
its way through collateral channels. .

In a number of instances, where the right side of
the heart is slightly overworked, a belt of dilated
capillaries appears along the line of attachment of the

dia.phragm.
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SECTION IIL.—PALPATION,

Palpation determines® :(—
(A) Form of praxcordia, ete. [confirms or modifies results of
inspection. |
(B) Movements. e
osition
(@) Apex beat Eharacter.
(b) Otber preecordial pulsations.

(¢) Pulsations outside pracordia {

(C) Vibrations—
(@) Originating within the heart and bloodvessels.
(Thrills.)
(b) Originating exocardially. (Friction.)

By palpation the observer not only confirms the
facts determined by inspection and adds to their
precision, but is also able to detect movements and
vibrations which are too slight to be mnoted by the
eye alone. For palpation the patient should be
placed in an attitude which <he finds easy to main-
tain, since the exertion which a constrained position
demands is certain to increase the observer’s difficul-
ties. If the patient is lying down, care must be
taken to keep him on his back. By turning to his
left side he will produce a very material alteration in
the position of the apex beat, which is thereby dis-
placed outwards towards the axilla ; whilst if he lie on
his right side the apex of the heart may recede from
the chest wall, and an impulse, which in the more
favourable dorsal attitude would be easily felt, may
entirely disappear.

The position of the observer is almost as important
as that of the patient. For the examination of the
preecordia he should stand or sit at the top of the bed,
on the right-hand side. He should then place his
vright hand, which must be thoroughly warm, on the

heaving,
expansile.

* The study of the pulse, which also belongs to this depart-
ment, is for convenience placed by itself in another section.
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patient’s chest, so that the palm lies over the
base of the heart, whilst the fingers are directed
towards its apex. To begin with, the whole palm of
the hand should be in contact with the chest wall,
and care must be taken not to dig the finger tips into
the intercostal spaces, as this causes discomfort, and
may thereby interfere with the subsequent observa-
tions.

When pulsation is detected over any part of the
region under examination, its exact localisation is best
determined by the pulp of the fingers.

The first pulsation to attract attention is that due
to the apex beat. Not unfrequently the fingers
will determine that this is really farther from the
middle line than inspection would have led one to
suppose. In such a case that point is to be taken as
the cardiac apex which is the leftmost and lowest
where the finger is distinetly forced up with each beat
of the heart. The sensation of a thrust from below
raising the finger is important, because in not a few
cases where the heart is acting forcibly it communi-
cates some vibration to portions of the chest wall con-
siderably beyond those which actually lie above it.

The observer, having thus determined the site
of the apex beat, must study its extemt and
character. As has been previously stated (p. 113)
it lies in health well outside the left parasternal line,
but never beyond the left mammary line, is as a rule
confined to one interspace, and seldom can be seen
over an area of more than one inch in diameter.
These points will now be carefully examined by
palpation, and any deviation from them noted. In
addition, however, an estimate must be made of the
energy with which the heart is acting, and the apex
beat may be found to differ from the normal—and this
can only be recognised by continued practice at the
bedside—in possessing a ‘““leaving ” character in cases



PALPATION. 123

where the left ventricle is hypertrophied, a sharp
slapping impact where there is irritability of the
heart, or, on the other hand, a feeble or almost vm-
perceptible tap when the heart is fatty, or exhausted
towards the end of an acute fever.

When the pulsation of the apex of the heart 1s so
feeble as to be imperceptible when the patient is
lying down, it often becomes quite distinct if he sits
up, and still more if he leans forward. If, however,
these postures are uncomfortable for a patient who is
seriously ill, it is better to forego such advantages
as they afford than to fatigue one whose strength
is already taxed to the utmost. The chief causes
of impalpable apex beat are (a) a thick chest
wall, (b) a feeble heart, and (c) emphysema of the
lungs.

When analysed, the varying characters of the beat
will be found, after due allowance has been made for
the thickness of the chest wall and intervening lung,
to depend upon the force with which the palpating
finger is driven upwards, and upon the celerity and
amplitude of the movement of the cardiac apex as it
approaches the front of the thorax at each ven tricular
systole. 4 shock or “jog” is sometimes felt at the
apex in consequence of sharp closure of the pulmonary
and aortic cusps.

In addition to pulsation, vibrations may some-
times be observed at or near the cardiac apex, Such
vibrations are termed thrills.

The time of their occurrence in relation to the
apex beat must be determined. When they com-
mence with the apex beat and continue during the
period of ventricular contraction, they are termed
systolic; if they are felt whilst the ventricles are
relaxed, they are termed diastolic; if they occur
near the close of diastole, when, though the ventricles
are still relaxed, the auricles have entered upon
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systole, and run up to the apex beat, they are
termed presystolic.

These thrills may be due either to valvular disease,
to pericardial friction, or to friction resulting from
pleurisy over that part of the left lung which lies in
front of the heart. The thrills due to valvular disease
will exhibit a more definite relation to the apex beat,
both in point of time and situation of maximum inten-
sity, than those whose origin is exocardial. A sys-
tolic thrill, best felt at the apex, may indicate mitral
regurgitation, though in some cases the thrill of aortic
obstruction is very distinctly felt in this area. A
diastolic, and still more a presystolic thrill, when it
is best felt at or just internal to the apex beut. is
so characteristic of mitral obstruction that, if it is
clearly present, one may with a high degree of
probability assume that lesion to exist, even in the
absence of all other signs and symptoms.

Pericardial or pleural thrills will be readily
recognised as such when the patient is auscultated
(see p. 173). They are generally to and fro in
character, and are always audible as well as pal-
pable. Pulsation and thrill may be detected over
the right side of the heart when its chambers are
dilated and hypertrophied, or when its valves are
diseased.

Over the second left interspace pulsatiom of
the pulmonary artery, sometimes systolic, some-
times diastolic (see p. 116), and of the left
auricle, always presystolic, must be sought for;
and a thrill may not rarely be detected in the
pulmonary artery in certain diseases, especially 1n
exophthalmic goitre (see further under Auscultation,
p- 168). '

Over the aorta, where it approaches the front of the
thorax near the sternum in the second right interspace
and behind the second right costal cartilage, pulsations

i, e i »
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or thrills may also be detected, whilst in cases of
aneurysm of the root of the vessel or of the ascend-
ing part of its arch, a characteristic expansile pulsa-
tion .can sometimes, though by no means always, be
observed. In many cases a diastolic shock of con-
siderable strength can be felt over the aneurysmal
sac. The time of occurrence of all these phe-
nomena must be given with reference to the apex
beat,

At the root of the meck palpation will fre-
quently enable one to identify a pulsating vessel, and
so clear up a doubtful diagnosis. When pulsation
occurs in the episternal notch one should, if possible,
try to push the finger below the pulsating vessel.
By so doing ‘one may be saved the inconvenience
of diagnosing an aortic aneurysm when the patient
has merely an abnormal origin of his right
subclavian.

By pressing the finger firmly down from the epi-
sternal notch behind the upper part of the sternum—
due care being exercised not to cause the patient
too much discomfort—a commencing dilatation of
the transverse arch of the aorta may be identified
in time to allow of effectual treatment being carried
out, since in health the aorta lies at so low a level
that its pulsation can scarcely be detected by this
manceuvre.

Another method of discovering an early dilatation
of the aorta, when the under-side of the arch is the
part involved, has been described by Surgeon-Major
Oliver and others under the name of tracheal
tugging. The explanation of this phenomenon
depends upon the fact that in passing from the
trachea to the lung the left bronchus lies just below
the arch of the aorta, and consequently each time
that the aorta is distended the aneurysmal dilatation
pushes the bronchus downwards before it, and the
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latter drags in turn upon the trachea, causing it to
descend at each beat of the heart. By standing
behind the patient and pressing the ecricoid lightly
upwards with the finger-tips of both hands, whilst the
patient keeps his mouth closed and elevates his chin,
the downward tug can in many cases be detected with
great facility. The phenomenon can also be observed
when the finger-tips are applied to the cornua of the
hyoid ; and the patient is put to less discomfort when
this method is adopted.

Pulsations and thrills may be observed in the
carotids, and must be fully investigated by palpation.
Occasionally a thrill may be felt in the supra-clavicular
fossa, where the subclavian artery crosses the apex of
the lung. It may indicate a constriction of the vessel
resulting from pleuritic adhesion, or disease of the
lung itself,

In the epigastrium the fingers should be
pressed gently but firmly upwards under the left
costal margin when pulsation of the right ventricle
is suspected. By this means it may be readily
differentiated from pulsation of the liver. :

When the liver exhibits expamnsile pulsa-
tiom, owing to backward pressure in the veins due to
tricuspid incompetence, the whole organ will be found
to be affected, and in most cases the expansile character
of the movement can be distinctly made out. The
pulsation is most readily recognised by placing one
hand on the fifth and sixth costal cartilages, and the
other on the lateral region of the liver in the mid-
axillary line. 'When the right ventricle, by pressing
on it during systole, causes epigastric pulsation, the
movement can rarely be detected, except in a part of
the liver. In cases of doubt as to the nature of epigastric
pulsation, a change in the patient’s posture, particularly
if he is made to assume a knee-elbow position, frequently
clears up the difficulty.

e
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'SECTION IV.—PERCUSSION.

Percussion determines :—

(A) The boundaries of the heart and surrounding viscera,
1. Deep dulness.
2. Superficial dulness, 14
(B) The presence of certain abnormal conditions of the
cardiovascular system, e.g,
a) Pericardial effusion.
i b) Aneurysmal dilatations.

Theory.—When a sharp tap is given over any part of the
body, the underlying structures either resound to the blow or
merely respond with a dull thud like that which a lump of
putty would yield under similar conditions, The former hodies
are described as resonant, the latter as dull, on percussion. The
resonant structures in the body are the air-containing organs
and the bones. The latter emit a sound when struck which is
totally distinct from that yielded by the viscera which contain
air, It is known as the osteal percussion sound, and is typi-
cally heard when the skull is lightly tapped. The cause of
resonance is that such bodies as possess it are able to vibrate
with more or less regularity. In the case of the bones this
power of regular vibration is due to the elasticity of the
osseous substance; in the case of a hollow viscus, such as the
stomach, colon, or small intestine, it depends on the periodic
oscillations of the contained air columns, and on the tension of
the limiting stomach or bowel wall; in the lung the factors
become more complex, for we have to deal with very greatly
subdivided air columns, and the septa are under a considerable
degree of tension. Since the exact quality of the resonance
which is produced is influenced by the amount, disposition,
pressure, and subdivision of the included air, and also by the
tension of the walls and septa of the viscus, it is evident that
each organ will, on percussion, give out a sound which is
fairly characteristic. With a comparatively simple air-space
such as the stomach presents, the resonance resembles that of
a drum, and is therefore described as tympamtic: in the lung,
on the other hand, the innumerable septa so break u p the air-
space that the resonance acquires a peculiar and quite distinctive
character. Thereisno other sound which bears any close resem.
blance to it ; hence it is simply known as normal lung resonance,
and the student must learn to recognise it from frequent practice,

The depth of tissue which is thrown into vibration by the
percussion stroke depends, when other things are equal, on the
force of the blow. When the chest wall over two regions of

. the lung is percussed with equal force, and when in one case a
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considerable depth of lung tissue underlies the point, whilst in
the other only a thin layer of lung intervenes between the
surface and a subjacent solid organ, a characteristic difference
is observed in the sound produced, just as, when a big drum
and a little one are struck, they emit perfectly distinct sounds.
The difference of sound depends on several factors, the import-
ant points to note being that the thick layer of lung and
the big drum emit a sound which lasts longer and conveys an
impression of greater resonance and lower pitch., The thin
layer of lung and the little drum, on the other hand, yield a
sound of shorter duration, of less resonance, and of higher
pitch. The exact pitch, however, is always somewhat indeter-
minate, as it i8 compounded of a mixture of several indepen-
dent, more or less tone-like, sounds and their overtones. For
practical purposes we may describe the resonance of a thick
layer of lung as “full,” and that of a thinner layer as
«“ gmptier,” the words being employed in a general but suffi-
ciently intelligible sense, to describe the complex impression
which the observer readily recognises, but which, under the
conditions of clinical work, baffles exact analysis.
When a very light blow is delivered the resonance of only
a thin layer of the subjacent lung is elicited, and the sound
produced is comparatively empty, even although a thick part
of the lung lies below the point of percussion. Hence it
follows that the presence of a solid organ underneath the lung
will only render the resonance ¢ emptier " when it approaches
sufficiently near the surface to encroach upon the layer which
is being set in vibration. A
firmer stroke would throw a
thicker layer into vibration,
and in this case a solid body
advancing from below would
sooner reach the vibrating
area, and render the re-
sonance emptier. In other
Fig. 21.—Percussion diagram (see text) words, when the ﬂhj ect
aimed at is to detect the pre-
sence of an organ which lies underneath a thick layer of lung,
then the percussion stroke ghould be firm, If, on the contrary,
the object of inquiry is to ascertain the spot where a resonant
viscus terminates, more especially if it grows thin, wedgewise, as
its border is approached, it is evident that the end in view will be
best achieved by very light percussion, since by this procedure
the resonance, though comparatively empty, remains of uniform
quality until the edge of the organ is reached, when 1t 1s
replaced by an absolutely dull thud.
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This is diagramatically represented in the accompunying
figure (Fig, 21), where it is easily seen that with firm per-
cussion the resonance begins to grow emptier at b and gradu-
ally alters thereafter at every point till the emptiness is
completed at d, whilst with lighter percussion the resonance
remains uniform although comparatively empty until ¢ is
reached, when it rapidly gives place to absolute dulness, and
thus the final extinction of resonance is much more readily
appreciated,

One other preliminary matter must be referred to. If the
tight membrane which is stretched over a drum be covered with
a soft solid, the sound which it yields is muffled, and in like
mannerif a solid organ overlies an air-containing one, the re-
sonance of the latter will be thereby muffed, and the more softly
the percussion stroke is delivered the more marked will the
muflling become. A soft stroke is particularly necessary when
the solid organ is thin, or when its border requires to be
accurately defined,

Methods of percussion.

When percussion was first introduced, the tap was
delivered directly on the patient’s skin without the
interposition of any substance over the point struck.
This method, known as direct percussion, is now
seldom used except on the clavicles, which in exami-
nation of the lungs are lightly tapped by the observer’s
finger-tip. In order to obtain better resonance, as
well as with a view to the patient’s comfort, various
materials were subsequently interposed between his
skin and the percussing finger. A flat plate of bone or
ivory, of such a size and shape as to be readily applied
and closely adapted to the surface of the chest, is
frequently employed, and is called a pleximeter. In
some instances, when the curvature of the surface
renders the application of such an instrument difficult,
a short rod of bone or vulcanite, set pillarwise on the
region to be percussed, is employed. A very good
pillar pleximeter may be improvised by utilising a
slmr.t piece of good cork, such as is used for closing
specimen tubes. It conveys the impact well, and

itself emits but little sound when struck. Most
J 4
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physicians, however, prefer to make use of the middle
or fore finger of their left hand as a pleximeter, and
the preference is due not only to the fact that it can
be readily adapted to almost any surface, but also
that it often conveys information additional to that
obtaired by the percussion sound, as it takes
cognisance of the different degrees of resistance which
the tissues offer to the percussion stroke.

Sometimes a small rubber-tipped hammer, known
as a plessor, takes the place of the percussing finger,
and is occasionally of service ; but as a rule the finger
should be preferred.

The ordinary method, then, of percussion is con-
ducted in the following manner :—The middle finger
of the left hand is placed firmly on the part which is
to be percussed, and is adapted to any inequalities of
surface, so that no air-space is interposed between it
and the skin. The back of its middle phalanx 1is
then struck with the. tip of the middle finger of the
right hand. The stroke should be delivered from the
wrist and finger joints, not from the elbow, and the
percussing finger should be so bent that when the
blow is delivered its terminal phalanx is at right
angles to the metacarpal bones, and strikes the
pleximeter perpendicularly. Whenever the blow has
been given, the striking finger must be raised, lest it
should impair the vibrations it has excited, just as the
hammers of a piano fall back from the wires as soon
as they have been struck. In cases where the per-
cussion requires to be more firm, several fingers may
be used; but it is better, whenever possible, to
employ only one percussing finger. In some cases a
modification, known as flicking percussion, is useful,
and this is particularly valuable in the examination
of the abdomen, where the method is more fully

described (p. 61). -
There are three cardinal rules which should
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always be remembered when percussion is being
carried out. The first is that in defining the
boundaries between contiguous organs the percussion
should invariably be performed from the resonant
towards the less resonant. The second is that the
longer axis of the pleximeter should be parallel to
the edge of the organ whose delimitation is being
attempted, and the line of percussion should be
at right angles to that edge. The third is that
the pleximeter finger must be kept in firm contact
with the chest wall. ,

It is seldom necessary to deliver more than two
or three strokes at any one situation ; repeated blows
cause much discomfort to a sensitive patient.* The
points to be noted on percussion are the wolume
and pitch of the resonance elicited, and the sense
of resistance experienced by the finger.

PERCUSSION OF THE HEART,

The objects which are aimed at in percussion of
the heart are twofold : firstly, to ascertain the size
and position of the organ as a whole, and secondly, to
determine how much of it is uncovered by lung and
lies against the chest wall.

Since for the most part the heart is surrounded
by resonant lung, but does not lie so deeply as to
be out of reach of a firm percussion stroke, one
can delimit its extreme boundaries with a consider-
able degree of accuracy by observing, as one percusses
towards the cardiac region, the points at which the
lung resonance begins to grow emptier. In two areas
this cannot be achieved. At the base of the heart
the roots of the great vessels produce a dulling or
emptying of the lung resonance which cannot be

* Students who lack expertness in percussion are advised

to gain the necessary skill on a table or some other inanimate
object of varying resonance rather than on hospital patients.
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diseriminated from that caused by the heart,* whilst
the lower border of the viscus is in relation to non-
resonant liver, which yields on percussion the same
dull thud that the heart itself does.

ior section of thorax near the left parasternal line.
(See text.)

(Slightly modified from Luschka. )

Fig. 22.—Antero-poster

Tt is also important to determine how much of the

- m = i 4
heart is quite uncovered by lung. This 1s done by
continuing to percuss in the same direction as for the

ained in this region is still
* The vacueness of the results obtained in this region 1s 8
fuvtherlrh?nvcﬁu.sad by the * gounding-board”’ property of the

sternum,
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determination of the extreme limits of the organ, but
with a lighter stroke, and observing when the slight
resonance of the lung is replaced by absolute
dulness, :

The region of the heart covered by lung is called
the area of deep or relative cardiac dul-
ness. Its outline corresponds approximately to the
anatomical outline of the organ. The region of the
heart which is uncovered by lung and lies directly
against the chest wall is called the =area of
superficial or absolute cardiac dulness.

The accompanying diagram (Fig. 22), which repre-
sents an antero-posterior section of the chest in the
left parasternal line, will explain the sequence of
phenomena which are observed on percussion. At
@ the resonance is full, at & it begins to grow
emptier, and continues to do so till ¢ is reached,
when the sound becomes absolutely dull, and con-
tinues so over the uncovered surfaces of the heart
and liver until e is reached, when the resonance
of the stomach, though muffled, may be distinctly
detected, and at f the muffled resonance gives place
to the full tympanitic stomach note. The percussion
stroke must be firm in passing from a to b, light
from ¢ to d, and light also as one percusses upwards
from g to e.

1. Deep dulness,—By firm percussion, then, the
right, the left, and' that part of the upper border of
the heart which lies to the left of the roots of the
great vessels can be defined. To do this, percussion
is performed in two directions : firstly, down a vertical
line far enough from the middle plane to be quite to
the left of the great vessels, but not so far out as to
miss the upper border of the heart altogether—the
left parasternal line, or one a shade internal to it,
fulfils these requirements ; secondly, percuss from
right to left along a line as far down the chest as
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possible, but yet clear of any trace of hepatic dul-
ness; and also along the continuation of this line
to the left of the heart, but this time percussing
from left to right. In the vertical line one should
begin at the first interspace, comparing its re-
sonance with that of the second, and this with
the third, and so continuing downwards until the
first trace of impaired resonance is observed. One
then knows that the boundary of the heart has
been reached. But the dulness may also be present
at the level of the rib above the interspace in which
it was detected, and therefore the percussion sound
of this rib must be compared with that of the one
next above it. If the resonance of the lower of the
two be less full than that of the upper, one knows
that the outline of the heart lies behind 1it. The
reason why rib is compared with rib, and interspace
with interspace, is that otherwise the alternate pre-
sence and absence of the osteal resonance, according
as rib or interspace is being percussed, introduces
an element of unnecessary confusion. Before per-
cussing the right border of the heart, the upper limit
of deep hepatic dulness between the right parasternal
and the right mammary lines must be determined, just
as the upper border of the heart was. When this has
been done, the right border must be defined by per-
cussing from the right mammary line towards the
sternum along the rib or interspace above the level
at which the first traces of hepatic dulness were
observed.

Although the lower border of the heart cannot
be percussed out, a sufficiently close approximation
to it is attained by drawing a line from the upper
limit of deep hepatic dulness, which has already been
determined, and which is usually found at the level
of the fourth interspace or fifth rib, to the apex,
whose position has been fixed by palpation.
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By percussing in the fourth interspace from the
left lung towards the heart, one is able to define the
left border with considerable precision, and in cases
where it is desirable to obtain further points one can
percuss in various other lines perpendicular to the
border from the lungs towards the heart. The student

Fig. 28.— Superficial and deep dulness of normal heart and liver.

must not confuse the slight muffling of “the lung
resonance which occurs when he arrives over the pec-
toral muscles with the deep dulness of the heart, It
will be found that in an average healthy chest the per-
cussion limits of the heart are as follow (Fig. 23) i—
Upper border (in left parasternal line), at the
third rib, or upper border of the third interspace.
Right border (at level of fourth rib) is just
to the right of the right lateral sternal line, 1f,
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however, the lungs are somewhat voluminous, it may
be impossible to detect the impairment of resonance at
this point, and behind the sternum accurate observa-
tions are not very easy to make, as the sternum acts -
as a sounding-board, and collects vibrations from all
the structures behind it, whether they lie directly
beneath the point of percussion or are at some dis-
tance from 1it.

Left border (at level of fourth interspace), a
shade internal to the mammary line. If it is per-
cussed at a higher level it will be found to curve
round so as to merge insensibly with the upper
border.

Dr. Graham Steell has proposed the following
convenient method of recording the position of the
various boundaries of the heart: A vertical line is
drawn, with a horizontal one lying across its upper
end like the letter-T. Above the horizontal line is
recorded in Roman numerals the number of the rib
to which the upper border of the heart extends in
parasternal line. Below it, and to the writer's left
of the vertical line, the distance to which the right
border of the heart passes to the right of the mesial
plane is noted in Arabic numerals which represent
inches, whilst to the right of it the position of the
left border of the heart is similarly indicated. The
right border of the heart is determined along a line
just clear of the liver dulness, the left immediately
above the situation of the apex beat. Thus the
~ record of an average healthy adult heart would be

TIL
1|3k

9. The superficial dulness of the heart,
which depends on the position of the borders of the
lungs, must be determined by light percussion. To
ascertain the upper border, one should percuss down-
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wards between the left lateral sternal and left para-
sternal lines. The left border is found by percussing
from the left mammary towards the widdle line along
the fourth intercostal space, or fifth rib ; the right,
by light percussion at the same level, beginning to
the right of the sternum. In health it will be found
that the upper limit is at the level of the fourth
rib. The left at its upper end is rather more than
half an inch within the left border of the heart, as
already determined ; at its lower end it is decidedly
nearer that border, and may extend outwards almost
to the apex beat. The right limit does not correspond
with the edge of the right lung, which, placed as it is
behind the sternum, cannot be exactly defined, but
lies in the left lateral sternal line, where it extends
from the fourth to the sixth costal cartilage. The
left limit curves gradually round to be continued into
the upper, the latter joins the right limit at
an angle. The space is therefore of triangular
cutline, but the left side of the triangle is not
straight, but convex outwards. The lower side
of the triangle cannot be defined by percussion,
but corresponds with the inferior border of the
heart ; it is marked out in the manner already
described.

Lying, as they largely do, behind the sternum,
the dulness due to the great vessels can seldom be
made out with precision. If, however, there is
aneurysmal dilatation of the ascending aorta, a dull
area can be mapped out. It is continuous below witl
that of the heart, above it bulges outwards to the
right of the sternum at the level of the second
interspace and adjacent ribs; whilst the sound
produced by percussion of the manubrium sterni
is also rendered much less resonant, or even, in

cases where the aneurysm is 1 b
e 20, y arge, absolutely dull
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ALTERATIONS IN CARDIAC AREAS IN DISEASE.

In diseased conditions both the relative and the
absolute cardiac dulness may be altered in size or in
position. Except in cases of pericardial effusion the
determination of the area of superficial dulness
seldom yields any information of great importance

Fig. 24— Aortic aneurysm.

regarding the heart; but it is valuable in revealing
certain diseased conditions of the lungs and pleura.
When the relative or deep dulness is
enlarged, the condition may be due either to disease
of the heart and pericardium, or to morbid condi-
tions in the surrounding viscera. If the dulness in
the left parasternal line be found to extend upwards
into the second interspace or higher, without any
corresponding upward displacement of the lower
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Fig. 25.—Diagram to illustrate the effect of dilatation of the right and
left sides of the heart respectively. (Gee after v. Dusch.)

Continuous heavy outline, normal heart : dotted line dilntation of right side:
N * A - & ! a
thin double outline, dilatation of left side, < :

boundary, such as would be present were the heart
dislocated upwards as a whole, and in the absence of
disease of the lung, the condition is usually due to
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periwcardial effusion. Aneurysm of the descending
arch of the aorta has been known to cause dulness
in this region, but this effect is only produced in the
rare instances where the aneurysm passes far forwards,
Most aortic aneurysms are found farther to the right.

If the relative dulness extends to the left of the
apex beat, provided the lung and pleura be

Fig. 26.—Dilatation and hypertrophy of left side of heart,

healthy, we have to do with pericardial effusions ; and
in this case the right border will be found at a
considerable distance to the right of the sternum—it
may be as far as the right parasternal line. If the
cardiac dulness extends to the left of the mammary
line, but does not reach beyond the situation of the
apex beat, the condition is probably due to dilatation
and hypertrophy of the left ventricle, unless the
heart is bodily dislocated to the left by some such
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cause as massive pleural effusion on the right side.
If the dulness extends, in the absence of lung disease,
pleurisy, or pericardial effusion, more than about a
finger’s breadth to the right of the stermum, one
is justified in concluding that the right heart has
become dilated (Fig. 25).%*

Since dilatation and hypertrophy of the left

Fig. 27.—Dilatation of right side of heart.

ventricle not only displace the left border outwards
but cause depression of the apex, the percussion out-
line of such a heart will become conical (Fig. 26)
whilst dilatation of the right side, by causing the
cardiac dulness to extend too far to the right without
greatly affecting the level of the apex, renders the
dull area more square than usual (Fig: 27).

* The auricle whose boundary is thus determi A
I lad : rmined
the ventricle is usually both dilated and hypertr{:l-pllifﬂd.m B,
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The dulness which one finds in pericarditis
with eflusion, or in hydropericardium, varies
with the amount of fluid which is present, but in well-
marked cases is pear-shaped, with the broader end
downward and the upper end higher than the
ordinary upper limit of dulness (Fig. 28).

The chief causes outside the heart and pericardial

Fig. 28.—Pericardial effusion.

sac that produce an increase in the area of cardiac
dulness are due to diseases of thelungs and pleura.
Here one may find consolidation or tumour of the
lung, or pleural effusion; or a cirrhotic contraction
of the lung, or the binding of it back by pleuritic
adhesions, may leave more than usual of the front of
the heart exposed, or at least near the surface. In com-
paratively rare instances the heart is pushed forwards
by a tumour or aneurysm in the posterior mediastinum.
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The relative dulness of the h‘eart may
be diminished in cases where the heart is unusually

small, or the lungs so emphysematous as to interpose
a layer of pulmonary tissue that is thick enough to
carry the margins of the heart beyond the sphere of
action of the percussion stroke. As a corollary to
this, it should be observed that if, when the lungs are

NV

. a
Fig. 20.—Displacement of heart upwards,

emphysematous, the heart’s dulness reaches fully np
to the normal limits, one is justified in assuming that,
as a matter of fact, it oversteps these limits. Air in
the pleural cavity will also diminish the area of
dulness, whilst in pneumopericardium it is often
completely abolished.

. 1t is well to preserve a note of the breadth, in
. Anches, of the cardiac dulness at the level of the
. fourth rib or interspace,
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The area of absolute or superficial dul-
ness is of less importance, being much affected by
the state of the lungs. It is thus increased when they
are retracted, decreased or almost abolished when they
are distended, as in advanced emphysema ; otherwise,
1t is altered by the same conditions and in somewhat
the same manner as the area of relative dulness.

\

Fig. 30.—Displacement of heart and liver in ewiphysema,

The situation of the area of cardiac dulness is
naturally altered by chamges in the position
of the heart. These result from its displacement
by the pressure or traction of other organs, or from
developmental anomalies. Thus in dexiocardia the
heart is placed with its apex to the right, and the
area of dulness is then the mirror image of what 1s

usually found.
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In cases of ascites or of massive abdominal
tumour the heart is pushed upwards under the
lungs. Hence its area of dulness is placed higher
than usual, and, owing to the thickness of overlying
lung, may be unusually difficult to map out (Fig. 29).
Tumours of the liver displace the heart upwards and
to the left. Pulmonary emphysema thrusts the heart

Fig. 31.—Displacement of heart in right-sided pleural effusion,

downwards (Fig. 30), pleural effusion drives it towards
the sound side of the chest (Figs. 31, 32), whilst
cicatricial contraction of the left lung often draws it
upwards and to the left.

In certain cases of pericardial effusion it is stated
that a small dull area can be found posteriorly near
the angle of the left scapula. The phenomenon is of
doubtful value, and has not been very satisfactorily

K
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accounted for. Those who wish to study it must refer
to larger works or to special papers on the subject.
Whilst the student is percussing the heart, he
should attend not only to the resonance which 1is
elicited, but also to the semse of resistance of the
underlying tissues which the pleximeter finger
experiences. By this means he may often form a

Fig. 82. —Displacement of heart in left-sided pleural effusion.

shrewd guess of the nature of the subjacent structures.
For example, a well-trained finger will detect decidedly
greater resistance over a dull area when the dulness
is caused by fluid, as in pleurisy or hydropericardium,
than when it is produced by a solid organ like the
heart or a pneumonic lung.
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SECTION V.—AUSCULTATION OF THE
HEART AND VESSELS.

Auscultation determines :—

(A) Character of the heart sounds with respect to

1. Intensity,

2. Rhythm,

3. Quality. :
(B) Abnormal sounds associated with the heart sounds
endocardial murmurs.
pericardial friction.
clear sounds.
murmurs or bruits,

(@) Over pra&cnrdia{
(&) Over vesaela{

1. The stethoscope. Augscultation, though
sometimes performed by the direct application of the
ear to the chest wall, is generally conducted by
means of a stethoscope, and the student cannot take
too great pains to choose a good one,

Stethoscopes are of two types, single and hinaural,
Each of these has its special advantages and dis-
advantages. Binaural instruments are particularly
serviceable in the examination of children and of
patients too ill to be much disturbed, Single ones,
although they conduct less loudly, are relatively
rather more sensitive to high-pitched sounds, and
they also convey to the ear of the observer when he
listens over the apex of the heart a distinct shock or
Jog at the moment of ventricular systole, thereby
facilitating the timing of other phenomena. In the
choice of a binaural, one should avoid mstruments
Wwith unnecessary joints and loose parts, or with
woven tubes. The chest piece should not be very
large, nor made of metal ; vulcanite is not so chilly,
and is quite easily cleaned. = It is obvious that unless
the ear fittings are suitably shaped, much discomfort

' will be produced,

In choosing a single stethoscope much depends on

| the grain of the wood ; Some woods, such as oak, will
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be found to conduct better than others. The chest
piece should be of moderate size, so that it may be in
complete apposition with the chest wall even when the
patient’s ribs are prominent. The ear piece should
be selected so as to fit the ear with comfort. The
instrument should have no loose parts. A good rough
and ready test of the efficiency of a stethoscope is to
listen with it to the ticking of a watch, and to select
the instrument which conducts the sound best. In
practice the student must be very careful not to
press heavily on the patient when using a single
stethoscope.

The phonendoscope has not yet secured any very
general recognition. This may be due in part to the
fact that though it conveys low-pitched sounds with
great clearness, it does not conduct high tones so well
as the ordinary stethoscope ; and, since high tones are
peculiarly characteristic of many morbid conditions in
the lungs, it is obvious that its use for clinical purposes
is seriously limited by this defect.”

9. Mhe cardiac cyele and surface anatomy

of the valves and vessels,

In order to understand the various sounds which
can be heard by listening to the heart through the
chest wall, a clear conception of the events which
oceur during a cardiac cycle is essential.

After the completion of a beat the auricles and
ventricles are both relaxed. Thereafter the auricles
contract, forcing their contents through the cuspid
valves into the ventricles, and filling them. The
ventricles then contract in turn, expelling the blood

* A special stethoscope provided with an adjustable slit has
been devised for the purpose of comparing the intensity of the
different heart sounds at varying points. By adjusting the
opening until the sound under examination becomes inaudible,
one can obtain a definite measure of its intensity at any given
point. The best form of this instrument is Bock-Oertel’s

stethophonometer, which is a modification of the pattern
originally suggested by Girtner.
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into the vessels, whilst the auricles commence to relax
and become refilled with blood ; finally, the ventricles
relax also, and so the cycle is completed. We have
thus in rapid succession auricular systole, ventricular
systole, and ventricular diastole ; the auricular diastole
commencing during ventricular systole, and ventricular
diastole continuing through auricular systole,

CAROTID
PuL sSE

_ Raprar Purseske
Fig 88.—Cardiac cycle. (Modified from Gairdner.)

The beginning of ventricular systole is marked by
the closure of the mitral and tricuspid valves, which
had remained open during the systole of the auricles,
and by the occurrence of the apex beat ; the beginning
of ventricular diastole is marked by the closure of
the aortic and pulmonary valves, which remain closed
until the beginning of the following ventricular systole,
The pulse in the carotid occurs a short time after the
commencement of ventricular systole; in the radial
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artery it is decidedly later in its appearance, and
therefore the radial pulse must never be taken as an
index to the commencement of ventricular systole.
The carotid pulse is less fallacious than the radial,
but, as an index to the commencement of systole,
preference should be given to the apex beat whenever
it is available,

Various authors have constructed diagrams to
represent the sequence of events in a cardiac cycle,
The accompanying one (Fig. 33) may be taken as

| |

1 9 i 9 1
Fig. 84.

1, First sound ; £, second sound,

representing these in an ordinary case, though the
relative duration of the successive events will be found
in practice to vary within fairly wide limits. The
most important variation is that when the heart acts
with unusual rapidity the duration of diastole is
curtailed to a greater degree than that of systole, and
hence a shorter interval elapses between the time of
closure of the semilunar valves and the commencement
of ventricular systole than one would infer from an
examination of the diagram. For scme purposesit is
found more convenient to unroll the above diagram,
o that the sequence is represented along a straight
line instead of round a circle. When this is done the
scheme takes the form represented in Fig, 34.*

In addition to a knowledge of the cardiac cycle,
auscultation presupposes acquaintaince with the situa-

* Tt must be recollected that in clinical language the words
systolic and diastolic are used with reference to the state of the
ventricles, events which take Il)la.ce during the auricular contrac-
tion being 'escribed as diastolic (or pre-systolic). On the other

hand, physiologists generally regard the period of auricular con-
tl'ﬂ.l:ti}DIIJ}. gr.a incﬁlldedgin the systolic period of the cardiac cycle,




AUSCULTATION. I51

tion of the valves of the heart and of the course of
the principal arteries, as well as of the areas where
sounds produced at the valves are best heard. For
full particulars the student must consult works on

Fig, 35.—Position of the cardiac valves and auscultatory areas.

regional anatomy. The following summary merely
recapitulates the most important facts :—

The pulmonary valve lies horizontally at the
level of the upper border of the third left costal
cartilage ; the right half of the valve lies under cover
of the sternum, the remainder passes outwards behind
the costal cartilage (Fig. 35).

Clinically, then, the systolic phase of the cycle beging with the
apex beat and commencement of the first sound. " terminates
immediately before the second sound, whose commencement
marks the beginning of the diastolic period.
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The aortic valve lies farther from the surface,
and at a slightly lower level. Its situation may be
indicated on the front of the chest by a line drawn
obliquely across the left half of the sternum on the
level of the lower border of the third costal cartilage,

The mitral valve lies slightly obliquely behind
the inner end of the fourth left costal cartilage and
adjoining part of the sternum. The tricuspid
valve is placed much more obliquely ; its upper end
1s opposite the fourth cartilage or interspace, and its
lower near the lower border of the fifth right costo-
sternal articulation. It marks the line of junction
between the right auricle and right ventricle.

The pulmemnary artery is situated at the
inner edge of the second left interspace, and behind
the adjacent part of the sternum. At the lower
border of the second cartilage it divides into its
branches to the right and left lungs.

The ductus arteriosus passes upwards from
the left branch to join the aorta.

The aorta arises behind and slightly lower down
than the pulmonary artery, and, passing upwards and
to the right, approaches the surface of the chest most
closely at the inner end of the second right costal
cartilage, arching backwards and to the left from that
point. The inmominate artery passes in a direc-
tion represented by a line drawn from the middle of
the manubrium to the right sterno-clavicular junction.

A stethoscope placed over the valves of the heart
would fail to distinguish at which of them a given
sound takes origin, because they lie so near each
other that the sounds from all of them would reach
its chest piece. Besides, in the case of the valves
that lie more deeply the sounds would have to pass
through the chambers of the heart which are situated
between them and the surface, and thereby their
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veniences, the sounds produced by each valve are
listened for over that part of the chest where the
cavity in which the valve lies most closely approaches
the surface, and is most remote from the other cavities
of the heart.

Hence one listens to the mitral valve at the
cardiac apex, to the tricuspid at the lower end of the
sternum, to the aortic over the aorta at the second
right costal cartilage, and to the pulmonary over the
artery in the second left intercostal space. It is
practically found that in these regions the sounds of
the respective valves are heard with a maximum of
loudness and distinctness. They are therefore called
the mitral, tricuspid, aortic, and pulmonary
areas, although they do not lie immediately over the
valves from which they derive their names. Auscul-
tation should be performed systematically over these
areas. In ordinary cases the student may begin with
the mitral area, making certain of the time at which
the sounds that he hears occur in the cardiac cycle by
feeling the apex beat whilst he listens. He may then
pass to the tricuspid area, thereafter to the aortic, and
lastly to the pulmonary. When necessary, ausculta-
tion may also be performed along a diagonal line
joining the mitral and aortic areas. This is often
of service, as, for instance, when a mitral systolic
murmur 1s associated with an aortic one.

In health two sounds are often heard over
each of these areas, the first corresponding with
the beginning of ventricular systole, the second with
the commencement of ventricular diastole. The first
sound depends, from the clinical standpoint, chiefly
on the closure of the mitral and tricuspid valves, and
to a lesser degree on the muscle tone of ventricular
contraction, on which, however, its duration depends,
and on other subsidiary causes. The second sound ig
due to the closure of the aortic and pulmonary valves,



154 CIRCULATORY SYSTEM.

and also, but very subordinately, to tension of the
vessel walls. This sound is sharper and shorter than
the first, which continues through an appreciable
period of systole, but not until its termination. At
and to the left of the apex, only the aortic element
of the second sound is audible. The observer must
remember that it is always important to note the
character of both the first and second squnds in. each
of the areas. In disease the following deviations
from the normal may occur :—

1. The sounds may have a different intensity,
both absolutely and relatively to each other, from
that which they possess in health. In estimating this,
allowance must be made for the thickness of the chest
wall and the volume of the lungs.

2. The sounds may be doubled, or their rhythm
altered.

3. Adventitious sounds may be heard, either
replacing or occurring along with the heart sounds.

1. ALTERATIONS IN INTENSITY.

(¢) The first sound may be weaker than
usual, Decided shortening or weakness of the first
sound, still more its disappearance, indicates cardiac
failure. In acute febrile disease this change may
occur rapidly, and should always be looked for; the
left side of the heart generally yields first.

(b) The first sound may be louder than
usual. It is then said to be accentuated. In
stimple dilatation the sound is often slightly accentu-
ated and very clear, sharp, and short, as a large
volume of blood is projected against the valve cur-
tains, and the sound easily penetrates the thin ven-
tricular wall to the observer’s ear. In Aypertrophy
the sound is accentuated, but dull, prolonged, and
thudding, as the vibrations produced by the unusually
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forcible closure of the valve have to pass through the
thickened heart walls, and the muscular element of

the sound is specially prominent.
(c) If the second sound is more distinet in

the mitral or tricuspid areas than the first, we have
either to do with a weakened first sound or an accentu-
ated second ; whilst if the first sound is louder than
the second in the aortic and pulmonary areas, the

first sound is accentuated.
(d) The relative loudness of the second

sound in the aortic and pulmonary areas varies some-
what, and is a good deal influenced by the patient’s
age. The pulmonary sound is rather more accentu-
ated than the aortic in youth; in old age the reverse
-1s the case® when the subject is in good health.
Accentuation of the second sound means
that the valve where the accentuated sound is pro-
duced is closed with unusual force. The force of
closure depends on the momentum of the column of
blood that effects it, and the momentum depends
equally on the mass of moving blood and on the
velocity of its recoil against the valve. In the aorta
the mass of blood is increased when the vessel is
dilated near its origin; the velocity of recoil when,
in consequence of contracted arterioles or other
obstruction to the outflow of blood, the arterial blood
pressure is increased. When the aortic accentuation
1s due to the former cause, the sound often assumes
a peculiar resonance suggestive of the echo produced
when a cork is drawn from an empty bottle. Over
the pulmonary artery an accentuation of the second
sound gengrally indicates increased blood-pressure in
the pulmonary circulation, due to disease either of
*0F B . «; oned Mo : .
 0n Tio Bslative Tntenstiy o the bosoe woid oo Grelghton,
at its Base ” (1,000 cases), New York Medical Lecord, Jan. 13th,

1900 ; and Ewart, ‘“On the Normal Auscultation of th "
Lancet, 1893, vol, Fi.j p. 1241, n of the Heart,
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the lungs or of the left side of the heart. In
pneumopericardiwimn the sounds are singularly clear
and resonant, in pericardial effusion they are faint
and muffled, in pneumothorax they are in many
instances accentuated and clear, whilst when there
are cavities 1n the lung near one of the valve areas
the sound arising in that area may be reinforced by
the cavity acting as a resonator.

2. REDUPLICATIONS.

Under certain conditions the first or the second
sounds may be doubled. The simplest explana-
tion is that which assumes that when such a
doubling occurs, the valves, either cuspid or semi-
lunar as the case may be, close sooner on one side of -
the heart than on the other ; the reason being, in the
case of the mitral and tricuspid, asynchronism of
systole of the respective ventricles, and in the case of
the aortic and pulmonary valves some variation of
the normal relations of blood pressure in the aorta
and pulmonary arteries, since an increase in pressure
will accelerate the closure of the valve which 1is
subjected to it. This view is probably correct in
gome, but not in all cases. Clinically, reduplication
of the first sound occurs under very various con-
ditions, the most important variety being known as
the * brmit de galop,” where the rhythm at the
apex shows the accent on the second element of the
triplet — <= —. In some cases the appearance of this
«bruit de galop” is of very unfavourable import.*
Occasionally it is difficult to discriminate between a
short presystolic murmur and a reduplication of the
first sound. This difficulty is most apt to occur when
the heart is acting feebly, and it is often found to

* Of. Fraentzel, © Vorlesungen itber die Krankheiten des

Herzens,” part i. p. 56 ; and Thear, “ The Clinical Associations
of Reduplicated First Sound,” Med. Chir. Trans,, 1903
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clear up afier a few days of rest and treatment. An
experienced observer will seldom be at a loss, how-
ever, in determining to which class such a case should
be referred.

Reduplication of the secomd sound in
dicates, in a large proportion of the instances in
which it is heard, an increase of pressure in the pul-
monary circulation. It occurs, therefore, in certain
lung diseases and in diseases of the left side of the
heart, being very characteristic of mitral stenosis, in
which disease it is heard in a large proportion of the
cases. It should, however, be mentioned that many
observers do not consider that the reduplication in
mitral stenosis is due to early closure of the pul-
monary valves.®* It is also found where the right
and left ventricles fail to contract simultaneously,
whether the failure be due to an increase of work
thrown upon one of them, or to the presence of
structural changes in the heart muscle, or to derange-
ment of the nervous mechanism which regulates their
action. It also occurs physiologically at the end of
a full inspiration and the beginning of the following
expiration, being in this respect the converse of the
first sound, which is more often reduplicated at the
end of expiration and the commencement of inspira-
tion. When reduplication of the second sound is
observed, it is most important to determine its
presence or absence, and its character in each of the
four valve areas.

ALTERATIONS IN RHYTHM,

Alterations in the rhythm of the sounds deserve
attention.f The usuval rhythm is that of triple time

* Vide infra, p. 163.

EE For fuller information, consult Broadbent’s ‘* The Pulse,”
p. 63,
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in music, with the accent on the first beat in the
mitral and tricuspid areas, and on the second in the
aortic and pulmonary, whilst the third beat is silent.
This is slightly modified by the fact that a quickly-
acting heart gains time chiefly in the period of ven-
tricular diastole, but the relation of the sounds is less
modified by this than the phases of the cycle ave.
When, however, the vitality of the heart has been
seriously impaired by long-continued high blood
tension, such as is seen in chronic nephritis, and
especially if fever or some such cause assists in
weakening the myocardium, the sounds become
almost equidistant, the period of ventricular systole
being unduly lengthened.

This deliberate pendulum-like sequence of the
sounds should always be regarded with considerable
anxiety, as it points-—unless, indeed, the patient is
being overdosed with digitalis—to serious involve-
ment of the cardiac muscle.

Exactly the opposite effect is produced on the
rhythm when systole is rapidly accomplished,or when,
from great weakness, the ventricle fails to effect a
complete emptying of itself, and the systole becomes
abortive.

3. ADVENTITIOUS SOUNDS.

Adventitious sounds may be of three kinds:
endocardial, vascular, or exocardial. Abnormal endo-
cardial sounds are called maurmurs, or bruits. They
are due to disease either of, or close to, the valve
where they occur, when they are often known as
organic ; or to some alteration in the state of the
blood, which, by affecting its viscosity on the one
hand and the nutrition of the tissues of the heart
and vessels on the other, produces the conditions
necessary for the development of a murmur. _

The physical explanation of Murmurs is by
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no means simple. The following are some of the factors con-

cerned in their production :—
1. The viscosity of the blood ;
2. The velocity of the blood-stream ;
3. The passage of the stream from a narrower into a wider

channel.
T'he third condition is equally well produced when a nar-

rowed orifice leads to .a normal cavity beyond it, or when a
normal orifice opens into a dilated cavity.

Endocardial muwrmurs always have a definite
relation to the events occurring in the course of the
cardiac cycle, their time and import varying with their
point of origin.

In the so-called “organic” cases, where the valves
or their surroundings are implicated, a murmur may
either result from obstruction to the onward flow of
the blood, or from leakage backwards through a
closed but incompetent valve. The former are known
as obstructive murmurs, the latter as regurgitant.
In examining a murmur the following points must be
noted :(—

(@) Its time of occurrence ;

(b) Its point of maximum intensity ;

(¢) Its direction of selective propagation beyond
the praecordial area ;

(d) Its character.

The time of its occurrence is noted with
reference to the sounds of the heart, and these by
ﬁﬂmpa.risun with the time of occurrence of the apex

eat.

The maximum loudness of a murmur
which has been produced at a given valve usually
occurs at the point where the valve sound would be
best heard in health. To this rule, however, there
are some exceptions,

Experience shows that valvular murmurs are not
equally .well heard at all points of the chest wall which
are equidistant from the point of their greatest inten-
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sity, but that each is much more distinctly audible at
a distance in some directions than in others ; this fact
is expressed by saying that such murmurs have
directions of selective propagation.*

The character of the murmur also helps to de-
cide a doubtful case. Obstructive murmurs are apt
to be rough ; regurgitant to be soft and blowing.

The pitch and general quality of murmurs vary
greatly ; some have quite a distinct musical character,
others are harsh and sawing. The loudness of a
murmur has no relation to the amount of damage
which causes it. A very loud murmur is often far
less serious than one so soft as to be mnearly
inaudible,

Murmurs due to disease of post-natal origin are
very much oftener found to proceed from the valves
of the left side of the heart than from those of the
right, and in adult life murmurs at the tricuspid and
pulmonary areas, due to morbid processes arising in
these valves, are rare. The following is a short epitome
of the chief murmurs which may be heard at the'
various valves : the diagrams illustrate the position of
the more common ones in the cardiac cycle.

(1.) MirrAL MURMURS.

Mitral murmurs may be either obstructive or
regurgitant (Fig. 36). ' .
(a) Obstructive murmurs occur durm:g ventri-
cular diastole, and are invariably of organic origin,
They sometimes follow immediately on the second

* The complete explanation of the selective propagation of
many Iurmurs is still unknown. In most cases, however, the
following factors greatly influence the direction in which the
murmur is conducted:—(1) The varying conductivity of the
different structures in the chest wall, and between the chest
wall and the heart; (2) the direction of the vibrating blood-
stream ; (3) the position of the chamber of the heart or of the
vessel in which the valve lies.
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sound, when they are known simply as ‘ diastolic.”
At other times the murmur is separated from the
second sound by a brief interval, but terminates before
the occurrence of the first sound ; it is then called “mid-
driastolic”; in yet other instances the murmur only
begins with the advent of auricular contraction, when
it 1s designated an * auriculo-systolic,” or, more often,
a “ presystolic” murmur. In each case the murmur

MITRAL.
hl:ﬂ Jld H .nIl” Al “r.ﬂ
Bystolic Presystolic Presysatolic and systolie
(regurgitant) (obatructive) fdoubla)

Diastolic mitral |[l
Diastolic and presystolic “ j
mitral [

Fig. 36.—Mitral murmurs. (After Wyllie.)

Rare forms of mitral
ODBITUCEIYE MUTInurs

is due to the onward rush of the blood through the
deformed or narrowed mitral valve into the wider
cavity of the left ventricle. During the earlier part
of diastole this is effected by the aspiration of the
relaxing ventricle, which is ordinarily strongest near
the beginning of diastole—at the end of the period the
contracting auricle is the main agent in producing the
flow.  Sometimes an early diastolic murmur ig
followed by a moment of silence, which is then
succeeded by a presystolic murmur.* Best heard at
the apex, or sometimes rather nearer the sternum,
they have no dirvection of selective propagation ; they

* The term post-diastolic "’ as applied to certain of these mur-
murs is very misleading. They are all diastolic in time, though,
aslhus been stated, some are separated from the second sound by
a pause,

L.
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are harsh and rough in character, more particularly
when of the presystolic variety, and very often are
associated with a distinct thrill. In the majority of
cases the second sound is reduplicated, so that the
murmur and accompanying sounds may be phonetically
represented by “rrdp ti-ti”; or, where the heart’s

[ J
Fig. 87.—Presystolic mitral murmur.

ion is rapid and the murmur occupies a cfmmilm:
:itl; pc:rti-:::np of the diastolic period, by “ti-t1 qu.d
Occasionally the presystolic murmur 18 af:cmnpamle]
by a mitral obstructive murmur occurring at the
beginning of diastole, when the phonetic -FEP{;E;
sentation would become ¢“rrap ti tiff rrap b1 tlb,
or, if the murmur occur a shade later in diastole, by
" i iff, rrdp titi iff.” o

TT'[Ii.‘Eetl;xa.ct sigrﬂﬁcance of the reduplication of the
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second sound in mitral obstruction is a matter of
dubiety. At present many observers deny that the
second element of the reduplication is pmduced at
the semilunar valves, and the fact that it is better
heard at the apex than at the base supports their
contcntion. It is not improbable that one element of
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Fig. 38.—Mitral systolic murmur— propagation in front,
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the double sound under discussion may originate in
the mitral valve, whose segments, partially adhemnt
along their ELdJ&GEIlb margins, are no longer free to fall
baclw ards before the blood-stream as it again passes
from the auricle to the ventricle at the commenceraent
of diastole, but are suddenly arrested in their progress,
and, bulging into the ventricular cavity, become £ mse,
and emit a sharp sound like that produced by a sail
suddenly bellied by a gust of wind (Fig. 37).
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(b)) Regurgitant murmurs occur during ven-
tricular systole, and may be either organic or simply
due to dilatation. They begin with the apex beat and
replace more or less completely the first sound in the
mitral area. Their point of maximum intensity is at
the apex, their direction of selective propagation iz

===§:ttct:@

o cocae =

Fig. 39.—Mitral systolic murmur—propagation behind.

outward towards the axilla and angle of the left
scapula, and they are generally soft and blowing In
character. Slight mitral systolic murmurs, especially
those due to dilatation of the ventricle and mitral
orifice, and not to disease of the valve curtains,
frequently lack any selective propagation backwards.
It is possible that some basal hsemic murmurs may be
due to mitral regurgitation when the left ventricle is

dilated (see p. 171) (Figs. 38, 39)..
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A soft systolic murmur of exo-cardinc origin is occasionally
audible near the apex of the heart in cases of pulmonary
hthisis : it is often propagated towards the axilla just as a
mitral systolic murmur would be, but may be distinguished by
its ceasing to be heard over the heart itself where it is un-
covered by lung, and by disappearing or altering markedly in
character when the patient holds his breath. Such cardic-

respiratory murmurs must not be mistaken for true endo-
cardiac ones.

(2). Aortic MURMURS.
(Fig. 40.)

(a) Obstructive murmurs occur during ven-
tricular systole ; they are due either to obstruction of
the ostium aorte from valve disease or to aortic dila-
tation beyond a normally sized ostium. They are
rough in character ; have their area of greatest loud-
ness at the second right costal cartilage near the

AORTIOC,

||.._ﬂ M [ _UHIHMHHHM

Systolic Diastolic Systolic and diastolie
(obstructive) (regurgitant) 2 (double)

Fig. 40,—Aortic Murmurs, (After Wyllie.)

sternum ; are propagated with the blood stream into
the arteries ; and may, in most instances, be readily
heard over the carotids—sometimes at a much greater
distance (Fig. 41).

(/) Regurgitant murmurs occur during ven-
tricular diastole ; they begin with the closure of the
semilunar valves, and replace in part or completely
the normal second sound in the affected region. They
may be best heard in the aortic area; not unfre-
quently, however, they are as distinctly audible over
the left l}alf of the sternum, at the Jevel of the third
rib and interspace. Their direction of selective pro-
pagation 18 towards the lower end of the sternum
though occasionally they are almost equally well I eard
near the apex ; their character is less harsh than that
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of systolic aortic murmurs. Their intensity is greatest
at first, and gradually diminishes during the diastolic
period. Marked regurgitation leads to auscultatory
phenomena in the arteries (see p. 172) (Fig. 42).

In many instances one finds that a double
murmur is present at the aortic orifice, the systolic
element of which is not caused by real stenosis of the

Fig. 41.—Aortie systolle murmur.

ostium, but by roughening and deformation of the
valve segments, the diastolic murmur being due to
the backward leakage through the misshapen cusps.
This double murmur often possesses a very distine-
tive “sawing " character.

Austin Flint has directed attention to the
presence of a presystolic murmur at or near the apex
of the heart in certain cases of aortic disease where,
at the post-mortem examination, no change was found
to be present in the mitral valve. Most probably
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this murmur indicates a dilatation of the _left
ventricle so considerable as to render 'the mitral
orifice relatively too narrow for the cavity beyond.
The condition 1s a rare one,

(3). TricuspiD MURMURS.

These are comparatively rare.
(a) Obstructive murmurs resemble those of

Fig. 42 —Aortic diastolic murmur,

the mitral valve, but have their maximum intensity
at the lower end of the sternum. They have no
selective propagation.

(0) Regurgitant murmurs have a similar
character to mitral regurgitant murmurs, are best
heard in the tricuspid area, and are associated with
the venous pulse, ¢.. (p. 199).  They are usually a

sequel to disease of the left side of the heart, after
compensation has failed.

|
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(4). PuLmoNary MURMURS.
(Fig. 43.)
These are best heard in the pulmonary area, have
no direction of selective propagation, though oc-
casionally they are well heard as high as the first

rib, are usually systolic, and are I‘ElI'Elj’ due in post-
nata.l life to disease of the valve, but are most often

J \ﬂ/

Filg. 43.—Pulmonary systolic murinur,

caused by dilatation of the artery beyond the valve
ring. They are very well heard in many cases of
etnphthalmm ooitre.* A diastolic pulmonary murmur

is excessively rare.

(5). MurriPLE MURMURS.

In a large number of cases more tham one
7
MuUurmunr is present. during the cardiac eycle. When

* In these cases there is often an aortic systolic murmur also,
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they occur at different epochs, it is easy to study each
separately ; when two or more occur together, each
will be found to possess its own position of maximum
loudness, its characteristic direction of selective pro-
pagation, and its peculiar quality of sound (Fig. 44).
Each lesion, moreover, will produce more or less definite
effects on the general circulation, and by* observing

Fig, 44.—Combined aortic and mitral systolic murmurs.

these by the other methods at our disposal a diagnosis
can usually be arrived at. It must be recollected that
during the last few days of life, when the diseased
heart is acting feebly, serious lesions are often
unaccompanied by any murmur, the force of the
blood-stream being too weak to produce any vibra-
tion. Some murmurs vary very much with the
attitude of the patient ; it is therefore important to
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examine the heart in both the erect and supine
positions,

(6). CoNGENITAL MURMURS.

A patent foramemn ovale may give rise to a
murmur at the base of the heart, dependent on differ-
ence of pressure in the right and left auricle ; a murmur
usually rather harsh in character, beginning after the
commencementof systole and continuinginto theearlier
part of diastole, best heard in the third left intercostal
space near the sternum, and often associated with a dis-
tinet thrill, is caused by the ductus arteriosus re-
mgining unclosed. The diagnosis of congenital cardiac
murmurs is often fraught with considerable difficulty.
The following points may be noted regarding them,
They ave mostly systolic, the situation of maximum
intensity and the direction of propagation do not cor-
rvespond with those of ordinary murmurs, whilst the
fact that they are often associated with humming
bruits at the base of the heart, and with an abnormal
cardiac contour, may assist in their recognition.”

CARDIO-PULMONARY MURMURS.

Murmurs may be closely simulated by sounds due to
diseased conditions in the neighbourhood of the heart, for in
such circumstances the heart may be displaced, or it may be
pressed upon, or its movements may through adhesions be
communicated in an abnormal way to the lung, and induce
abrupt movements of the air contained in its tissue and in the
brongchi.

In such cases considerable light is often shed upon the real
cause of the sound when, in addition to noticing its relation to
the events of the cardiac cycle, its position of maximum
intensity, and its propagation, the following peints are con-
sidered : (a) The effect produced on the sound by a change in
the patient’s attitude, (4) the condition of the lungs, pleura,

* The student will find an admirable epitome of what isknown
regarding congenital defects in the heart in an article by Dr, John
Thomson in the ** Encyclopdia Medica ” (s. . Heart).
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and abdominal viscera, (¢) the phenomena observed on auscul-
tation over the truchea, where true mitral murmurs are practi-
cally never heard, and () the character of the pulse, which is
dealt with in a subsequent section.*

HEmic Axp VascuLArR MURMURS.

In an@mia several murmurs are frequently
heard over the heart and vessels, One, which is of
specially common occurrence, is audible in the second
left intercostal space over or just external to the pul-
monary area. Various theories have been advanced
to account for it. The chief of these are—

1. Balfowr’s theory, in which, accepting the view
first propounded by Naunyn to explain the existence of a
basal systolic murmur in certain cases of mitral disease, it is
held that the sound is due to regurgitation through the mitral
valve into the left auricle, and that it reaches the ear by way of
the auricular appendix, which for various reasons—includin
the fact that the anterior border of the left lung is often rather
retracted in anzmia—approaches the chest wall more closely
thar under other conditions, The supporters of this theory
have pointed out that the murmur attains its maximum intensity
not over the pulmonary artery, as is found in undoubted cases
of pulmonary systolic murmurs, but farther to the left.

2. Many writers regard the murmur s due to slight
dilatation of the pulmonary artery beyond the
valve ring, and to a less viscous condition of the blood, which
would accentuate the vibrations set up by such a dilatation.

3. Samsom t holds that the vibrations which cause the
murmur arise in the conus arteriosus, and perhaps also in the
semilunar valves themselves, and are due to a fibrillary tremor
of the overstrained muscular fibres which are found in these
regions.

The second of the above theories has at present the greatest
number of supporters.

.Haamic murmurs are also heard at times in the
mitral, and much Jess frequently in the tricuspid

* For further details consult Fowler and Godlee. * D;
the Lungs,” p. 67, : nd txodlee, 1seases of

T ** Diagnosis of Diseases of the Heart,” p. 285.
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and aortic areas, the last being particularly un-
common, In all cases such mwrmurs are systolic in
tvme,

A continuous humming sound is often audible
over the veins at the root of the neck in chlorosis.
It is known as the bruit de diable, and is caused,
in part at least, by an alteration in the calibre of the
internal jugular vein as it passes through the cervical
fascia.

In order to hear the bruit de diable clearly, the
stethoscope must be held very lightly, so as to exert
no pressure, over the clavicular head of the sterno-
mastoid muscle. Not seldom one may also hear the
sound perfectly distinctly when the stethoscope is
placed on the sterno-clavicular articulation, by which
manceuvre all possibility of creating a factitious bruit
by pressure is avoided.

Hamic murmurs may arise im the larger
arteries, and are present independently of the
pressure of the stethoscope, and 1t seems probable
that an important, if not the chief, factor in their
production is a disturbance of the vasomotor
mechanism of the vessels.*

There are, moreover, other sounds which may
become audible in the arteries, and which are the
result of changes in the pressure of the blood-stream.
The most notable instance of this is found where
relaxed arteries are so rapidly distended by a large
blood-wave that their walls are thrown into vibration
by the sudden strain, and a sound is produced which
corresponds with the advent of the pulse-wave. In
cases of aortic regurgitation, where these conditions
are most fully developed, we have also a second sound

* A valuable contribution to our knowledge of the phi_,'aiual
causes which lead to the production of hamic bruits is to be found
in Thoma’s ‘‘ Text-book of General Pathology ”’ (English edition,
vol. i., p. 271). Compare also Nicolls, Jour. Physiol., vol. xx.,

p- 413
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which occurs at the instant when the pressure once
more falls off This double sound, when heard in the
femoral, is very characteristic of aortic regurgitation.
Pressure produced by an ill-applied stethoscope often
converts these sounds into murmurs.

A murmur in the subclavian artery as it crosses
the apex of the lung may be caused by pulmonary

disease. ; _
When there is an aneurysmal dilatation of

the aorta, murmurs may or may not be present, or
the aortic second sound may be accentuated over the
sac ; but no definite rule holds for such cases. When
an aneurysm opens into another large vessel-—such,
for example, as the superior vena cava—the murmurs
produced may be very loud, and are heard in unusual
situations.

EXOCARDIAL SOUNDS.

Exocardial sounds may be due either to peri-
cardial friction or to a localised pleurisy near the
heart.

When pericardial frictiom occurs over an area
uncovered by lung, 1t has a singularly superficial
character, and thus can often enough be readily
recognised. -

Unlike the murmurs already described, pericardial
friction does not correspond definitely with the events
of the cardiac cycle. 1t is generally more distinct in
systole than in diastole, but tends to exhibit a to-and-
fro character, the first element occurring during systole
and the second during diastole, but not necessarily
commencing at the beginning of either phase. Some-
times the sound occupies the latter part of systole and
the early part of diastole without exhibiting any pause
between its first and second elements ; sometimes it
remains audible during the whole of the cardiac cycle.
Further, its position of greatest intensity does not
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correspond with any of the areas in which valvular
murmurs are best heard, and it is not propagated to a
distance, but remains confined within narrow limits,
Its position may be observed to vary from day to day.
As a rule, it appears first near the base of the heart
on the left side, but when the condition has become
general it is best heard near the left nipple, and is
sometimes . associated with a distant thrill. The in-
tensity is often considerably modified by the attitude
of the patient. When the inflammatory process
involves the auricle as well as the ventricle, the

EE . _BEY

Fig. 45.—Pericardial friction. (dfter Wyilie.)

A. Ordinary type, one rub in systole and one in diastole,
B. Type with triple rhythm, one rub insystole and two in diastole.

to-and-fro rub may be replaced by a triple friction
sound.

In pericarditis the heart’s action is apt to become
tumultuous. When fluid is poured out, the cardiac
sounds become faint and distant.

When air and fluid are both present in the peri-
cardial sac—an event of very rare occurrence—a
churning or “water-wheel ” sound can be heard on
auscultation.

To distinguish between the rub of pericarditis and
that of pleurisy over a neighbouring portion of lung,
the patient should be instructed to hold his breath.
Pericardial friction is unchanged by this, but if it be
of pleural origin it will either be much reduced in
intensity or will wholly cease. On the other hand,
deep respiration will increase the pleural sound, but
will not influence the pericardial. _

The possible co-existence of both pleuritic and
pericardial friction must not be overlooked.
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SECTION VI..THE PULSE.

The examination of the pulse gives us direct in.
formation regarding two things, namely, the condition
of the vessel walls and the amount and variations
of pressure of the contained blood. By intelligent
observation of these facts we can obtain very valu-
able information regarding the state of the heart
and circulation, as well as the general state of the
patient. .

When any observation is to be made on the pulse,
the patient should be lying on his back, or at least
sitting ; and, except for special purposes, should not
have been making any effort for some little time
previous to the examination. The pulse is most
readily felt when the patient’s forearm is pronated.
In cases of aortic regurgitation the peculiar character
of the pulse (vide wnfra, p. 193) is more distinctly
brought out when the patient’s arm is elevated.

To feel the pulse, place three fingers of the right
hand on the patient’s radial artery at the wrist. It
i1s immaterial whether the observer’s index finger be
nearer the elbow or the hand of the patient, but for
beginners it is best to select the same position in all
cases. If it is made a habit to examine both radials
in every case, errors in diagnosis, such as failing to
detect the presence of aortic aneurysm or an abnormal
position of the vessel, will frequently be avoided.

When the artery is beneath the finger, the follow-
ing observations should be systematically made :—

(A) Factors which depend upon the heart.
1. Rate of pulse;
2. Rhythm of pulse (irregularity, intermission) ;
3. Eguag.lty or inequality in strength of successive
eats.
(B) Factors which depend upon the vessel.
4, The size of the artery ;
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6. The condition of the vessel wall (a, hypertrophy
of media; b, changes in intima, viz. early,
fibrous thickening ; late, atheroma).

(C) Factors which depend on both heart and vessels, the
latter element generally being of greater importance.

6. The amount of movement during the passage of
a pulse wave (volume) ;

7. The blood pressure in the vessel during the beat
(maximum pressure or *force”);

8. The blood pressure between the beats (minimum
pressure or ‘‘ tension” );

9. The general character of the pulse wave as
regards rise, maintenance, and fall of pressure ;
and the presence or absence of palpable
dicrotism or of other secondary waves.*

The rate of the pulse is given as so many beats
per minute. It is well not to begin counting imme-
diately the finger is laid on the pulse, as the agitation
- of the patient often acceleratesit at first. After wait-
ing till it resumes its normal rate, count the beats for
one minute, and record the result. The beat at which
the observation commences should not be counted.

The successive beats of the pulse may recur at
equal or unequal intervals, giving a regular or
irregular rhythm. In the latter case, the beats
may occur in symmetrical groups, some of the simpler
of which have received special names : thus if there be
two beatsand a pause, recurring in regular sequence,
we obtain the pulsus bigeminus (Fig. 46), three beats
and a pause give the pulsus trigeminus (Fig. 47). In
other cases no such symmetry occurs. Besides the
varying interval that may occur between consecutive

* In studymg the pulse the student gshould always have
before his mind the relation between the successive changes in
pressure which can be felt with the finger, and the graphic
Tecord of these changes which can be secured by the usc of
the sphygmograph. The rise of pressure corresponds with the
sphygmographic upstroke, the maintenance with the apex and
portion of the curve following it as far ss the dicrotic notch,
the fall with that portion of the curve which commences with
the dicrotic wave (see page 190).
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beats, the beats themselves may be unequal in
stremgth.  Some beats may be weaker, ;nu‘i the
weaker beats may eventually become imperceptible
we thus arrive at pulses which may be Ul:.l.‘:i.‘:i[:t! under
the previous heading (irregular pulses) ; this is espe-
clally true of the symmetrical types.

Recent physiological investigations, and especially the re
searches of Wenckebach,* have thrown much light on the
causes of irregu'arities in rhythm and force of the pulse. In

Fig. 46.—Bigeminal pulse. (From a tracing lent by Dr. Byrom Bramawell,
" Students’ Guide to Examination of the Pulse.”,

many cases a pathological stimulus, arising it may be at a
point in the heart other than that from which the normal con-
traction starts, leads to a premature systole. Thercafter the
subsequent normal stimulus occurring before the end of the
refractory phase, during which the heart wall is inexcitable,
fails to elicit any response, and only the next following normal
stimulus succeeds in inducing a contraction, As the sequence
of the normal stimuli is undisturbed by the occurrence of the
pathological one, the period between the premature contraction
and the following normal one is longer than the normal
interval by an amount exactly equivalent to that by which the
previous interval had been diminished. The contraction due
to the abnormal stimulus is called an ¢ extra-systole,”

Many cases of bigeminal pulse are due to the regular
recurrence of such extra-systoles,

Wenckebach classifies irregularities in the period-length of
the pulse thus:

* “Arhythmia of the Heart,” translated by Snowball, W
Green & Sons,

M
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(1) With preservation of the regular rhythm of the heart
(pararhythmaia). j

(@) In a more or less regular manner from extra-systoles,

() In the form of allo-rhythma (i.e. * rm;uhli‘ irregu-
larity *’) of various kinds, such as may arise from disturbances
of the conduction, the contractility, or the excitability of the
heart.

(2) With a change in the rhythm of the heart.

(@) At definite times (e.g. variations in the period), length
due to respiration, the rate being increased during inspiration
and decreased with expiration.

(6) In a perfectly irregular manner.

In this connexion it should be observed that in many cases

PR

Fig. 47.—Trigeminal pulse.

of irregularity of rhythm in the pulse, the strength of succes-
sive beats will be found unequal, for the longer pause 18
naturally followed by a stronger beat. In such cases the
unequal strength of successive beals is a natural result of the
arhythmia. Inequality in strength is of much greater im-
portance when the rhythm is rcgular, or when small beats

follow a long pause.

The fourth observation is directed to ascertain the
state of the vessels Two points should be noted :
first, the size (calibre) of the vessel ; secondly, the
condition of its walls.

To determine the calibre, empty the vessel of blood
by firm pressure, and endeavour to gauge its breadth
in the flattened state. Should this be impracticable,
allow the blood to return below the finger, and note
the size of the cylindrical tube. When the vessel 1s
contracted the calibre 1s small, when the muscular
coat is fully relaxed it 1s distinctly larger. Be careful
to ascertain that the radial artery is rcally under
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observation ; in a certain proportion of cases it winds
round to the back at an unusually high level, whilst
the superficialis volee continues to run in the usual
site of the larger vessel. One may thus be led into
error if the abnormal distribution is not recognised.

To discover the state of the walls, flatten the
vessel and cause the skin of the patient’s wrist to
slip up and down over it. In health the vessel wall
can rarely be felt unless the arm is thin. In disease
one may feel general or local thickening, calcification,
tortuosity, or irregular dilatations. These changes
must be discounted when an attempt is made to
estimate the blood pressure in the vessel.

Having observed the state of the vessel, one pro-
ceeds to apply just sufficient pressure to flatten
it between the beats. When this is done the
increased blood pressure that is present during
the: beat will cause the blood vessel to resume its
cylindrical shape ; and further, inasmuch as the vesse]
wall is elastic, will stretch it until the internal stress
is balanced by the strained wall.

This observation enables us to estimate the ampli-
tude of movement of the vessel wall during the
passage of the pulse-wave. As the elastic stretching
of the vessel is never great, the movement chiefly
depends on the resumption by the flattened artery of
its cylindrical shape, and the amount of such move-
ment 1s consequently greater the more dilated the
vessel is. The force of the heart’s action also
exercises a certain influence on the amount of move-
ment, although to a much less degree than the re-
Iaxatiqn or contraction of the coats of the artery.

This proceeding is often described as observing
the expansion” of the pulse,

The next point is the determination of the
maximum blood pressure or force, which, of
course, occurs during the beat. In this case three
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fingers must be placed on the artery, so that it may
be compressed both above and below the point where
the pulse is being felt.

Place the finger next the wrist firmly on the
vessel to prevent any pulse from the ulnar artery
reaching the middle finger through the palmar arch ;
let the middle finger rest on the vessel with such
pressure as will render the pulse most distinct, and
then gradually compress the artery above this point
with the remaining finger, noting the pressure em-
ployed when the pulse ceases to be felt by the middle
finger. This pressure, being just sufficient to pre-
vent the blood from lifting the finger during the
beat, corresponds to the maximum blood pressure.
Only careful practice on a large number of healthy
and diseased pulses will enable the student to deter-
mine whether in a given case the requisite pressure
is normal, excessive, or diminished. i

The importance of cutting off’ recurrent pulsation
through the palmar arch must never be overlooked.
It is most likely to occur in cases where, owing
to vascular dilatation, the blood pressure is unusually
low, and thus if mneglected would lead to serious
error, as the middle finger would continue to feel the
pulse, even when the upper finger exerted great
pressure. As a natural consequence the observer
would greatly over-estimate the maximum blood
pressure in the vessel. It is worth noting that
this recurrent pulse is frequently present in
chlorosis.

It is rather more difficult to estimate the mmimmi=
mum blood pressure or temsiomn, One thing
may be remembered—mnamely, that in cases where the
maximuin pressure is low the minimum must be still
lower ; this rule must not, however, be extended into
an assertion that a high maximum will necessarily
involve a high minimum pressure.
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To test for the minimum pressure, one may attempt
to roll the vessel from side to side under the fingers
between the beats. When the pressure is low, one
cannot feel the vessel at all; if it is high, it may
feel as hard as a piece of whipcord. Of course, one
amust be careful not to be misled by thickening of the
wall of the artery.

Another method which gives good results, and
which may be more easily appreciated by many, is
to feel the pulse first with light, then with moderate,
and finally with considerable pressure of the fingers on
the artery. A pulse of low tension (i.e. with a low
minimum pressure) is best felt in the first case, for
the light pressure is suflicient to flatten the vessel
between the beats, whilst it allows the artery to
resume its cylindrical shape without much resistance
during the beat, and is thus favourable to the
development of the greatest possible amplitude of
movement ; whilst on the contrary, where the tension
15 high, considerable pressure is required to flatten
the vessel between the beats. But one obtains the
greatest amplitude of movement precisely when the
vessel is thus flattened, and so in a high-tension pulse
the more firmly one presses the more forcible does the
pulse appear to grow.

A mnormal pulse, lying as it does between these
extremes, 1s best developed when moderate pressure
is applied.

When all these points have been determined,
one should conclude by studying the gemeral
character of the pulse-beat. This is divided
nto -three periods : firstly, the period daring which
the blood pressure is rising ; secondly, the period at
which the blood pressure continues mnear its maxi-
mum ; and lastly, the period during which the blood
pressure once more falls off,

The amount of movement having been already
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observed, one tries to estimate the rapidity of the
rise of pressure, describing the rise as abrupt, rapid,
moderate, or slow. In cases where it is abrupt it will
be found that the pulse is of low tension ; where it is
slow the pulse is either one of high tension or an
aneurysm is present. The latter condition may cause
the rise to be excessively gradual. It is only in
aneurysm that the rise of pressure may be as gradual
as the subsequent fall,

As regards the period at which the pressure
remains near its maximum, the point to be observed
is whether the pressure is well sustained, or whether,
on the other hand, it has no sooner attained its highest
value than it begins to fall off again with rapidity.

In the third period one observes whether the
fall of pressure is swift or gradual. During the fall,
instead of continuous decrease, there may be oscilla-
tions of pressure, which, in marked cases, are quite
perceptible to the finger as distinct impacts following
the primary stroke of the pulse. Of these the most
noteworthy 1s that known as the diecrotic wave.
It is best marked in pulses of low tension (provided
there is not aortic regurgitation), and is most readily
felt when the finger is very lightly applied to the
vessel. Where not readily perceived, it is often
accentuated by occluding the vessel on the distal
side by the lower finger, whilst the middle and
upper ones remain lightly applied.

The secondary wave which the finger detects
with the next greatest frequency is the tidal or
predicrotic wave. It occurs in certain pulses of
high tension where the blood escapes slowly from the
contracting ventricle, and is very chan_aqt.enstmally
present in aortic stenosis. In opposition to the
dicrotic wave, it is best felt when cons:;derabl_a
pressure is applied to the artery, and thus there is
no difficulty in discriminating between the two,
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Besides these, in pulses of high tension there are
frequent fluctuations of pressure at a period subse-
quent to that in which the dicrotic wave oceurs,

These can sometimes be detected by the fingers,
but it requires much practice to recognise them. They
are visible enough in good sphygmographic tracings.

The typical pulse of a healthy adult man should
be described in some such terms as the following : —

The rate is seventy per minute. The beats are
regular in rhythm and equal in strength. - The
expansion is moderate in amount. The vessel is not
tortuous, its walls are not rigid or thickened, and
between the beats it is just possible to feel it. It is
of medium size. The passage of the pulse-wave can
be arrested by moderately firm pressure, and the beat
is best felt when a medium degree of pressure is
applied : in other words, the force and tension are
both moderate. With regard to the general character
of the pulse, the rise of pressure is neither abrupt nor
very gradual, it is fairly well sustained, and its fall is
gradual, but not very tardy. No conspicuous oscilla-
tions of pressure are discernible during the time of
subsidence. -

The advantage of an instrument which could be used in
clinical work for the accurate measurement of {he arterial
vlood pressure both during and between the beats has long
been recognised. We are now in possession of several which,
though they cannot be wholly free from risks of error, are yet
sufficiently trustworthy to offer a very material assistance in
the estimation of bloed pressure, and, whilst supplementing
and confirming observations which have been made by the
finger, have the additional ad vantage of yielding their results
in a form capable of being definitely recorded.

Of these instruments the most suitable for clinical use
are Giirtner’'s tonometer or one of the modifications of
Riva-Rocei's  sphygmomanometer for the estimation of
the maximum pressure, Oliver's h@momanometer, which
can be used to estimate both maximum and minimum

pressure, and Hill and Barnard's sphygmometer (the large
model) for determining the minimum blood pressure,

13
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For hospital work, probably the best instrument of all is
Erlanger's sphygmomanometer, which by means of a re-
volving drum takes a permanent record, and which can be
employed to estimate both the systolic and diastolic pressures,
1t is, however, too complicated and too costly for general use
in private. It is fully described in Janeway’s  Clinical Study
ot Blood Pressure.”

The following are the methods of using the simpler
forms :—

I. Gartner’s tonometer.—This consists of—1. A
manometer which in some forms is a mercurial one, in other
cases a metal gauge delicately graduated. In the former in-
stance, one must be careful to see that the mercury stands at
zero before pressure has been applied, and in the latter, to
test the readings from time to time—say once a month—
against a mercuarial manometer, as they are apt to change
gradually.

2. A pneumatic ring which is fitted over the finger and,
when inflated, compresses it.

9 A rubber bulb, connected with both the manometer and
the pneumatic ring by means of tubing and a T piece.

4. A clamp in which the bulb can be held, and the pressure
of the contained air regulated by tightening or loosening a
sCrew,

5. A compressor to render the tip of the finger bloodless.

Tt is used thus: 1. Fit a suitably sized pneumatic ring
over the second phalanx of the middle finger, which should be
warm, but do not apply pressure. 2. Render the ‘terminal
phalanx bloodless by menns of the compressor. 3. Whilst the
compressor is still applied raise the pressure in the pneumatic
ring to a point above that of the blood pressure by compressing
the bulb in the clamp. 4. Remove the compressor from the
terminal phalanx, slowly reduce the pressure in the pneumatic
ring by unscrewing the clamp, and notice the moment when a
sudden flush of the finger tip announces the return of blood.
The manometer reading at that moment indicates the maximum
blood pressure in the digital artery. s

1I. Riva=Roeci’s sphygmomanometer (modi-
fied).—It consists of a mercurial manometer, an armlet for
compressing the upper arm, and a duu’nlﬁ\hulh gimilar to those
used for sprays, to inflate the armlet. The armlet should be
about four and a half inches broad, as narrow armlets introduce
very Serious errors, especially in the case of high tension pulses.
A valve, by means of which the pressure 1n the armlet can be
gradually reduced, is attached to the manometer, and the
various parts ave connected by means of rubber tubing.
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Method of use : Fix the armlet securely on the upper arm,
and gradually raise the pressure until the pulse can no longer
be felt at the wrist. Note the manometer reading at the
moment the pulse disappears. Increase the pressure a little,
and then, by means of the valve, again reduce it very
gradually, until the return of the pulse is observed, when a
gecond reading of the manometer is taken. As it is easier to
detect the first return of the pulse than its final disappearance,
the second reading is, as a rule, the more accurate of the
two, but the first one is a very useful check in case of a faulty
observation,

Fig. 48, —Oliver's heemomanometer

L Oliver’s hemomanometer is a modifica-
tion of the Riva-Rocci instrument.  The column of mercury is
replaced by a spirit index which shows the changes that
occur in the volume of air in a closed chamber as the pressure
in the interior of the system is varied, and which is graduated
to give readings in millimetres of mercury, A second ba
which can be applied over the radial artery at the wrist, is
rﬁﬁd tt%mt.l}]}cate the moment when pulsation is arrested, E;nd

us the observer is relieved from feeling the 'hi
adjusting the pressure. = Cree e

The chief advantage, however i

: lage, of the apparatus is th
owing to the small inertia of the air and sg?rit index nnag
to the openness of the scale, it is easy to detarmin(; the
pI:E!HHI.il;ﬂ.‘ at whlclh ]Ll\e excursions of the index attain their
widest range, and thus to arrive at an approximate estim: '
the minimum blood pressure. o i o



- 186 TreE CiRCULATORY SysrTra.

IV. Hill and Barnard’s sphygmometer.—
This consists of a metal manometer with a dial graduated from
30 to 200 or 250 mm. of mercury, and an inflatable armlet, the
outer surface of which is made of leather in order to make it
as inextensible as possible; it is connected by stiff rubber
tubing with the manometer. The pressure is raised by a small
hand-pump similar to those used for bicycles, and a valve is
provided to permit of the gradual reduction of pressure. The
armlet, as in the Riva-Rocei instrument, should be about
4} inches in breadth.

Method of use: Fix the armlet to the upper arm, with the
outlet tube directed forwards, Raise the pressure slowly and
steadily. The excursions of the index finger on the manometer
dial at first increase.in amplitude, then remain at or near a
maximum for a short time, and finally, as the pressure is
further raised, once more diminish in their range. A reading
of the lower limit of the excursion is taken at the first appear-
ance of the maximum movement, and after the pressure has
been further raised it is once more reduced by means of the
valve, and as it again descends the lower reading of the last
persistence of a maximum excursion is again noted. Th's
should closely agree with the former reading, and their mean
may be taken as equivalent to the minimum blood pressure in
the brachial artery.

This instrument, if the manometer is graduated far enough,
may be used to determine the maximum blood pressure in the
same manner as with the Riva-Rocei apparatus. *

In all the above determinations it is essential to work as
quickly as is compatible with accuracy, as compression of a
limb induces a rise in blood pressure. This rise is estimated as
amounting to 5 mm. during the first minute, and, in long
observations under exceptional conditions of blood pressure,
may attain as much as 20 mm. In view of this fact an
observation should only be repeated after a considerable
interval, , ;

It has been shown that instruments whose read} ngs dqpend
on compression of a limb by means of a cuff are fairly reliable,
and that the allowance for errors induced by the resiliency
of the tissues and the rigidity of the arterial walls does not in
ordinary cases exceed 10 mm, It should, however, be noted
that in cases where the vessel wall is much thickened the
error may be considerably greater. Where there is marked

* The above instruments are supplied by H1mv]csley, Oxford
Street, London,- W., and by Hicks, Hatton Garden, London,

E.C.
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cedema, the value of the readings can only be accepted with
considerable reserve, and in cases where, as in tetanus, the
muscles cannot be relaxed, no reliance can be placed on the

records obtained.
The arterial pressure should be observed when the patient,

free from excitement, is quietly resting. It should be taken
in both the recumbent and standing postures, in order to deter-
mine whether the compensation for the influence of gravity is

erfect. The pulse frequency should be noted in each case,
and the point at which the compression is applied should be
placed on the same level as the heart,

SECTION VIIL_THE USE OF THE
SPHYGMOGRAPH.

For permanent record, and also to aid in the
analysis of details, it is desirable to employ a
sphygmograph as well as to feel the pulse in all
cases where the state of the heart and vessels is an
important factor, Numerous types of sphygmograph
are now in use, but only Marey’s and Dudgeon’s
will be described here, as they are the ones most
frequently employed.*

In Marey’s sphygmograph the pad which
rests on the artery acts on a long lever the farther
end of which traces the pulse curve on smoked
paper, that is held in a frame driven by clock-
work. In Dudgeomn’s the same result is obtained

* A modification of Dudgeon’s sphygmograph has be
introduced by Jaquet, and has the Eulgffntagz Iéf pnssass‘i:;
a time-marker actuated by a separate mechanism, which
enables accurate measurements to be made of the exact
duration of the various events recorded in the tracing,
As the recording l?u,pﬁr often advances with considerable
irregularity in speed this is an important improvement. A
larger form of Jaquet's instrument is also made, in which
by the aid of tambours the apex beat of the heart and the
-::minud pulse can be recorded simultaneously with the radial
pulse
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by connecting two shorter levers in such a manner
as to magnify the movement of the pad fifty
times. The end of the lever in Marey’s instru-
ment describes the arc of a circle; in Dudgeon’s,
owing to the mechanical device employed, the
style moves backwards and forwards in a straight
line. The following description of the method
of using each will aid the student in applying
them : —

I. Marey’s instrument: The patient should sit
or lie down. Place the arm support on a table
of suitable height beside the patient. Loosen
any tight garments about the patient’s arm, which
must be bared to above the elbow. Place the
arm supine on the support, with the back of
the wrist at the highest part. Semiflex the fingers,
Mark the line of the radial on the skin, and
draw a cross line where the pad of the sphygmo-
graph is to rest. Wind the clockwork and adjust
the paper on the instrument.* Place the pad
of the sphygmograph very accurately in position,
with the lever pointing up the arm towards the
elbow, and fix the instrument in its place by
non-elastic bands. Adjust the pressure of the pad,
by means of the screw or milled head, until the
levir affords the maximum range of movement.
Adjuss the level of the style, after recoupling it
with the pad, so that the movement of the lever
takes place opposite the smoked paper, and see
that the style is in contact with, but does not
press too heavily on, the latter. Before varnish-
ing the trace, note patient's name, date (and
time of day), whether right or left radial,
pulse rate, respiration, and approximate pressure

* The paper is best smoked over a small piece cf burning
camphor, which may, if necessary, be moistened with a drop of
alcohol.
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employed.*  Ovdinary quick-drying negative var-
nish, as used by photographers, is employed to
fix the trace, the paper being dipped into a jar
of varnish, or laid, trace upwards, in a saucer
containing some.

IT. Dudgeon’s instrument :—

1. Wind up the clockwork.

2. Insert one end of the smoked paper (smoked
side uppermost) on the right-hand side of the
instrument between the roller and the small
wheels.

3. Make the patient hold out either hand open,
and in any easy position, palm upwards, the fingers
pointing towards you, and tell him not to move the
wrist or fingers,

4. Ascertain and mark the precise spot where
the radial artery beats at the wrist.

9. Slip the band, the free end of which has
been drawn through the clamp, over the patient's
hand.

0. Adjust the pressure of the spring.

7. Place the pad on the artery, the clockwork
case being nearest the elbow.

8. Retain the instrument in place with the right
hand ; tighten the band sufficiently with the left,
and clamp by means of the screw with the right
hand. When the band is correctly tightened, the
needle will oscillate over the paper. If the tight-
ness is nearly but not quite correct, bend the hand
backwards at the wrist to increase the tension, or
torwards to diminish it.

9. Set the paper in motion by releasing the catch
that controls the clockwork,

. * The nominal pressure as given by the index on the screw
15 not even approximately correct, but if the same instru-

ment is always used the results are comparable to some
extent,
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10. Let the paper run through unassisted, and
catch it in your hand as it passes from the instru-
ment.  Generally the patient’s hand must be
supported whilst the tracing is taken.

11. Stop the clockwork as soon as the paper
has passed.

In a pulse tracing, rise of blood pressure will be
represented by an upstroke, and fall by a down-
stroke.

Bearing this in mind, the student will readily
understand the main outlines of a healthy pulse
tracing. The pressure rises fairly rapidly ; therefore
the upstroke, when the paper is driven forward at
the usual speed, is nearly, but not quite, perpendi-
cular. The percussion wave is quickly followed by
what is known as the tidal (or predicrotic) wave ;
these are mnot separately distinguishable by the
finger in health ; the sphygmograph, however, in-
dicates their existence by a notch at the beginning
of the downstroke. Thereafter the pressure begins
to fall off, but at the moment when the aortic
valves close the decrease of pressure 1s arrested,
and a positive (dicrotic) wave is propagated into
the vessels; this condition is recorded by a small
break in the descent of the downstroke' of the
tracing. The foot of the notch immediately before
the dicrotic upstroke indicates the time when the
aortic valves close. After this rise the line again
curves downwards, often exhibiting slight secondary
oscillations, until a new upstroke marks the arrival
of the next pulse wave.  Ordinarily the blood
pressure takes, much longer to fall than to rise,
hence the downstroke is much less vertical than
the upstroke (Fig. 49).

A line joining the lowest points of the upstrokes
of successive pulse-beats on the tracing is often
known as the respiratory line. In health it is usually
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straight, but where the blood pressure is low and the
patient is suflering from dyspnca it becomes undu-

Fig. 40. —Normal forms of pulse. (Mahomed.)

| lating, rising to a higher level during expiration
. and sinking again during the period of inspiration
| (Fig. 50).
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In health a pulse tracing taken with suitable
pressure has a sharp apex, a small tidal wave, and a

Fig. 50.—Low-tension pulse.

moderately distinet dicrotic wave. A rounded apex,
In most cases, means elther excessive pressure of the

Fig. 51.—High-tension pulse.

spring, or bad application of the instrument (see,
however, p. 195).
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The 11]':h1]'l:1~:1-. 1S [nlt}_[{‘l‘ and Hi-l'[*Ir['I‘ than usual
when the ventricle discharges a larcer volume of
blood than normal into the arteries, and when the
arterioles are dilated (low tension) (Fig. 50).

The upstroke is shorter and less steep when the
heart acts feebly or when the aprtic ostium 1is
stenosed, so that less blood than usual is delivered

Fig. 52.—Aortie stenosis.

In a given time, and also when the blood pressure
18 high and undue opposition is thereby offered to
the outflow from the heart (Fig, 51).

In conditions where the minimum blood pressure
1s low, the dierotic wave is well marked ; where it is
high, the dicrotic wave is small, and secondary
oscillations are present.

. The following conditions give characteristic trac-
ings :(—

L. Aortic stemosis. Small amplitude, sloping
upstroke, tidal wave well developed, and often hi*_{l]c_;r
than primary apex [anacrotic pulse] (Fig. 52).

2. Aortic incompetence.  (reat ;u}]p]il‘lnh?,
abrupt upstroke, rapid fall, little or no dicrotic wave.
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'his 18 known as the water-hammer. collapsing, or
Corrigan pulse (Figs. 53, H4).

3. Mitral disease. Small amplitude, moderately
steep upstroke, secondary waves rather slight, suc-

Fiz. 53.— Aortic incompetence,

cessive beats unequal and irregular, especially when
failure of heart is threatening to set in. In mitral
stenosis the vascular tension tends to be IJi:_:]H‘I' than
in mitral incompetence™ (Fig. 55).

4. Anmeurysm of the ascending or transverse

* The characters of the pulse in mitral disease are very
variable, and space forbids any complete analysis of the subject
here.  Those who wish to study the subject more fully are
referred to Dr. Graham Steell’s ¢“Sphygmograph in Clinicul
Medicine,'” p. 292.
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aorta generally affects the pulse
in the implicated radial, where
the impulse is delayed, whilst the
rise is oradual, the amplitude less,
and the apex rounder than in the
unaffected radial (Fig. 56).

5 Arterial atheroma of
the great vessels, by abolishing the
modifying effect of their elasticity,
renders the tracing similar to one
taken from the pressure curve of
the left ventricle. This 1s known
as the senile pulse (Fig. 57).
Aortic atheroma combined with a
moderate t]trgl'{:(‘: of iIll[!ﬁ]I"]}_'Jl{:i.(‘-llL‘.['-
oives a pulse which is like that of
atheroma, but with sharper apex.

Several types of pulse have
received special names ; of these
the following are amongst the
more 1mportant :(—

1. Pulsus bisferiens. The
tidal wave is felt separately from
the primary impact. The tracing is
characteristic, and 1s often observe
in cases of aortic stenosis (Fig. 58).

2. Pulsus dicroticmws. The
dicrotic wave 1s exaggerated (see
p- 182) (Fig. 59).

3. Pulsus anacroticus.
The tidal wave 1s more forcible
than the percussion wave. Con-
~sequently the latter, instead of
appearing at the summit of the
sphygmographic tracing, produces
an indentation in the upstroke of
the curve, whose apex is formed

195

Fig. 54.—Aortic incompetence ; compensation established.
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Fig. 55.—Mitral incompetence.

Itigclit side,

Fig. 56. —Pulse in aneurysin (left subelavian).

by the tidal wave. The conditton is found in pulses
where the tension is high, and, like the pulsus bisfe-
riens, is frequently associated with aortic stenosis,
[t is most important to distinguish from the true
anacrotic pulse those cases where one finds that, from
the rapidity of the heart’s action and extreme low
tension, the pulse exhibits hyperdicrotism,
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Fiz, 59. —Dicrotic pulse,
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4. Pulsus celer. The pressure is ill sustained ;
the up and down strokes are therefore abrupt.

5. Pulsus bigeminus. There are two beats
and a pause. The two beats may be alike, or they
may differ in force (Fig. 46). The term is unsatis-
factory. There are various kinds of bigeminal pulse,
resulting from various types of cardiac irregularity,
which differ in nature and importance.

6. Pulsus intermittens. A pulse - beat is
absent from time to time in the tracing, It does
not follow that the cardiac systole is also entirely
absent. Many cases of intermittent pulse are due to
special types of “extra-systole,”

7. Pulsus alternans. The beats are regular
in time but unequal in strength. When the alter.
nation persists for a considerable period, it probaby
indicates a disorder of the contractile power of the
heart muscle, and not merely a passing disturbance of
the regulating nervous apparatus.

8. Pulsus frequens. The pulse is very rapid.
The increase in rate may be due to very various
cardiac conditions ; in some cases it may be traced to
the nervous mechanism, in others to undue irritability
of the muscle, and in yet others to the presence of
repeated pathological stimuli such as have been
referred to under “ extra-systole.” In extreme cases
the sequence of contractions may be so rapid that
the fall in pressure succeeding the dicrotic wave is
not developed, and the next upstroke of the pulse is
superposed upon the summit of the dicrotic wave.
In this way the so-called momocrotic pulse is
produced. ,

J. Pulsus tardus. The pulse is abnormally
slow. In some cases the retardation is due to the
nervous mechanism of the heart, in others to a failure
in the conductivity of the heart muscle. Of the latter
a very serious type is that where the muscular strands

=+ S S — ~
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which bridge the ring of fibrous tissue that separates
(he auricles from the ventricles fail to conduct
normally, and the ventricular contraction 1s conse-
quently either delayed or wholly absent, producing 1n
extreme cases the condition described as “heart-
block.”

10. Puisus trigeminus. Three beats and a
pause (Fig. 47).

11. Pulsus paradoxus. The pulse becomes
smaller or disappears at the end of inspiration when
the patient breathes deeply. It occurs in pericardial
adhesion.

12. The pulse 1s deseribed as wiry when the
vessels are contracted and the heart-beat is rapid and
moderately strong. This may occur in peritonitis.
When the heart gets weak, whilst the other condi-
tions continue, the pulse grows thready, but at
the same time the blood pressure generally begins
to diminish.

13. The pulse is said to be running when the
vessels are relaxed, and the heart’s action is weak and
fairly rapid.

SECTION VIII.—_THE VENOUS PULSE.

In a considerable number of cases where the cir-
culation of blood through the right side of the heart
is interfered with, either from valvular disease or
from increased blood pressure in the pulmonary
circulation, the embarrassment manifests itselt by
distension or pulsation in the veins. From their size,
nearness to the heart, and comparatively superficial
situation, the veins of the neck offer special facilities
for the study of these phenomena.

Whilst inspecting the root of the neck the
observer has alveady had an opportunity of noting
these appearances where they exist, but the several
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varieties and degrees of disturbance in the venous
circulation must now be more completely distin.
guished. A mere flicker of pulsation at the root of
the neck when the patient is recumbent is common
enough even in perfect health, and must not, in the
absence of further evidence, be regarded as indicating
any disease of the heart, When, however, the pulsa-
tion passes farther up, the case is entirely altered.
Two points must then be noted—first, whether there
1s actual regurgitation, or merely retarded emptying of
a full vein during the beat of the heart ; and second,
the exact moment at which the pulsation occurs with
reference to the apex beat. Sometimes there. is no
difficulty in distinguishing between regurgitation
and simple undulation in the vein. [n bad cases
of tricuspid Incompetence, a mere glance at  the
patient will at once reveal the naiure of the pheno-
menon. Where the conditions are less urgent, and
the distinction is less readily determined, a simple
plan is to empty the vein from below upwards by run-
ning the finger along it, and then to keep its upper
extremity closed by the pressure of the finger, so that
no blood can enter it from the periphery.

In cases of simple undulation, the vessel either
remains empty and collapsed, or at most vefills very
gradually, as small collateral branches discharge their
contents into it. Where, however, there is true
pulsation, the valves at the root of the neck have
ceased to be competent. As a consequence of this,
coupled with the overloaded state of the right heart,
a backward wave. of blood is forced into the vein,
which refills from below with a series of bounds
corresponding to the beats of the heart, and after
three or four pulsations is again distended and
pulsating as vigorously as ever, although the observer’s
finger continues to maintain the peripheral closure.

Regarding the time of occurrence of the venous
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pulse a great divergence of opinion has existed. The
following conclusions are now generally accepted” :—
A large wave is, in typical cases, driven back during
auricular systole ; a short time after it has obtained
its highest pressure, and when it is just beginning to
fall off, it is reinforced by the shock which the carotid
pulse imparts to all the adjacent structures. There-
after the pressure again falls, and often reaches 1ts
minimum towards the middle of ventricular systole,

i ;
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Fig. 60 (see text, p. 202).

when the obstacles to the entrance of blood into
the auricle seem to be less marked. The pressure
again rises near the end of ventricular systole, the
exact time of this second rise depending, on the one
hand, on the amount of tricuspid leakage——or in
smne cases perhaps of mere backward yielding of
the tricuspid curtains without leakage—and, on the
other, on the activity of the auricle; it then falls
off somewhat during ventricular diastole, to rise once
more at the commencement of the next cardiac cycle
with auricular systole. These conditions may be
traced in relation to the events of the cardiac cycle,
when the sequence will resemble that of the diagram

* James Mackenzie, “ The Study of the Pulse,”
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on p. 201, where the upper tracing represents the
movement of the recording lever of a suitably ad-
Justed tambour applied to the pulsating vein, whilst
the lower part indicates the events in the cardiac
cycle which correspond to the various parts of the
curve so obtained (Fig, 60).

 The details of individual tracings differ greatly ;
In some one part of the curve, in others another part,
being specially emphasised. In cases where difficulty
1s experienced in identifying the various waves found
in the tracing, a simultaneous trace of the radial
pulse should be taken on the same strip of paper.
The carotid wave on the jugular tracing will be found
at a point about one-tenth of a second earlier than
the radial pulse; a wave immediately preceding this
must be due to auricular systole, and a wave follow-
ing it to the accumulation of blood in the veins and
auriele during ventricular systole,

The venous pulse is best stadied by means of Mackenzie's
clinical polygraph.® This consists of a tambour and record-
ing lever, which are attached to an ordinary Dudgeon’s sphyg-
mogiaph, and a cup or “ receiver” which is placed over the
vein whose pulsation is being examined. The tambour and
receiver are connected by a piece of rubber tubing ahout three
or four feet long. When the tambour is properly adjusted to
the sphygmograph its movable surface is vertical, and the
writing lever moves horizontally., DBy means of special joints
the lever can be set at any part of the smoked paper, and the
pressnre with which it rests on it can be varied. The tambour
lever should be made to write a little Lehind that of thesphyg-
mograph, 8o that there may be no risk of the two levers coming
into contact. Upright lines to show the relative times of the
two tracings must be produced by allowing the levers to move
before the clockwork is started, or after it is stopped. The
distance between these is measured by a pair of compasses, and
the relation of any points on the two curves can then be
accurately determined.

In using the polygraph Mackenzie strongly urges the sub-

* Supplied by Hawksley, London,
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stitution of elastic bands for the rizid tapes that are ordinarily
uscd for fixing the sphygmograph in position,

The same instrument may be used to record pulsations of
the liver, but in this case the receiver is larger and of a some-

what different construction. : . i
For hospital use the best instrument is Gibson’s clinical

polygraph, which is arranged for vecording the radial and
jugular pulsations, the apex be:t, and the respiratory move-

ments simultaneously on a revolving drum driven by clockwork.

In certain circumstances a venous pulse of totally
different origin may be present. This is known as
the centripetal venous pulse, and is due either
to great dilatation of the arterioles, so that the
arterial pulse passes through the capillaries and 1is
visible even in the veins, or to an aneurysmal varix,
whereby direct communication occurs between an
artery and a vein, and the pulse-wave of the artery
reaches the vein by this channel. The observer can
have no great difficulty in recognising the nature of
such centripetal pulsation.

SECTION IX.—SYMPTOMS AND SIGNS OF
THE PRINCIPAL DISEASES OF THE
HEART.

1, Valvalar diseases.—(¢) Aortic incompe=
temce. The patient complains of attacks of giddiness,
is often pale, and his arteries pulsate. Capillary pul-
sation may be observed. The apex beat is displaced
downwards and outwards, and has a heaving char-
acter. The left border of the heart is farther out
than usual. A murmur accompanies the second
sound, as has been elsewhere described, and the
pulse exhibits a ¢ water-hammer " character.

(b) Aortic stemosis. Here the apex beat is
rather weak, and the displacement less notable than
in the last condition. The arteries are small, and the
tension of the pulse, before compensation is destroyed,
is somewhat high. Vertigo or fainting fits are not
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uncommon. The murmur is described on p. 165,
The aortic second sound is very weak.

(c) Mitral incompetence. This condition is
often associated with dyspneea, which is the first
symptom of which the patient may complain. The
face is apt to be cyanotic. The apex beat is of
moderate strength, and is frequently displaced out-
wards. On auscultation, in addition to the character-
1stic murmur, one finds marked accentuation of the
second sound in the pulmonary area.

(d) Mitral stemosis. Here the stress falls chiefl
on the left auricle and right side of the heart. The
apex beat is therefore only slightly displaced out-
wards, and is not unduly vehement. The murmur is
very frequently accompanied by a thrill, and in many
cases the second sound as heard at the apex is re-
duplicated. The pulse is at first not notably affected,
but gradually becomes irregular and feeble as com-
pensation fails.

' (e) Tricuspid incompetence, which is usually
secondary to mitral disease, is associated with dilata-
tion of the right auricle, and consequently with
outward displacement of the right border of the
heart, with venous and hepatic pulsation, and with
dropsy. The murmur has already been described ; the
second sound in the pulmonary area is weak. The
patient usually suffers from very decided dyspncea.

9. Idiopathic heart diseases lead at first to
hypertrophy and dilatation of the ventricles, sub-
sequently to fatty changes in the myocardium. The
physical signs will obviously vary with the stage of
the disease, and are frequently somewhat hard to
interpret. Like all other forms of heart diseaﬁse,
they terminate in failure of compensation, with
its accompaniments of dyspneea, urinary deficiency,
dropsy, and cyanosis. W i)

3. Pericarditis is characterised by pain in the
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chest, more or less fever, and by friction of a to-and-
fro character when ctiusion is scanty. When more
fluid has been poured out, the area of dulness is
triancular and oversteps the second left interspace.
The first indieation of an increase in the area of
dulness is often found to the right ef the sternum
immediately above the point where the liver and
heart duluess meet. The apex beat is internal to the
left limit of dulness, and may be weak or quite
unable to be felt. The pulse may be greatly affected,
and it is by this disease that the * pulsus paradoxus”
is produced.

4. Imtrathoracie ancurysm of the aortaleads
in some cases to a tumour at the upper part of the
chest, which is dull on percussion, and in which
expansile pulsation can often be observed. It may
also affect the character and synchronism of the
pulses at the two wrists, The auscultatory pheno-
mena are very variable. It produces numerous
symptoms of involvement of different structures
upon which it comes to press as it enlarges.

9. Cardiac asthma. This condition is charac-
terised by attacks of severe dyspneea, often lasting
for several hours on end. The patient is so breathless
that he requires to sit up, and may have to call the
accessory respiratory muscles into violent exercise.
it 1s distinguished from bronchial asthma by the
state of the heart, which is generally dilated, and
whose apex beat is weak. The pulse also is small,
rapid, and irregular, and the dyspneea is not of the
pure expiratory type which characterises asthma of
respiratory origin.
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CHAPTER V.

CriNicAL EXAMINATION OF THE Broonb,

Enumeration of red blood corpuscles.—
Tlis may be done by means of either a Thoma-Zciss
or a Gowers’ h@mocytometer! The former is the
simpler and more accurate instrument. We shall
describe 1t first,

> l. Thoma-Zeiss hiecmocyto-
meter.— The instrument consists of
a mixing pipette (Fig. 61) suitably
graduated and a counting slide.
Cleanse the lobe of the patient’s ear
with soap and water, dvy it, and rub
1t a little between the finger and
thumb in the drying, so as to render
1t hyperemic. Make a puncture on
the lower border of the lobe by means
of the lancet-shaped needle supplied
with the instrument. The needle
should be inserted with a rather
sudden stab—mnot too slowly—and
the blood must flow freely. On no
account must the blood be squeezed
out, as it is then always diluted by
lymph squeezed out of the tissues.
Slowly suck up blood by means of
the pipette till either the mark 0-5
or 1 is reached. If one should
happen to go a little beyond the 0-5
mark, the column of blood should be
Y gently blown down to the proper
Fig. 61.—Hwemoey- point, If blood has been sucked

Tioua-zelss. ~ Past the mark 1, it has reached the
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mixing chamber, and the process must be begun over
again. Having charged the pipette, wipe the end of
it on a clean cloth, and plunge it' at once into the
diluting fluid (Appendix, 18), which should be stand-
ing ready in a small, wide-necked bottle with the
stopper out. Suck up the diluting fluid as far as the
mark 101. Whilst doing so, the pipette should be
gently rotated so as to start the mixing. Seize the
pipette firmly by its ends between the forefinger and
thumb, and shake thoroughly for about one minute.
This produces a thorough mixing of the blood witls
the fluid. 1t must be remewmbered that the colamn

[EhR T

Lo i i IR
e
Fiz. 62, —Thoma-Zeiss Counting Slide,
s, slide; m, platfurm ; ¢, wall of trench.

of diluting fluid which occupies the capillary part of
the pipette does not enter into the mixture. Hence,
it blood is sucked up to 05, the dilution produced is
in the proportion of 1 in 200, whereas if blood is
taken up to the mark 1, the dilution is only 1 in 100.
The former degree of dilution is to be preferred in
most cases. The finger should now be removed from
the pipette, and the diluting fluid in the capillary tube
blown out. After a few drops of the diluted blood
have been shaken out, a small drop is transferred to
the counting slide (Fig. 62). The latter consists of a
small platform (m) bounded by a trench which is
surrounded by a glass slab (¢). On the surface of the
platform microscopic squares are ruled, each having
an area of 35 square millimetre. Special cover
glasses, carefully ground, are supplied, which rest
upon the glass slab, a space being left between the
under-surface of the cover and the surface of the plat-
form, which space is exactly 1, millimetre in depth.
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The drop of diluted blood should be placed in the
centre of the platform, and should be of such a size
that when the cover glass is placed in position the
drop is flattened out so as to cover most of the surface
of the platform, but wet without any of it flowing
over the edge into the trench. It requires a little
experience to enable one to take just the proper size
of drop. It is important that the cover glass should
lie quite flat upon the glass slab. This can best be
achieved by previously washing both it and the slab
with caustic potash, so as to remove all grease, and then
rubbing them with soft chamois leather. The cover
must be lowered into position by means of a needle.
One recognises that the cover glass is lying properly
by the appearance of concentric colour (Newtonian)
rings between it and the slab, The rings should be
visible when the cover is simply lying on the slab
without any pressure being exerted. The rings are
best seen by looking horizontally along the surface of
the cover. If they are not visible at first, gentle
pressure on the cover glass often brings them out.
Unless the rings are seen, one cannot be sure that
the space between the cover and the platform is
exactly 1; millimetre in depth. Having placed the
drop in position, and the rings being visible, one
should set the preparation aside for five minutes or
s0, to enable the corpuscles to settle. 1t should then
be examined with the low power to see whether any
air bubbles or foreign bodies are present, and whether
the corpuscles are distributed with fair uniformity
throughout the field, after which the high power is
used for counting. The little squares will be seen to
be marked off into sets of sixteen by double ruling
(Fig. 63). Should the lines marking off the squares be
only dimly seen, it may be necessary to intensify them.
This is best done by rubbing the surface of the plat-
form with a little finely powdered graphite—e.g. the
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gerapings from a very soft lead pencil—and then
polishing it with soft chamois leather. If the micro-
scope has a substage condenser the lines appear more
clearly if it is racked down to some distance below
the level of the stage.

For enumeration of f-"':i'*
the red cells, at least three fet=
sets of sixteen squares fZs7h:
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squares in each set should J< <)%, O G T A
be gone over systematic- frrfet S St E T s
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ally in horizontal rows |t
of four at a time. Of |

the corpuscles which lie To=

upon the lines bounding ==t N o
the row, only those on ] Pl P
the SRR (?1‘ and:on the lefe Fig. 63.—Microscopic ".File:w of Thoma-
hand lines should . be Zeiss counting-slide showing divisions.

eounted. ,
Caleulation.—Count the corpuscles in each of the

four horizontal rows from above downwards. The
total is the number of corpuscles in sixteen squares.
Count in this way three sets of sixteen, and divide
the total by forty-eight, which gives the average of
corpuscles in one square. But the dimensions of
this square are [1s X 1% = 3355 cubic millimetre.
Therefore, if there be @ corpuscles in this dimension,
there will be 4,000 # in 1 emm., But the blood was
diluted 200 (or 100) times. Therefore, in 1 cmm.
of blood there will be 4,000x x 200 (or 100) cor-
puscles. _

Suppose, for example, that one. finds a total of
288 corpuscles in the forty-eight squares. This gives
an average of six corpuscles per square, or 6 x 4,000
—z.¢. 24,000 per emm. of diluted blood, or 4,800,000
per cmm. of pure blood, if the dilution was one in
two hundred, "l
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_ The constant error in the Thoma-Zeiss instrument
15 less than 1 per cent. of the total result. The
variable error depends upon the number of corpuscles
counted. By counting 200 corpuscles, it amounts to
O per cent. of the total ; by counting 5,000 it amounts
to only 1 per cent. To count the whole 256 squares
t-a,kes‘ about half an hour. This usually means
counting 1,200-1,500 corpuscles. The co-efficient of
error is then about 2 per cent.

2. Gowers’ haemocytometer.

The instrument consists of a capillary tube
graduated for 5 cmm., and a pipette graduated for
9193 cmm., a mixing vessel and stirrer, and a counting-
slide. .
Take up 995 cmm. of diluting fluid (Appendix,
18) in the pipette, and transfer it to the mixing
vessel. Suck up 5 cmm. of blood in the capillary
tube and gently blow it into the above quantity of
fluid, Mix the two very thoroughly by rotating the
stirrer between the finger and thumb. The blood is
now diluted in the proportion of 1 in 200. Transfer
a drop of the mixture to the centre of the ruled area
on the counting-slide, cover, and fix the cover glass
with the clips. The ruled area is divided into squares
of {5 mm. square, and the space between the surface
of a square and the under surface of the cover glass is
L mm. in depth. Count the corpuscles in ten squares.
The result multiplied by 10,000 is the number of red
cells in a cubic millimetre of undiluted blood.

The normal mumber of red corpuscles ig
5,000,000 per emm, In some full-blooded adults this
number may be exceeded. In females, even in health,
it is usually rather smaller (about 4,500,000). The
blood of newly-born children sometimes contains
more than 5,000,000, and that number is also sur-

sed in cases of prolonged cyanosis.

The number is reduced in all forms of anemia.
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In chlorosis, however, the number of corpuscles may

be normal, or nearly so.
Enumeration of lencocytes.

1. By the method of *‘ squares.” .

A special pipette is supplied for this purpose with
the Thoma-Zeiss instrument. It is used in precisely
the same manner as the red-corpuscle pipette, but
permits of a lesser degree of dilution of the blood.
The best diluting fluid to employ is one containing
1 cc. of glacial acetic acid in 100 cc. of water, to
which enough of a watery solution of methyl green or
gentian violet has been added to give the mixture
a decided colour. The advantage of this mixture 1s
that it dissolves all the red cells while it stains the
nuclei of the white. One can thus easily count the
whites, and at the same time note roughly the rela-
tive numbers of the uni- and multi-partite nucleated
varieties.

It is important that a large drop of blood should
be allowed to exude before one begins to fill the
pipette. The blood should be sucked up to the mark
0+, the end of the pipette wiped, and diluting fluid
taken up to the mark 11.

Owing to the relatively large calibre of the
pipette, the blood is apt to run out of it. It is well,
therefore, to keep the pipette in a horizontal position
so soon as one has filled it with blood.

The blood and the fluid are mixed as already
described. This produces a dilution of 1 in 20. A
drop is then placed on the counting-slide with the
same precautions that were observed in the case of
the red cells.

In this case the whole sixteen sets of sixteen
squares should be counted, or 256 squares in all
Instead of going over the squares in rows of four, a
whole set of sixteen can easily be counted at one time,
A movable stage greatly facilitates the enumeration.
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One should note on a piece of paper the number
of leucocytes with multipartite and with rounded nuelej
respectively in each set of sixteen squares. In this
way one gets a rough idea of the proportion of each
variety present, and by adding them together the
total number of white corpuscles is obtained. ' The
caleulation is made in the same way as that of the red
corpuscles, it being borne in mind that eacl of the
256 squares counted represents ;.. cmm. of diluted
blood, and that the dilution is much less than in the
enumeration of the reds (1 in 10, or 1 in 20).  For
example, if there be twenty-five leucocytes in the 256
squares, this represents an average of %% per square,
or ;%% X 4,000 per cmm. of diluted blood, or 7,812
per cmm. of pure blood if the dilution is 1 in 20.
This is about the normal number.

In  leukemia, where a very large excess of
leucocytes is present, one can easily count the red
and the white cells in the same drop. For this
purpose a 3 per cent. solution of common salt just
coloured with a gentian violet is to be preferred for
diluting the blood. This stains the nuclei of the
whites, and at the same time preserves the reds.
Toisson’s  solution (Appendix, 19) may be used
similarly. The dilution and calculation are the same
as for the red cells,

In most cases, however, it is not easy to make an
accurate estimation of the leucocytes by means of an
ordinary hmmocytometer such as that of Gowers,
Should its use be unavoidable, it will be found that
the easiest way to pick out the white corpuscles from
the mass of reds which tends to conceal them is to
raise the microscope a little and then focus slowly
down upon the ficld. The white corpuscles, being -
highly refractile, come into view first as little bright
spots, and can thus be more easily enumerated. If
Gowers’ instrument is used, one must count the
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leucocytes in fifty squares, and multiply the result
by 2,000. This gives the number of leucocytes 1n
1 emm. of pure blood.

2. By the method of * fields.”

In this method instead of counting the corpuscles
in squares one counts them in cylinders, the depth of
the cylinder being that of the counting chamber
(+5 mm.), whilst the diameter is that of the field of
the microscope. The diameter ean, of course, be varied
at will by using different object lenses and oculars.

Different modes of procedure, according to this
principle, have been described by different workers,*
but the method of Dr. O. Griinbaum has much practical
convenience. He proceeds as follows: The blood is
diluted with Toisson’s fluid (Appendix, 19) in the
proportion of 1 in 100, and examined in a Thoma-Zeiss
counting chamber. The diameter of field employed 1s
one of 0-357 mm. This is obtained by using a
1 objective and No. 4 compensating ocular, the draw-
tube being pulled out to 1965 mm., and permanently
marked at that point. The number of white cells is
counted in fifty fields (taking care that these do not
overlap), and the result multiplied by 200, which
gives the number of leucocytes per cubic millimetre.
If less or more than fifty fields be counted, find the
average per field and multiply by 10,000.}

Dr. Turton uses a field of such diameter that the
cubic content of the cylinder examined is 11, cmm.
The diameter required to. yield this is, roughly, 71

7 For an account of these, as well as of the mathematical cal-
culations employed to ascertain the capacity of the cylinder, see a
%ﬁl[}:-fr by Dr. Edward Turton, British Medical Journal, Feb. 25,
905,

_ T Dr. Griinbaum’s method is based upon the following ealeula-
tions (Lancet. Oct. 18, 1902): If the diameter of the field be 8
dwm.mm of the Thoma counting chamber the radius will be 02 mm.,
and by using th:i formula 7 = & the volume of the mixture seen at
one time 15 (0°2)* X 7 X % = yg*zg. Therefore, with a dilution of,
L in 100 the average number per field must be multiplied by 7,954
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Squares of the Thoma-Zeiss slide, As every fifth
Square on the slide is divided into two by another
ruled line, it is only necessary to take a quarter
of a half-square thus marked off, which with
seven whole squares will give the diameter of the
field (Fig. 64). By
a suitable eyepiece
— and 1 in. objective
1t is quite easy, by
& X moving the draw-
\ tube up and down, to
\ arrange a field with
a diameter of just 71
/ squares ; this having
; . 24 been found it is only
necessarv to make a
mark on the draw-
tube, and the ar.
Kig. 64 (see text). rangement can be

used without any

further calculation beyond counting 20 fields with a
dilution of 1 in 20 and adding two cyphers to the

in order to ascertain how many leucocytes there are in a cubic
millimetre of blood. As the number 7,958 is obvious] ¥ incon-
venient, it is arranged that the size of the field be diminished until
this is increased to 10,000. The diameter of the field must be such
that 72 = h = 1}y, that is » = 0°1785 mm., or the diameter = 0357
mm. This may be contrived in the following way : Suppose, with
a } in. objective, No. 4 compensating ocular, and 175 mm. tube,
the diameter of the field is 8 squares, or 0'4 mm., on extending the
tube to 200 mm. the diameter of the field becomes 7 squares, or
035 mm. Since the diameter of the field varies inversely as the
length of the tube, and an increase of 25 mm. in the latter causes
a diminution of 0°05 mm. in the former, it follows that an increase
of 21'5 mm. will reduce the diameter of the field from 04 mm. to
0:357 mm. Therefore, with a tube length of 1965 mm., the
average number of white cells per field must be multiplied by
10,000, with a dilution of 1 in 100, or by 1,000 with a dilution of
1in 10. As the above ecaleulation is only an approximation, it is
important to check the results once for all for the lenses actually

used, by means of a stage micrometer.
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number so obtained in order to get the number of
leucocytes in 1 cmm. _ :

The mumber of leucocytes in normal blood is
about 7,000 per emm., or 1 to 700 reds. The number
varies, however, within considerable limits even in
health. The normal proportion of leucocytes with
divided nuclei to those with rounded nuclei is about
2 to 1. '

A physiological leucocytosis, in which the small
cells with rounded nuclei (lymphocytes) are both
absolutely and relatively increased, occurs in infancy
and after meals. In the pathological lewcocytosus,
met with in fevers and other conditions, the increase
affects chiefly the cells with multipartite nuclei, and

these may come to be ten or more times as numerous
as the others. A relative increase in the number of

the large lymphocytes occurs in malaria. The condition
of the leucocytes in leukemia will be referred to later.

After use, the diluting pipettes should be
thoroughly cleaned. A little trouble in this is repaid
by saving of time and annoyance whem next they
come to be used. They should be washed out (1)
with distilled water, (2) with absolute alcohol, and (3)
with ether. A stream of air should then be blown
through till one is sure that the glass ball in the
chamber moves freely without tending to adhere to
the sides. To save time in these manipulations, the
rubber tube may be taken off and the fluid blown out
through the wide end of the pipette. Coagulated
blood may be removed from the capillary tube by
means of a horse-hair. If the blood adheres firmly
to the pipette, it may be removed by repeated rinsing
with strong alkali or acid, or it may even require to
be digested away with pepsin.

For the estimation of the amount of hemoglobin
one has the choice of several instruments :

1, Gowers’ haxmoglobinometer.—Place g
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couple of drops or so of distilled water in the little
graduated test tube supplied with the instrument. (et
a large drop of blood from the ear, and fill the pipette
with it up to the mark. Then dip the end of the
pipette into the distilled water in the tube and gently

EE

=’: ONDON.

Fig. 66,.—Haldane's Hemoglobinometer,

A, standard blood solution 3 B, graduated mixing tube : C, runbber stand : D
pipette ; K, bottle for distilled water ; F, lancets ; G, tube and cap for
fixation to gas burner.

blow out the contained blood. Mix and go on adding
water drop by drop, comparing the colour from time to
time with that of the standard tube, The latter is
filled with tinted gelatine, and represents the colour of
blood which contains a normal amount of haemoglobin
when diluted in the proportions effected by the instru-
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ment. The comparison should be made both by trans-
mitted light, care being taken to hold both tubes
level with the eye, and by reflected light, the tubes
heing held side by side against a sheet of paper.
Good daylight is indispensable. Stop adding water
when the tint in the two 1s the same, and read off the
level at which the mixture stands in the graduated
tube. If this be at (say) 60, then the blood con-
tains 60 per cent. of heemoglobin. The mean of the
dilution which is just too much and that which is

2. Haldamne’s hxmeoeglobinometer. —Hal-
dane has modified Gowers’ instrument by using as
a standard of comparison, instead of gelatine tinted
with picrocarmine, a 1 per cent. solution of blood
containing the average percentage of hmmoglobin
found in the blood of healthy men, and saturated with
carbonic oxide. It has an oxygen capacity of- 185
per cent. as determined by the ferricyanide method,
and 1s both definite and permanent

The instrument is shown in Fig. 65. It is used as
follows :—

Sufficient water is first placed in the graduated tube to
dilute the blood as far as safely possible. A puncture is then
made in a finger or the lobe of an ear, and the capillary pipette
(which must be elean and dry) at once filled to a little beyond
the mark 20 from the drop of blood obtained, The point of the
pipette is wiped, and dabbed on any convenient surface until
the contained blood stands exactly at the mark, The blood is
then gently blown out into the graduated tube, where it sinks ;
the pipette is rinsed with the water in the graduated tube and
withdrawn. The piece of rubber tube attached to a gus burner
18 now introduced into the graduated tube to near the level of
the water, and gas allowed to pass for a few seconds. As the
tube is withdrawn (with the gas still passing) the end is closed
with the forefingzer, and the liquid made to pass up and down
in the tube—not violently shaken—at least a dozen times, so
as to saturate the hwmoglobin with CO, During this manipu-
lation the tube is held in a handkerchief, otherwise it will
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become heated and liquid will spurt out when the finger is
withdrawn. Water is wow added drop by drop with the
pipette stopper, the tube after ench addition being inverted,
until the point is reached at which the tints of the liquids
in the two tubes are just equal. In judging of the equality
the tubes should be held against the light from the sky, or,
if artificial ligkt be used, from an opal glass shade. It is
also absolutely necessary to transpose the tubes repeatedly ;
otherwise serious errors may arise. The level is read off
on the graduated tube after half a minute has elapsed since
the last drop added was mixed with the rest of the liquid by
inverting the tube, The observation is repeated after the
addition of another drop of water, and if necessary another,
until the point is reached when the tints are again unequal.
The true resulf is the mean of the readings giving equality.
The error in any single determination ought not to exceed
1 per cent.

The result obtained is the percentage actually present of
the average propoition of heemoglobin in the blood of healthy
adult men. The blood of healthy men, however, contains
more hwemoglobin on an average than the blood of healthy
women and children. Women give an average of 89 per cent.,
and children of 87 per cent. of the proportion in men, "The
results may be expressed in terms of oxygen capacity (the
number of volumes of oxygen taken up in combinution from
air by 100 volumes of blood), if it be borne in mind that 100
per cent. on the scale corresponds to an oxygen capacity
of 184,

The advaniages of the modifications introduced into the
original method of Gowers are: (1) That the standard solution
is a definite one, so that an instrument can be verified at any
time by making a determination with ox-blood of which the
oxygen capacity has been determined by the ferricvanide
method ; (2) that the standard solution is permancent; (3) that
the apparatus can be used with equal correctness by daylight
and artificial light.*

3. Oliver’s haemoglobinometer (Fig. 66).
— The apparatus adopted by Dr. Oliver is founded on

# If the capillary pipette becomes blocked or soiled by
coagulated fibrin, use the brass wire in the case from the wide
end of the pipette, or a horse-tail hair, to remove it. (On no
account use iron or steel wire.) To dry the ]i:ipﬁtl:e, suck air
through it. Always examine the pointed end of the pipette
before using it ; it should be smooth and rounded ; if sharp or
angular it is broken,
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the colorimetric principle.  But the applications
of that principle are modified in these ways :—

(1) Double transmission of light (or reflected light) is used
instead of single transmission.

(2) A standard white background is selected on which the
solution of the blood and the standard colours rest.

(3) The standard is presented as a series of definite
eradations,

(4) The colour of the blood solution is compared with that

of the standard in camera.

The apparatus consists of an automatic blood measurer, a
mixing pipette, the blood cell and cover glass, the sets of
standard gradations, the riders, the camera tube, the light, a
bottle of antiseptic fluid, the lancet, needles and thread.

The automatic blood measurer (¢) has a capacity of 5 emm..
and fills readily by capillary attraction. The handle is
useful for stirring together the blood and water in the blood
cell. i

The miring pipette (d) is provided with a rubber nozzle
which fits over the polished end of the blood measurer, and
ensures the complete rinsing out of the blood with the first few
drops of water.

The blood eell (e) i8 of more than sufficient capacity to ensure
the complete liberation of the hwmoglobin. It yields a blood
solution of rather less than 1 per cent. when filled level with
the rim. It is itself the measure of the amount of water to be
added, and it is quite easy to fill it accurately.

The standard gradations (a) are arranged as circular dises in
two slabs —six in each ; and they represent the divisions of 10
degrees of the scale from 10 to 120 inclusive.

The riders ave small squares of tinted glass provided for the
reading of the degreesintervening between each of the standard
gradations,

The daylight standard is less adapted to the finer readings
than the candle-light one, because the value of each rider
when used with it is doubled, i.c. number one rider becoming
equal to 2 degrees in the upper half of the scale and 4 degreez
in the lower half; therefore the candle-light standard is pref-
erable for such readings : and when it is used each rider has
an equivalent value in the six stronger grades=1 degree. and
a double value in the six weaker grades — 2 degrees. Faus

The light.—For observation by artificial light it has been
found that the small-sized wax candles known as Christmas

P
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j.—Oliver's Hemoglobinometer (see text),

fil

Fig.
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candles are the most satisfactory in affording the most suitable
intensity of light, and one, moreover, which is sufliciently
uniform,

How to make an observation.—The bire of the blood-
measurer i8 first of all dried out by passing through it a
needle threaded with darning cotton, and then the polished
point is presented to the drop of blood. Care must be taken
to see that the pipette is really quite filled, and, if it has been
necessary to re-apply it to the drop, it should be observed
whether there is a break in the column of blood. The rubber
nozzle of the mixing pipette, charged with water, is adjusted
over the polished end of the pipette, and the blood is washed
into the blood-cell by pressing through the water drop by
drop. "The handle of the pipette is then used as a stirrer, and
the further additions of water are made to impinge on it, for
1t serves to graduate the size of the drops required accurately to
fill the cell. A final thorough mixing with the handle will
be required, and perhaps another slight addition of water may
be necessary to secure u level filling. The cover glass is then
adjusted, when a small bubble should form, a sure sign that
the cell has not been overfilled. The blood-cell is now placed
by the side of the standard gradations, and the eye quickly
recognises its approximate position on the scale, Then the
camera tube will more accurately define it, If it is found that
the blood solution is' matched in depth of colour b y one of the
standard grades, the observation is at an end, but if it is
observed to be higher than one gradation but lower than that
above it, the blood-cell is placed o pposite to the former and the
riders are added to complete the estimation.

In all tintometrie observations take a standard time for
looking down the camera tube (a ten-scconds observation is
most convenient).

4. Tallgqvist’'s method. —Tn  this method,
which has the merit of great simplicity and ease
of application, along with quite a fair degree of
accuracy, a drop of blood is allowed to fall upon a
piece of standard blotting paper and compared in
good daylight with a paper colour scale of tints
ranging from 10 to 100 per cent., the bloodstain
b‘emg moved along the scale till a match is found.*
The comparison should be made as soon as the stain

* The scale is supplied by Messrs. Allen and Hanbury,



222 Tue Broop.

has lost its humid gloss and before it is thoroughly
dry (Cabot).

 One can also state the percentage of haemoglobin
n terms of the amount contained in each corpuscle,
this being known as the colour index. Thus,
if the number of red cells be 20 per cent. of the
normal and the hemoglobin 10 per cent., then the

hemoglobin value of each corpuscle is 19 or ! normal.

]

The importance of this method of expressing the facts
1s scen when one recollects that the total amount of
h@moglobin in the blood may be diminished while
the amount in each corpuscle is really above the
normal.  This happens in some forms of anwmia.

The last point to be remembered in making blood
estimations is that, as far as possible, all observations
on the same individual should be carried out under
the same conditions as regards time of day, taking of
food, ete. This is important, as it is found that the
composition of the blood is temporarily altered by
the taking of food, or by the occurrence of profuse
sweating, diarrheea, ete,

MicroscoricAL EXAMINATION oF . BLoobD.

Blood may be examined (1) fresh, (2) fixed but
unstained, (3) stained.

1. Blood examined fresh.—A drop of blood is
transferred from the ear to a slide, covered, ringed
wilh vaseline, and examined at once,

In the case of normal blood, the red corpuscles
will be observed to range themselves in rouleaux
as one watches, clear spaces being left between in
which the white cells and little clumps of aggregated
platelets may be seen. Any abnormality in the shape
of the red cells or in the formation of rouleaux
should be noted. One can also see if any large
excess of white corpuscles is present. The presence
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of abnormal elements should be noted. Among these
are abnormal varieties of white cells, more easily
recognised, however, in stained H]Jt':t:illl('!lﬁ. .

The best method of staining preparations of fresh

IFEg- ﬁT.—Fi]ﬂTi:‘l n'ﬁﬂ't-”l'“ﬂ; » Iﬁn‘_ {_f’ﬂ{!r Fﬂfrfc]‘: -ﬂfﬁﬂ-"ﬂﬂ..}

blood is to dilute the drop with an equal quantity of
per cent. salt solution, to which a little methyl
violet has been added. This stains the nuclei of the
leucocytes and the blood plates. Tt also brings out
nucleated red corpuscles if these are present.
Sometimes particles of pigment can be noticed
amongst the corpuscles. This condition, known as
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melanemia, is found occasionally “in  chronic
malaria, e}

The spivillum of relapsine fever can he I'eCog-
nised by this method,” and also the Filariwe san-
guinis hominis. This latter can be seen, with g

low power, moving about among the red cells. They

Fig. 68.—Embryos of Filaria nocturna in blood : x 50, (From an original
micropholograplh,)

average about -l. in. in length, and are about as
hmml as a red blood corpusc le (Figs. 67, 68). They
remain alive for a surprisingly lnn:r time even at
ordinary temperatures, -sm!uurtlh if the preparation
18 L'F.}Jr from drying by being sealed with a hittle
vaseline.. The tulhmmrr is the' me thod recommended
by Mamson for their demonstration -

Spread out a thick drop of blood on a slide by
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means of a needle, and allow it to dry. It may then
be preserved indefinitely, When'the parasites are to
be demonstrated, immerse the slide in a solution of
one drop of saturated alcoholic' fuchsin in 1 oz. of
water. Stain in this for one or two hours, If, on
examining the film, it is found that the blood is very
deeply stained, one must decolorise by means of dilute
acetic acid (four drops of acetic acid to 1 oz. of water),
The specimen may be examined either wet or dry,
and with or without a cover. On searching it with
a low power, the filarize will be recogniseéd by - their
being very deeply stained. The prep wration is apt
to fade after a few days. - g

A more rapid result is ohtained by staining the
film for half a minute in a 2 per cent. solution
of methylene blue. It is. then decolorised. ‘a
little with dilute acetic acid as above described,
and examined with a low power while wet. If
4 permanent preparation is desired, the film is
allowed to dry and a drop of balsam and a cover
glass applied,

2. Blood cells fixed but unsiained. T s
is the best method for studying changes of shape and
size in the cells; 2 per cent. osmic acjid_is.the most
useful fixative. Place a drop of i¢ on the finger or
lobe of the ear, and prick the skin through it. The
blood is fixed as soon as it exudes, and the mixed
drop may be examined immediately.” The addition
of a little methyl green to the osmic acid helps to
bring out the nuclei of the leucocytes. Permanent
preparations may be obtained by running in a drop of
glycerine under the cover glass, ;

This method shows very well the blood plates and
the size and shape of the red corpuscles.  Normally,
of course, the latter are all dise shaped and practically
uniform in size. In some diseased conditions, how-

ever, this ceases to hold good. Thus there may ‘he a
P

& i
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number of red corpuscles present which are decided]

smaller than normal (microcytes), whilst others
again, may be considerably above the averace size
(megalocytes).  Or the red corpuscles 111?1}* be
distorted—spindle shaped, indented, budded, etc.
This is known as potkilocytosis. Tt is apt to
oceur in some forms of anwmia, especially in per-
nicious angemia.

3. Examination of blood in films. s
may be made either on slides or on cover alasses.
The former have the advantage of being more easily
manipulated, but cover glasses give the best results.
The slides should be of colourless glass, thin, and
with ground edges. The cover glasses should be #
inch square, and as thin and flexible as possible, Tt
1s important that both slides and cover glasses should

>T
A

Fig 69.—Method of making slides on caver slips. (After Daniels.)

be entirely free from grease. To ensure this they
should be dropped one by one into an enamellid iron
dish containing 10 per cent. chromic acid and boiled
for 20 minutes. They should then be tipped into a
shallow basin, and water allowed to run on them till
the washings are colourless. After this they are
covered with spirit and finally transferred with
forceps to a wide-necked stoppered bottle containing
absolute alcohol. When required for use they should
be picked out with forceps, excess of alcohol drained
off, and the remainder got rid of by passing throngh
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a flame. They should finally be rubbed with a clean
handkerchief.

If ordinary slides or cover slips have to be cleaned
in a hurry, glacial acetic acid, followed by water and
alcohol, gives good results.

How to make films.—(1) On cover slips.
The surface of the cover slips must on no account
be touched by the fingers. - They may be held
by their corners between the thumb,
middle, and index fingers, but it is
preferable to use forceps—a clamp
forceps for the lower cover slip
and a fine-pointed forceps for the

oRap OF BLOOD

FILM OF ‘BLOGD SLIDE

Fig. 70.—Diagram showing method of making a blood filin by means of
two slides,

upper. Clean, dry, and prick the lobe of the ear;
wipe away the first drop of blood, and when another
about the size of a large pin’s head has appeared
touch, its apex with the upper cover slip and lightly
drop it diagonally on to the surface of the lower.
Wait a second till the drop has had time to spread
itself out, and then slide the two slips apart, avoiding
any pressure or lifting (Fig. 69). The lower slip will
usually be found to have the better film on it.

(2) On slides. If one of the slides has a smooth,
round edge it may be used to “plane out " the drop
of blood upon the other, as shown in Fig. 70. The
upper slide should meet the lower at an ancle of
45 degrees, "
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Better results are obtained by the use of gutta-
percha tissue or cigarette paper.

Take a piece of smooth gutta-percha tissue about
2 inches long and 1 inch broad. Fold it slightly
along its long axis so that one side becomes somewhat
convex. Pass one end of the convex surface lightly
across the top of the drop of blood, and immediatel
lay it flat on the slide near one end. When the
drop has spread itself out draw the gutta-percha
tissue flatly along the surface of the slide. If
cigarette paper* is used, cut strips across its long

BLOOD

\

—_———— - - :

STRIP > RIBS

— —_— i 2 _J

-~GUMMED
EDGE

Fig. T1.—Cigarette paper prepared for making blood films. (Afier Howard
and Pales.)

axis, each about 3 inch broad, and as long as the
paper 1s wide (Fig. 71). Pass the edge of the strip
across the summit of the drop of blood, lay it on the
slide, and, when the drop has spread, draw it along.
Use a fresh strip for each slide.

Fixation of the film. _Films may be fixed
either while still wet or after drying. The former
method has the advantage of fixing the leucocytes
in their natural shape, and not flattened out as they
are apt to be in dried films, and is also better for
showing up details of nuclear structure ; on the other
hand, the dry method is rather more convenient.

* The ““Tarlene” or *‘Zig.zag” papers are best. Ordinary
glazed notepaper will also do, but cigarette paper is preferable, «
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| ixing fi ilst still
1) The best method of fixing films whilst sti
mgd{i)s that proposed by Gulland. He uses the

fol'owing fluid :—
Saturated solution of eosin 1n abso-

oK
Iute alecohol .;: cce.
Pure ether ... 2D ce.

Solution of corrosive suh]jnmte in
absolute alcohol (2 grms. in 10 cc.) 5 drops.

¥

S |

Fig. 72.—Copper plate for fixing blood films by heat,

Some of the fluid is placed in a flat dish, and
the cover slips are floated upon it wet side downwards -
9-10 ce. is sufficient for four cover glasses,

Films on slides may be plunged into a wide-
necked bottle containing the fluid. Fixation is
complete in three minutes, but it does no harm to
lcave the films for even 24 hours, Wash thoroughly
in water, stain for a minute in saturated water
methylene blue, wash, and dehydrate with absolute
alcohol, clear in xylo!, and mount in xylol balsam,



230 Twr Broop.

Red corpuscles are stained pink, all nuclei dee
blue, the bloodplates a fainter blue. 'The bodies
of the leucocytes are in various shades of pink,
the eosinophil and basophil granules being well
brought out. Organisms are also well stained.

Pus, sputum, ete., may be examined by the above
method, but the fixation time for those should be
longer,

(2) Dry methods.—Properly made films should dry
in a few seconds after they are made. They may then
be fixed by one or other of the following methods:—

(@) Heat.—This method is only advisable if
one wishes to employ the triacid stain. A
copper plate may be used, one end of which is
heated by a lamp or Bunsen. After about a
quarter of an hour the temperature of the plate
1s uniform, and by dropping on water one can
find the point at which it boils briskly, which
will prove to be 100-110° C. TLay the films face
downwards at this point and leave them for ten
minutes. In Fig. 72 is shown a convenient form of
the apparatus.*

If a small copper oven is obtainable it is preferable
to the above arrangement.

For ordinary stains an exposure of two minutes to
a temperature of 110° C. is sufficient, but if one desires
to bring out the granules very clearly, as in using
the triacid stain, an exposure of at least ten minutes
is necessary. Preparations which have been over-
heated fail to stain well, whilst in those which have
been insufficiently heated the staining is apt to be
diffuse and, if {riacid is used, in the tone of the acid
fuchsin,

* It may be obtained from Messrs. Watson, High Holborn,
W.C.

+ The best form is a modified Vietor Meyer’s apparatus, with a
roof of thin plate-copper and heated by toluol.
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(b) Chemical fixatives.— Of these there are
gseveral. The most convenient are ;—

Formol vapour. An exposure of ten minutes is
suflicient,

Absolute alcohol and ether. Equal parts, for
two hours,

Formol and alcohol. Various strengths have
been proposed, but a mixture of 10 parts of formol
to 90 of absolute alcohol will be found to answer very
well (Gulland). The dry films are floated in this for
three to five minutes, though a slightly longer exposure
will do no harm. Slides may be plunged into a wide-
necked bottle containing the mixture.  Wash in
tap water. Stain (see below), wash again, dry and
mount.

How to stain the film,—No single method
of staining 1s sufficient for all purposes. For all-
round work a combination of methylene blue and
eosin is perhaps best, but logwood and eosin give a
very good general impréssion of a film, whilst for
finer work the triacid is the best mixture.

(a) Logwood and eosin. Films fixed by any of the
above methods should be stained in Meyer’s heemalum
or in Delafield’s hematoxylin for about one minute,
washed in tap water, and counter-stained for a
moment with saturated watery or a strong solution of
alcoholic eosin, and then washed, dried, and mounted
in balsam.

(b) Methylene blue and eosin. Any of the above
methods of fixation may be employed, but formol
vapour or formolalcohol are the most convenient.
It 15 well to remember that eosin discharges methy-
lene blue much better than the last-named does the
former. Stain in strong watery or alcoholic eosin
till the film is bright pink. Wash, counter-stain
with saturated watery methylene blue, controlling
the depth of staining under the low power of the
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microscope.* (Half a minute js usually long enough,)
Wash in water, dry, and mount in xylol-balsam,

(¢) Triacid stain (Appendix, 28). The best
results are obtained in films fixed by heat. Stain
for from one to five minutes, (The exact time
required varies in different hlms.) Wash in distilled
water, dry, and mount.

Special methods,  Of these the following may
be briefly described :—

Jenner's method. T The stain T consists of a S per
cent. solution of a specially prepared crystalline com-
pound of methylene blue and eosin in pure methyl-
alcobol.  Films are made on cover slips in the usual
way. So soon as they are dry a few drops of the
solution are poured on, and they are covered with
watch glasses to prevent evaporation and precipitation
of the stain. Pour off in one to four minutes, rinse in
dustilled water till pink. (This takes 5-10 seconds. )
Dry rapidly high over a flame or by waving in the
air.  Mount in xylol balsam, If tap water is used
for washing, dip the film in it for a moment only,
and dry between blotting paper or high over a flame,

In a successful film the red corpuscles are terra-
cotta coloured ; nuclei are blue, platelets mauve, the
granules of polynuclear cells and myeclocytes red,
mast cells dark violet, bacteria, filarial and malaria,
parasites blue. If washed in tap water the red
colour is more pronounced, the nuclei of the white
corpuscles are pale, and the dark blue of the bodies
of the lymphocytes stands out in contrast to the
now pale nuclei, NN

Levshman’s  Method.—This is a simplification
of the method of staining first introduced by

* If over-stained with methylene blue, dip for a moment in
1 per cent. acetic acid and wash in water.

t Lancet, Feb. 11, 1899,

1 Supplied by R. Kanthack, 18, Berners Stl:eel:, W. ; and by
Messis. Baird & Tatlock, Cross Street, Hatton Garden, I.C,
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Romanowsky. The stain consists of a compound of
alkaline medicinal methylene blue and ecosin, extra
B.A. (Griibler) dissolved in pure methyl-aleohol in
the proportion of 0-15 per cent. A few drops of the
stain are distributed over the dry film, no attempt
being made to check evaporation. After about half a
minute double the quantity of distilled water is run
on and left for five minutes. The stain is now gently
washed off with distilled water, a few drops of which
are allowed to rest on the film for one minute, at the
end of which time the specimen is ready for examin-
ation, either directly in water under a } or L objective
or, after drying (without heat) and mounting in xylol
balsam, under an immersion lens,

Red corpuscles are stained pale pink or greenish ;
nuclel a ruby red ; micro-organisms blue; the body
of the malaria parasite stains blue and its chromatin
ruby-red.

Examination of the filim.—In a good film
the corpuscles should be spread out evenly, no
rouleaux being seen. Even with the low power the
white cells can be recognised by their stained nuclei,
and some idea of their relative numbers gained. For
the minute examination of the white cells a high power,
and preferably an immersion lens, is requisite. In
many cases 1t is important to make a ¢ differential
count”” in order to ascertain the relative numbers of
the different varieties of leucocyte. For this purpose
several hm}dmd cells must be counted, which, with a
little practice, can be done in a quarter of an hour.*

It is often necessary also to calculate the absolute
number of each kind of white cell per cub. mm. of

* To assist in making a differential count, Ehrlich recoms-
menids the use of an eye-picce with a square diall. hragm to limit
the field. This 18 made in two forms: (a) a simple diaphragm to
drop into the micrometer eye-piece (Zeiss) : (b) an ocular ‘;ith a

square diaphiagm of iris pattern (Leitz), T P i
convenient form. 1 ( ). The latter is the more
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blood, as otlLerwise a relative increase or diminution
of one kind may be mistaken for an absolute Increase
or reduction. Throughout adult life the absolute
number of polynuclears per cub. mm. is about 5,000,
whilst that of the lymphocytes is about 2,000.

The following are the varieties of leucocytes found
in normal blood (Plate V.), with their relative pro-
portions : —

1. Leucocytes with multipartite nucleus and very
fine neutrophil granules (so-called ¢ polynuclears ”),
70 per cent.

2. Leucoeytes with round or branched nucleus and
coarse oxyphil granules (“ eosinophils "), 2—4 per cent.

5. Small leucoeytes with round nucleus and no
granules (lymphocytes), 22-25 per cent.

4. Large leucocytes with oval nucleus and no
granules (“‘large mono-naclears”). These pass into
the ¢ transitional forms” with notched nuclei, more
deeply staining, and perhaps a few neutrophil granules,
Together these amount to 2—4 per cent,

9. Polynuclear cells with intense basophil granula-
tion* (“mast cells”), 05 per cent.

The alterations which occur in the relative pro-
portions of these in leucocyfosis have already been
mentioned (p. 215). '

In the lymphatic form of leuk@mia an enormous
increase occurs in the number of the lymphocytes
(Plate V1., Fig. 3).

In the myelogenous form of the disease the neutro-
phils, eosinophils, and mast cells are all increased,
and in addition bone marrow cells (““myelocytes”)
appear in the blood. These are of large size, with a
single, faintly staining nucleus, and contain granules

* These are not stained by the triacid mixture, Sl

1 In many cases of so-called acute lymphatic leukemia it is
probable that the mononuclear cells in tht-:g blood are really non-
granular myelocytes. They are often described as ** large l}':r,uphﬂ-
cytes’’ also as ** myeloblasts ”” or * lymphoid marrow cells,’
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which may be either neutrophilic or cosinophilic in
reaction. (Plate VI, Fig. 1) ‘

Myelocytes are also found in t!lﬂ blood in anemia
pseudolevkemica infantum and in some other con-
ditions.

A relative diminution of the leucocytes is spoken
of as leukopenia. It is found in enteric fever, splenic
anwemia, and some other diseases, -

The red cells may present various alterations in
disease. The alterations may affect :—

(@) Their size and shape. Instead of the normal
sized erythocytes small cells may appear, devoid of
the usual central indentation (microcytes), or unusually
large forms may be met with (megalocytes), par-
ticularly in pernicious ansmia. Instead of being
rounded the corpuscles may become oval, pear shaped,
etc. These changes arve spoken of collectively as
poikilocytosis.

() The staining power of the cells may be altered.
Thus, instead of taking up eosin in a hmmatoxylin-
eosin mixture, they may stain with the logwood too,
and have a violet or even bluish tinge. This isspoken
of as polychromatophilia. 1t is seen in various kinds
of anemia, and is believed to indicate a degeneration
of the red cells.

(¢) Nucleated forms may appear. If these are of
the same size as ordinary red corpuscles they are
spoken of as normoblasts. They can be distinguished
from lymphocytes (for which at the first glance they
are apt to be mistaken) (1) by the more homogeneous
and intense staining of the nucleus, (2) by the presence
round the nucleus of a cell body which stains red, (3)
by their smoothep contour.,

Megaloblasts are very large nucleated red corpus-
cles. They may be even four times as large as an
ordinary red cell, They have a relatively small

faintly staining nucleus, and a large cell-body, which
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often exh.bits polychromatophilia. Megaloblasts are
a characteristic feature of the blood in pernicious
anzmia (Plate VI, Fig. 2).

Microblasts—nucleated forms smaller than an
ordinary red corpuscle—are found in traumatic
anemias, and are of no great significance,

Parasites in the blood. We have already
described the way to look for filarize in the blood
(p. 224). Of this parasite there are several species
which are the embryos of corresponding parental
forms. The embryos live free in the blood ; the
parental forms are found in the tissues and lymphatics.
In one species the embryos are present in the blood
during the night only (7 nocturna), in another only
by day (#. diuwrna). In yet another form (£, perstans)
they are always present. The blood in suspected
cases should therefore be examined both during the
day and during the night. For the diagnosis of the
different species special works must be consulted, but
the chief points to attend to are : (1) The time when
the parasites are present in the blood ; (2) the nature
of their movements ; (3) whether or not they possess
a sheath ; (4) the shape and character of their ex-
tremities.

To recognise the parasite of malaria, proceed
as follows :—

Prepare some perfectly clean and very thin cover
slips, and remove all traces of grease in the manner
already described (p. 226). Cleanse the skin of the
finger-tip or ear with soap and water, and then with
alcohol and ether. Make a small prick in the skin,
Wipe away the first drop of blood, leaving a perfectly
dry surface, so that subsequent drops will not run.
" dqueeze out a tiny drop about the size of a large
pin’s head. Touch the apex of this drop with the
centre of a cover glass, and immediately drop it, face
downwards, on a perfectly clean slide. Make several










Fig. 1.—The Blood in
Myelogenous Leuk@emia,
showing myeloeytes,
mast cells, and normo-
blasts,

Fig. 2.—The Blond in
Pernicious Anwmia,
showing poikiloeytosis,
megaloblasts, and red
cells with granular de-
generation.

Fig. 3.—The Blood in
so-called aeute Lympha-
tic Leukw®emia, showing
“large  lymphoeytes,”
some of them vacuolated,
(See footnote, p. 234.)

PLATE VI.
(AN the films stained by Jenner's Method.)
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such preparations, and reject all those in_ which
rouleaux are present. It 1s absolutely nsst_}tlf_&ml' that
the red corpuscles should lie flat. ]*]xu_mlnﬁ_ W”’!l a
+% immersion lens and rather feeble illumination,
Look in the red corpuscles for the presence of small
black specks, often rod-like and showing slow move-
ments of translation (Plate VIL, Figs. 1, 2). These
are surrounded by clear areas. One may also see in
the centre of some of the red cells clear amhoid areas
which show no pigment (Plate VIL, Figs. 1, 2).
wosette forms may also be visible (Plate VII., Fig. 2).
These forms of the parasite are always present in cases
of malaria which have not had quinine. Other varieties
are only met with in some chronic or malignant cases.
Of these there are two chief forms : (1) The crescentic,
which are not found except’ in cases of malignant
infection, (2) the tlagellated (Plate VII., Figs. 4, 5).
These are easily recognised. The crescentic bodies
are highly refractile, rather longer than a red blood
corpuscle, and about 2x in diameter. Particles of
pigment may be recognised in the parasite and also in
some of the ordinary leucocytes.

The examination of blood for the malarial parasite
demands some care.* Manson says that one must
dévote half an hour to the examination of a slide
belore pronouncing on the absence of parasites in it
The quartan form of the parasite (Plate VII., Fig. 2)
is distinguished from the tertian (1) by being smaller
in_size, (2) by its pigment granules being darker,
(3) by its showing fewer segmenting forms.

1t it be desired to stain the parasite, one should
use for the purpose a concentrated solution of melhy-
lene blue in 0'6 per cent. salt solution. A tiny drop
of this is placed on the skin, and the puncture made
through it. The mixed drop is then examined as

* Parasites are most abundant in the blood about 8 to 12
hou