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2 PHYSICAL DIAGNOSIS.

diagnosis, and it is with a view to help the student of
clinical medicine in this important and difficult department
that this book is written. In it we have in the main followed
the lines which, in our experience as Tutors in Clinical
Medicine in the Royal Infirmary of Edinburgh, have appeared
to be most useful.

Physical Eramination embraces and is confined to facts
which are apparent to the senses of sight, touch, and hearing,
and to these may be added smell.

The application of sight is known as inspection, touch as
palpation, and hearing as auscultation or percussion, according
to whether the sounds are produced by the organs them-
selves, or by tapping the different regions of the trunk.

It is of course necessary to be acquainted with what is to
be seen, felt, and heard on examination of the different
regions of the healthy body before the abnormal can be
appreciated. It is necessary to be familiar with the normal
shape of the abdomen, in order to deseribe the alterations
which occur in disease ; to know the character of the normal
cardiac impulse, in order to appreciate deviations from it ;
and to have an intimate acquaintance with the normal sounds
heard on auscultation, before studying the sounds present in
disease.

Students ought, therefore, to avail themselves to the
utmost of every opportunity of examining healthy indivi-
duals, and particularly healthy chests, both in hospital and
dispensary practice ; they will thus become familiar with the
normal and the variations which oceur within the limits of
health.

Physical diagnosis, however, includes not only investigations
by means of the senses; it also inquires into the physical causes
or conditions which produce the wvarious phenomena. For
instance, on inspection, an abdomen is found to be distended ;
by the aid of percussion and palpation, and the application
of an elementary knowledge of physics, it is decided whether
it is distended with fluid in the peritoneal cavity or gas in the






CHAPTER IL
METHODS AND TERMS.

General Inspection.—DBy general inspection is meant the
impression which the patient’s first appearance makes on us,
and also the observations we make during the time inquiry is
being made as to his complaints. The trained eye learns
much in this way as to the temperament, constitution, possible
habits, and the system, which may be at fault; and the
student has to train himself to be an observer of these.
Mental notes are made as to the state of nutrition, the gait
and carriage, the colour of the skin and hair, the apparent
age, the expression of the face and eye, the voice, any
apparent abnormalities in exposed parts, and so forth.

If the patient be seen in bed, similar observations have, so
far as possible, to be made. In addition, however, are to be
noted the decubitus, whether on the back or on the side,
whether lying flat down or partially raised, whether the
knees are drawn up or the legs extended, the look of
exhaustion or of suffering, of consciousness or unconscious-
ness, of apathy or interest ; the respiration, whether acceler-
ated, or slow, or irregular, whether the nostrils move, or a
look of suffering accompanies inspiratory efforts ; if cough be
present, whether it is “soft ” or “hard,” whether there is
perspiration, whether the face is pale, flushed, or cyanotic.
All these points will be noted almost automatically after
a time if the observing faculties are carefully cultivated,
and by that time their significance and value will be
appreciated, but until then no reliable conclusions can be
drawn from them, and meanwhile they, or any other abnormal

appearances, ought simply to be recorded.
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Local Inspection.—In addition to the foregoing, the inspee-
tion of the various regions, especially of the thorax and
abdomen, is necessary. In this are included shape, degree
of plumpness or emaciation, movements, and so forth. It
may also be made to include mensuration, that is, the
determination of the size of the part.

Palpation.—By means of the hand or hands placed on a part
are noted its degree of resistance, its hardness or softness,
whether fluctuation be present or not, the degree and kind of
movement, the presence of abnormal sensations, and so forth.
Under this head may be included woecal fremitus, a term
which is confined to the examination of the lungs. It is the
sensation which is felt by the hand when placed flat on the
thorax while the patient speaks, or repeats the numeral “ one,
one, one,” or any combination of numerals. The physical
explanation of the phenomenon is that speaking sets up
vibrations in the column of air in the trachea, that these
vibrations are propagated into the air in the bronehi and air
vesicles, and pass through the lung tissue and chest wall
to the hand placed on it. Its intensity varies greatly in dif-
ferent individuals, and depends on factors which will be
considered under palpation of the lung. For its production
it 18 of course necessary that there should be no obstruction
in the bronchi, as any such would arrest the passage of
the vibrations.

Percussion.—This term is employed to denote the method
of determining the physical condition of the viscera by the
sound elicited on tapping the surface of the body. For a
thorough understanding of the results obtained by this
method of investigation it is necessary to consider the con-
ditions under which sound is produced and conduected.

Sound consists of undulations produced in some body
which has been caused to vibrate. These are transmitted
through various media, by which they are conducted to the
auditory apparatus. They thus reach the brain, where they
are translated into different sounds. Sound-vibrations are

b |



6 PHYSICAL DIAGNOSIS.

longitudinal, that is to say, they occur in lines parallel to the
direction in which they are conducted, and they are therefore
to be regarded as waves of condensation and rarefaction.

There are two kinds of sounds—musical sounds, or nofes,
and non-musical sounds, or noises, The former consist of
undulations possessing regular wave-lengths, and recurring
rhythmiecally or periodically. The latter consist of vibrations
without any definite length of wave.

Sounds differ in their intensity, piteh, and quality.

The intensity of a sound depends on the energy of the
individunal vibrations. A sound is louder, therefore, in pro-
portion to the amount of force employed in producing these
vibrations. The piteh of a sound depends on the number of
vibrations in a given interval of time, and it becomes higher
in pitch in direct proportion to the number of these vibra-
tions. The quality of a sound depends on the special
characters of the body whose vibrations are the cause of it.

Some of the sounds caused by percussion are noises,—
those, for instance, produced by percussing the solid organs.
The sounds thus elicited resemble those produced by strik-
ing such a body as a lump of clay. To such sounds the
term dull is commonly applied. Other sounds again are
notes, such as those produced by percussing the intestines
when distended with gas. These sounds are as truly musical
as the note obtained on striking a drum, and they are
commonly termed clear. Most of these clear sounds, however,
are obscured by being mixed up with the sounds produced
at the same time by the solid organs, and the resulting sounds
in such cases are not true musical notes.

As the use of the term note is apt fo lead to confusion,
the term sound will in the following pages be exclusively
employed.

Percussion may be employed by tapping the surface of the
body directly, either by means of the fingers, or by means of
a specially constructed hammer which is called a plessor.
This direct method is termed zmmediate percussion. The
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body may, on the other hand, be tapped indirectly through
the medium of a finger laid flat on the surface, or of a
specially constructed instrument called a pleximeter applied
to the part. This method is known as mediate percussion,
and is that most commonly employed.

Percussion is divided into gentle and strong, according as little
or much strength is expended in its production ; the general
rule as to which ought to be used is that it ought to be—

Strong if the parietes be thick from fat or muscle, or if
the organ whose limits are to be defined lies behind some
other structure,—as, for instance, the left edge of the heart.
which is covered by lung.

Gentle if the parietes be thin, or the organ lies super-
ficially, or if there are structures of different physical
characters from the one being investigated in close proximity
to it ; as, for example, intestine containing air behind the
solid but thin anterior edge of the liver, or the solid liver
behind the thin inferior edge of the right lung.

Auscultation.— By auscultation the sounds produced by
some of the organs are heard. It is chiefly devoted to the
auscultation of the sounds produced in the respiratory organs
during respiration, and in the heart and large vessels as the
blood is flowing through them. The sounds are due to
vibrations set up in these organs and propagated through the
chest and stethoscope to the ear.

It may be practised by putting the ear directly to the
part, when it is called émmediate auscultation; but it is
more commonly performed through the medium of the
stethoscope, and is then called mediate. In using this in-
strument one or two precautions are necessary. Grasp it
between the two forefingers and the thumb, and place it
perfectly flat on the part at which it is proposed to listen ;
adapt your own position and body so that the ear can be
brought flat upon it without moving it. If this is not care-
fully attended to, the stethoscope rides on its edge, hurts the
patient, and the conduction of the sound is interfered with.
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The auseultator should assume as comfortable a position as
possible, and he should avoid having his head hanging
down. Further, he should be careful to lean with the hand
not on the patient, but on the bed, and not to let the weight
of the head rest on the stethoscope,—in fact, to lean as lightly
as possible on it.

Vocal resonanee may be ineluded under this head. When
the stethoscope is applied over the lungs, and the patient
asked to speak, as described under vocal fremitus, a sound is
found to be conducted through the stethoscope to the ear and
it is to this conduction of the voice that the term is applied.

Combined percussion and auscultation, and other special
methods, will be referred to when describing the physical
examination of the various organs.

Succussion is the term applied to a splashing sound heard
sometimes at a considerable distance, at other times only
on auscultation, when the patient’s body is shaken. It
indicates the presence of fluid and air, and is of special
importance when produced in the pleural cavity. It was
first described by Hippocrates, and often has his name pre-

fixed to it.



OBAPTER TIL,
TEMPERATURE.

Tur temperature of the body is usually taken in the axilla ;
in young childven it is better, as a rule, to take it in the
groin. The ordinary clinical thermometer ought to be left
in for five minutes, If the half-minute thermometer be
used, it is usually placed in the mouth under the tongue,
and it requires to be carefully cleansed after being used.
Care has to be taken that the axilla is dry; for if wet or
moist, the condensation of vapour on the glass prevents its
heating, and the mercury does not rise.

The temperature of the axilla is normally one degree
below that of the rectum. In some special cases it is neces-
sary to take it there, as the temperature of internal parts
may be elevated, while that of the surface may be even
lowered. This oecurs, for instance, in at least some cases
of malignant scarlet fever, as well as in other malignant
fevers.

A good deal of attention has been paid to surface tempera-
ture taken by means of thermometers with flat bulbs. This
has been used for the investigation of intrathoracic and in-
tracranial and other internal affections, but the results have
not been sufficiently conclusive, so far, to lead to the general
adoption of the method. The surface temperature is nor-
mally one or two degrees below that of the axilla.

Normally the temperature is slightly higher in the evening
than in the morning, and this normal habit is usually ad-
hered to in disease, although they may both be on a level
much above normal, or the variations may greatly exceed the
normal variation. Occasionally, however, in diseased con-
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ditions the order is reversed, and the temperature is higher
in the morning than in the evening,

The temperature is a factor of much importance in disease,
and as its height varies, it may be necessary not only to take
it morning and evening, but at shorter intervals. As a rule,
however, morning and evening observations are sufficient,
and, save in exeeptional eircumstances, more frequent obser-
vations are not practicable.

In nearly all acute inflammatory diseases the temperature
is elevated. In children, gastro-intestinal disturbances, due
to indigestion, often produce a rise of temperature of several
degrees. We have also seen this in old people, but it is rare
in them. Certain individuals have a very unstable tempera-
ture equilibrium, a slicht catarrh or “cold” being sufficient
to raise their temperature, and to lead to considerable dis-
comfort ; while in others it requires a more serious condition
to disturb the equilibrium.

The length of time the temperature is raised depends on
the duration and the nature of the illness, and is often the
most reliable index as to its progress. The onset of acute
disease is heralded by, amongst other symptoms, a more or
less sudden rise in temperature, its course by a more or less
continuously elevated one, and its decline by a gradual or
sudden return to normal.

Febricula is a short illness, lasting from twelve to. forty-
eight hours, usually inaugurated by a slight rigor, or a
feeling of chilliness, and associated with a rise of tempera-
ture of several degrees. It frequently occurs in women a
few days after delivery, and some women are subject to
them at intervals, their precise cause not always being
apparent. They are popularly known as “weeds.” The
chart Fig. 1 is from a case of this kind.

In illnesses of longer duration, the temperature curve pre-
sents some well-marked types.

1. First, there is the type of continued or sustained fever,
followed by gradual decline and return to normal, this mode
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of decline being known as
lysis. It is typically seen in

loyofiseasa)l + | 2 | 3

CENT=—] FAN|
T

05"

SO

0"

92"

o’

e

[ TR
o
Ly

1
L
e

3

LF]
L]
=

o | A2
Pulse.

Fic 1.—Febricula, third day after
delivery.

some cases of typhoid, but

is not the type invariably

shown by this fever. The

annexed tracing is from such

a case,

2. The chart Fig. 3 is also
from a case of typhoid fever,
in which the variations in
each period of twenty-four
hours is considerable. This
type of temperature might be
called the regularly remittent.
It is often present in septi-
ceemia, due to septic absorp-
tion from an abraded surface.
In typhoid fever it is to be
remembered that septic ab-
sorption from the seat of
intestinal ulceration is an
element in the case.
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fever with sustained temperature—
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The temperature during the first days of the fever is not
shown in either chart, as neither case came under observation
sufficiently early, and this is the common experience, It is
Y further to be noted that
_::} while the foregoing are

types of temperature curve
in typhoid, the duration
of individual cases wvaries
greatly, some being shorter
thanthat represented in Fig.
3, while others are longer.

3. An irreqularly remit-
fent temperature 1s seen
in phthisis and prolonged
pys«emia, the variations of
level being more extreme
and much more irregular in
= them than in the preceding.
4. Sustained temperature,
=1 with a sudden fall to nor-
mal at the end of six to
eight days, characterises
acute croupous pneumonia,
This sudden fall to normal
is known as c¢risis, and is
shown in Fig. 4.

[ While this sudden fall
is characteristic of pneu-
monia, and indicates a
favourable termination of
the acute process, a similar

Fis. 8.—Typhoid fever, shoy 13l in typhoid fever for

ing a regular diurnal re- instance, would indicate a

mission—Recovery. grave change for the worse,
and probably a fatal issue from collapse, due to intestinal
heemorrhage or some equally serious condition.
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Fig. 6. There is an interval of several days between the
febrile periods ; it is typically present in relapsing fever.
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Fie. 6.—Showing relapsing type of temperature.— (Wunderlich. )

Hyperpyrexia is the term applied when the temperature
rises above 105° F., and is accompanied by severe cerebral
and general symptoms. It occurs in rheumatic, scarlet,
typhoid, and other fevers.

When the temperature in acute or chronic disease suddenly
rises above what it has reached for some days, it indicates
the involvement of a hitherto unaffected part. We have seen
this in theumatic fever when the heart became affected, in
gangrene of the lung with the onset of inflammation of the
pleura, in purulent pleurisy with the onset of pericarditis,
and so forth,

Relation of Temperature and Pulse rate.—The rapidity of
the pulse usually increases pari passw with the rise of
temperature. This is not invariably the case, however. In
typhoid fever, for instance, the temperature may be 102° or
more, while the pulse is only about 80. In tubercular
meningitis in children a like want of proportion may be
present in its earlier stages.
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in the cutaneous capillaries, and this may be temporary or
permanent,

Temporary pallor occurs from cardiac failure, as in
emotional syncope and enfeebled conditions of the heart,
such as fatty heart. It may also occur from constriction of
the arterioles, as in such mental states as fear and pain,
as well as under the influence of external conditions, as, for
example, cold. Permanent pallor may be the result of a
diminution in the number of the red corpuscles of the
blood, or of a deficiency of hsemoglobin, as in chlorosis,
anemia, and leuksemia, as well as chronic Bright's disease
and other affections. Or it may be caused by a reduction
in the amount of the blood due directly to hamorrhages,
and indirectly to effusion of the serum or to deficient
assimilation.

Pallor of the skin is, as a rule, attended by paleness of
the mucous membranes, which are apt to be dry. The
causes which induce it are apt to lead to dropsy, and when
this is the case the pallor becomes increased.

Redness of the Skin.—Redness of the skin is due to
hypereemia. Temporary excitement, such as is frequently
caused by an interview with a medical man, may cause dila-
tion of the arterioles and rapid as well as powerful action
of the heart, attended by flushing of the skin, but this
rapidly subsides.

A more permanent redness, however, is one of the most
frequent symptoms of acute diseases, as in the flush over
the malar bones in acute pneumonia, in which it is of a
dusky tint, and in hectic fever, where it is brighter in hue.

A dull diffused redness of the face, with arborescent mark-
ings of a purple or blue colour, caused by stasis in the venous
radicles, and commonly termed wvenous stigmata, is common
in chronic disease of the heart, involving the systemic
veins, and is also very frequently a symptom of chronie

aleoholism.
Blueness of the Skin, or Cyanosis, is the result of vencus
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and circulation. The skin is cool, and the nose and ears, as
well as the feet and hands, are as a rule cold. There is a
tendency to arborescent networks on the surface of the lower
extremities, and sometimes intense cyanosis is accompanied
by cedema of the feet and ankles.

Yellowness of the Skin.—A yellow tint of the skin, con-
stituting icterus or jaundice, is present in many cases either
of temporary or permanent interference with the functions of
the liver, and sometimes from alterations in the constitution
of the blood. As examples of temporary causes of jaundice,
catarrh of the duodenum and gall-ducts may be mentioned,
bodies within the ducts, such as gall-stones or parasites, and
pressure on the ducts by external causes, such as accumula-
tion of fieces in the bowel. Among the permanent causes,
stricture and tumours of the gall-duets, and pressure upon
them by tumours of other viscera, deserve passing notice.

The other class, sometimes termed hamogenic, includes
the discoloration which sometimes follows the inhalation of
ansesthetics, and also that which occurs in some acute general
diseases, the absorption of some drugs, such as phosphorus
and antimony, the virus of snake-bites, the poisons of many
acute specific diseases, such as typhus, enteric, relapsing,
malarial, yellow, and scarlet fevers, as well as epidemic
jaundice.

Bronzedness of the Skin.—Changes in the colour of the
skin may be caused also by disease of the supra-renal
capsules. In this condition the skin assumes a bronze
colour, more especially in those parts of the body which are
darker than the rest.

Bronzing, but to a less extent, is found in many cases
of pregnancy, and it may be a symptom of pelvic disease 1n
women.

Greyness of the Skin—The use of drugs may ]'Jltliuﬂe
changes of colour ; the prolonged use of mitrate 'uf Sll‘:fer
gives rise to a grey discoloration known as argyrid, which
must not be mistaken for eyanosis.
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a rule, in cardiac anasarca, the swelling begins at the ankle,
while in that of acute Bright's disease it appears primarily in
the lower eyelid. The affected part may only appear to be
a little larger than usual, but, on the other hand, the skin
may seem to be greatly distended, and if this be so, it is pale,
smooth, and shining. If the finger be pressed upon the
swollen part, an indentation is produced, which fills up
gradually when the finger is removed.

The causes of cedema may be cardiae, vascular, or renal.

Cardiac dropsy may be primary, and due to the retardation
- of the return of venous blood by regurgitation into the veins,
or it may be secondary to chronic pulmonary diseases.

Vaseular cedema may be due to disease of the coats of a
vein, such as thrombosis following phlebitis, or it may be due
to pressure on one of the venous trunks.

Renal dropsy, as has been mentioned above, makes its
appearance usually first in the face, especially in the eyelids.
Tt soon becomes general, and is accompanied by dropsy in
the various serous cavities, The colour of the skin is pale
and pasty looking.

Anasarca may be produced by deficiencies in the quality
of the blood, which may be primary in ansemia, or occur in
the course of wasting diseases.

The subcutaneous textures in the disease known as
myxcedema are invaded by a gelatinous substance containing
mucin. In this disease the whole surface of the body is
swollen. The face becomes large, swollen, and expressionless,
the hands blunt and clumsy, and along with these conditions
there is hebetude of the mervous system. In myxcedema
there is no indentation on pressure with the finger, and 1t
affects every part of the body alike.

The subcutaneous tissues may be swollen from the presence
of air. This is known as subcutaneous emphysema. It may
be caused by disease of, or accident to, the larynx or trachea,
but it is much more commonly caused by a rupture of the
tissues of the lung, which allows the air to escape from the
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body are commonly found to be more fully developed in
certain regions; in measles, for instance, the rash, which is
diffused over the whole body, is always much more distinct
on the face, and more especially on the forehead. With
such reservations the statements made regarding the dis-
tribution of the disease are nevertheless of very general
application.

Conformation.— Where the disease is found in separate
areas the outline of the affected spots may afford useful
information, especially in cases of a parasitic or syphilitic
nature. In ringworm, for example, the original shape of the
patches 1is circular or oval, and dermato-syphilis has a
tendency to assume circular and gyrate outlines.

Type.—According to a time-honoured arrangement, the
various disorders of the skin are grouped together in the two
classes of primary and secondary diseases., To the former
belong macule or stains, papule or pimples, pomphi or
wheals, vesicule or blebs, bulle or blisters, pustule or pocks,
and tubercule or growths. In the latter division are placed
squamee or scales, ewcoriationes or abrasions, ulcerationes or
sores, rhagades or cracks, eruste or scabs, and eicafrices or scars.
These terms are very useful when employed simply as defini-
tions of certain appearances, but if used as a basis for classi-
fication they are apt to lead to confusion, since very different
pathological processes may be brought together by means
of them.

In every case it is necessary to note the type of the ele-
mentary lesion, and to distinguish the essential from the
accidental appearances ; in pediculosis, for instance, the
haemorrhagic points, which constitute the primary or essential
lesion, must not be confused with the excoriations and crusts,
which are only secondary or accidental phenomena.

Seat.—In by far the larger number of the changes which
it undergoes the skin is affected throughout all its layers.
There are, nevertheless, a few diseases which are confined to
one or other of its structural divisions, and although it may
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multiform character of certain diseases. When scales or
crusts are present they must be removed in order to expose
the subjacent structures. In the course of inspection the
sense of touch must be called to the aid of sight. The feel-
ing of resistance helps the observer to estimate the condition
of the skin and subcutaneous tissues, and to ascertain the
extent of any changes in the cutaneous circulation. When
redness of the surface is due to simple congestion, pressure
completely removes the bright flush, and induces a temporary
pallor ; when the dilatation of the vessels is accompanied by
serous infiltration, the removal of the ruddy tint is not so
complete, and when the vascular changes have resulted in
cellular proliferation, the colour is but little affected by
pressure.

Pressure also enables the observer to distinguish between
spots of hypereemia on the one hand, and of h®morrhage or
pigmentation on the other. In the former the colour at once
disappears, while it is unaffected in the latter.

In any affection of the hair it is necessary to pull out
specimens of it for microscopic examination, and if the
glandular apparatus be involved, a lens should be employeil
to ascertain what changes have occurred. Where there is
any suspicion of a parasitic origin specimens must be
examined under the microscope, for the purpose of detecting
the nature of the parasite.

AFFECTIONS OF THE SKIN PROPER.

Hyperamia.—Hyperemia of the papillary layer causes a
slight swelling of the skin, with a smooth surface and a
bright flush which fades on pressure. The flush, termed a
macule, has a pink colour in erythema, a rosy hue in roseola,
and a lurid tint in the mottling of typhus. Diffuse hyperemia
occurs as part of the lesion in several skin diseases, which
will be mentioned later in connection with their more character-

istic appearances.
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Hyperemia of distinet papille gives rise to the formation
of papules, which are small rounded elevations. Flesh-
coloured papules arranged in groups are found in prurigo,
and dull red papules, also aggregated together, are character-
istic of lichen. Papules occur in the course of several
acute general diseases. In typhus they are rosy and have
a tendency to become petechial ; in enteric fever they are
pink and appear in successive crops; in scarlatina they
are minute and scarlet, vsually coalescing to form a uniformly
distributed rash : in measles they are dull red and somewhat
crescentic in outline ; and in rotheln dull red, but paler
than in measles, grouped in clusters over the body, but
uniformly distributed over the face. Papules form the
initial stage of eczema and other skin diseases to be noticed
presently, and they are also found in the early period of
small-pox, cow-pox, and chicken-pox.

Hyperemia of the vascular layer, along with exudation
avound the papille, gives origin to pomphi, which are
rounded elevations with a pale centre and a red halo, highly
characteristic of urticaria or mnettle-rash. Firm pressure
causes the disappearance of the coloured zone.

Accumulations of serum, consequent upon hyperemia, and
having their seat in the rete Malpighii, or hetween it and
the horny layer, constitute wesiculee and bullee, which are
only distinguished from each other by their difference in size.
Vesicles, which should not, strietly speaking, exceed a pea
in size, are found in hydroa, where each bleb is situated on a
distinct red base, and herpes, in which they are at first
separate and surrounded by red zones, but afterwards become
closely grouped together, and frequently coalesce. It is to
be noticed that in herpes zoster the vesicles are developed
along the course of distribution of nerve trunks. Vesicles
occasionally develop at the summit of the papules in lichen,
and form the second stage of eczema ; they not infrequently
attend erysipelas, and are highly suggestive of scabies when
localised about the hands, and more especially the webs of
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the fingers, forming as they do the almost invariable sequel
to the irritation of the itch insect. They also constitute a
highly characteristic but transitory phase in the eruptions of
variola, vaccinia, and varicella ; in these diseases the vesicles
are preceded by ruddy papules.

Bulle are, as a rule, formed by the union of several
vesicles, and are to be seen mainly in two diseases. In
pemphigus, sometimes called pompholyx, a number of
vesicles appear, which rapidly blend together in one large
blister, whose contents are at first clear and afterwards milky
from suppuration. The bulla subsequently bursts, and a
crust is formed with a tendency to ulceration into the
corium, but in cases that recover no scar is left. Rupia
follows a somewhat similar course, but is distinguished by
the severity of the ulceration beneath the horn-like crusts,
and by the high degree of pigmentation of the scar which
always results from the ulceration.

Pustulee are small, superficial abscesses, seated in the
mucous layer, or between it and the papillary layer,
most commonly evolved from vesicles, the contents of
which become purulent, or resulting from inflammation of
papille. Pustules arve present in one form of eczema, and
in ecthyma they attain a large size. Superficial ulceration is
a frequent result in these diseases, and when this oceurs
scars are left behind. Pustules form the third stage of the
skin eruption in variola, vaceinia, and varicella, and leave in
these diseases more or less cicatricial tissue behind.

Deeper inflammations of the skin are present in erysipelas,
boils, and carbuncles. Erysipelas is characterised by its
rosy colour, which fades on pressure, by considerable swelling,
which may pit on forcible application of the finger, and by
smoothness of the surface. Frequently vesicles or bulle
appear on the surface from serous accumulations, or pustules
from superficial suppuration. Boils usually have their start-
ing-point in a hair follicle, sebaceous gland, or sweat gland,
and after passing through a papular stage become pustular,
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to their size and form. They are termed petechiz when they
are small points, vibices when longer in shape, and ecchymoses
when of larger size. Their appearance does not change when
pressure is applied, and their colour undergoes changes with
lapse of time, passing from pink through crimson and purple
to blue, and fading to green and yellow before resuming the
usnal tint of the skin.

The epithelium of the skin undergoes hypertrophy as the re-
sult of increased nutrition consequent npon chronic hypersemia
of the papillary layer in pityriasis rubra, lichen ruber, and
psoriasis. In these diseases scales are freely thrown off, and
are respectively whitish, greyish, and silvery in appearance.
In xeroderma and ichthyosis the cuticle becomes hyper-
trophied in consequence of deficient secretions, without any
hyperseemia. In these affections the scales are adherent and
give a harsh dry and wrinkled appearance to the skin.
Hypertrophy of limited areas from the effects of external pres-
sure gives rise to callosities and corns, and when the papillary
layer is also increased, warts or horns are developed.

Hypertrophy of the connective tissue of the skin gives
fibroma, characterised by scattered tubercles over the surface
of the body ; cheloid, which is nodular, only one nodule as
a rule being present, slichtly raised above the level of the
skin with branching extensions, and hard to touch; sclero-
derma, indurated and waxy in appearance and harsh to the
touch ; and xanthelasma, where the invading connective
tissue is affected by fatty degeneration, giving a yellow
colour to the affected patches, which may be flat or nodular,
and are always soft to the touch. ; '

An increase in the pigment of the rete mucosum gives rise
to lentigo or freckles, occurring as little points or patches of
yellow or brown colour, and to chloasma, sometimes called
ephelis, which is found in larger areas of the same colour as
freckles. These changes are for the most part confined to
the face. In Addison’s disease there is a great increase of
pigment of a bronze tint, sometimes affecting the whole
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Lupus begins with the appearance of small, rounded, dull-
red swellings, arranged in a patch, which enlarges by the
formation of additional tubercles. These tubercles may
terminate in spontaneous cicatrisation, in superficial suppura-
tion, or in deep ulceration.

Leprosy oceurs in two forms, the tuberculated and non-
tuberculated or anmsthetic. Tubercular leprosy begins by an
elevated spot of ruddy tint, more darkly coloured in the
centre and abruptly marked off from surrounding skin. This
fades, and is succeeded by the development of tubercles,
either in the affected spot or in the previously healthy skin.
During the presence of the coloured eruption the areas
involved are distinctly hyperaesthetic, and when the tubercles
appear the affected regions are as markedly anwsthetie. The
tubercular eruption has a great tendency to ulcerate, and
during this change there is a foul smell. Tubercular leprosy
is most common on the face, mamme, genitals, and
extremities.  Amnwsthetic leprosy makes itself known by
localised attacks of pain and tenderness, especially confined
to the arm and leg, and particularly along the course of the
ulnar nerve, caused by a deposit of new tissue involving the
nerves. After this has for some time been present, pigmented
or blanched spots appear, especially on the back, shoulders,
arms, nates, and thighs, attended by anwsthesia, but without
any tendency to spontaneous ulceration. As the sensibility,
however, is greatly impaired, bruises, cuts, and burns are
frequently met with, and the wounds take on an unhealthy
action, ending in ulceration and gangrene.

Epithelioma assumes the most varied forms, but ulcera-
tion is the most characteristic appearance which it presents.
It usually begins as a small tubercle, with spreading indura-
tion and subsequent ulceration, but there may be simply an
ulcer with secarcely apparent hardness around it. In the
former case the disease tends to spread rapidly ; in the
latter it is much more gradual in its progress.
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excess, deficiency, or alteration of the secretion, retention
of the secretion, and hyperemia of the gland.

An excessive secretion of sebaceous matter constitutes the
condition termed seborrhcea, or, more correctly, steatorrheea.
This occurs in two forms, one in which the secretion is
oily, and the other in which it dries up in the form of crusts
and scales.

A diminished secretion, or asteatodes, is often found in
wasting, especially connected with such diseases as diabetes,
and it is one of the symptoms of xeroderma and ichthyosis,
which have already been mentioned under their proper head
of hypertrophy of the epithelium.

An altered appearance of the secretion is on rare occasions
met with, and receives the term allosteatodes. The most
frequent change is one of colour, and the two tints which
have been seen most commonly are yellow and black.

Retention of the sebaceous secretion ¢n the jfollicles 1is
seen in comedones, small papules with a central pit of
dark colour, due to accumulated dirt. It is also pent-up
within the glands in milium, formerly termed strophulus
albidus. This affection is caused by obliteration of the
ducts, and the appearance is that of small rounded papules
of whitish colour. The entire gland is distended by retained
and altered secretion in molluscum, where each lesion consists
of a soft umbilicated tumour of a circular or oval outline,
usually with a small opening into the interior, through which
the yellow contents may be seen and squeezed out. Lastly, in
sebaceous cysts, often growing to a considerable size, the
secretion, usually altered and smelling foully, is retained
within a strong lining membrane. Such cysts appear to be
caused by blocking of the ducts.

Hypersemic changes consecutive to retention of the secre-
tion take place in the sebaceous glands, giving rise to two
well-marked affections. .

In lichen scrofulosorum there are groups of yellowish or
brownish red papules seated at the opening of the follicles,
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and caused by exudation into the tissues around the glands.
These papules frequently become purulent.

Acne is characterised by the presence of distinet papules
appearing at the seat of comedones, which are the exciting
cause of the hyperemia, with a great tendency sometimes to
induration, and at other times to pustulation. When the
pustulation is severe, pits of cicatricial tissue are left behind,
as in small-pox,

Like the sebaceous, the sudoriparous glands are apt to be
the seat of diseased action. This shows itself by changes
in the amount and nature of the perspiration, or by retention
- of the secretion.

The perspiration may be excessive In amount. Such a
state is termed hyperidrosis, and it is usunally the result of a
constitutional condition, the effect of some nervous influence,
or the accompaniment of the later stages of the febrile con-
dition. When it is at once increased in amount, and at the
same time retained, the condition of dysidrosis, to be men-
tioned below, is caused.

The sweat is diminished in some general diseases, as
diabetes and the early stages of the febrile state, as well as
in such skin diseases as xeroderma and ichthyosis. A lessened
amount of the secretion is termed anidrosis.

Changes in the nature of the perspiration are often grouped
together under the generic term paridrosis. When the per-
spiration putrefies readily there is an intensely disagreeable
odour, and the condition is called bromidrosis or osmidrosis.
It is at times highly charged with effete nitrogenous sub-
stances, giving the characteristic smell of urine. The condi-
tion has been termed uridrosis, and is common in chronic
renal diseases. The colour of the sweat has been observed
to undergo changes, and a term chromidrosis has been coined
to meet this exigency. Coloured perspiration has been de-
scribed by many writers, and appears to be caused by the
presence of pigment derived from indican or from blood.

Retention of the perspiration gives rise to the formation

o
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of little vesicles containing clear fluid. The common cause
of these vesicles is inactivity of the gland, as in the early
stage of a fever, allowing the collection of epithelial cells
over the opening of the duct, followed by renewed activity,
as in the crisis of a fever. When the vesicles—which, as
already said, are in the horny layer—contain clear fluid, the
condition is that of sudamina, and when the contents are
milky the term miliaria is employed.

When the perspiration is increased in quantity, and at the
same time is retained by epithelial cells, painful and tender
vesicles appear, with a great tendency to coalesce and form
bullze, terminating in exfoliation and excoriation. This con-
dition is known as dysidrosis.

Parasitic SKIN DISEASES.

Certain appearances, caused by the attacks of insects, have
already been noticed amongst the hamorrhagic affections of
the skin, and require no further comment in this place.
There are, however, some extremely definite disorders due to
animal and vegetable parasites, which must be fully described.

Diseases due to Animal Parasifes.— Pediculosis or
phtheiriasis is the term employed to denote the ill-defined
effects arising from the presence of ome or other of the
species of Pediculus, or the louse. The Pediculus cor-
poris lives in the clothes, but feeds on the blood of
the person subject to its attacks. The insect, whose body
is oval in outline, is pale grey in colour, and is provided
with a proboscis, which it inserts into the cutaneous follicles
in order to suck the blood of the victim. The characteristic
lesion is a pale papule, with a point of hsemorrhage in its
centre. This is intensely itchy, and leads to scratching,
which causes such secondary effects as hyperemia and ex-
coriations, followed by pustules and crusts. The Pediculus
capitis lives in the hair of the scalp. It is a smaller insect
than the Pediculus corporis ; it has a triangular head, and
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Tinea tricophytina is the result of the growth of the
Tricophyton tonsurans, and, according to the situation of the
disease and its corresponding effects, it is subdivided into
three varieties.

Tinea tonsurans, or ringworm of the scalp, affects the hairy
portions of the head. It makes its appearance in the form
of circular or oval patches, varying in colour with the com-
plexion of the patient, from straw to lavender. These are
sometimes, but not often, surrounded by a zone of small
vesicles. After a little time the patches become branny from
the development of fine scales of epithelium, and stubbly
because of the short, rough, broken hairs which project from
them. It leads to areas of more or less complete baldness.
If there is any difficulty in the diagnosis at an early period
of the disease, Duckworth’s chloroform test may be em-
ployed. This consists in the application of chloroform either
to the growing hair, or to hair which has been pulled out ;
the chloroform is allowed to evaporate, and the hair when
dry is found to have assumed a white colour if diseased.

Tinea barbse, or ringworm of the beard, makes its
appearance in the form of circular spots of a red colour,
which afterwards become scaly and have a tendency to
induration. The hair becomes dry and dull, and liable to
break up or fall out, while the follicles frequently give rise
to the formation of pus, leading to crusts.

Tinea circinata, or ringworm of the body, usually begins
as a small pink or rose spot of circular shape, which may be
vesicular round its margin. The colour fades at the centre,
and the patch begins at this point to assume a scaly appear-
ance, while 1t steadily extends in all directions. At times
the lesion may be more severe than this, and the patch may
become thick and hard from serous infiltration, becoming not
at all unlike chronic eczema.

In the two first-named varieties of ringworm the hairs
should be carefully examined under the microscope, and this
should also be done with the scales in ringworm of the body.
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almost every type of eruption, and it may be laid down as a
general rule that there is usually an entire absence of all
subjective symptoms,

Too much has perhaps been made of the colour of the skin
affections. These are commonly described as being of a
copper colour, but this is to be taken with some reservation.
In the early rash of syphilis the colour of the eruption is
pink or rosy, but the longer the rash remains the deeper
becomes the tint, various shades of a ruddy brown hue,
including a copper eolour, being reached, and a pigmented
area being frequently left after the disappearance of the rash.
This pigmentation is a very frequent sequel to all kinds of
syphilitic skin diseases ; even in rupia the bright white scar
left after the ulceration has healed is surrounded by a
dusky zone.

The form of the disease is to be notfed; it is very com-
monly circular or crescentic, or it may be the result of the
union of several patches of such shapes, giving rise to more
complicated outlines. |

The distribution is very commonly symmetrical in the
early manifestations of the disease, but this tendency to
symmetry is not nearly so often to be seen in the later rashes.

The situation of the rash in early syphilis is usually on
the front of the body or the flexor aspect of the limbs.
Here again the later manifestations of the disease are not so
regular in their site.

One of the most characteristic points in regard to
cutaneous syphilides is the great tendency to the co-existence
of several types of disease side by side. If several distinct
kinds of skin disease are present at one and the same time,
the fact would strongly point to the probability that they
are caused by syphilis. In all such cases the whole body
should if possible be thoroughly examined.

When syphilis is of long standing the skin assumes a
pallid and muddy tint, which is extremely suggestive to the

skilled eye.
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the level of the third left costal cartilage, where it joins the
base : it is formed by the wall of the left ventricle,

Posteriorly the base of the heart is at the level of the
fifth dorsal vertebra, and the apex at the level of the eighth.

The groove marking the boundary between the right auricle
and ventricle is represented by a line drawn from the junction
of the third left costal cartilage with the sternum, downwards
and to the right, to the junction of the fifth or sixth right
costal cartilage with the sternum.

If the position of the four cardiac orifices be marked as in
Fig. 11, it will be seen that they are all included within a

very limited area of the surface of the thorax. They may
be given thus—

Aortic orifice.—Sternum adjoining third left cartilage

and space.

Mitral orifice.— Left half of sternum from fourth to fifth
cartilage.

Pulmonary orifice.—Second left space and sternum ad-
joining.

Tricuspid orifice,.—Right half of sternum from fourth to
sixth cartilage.

Two of these, the pulmonary and tricuspid orifices, are
comparatively near the chest wall ; while the other two, the
aortic and mitral, occupy a much deeper position in the chest.

The left auricular appendiz is opposite the second left space,
and to the outer side of the pulmonary artery, which it touches.

The vight auricular appendiz lies behind the right half of
the sternum, on a level with the third cartilage.

These and some of the following relations are represented
in the frontispieces.

RELATIONS OF THE LARGE VESSELS ABOVE THE BASE oF
THE HEART.

The arch of the aorta lies behind the sternum, its trans-
verse portion crossing about an inch from the supra-sternal






44 LHYSICAL DIAGNOSIS,

of the heart is visible at the apex only. The normal apex-beat
1s produced by the impulse of the apex of the left ventricle,
but the term ¢apex-beat” is very loosely applied, and is
often used to denote the part of the precordia where pulsation
happens to be most marked. Thus it results that in many
morbid states the so-called apex-beat is not caused by the
left ventricle at all, but by the right. In recording cases it
would be better if, instead of stating that the apex-beat is in
such or such a space, it were stated that pulsation is visible
in such and such spaces, while at the same time the position
of the pulsation should be indicated in relation to the
mammary line, whether within or without it, and also in
relation to the sternum.

Abnormal bulging occurs when the heart is much enlarged,
or when there is much fluid in the pericardial sac ; in the
latter the bulging, especially of the intercostal spaces, may
be very marked. When the precordia is being inspected,
any abnormal bulging above the base of the heart ought to
be noted at the same time, but more special reference will be
made to this under inspection of the blood-vessels.

Drawing in of the precordia, more especially of the inter-
spaces, during ventricular systole is sometimes present when
the pericardium has become adherent to the heart as a result
of pericarditis. This requires to be distinguished from the
falling in of the intercostal spaces, which occurs during
systole in some cases of effusion, and of enlarged and hyper-
trophied heart.

Irregularity in the time and force of the impulse cannot
be investigated so satisfactorily by inspection as by palpation.

Alterations in the Position and Avea of the Cardiac Impulse.

Displacement downwards and outwards of the apex-beat 1s
the term used when pulsation is lower and further to the
left than normal. The form of expression is, however, too
loose, and the position of pulsation ought to be more precisely
specified. The condition occurs in hypertrophy and dilata-
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tion, especially of the left ventricle. It is present in a still
more marked degree in aneurism of the aorta, when the
aneurismal sac is large: then there is a true displacement,
the heart being pushed downwards and outwards, so that 1t
may even be seen pulsating in the axillary line. It is dis-
placed in the same direction when there is copious pleural
effusion on the right side.

Displacement wpwards occurs when the heart is pushed up.
This is present most commonly in cases of great abdominal
distention from tympanitis, ascites, or abdominal tumour.

Pulsation to the right of the sternum occurs from displace-
ment of the heart to the right by a copious pleural effusion
on the left side: then its impulse is frequently seen bhelow
the right nipple. It is also displaced to the right by partial
collapse or contraction of the right lung.

Pulsation of the right veniricle is very frequently present.
It is seen in the third, fourth, and fifth left spaces, in the
last of these extending outwards to within an inch or so of
the apex. This results from thinness of the chest walls, or
1s caused by dilatation of the right ventricle, which may
follow upon mitral stenosis or regurgitation, or may be due
to obstruction to the pulmonary circulation, as in emphysema.
This last is the least common cause of pulsation in the
interspaces mentioned, as in emphysema the heart becomes
covered with lung, and in addition is displaced downwards,
so that the pulsation is more commonly epigastric. It is of
the utmost importance that the position in which pulsation
of the right ventricle is to be noted should be thoroughly
grasped. It is still taught that pulsation in the epigastrium
is the distinctive mark of dilatation of this ventricle. No
doubt pulsation in the upper part of the epigastrium does
denote dilatation of the right ventricle, and, as has been
stated above, it may he the only seat of pulsation in emphy-
sema with dilatation of the right ventricle; but pulsation
in the spaces mentioned is equally an evidence of the con-
dition, and is much more frequently present, and indicates
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a commoner degree than epigastric pulsation. This is the
inevitable teaching of anatomical facts, and cannot be too
strongly insisted upon, if it is sought to acquire an intelligent
comprehension of cardiac changes.

Pulsation in the second left space is not infrequently pre-
sent. It is sometimes caused by the distended pulmonary
artery, at other times by the dilated conus arteriosus of the
right ventricle.

Character and Rhythm of Pulsation.

The character of precordial pulsation varies considerably.
Besides variations in force, there is an undulatory or wave-
like pulsation, which may be present in pericardial effusion
or in dilatation of the right ventricle, if the ventricle is in
contact with the parietes.

The rhythm of pulsations at different points can be satis-
factorily demonstrated by placing small flags on the chest wall.
It can then be seen whether the pulsations are synchronous
with one another, or what their precise relations are in point
of time.

Negative Evidence from Inspection.

By this we mean the absence of positive evidence, as the
absence of bulging, or of pulsation. The importance of such
negative evidence must not be under-estimated. When no
impulse is visible it ought to be stated. Negative evidence
is not, however, necessarily of much importance, and this 1s
particularly so in muscular and fat chests, where, in con-
sequence of the thickness of the parietes, there may be no
precordial pulsation visible.

PALPATION OF THE PRECORDIA.

The precordia is palpated by placing the hand flat on the
chest. By this means we feel the movements of the heart

as they are transmitted through the parietes. In the normal
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abnormal vibrations as those causing reduplication of the
sounds of the heart, but render less distinct evidence of
the vibrations producing murmurs. Cardiography has not
yet been able to render any real service to clinical medicine,
and no more need be said about it in this place.

PEercussion oF THE HEART.

The percussion of the heart is divided into superficial and
deep, according as it is desired to delimit the part of the
organ uncovered by lung, or to find the precise size of the
organ itself. The former is the superficial or absolute dulness,
the latter the deep or relative dulness.

Superficial Dulness.

The superficial dulness is the part of the heart uncovered
by lung, and lies within the notch in the left lung, and
between it and the edge of the sternum. What has really to
be done in defining the superficial dulness is to find the
edge of the left lung. Percussion must be wvery light, as
the edge of lung overlying the heart is very thin at its
margin, and all trace of clearness in the sound must dis-
appear before it is inferred that the margin of the lung is
passed. Normally the superficial dulness extends from the
fourth to the sixth left costal cartilage, and extends outwards
to about the junction of the cartilages with the ribs. The
part of the heart under the sternum which is uncovered by
lung is not readily defined, and can only be made out by
comparing the percussion sound on the sternum above and
below it.

The elinical value of the superficial dulness is not great,
and many clinicians have entirely abandoned its investiga-
tion. When, however, the heart is much enlarged, or when
there is much pericardial effusion, the area of this dulness is
extended as the organ approaches the chest wall and pushes
the lung aside. On the other hand, when the volume of
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the lung is increased, as in emphysema, the area of dulness
is diminished, for the edge of the left lung approaches nearer
to the middle line and covers more of the heart. Emphy-
sema of the edge produces the same result.

Deep Dulness.

The deep dulness of the heart is, on the other hand, of
very great importance and value to the clinician, for by means
of it he can determine its size and its position in the thorax.
The percussion in this case must be strong, and it requires
to be understood that the change in the percussion sound
as we pass from lung only to lung with heart below it is at
first very slight, indeed almost imperceptible to the untrained
ear, although it becomes more distinct the nearer we approach
the sternum, and, consequently, as the depth of lung overlying
the heart diminishes. Perhaps the greatest difficulty in the
percussion of this organ is the acquirement of confidence
in our observations, for the organ as it lies in the thorax
is covered by a greater extent of thoracic wall than is
quite appreciated by clinicians as a rule. It is also to be
remembered that the large vessels above the base of the
heart, and under the sternum and adjoining cartilages and
spaces, act as a solid body to percussion. As a consequence
of this, their dulness is continuous with the cardiac dul-
ness, and we make a rule of defining both. The method we
use is as follows :—We begin to percuss in the outer half of
the first or second space on the left side, and percuss strongly,
always moving inwards, until a slight alteration in the sound
18 perceived, and at that spot make a mark ; the second or
third and succeeding spaces are percussed in the same manner,
always being mindful to begin far out, so as to get a pure
lung sound to start from, and in each space a mark is made
where dulness begins. If it is desired, a similar proceeding
may be followed with the ribs, but as a matter of fact it is
superfluous, for if we have a mark in each space (a dot is
sufficient) all that is necessary is to join them by means

D
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of a line, and thereby a very accurate outline of the left
edge of the heart, as it lies in the pericardium, and of the
vessels at its base, is obtained. In this way the true apex
of the heart is found. a point of importance when ausculta-

F1a. 10.—Showing percussion of the heart and liver, the
degree of shading indicating the degree of dulness. The dotted
line indicates the margin of the lungs. (From a photograph.)
The liver in this case is larger than usual.

tion is followed, and which is to be distinguished from the
precordial pulsation in other positions, often erroneously
called the apex-beat. A like proceeding is adopted to define
the right edge of the vessels at the base and the right edge
of the heart. With reference to the latter, however, if is to
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be remembered that the depth of lung between the parietes
and the part of heart to the right of the sternum is con-
siderable, and that the difference in sound when we pass from
lung only is correspondingly slight.  Lastly, there is to be
considered the delimitation of the lower border of the organ.
If the right and left borders have been completed, a line
drawn to join their inferior limits gives this border with
sufficient accuracy for all practical purposes. The delimitation
of the border by percussion is usually regarded as impracti-
cable, owing to the organ being in such close apposition to
the liver. This is, however, by no means invariably the
case, for there can often be made out a distinet difference in
the character of the dulness over the two organs, which,
by observations verified on the dead body, is found to
accurately indicate their respective bounds.

The accompanying diagram (taken from a photograph)
represents the outline obtained by percussion after the
method given above.

The cardiac dulness is increased in area in all conditions
in which the organ is enlarged, and when there is pericardial
effusion. The dulness given by the vessels at the base is
increased, both in intensity and extent, in dilatation and
aneurism of the aorta.

The position of cardiac dulness is of course altered if there
18 any alteration in the position of the organ, as when it is
displaced to the right side, or downwards and outwards, or
downwards only, or upwards. These have also been referred
to under inspection and palpation. It is unnecessary to dwell
in detail on the position of the dulness in all these, but
the displacements must be kept in mind, and accuracy in
- determining their limits will be attained by practice.

AvscurraTion or THE HEART.

When the stethoscope is placed on the precordia the sounds
produced by the heart are heard. They are two in number,
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and are commonly represented by the two monosyllables
lub-caip.

The first of these corresponds with ventricular systole,
and for purposes of physical diagnosis may be regarded as
mainly caused by the closure of the auriculo-ventricular valves,
that is, the mitral and tricuspid, and only in an unimportant
degree by the sonorous vibration emitted by the contracting
muscular substance. At the same time it is to be understood
that the strength of the muscle determines the vigour of the
confraction, and therefore the vigour with which the auriculo-
ventricular valves close.

The second is caused by the closure of the semilunar
valves (the aortic and pulmonary), and marks the beginning
of ventricular diastole.

The first or systolic sound is heard best at the apex and
over the right ventricle, and is only faintly audible at the base.

The second or diastolic sound is, on the other hand, best
heard over the base of the heart; the aortic second sound
being heard best in the second right space, while the pul-
monary second sound is heard best in the corresponding
space on the left side: it is also audible over the entire
sternum, and over the body of the heart as far to the left
as the apex. The second sound is normally louder in the
aortic than in the pulmonary area.

For convenience in describing auscultatory signs, the
precordia is divided into four areas, called respectively the
mitral, tricuspid, aortic, and pulmonary. The mitral area is
represented in Fig. 11 as occupying an area about two inches
in diameter, the centre being the apex. The ¢ricuspid area
embraces the area from the third to the fifth intercostal spaces
on the left side and the adjoining sternum, as shown in the
figure. The aortic area is usually given as the inner end c:f
the second or third right rib or second space ; in the figure 1t
has been placed partly over the sternum. The pulmonary
area is the inner end of the second left space.

At the base the first or systolic sound is partly caused
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Modifications of the First Sound.

A, Diminution in the intensity of the first sound as heard
at the apex occurs in all conditions in which the strength of
the left ventricle is impaired. This is notably the case in all
febrile diseases ; to a certain extent in cachectic and wasting
diseases, although not to the same extent as in febrile
diseases ; in anemia and debility, from various causes ; and
in fatty heart, whether due to fatty degeneration of the
muscle of the ventricle or to deposit of fat on the surface
and between the muscular fibres. In fat persons, especially
women, the sounds may be faint from the thickness of the
chest wall overlying the heart, but in persons of this type
the strength of the organ is also not infrequently impaired.

It is of the utmost practical importance to be able to
estimate the power of the left ventricle by auscultation, and
the student ought to avail himself of every opportunity of
listening to hearts and amnalysing the loudness of the sounds
at the various points already indicated. To form a correct
estimate, it is necessary to auscultate over the apex,—not the
apex-beat necessarily, for, as has been already pointed out,
the “apex-beat” is frequently caused by the right ventricle.
The position of the true apex, when there 1s doubt, must be
determined by percussion (page 50). If, instead of auscul-
tating at the true apex, we do so over the part of the chest
which covers the right ventricle, the first sound may be loud,
although the muscle of the left ventricle is degenerated ; this
is because the sound produced by the right side of the heart
is as a matter of course heard best immediately over it, and
because the muscle of the right ventricle may be compara-
tively strong, although the left is weak. The state of the
pulse, as regards both frequency and strength, depends
mainly on the frequency and vigour of the contractions of the
left ventricle, and it ought always to be examined before
a definite opinion is formed as to the condition of the
ventricle. The neglect of these precautions leads to many
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errors. Further, it must not be forgotten that temporary
excitement, such as the excitement caused in the majority of
persons by being subjected to physical examination, stimu-
lates the heart to increased vigour, and therefore to a louder
first sound and a stronger pulse. If, therefore, an opinion be
formed by a rapid examination under such circumstances, it
will most probably be incorrect. Even when the first sound
is so weak as to be inaudible at the apex, the second sound
may continue to be distinetly audible there, and may give
the erroneous impression of being accentuated. When the
first sound is thus inaudible, all that is heard at the apex is
of course the dip-diip-diip of the second sound, with a
longer or shorter silence in between. TInstead of the some-
what grave tone of the second sound, it often becomes
elicking in character.

B. Inecrease in the intensity of the First Sound.—This may
present two varieties. In one form the sound is long and
grave (as distinguished from short and sharp), a like
impression being conveyed to the mind of the observer by
the character of the impulse communicated through the
stethoscope to the head. When the sound has this character,
it is followed by an abnormally loud second sound. It
occurs when the left ventricle is hypertrophied and its
muscle well nourished. It is present most typically in cases
of cirrhotic kidneys, and in some cases of aortic stenosis and
aortic aneurism.

In the second variety the first sound is short and sharp,
and is not of the same diagnostic importance as the first
form, It occurs in persons with healthy hearts who have thin
chests, and from comparatively unimportant causes, as mental
emotion or slight excitement, flatulence or other symptom of
mdigestion, or a little extra physical exertion. The indi-
viduals who are classed as “ nervous” frequently present this
peculiarity of the cardiac sounds. It also occurs in febriculz,
and may be present at the onset of any acute febrile disease.

C. Modifications in the tone of the First Sound.—The first
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sound is liable to various modifications in tone, some of
which may be noted. It may be short and sharp, long and
grave, flopping, or impure. The two last are not infrequently
mistaken for murmurs, and sometimes indicate a condition
in which murmur may be developed later or on exertion,

D. Alterations in Rhythm.— Reduplication of the First
Sound.—This is best understood by considering it as the
first sound with a break or noteh in it, as may be represented
graphically as follows:—

Bl g s

Fre, 12.
Normal first and  Reduplicated
second sound. first sound.

(After Wyllie. )

There 1s some difficulty in absolutely determining the cause
of the phenomenon, but the two main views entertained as to
its mode of production are—(1.) that it is caused by non-
synchronous closure of the mitral and tricuspid valves ; (2.)
that it is due to non-synchronous tension of the cusps of the
same valves. It occurs in lesions of the auriculo-ventricular
valves, usually when compensation has failed.

Irregularity presents much variety both in time and
strength. No two successive sounds may correspond, or
there may be a few intense sounds followed by a number of
weak ones. It is a marked feature in many cases of mitral
lesion, in fatty heart, and in some cases of debility, especially
during or following on acute illness.

Intermittence is the missing of a contraction, and therefore
of the sound. It is to be distinguished from irregularity.
Its cause is not always apparent, but it may occur in
dyspepsia in gouty persons, while at other times it appears to
be a neurosis, and in some persons is habitual and of no
practical bearing. The number of intermissions should be
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noted in relation to the number of beats as 1 in 10-12, or
whatever the number may be.

Modifications of the Second Sound.

A. Diminution in the intensity of the second sound occurs
in all conditions where the power of the ventricles is
diminished. The blood, under such circumstances, is pro-
pelled into the aortic and pulmonary arteries with less
vigour, and also in diminished volume, and as a consequence
the elastic recoil of these vessels is lessened. It is reasonable
to assume that if the ventricles be materially weakened, the
volume of blood propelled by each systole must be reduced—
that, in fact, the ventricles do not empty themselves to the
extent they do normally. That this must be the case is
borne out by the results observed in fatty heart where the
pulmonary circulation and the systemic venous circulation
become engorged. That the intensity of the second sound
depends on the elastic recoil of the vessels is abundantly
proved by physiological and pathological observations.

B. Accentuation of the second sound may have its seat at
either of the arterial orifices. The method by which it is
determined at which orifice the accentuation occurs is as
follows :—The second sound, it will be remembered, is nor-
mally louder in the aortic area than in the pulmonary ; when,
therefore, it is as loud, or louder, in the pulmonary area than
in the aortic, it indicates accentuation of the pulmonary
second sound. Accentuation of the aortic second sound can
only be estimated by a knowledge of its average loudness
under normal conditions.

Accentuation of the pulmonary second sound results from
any obstruction to the pulmonary circulation, whether due
to valvular lesion at the mitral orifice, or to lesions of the
lungs themselves, such as emphysema, &e., which obstruct the
capillary circulation.

Accentuation of the aortic second sound depends on
obstruction in the arterial circulation, and is a eoncomitant of
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chronic renal disease, more especially in its cirrhotic forms ; it
also occurs in atheroma, dilatation, and aneurism of the aorta,

C. Modifications in the tone of the Second Sound.—In
addition to those already referred to the second sound has in
some cases a flopping character, which indicates a want of
tonicity or of tension in the vessel, usually the result of
a weak ventricle with the systemic arteries not either
thickened or atheromatous. It is frequently present in
febrile conditions.

D. Alterations in Rhytlm.— Reduplication of the Second
Sound.—This may, like reduplication of the first sound, be
regarded as the second sound with a break or mnotch in it,
and is graphically represented as follows :—

I ]

A, B.
Fia. 18.
Normal first and Reduplicated
second sounds, second sound.
(After Wyllie. )

L

It may, however, be much more marked than this, the second
part being distinctly separated from the first, although immedi-
ately following it. :

It is caused by non-synchronous closure of the aortic and
pulmonary valves, and results from alteration in the relative
tensions of the aortic and pulmonary arteries. It occurs
most commonly in cases where the tension in the pulmonary
artery is greatly increased, and where at the same time there
has been a proportional lowering of that in the aorta. It is
best heard over the sternum at the level of the pulmonary
and aortic orifices, but can often be heard over the entire
precordia, and very distinetly at the apex.

Irreqularity and intermitfence accompany similar. altera-
tions in the first sound.
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Carprac MURMURS.

Cardiac murmurs or bruits are abnormal sounds prud!?.ead
by some morbid condition of the heart. ~They are divided
into exocardial and endocardial.

A. Exocarpisal,. MURMURS.

The commonest exocardial morbid sound is pericardial
friction, the result of pericarditis. This sound is synchronous
with cardiac systole or diastole, or with both, and is rubbing,
grating, rasping, or creaking in character. It is distinguished
from the friction of pleurisy by being synchronous with
some part of the cardiac revolution ; consequently its rthythm
and frequency differ from pleuritic friction, the rapidity of
which depends on the respirations, and oceurs synchronously
with them. Friction is usually first and best heard at the
base of the heart. "When the intercostal spaces are thin, the
friction sound can be made longer and rougher by pressing
firmly with the stethoscope ; care must be taken, however,
not to give the patient pain by this proceeding.

In persons with thin chest walls and a dilated right ven-
tricle, the pulsations of which are well-marked in the inter-
spaces to the left of the sternum, a rubbing sound resembling
friction can occasionally be produced by pressing firmly with
the stethoscope in an intercostal space. This must not be
confused with friction the result of pericardial inflammation.

Plewro-pericardial friction is the term used to denote the
sound produced by the rubbing of the inflamed pleural surface
of the pericardium against the inflamed visceral pleura in
contact with it. The friction in this condition is, as a rule,
only heard during inspiration, and when it accompanies the
cardiac systole ; it usually disappears with expiration, but
1t may continue to be faintly audible even then with each
cardiac systole. Even in the latter case, however, it becomes
much louder during inspiration,

If air and fluid be present in the pericardial sac, splashing
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and churning sounds, metallic in quality, are produced, but
this is rarely met with, and usually results from puncture
from without.

When, as a further result of the pericardial imflammation,
serum is exuded into the sac, friction disappears owing
to the pericardium being kept from contact with the heart.
When the fluid is reabsorbed or artificially removed the
friction reappears.

B. Expocarpiarn, MURMURS.

Endocardial murmurs are produced at the various orifices
of the heart, at the left or right auriculo-ventricular orifice,
or at the aortic or pulmonary orifice. They usually result
from coarse pathological changes of the valves, or of the
endocardium adjoining them, or from a combination of these.
Other causes leading to their production will be referred to
later.

Time of Murmurs.

The time of murmurs is the first point to be considered.
For elinical purposes we may regard a cardiac revolution fo
consist of ventricular systole and ventricular diastole ; and
all endocardial murmurs oecur during one or other of these.
When, therefore, murmurs are spoken of as “systolic” or
“ diastolic,” it is to be understood that it is ventricular systole
or diastole that is referred to. At any of the four cardiac
orifices two murmurs may oceur, namely, a systolic one or a
diastolic, or both, Murmurs are #Zmmed either by placing the
hand over the apex-beat, or the finger on the common
carotid. The latter is the preferable method. The radial
pulse must not be taken, as it is appreciably later in time
than the first sound.

Murmurs at the Aortic Orifice.

Taking the murmurs on the left side of the heart first, we
begin with those at the aortic orifice.
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Aortic systolic murmur is synchronous with the systole
of the left ventricle, and therefore coincides in time with
the apex-beat and the carotid pulse. It may he caused (1.) by
partial adhesion of the cusps to one another ; (2.) to thicken-
ing and roughening of the cusps, or calcareous deposit at
their junction with the endocardium ; (3.) not infrequently
to a caleareous mass on the endocardium between the base of
the anterior cusp of the mitral and the base of the aortic
cusps, the region known to anatomists as the intervalvular
space of Sibson ; (4.) a roughened cusp the result of injury ;
and (5.) to aneurismal, or even a slight degree of dilata-
tion of the aorta above the aortic valves. In the first
three the murmur is the result of obstruction to the current
of blood driven from the ventricle into the aorta during
its systole; in the fourth it is due to the dilation of
the aorta produeing a condition analogous to obstruction at
the orifice of the artery, and which may be referred to as
relative stenosis. In the one case the blood passes through
a normal orifice into an abnormally dilated part beyond,
while in the other it passes through an .abnormally small
orifice into a normal part beyond. The latter condition is
thus equivalent, from a physical standpoint, to the former.
The physical explanation of the production of a murmur
under these conditions is, that when a fluid passes through
an opening narrower than the space beyond it, a fluid vein is
produced, and whenever this occurs a murmur results. For
further information regarding the formation of fluid veins a
work on physies may be consulted,

Aortic diastolic murmur occurs during diastole of the
ventricle. It is caused by the blood pouring from the aorta
into the ventricle, as a result of the valves not closing the
orifice as they mormally do. The lesion of the valves which
most commonly produces this murmur is shrinking and
thickening, but perforations or rupture, and vegetations
or calcareous nodules on them, also produce it. TLarge
vegetations or calcareous nodules prevent the edges of the
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cusps coming into contact and overlapping, and thus an
aperture 1s left through which the blood escapes into the
ventricle.

These are represented in the Figures 14 and 15.

Fic. 14. — Showing aortic Fie. 15. — Showing aortic
systolic murmur from stenosis. diastolic murmur from incom-
Mitral valve closed. petence.  Veutricle filling from

auricle at same time.

The arrows indicate the direction of the blood-stream,

Murmurs at the Mitral Orifice.

These occur either during ventricular systole or ventricular
diastole.

Mitral systolic murmur is produced by part of the blood in
the ventricle being driven during systole, into the auricle,
owing to the auriculo-ventricular orifice being imperfectly
closed by the mitral valve. This commonly results from
shrinking and thickening of the cusps, the cusps being either
too small to close the orifice, or too rigid to admit of their
sufficiently fine adjustment. It also oceurs where there is no
disease of the valve, but when the ventricle is dilated and
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enfeebled ; then either the orifice is dilated so that the cusps
are too small to close it, or the muscle, owing to weak action,
does not sufficiently contract the orifice to enable the valve to
 close it.

Mitral diastolic murmurs occur during the diastole of the
ventricle, that is, when the blood is flowing from the auricle
into the ventricle. They are caused by narrowing of the
orifice through which the blood passes. The most common
lesion producing the condition is adhesion of the anterior
and posterior mitral cusps to each other along their lateral
edges. By this adhesion the chanmnel for the blood is neces-
sarily much contracted. The valve is in addition thickened
and more rigid than normal, and the aperture in it may be
exceedingly small. These murmurs are subdivided into—

a. Diastolic (or post-diastolic).

b. Pre-systolic (or auriculo-systolic of Professor Gairdner).

a. The diastolic mitral is unfortunately also called post-
diastolic. This term is wrong, and here the murmur will be
referred to by the former term. The murmur as a rule im-
mediately follows the second sound; it may, however,
accompany the second sound as well as follow it, but it does
not occupy the whole time of ventricular diastole. The fact
that the murmur follows the second sound led to its being
called post-diastolic, but from what has been said it will be
understood that it occurs not after but during diastole,
although it oceurs after the second sound; and the second
sound, it will be remembered, occupies only a short space of
time at the beginning of diastole. The murmur occurs
during the time that the blood ought to flow noiselessly
from the auricle into the ventricle, and before the auricle
contracts. It is comparatively rarely present even when
there is marked narrowing of the blood-channel : the reason
of this is not quite evident, but it probably depends, in
part at least, on the degree of vigour in the suction power
of the ventricle.
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b. The pre-systolic mitral murmur occurs, as its name
implies, before the systole of the ventricle, and at that part of
the cardiac cycle when the auricle contracts. It has there-
fore been called by Professor Gairdner auriculo-systolic;: here,
however, the term pre-systolic will be used. Its production
at the particular moment is attributed to the greater energy
with which the blood is flowing into the ventricle owing to
the contraction of the auricle.

Systolic and diastolic mitral murmurs are represented in
the following diagrams.

Fie. 16. — Showing mitral Fie, 17.—Showing diastolic or
gystolic or regurgitant murmur pre-systolic mitral murmur due
from failure of wvalve to close to adhesion of mitral cusps.
orifice. The blood current ought
to be into the aorta only.

The arrows indicate the direction of the blood-stream.

Having considered the murmurs which may be present on
the left side of the heart, at the aortic and auriculo-ventri-
cular orifices, it is only necessary to refer briefly to those at
the corresponding orifices on the right side. These are—

Murmurs at the Orifice of the Pulmonary Artery.

Organic murmurs at this orifice are exceedingly rare ; they
are systolic and diastolic in time, and are due to lesions
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~gimilar to those described as causing murmurs at the orifice

of the aorta. When they do occur they are not infre-
! quently congenital, and are associated with other lesions, such
" as patent ductus arteriosus, open foramen ovale, or imperfect
closure of the ventricular septum. What are known as
Junctional murmurs in this artery are always systolic in
time, but they will be referred to more fully hereafter.

Murmurs at the Right Auwriculo-ventricular Orifice.

The Tricuspid.—Theoretically there may be three murmurs
here, as at the corresponding orifice on the left side, but as a
matter of fact diastolic and pre-systolic tricuspid murmurs
are of extreme rarity, while systolic murmur is wvery com-
mon. When the two former are present, they are due to
lesions similar to those producing corresponding murmurs at
the mitral orifice,—that is, to stenosis. Systolic murmur is
due to incomplete closure of the orifice, either from shrink-
ing and thickening of the valves or from dilatation of the
orifice : the latter is the more common,

The position of murmurs in the cardiac eycle may be
studied in the diagrams on the following page. Fig. 18
represents the normal cycle, half the circle representing
ventricular systole, the other half ventricular diastole, the
closure of the semilunar valves and the contraction of the
auricles being included in the latter,

Point of Maximwm Intensity and Direction of Propagation
of Endocardial Murmurs,

The precordia is divided, as has already been indicated,
for purposes of auscultation, into four areas. These areas
are respectively aortic, pulmonary, tricuspid, and mitral.
They indicate the sites at which murmurs produced at the
respective orifices are heard best. Although they are given
here, it is better to follow the directions given in the follow-
ing pages, and to trace more in detail the areas over which
murmurs are heard.

E
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Fic. 18.—Diagram showing ventricular
systole and diastole ; included in the diastolic
half of the circle is—a., the closure of the
semilunar valves, 7.e., the second sound ;
and b., the systole of the auricle.

F1a. 19.—Position in cardiac Fre. 20.—Position in cardiac
eycle of systolic murmur at any cycle of diastolic murmur at aortic
orifice. or pulmonary artery.

Fi6, 21.—Position in cardiac Fie. 22.—Position in
cycle of diastolic murmur at cycle of PIE'BE‘EWEEGﬁ murmur at
mitral or tricuspid orifice. mitral or tricuspid orifice.

The shaded part represents the murmurs.
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The point where a murmur is heard loudest is known as
the point of mawimum intensity, and the several murmurs
have each their distinctive point or seat of maximum
intensity. The various murmurs also tend to be propagated
in definite directions: this is known as the direction of
propagation. These two can best be considered together.
The general law as regards the propagation of murmurs is
that they are propagated hest in the direction of the current
which produces them. They are also propagated by the
sternum, by the walls of the heart, and by solid bodies or
pulmonary cavities in proximity to the heart and aorta.

Aortic systolic or obstructive mwrmur is usually described
as having its point of maximum intensity on the second
right rib or space,—the ““aortic area,” as it has been long
called. This has led to much confusion and to many errors,
and here we propose to depart slightly from the classical
position. The murmur when present is always heard over the
sternum at the level of the second cartilage, and this is the
place where it is best to listen for it. The extent of area over
which it is propagated depends mainly on its loudness.
When very loud, as it often is, it is distinetly audible over
every part of the thorax, both anteriorly and posteriorly ;
this has to be clearly borne in mind, for unless it is, the
fact that it 1s audible at the apex, for instance, is often mis-
taken by the student as evidence of the existence of a mitral
gystolic murmur in addition to the aortic systolic. The
murmur, however, is not invariably as loud as has just been
indicated, and when this is the case it is conducted or pro-
pagated in more definite directions. As has already been said,
it is heard over the sternum about the level of the second
cartilage. It is propagated—(l.) Upwards by the blood-
stream, and 1is, as a rule, heard as distinctly over the entire
manubrium as it 1s at the level of the second rib. By the same
means it is conducted into the carotids and heard in them ; but,
if the murmur be faint over the sternum, it may be inaudible
over them, (2.) Downwards (a.) by the sternum, the bone
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acting as a good conductor of sound, but, unless the murmur
be a very loud one, it diminishes markedly in intensity from
about the level of the second space; and (b.) by the heart

F1c. 23. —Showing area of audition of aortic systolic
murmur. The degree of loudness is indicated by the depth
of the shading, and the arrows the direction of propagation of
the murmur into the arteries,

itself, which acts as a conductor of the sound, so that it may
be audible over the precordia to the left of the sternum, as
far out as the apex.

The above diagram illustrates this.

Aortie Diastolic Murmur or the Murmur of Aortic In-
competence.—The point of maximum intensity of this murmur
is over the sternum, the precise point varying in individual
cases. The most common points, however, are (a.) the
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sternum at the level of the second cartilage or second space ;
and (b.) the lower part of the sternum. The murmur is as
a tule, however, heard all over the sternum, but especially
" from the level of the second cartilage downwards, while 1t is
usually not nearly as loud over the manubrium: this it will
be noted is the reverse of what happens in aortic systolic
murmur. When it is heard over the lower part of the
sternum, it frequently attains its maximum loudness at or
near the base of the xiphoid. In addition to being pro-
pagated down the sternum, the murmur may be propagated
by the walls of the heart, and heard over the precordia
to the left of the sternum. It may, however, be louder
over the apex of the left ventricle than at any point
between the apex and the edge of the sternum. This is
explained by the regurgitant stream carrying the sound with
it, and, impinging on the wall of the ventricle, communicating
its sound vibrations to it, and thence to the chest wall.
Occasionally a diastolic aortic murmur is only audible at the
apex of the left ventricle: this is rare, but it undoubtedly
occurs. It has been suggested that the phenomenon is due
to the left postero-lateral cusp only being affected, and that
thereby the direction of the regurgitant stream to a more
backward course is determined.

Mtral Systolic Murmur or Mitral Regurgitant Murmur,—
This murmur has its point of maximum intensity at the apex
of the heart. The area of its audition may be the size of a
crown-piece, or even smaller ; when, however, it is moderately
loud, it tends to be propagated outwards and upwards towards
the axilla, and may even be traced as far as the angle of the
left scapula. The extent to which it is propagated in this
direction depends not only on its londness, but also on the
degree of enlargement of the ventricle, and probably on the
transverse capacity of the thorax ; the larger the heart and
the smaller the transverse capacity of the thorax the more
nearly does the heart approach the chest wall in the infra-
axillary region, and consequently the greater the area over
which the murmur is aundible.
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It is commonly tanght that this murmur is also propagated
inwards, and is heard even over the sternum. This is an
error which has done much to make the auscultation of the
heart one of the most difficult sections of physical diagnosis
for the student. In many cases it may be noted that
a systolic murmur audible at the apex, and even moder-
ately loud there, is not heard a little way to the right of the
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Fia, 24.—The shaded parts indicate the area of audition of
mitral systolic and of pulmonary systolic murmurs.

apex, and is absolutely inaudible over the sternum and for
some distance to the left of it: in these cases there is no
reason why the murmur should not be heard in these
positions, were it true that mitral systolic murmurs were, as
a rule, propagated towards the sternum. In another class of
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case a systolic murmur is audible over the apex, over the
precordia from the apex inwards, and also over the lower
part of the sternum. Now, when this is the case, there
should be no doubt that in addition to a mitral systolic there
is also a tricuspid systolic murmur. That there is tricuspid
reflux is often proved by the distention and pulsation of the
veins at the root of the neck, so that the evidence of the con-
tention that there is a tricuspid as well as a mitral murmur
appears to us to be based on accurate observation and correct
deduction. From this it will of course be understood that a
mitral murmur is never heard over the base of the sternum.

Mitral Diastolic and Mitral Pre-systolic Murmur.—Both
these murmurs have their point of maximum intensity
exactly over the apex, and are quite localised ; so marked
indeed is this the case, that at a distance of one inch to either
side of the apex they are, as a rule, quite inaudible. A
“murmur, believed to be a mitral diastolic, is sometimes audible
between the third and fourth left cartilages only.

Pulmonary Systoliec Murmur.—This murmur has its point
of maximum intensity over the pulmonary artery in the
second left intercostal space close to the edge of the sternum.
It is, as a rule, a localised murmur, and is rarely if ever
heard beyond one inch from the sternal edge, or over the
sternum adjoining the space, or over the cartilage above or
below it. It is frequently present, more especially in
anemia and debility, and it does not, as a rule, denote
organic disease at the orifice of the vessel. It will be
referred to more fully when functional or ansmic murmurs
are considered. Pulmonary systolic murmur is very rarely
due to organic lesion of the valves, and then it is commonly
congenital and associated with other lesions, as has been
already mentioned at page 65. When due {o organic
disease it is much louder, and, while attaining its point of
maximum intensity over the orifice of the vessel, it may be
widely propagated and audible over the whole precordia and
the whole length of the sternum : it is not, however, pro-
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pagated into the carotids, and this serves to distinguish it
from loud aortic systolic murmur.

The preceding diagram, Fig, 24, shows the position of the
pulmonary systolic murmur.

Pulmonary Diastolic Murmur.—This murmur is analogous
to aortic diastolic murmur., Its point of maximum intensity
18 either over the orifice of the vessel or at the lower part of
the sternum. TIts direction of propagation is down the
sternum and over the right ventricle to the left of the
sternum. It is very rare, and when present may readily be
mistaken for an aortic diastolic murmur. If it were louder
over the right ventricle to the left of the sternum than at the
apex of the left, it would aid in its differentiation.

Tricuspid Systolic Murmur.— At one time this was regarded
as a very rare endocardial murmur. It is no longer so
regarded, and there can be no doubt that it is really one of
the commonest. Its point of maximum intensity is generally
stated to be at the base of the xiphoid, but this is not in-
variably the case.

The murmur may be only heard in the spaces from the
third to the sixth left costal cartilage, and it may be of equal
intensity in all of them. When most typical, however, it is
heard over all that part of the thorax which covers the right
heart, that is to say, it is heard from the septum of the
ventricles inwards to the sternum over a triangular area, as
represented in Fig. 25, the left boundary of which is formed
by a line drawn from the third left cartilage to about one
inch within the apex, the inferior boundary being formed
by the lower border of the right ventricle. It is also audible
over the sternum adjoining this area, and to the right of the
sternum in the third, fourth, and fifth spaces, for from one
inch to an inch and a half from the right edge of the
sternum. When the murmur is thus heard over the whole
right heart it commonly attains its maximum intensity over
the lower third or two-thirds of the sternum. The position
of the tricuspid systolic murmur is thus what might be
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SUMMARY oF PRECEDING.

Point of Maxzimumn

Intensity.
1. Aorric MURMURS.

A. Systolic, . Base of sternum.

B. Diastolic, Sternum at level of
second cartilage,
or lower part of
sternum.

2. PurMoNARY MURMURS.

A. Systelic, . Second left space,
close to sternum,
B. Diastolie, Second left space.

3. MrrraL MURMURS.

A. Systolic, . Apex of left ventricle.
B. Diastolie, Do.
C. Pre-systolic, Dao.

4, TricusPID MURMURS,
A. Systolie, . Over ower third of
sternum, or in ad-
joining epaces to
left of sternum.

B. Diastolic and Lower half of
Pre-systolic. sternum.

Area of Audition and

Direction of Propagation

Over whole sternum ;
into carotid artery;
over whole precordia ;
and sometimes over
whole thorax, anteri-
orly and posteriorly.

Over whole sternum,
but especially over |
lower three-fourths ;
at apex ; over whole
precordia to left of
sternum.

Not propagated.

Down sternum  and
over right ventricle
to left of sternum.
(Very rare.)

Over area round nipple;
outwards  towards
axilla ; round to
angle of scapula.

Not propagated.

Strictly localised.

Lower two-thirds of

sternum ; over right
ventricle to left of
sternum ; over right
auricle to right of
sternum ; over manu-
brium.

Right ventricle to left
of sternum.
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The Tone, Quality, or Character of Murmurs.

' The general law regarding the tone of murmurs is that
| direct or obstructive murmurs—that is, murmurs produced by
obstruction at any of the orifices—are rough in character,
| while indirect or regurgitant murmurs are soft and blowing in
character., This cannot, however, be regarded as of much
| diagnostic significance, although in many cases the difference
| is well marked. Some murmurs are distinetly musical in
character, depending probably on some incidental element in
| the lesion, the nature of which it is usually impossible to do
. more than guess.

. There is, however, one murmur which it is necessary to
- refer to more specially, and that is the mitral pre-systolic ; it
| is a rough murmur, and runs up to the first part of the
| systole, that is, to the first sound : it may be compared to
| the sound produced by pronouncing wrup. It is frequently
confused with a systolic murmur which occurs very com-
monly in mitral stenosis, and which ends with an accent,
the accentuated part being probably produced by the some-
what delayed flap of the rigid valve. This special modifica-
tion of the systolic murmur is quite diagnostic of mitral
stenosis, but it has nevertheless to be distinguished from the
pre-systolic murmur,

The Intensity or Loudness of Murmurs.

This varies within wide limits. The loudest murmurs are
usually aortic in origin. It is a point, however, the clinical
significance of which is apt to be misunderstood. Tt necessarily
depends upon two factors—(1.) the nature or extent of the
lésion, and (2.) the vigour with which the blood is driven
through the affected orifice. In systolic murmurs, especially
at the aortic orifice, great loudness is not of the same serious
import as a proportionally loud diastolic murmur at the same
orifice. In some cases this is equally true of mitral murmurs.
Loud systolic murmurs, however, always imply that the



76 PHYSICAL DIAGNOSIS.

ventricle is acting forcibly, and is therefore well nourished.
The converse is equally true, and thus it is that when the
cardiac muscle is enfeebled or degenerated, murmurs become
less distinet, and may even disappear, reappearing when the
ventricle regains power under freatment. The reappearance
or intensification of murmurs is thus in many cases of good
omen, The murmur which of all others is most prone to
disappear and reappear is the pre-systolic mitral. This
depends not only on the strength of the left auricle, but also,
we think, on the varying degree of distention of the right
ventricle, for when the right ventricle is more distended than
usual the left apex is pushed backwards by it, and thus away
from the chest wall, and the murmur is not then conducted
to the thoraciec wall.

Multiple Murmurs and their Differentiation.

Several murmurs are frequently present in the same patient,
and it will be of assistance to indicate some of the com-
binations which commonly occur, and the method by which
they may be differentiated from one another.

In auscultating the heart the system which is generally in
use is to begin by listening at the apex. We, however, have
found it better to begin by listening at the base, over the
manubrium, and at the level of the second cartilage.

A systolic murmur in the former position, and a diastolic
in the latter, indicate that the murmurs are probably aortic
in origin. When no murmur is present it may be concluded
that the aortic orifice and its valves are normal. The advan-
tage of beginning at the base is thus apparent, for it can be
at once decided whether or not one of the most commonly
"affected orifices is the seat of lesion. From the base we
next listen over the lower third of the sternum. If murmurs
have been heard at the base, they will probably, but mnot
necessarily, be heard here also; but we shall suppose that
there was no murmur heard at the base, but that a systolic
one becomes audible over the lower part of the sternum ;
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we near the apex, and the murmur is louder an inch or so
to the left of the apex than it is at the same distance to the
right of it.

‘We shall take another common condition, in which the
differential diagnosis is often very difficult, namely, a case
m which there is a systolic murmur heard at the manubrium,
all down the sternum, and to the left of the sternum as far
as the apex, and even beyond it. Here there is no doubt of
one point, namely, that there is a systolic aortic murmur, but
the murmur is also audible in the tricuspid region and in
the mitral area, and the question which has to be decided is
whether or not there is a separate tricuspid and a separate
mitral murmur. It is quite impossible to decide whether
there is a tricuspid murmur; we may be able by the presence
of venous pulsation to affirm that there is tricuspid reflux,
but the two murmurs when present cannot be separated by
auscultation. The further question is—Is there a separate
mitral systolic murmur? There are several rules which help
us to decide this question. If the systolic murmur audible
over the sternum becomes fainter as the stethoscope is
moved to the left over the right ventricle, and again becomes
louder or distinctly alters in tone at the apex and beyond it,
we may conclude that there is an independent mitral systolic
in addition to the aortic. Another aid which we have found
to be of service is, that if the murmur is louder at the apex
than it is over the left edge of the heart in the space above
the apex, or the rib above that, the probability is that there
is a mitral as well as the aortic murmur. The reason of this
last is apparent, for if the murmur at the apex be the aortic
systolic propagated downwards by the left ventricle, there is
no reason why it ought not to be as audible at any point
along the left edge of the heart as at the apex. In some
_cases, however, and especially in those in which the aortic
murmur is very loud, it is quite impossible by auscultation
to determine whether there is a separate mitral. It may,
however, be with accuracy assumed that there is mitral refiux
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plicity of sound producing factors in such cases. Among
these may be mentioned a possible, although a questioned,
non-synchronous action of the two ventricles; at least it is
held by some observers that there are contractions of the
right ventricle in which the left ventricle does not seem to
participate, There is an occasional loud sound, and a strong
systole which can be felt in the carotid pulse, followed by
a series of short and irregular sounds, none of which have a
corresponding pulsation in the carotid, and which may be
caused, some by reduplication of the second sound, others by
abortive ventricular contractions, and still others possibly
by auricular contractions; but to which cause each sound
is to be relegated is, we fear, beyond the discriminative
faculty of the human ear. Notwithstanding these difficulties,
which are mainly matters of scientific interest, the diagnosis
can, as we have said, be made from the very difficulties of
the analysis of the auscultatory phenomena. As the heart
regains its equilibrium, and distressing symptoms disappear,
the analysis of the sounds becomes, however, practicable.
Fatty and Dilated Hearf.—In this condition percussion
shows the heart enlarged, but not necessarily to any very
great extent, the dulness often mnot reaching beyond the
nipple line. The auscultatory evidence is mainly or purely
negative. The first sound at the apex is either inaudible or
extremely feeble, while the second sound continues more or
less distinet : beyond the apex the first sound is quite
inaudible. It may, however, be audible over the right
ventricle, especially over the sternum, but the sound here is
certainly caused by the right and not the left ventricle. In
many cases the cardiac action is irregular, and there may be
frequent intermissions, Further evidence of the weakness
of the ventricle is found in congestion of the lungs from the
engorgement of the pulmonary circulation ; and perhaps of the
systemie venous system also, eedema of the lower limbs being

frequently present.
There is sometimes a question of diagnosis, between mitral
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capable of closing it this leads to mitral regurgitation.
Mitral regurgitation leads to dilatation and hypertrophy of
the left auricle. This after a time leads to engorgement
of the pulmonary circulation, and to increased tension in
the pulmonary artery, indicated by accentuation of its second
sound. Engorgement of the pulmonary circulation leads also
to the physical signs of bronchitis from the bronchial vessels
sharing in the engorgement, owing to their connection with
the pulmonary veins. The engorgement also leads to the
effusion of fluid into the pulmonary alveoli, producing
crepitations ; or into the pleural cavity, giving rise to hydro-
thorax. An early result of the increased tension in the
pulmonary artery is that the right ventricle hypertrophies,
and after a time dilates. The dilatation increases, as the
dilatation of the left ventricle increased, from the obstruction
to the outflow of its blood, and following this there is enlarge-
ment of the tricuspid orifice with failure of the valves to
close it, with, as a result, dilatation and hypertrophy of the
richt auricle. The final stage is engorgement of the whole
venous system, and, as a consequence, effusion of fluid from
the capillaries into the tissues and serous cavities, and the
establishment of general dropsy or anasarca.

If, in addition to stenosis, there is also regurgitation at
the aortic orifice, or if regurgitation occur alone, there is a
further dilating force, for there is during diastole not only
the normal quantity of blood flowing into the ventricle from
the auricle, but in addition a quantity flowing backwards
into it from the aorta. The ventricle has to accommodate
itself to this increased quantity of blood, and it can only
do so by dilating. Here, too, however, a certain degree of
dilatation and of hypertrophy maintain the circulation in
equilibrium ; but extra strain or impaired nutrition are apt to
occur, and dilatation increases with its consequent evils,
and there is what is known as failure of compensation.

From the foregoing it will be easy to trace the changes
which follow in the course of time on any given valvular
lesion, and they need not be individually detailed.
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continuous it commonly presents distinet periods of greater
loudness, which vary in time in different cases; in some the
periods of greater intensity being synchronous with the cardiac
movements, in others with the respiration. It is heard best if
the patient’s head be turned to the left, and the chin be at
the same time raised. The physical conditions leading to its
production have not been satisfactorily defined. The two
factors upon which most stress has been laid in the attempt to
explain it are, first, the abnormal physical characters of the
chlorotic blood, and, secondly, the production of a fluid vein.
For the production of the second of these it is necessary that
the blood should pass from a narrow into a wider part of the
vein. In anmmia it is assumed that, owing to diminu-
tion of the total volume of the blood, the veins contract, but
that the lower part of the jugular vein ecannot so contract
owing to its attachments to the adjoining fascia, and that in
this way the relatively wider part is obtained and the mur-
mur is produced. The explanation is unsatisfactory because
there is no evidence that in chlorosis there is a diminution
in the total volume of the blood, and the statement based
upon it, namely, that the veins contract to adapt themselves
to their lessened contents, can hardly be accepted without
further proof than is at present forthcoming. On the other
hand, from the facility with which this murmur can be pro-
duced in chlorotic patients by placing the head in the position
indicated above, it would seem that interference with the
lumen of the vein from traction upon it, coupled with the
alteration in the physical characters of the blood, may be the
more important factors in its production. The altered
character of the blood would appear to be a factor, for the
murmur is not produced in ordinary cases by the position
of the head which so readily produces it in chlorosis. This
murmur is sometimes present over the upper part of the
sternum, and its presence here is difficult to explain. A
murmur of a similar character may be heard over the torcular
Herophili and over the orbit, the stethoscope being placed
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fourth left spaces near the edge of the sternum. When fully
developed it is heard over the whole right heart,—that is, in
the third, fourth, and fifth left spaces, extending further to the
left the lower the interspace, but not reaching further out than
a point about one inch to the inside of the apex of the left
ventricle ; over the sternum adjoining these spaces; and, in
some cases, in the second, third, and fourth right spaces for an
inch to one inch and a half from the edge of the sternum,
This, as is seen in the frontispiece, is the part of the chest
overlying the right heart. If the murmur be heard in the
above positions when the patient is in the upright or sitting
position, it may often be noted that, shortly after the recum-
bent posture is assumed, the murmur may in addition be heard
over the manubrium sterni. The presence of the murmur in
this latter situation has long been regarded as evidence that
there was an aortic systolic murmur present. This, however, we
consider to be a mistake,—the true explanation being, that in
the recumbent position the distention of the right chambers
becomes greater, and, owing to this distention and a greater
reflux through the tricuspid orifice, the murmur is heard over
a larger area. That increased distention occurs is shown by
pulsation of the right ventricle and by increased fulness of
the veins in the neck. '

The murmur is due to reflux through the tricuspid orifice
from the dilated and enfeebled condition of the right ventricle;
and when it is present the pulmonary second sound is mnot
accentuated.

C. Mitral Murmur.—This is the least common of the
murmurs present in the conditions under consideration. It
is, however, not infrequent, and is a soft blowing murmur,
audible at the apex and propagated slightly outwards.

All these murmurs disappear as the patient recovers, and
as the heart regains tone and strength.

Examination of the Blood- Vessels.
A. Arteries.—(1.) Arel of Aorta.—It is frequently neces-
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vertebral column. When the bodies of the vertebra are
eroded by pressure there is tenderness on pressure, and there
may be even curvature.

The typical signs of the presence of aneurism are thus—
pulsation, thrill, dulness on percussion, systolic murmur, and
an accentuated second sound. There are, however, other
evidences of its presence which have to be examined for.
They are known collectively as pressure signs. Thus there
may be evidence of—(1.) Pressure on one bronchus, as indi-
cated by snoring rhonchi over the seat of pressure; (2.)
Pressure on the large venous trunks, leading to fulness of the
veins on one or both sides of the face, neck, and upper
extremity, and even to cedema of these parts; (3.) Pressure
on the trachea giving rise by its irritation toa peculiar brassy
and hollow cough, or interfering with the extrance of air
by direct pressure, and so producing an inspiratory stridor ;
(4.) Pressure on the wsophagus, producing difficulty in
swallowing ; (5.) Pressure on the recurrent laryngeal nerve
on the left side where it turns up under the aortic arch,
leading to paralysis of the left vocal chord; (6.) Pressure
on the sympathetic, causing inequality in the pupils; (7.)
Pressure on the wvagus or the phrenic; (8.) Pressure on
bone, as already referred to, causing caries and absorption,
Finally, the pulses on the two sides have to be compared.
In aneurism there is not infrequently a marked inequality,
owing to the involvement of the origin of one of the large
trunks arising from the arch in such a way that its lumen
is diminished, and the circulation through it consequently
impeded.

While all these evidences of aneurism have to be borne
in mind, too much stress must not be laid on any one of
them, for here, more than in many conditions, the presence
of some symptoms, and the absence of others, have to be
carefully weighed.

Atheroma of the arch of the aorta, with moderate dilata-
tion, associated with hypertrophy of the heart and calcareous
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gated into and can be heard over the carotids. In addition
to this, however, in cases of aortic regurgitation, if the
stethoscope be pretty firmly applied to the carotid, a diastolie
murmur can be heard.  This murmur is not, of course, the
diastolic murmur propagated from the orifice of the aorta,
for murmurs are not propagated in a direction opposite to
the direction of the stream producing them, but it is caused
by the backward flowing stream in the vessel passing the
part narrowed by the pressure of the stethosecope. This
diastolic murmur can often be beautifully heard in the
femoral arteries by carefully graduating the pressure with
the stethoscope.

(6.) Radial Arteries.— Ezamination of the Radial Pulse.—
From what has already been pointed out, it is clear that a
study of the condition of the arterial pulse is fraught with
disease indications of a far-reaching character; and in order
to acquire skill, not only in the diagnosis of circulatory dis-
orders, but in the investigation of all affections which have
even a remote influence upon the ecirculatory system, a
knowledge of the changes which it undergoes is in the
highest degree necessary. Such knowledge can only be
attained by diligent practice and patient study, since the
modifications of the arterial pulse are so numerous and so
various as to require much careful observation for their
detection, while the student must undergo considerable train-
ing before he can possess the requisite faculty of appreciating
the differences between the pulse of health and disease.

In the following pages the methods of ascertaining the
state of the pulse will in the first place be considered, after
which the changes which are to be found in different condi-
tions will be deseribed.

Method of observing the Pulse—In this place attention
must be called to the locality where the pulse may be most
conveniently studied, and the means by which its investiga-
tion is to be carried out will afterwards be described.

The examination of the arterial pulse is usually confined
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be as superfluous in its case, as in the case of the stethoscope.
There are many modifications of the sphygmograph, but the
only essential difference between them is that some have the
pressure applied, as in Marey’s instrument, by means of a
spring, while others, such as Sommerbrodt’s sphygmograph,
have actual weights which bear upon the artery. Of the
many varieties which are employed, the only ones which we
are able to recommend are Sommerbrodt’s, Marey’s, and
Mahomed’s.

It must be borne in mind that the sphygmograph is of
limited use in diagnosis. Tt reveals no new fact which can
enable us to discover affections unknown before its invention ;
it nevertheless brings into prominence certain points in regard
to the pulse which would be less definite without its aid,
and it is on this account of some clinical interest. On the
other hand, there are some aspects of the pulse which can be
much more accurately gauged by means of the finger than by
the help of the sphygmograph. The instrument can there-
fore only be regarded as a supplement to the finger of the
observer.

In employing the sphygmograph there are a few points
which must be attended to. The patient must, in the first
place, assume a comfortable attitude whether sitting or lying,
while the arm, the artery of which is to be examined, must
be put in an easy position, almost fully supinated, and resting
upon a steady support. The button of the instrument is
then to be accurately placed upon the most prominent part
of the artery, and, after the point yielding the largest move-
ment of the lever has been ascertained, the sphygmograph is
to be lashed to the wrist. The pressure, lastly, has to be
adjusted, and it will be found that there is one definite
amount which gives the fullest amplitude of movement, an
increase or decrease of the pressure yielding a less perfect
tracing. Such are the points which must be borne in mind.
The use of the sphygmograph can only be acquired by dint
of assiduous practice. In the following pages its indica-
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tions will be mentioned along with the descriptions given of
the different elements of the pulse, and their variation as
ascertained by means of the finger.

It is necessary to recognise the fact that tracings taken
from the same artery at the same time, but by means of
different forms of sphymograph, may present very varied
appearances. The two tracings which follow, for example,

were obtained at the same time from the right radial artery

Fig., 27.—Tracing taken with Marey's ephygmograph from
the radial artery in a case of mitral incompetence ; pressure

2 0z,

of a patient suffering from mitral incompetence with hyper

ll"’li]l_\' of the left ventriele. The Pressury in both cases was

Fre. 82.—Tracing taken with Sommerbrodt’s sphymograph
from the radial artery in a case of mitral incompetence ;

Pressure 2 0.

the same, but in the case of the tracing taken with Marey's
instrument it was due to a spring, while in the case of that
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obtained by means of Sommerbrodt’s instrument it was
applied by direct weight. It will be observed that the lever
in the former tracing describes the arec of a ecircle from
swinging parallel to the moving paper; while in the latter
the lever gives a perfectly vertical line, because the paper
travels at right angles to it. This gives the upstroke an
absolutely true relation to the rest of the tracing. In tracings
taken with Marey’s and Mahomed’s instruments the upstroke
has always a backward inclination on account of the circular
movement of the lever.

Plienomena to be studied.—In the observation of the
characters of the pulse, it is convenient to separate out its
different elements, and estimate each of them in turn,
Several of these are doubtless only different phases of the
same conditions, but it conduces to the ease of its investigation
when the phenomena which the pulse presents are severally
analysed, Aftention should therefore be devoted in turn to
the following points :—

1. The condition of the arterial walls.

9. The state of the blood supply, as regards—

@. The fulness of the vessel, and
b. The tension of the artery.
3. The character of the pulsation as regards—
@. The rate of the arterial pulse ;
b, The rhythm of the arterial pulse.
4, The character of each pulse-wave as regards—
a. The size of the wave ;
b. The force of the wave ;
¢. The duration of the wave.

5. The character of the pulsation in different arteries in

the same individual.

Normal Characters of the Radial Pulse.—The vessel
should be soft and yielding, moderately filled with blood,
and easily compressible. The rate of pulsation may vary
greatly within certain limits, but the rhythm should be per-
fectly regular, Each pulsation should be of moderate and
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uniform size and force, while neither too long nor too short

m duration.
A sphygmographic tracing of the pulse in health, as in

Fig. 29, presents a sudden and uninterrupted line of ascent,

F1g. 20.—Tracing from pulse of healthy man ; pressure 2} oz

and a gr: ililul line of descent, marked by two distinet undu-
lations, The line of ascent (a-b in Fig. 30) is almost

F1a. 30.—Diagram of pulse tracing in health,

vertical when taken with s uln-rn.uru]]r« writing with a
lever at right angles to the paper, and it inclines somewhat
backwar lb when obtained with such a sphygmograph as
Marey’s, This line of ascent is commonly called the per-
cussion wave, and it is caused by a swift wave of distention
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produced by the sudden entrance of the blood from the left
ventricle into the arterial system. It terminates in a sharp
apex. The line of descent (b-¢ in Fig. 30) is caused by the
more gradual contraction of the vessel after the cessation of
cardiac systole. As above mentioned, it is interrupted by
two distinct elevations. The first or higher of these (4 in
Fig. 30) is commonly known as the predicrotic or tidal-wave,
and it is believed to be caused by the blood-stream coursing
through the artery. The second or lower elevation (f in
Fig. 30) is generally termed the dierofic or recoil-wave, and
it is attributed to the reflection of an impulse from the closed
aortic valves. These waves vary, as will be seen below, with
the blood-pressure, and it may be stated that their position
depends on the distance between the heart and the artery
from which the tracing has been obtained ; the nearer the
artery is to the heart, the higher upon the line of descent
are these elevations.

1. The condition of the Arterial Walls.—The walls of the
radial artery in health are soft and yielding, but they give at
the same time a feeling of elasticity to the fingers which
are applied to them. The state of these walls gives a re-
liable guide to the condition of the arterial system. The
chief departure from this healthy state is hardness and
rigidity of the vessel, caused by thickening or atheromatous
degeneration. The artery may be so hard and resistent as
to roll from side to side under the finger. Such a condition
is common in advanced years, and may be taken as indi-
cating a tendency to cerebral or renal mischief. In order to
discover if there is any tortuosity of the vessel, the observer
should pass his fingers along its course up the arm.

Care must be taken to distinguish this condition from the
state of the circulation known as high tension, caused by
increased blood pressure. They are frequently associated
together, and the means of differentiating the two conditions
will be mentioned. _ |

Tracings taken by the sphygmograph from patients whose
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arteries are atheromatous show a low upstroke, with a
blunted apex, and very little tendency to any oscillations
during the descent of the lever. The limited range of move-
ment during the ascent of the lever, and the blunt appear-
ance of the summit, are due to the rigidity of the walls,
which also causes the absence of the usual waves seen on the

descending line of the tracing.

Fia. :31.----’]1t'ilk::|||:_f taken from a case of advanced atheroma of the

arteries by means of Marey's sphygmograph ; pressure 3 oz

2. The state of the blood supply may be estimated by ascer
taining the fulness of the artery, and the tension or degree of
blood pressure,

(a.) The fulness of the vessel depends on several factors, the
principal of which are—the quantity of blood in the circula-
tion, the energy of the cardiac contractions, and the ecalibre
of the arterioles, caused by the activity of the vaso-motor
nervous system. The fulness of the vessel 1s to be judged by
its size during the interval between two pulsations, and the
sphygmograph renders no help in the determination of this
point. As a rule, a full pulse (pulsus plenus) is associated
with a fairly large pulse-wave ; but it is very common to find
that the pulse-wave may be very small although the vessel is
full. An empty pulse (pulsus vacuus) is, on the other hand,
very frequently found along with large and bounding pulsa-
tions, as in the typical Corrigan’s pulse of aortic incompetence.

A full pulse is common in persons of a plethoric habit,
and in most cases of increased tonicity of the small arteries,
such as the early stages of chronic granular kidney. An

G



o8 PHYSICAL DIAGNOSIS.

empty pulse is found in malnutrition and wasting diseases,
as well as the stage of convalescence in acute affections. Tt
1s further to be observed in conditions of relaxation of the
small arteries and in incompetence of the aortic valves,

(b.) The tension of the artery is intimately associated with
the condition of the vaso-motor system, but it has relations
also with the activity of the heart and the quantity of blood
poured into the arterial system during the cardiac systole.

It is to be estimated by the amount of force necessary to
obliterate the artery during the interval between the pulsa-
tions, and the common term compressible is synonymous with
a pulse of low fension, while incompressible is a term
equivalent to a pulse of high tension. It may also be
gauged by the amount of expansion which the artery under-
ooes during the cardiac systole; a pulse of high tension is,
cateris paribus, one with a smaller pulse-wave than a pulse
of low tension.

Care must be taken not to mistake atheroma of the arterial
walls (see page 96) for increased arferial tension,

g N

Fic. 32.—Diagram of pulse Fie. 33.—Diagram of pulse
of low tension, of high tension.

The finely dotted line represents the normal curve.

Sphygmographic tracings give a reliable means of estimat-
ing the tension of the artery and pressure of the blood. Ifa
line be drawn from the apex of the tracing to the lowest
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it. A tracing of such a pulse shows a greater or less
exaggeration of the recoil-wave, and an almost or quite
absolute disappearance of the tidal wave. When the notch
preceding the wave of recoil reaches the base line, as in
Fig. 34, the pulse is said to be fully dicrotie, and when
this notch sinks below the base line, as in Fig. 35, the
term Ayperdicrotic is applied to it.

It need hardly be added that dicrotism and hyperdicrotism
are invariably results of low tension.

3. The character of the pulsation must be observed with
regard to its rate and rhythm,

(a.) The rate of the pulse, or the number of pulsations in a
given interval of time, varies with changes in cardiac activity,
blood supply, and arterial tone.

In an adult man the number of pulsations usually varies
between 60 and 70 in a minute, but there are personal
idiosyncrasies which in conditions of apparent health may
lead to the rate of pulsation being as low as 20 or as high as
100 per minute. An increase in the rate constitutes a
frequent pulse (pulsus frequens), and a diminution in the rate
is termed an nfrequent pulse (pulsus rarus).

The rate varies in health with sex, age, size, position,
external temperature, hour of day, condition of digestion,
occupation, and many other less important circumstances.
Speaking generally, it may be said that the pulse is more
frequent in the following conditions :—in the female sex; in
infancy and childhood ; in small persons; in the upright
attitude ; in high temperatures ; during the later periods of
the day ; after eating and drinking; and when engaged in
any mental or muscular exertion.

The rate of the pulsation is increased by the febrile state,
and the increase is in almost all diseases directly proportional
to the rise of temperature. In enteric fever and cerebral
inflammations this direct ratio is usually absent. The pulse
is increased in frequency in certain nervous diseases, especi-
ally exophthalmic goitre, and nervous palpitation. It is also

e, & e — —
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more frequent in almost all the organic diseases of the heart,
the only common exception being aortic stenosis.

The pulse is rendered less frequent in the critical stages of
fevers, especially when there is a tendency to collapse ; in
certain disorders of the blood, such as jaundice ; in high ten-
sion pulses,—as, for example, in renal affections ; in inflam-
mations and degenerations of the muscular structure of the
heart ; and in some affections of the membranes of the brain.

(0.) The rhytham of the pulse is absolutely regular in health,
but there are personal idiosynerasies which lead to irregularity
without any apparent cause.

The rhythm depends entirely upon the nervous influences
governing the motor impulses giving rise to the eardiac
systole, and these mervous influences may be disturbed by
alterations in blood pressure, such as want of compensation.
In mitral stenosis the irregularity of the pulse is a marked

feature of the disease even at an early stage, as in Fig. 36.

Fia. 38. 'T'l‘{l.:;ing taken with T"rl;II'L.'}.":- -:]|.|11!,'_x_f|n-'|._;'|':=|.E|E] from
the radial artery in a case of mitral stenosis ; pressure 2% oz.

Irregularity of the pulse is frequently found in cardiac
degeneration and in nervous diseases, and it is quite a com
mon symptom in elderly persons without any apparent
disease,

[rregularity of the pulse frequently assumes more or less
periodicity in its occurrence,—that is to say, the irvegularity
recurs at regular intervals, .

The omission of pulse-waves constitutes the symptom
known as intermission (pulsus deficiens), while the intercala-
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tion of additional pulsations is known as infercurrence
I["j}?&f-ﬁf-* -;‘;,-.fr;-;-r-.u',f;s;.u;:), These conditions are most r‘rr]mlmu]}'
assoclated with lesions of the muscular or valvular apparatus
of the heart. In certain cases the pulse-waves occur in
agroups, separated by intervals of time. When in pairs the
pulse is termed pulsus bigemanus, when in threes, pulsus
trtgeminus. When a large alternates with a small pulse-wave,
the pulse is called pulsus alternans. In all such conditions
the size of the pulsations is unequal. The sphygmograph
reveals the characters of these varieties of pulsation in a
striking manner,

It should be observed that in many cases some of the
contractions of the heart are mot sufficiently energetic to
drive a wave of pulsation to the periphery of the arterial
system. Such pulsations are said to be abortive, and they
are a frequent cause of intermission.

4. The character of each individual pulse-wave demands
careful study, as it yields valuable evidence in regard fo the
heart and blood-vessels.

(a.) The size varies considerably according to the individual
peculiarities of the person whose pulse is under examinabion,
and it depends upon the three factors mentioned in connection

with tension.

Fic. 87.— Tracing taken with Marey's sphygmograph from
the radial artery in a case of aortic incompetence ; pressure

s

A large or bounding pulse (pulsus magnus) 18 observed in
conditions of relaxation of the arterioles, as in fever, and in
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some cases of cardiac hypertrophy without constriction of the
smaller arteries. It is usually very marked in aortic incom-
petence, in which, on account of the regurgitation from the
aorta into the left ventricle, there is a tendency to emptiness
of the arterial system, Fig. 37, on page 102, gives a sphyg-
mographic tracing from such a case.

A small or thready pulse (pulsus parvus) is found in cases
of inanition, cardiac weakness, and obstruetion in the arterial
system,—as, for instance, in aneurism. It 1s common il
diseases of the mitral orifice, and is very marked in cases of
extreme aortic stenosis. The accompanying figure is a tracing

from Hl]l.,'»].l a Case,

Fi1g. 38,—Tracing taken with Marey's sphygmograph from
the radial artery in a case of aortic stenosis ; pressure 24 oz

As a rule a large is associated with low, and a small pulse
with high tension, as has already been mentioned in referring
to tension.

[n health it is found that the volume of the pulse 1ncreases
with inspiration, and diminishes during expiration. A
clinical feature is occasionally noted in whiech the converse
oceurs, .., a lessened volume during inspiration, and an
increased size during expiration. This condition of the pulse
is known as pulsus paradozus. It has been most commonly
seen in cases of stenosis of the air passages, and pericardial
adhesions ; these produce it by increasing the aspiratory
force of inspiration.

The size or volume of the pulse-wave is to be carefully
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distinguished from the fulness of the vessels which has
already been discussed,

(b.) The force of each wave is closely related to its size, but
volume and strength are not invariably associated. The
bounding pulse of arterial relaxation is very often feeble.
The force depends in the main upon the energy of the cardiac
systole, but to some extent also on the degree of tone pos-
sessed by the arterioles.

In all conditions of increased cardiac activity, the force of
the pulse is increased, while in debility of the heart it is
diminished.

(¢.) The duration of each pulsation depends upon the rela-
tion existing between the dilatation of the artery by the
blood-current, and its contraction during the passage of the
blood into the capillaries. The duration is longer when the
blood has considerable opposition to overcome in passing out
of the arteries, and shorter under converse circumstances, It
is also longer when the systole of the heart is prolonged, and
shorter when the cardiac contraction is brief.

As tested by the finger, the quick is readily distinguishable
from the slow pulse by the duration of the impact felt by the
observer. The sphygmographic tracing of the two shows a
quicker ascent, sharper apex, and swifter descent in the
former than in the latter.

A slow or sluggish pulse (pulsus tardus) is almost invari-
ably associated with high arterial tension ; but this is not an
absolute rule, as in aortic stenosis, for example, where there
is much obstruction, the pulse may be extremely sluggish,
although the tension is low. A slow pulse is found in all
affections where there is contraction of the smaller arteries,
such as angina pectoris, renal disease, and arterial sclerosis.

A quick or active pulse (pulsus celer) is found, as a rule,
along with low arterial tension, and it depends upon a re-
laxed condition of the arterioles for the most part. It is
extremely common therefore in febrile affections. A very
marked variety of the quick pulse is to be observed in cases
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head of the patient so as to produce a red line, when its
alternate flushing and pallor is pereeptible. This has been
described as the eapillary pulse.

Inspection of the Veins of the Neck.—The veins of the
neck present extremely different appearances in stout and in
thin people. In the former they can only be seen with
difficulty ; in the latter they stand out distinetly both in form
and colour. It is necessary to pay attention to the condition
of the jugular veins in regard to fulness and to movements.

The fulness of the jugular veins may be increased by
such causes as thrombosis of one of the great veins nearer the
heart, or pressure upon such a vessel by a tumour. In such
a case the venous engorgement is for the most part unilateral.
The fulness may on the other hand be augmented by such
causes as the various dilatations and valvular lesions of the
heart, and many chronic lung affections. In cases of this
kind the venous stasis affects both sides alike, and is but
part of a disturbance of the circulation in general.

The movements of the veins depend upon two groups of
causes—respiratory and circulatory conditions.

{ovements caused by Respivation.—In thin persons undu-
lations along the jugular veins, synchronous with the
movement of respiration, may often be seen. These undu-
lations consist in a gradual filling during expiration, and a
sudden emptying of the veins at the beginning of inspiration.
The explanation is obvious : the fulness during expiration is
the result of the positive pressure on the veins of the thorax
during that phase, which causes a retrograde wave of blood
to close the valve above the jugular bulb ; the sudden empty-
ing attending inspiration is produced by the negative pres-
sure within the thorax at that time, which draws the blood
onwards in the direction of the heart.

Movements caused by Civeulatory Conditions.—In addition
to these movements caused by respiratory conditions there are
others solely connected with the eirculatory functions. These
are grouped together under the term venous pulse.
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The venous pulse in health consist of slight undulations
which are invariably earlier in time than the apex-beat ; the
venous pulse is therefore, to use the common phrase, pre-
systolic. This pulsation is only seen in very thin persons,
and it is, as a rule, more visible in the external than in the
internal jugular vein. If is produced by the contraction of
the walls of the great veins and right auricle, which causes
a current to flow backwards as far as the valves on the veins.
The blood current is stopped there, but the closure of the
Jugular valve communicates a distinet pulsation to the con-
tents of the vein beyond, and every separate shock received
by the valve is similarly transmitted to the blood above.

Tracings obtained from the external jugular vein show at
times a single wave, cause by auricular systole. There may,
however, be two impulses, in which case the second wave is
produced by a shock transmitted backwards from the heart,
during the closure of the auriculo-ventricular valves. At
rare times there may even be a third wave, agreeing in time
with the diastole of the heart, and no doubt communicated to

Frg. 39. —Tracing from the internal jugular vein in a case
of tricuspid incompetence.

the veins by the shock caused by the closure of the arterial
valves.



108 PHYSICAL DIAGNOSIS,

The venous pulse in diseased conditions is essentially
different. This pulse usually consists of two distinet waves,
the first and smaller being produced by the systole of the
right auricle ; the second and larger being caused by a wave
of regurgitation from the ventricle into the auricle. This
form of pulsation of the jugular veins is pathognomonic of
tricuspid incompetence. A tracing of such a venous pulse
is annexed, in which the auricular and ventricular waves can
be clearly seen. The exact form of these waves varies greatly,
and the tracings obtained from the internal and external
jugular veins differ greatly in details, although their main
curves are similar.

Friedreich has pointed out that in some cases paralysis of
the auricle can be detected by the absence of the auricular
wave, which he states to have disappeared in the course of
cases under his care.

Tue Broop.

In many cases the blood requires to be examined to ascer-
tain the following points :—its richness in red corpuscles,
their size and shape, and the amount of hamoglobin they
contain ; the number of white corpuscles, and the proportion
they bear to the red ; and the presence of microparasites.

Red Corpuscles.

Diminution in the number of Red Corpuscles or Oligocy-
theemia occurs in ansemia, from whatever cause. In the
normal condition the blood contains about five millions of
red corpuscles in each cubic millimetre, while in diﬁ'am:{lt
abnormal states the degree of diminution varies of course In
proportion to the severity of the condition. In chlﬂm:sis_, for
instance, they may fall to two and a half or three millions,
while in pernicious anemia they often fall fo about half a
million before death. Their number is usually estimated
in this country by means of Gowers' Hemacytometer. This
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instrument consists of — 4, a small pipette, marked to
contain 995 cubic millimetres ; B, a capillary tube, marked
to contain 5 cubic millimetres (both these are fitted with
india-rubber tubes and mouth-pieces to facilitate their being
accurately filled); D, a small glass vessel to contain the
blood and diluting fluid; Z, a glass stirrer; €, a brass

F1c. 40.—Gowers’ Hemacytometer. 4. Pipette ; B. Cap-
illary tube; (. Stage-plate; D. Glass vessel; ZF. Stirrer;
F, ({uarded needle.

stage-plate, carrying a glass slide, in which is a cell one-fifth of
a millimetre deep, and the bottom of which is divided by inter-
secting lines into squares of one-tenth of a millimetre, while a
cover-glass is retained in position over the cell by means of
two clips ; and #, a guarded needle to pierce the finger with.
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When an enumeration is to be made, 995 cubic millimetres,
measured by means of the pipette 4, of a solution of twenty-
six grains of sulphate of soda to an ounce of distilled water,
to which has been added fifteen drops of strong acetic acid,
are put into the glass vessel D, and to this is added five
cubic millimetres of blood drawn from the finger by the
needle . These are well stirred together, and then a drop
1s pub in the centre of the cell, and the cover-glass put over
it. This is placed under the microscope, and the corpuscles
in ten of the squares, as marked on the bottom of the cell, are
counted. This number, multiplied by 10,000, gives the number
in a cubic millimetre of blood. The corpuscular richness can
also be expressed as so many per centfum. In normal blood
two squares contain one hundred red corpuscles, so if twenty
squares are counted and added together, and then divided by
twenty, it gives the average number of corpuscles to each
square, and if this be multiplied by two, it gives the number
in two squares, and that is the per-centage of corpuscles
present in the case under examination.

By examination of the blood at short intervals the progress
of the case and the effect of remedies can be closely followed.

The size and shape of the Red Corpuscles.—In pernicious
and other forms of chronic anemia the red cells vary much
in size and shape. In all forms the average size is diminished.
This in part is due to the presence of a number of very
small and very deeply coloured corpuscles, which are called
microcytes. The blood also contains some unusually large
corpuscles, known as megalocytes or maerocytes. The cor-
puscles also vary in shape, becoming pear and club shaped,
and assuming various other irregular forms—the term poi-
kiloeytosis indicating these variations in shape.

Variations in the amount of Hemoglobin.—The amount of
hemoglobin in the blood may be lowered absolutely and rela-
tively ; for instance, both in chlorosis and pernicious anzmia
the amount of hamoglobin is absolutely diminished, but in
the former the diminution is relatively greater owing to the
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The average richness of the individual corpuscles is ex-
pressed by a fraction, the numerator of which is the per-
centage of haemoglobin as found above, and the denominator
the per-centage of corpuscles as found by the hemacytometer.
Thus if in a case of chlorosis the heemoglobin richness is 40
per cent., and the corpuscles are reduced to 50 per cent. the
average richness of the individual corpuscle is expressed by
the fraction $§ or £¢, and this would further show that the
proportional deficiency of hmemoglobin is greater than of

corpuscles.
White Corpuscles.

Normally there is one white corpusecle in about six squares,
as reckoned by the hzmacytometer. Minor variations are of
no clinical or pathological significance so far as is known. In
leucocythamia, however, there is an absolute increase in the
number, and, owing to the fall at the same time in the
number of red corpuscles, the white are relatively still more
abundant, the proportion rising even to 1 in 20.

Microparasites.

These are animal or vegetable. Of the first the only one
of importance is the Filaria sanguinis hominis, which
appears in great abundance in the blood during the hours of
sleep of the individual harbouring the mature worm.

The vegetable microparasites are numerous: among the
more important may be mentioned the bacillus of anthrax,
the spirillum of relapsing fever, and various bacilli and
microcoeei in septic and other fevers. These require special
methods of staining for their demonstration, for which re-
ference is necessary to works on practical pathology.

Spectroscopic Fxamination.

Both arterial and venous blood give a distinctive spectrum.
The recognition of blood by the spectroscope will be referred
to in the section dealing with the urine.
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The relations of the lungs to the surface are represented in
the frontispieces I. and II.

The summit of the dome of the diaphragm is on a level
with the eighth dorsal vertebra.

The trachea bifurcates at the level of the fourth dorsal
vertebra, the right bronchus being at a slightly higher level
than the left. X

Prvysicar, Examinamion oF taE Lungs.

The physical examination of the lungs comprises four
distinet methods, namely—(1.) inspection, including men-
suration ; (2.) palpation, including vocal fremitus; (3.) per-
cussion, including sense of resistance; (4.) auscultation,
including vocal resonance. We shall take these up seriatim.

I.—InsprEcTION AND MENSURATION.

Preliminary.—Normal respiration is made up of two
phases, inspiration and expiration, followed by a pause.
Their relative length may be put in the form of an equation,
as follows—

Inspiration : Expiration :: 5 : 6

During inspiration the cavity of the chest enlarges, and the
lungs expand, while during expiration it diminishes and the
lungs contract. The enlargement of the chest consists in an
inecrease in its cireumference, as well as an increase in its
vertical capacity, the latter being brought about by the
descent of the diaphragm.

The increase in the circumference is recognised by the eye,
and is technically known as expansion.

The degree of expansion varies in different individuals,

The descent of the diaphragm during inspiration is recog-
nised by the distention of the upper part of the abdomen,
while during expiration the abdomen falls as the diaphragm

rises.
In men, when the breathing is quiet, it should be noted that
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annulling or modifying their respiratory function. It is there-
fore associated with diminished respiratory movement. It
may be present at both apices or confined to one.

In addition to the foregoing, which are those most commonl] y
described, it is well to remember that in angular and lateral
curvature of the spine the shape of the thorax is much
altered, and that the limits and relative volume of the two
lungs may be materially modified. In pronounced lateral
curvature, owing to the altered curve of the ribs, and the
altered volume of the lung, it will be found that the per-
cussion sound is different on the two sides. Unsatisfactory
physical signs must not in such cases have too much im-
portance accorded to them if there is not other evidence of
pulmonary disease.

B. Size.—The size of the chest in its circumference, and its
vertical and horizontal diameters, varies greatly within the
limits of health.

The following measurements are those usually made :—

The circumference is often the only measurement which is
made. It is taken at the level of the nipples. The average
iz 34 inches, but it varies from 28 to 44 inches in the adult
male. The chest expands from 1} to 5 inches during forced
inspiration, and it is well to observe this in health, as the
diminution in the degree of expansion in various morbid
conditions is to be specially noted. It occurs, for instance,
to a very marked degree in emphysema and asthma, in both
of which the measuring line may not indicate more than
from a quarter to half an inch of increased circumference
during inspiration.

The semi-circumference of the chest is greater on the right
side than on the left by about half an inch. This measurement
is taken from the spines of the vertebr behind to the middle
of the sternum in front : it is well to make a mark at both
points before measuring. Distention of one-half occurs in
pleuritic effusions when very copious, m?d also in some cases
of pnenmo-thorax. Retraction on one side occurs in fibroid
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Under the first are included croup, paralysis of the vocal
chords, larnygeal tumours, the pressure of tumours on the
trachea or large bronchi, &c. Under the second—asthma ;
the obstruction being caused by spasm of the smaller bronehi,
Under the third—phthisis, compression of the lung by
pleural effusion, congenital or acquired collapse, pneumonic
consolidation, and acute pleurisy, pleurodynia, or intercostal
neuralgia. In the last of these the painful part is restrained
owing to the increase of pain experienced on movement.

Second. An already distended condition of the pulmo-
nary vesicles. This is typically seen in emphysema, the
lungs and their containing case being so abnormally dis-
tended that even with deep inspiration the thorax may only
expand about half an inch.

Third. Paralysis of the muscles of respiration which act
on the thorax. This oceurs in certain cerebral and spinal
diseases or injuries, respiration being maintained by means
of the diaphragm.

B. Increased Expansion.

(feneral increased expansion occurs during violent exercise,
and as a result of muscular effort. In the early stages of
febrile affections there is, along with acceleration of the
breathing, increased general expansile movement.

Local increase may affect one-half of the chest as when the
lung on the opposite side is not performing its function. It
is present when air or fluid in the opposite pleural cavity
compresses the lung, also when there are destructive changes
in the lung itself, and when the bronchus on one side is com-
pressed or has its lumen obstructed in any way. When
the apices of the lungs are the seat of tuberculous infiltra-
tion, the respiratory movement of the lower part is inereasef.l :
and when the lower parts are infiltrated with pneumonic
exudation, or compressed by fluid, the upper part shows
increased movement.
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whooping-cough, paralysis of the vocal chords, or any condi-
tion in which the lumen of the upper part of the respiratory
passages is diminished, as by the pressure of aneurismal and
other tumours. Fapiratory dyspnea is present in the more
advanced cases of bronchitis and emphysema, in which there
is both obstruction in the bronchi and a diminution in the
elasticity of the lung. It will be remembered that expira-
tion depends on the elastic recoil of the lungs, and conse-
quently, when this is weakened, expiration must be impaired.

Orthoprneea is a very marked degree of difficulty in breath-
ing, the term being confined to cases where the patient
requires to remain in the sitting or standing posture. It is
present in the advanced stages of cardiac disease and in
asthma, &e. In it the accessory muscles of respiration are
called into action. The diseases mentioned above as giving
rise to dyspneea do in the more severe instances produce
orthopncea.

Cheyne-Stolies Respiration.—This is the best marked type
of alteration in the rvespiratory rhythm. When fully de-
veloped it is characterised by a repeating eycle of phenomena ;
beginning with a number of superficial respirations 1t goes on
to deep respirations, often amounting to dyspncea, from which
it falls again to superficial respirations resembling those with
which it commenced ; these are often called the ascending
and descending phases, and following them is a period of
complete cessation of the respiratory movements. The whole
cycle occupies from a few seconds to two minutes, the puuse
occupying about one-half the whole time. The following
tracing represents graphically the phenomena in this con-
dition.

It may oceur in all affections involving the cerehr?J and
medullary centres. It is frequently present in uremia and
‘many acute diseases.

While the above is the fully and typically develnp:ed
phenomena, there are many minor forms of irregularit}f W]llfﬁh
are allied to the fully developed form, but require no special
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formed by standing behind the patient, when that is
practicable, and putting the hands across the shoulders ; in
the same way, for palpation of the apices posteriorly, the
hands may be put across the shoulders from the front. The
lower part of the thorax, both laterally and posteriorly,
should always be palpated as well as the apices, and a note
made of the movement in these various situations,

The conditions in which deficient expansion is present
have been already mentioned under inspection, and need not
therefore be repeated here.

Pain on palpation is sometimes present, and may be even
acute. It may be present either in the intercostal muscles,
when it is usually rheumatie, or it may be confined to the
nerves. It is also present before the appearance of the
eruption in herpes zoster (shingles). In some cases of
pleurisy pain is complained of on palpation, especially if
considerable pressure be made on the part.

Vocal Fremitus.— The physical explanation of wvocal
fremitus has been already considered. The factors which
determine its intensity may be classed as follows :—

(a.) The pitch of the voice : the lower the pitch the more
marked the fremitus, and vice versa. This explains the fact
that in women it is, as a rule, less marked than in men, the
former having the higher pitched voices. Feeble voices are
also badly conducted.

(b.) 'The size of the tube (the bronchus), and therefore the
size of the vibrating column of air within it. As a conse-
quence vocal fremitus is usually better marked on the right
than on the left side, the right bronchus being the larger.

(¢.) The distance of the part from the larynx—that is, from
the point where the vibrations have their origin : the greater
the distance the feebler the fremitus, and wice versa, so it 1s
more marked over the upper part of the anterior aspect of
the chest than the lower.

(d.) The thickness of the chest wall: the thicker the
chest the feebler the fremitus. A thick wall, whether due
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Pulmonary cavities, if they have dense walls, are
large and near the surface.

Solid tumours in contact with large bronchi, and
also with the parietes.

Friction or pleural fremitus is the sensation communi-
cated to the hand in cases of pleurisy where the friction is
unusually coarse. It is a ecreaking, rubbing, or grating
sensation, and is only occasionally present. It is a pheno-
menon of no special clinical significance.

Bronehial Fremitus.—In bronchitis and asthma, owing to
local interferences with the lumen of the bronchi, the
passage of air is interrupted, and sounds are produced which
are known as rhonchi: they are deseribed later. When,
in these conditions, the hand is placed over the larger
bronchi in front or behind, the vibrations producing the
sounds are very distinetly felt, and bear the name of
bronchial fremitus,

III.—PERCUSSION AND SENSE OF RESISTANCE.

Pereussion.—The percussion sound of the lungs is usually
defined as clear or resonant. TIts precise character cannot be
described ; it can only be appreciated by carefully training the
ear to recognise it and its various modifications in different
individuals, and at different parts of the thorax. The terms,
resonant and clear, are as a rule used as synonymous.
It is, indeed, usual to distinguish between greater and less
degrees of resonance, and to refer to the percussion sound of
the thorax as inereased, diminished, or impaired in resonance,
Or as non-resonant.

The use of the term resonant is, however, unfortunate, as
it is applied in a sense which is not allowed by acoustics.
It might, indeed, be desirable to discard it altogether from
these pages, were it not so commonly in use that it requires
at least to be recognised, and its common meaning specified.
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comes tympanitic. This modification frequently oceurs above
the limit of a pleural effusion ; in pneumonia, before the lung
has become solid ; in ;edema of the lungs; and in caseous infil-
tration of the lung tissue, the air not being entirely excluded.

To understand the cause of this tympanitic sound, it is
necessary to know that if a lung be percussed after its
removal from the body, when it has of course partially
collapsed, the sound emitted is tympanitic. It is from this,
and from a consideration of the changes present in those
morbid conditions in which it may be elicited, that the
tympanitic sound is regarded as due to diminufion in the
tension of the lung tissue, and a diminution in the amount
of air in the alveoli. These conditions are present in the
morbid states enumerated above. The tension or toniecity
is of course lessened by the inflammatory action in a pnen-
monia and by the pressure of the fluid in pleuritic effusion,
while the amount of air in the alveoli is necessarily reduced
in all cases where an exudation takes place into them. It
must, however, be acknowledged that this explanation is not
altogether satisfactory.

Method.

When the anterior aspeet of the thorax is to be percussed
the patient should be recumbent and unconstrained, or in the
sitting posture.

Care must be taken that'the finger is laid quite flat on the
surface, and the percussion sound on one side is to be com-
pared with that on the other in corresponding spaces and
over corresponding ribs.

The apex is percussed above the clavicle by the mediate
method, then the clavicles are percussed immediately, after
which the rest of the lung is percussed downwards. In the
first instance it is only necessary to percuss the interspaces.
If an area be found where the percussion sound is altered, it
can be investigated rib by rib and space by space. On no
account ought the student to compare an interspace on one
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15 slightly duller than at the corresponding spot on
the other side. This is also spoken of as impaired or
deficient resonance,

2. Moderate dulness—when the sound is decidedly dull,
but not so marked as the next.

3. Absolute dulness — when the part gives a sound re-
sembling that of a solid organ.

B. Abnormally clear sounds (called also Hyper-resonant).

These may be divided according to their degree into—
1. Slight or comparative increase of clearness.
2. Moderate and marked increase of clearness.

C. Percussion sounds of special quality or character —
1. Tympanitic.
2. Amphoric or metallic.
3. Cracked-pot.

‘We may now consider these in order.

A, Dull Sounds.

L. Slight or comparative dulness.—This is frequently pre-
sent at one or other apex, more commonly at the right. It
is somefimes regarded as physiological, but this is doubtful,
for it will be found that, in at least a large proportion of
cases, it is associated with and due to adhesion and thicken-
ing of the pleura. A corresponding degree of dulness can be
made out over other parts of the lung where the same condi-
tions are present. To appreciate this difference percussion
must not be strong ; indeed, for all the finer degrees of sound,
it 1s necessary that the student should acquire the art of per-
cussing with one finger. Slight dulness is also present in
commencing tubercular disease at the apices,

9. Moderate dulness is present in tubercular disease of
the apices when the whole lung tissue has not become in-
filtrated. It is also present over patches of catarrhal pneu-
monia which reach the surface of the lung; and in the
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full to a shallow sound, is noted over the anterior edge of
both lungs, and inferiorly over the right one, as has been
already indicated at page 132.

B. Abnormally clear sounds, also called Hyper-resonant.

1. Slight or comparative increase in clearness oceurs from
the slighter degrees of emphysema, and is not of much
practical importance.

2. Moderate and marked inerease may be classed together,
as they necessarily merge into each other, the dividing line
being purely empirical, and depending on the individual
observer. It is present all over the chest when both lungs
are emphysematous throughout. When the emphysema is
confined to the edges of the lungs the alteration in the per-
cussion sound is confined to those parts. This can very
frequently be noted over the front of the chest, the percussion
sound becoming distinctly clearer on percussing from without
inwards,—that is, towards the edge of the lungs. It is
also present over the area of superficial cardiac dulness,
when the heart is covered by the emphysematous border of
the left lung. The more markedly clear sounds merge into
the tympanitic variety.

C. Percussion Sounds of special Quality or Character,

1. Tympanitic. —This is the sound which is elicited by
percussing the stomach or intestines when they contain air.
In the normal condition it is not produced by percussion
of the thorax, save inferiorly on the left side, when the
stomach is dilated, as is specially referred to under the
examination of that organ. In several morbid conditions,
however, the percussion sound presents this character. They
are as follows :—

(a.) Pueumothorax, 7.e., the presence of air in the pleural
cavity, leading to retraction of the lung. If the tension of
the air within the pleura be great, the percussion sound
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a large, empty or partially filled, and covered vessel is per-
cussed. The tympanitic sound, on the other hand, is not
prolonged, it ceases immediately after the percussion blow
producing it. The amphoric sound is heard best in cases of
pneumothorax and in large superficial cavities in the lung ; in
both it is necessary that the walls of the cavity be smooth, so
that the sound waves may be reflected equally from all parts
of the wall. In pulmonary cavities the sound comes out best
when the mouth is open.

3. Crucked-pot Percussion Sound (Bruit de pot filé).—
This sound, as its name implies, resembles that produced by
percussing a cracked vessel. It can be simulated by clasping
the hands at right angles to each other, and then striking
them smartly against the knee. It is produced

(a.) Over pulmonary cavities when they communicate
directly with a bronchus, and when the chest wall overlying
them is emaciated and yields to the percussion stroke. It
is almost confined to ecavities at the apex. To elicit the
sound percussion should be performed during expiration,
and the patient’s mouth ought to be open. It is caused by
the sudden expulsion of a portion of air from the cavity
into the bronchus. While this is the most common con-
dition in which the sound is obtained, there are several others
in which it is occasionally present, namely—

(h.) In some eases cf pleurisy above the limit of the effusion,
due probably to the yielding of the chest wall, and the par-
tially compressed state of the lung favouring the sudden
expulsion of air by the percussion stroke,

(e.) In pneumonia before consolidation has taken place. In
both this and the preceding condition, it will be remembered
that a tympanitic pereussion sound is sometimes present.

(d.) When an opening exists through the parietes into the
pleural cavity. It can therefore be readily demonstrated
when the pleura has been incised for empyema, and its non-
production when the opening is artificially closed can also
be demonstrated.
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of solidity of the part percussed, and therefore is in direct
ratio to the degree of dulness; that is, the greater the dulness
the greater the sense of resistance.

IV.—AUSCULTATION.

One of the greatest difficulties in the auscultation of the
lungs is the variety of classification of the sounds, and the
want of agreement amongst teaching physicians as to the
characters which distinguish the different groups. This
necessarily leads to great confusion in the mind of the
student, and surrounds the exposition of the subject with
difficulties, while it is, we fear, somewhat hopeless to attempt
to meet the views of all teachers of practical medicine,
There is not by any means the same degree of confusion in
the interpretation of the signs, but even here there is room
for greater accuracy, and the attainment of this can only be
realised by the more rigid definition of the terms at present
in use, In teaching and in learning, the tendency, we think,
is too much towards classification without descriptive and
eritical examination of the sounds, which would constitute a
training in itself. The practice is too much to draw atten-
tion to the breathing at a specified spot in an individual case,
as bronchial, tubular, broncho-vesicular, or whatever else the
individual teacher may choose to call it, without that eritical
analysis of the sound which would resolve it into the com-
ponent elements which give it its special features, and on
some of which at least its classification must be conseciously
or unconsciously based. That this must necessarily be the
case is easily rendered apparent. Respiration consists of two
parts, inspiration and expiration. Over different parts of the
respiratory tract the audibility of inspiration and expiration
varies both in length, loudness, and tone, and the relative
length of the one to the other. A knowledge of these varia-
tions, as they are heard over different parts in the normal
condition, is necessary to the recognition of the alterations
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passing into and out of the mouth, and by its passing in and
out past the vocal cords, where the lumen of the air passage is
smaller than above and below them. In the second case the
greater loudness and harshness were due to the air passing in
and out by the nose. Owing to its construction, a narrow
passage is formed opening into a wider one, the pharynx,
and this gives the conditions which intensify sound ; there
are other elements in this, which need not, however, be dwelt
upon.

We have also stated that the character of the sounds de-
pends on the rapidity of the breathing. If the breathing be
rapid and conducted by the mouth, the sounds are louder
and harsher than when breathing is slow. This is due to the
greater friction resulting from increased speed, the friction
occurring at the vocal cords mainly. In this condition the
sounds approximate to those heard when the breathing was
nasal.

In these three cases the sounds are heard over the regions
specified as they are conducted there by the air in the
trachea, or transmitted to the vertebre from the trachea.
They are audible anteriorly until the sternum is reached, and
posteriorly as far as the upper dorsal vertebrae, The sound
would of course be heard over the large bronchi were
they within reach of the stethoscope, but they are so
overlaid by the parenchyma of the lungs that sounds con-
veyed into them from the larynx and trachea have to pass
through it before reaching the surface, and in doing so they
are considerably modified. As will be seen presently, there
is a type of breathing which is known as “bronchial,” as it
resembles what was supposed to be heard over the bronchi.
We have, however, seen that the bronchi, even in their
primary divisions, are so covered by lung that the sound in
them can only be heard after it has been modified by its
passage through lung parenchyma. We take therefore the
sound heard over the trachea and spine as the type of what 1s
clinically known as bronchial breathing.
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inspiration and expiration approximate more nearly to those
present over the parenchyma than over the trachea. From
its intermediate character it has been called broncho-vesicular
or indeterminate breathing, the former being the better term.
Its explanation is that the large bronchi are nearver the chest
wall here than at any other part, but that even here the
sounds conducted into them from above have to pass through a
considerable thickness of lung tissue to reach the chest wall,
and therefore the ear ; in their passage they are damped down.

The term broncho-vesicular would be equally applicable
did we hold the opinion that the air vesicles themselves
produced sound during their inflation and retraction, for the
sound would then be a combination of the bronchial sound
conducted from a distance, and the vesicular sound produced
at the spot.

The foregoing is simply a statement of fact, the pheno-
mena having the names in general use applied to them. The
cause of the unsatisfactory state, not of the nomenclature so
much as of the individual application of it, necessitates some
explanation, and thereby what appears almost hopeless con-
fusion to the student may be simplified and put somewhat
in order.

In the first place, it is found that the term ‘“ bronchial ™ is
applied by some to all the variety of sound, described in the
preceding pages as audible over the trachea, cervical vertebre,
and interscapular regions. This includes breathing charac-
terised at one end by harsh inspiration and expiration of
equal length, to, at the other end, breathing with a soft
blowing inspiration, followed by a short expiration which
varies in tone. Not only that, but breathing the inspiration
of which shows any of these characters, and is followed by
an inaudible expiration, is also classed by some as bronchial.
To meet the difficulty raised by including such a variety of
sound under one term, some use the term tubular to denote
the type of harsh sound heard over the trachea ; but this only
meets a small part of the difficulty.







148 PHYSICAL DIAGNOSIS.

which, however, are not sufficient to remove them from the
rank of vesicular : they are classed as follows :—

Weak vesicular.
Harsh  do. or puerile.
Do. do.  with prolonged expiration.

Wavy, jerking, or interrupted vesicular.
Absence of breathing.

(a.) Weak or faint vesicular.—In this variety the relation
of expiration to inspiration is maintained, but the sounds are
faint. It is present in persons whose lungs are voluminous,
and who, from the extent of breathing surface they possess,
breathe correspondingly slowly and quietly. It is also,
however, present over a part of the lung where there are
pleural adhesions, or a thin layer of fluid between the lung
and the chest wall.

(b.) Harsh wvesicular or puerile.—The normal relation of
expiration to inspiration is maintained here also, but each
1s louder and harsher than over the normal adult lung, It is
called puerile, as it is the character which the vesicular breath-
ing normally presents in children. It is present in the adult
when the function of a considerable area of lung is in
abeyance. It is therefore present over the unaffected side
when there is large pleural effusion on the other side. If
there be moderate effusion into both pleurs, as is often the
case in cardiac disease with failure of compensation, it is
present over the upper part of both lungs. It is also present
over the unaffected lung in pneumonia, over the upper parts
of both when there is congestion at the bases, and in fact
over the unaffected part in all conditions where, as has been
said, the respiratory function of part is in abeyance, or has
been permanently destroyed or seriously lowered. It 1s
therefore also present over unaffected parts in phthisis.

(e.) Harsh vesicular, with prolonged expivation.—The ex-
piration in this variety is, as its name implies, longer than in
the preceding or puerile variety. The character of inspira-
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Second. The term bronchial is applied to a variety of
breath sound characterised by its distinctly blowing character,
and which has not the harsh character of the preceding
variety. 1In this form expiration may be as long as inspira-
tion, but is often shorter; while in some cases the expira-
tion is longer, louder, and more blowing than inspiration,
There is a break between inspiration and expiration. This
and the preceding variety merge into each other, and com-
bine in various ways. They may be represented thus—

A\RA\/AVN/AVAN

Fi16. 57.—Bronchial breathing of blowing character.

Third. There is a variety of breathing which is known as
cavernous, It is heard in many persons with great distinet-
ness over the box of the larynx, and in some over the trachea.
It, however, varies in distinctness, and is not in all equally
characteristic. It is a low-pitched blowing sound of con-
siderable volume ; inspiration and expiration are about equal
in length, and there is a break between them. This sound
is more voluminous and hollow in character than the sound
usually heard over the trachea or cervical vertebree. From its
hollow tone it suggests to the mind of the observer the name
it bears—cavernous. It is the same sound, produced mainly
in the mouth and nose, which we have already described, and
it has its special tone over the larynx from its proximity to
the main seat of its production. It may be represented thus—

s S

Fic. 58.—Diagrammatic representation of cavernous breathing.
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C. Broncho-Vesicular, Vesiculo-Bronehial, or Indeterminate
Breathing.

Some of the breath sounds referred to in the last para-
graph, and which some clinicians class as bronchial, ought
properly to be classed under this head, for they present
neither the characters of the standard bronchial nor vesi-
cular class. On the other hand, the sounds sometimes in-
cluded in this class inevitably lead to misunderstanding
and eonfusion.

The above terms ought to be confined to sounds which are
midway between bronchial and vesicular; or to sounds in
which the inspiratory or the expiratory part has more or less
of the character of some of the varieties of bronchial, but in
which the other half retains the vesicular character. In cases,
however, in which the inspiration may be cavernous or harsh
bronchial, while the expiration may have nothing to distin-
guish 1t from vesicular, the breathing might be deseribed as
presenting cavernous or harsh bronchial inspiration, with
expiration harsh or soft and not prolonged, or inaudible, as
the case may be, and thus classification would be avoided.
They are frequently met with, and classing them misleads,
or at best conveys no definite impression to the mind of any
one persuing the record of the case. The great desideratum
is to have a record in which there would be no difficulty in
reproducing by imitation the sounds which had been heard,
and at present this is impossible.

This class of breathing is heard in some persons in the
interscapular region, about the level of the third dorsal
vertebra, owing to the proximity of the large bronchi, and
the tracheal sound not being so much modified as where the
interposing pulmonary tissue is greater. It is also sometimes
heard over the manubrium sterni.

In abnormal conditions it indicates partial consolidation,
and may be present at the apex in the early stage of tuber-
cular infiltration.
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the sounds are caused by («.) interference with the lumen of
the tubes by an unequal thickening of the mucous membrane ;
or (b.) what is more common, by the presence of mucous
lying in the tubes at different points; and (e.) by spasmodic
contraction of the bronchi. In all these the air, passing the
constricted point into a wider part beyond, sets up vibrations
which are heard as rhonchi, and may even be felt by the
hand applied to the chest wall. They are represented in
Fig. 59.

They are present either during inspiration or expiration, or
both. From their character they are sometimes called dry
rdles to distinguish them from the next class,

Rhonchi are present in bronchitis, whether it be a simple
bronchitis, or part of the pulmonic changes in phthisis, or
-due to congestion of the bronchial vessels from mitral lesion.
They are also present in asthma, and in bronchitic asthma.

Fic., 59, —Representing the production of rhonchi, and of
crepitations in the bronchi and alveoli,—at a rhonchi from
mucus in the large bronehi ; at b in the small tubes ; at ¢
coarse crepitations in large tubes; at d fine crepitations in
small tubes and alveoli; at e rhonchi from spasm of small
tubes.
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numbers, and give the impression of uniformity in size,
They are also present in cedema and congestion of the lungs,
in which, however, they may be larger and belong to the
suberepitant variety. The medium or fine variety is present
also 1n bronchitis affecting the smaller tubes. Coarse erepita-
tions of bubbling or gurgling character are formed either in
the large bronchi or in pulmonary or bronchiectatic cavities.
Metallic or tinkling crepitations are so called from their
metallic tone ; they are produced in large pulmonary cavities,
or in hydro-pneumothorax, their special character being due
to the reverberation of the sound in the cavity.

C. Friction.

Friction is a rubbing sound caused by the movement of
one inflamed surface on another, Heard over the lungs it is
due to pleurisy. Its coarseness and intensity vary widely in
different cases ; sometimes it is so fine as to be hardly, if at
all, distinguishable from fine crepitations, at other times it is
a coarse, loud sound, like the creaking of thick leather. If
there is doubt as to whether a sound is pleural or intra-
pulmonary in origin, it can sometimes be settled by making
the patient cough, when, if the sound be intra-pulmonary, it
is modified, while if it be pleural, no appreciable modification
results. In addition, firm pressure with the stethoscope
intensifies friction in some instances, while it has no effect
on intra-pulmonary sounds,

Pleuro-pericardial friction is referred to at page 59, and
need not be again considered.

Other points will be found referred to at page 163 under
pleurisy.

D. Additional Sounds,

In addition to the foregoing, there are three sounds which

will only be mentioned here, as they are dealt with fully

under hydro-pneumothorax at page 171. They are metallic
tinkling, the bell sound, and the suceussion sound.
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pathological change which, however, most commonly com-
pletely annuls it, is effusion into the pleura. It is also
absent if the bronchus leading to a part be occluded, and
secretion in the bronchi diminishes its intensity. In all
these the vibrations are impeded and do not reach the chest
wall.

Modifications in the character of the vocal resonance.—The
first of these is @gophony, so termed from its bleating
character. It is heard in some cases of pleuritic effusion,
towards the upper limit of the fluid where it forms but a
thin layer between the lung and the thoracic wall. Its mode
of production is difficult of explanation, but it is most pro-
bably the result of an arrest or non-transmission by the fluid
of the fundamental tone of the voice, while the harmonics
are not arrested.

The second is amphoric resonance, which is fully referred

to under pneumothorax at page 167. It may also be present
over intra-pulmonary cavities.

TrE PHYSICAL SIGNS OF SOME OF THE PRINCIPAL LUNG
AFFECTIONS.

DBronchitis.

This is one of the commonest affections of the respiratory
organs, and only presents distinctive features on ausculta-
tion. Inspection and percussion are not modified. On
palpation bronchial fremitus can often be felt. The
characteristic auscultatory signs are rhonchi, which vary in
time and loudness in individual cases, and also at different
times in the same case. They are, as a rule, best heard
posteriorly in the inter-scapular regions and at the base.
They are heard over both lungs equally. When the signs
of bronehitis are limited to a part, as to one apex, 1t suggests
a suspicion of phthisis.
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right heart is dilated, the veins of the neck are distended,
and there is marked lividity.

Preumonia.

In the first stage (congestion and exudation) there is com-
parative percussion dulness, the pitch being higher than on
the unaffected side; wvocal fremitus is not increased; on
auscultation there are vast numbers of very fine crepitations
heard during inspiration, and vocal resonance is not increased.
A deep breath or a cough makes the crepitations more
numerous and more audible.

In the second stage (consolidation) there is absolute dul-
ness on percussion; the vocal fremitus is increased; on

Fie. 61.—Representing pneumonia of the inferior lobe with the
physical signs characteristic of consolidation.

auscultation the breathing is bronchial, in the most typical
cases having the harsh ¢# sound, and called by some tubular,
but in other cases it is more blowing: the sound is often
louder than the respiratory sound heard over the trachea or
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The physical signs which are frequently present at the
uppermost part of the effusion, or immediately above it, re-
quire to be clearly kept in mind, as they frequently lead to
errors in diagnosis. The cegophony which may be present
has been already referred to at page 159, and is not a mislead-
ing sign. Those which mislead are—(a) the presence of a
tympanitic percussion sound above the dull sound caused
by the fluid. The sound is produced by the compressed
but not perfectly airless lung. Its position is often deter-
mined by the pre-existence of pleural adhesions. If there
are no adhesions the lung is compressed upwards and
towards its root, and the tympanitic sound is immediately
above the limit of the fluid ; but if, for instance, the lung be
adherent anteriorly, it cannot be compressed upwards, but is
compressed forwards, and over the upper part of this com-
pressed area, which is not quite airless, and is lying against
the anterior aspect of the chest wall, the tympanitic sound
may be present and may be mistaken for pneumothorax. (b)
The presence of bronchial breathing and crepitations above
the fluid. These are produced in the compressed and congested
lung, and when the fluid is not very abundant the condition
is often mistaken for pneumonia. This not only occurs in
pleurisy, but in hydrothorax, and the signs disappear if the
fluid be removed.

It is of great importance to learn to recognise the presence
of moderate effusion into the pleural cavity, whether it be
simply a hydrothorax or the result of pleurisy, and to do
this it is necessary to be familiar with the percussion sound
over the extreme bases of the lungs posteriorly, for dulness
of a few fingers-breadth in this position may indicate a
very considerable effusion. Dulness, and the absence _uf
vocal fremitus, even should the breath sounds not be quite
inaudible, often warrant the diagnosis. _

When effusion is very copious the whole lung 1s com-
pressed, the semi-circumference of the affected side is
inereased, and the intercostal spaces may be bulged. In addi-
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outer end of the clavicle, 8o the auscultation of these regions
ought never to be neglected. When the crepitations are
abundant and present during both inspiration and expira-
tion, the type of the breathing may be quite obscured, and
when this is so it ought to be mentioned.

In the more advanced stages, when the changes in the
lung and pleura are of a very varied kind, the physical signs
vary greatly. There are marked diminution in expansion,
considerable flattening, and dulness on percussion, or if a
large cavity be present at the apex, the cracked-pot sound
may be elicited. Vocal fremitus is usually increased. The
breath sounds are bronchial, cavernous, or amphoric. The
accompaniments are coarse crepitations, often gurgling,

Cavity with cavernous breathing
"~ and gurgling réles.

onsolidation—
bronehial breathing.

Tubercnlar infiltration.

ngestion—erepitant and
suberepitant riles.

Fie. 63.—Showing phthisis at various stages in one lung,
the physical signs depending on the stage.

metallic, or tinkling in character, and along with this often
wheezing and squeaking sounds which belong to the type
of thonchi. The vocal resonance is bronchophonie, pectorl-

loquous, or amphoric.
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part which is not obliterated, and when this occurs the
bulging is local. In some cases, however, there is no
bulging. Absence of respiratory movement over the affected
part is always noted. There may be slight up and down
movement, but this must be distinguished from the true
inspiratory movement, which is one of expansion.

Percussion.—The percussion sound varies in different
cases, the variation depending on the size of the air-contain-
ing space, the degree of tension of the air within the space,
and the patency of the perforation between the lung and the
pleural cavity. The aperture tends to become closed by the
approximation of its edges, as a result of the collapse of the
lung, and also from the effusion of lymph round and over
it. An aperture which has in this way become temporarily
closed often re-opens during a fit of coughing, from the violence
of the expiratory act, and the increased intra-thoracic pressure
which accompanies it. When the air in the pleura is under
high pressure, and the aperture in the lung closed, the
percussion sound is dull ; when the aperture is patent, or
the pressure not great, the percussion sound is clear, resonant,
and may be distinetly tympanitic. In a considerable number
of cases, however, the percussion sound is not sufficiently
distinctive to be of much value. When the condition occurs
on the left side, and causes displacement of the heart, we
have noted that the tympanitic character was more distinctly
marked over the normal cardiac region than elsewhere,

Voeal fremitus is absent.

Auscultation.—The auscultatory signs are very variable,
but often present phenomena of great interest. The ordinary
respiratory sounds are absent ; in fact there may be an entire
absence of any sound whatever when the ear is first applied.
There may, however, be a sighing musical sound, resembling
the sound made by the wind passing through a crevice,
This may be present during inspiration or expiration, usually
most markedly so during the latter, and it may continue
after inspiration or expiration has ceased : the phenomenon







170 PHYSICAL DIAGNOSIS.

it may only be present after coughing. The number of
tinkles also varies ; a solitary one after coughing may be all
that is andible. The phenomenon is probably only present
when there is fluid as well as air in the pleural cavity : it is
produced by drops falling from the walls of the cavity on to
the fluid, or by the bursting of air bubbles on the surface
of the fluid. The explanation is that the act of coughing
more or less shakes up the fluid, and splashes it up the
sides of the cavity from which it drops down ; or the
disturbance of the fluid leads to the formation of air
bubbles, which burst.

Another of the metallic phenomena which is often
present 1s elicited by listening through the stethoscope
while percussion is exercised with two coins. The sound
which is then heard is usually referred to as the b&ell
sound ; as a rule, however, it has much more what Dr.
Wiyllie has happily described as the anwvil sound, for the
sound has a very striking resemblance to that, heard at
a distance, produced by striking with a hammer a smithy
anvil. If the stethoscope be retained at a fixed point, and
the coins be moved about, the limits of the air-containing
space may be accurately defined, for as soon as the coins
pass to a part of the chest which does not cover the air space
the anvil sound is lost. This anvil sound cannot always be
elicited, even in cases where there can be no doubt that
* pneumothorax is present; the precise meaning of this is
somewhat obscure, but it probably depends upon the degree
of tension in the air space, and the patency of the aperture
in the pleura.

The various phenomena collectively termed metallic owe
their metallic character, as has been already indicated, to the
presence of an air-containing space ; the sounds, however
produced, acquiring the metallic character from the mode in
which reverberation takes place in the cavity.

Vocal resonance may be absent, but it may be distinetly
amphoric, and even have a metallic character or clang. This
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exists the breathing power of the affected lung is annulled,
and the circulation in it is very greatly impeded. We
believe we have noted that the pouring out of fluid has
considerably increased the dyspncea, and that it has been
relieved somewhat by its removal,

SPUTA.

The sputum presents some important naked-eye characters,

and in some cases requires to be examined microscopically.

It may consist of materials derived from the mouth, nares,
or fauces, when its composition is not as a rule of much
importance. The possibility of its origin in these situations
has to be remembered, for patients not infrequently com-
plain of spitting blood, a symptom popularly associated
with serious lung disease, and therefore alarning, but which
on examination may be found to proceed from the fauces or
posterior nares. It is sputum from the respiratory tract
which alone requires special consideration here.

Naked-eye eharacters—In persons affected with a slight
chronic catarrh, evidenced by the presence of a little cough,
and most frequently present in the morning, the attack of
coughing often terminates by the expectoration of a piece of
toughish mucus of a greyish or blackish grey colour. The
colour in these cases is due to the presence of dust which
has been inhaled. The condition is not, as a rule, of much
clinical significance.

In acute bronchitis the expectoration is abundant, more
or less viscid and frothy. It consists of the secretion from
the inflamed mucous membrane of the bronchi, and its frothy
character is due to its ‘admixture with air. In cedema of the
lungs the secretion is somewhat the same, but it is more
watery, and much more profuse in quantity. In chm::nc
bronchitis, in addition to the foregoing characters, it contains
masses of more tenacious expectoration of a yellow colour,
the colour being due to the presence of pus cells, and indi-

.
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demonstrate it. First, a very convenient and simple method
18 by means of Heneage Gibbs’ double stain : a thin layer of
sputum is spread between two cover-glasses, these are sepa-
rated, and the film of sputum dried by passing through the
flame of a spirit lamp. A little of the stain is poured into
a watch-glass, which should be held over a spirit lamp until
steam rises from if, then the coverglass is put into it with
the film downwards and left for five minutes ; it is then lifted
out with a forceps, washed in water, and then in methylated
spirit, until all the stain that will wash off has been removed,
After being dried, it is placed on a drop of balsam on a slide
and examined. The bacilli are visible as small red bodies,
while the rest of the field shows a faint blue colour. If a
positive result be obtained by this method, it may be regarded
as conclusive ; but if the result be negative, it may be
desirable to check it by the following :—The cover-glasses,
having a film spread on them as described above, are placed
in a solution of fuchsin for five or ten minutes if heated,
or two or three hours if cold ; the cover-glass is then dipped
for a few seconds in diluted nitric acid, one in three or four ;
this decolorises everything except the bacilli: stain for a
few minutes in a dilute solution of methylene-blue, wash in
distilled water, dry, and mount in Canada balsam dissolved
in turpentine or xylol on a slide. The bacilli appear red,
the cells, &ec. blue,
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movements, which will be referred to more particularly under
the nervous system, the points to note are as follows —(a.)
Tremulousness,—This may be the result of temporary
nervousness, or due to organic changes in the central nervous
system, or 1t may be part of a general condition, as in
alcoholism and the acute febrile disorders. (2.) Size und shape.
—Some tongues are large and flabby, with a broad tip ;
others are firmer, and protruded with a pointed tip. The
former often presents an indented edge, produced by
pressure against the teeth. (c.) Humidity.—The tongue may
be dry, moist, or watery. In health the tongue is moist ; it
1s watery in certain forms of indigestion ; and it is dry in
arrest of the salivary secretion, and in acute diseases. (d.)
Condition of its covering.—The appearances presented by the
mucous membrane within the limits of health vary consider-
ably in different individuals. The term furred is applied to the
tongue when its surface looks as if it consisted of a fine fur.
It may be whitish or brownish in colour ; when the latter, it
is frequently confined to the posterior part of the organ. A
whitish fur is often diffused over the whole dorsum. When
the papille project as red points through the fur, the tongue
is known as a strawberry tongue, from its supposed resem-
blance to that fruit. The tongue is coated when there is a
thick covering over whole or part of it, which may be
whitish, yellowish-brown, or even black in colour. In
addition a coated tongue may be moist or dry—the combined
dark and dry coating or encrustation only occurring in severe
forms of constitutional disturbance. In some cases after the
coating comes off the tongue is red, bare, and raw-looking ;
in others, in which there has been no antecedent coating, the
tongue has a similar red and raw-looking appearance. (e.)
Abrasions.—The tongue further may be the seat of cracks
and fissures, these being the result in some cases of pro-
longed indigestion, but, when present in acute diseases,
the result of the dryness of the organ combined with other

canses.
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In the lower part of the abdomen the gravid uterus,
uterine or ovarian tumours, and a distended bladder lead to
local bulging. TLarge uterine and ovarian tumours lead to
distention of the whole abdomen,

Laterally enlargements of the kidney may produce bulging,

Umbilical hernia, when present, is to be noted ; it occurs
not infrequently as a result of distention from ascites.

The epigastric veins may be unduly prominent from inter-
ference with the portal circulation, or from obstruction to
the inferior vena cava.

In women who have borne children, or in whom the
abdomen has been greatly distended from any other cause,
there are white lines (linee albw) of scar fissue on the
abdomen and upper part of the thighs.

On the other hand a drawn-in condition or refraction of
the upper part of the abdomen is a marked feature in men-
ingitis, especially in children.

Palpation.—After inspection, the abdomen is palpated.
To facilitate this proceeding the patient should lie flat on
the back with the knees drawn up, and be requested to
continue breathing quietly. This last point is of importance,
for there is a tendency to hold the breath, and when this is
done the abdominal muscles become tense and resisting ; it
also takes the patient’s mind away from the abdomen, and
concentrates it on respiration.

The condition of the abdominal wall as regards the amount
of subeutaneous fat, the presence of cedema, the lax or tense
state of the muscles, is to be noted.

The characters of local bulgings are then investigated.
Those due to affections of the abdominal wall have to be
distinguished from those caused by intra-abdominal condi-
tions. When due to the latter, they are usually elastic or
hard, and are caused by enlargement of a solid organ, or a
tumour, and the surface may be smooth, or nodulated, or um-
bilicated. The tumour may be fixed, or it may be moveable, or
it may move with respiration. Moveable tumours are not very
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Physical Examination.

Inspection.—The abdomen is distended, the degree vary-
ing with the quantity of fluid. When the quantity is small
the anterior surface is normal or slightly rounded, and there
1s lateral bulging in the flanks. If the patient be lying
inclined to one side the bulging is greater on the side
towards which he is inclined ; if he be in the sitting or
standing posture the bulging is greatest at the lower part of
the abdomen. When there is much fluid the roundness of
the anterior aspeet, and also the bulging of the flanks, are
greater ; the upper part, including the epigastric and both
hypochondriac regions, is also distended, even the lower ribs
being pushed outwards ; in short the whole abdomen becomes
barrel-shaped and the abdominal wall exceedingly tense.
In addition, the umbilicus is stretched, and often projects
beyond the surrounding surface. Umbilical hernia not
infrequently follows upon ascites, especially if there is much
cough, for the right and left rectus abdominis muscles are
separated by the abdominal distention, and coughing favours
protrusion in this situation, as it is one of the weak points in
the abdominal wall. When there is much distention the
pressure on the inferior vena cava and the iliac veins leads
to congestion of the veins of the lower extremities, and as a
consequence to cedema of them. |

Percussion.— When the patient is on his back the percus-
sion sound over the anterior aspect is clear and tympanitie,
as the intestines float on the fluid and are in contact with
the abdominal wall in this situation. In extreme degrees of
distention the clear percussion sound is only present above
the umbilicus, owing to the intestines being pushed up
by the fluid, while above this the liver dulness reaches a
higher point than normal, the thorax being enurnaul}ed on by
the upward pressure of the infestines, liver, and dl.aphmgm.
The flanks, the lateral parts, including the hypochondriac,
Jumbar, and iliac regions, and the hypogastrium, are dull.
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interfering with the circulation through them and producing
tricuspid incompetence and general venous congestion ; and by
kidney disease, more especially the chronic parenchymatous
form. TIn addition, there are conditions which act directly
on the portal circulation and obstruct it : these are obstruc-
tion (a.) within the liver from ecirrhosis or tumours; (0.)
without the liver from the pressure of a tumour or from
phlebitis of the trunk of the wein. In all these, with the
exception of nephritis, the pouring out of the fluid is the
result of venous congestion, and is a purely passive process.

Fluid may also be present in the abdominal cavity as the
result of inflammation, either simple or tubercular, or as the
result of irritation from diffuse malignant disease. The
fluid may be purnlent or coloured with blood, and if jaundice
be present it is bile-stained.

If the fluid contain much bloed it is probably the result
of uleceration of a malignant nodule, or of heemorrhage from
extremely distended capillaries adjoining or overlying malig-
nant nodules.

The fluid is milky when the transudation results from
obstruction to the thoracic duct. This condition is known
as chylous ascites,

Peritonitis.

Peritonitis is inflammation of the peritoneum. In addition
to pain and general constitutional disturbance, there are
physical indications of its presence. The patient lies on the
back with his legs drawn up, in order to relax the abdominal
parietes as much as possible. Respiration is almost entirely
if not altogether thoracic, as any movement of the diaphragm
increases the pain by the movement communicated to the
abdominal viscera. The abdomen is distended by the
accumulation of gas in the intestines. This is known as
meteorism, and results from paralysis of the muscular coat of
the intestine, consequent on the inflimmatory action. A
further result of the paralysis is constipation. The abdomen,
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The superior limit of the jfundus of the organ is on
a higher level than the cardiac orvificee The frontispiece
represents the stomach smaller than it is represented in most
books ; and the average of observations in the post-mortem
room show it to be larger, but we are distinetly of opinion
that the average there is abnormally large, that in fact the
majority of stomachs, as seen on the post-mortem table,
are dilated ; the frontispiece has therefore been made to
represent the organ nearer what we believe to be the normal
size.

Inspection.—In the normal state inspection gives no infor-
mation as to the state of this viscus. If, however, it be
greatly distended, it leads to bulging of the abdominal wall,
and its outline may be traced by the eye.

Percussion.—In the majority of individuals, and when the
stomach is not distended with food, a tympanitic sound may be
elicited in what has been referred to as Traube’s area. When
the fundaus is dilated with gas the area over which the tym-
panitic sound can be produced is extended. The direction in
which this extension takes place is upwards and outwards, more
especially upwards. In even moderate degrees of dilatation
1t will be found that, if percussion be performed over the
heart, and continued downwards just within a vertical line
drawn from the apex, the percussion sound changes suddenly
from the dull sound produced by the heart to a distinctly
tympanitic sound, which is at first somewhat muffled, but
which, as we proceed downwards, loses this muffled character.
Percussion must be moderately strong for this. The upper
limit of the muffled tympanicity marks the upper limit of
the fundus. The muffling of the sound results from the
diaphragm, and the liver or lung intervening between the
organ and the surface. ~Where the viscus is no longer
covered by these structures the sound becomes clearly tym-
panitic. By percussing to the left, the outer limit of the
great curvature can often readily be defined. If, however,
the colon be distended with gas, the delimitation of this
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surrounded with greater difficulty, and it is often impos-
sible to satisfy one’s-self as to its position ; this is owing to
the frequent distention of the transverse colon with gas,
giving a percussion sound which cannot be distinguished
from the sound over the stomach. When the transverse
colon is distended with feeces or empty this difficulty is not
present. In some cases a difference in:the pitch or quality
of the note indicates that we have passed from the stomach
to the colon. Amnother source of error is that the stomach
when distended frequently contains a large quantity of
fluid, and this gravitating to the most dependent part,
gives a dull note before we have left the organ.

It may be so enlarged that it occupies a great part of the
abdominal cavity, reaching even as low as the pubes. Ifs
condition, however, varies. It may be blown up like an
inflated bladder, and project forwards when the abdomen is
opened, or it may not be distended to anything like this
degree, but, instead, be stretched and dragged downwards.
This latter condition is illustrated in the following diagram,
taken from a case in the post-imortem room, in which, as will
be seen, the great curvature of the stomach was as low as
the pubes. Owing to the practical fixity of the cardiac
orifice, and comparative fixity of the pylorus, when the viscus
becomes stretched in its longitudinal diameter, without being
distended in circumference, it assumes the U shape seen in
the diagram. The diagram represents an extreme case, but
minor degrees of the same type are commonly seen.

This latter condition is described as dislocation of the
stomach. It is not capable of recognition by percussion, but
the production of the splashing sound in it by palpation
would warrant the diagnosis. The transverse colon is dis-
placed with the stomach; in the case from which the
diagram was taken it was in the pelvis,

Palpation.—When the stomach is the seat of ulceration or
malignant growth there may be pain or tenderness on pres-
sure ; this, however, always leads to a tense state of the
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times in succession, lead to the eructation of gas, and the
disappearance of the phenomenon,

The sound is analogous to the succussion sound pro-
duced by shaking a patient when fluid and air are present
in the pleural cavity.

The precise limits of a dilated stomach can be defined
by introducing first a solution of tartaric acid, then a solu-
tion of bicarbonate of soda into the organ, but this is
hardly a desirable method of investigation.

The causes of dilatation of the stomach are pyloric
obstruction, gastric catarrh, and atony of the muscular coat.
A degree of dilatation is common in cases of general debility,
irrespective of its immediate cause.

Diminution in the size of the stomach occurs to a marked
degree in obstruction at the cardiac orifice, the most com-
mon cause of stricture being malignant disease. It also
occurs in old and debilitated people, and in some long-
standing and exhausting diseases.

TeE SMALL INTESTINE.

Inspection.—In intestinal obstruction gas accumulates in
the small intestines, and leads to great distention of the
abdomen, and if the abdominal wall be thin the position
of the coils of intestine is shown on it in somewhat trans-
verse ridges and furrows, When this appearance is present
it often denotes that the stricture is at the cecum or lower
part of the ileum. The degree of distention may sometimes
help to indicate roughly the position of the stricture, for the
nearer the stricture is to the duodenum the less is the disten-
tion, The vermicular movement of the intestine may also
be visible through the emaciated parietes.

Palpation.—In thin subjects hard fecal lumps are readily
felt in the small intestine ; they must not be mistaken for

tumours.
Pereussion.—In the normal condition the percussion sound
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but its most common sites are the cmcum, the hepatic,
splenic, or sigmoid flexures. In all these the distention of
the part above the stricture aids the diagnosis, and can be
made out by palpation and percussion. The physical ex-
amination of the colon is of great value in other cases, for
patients are often found to have one of its sections, most
commonly perhaps the ascending portion, loaded with fmeces,
and if the condition is not recognised we miss giving them
the relief they seek. The outline of the distended ascending
transverse or descending colon can be made out with sufficient
definiteness by means of palpation and percussion, but if
must not be expected that it has the hardness and firmness
either of a solid tumour or of an enlarged liver; it is more
doughy in feeling than either of these. When distended it
pushes the small intestine aside, and comes much more to
the front than in the normal condition.

The cweum, with the vermiform appendix, is a part of the
colon which requires special reference, as it is peculiarly
liable to inflammatory attacks. The condition is known as
typhlitis or perityphlitis, the two usually, although not
invariably, being associated.

It is situated in the right iliac region and somewhat
superficially. Inflammation is either the result of accumula-
tion of feeces in it, or of ulceration of the vermiform appendix.
As a consequence there is in the former dulness on percus-
sion, and the sensation to the hand of fulness, resistance, or
doughiness which have been already referred to as indicative
of a distended colon. There are in addition the pain and
tenderness which characterise inflammations; constipation,
the result of paralysis of the muscular coat; and vomiting,
which is present in all intestinal obstructions and some
intestinal inflammations. Owing to the obstruction the
small intestine becomes distended with gas, a condition
known as meteorism. If abscess result, fluctuation may be
made out, if it is in front ; if, however, 1t is situated behind,
it spreads upwards along the ascending colon in the connec-
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and aid in forming the diagnosis, In tubercular peritonitis the
enlarged glands may also be felt. They are also enlarged in
cases of diffuse strumous disease of glands without being
necessarily acecompanied by peritonitis; also in lymphadenoma.
The differential diagnosis between these two latter conditions
can sometimes be made out only by careful physical examina-

tion of the lungs, and a consideration of the history and
progress of the case,

Tae Liver,

Anatomical Relations.—The anatomical position of the
liver is represented in the Frontispieces. Its superior
surface is in contact with the diaphragm from before back-
wards. Its anterior, posterior, and lateral aspects are in
contact with the ribs and the abdominal wall. Superiorly,
where it lies under the right vault of the diaphragm, it reaches
the level of the fourth space or lower border of the fourth
rib. Tts inferior limit practically coincides with the lower
edge of the ribs, except in the epigastrium, where it crosses
to the left about midway between the base of the xiphoid
process and the umbilicus, but the precise position of this
part of the lower edge varies greatly in different individuals,
The organ in its upper part has the lung interposed between
it and the thoracic wall : it is, however, uncovered by lung,
and comes into immediate contact with the parietes, where
the lung ends, and in the mesial line, at the base of the
xiphoid process. Its position is therefore as follows :—
Median line. Mammary and para- Axillary line.  Posteriorly,

Base of sternal line. Highth rib. Tenth rib,
xiphoid. Sixth rib.

Tts exact position varies with respiration, descending

with the descent of the diaphragm and receding with its

ascent. = '
Tt will aid in the comprehension of the position of this

organ and its variations if it be remembered that, as Syming-
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Percussion.—Percussion of the liver gives two classes of
results,—deep or comparative, and superficial or absolute
dulness,

In finding the deep dulness percussion is begun in the
second or third right intercostal space in the mammary line.
‘We begin at that point to be sure of getting a good lung
sound for purposes of comparison ; we then percuss down-
wards, space by space, until the slightest difference in the
character or the pitch of the sound is observed, and this
point indicates the position of the uppermost part of the
right lobe as it lies under the vault of the diaphragm and
behind a considerable thickness of lung tissue. If greater
precision be required, the two ribs above this space may be
percussed to see whether the exact line be the space, or the rib
above it. Here, as in the percussion of the lungs, ribs must
not be compared with interspaces. The difference in the
sound is slight, and is therefore called comparative dulness,
but its accuracy may be relied upon, for we are in the habit
of frequently checking this on the post-mortem table. This
upper limit is almost invariably placed at too low a level.
Percussion requires to be strong, as in the percussion of all
solid structures lying behind ‘air-containing organs. If
desired, the same procedure may be followed on the lateral
and posterior aspects of the thorax ; but this is not as a rule
done, although in some cases, especially in hydatid tumours or
abscesses developing from its superior surface, it is of great
service, as it indicates the presence of these projections,
while they are beyond the reach of palpation. To find the
inferior limit, percussion is begun in the nipple line,
sufficiently far down in the abdomen to ensure getting
a tympanitic sound, and continued upwards until a very
slight difference is observed : this marks the lower edge.
Percussion in this case must be wery light, as the lower edge
of the organ is thin and lies over air-containing intestine,
and if not exceedingly light the sound from the infestine is
brought out and quite masks the dulness of the liver. The
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mortem table, and the lines were found to be absolutely
correct.

Diminution in size oceurs in cirrhosis, acute yellow atrophy,
in prolonged venous congestion, and in diseases accompanied
with starvation, as in ubstructmns of the cesophagua

Right limit of . e : : | — Left limit of
deep cardiae dulness, I8 <1 '_ depp cardiae dulness.

Nipple.
1 ‘\{argm of Left Lung.

Upper margin of
Hepatic dulness.

Lower margin of-
Lung.

Lower margin of
Liver.

Fi6. 68,—From the post-mortem table, showing enlargement
of the liver and distention of the stomach.

TaE GALL-BLADDER.

Anatomical Position.—The gall-bladder projects from the
under surface of the liver opposite the ninth right costal
cartilage, as shown in Frontispiece I. Its position varies
somewhat : we have seen it in the parasternal and in
the mammary line, or at any point between these. This,
apart from individual modifications, is due to the fact that
the liver is capable of lateral movement, and can be
pushed to the right as far as its suspensory ligament will
allow, probably by a distended stomach, as Symington has
pointed out, and as we have frequently verified.
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remembered that it is an elongated structure from one to
about two inches broad, the head of which lies on the
vertebral: column, and a little to its right, and in the curve
made by the duodenum, while its tail touches the spleen.
The second part of the duodenum is thus to its right, while
the third part is below it. The cceliac axisis given off above
it. In close apposition to it posteriorly are the inferior
vena cava, the vena portee, and the common bile duct.

Lesions—The most important lesion to which the organ,
so far as is known, is liable is malignant disease, which
affects its head chiefly, 'When thus affected the head forms
a hard, more or less rounded swelling, which can sometimes
be felt in the position already indicated. Its deep situa-
tion serves to distinguish it from a distended gall-bladder,
When affected, the glands in its neighbourhood may be
involved in the morbid process.

Results,—Owing to the relations of the common bile duct
to it, there is obstruction to the outflow of bile, and conse-
quent jaundice. The pancreatic duet is also occluded, and
there is at times an inecrease of fat in the stools as a result.
An increased quantity of fatty matter in the fwmces is, how-
ever, much more commonly the result of hepatic disorders,
or of some affection of the intestinal mucous membrane,
Pressure on the vena porte leads to ascites, but this is
not constantly present, and when present it is not usunally

extreme,

THE SPLEEN.

Anatomical Relations.—The spleen is situated between the
ninth and the eleventh ribs on the left side. Posteriorly it is
in close proximity to the spinal column ; anteriorly it reaches
a line parallel with but a little posterior to the mid-axillary
line. It measures about 5 inches in length, and 3 to 4
inches in breadth, but its size varies within considerable
limits. It lies in contact with the diaphragm as the
latter arches upwards. This separates it from immediate
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cussion is continued in the same vertical line until a
tympanitic note informs us that we have passed from the
solid spleen to the intestine. This inferior limit does not
quite reach the margin of the ribs if the organ be mnot
enlarged ; this fact enables us, when there is difficulty in
fixing the limit of dulness inferiorly, to check our ohserva-
tions by means of palpation. Difficulty is experienced when
the dull note of the spleen merges into and is continuous

F16. 69.—Showing the pereussion dulness of the spleen.
(From a photograph.) -

with the dull note of the colon distended with solid matter.
To define the anterior limit, it is well to begin with the
resonant lung sound external to the cardiac dulness at the
apex, and to percuss obliquely outwards and downwards.
Posteriorly the organ cannot be satisfactorily percussed
beyond the scapular line, as behind this line it is separz_tte_cl
from the chest wall by lung and diaphragm. Here also it is
well to begin with the lung sound, and to percuss outwards
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great diagnostic value in renal caleulus, and in the early
stages of strumous disease before the organ is much enlarged.
‘When they are much enlarged they can be distinctly felt, If
they are the seat of hydronephrosis, pyelonephrosis, or if their
substance is destroyed by large abscesses, as in strumous
nephritis, not only can their enlargement be felt, but distinet
fluctuation can be obtained with the hands in the position as
directed above. They are also readily felt when enlarged
from malignant disease.

Percussion.—Percussion of the normal kidneys, as might
be inferred from the thickness of the muscular structures
behind them, and their elose relation to the vertebral column
and some of the solid organs in the abdomen, is unsatisfac-
tory, and is not relied upon in clinical work. Thelower limit
of the organs can, however, be made out posteriorly owing to
their relation to the colon, the commencement of its tym-
panitic sound marking the inferior extremity of the kidney.
In the same way the convex surface of the organs may be
made out. Percussion requires to be strong, and is perhaps
best performed with a plessor and pleximeter. When the
organs are enlarged percussion is more feasible ; when the
enlargement is great the dull percussion sound can then be
readily elicited even in front, but even then greater reliance
is placed on palpation.

Floating or loose kidney is a condition which is occa-
sionally met with. It occurs most commonly on the right
side. It results from the looseness of the renal connections
permitting the organ to leave its mormal position, and to
come forwards until it can be felt lying under the edge of the
liver ; or it can be pushed out of its mormal position by
one hand in the loin, while it is felt through the anterior
abdominal wall by the other. It can sometimes be pushed
across the middle line, That the organ is the kidney is
recognised during life by its mobility, position, shape, and
sometimes by the sensation of nausea caused by grasping it
firmly, The flank may be less dull on percussion than the
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last occurs, there is tenderness on pressure over the spine,
and there may even be curvature. If the aneurism be large, it
may exercise pressure on other important structures, such as
the large veins in the abdomen.

In the epigastrium pulsation is present in many cases in
which there is no aneurism. In enlargement of the right
ventricle and in downward displacément of the heart it is usnal
to have pulsation here, In thin persons it is also by no
means uncommon to have very marked pulsation of the upper
part of the abdominal aorta. Tn these no tumour can be felt,
and there is an absence of other confirmatory evidence of
aneurism. When a tumour of the liver, or in fact any
abdominal tumour, is in contact with the aorta, the pulsations
of the vessel are communicated to it and to the surface, and
the condition is very readily mistaken for aneurism. It is
specially to be remembered that the pulsation of an aneurism
is distensile, and that, if there are not other evidences of the
pulsation being aneurismal, the diagnosis ought to be made
with great caution.

BLADDER.

In many diseases it is important to pay particular atten-
tion to the state of the bladder. More particularly is it
necessary to bear in mind that retention of urine occurs in
various injuries and diseases of the spine, in the delirious
stage of the acute fevers, and in all more or less comatose
states, The distention of the viscus is recognised by dulness
on percussion above the pubes ; in extreme distention it may
produce a very marked bulging of the hypogastrium, and may
reach even as high as the umbilicus, Care must also be
taken that the constant dribbling away of the urine does not
lead one to think that the viscus is emptying itself, when only
the overflow is passing away.
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simple atony also leads to retention of the gastric contents,
In all these vomiting is preceded by some premonitory
symptom referable to the stomach, as pain, nausea, or discom-
fort ; when due to other than stomachic causes, there is usually
no symptom referable directly to it. In biliary and renal
colic the vomiting accompanies the pain, and_is a reflex of it.
When it is neurosal in origin it is usually unaccompanied
by nausea or pain. In this form, and in that due to colic,
it, as a rule, occurs independently of taking food; but
this is by no means invariably the ease, for it can often
be noted that, even when purely neurosal, as in meningitis,
the vomiting may occur immediately after taking food, or
even water, into the stomach, although it may reveal its
true nature by occurring also at times when food has not
been taken.

Characters of the vomited matters.—These vary according
to the length of time ‘the food has lain in the stomach, the
characters of thefood partaken of, the secondary changes which
may have supervened, and the nature of the stomach lesion.

They may consist of clear sour fluid, or contain a variable
amount of stringy mucus.

They may consist of the food which had been taken, the
different articles being in different stages of solution and
digestion, when they emit a heavy sour odour.

The green or yellow colour which vomited matters fre-
quently present is due to their admixture with bile.

When blood is vomited the condition is known as haema-
temesis. It may be almost pure and fluid, when the
h@morrhage has been severe, but as a rule in such cases it
is clotted. This occurs when a large vessel is eroded, as in
gastric ulcer, and in extreme congestion, as from cirrhosis of
the liver. On the other hand, it may be mixed equally with
the fluid or semifluid contents of the stomach, giving them a
uniform brown or blackish colour when it is usually described
as coffee-ground vomit. This may be its character in gastric
ulcer, in congestion, or in acute inflammation.
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cases are on record in which the patient has swallowed the
catheter entirely.

To ascertain the duration of gastric digestion, the stomach
is emptied at the time when the process should be at an end.
For the performance of this examination it is necessary to
provide the patient with a standard meal, such as a plate
of clear soup, a chop or beef-steak, and a dinner roll, and to
see that no food is taken in the interval before examining
the gastric contents, Seven hours afterwards the stomach is
to be emptied or washed out. If perfectly empty the process
may be repeated the following day, two hours earlier than
on the first attempt, and this may be done again until the
exact duration of gastrie digestion is ascertained.

If the stomach at the end of seven hours contains mo-
thing more than a few shreds or flakes, the digestion may be
held to be nearly normal, This shows that there is no inter-
ference with the exit of food, and that the gastric secretion
is sufficiently active. If there be any considerable remains
of food in the stomach, it is clear that the digestion is re-
tarded by inactivity of the secretion, weakness of the peri-
stalsis, obstruction of the pylorus, or paralysis of the
muscular wall,

The condition of the gastric contents during digestion may
be ascertained by introducing the catheter during the digestive
process and drawing off a small quantity, This is first
examined as it stands to observe if any bile, blood, or other
extraneous substance is present. It is then filtered.

The solids on the filter are examined both by the naked
eye and by the microscope, to ascertain the degree of macera-
tion and trituration, as well as to detect the presence of
parasitic growths, as already mentioned.

The filtrate must then be examined. The reacfion must
be determined by means of litmus paper, but as the acidity
may be caused by organic acids as well as free hydrochloric
acid, further tests must be employed.

For free hydrochloric acid several tests are now in use,
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tions of the stomach. An increased reaction points to hyper-
acidity, but the bearings of such a condition are still under
dispute.

An excess of lactic acid, as shown by great rapidity of re-
action and brightness of colour struck, points in most cases
to retarded digestion and dilatation of the stomach.

The Alvine Discharges.—It is always necessary to make
inquiries regarding these, and not infrequently it is necessary
to examine them.

The discharge of blood from the bowel is known as melzna :
it may be almost pure, or mixed with the faecal discharges,
making them more or less dark in colour. It may be due
to anal fissure, piles, simple or malignant ulceration, or
the ulceration of typhoid fever or dysentery, to severe con-
gestion, as in cirrhotic liver, to acute inflammation of any
part of the intestinal tract, or to intussusception.

Mucus may be passed in excess, and be accompanied
with extreme straining ; this occurs in dysenteric diarrhcea,
when it may also be mixed with a variable amount of blood.

Parasites of various kinds may be passed with the famces
or alone; the commonest are the thread-worm (Ozyuris
vermicularis), which inhabits the rectum ; the round-worm
(Ascaris lumbricoides), which inhabits the small intestine
usually ; and the tape-worms (7wnia solium being the com-
monest), which extend through small and large intestines.

‘When drugs are administered for the removal of tape-
worms it is desirable to examine the intestinal discharges for
the head of the parasite, as the cure is not completed until
it has been expelled. This is done by thoroughly mixing
the discharges with water and straining them through muslin ;
the head is to be carefully looked for in the retained matters
on the muslin, and it requires care, as it is no larger than the
head of a small pin; it often, however, has several segments
attached to it, when its discovery is easy.

The fwecal discharges from the bowel are, however, those
which it is oftenest necessary to examine. For the perfectly







CHAPTER VIIL
THE URINARY SYSTEM.

Tue results obtained by examination of the urine serve a
two-fold purpose. In their wider significance they furnish
evidence in regard to the processes of tissue change in the
system at large, while in their narrower application they pro-
vide the most important, and frequently the only, guide to
the condition of the urinary organs. A thorough acquaint-
ance with the methods of ascertaining the physical and
chemical characters of the urine is therefore of the highest
value. In the following pages attention will be called to
the various modes of procedure to be adopted in its clinical
investigation.

Method of Ezamination.—In making a systematic ex-
amination of the urine, some plan should be adopted, such
as the following :—

Determine the daily quantity.

Observe the appearances as to colour, clearness, and
deposits.

Ascertain if there is any peculiar smell.

Take the specific gravity.

Note the reaction.

Proceed to the chemical examination, especially with
regard to the amount of urea, and the presence or
absence of albumin and glucose.

Examine both the urine and its deposits by means of
the microscope.

For the complete examination of the urine the following
apparatus will be found necessary :—
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be directed to empty the bladder at a certain hour, and to
reject the specimen then passed ; after which the urine is to
be collected until the same hour of the following day, when
the last sample is to be added to the vessel employed for the
purpose. The total quantity of the mixed urine is to be
measured, and specimens are to be laid aside for careful
examination. It is often desirable to have the urine passed
during the night and the day separately examined, and it
may in certain cases be advisable to determine the characters
of that secreted before and after food, for which purpose
separate specimens must be collected. It may be necessary
to ascertain whether deposits have their origin in the upper
or lower urinary passages; and, with this end in view, the
patient should be ordered to pass the first two ounces of
urine into one vessel, and the rest into another. By this
means it is easy to distinguish the products of the urethra
from those of higher origin, as the portion first passed will
contain almost all the substances which have accumulated in
the urethra. It may even be advisable to obtain specimens
of urine free from any substances derived from the walls of
the bladder. This may be done by drawing off the urine by
means of a soft catheter while the patient stands, after which
the bladder is to be washed out by several injections of small
. quantities of warm water, and the urine, which subsequently
trickles drop by drop from the catheter, is to be collected,
Obtained in this way it is practically free from any of the
products of the bladder.

Physieal Characters of Healthy Urine—The quantity of
urine passed by an adult in twenty-four hours varies with
the amount of fluid taken and the amount of water exereted
by other channels, and in each individual case these two
factors must be considered. The average amount is about
1500 cubic centimetres, or about 50 ounces. When newly
passed, the urine is a clear fluid having a yellowish colour, a
peculiar aromatic smell, an acid reaction, and a specific
gravity depending on the amount of solids in solution,







218 PHYSICAL DIAGNOSIS.

organs, the alkaline fermentation of the urine sets in more
qu:inkly when the external temperature is high, when the
urine has been placed in an unclean vessel, and when mueus,
pus, or blood is present. The dark coloured urine becomes
paler, the uric acid deposit is replaced by a dirty grey sedi-
ment, which often, by transmitted light, may be seen to
contain shining erystals, and on the surface floats an iridescent
pellicle. In the sediment and pellicle the microscope reveals
numerous crystals of caleium phosphate, ammonio-magnesium
phosphate, calcium oxalate, and ammonium urate, while the
urine swarms with bacteria. A strong smell of ammoniacal
urine is given off, and the urine gives red litmus paper a blue
colour ; indeed, the red litmus may be changed in colour merely
by holding it while damp for a short time above the fluid.
The blue colour gradually fades when the litmus paper dries,
showing that the alkali which has caused the reaction is
volatile, and the cause of the change is that during the
process of fermentation the urea takes up water, and becomes
converted into ammonium carbonate—

CH,N,0 + 2H,0 = 2(NH,)CO,.

Chemical Characters of Healthy Urine—The amount of
solids contained in the urine of twenty-four hours depends
largely upon the amount of food taken. On an average diet
it varies between 60 and 70 grammes, or 900 and 1050
grains, Rather more than one-half of this consists of organic
substances. These are numerous, but those which alone
possess any importance in clinical medicine are urea, uric acid,
hippuric acid, kreatinin, xanthin, lactic acid, oxalic acid,
urobilin, and organic sulphur-containing bodies, such as indi-
can. Urea forms by far the largest proportion of the organic
constituents, its amount being from 28 to 40 grammes, or
from 420 to 600 grains in twenty-four hours, The other
organic substances taken together scarcely amount to 3
grammes or 45 grains in the same period.

The inorganic constituents form, roughly speaking, about
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ureter, or it may be caused by organic disease of the kidney,
by certain acute febrile disorders, or by shock and collapse.

2. Variations in the Colour of the Urine.—Changes in colour
may be caused by alterations in the relative proportions of
the colouring matters and the water of the urine, or by the
presence of abnormal substances,

The principal colouring matter of the urine in health is
urobilin, derived from the bilirubin of the bile, and the
depth of colour varies with the proportion of this substance
to the water. 'When the urine is increased in quantity, as
in winter from lessened perspiration, in free drinking (urina
potus), in simple polyuria, in diabetes insipidus, in diabetes
mellitus, in renal cirrhosis and waxy degeneration, its colour
1s pale. 'When, on the contrary, there is a diminution in the
amount of urine passed, as in summer from free perspiration,
in febrile conditions, and in the scanty urine of certain renal
and circulatory diseases, the colour is deep. The morning
urine (urina sanguinis) is always more highly coloured than
that passed during the day. There ave some other pigments,
related to urobilin, and probably arising from the same
source, but they do not at present concern the physician in
any practical sense. For a description of them the reader
may be referred to an excellent paper by MacMunn.!

Another important chromogen is indican, which owes its
origin to indol, a product of pancreatic digestion. The pro-
portion of indican is always greater when the urine is
lessened in quantity, when the food is highly nitrogenous,
and in many diseases, especially in intestinal obstruction.
Some coloured urines, and more particularly those of a blue
or violet colour (glaukuria) are believed to be due to the
oxidation of indican. The methods of determining the
presence of urobilin and indican will be described at a
later stage.

Reddish urines owe their colour to the presence of blood,
which may have its origin in various parts of the urinary

1 British Medical Journal, 1888, vol, ii., p. 117,
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there is a perfect gradation between this tint and deep red
or brown shades. As a rule, with an equal quantity of
blood, acid assumes a deeper tint than alkaline urine, In
heematuria albumin is, as might be expected, always present
in the urine ; epithelium, mucus, or pus may often be found ;
and tube-casts are to be seen in certain cases. On standing
the wurine deposits a reddish or brownish sediment, which
should be carefully examined, In endemic hw@maturia,
as will be seen in a subsequent part of the work, the
ova of the Bilharzia hwmaltobia are present in the urinary
deposit,

The urine in hemoglobinuria assumes a brownish tint,
often said to resemble the colour of port, and is as a rule
quite clear when passed. It always contains albumin, but
not in proportions so great as in hwmaturia, and throws
down on standing a ruddy deposit consisting of epithelium
and tube-casts, with the occasional presence of hmmatin
crystals. The hamoglobin is held by Hoppe-Seyler to be in
the form of methemoglobin.

‘When the colouring matters of the bile are present in the
urine they impart to it different shades of colour varying
from yellowish brown to brownish or greenish black. 1f white
blotting-paper or white linen is dipped in such icteric urines
a bright yellow colour is imparted to it, and if they are
violently shaken, the froth formed on the surface, which
usually remains there for a considerable time afterwards,
assumes a bright yellowish or greenish colour. The bile
pigment may or may not be accompanied by bile acids, and
the chemical tests for these substances will be deseribed
below,

A millky appearance is given to the urine by the presence
of finely divided fafty matters in the condition known as
chyluria, and this appearance has frequently a ruddy tinge
from the presence of blood. In this condition there is
usually to be found on standing a layer of finely divided
fatty matter upon the surface of the fluid. Even although
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The urine frequently assumes the smell of substances
which have been taken internally. Radish, onions, and
other vegetables give the urine a characteristic odour, while
asafcetida, valerian, and many other aromatic drugs act in a
similar manner. It must not be forgotten that turpentine
and its congeners produce a smell not altogether unlike that
of violets in the urine.

4. Variations in the reaction of the Urine.—In health the
reaction of the urine is almost invariably acid, probably from
the acid phosphate of sodium which it contains, although no.
doubt the presence of carbonic acid, from the conversion of
organic acids, inereases it. The reaction wvaries, however, at
different periods of the day, and becomes less acid or even
alkaline after a full meal. It is a well-known fact that in
carnivora the urine is highly acid, while it is alkaline in
herbivora.

The acidity of the urine may be shown by its action on
blue litmus paper, and may be estimated quantitatively by
means of a standard solution of soda.

The acidity of the urine may be increased relatively or
absolutely. =~ Whenever the quantity of the urine is
diminished, as in hot weather from free perspiration, it
becomes more highly acid. On the other hand, the acidity
may be absolutely increased in disorders of the functions
connected with food digestion and tissue change. Similarly
the amount of acid present may undergo diminution either in
an absolute or relative sense, from reversed conditions.

Alkalinity of the urine may he caused by the presence of
a fixed or a volatile alkali, and may be shown by its action
on red litmus and on turmeric paper. Permanently alkaline
urine, so called from the fact that the blue stain given by it
to red litmus paper does not disappear on drying, is due to
" the presence of carbonates of pofassium and sodium in
excess. The causes of the excessive elimination of these
salts are numerous, and it need only be stated here that
besides being the result of the intemnal use of alkalies and
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gravity of the urine is 1020, we find a simple method of
estimating the approximate quantity of solids by multiplying
the two last figures of the specific gravity by two, in order to
obtain the bulk of solids in 1000 cubic centimetres. Having
done this, it is easy to calculate the amount of solids in any
given volume of urine. Normal urine, with specific gravity

of 1020, gives 40 grammes as the amount of solids in 1000
cubic centimetres, and therefore 60 grammes in 1500 cubic

centimetres, as obtained by the following formula :—

1000 : 1500 :: 40 : 60.

This calculation is commonly known as the eo-efficient of
Trapp ; in urine with a specific gravity exceeding 1025
more accurate results are obtained by using the co-efficient of
Haeser,—i.e., by multiplying the last two figures by 2:33.
Marked and persistent deviations from the average specific
gravity point to certain diseases as being probably present.
The specific gravity may be much inereased while the amount
of urine undergoes little or no change in certain disorders of
metabolism resulting in the production of an excess of urea,
uric acid, and urates. Increased specific gravity, with lessen-
ing of the quantity of urine, is found in acute febrile dis-
orders, and in acute renal disease with the presence of albumen.
Greatly increased specific gravity, with an increased flow of
urine, points to the probability that diabetes mellitus is present.
Diminution of the specific gravity, without much alteration
in the bulk of the urine, is found in the early stage of renal
cirrhosis, which is probably the same condition as that which
has been deseribed under the name of renal inadequacy. In
it the amount of urea is below the average. Diminished
specific gravity with lessened amount of urine may almost be
said to be unknown, while with increased quantity of urine
it points to a later stage of cirrhosis of the kidney than that
just referred to, after vascular and cardiac hypertrophy have
advanced ; to waxy disease ; to diabetes insipidus, in which
the total solids are not absolutely diminished ; or to hydruria
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are formed by this means, are decomposed by the addition of
a solution of carbonate of barium and subsequent boiling, after
which the fluid must again be concentrated, Tt is then
mixed with boiling aleohol and filtered through animal
charcoal. ~On evaporation pure urea is deposited,

It assumes, as in Fig, 70, the form of prismatic crystals,
often branching into fan-like masses, and is very soluble in

Fi1c. 70,—Urea.

water, the solution being neutral. It forms salts with acids
which are by no means so soluble as urea.

The amount of urea may be ascertained by precipitating it
as an insoluble compound of mercury by the method of
Liebig, or by decomposing it by means of sodium hypobromite
or hypochlorite, and estimating the quantity from the volume
of nitrogen given off, as was first proposed by Davy.

Quantitative analysis by precipitation is based on the fact
that certain salts of mercury form a fixed eompound with
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carefully. After the first 5 or 6 cubic centimetres of the
test solution have been added, place a drop of the urine in
the solution of sodium carbonate on the porcelain plate, and,
if there is no change of colour, add 1 cubic centimetre of
the test solution, and again place a drop of urine on the
sodium carbonate solution. This is to be continued, testing
after the addition of each cubic centimetre of the mercury
solution, until a yellow colour is observed, showing that all
the urea has been precipitated, and the number of cubic centi-
metres employed will give the number of centigrammes of
urea in 10 cubic centimetres urine.

If, for example, 15 cubic centimetres are required,
15 x 001 =15 gramme of urea in 10 cubic centimetres of
urine, and if 1600 cubic centimetres form the daily quantity
of urine, then—

10:1600: ::15 : 24
or the quantity of urea is 24 grammes in that period.

The acidity of the mercury solution has considerable influ-
ence on the reaction, and the mercuric nitrate must be
prepared with as small an excess of acid as possible. It has
been shown by Pfliiger that the alkalinity of the mixture also
interferes with the process. If the urine is alkaline much
more of the mercury solution is necessary to bring about
the development of the end-reaction. It has further been
pointed out by the same author that if the solution of
mercurie nitrate is rapidly added to the urine, a much larger
quantity is required than if it be added drop by drop.

As most of the other nitrogenous substances found in
urine enter into combination with the mercury solution, and
as many drugs, such as iodides, salicylates, and benzoates,
which are excreted by the kidneys, also combine with it, the
method of Liebig cannot be regarded as accurate ; in fact, as
Salkowski points out, it is only available for normal urine.
It is at the same time a much more troublesome process than
that which has now to be described.

Volumetric analysis by decomposition may be performed
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A solution of caustic soda containing 100 grammes of
caustic soda in 250 cubic centimetres of water.

The process is to be carried out in the following manner :—

Measure out the bromine, add the caustic soda solution,
and after mixing them well pour the fluid into the flask.

Measure out 5 cubic centimetres urine in the small test-
tube, and by means of a forceps lower it into the flask,
taking care that none of it spills into the hypobromite

ll'ﬁl-l”lilruu

Fic. 71.—tTreumeter of Russell and West,

solution. Fix the stopper firmly in the flask, which will
then be in communication with the graduated tube. '

See that the water in the glass cylinder and in the
graduated tube stands at the zero mark on the latter.

Leave the apparatus for ten minutes until the temperature
becomes uniform throughout the system, and then incline
the flask so that the urine flows from the small test-tube into
the flask, gently shaking so as thoroughly to mix the two
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cent. of its nitrogen when acted on by the hypobromite
solution, but as the quantity of kreatinin is small this source
of fallacy is not great.

Tyrosin, as Noél Paton has proved, when in a fresh solu-
tion, evolves 8'5 per cent. of its nitrogen. This is not to be
regarded, however, as an important possibility of error,
for the amount of nitrogen in tyrosin is small, and the
substance itself is only present in certain cases and in small
proportions.

Leuein has been shown by Noél Paton to give off absolutely
no gas when acted on by sodium hypobromite.

If glucose is present in the urine it increases the amount
of nitrogen by 6 or 7 per cent.,—that is, it causes almost the
whole of the nitrogen of the urea to be evolved. It appears
to do so by the great heat which is produced by the mixture
of glucose and the hypobromite solution, and hence the pre-
cautions in regard to the cooling of the apparatus during the
process,

In carrying out the volumetric method with sodium
hypobromite, Noél Paton urges attention to the following
precautions :—

(1.) That the same apparatus and same strength of hypo-
bromite solution be always used, and that they should be
first tested upon a standard solution of urea.

(2.) That the hypobromite solution should be freshly
prepared each day.

(3.) That the urine, when concentrated, should be diluted
to a specific gravity of between 1010 and 1020.

(4.) That full time be allowed for the temperature through-
out the apparatus to become uniform before and after the
decomposition.

(5.) That the volume of gas be corrected for temperature
and pressure.

{6.) That throughout the decomposition the temperature
of the flask be kept low by submerging it in a large basin of
water at the temperature of the room.







238 PHYSICAL DIAGNOSIS,

be a source of error in the cold nitric acid test for albumin as
will be seen in the sequel.

Uric acid, when examined microscopically, is found in
rhombic crystals of many different forms, some of which are
shown in Fig. 73 and Fig. 74. Lozenge and oval shaped
plates and spikes or rods are the most common forms of
crystal ; these are frequently grouped together to form sheaf-

like or fan-shaped bodies, along with stellate and rose-
formed collections.

Fie, 73.—Urie acid.

Uric acid may be estimated volumetrically by precipitating
it by the addition of strong acid and weighing the deposit.

This quantitative estimation may be performed by taking
200 cubic centimetres of urine, and if its specific gravity is
below 1015, concentrating it by evaporation until this rises
to 1020. To this urine add 20 cubic centimetres strong
hydrochloric acid, and thoroughly mix, sefting aside the

.
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and the quantity passed in that period is therefore 0-84
of a gramme,

Uric acid may be rapidly estimated by the method intro-
duced by Hayeraft. This method is based upon the fact
that urate of silver is insoluble in ammonia water, On
adding a solution of silver nitrate to a solution of acid urate
of sodium, instead of a precipitation of silver urate, there is
an immediate reduction, the black precipitate not re-dissolving
in ammonia water. If the solutions be previously rendered
ammoniacal, a white gelatinous precipitate of the urate at once
forms. The silver, however, becomes partially reduced before
it is possible to eollect and wash it, but the previous addition
of bicarbonate of sodium prevents this reduction. The same
obtains with the acid urate of sodium normally present in
urine, the chlorides and phosphates remaining in solution, the
urate of silver alone falling on the addition of the ammoniacal
nitrate. In order to estimate the silver in this precipitate of
the urate, the latter is collected in a filter, and washed with
distilled water, and, taking advantage of its ready solubility
in nitric acid, it is dissolved in that reagent.

This process is carried out in the following manner :—

Solutions required.—1. Centinormal ammonic sulphocy-
anate. Dissolve about 8 grammes of crystals in a litre of
water, and adjust it to decinormal silver solution. Dilute
with 9 volumes of water. One cubic centimetre is equivalent
to 0-00168 of a gramme of uric acid.

9. A saturated solution of iron alum,

3. Pure nitric acid (20-30 per cent.), Dilute the com-
merecial acid, boil and preserve from light in a blackened flask.

4, Strong ammonia.

5. Ammoniacal silver solution. Dissolve 5 grammes of
nitrate of silver in 100 cubic centimetres water, and add
ammonia, until the solution becomes clear.

Method,.—Measure off 25 cubic centimetres of urine in a
pipette, and place it in a small beaker, with about 1 gramme

1 British Medical Journal, 1885, vol, ii, p. 1100.







242 PHYSICAL DIAGNOSIS,

activity are salts of sodium and ammonium. TUrates may be
detected by means of the murexide test ahove described,
and, as they are decomposed by hypobromite or hypochlorite
of sodium, they give rise to part of the nitrogen evolved in
the volumetric analysis of urea as conducted by the decom-
position process,

Deposits of urates are found in two forms, amorphous and
crystalline,

Amorphous urates form a finely granular deposit of variable
colour—cream, fawn, orange, red, or pink—depending on the
amount of the colouring matters of the urine. This deposit is
usually thrown down at once as soon as the urine has cooled,
and along with the sediment at the bottom of the glass there
is a fine film upon the sides, The presence of this thin film
is characteristic of urates, and serves to distinguish them
from all other deposits,

The application of heat to urine containing urates causes
them to dissolve, and as they form the only urinary deposit
which disappears on heating, the use of the spirit lamp gives
an easy means of recognising them.

Amorphous urates have not a fixed chemical composition ;
the uric acid is combined with several bases, sodium,
ammonium, potassium, and calcium, in variable proportions,
and deposits of this nature are to be regarded as consisting
of mixed urates,

Microscopically amorphous urates are seen as a mass of
granules, larger or smaller, according to circumstances.

Amorphous urates are precipitated when their proportion
to the quantity of urine rises, and a deposit is always
present if the amount of the urine is diminished from any
cause. An increase of acidity also favours the formation of
a deposit, and a low temperature of the atmosphere, by
rapidly cooling the urine, tends likewise to the same result.

The presence of a deposit of amorphous urates has no great
clinical significance, Such a deposit is formed very fre-
quently in cold weather, and after profuse perspiration or

S
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have a reddish-brown colour, while weaker solutions assume
a rosy hue. A solution in chloroform has an orange tint,
and an alkaline solution is yellow, but turns red on the
addition of acids. If it is dissolved in presence of ammonia,
and a solution of zine chloride is added, the solution has a
rose colour and a beautiful green fluoresence is obtained.

To show the presence of wrobilin in urine all bile pigment
must be removed if any is present, the urine is to be
rendered alkaline with ammonia, and filtered, and on the
addition of a few drops of a solution of zine chloride the
greenish fluoresence above referred to makes its appearance.

By means of the spectroscope urobilin can be recognised
without difficulty either in urine or in an acid solution. The
spectrum shows a dark absorption band extending from a
little to the right of b to a little beyond F. This band
disappears on the addition of ammonia, but returns on the
addition of a solution of chloride of zine, although somewhat
more to the left than the original position.

The quantity of urobilin is increased in febrile conditions,
and certain affections of the digestive system, while it is
diminished in renal diseases. Changes in the relative
quantity have been referred to in the section on the colour
of the urine,

Amongst organic sulphur- containing bodies, Indican
(CsH NKSO,) or indoxyl-sulphate of potassium, containing
sulphuric acid in organic combination, is almost always, if
not quite constantly, present in healthy urine.

When separated from urine, it occurs in the form of bright
tables and plates which are easily dissolved in water, but
less soluble in alecohol. An acid solution turns blue on the
addition of a few drops of a solution of calcium chloride.

To demonstrate ifs presence in urine, add to a small
quantity of urine some hydrochloric acid and two or three
drops of nitric acid. The mixture on heating assumes a
reddish violet colour, and crystals of indigo blue and indigo

red are formed. -.
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Quantitative estimation of chlorides can be carried out
by means of Mohr’s nitrate of silver method.

The solutions required are ;—

A solution of nitrate of silver prepared by dissolving
29075 grammes of fused silver nitrate in a litre of water.
This solution is of such a strength that 1 cubic centimetre is
equivalent to 001 gramme of sodium chloride, or 0:006
gramme of chlorine.

A saturated solution of neutral potassium chromate to
show the end-reaction.

To conduct the process take 10 cubic centimetres of the
urine after it has been filtered, place it in a platinum crucible,
add a gramme of pure nitrate of potassium, and evaporate to
dryness. Expose the residue to a strong heat to consume
the organic substances, and dissolve the white saline residue
in enough of distilled water to make 100 cubic centimetres,
Add a few drops of the solution of potassium chromate, stir
the mixture well, and gradually add from a burette the silver
nitrate solution, until a reddish tinge shows itself around the
white precipitate formed, when each drop of the silver solu-
tion falls into the urine. The red tinge is caused by the
formation of silver chromate, and its appearance shows that
all the chlorine has been precipitated.

The number of cubic centimetres of the silver nitrate
solution employed gives the amount of sodium chloride (and
hence of chlorine) in 10 cubic centimetres of urine ; from
which the caleculation of the daily excretion is easy. If, for
instance, 5 cubic centimetres of the solution are used, then
5 x 001 =000 gramme of sodium chloride, or 5 x 0006 =
0:03 gramme of chlorine in 10 cubic centimetres, And if
the daily amount of urine is 1600 cubic centimetres, then—

10 ¢ 1600 s+ 0:00 8
the amount of sodium chloride is 8 grammes, or—
10 : 1600 :: 0'03 : 48
the quantity of chlorine is 4'8 grammes in twenty-four hours.
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Take 50 cubic centimetres of urine, add ten drops of
hydrochloric acid, heat, and when boiling add by means of a
burette 3 or 4 cubic centimetres of the barium solution,
This is done to decompose the combined sulphuric acid sub-
stances, On removing the heat and allowing the precipitate
to fall, if the fluid rapidly clears, add 1 or 2 cubic centimetres
more of the barium solution, again heat, filter a few drops of
the mixture into a test-tube and add a small quantity of the
barium solution to it. If a precipitate is formed return the
contents of the tube to the vessel, and gradually add more of
the barium solution, from time to time testing a few drops
in a tube as just deseribed. . When the barium solution
ceases to form a precipitate, filter a small quantity of the
urine into a test-tube, and add a few drops of the potassium
sulphate solution. If a faint precipitate appears, then only
a slight excess of the barium solution has been employed ; if
a dense precipitate is formed, a considerable excess has been
added. From the results of the reaction it is easy to go
over the steps of the process a second time, and to obtain
with accuracy the end-reaction, #.c.,, till no precipitation
oceurs on the addition of the barium solution, and only a
faint turbidity with the potassium sulphate.

This process gives the amount of anhydrous sulphuric acid
in 50 cubic centimetres of urine, and it is easy to arrive at
the daily exeretion by calculation from this. If, for example,
8 cubic centimetres of the barium solution are required, then
8 x 001 =008 gramme in 50 cubic centimetres of urine,
and if the daily quantity of urine is 1600 cubic centimetres,
then— :

50 : 1600 :: 0-08 : 2'56
the quantity of anhydrous sulphuric acid passed in twenty-
four hours is 2:56 grammes.

The daily average of sulphuric acid passed in the urine is
from 2 to 4 grammes. The quantity of sulphates is in-
creased by a meat diet, and by the use of certain vegetables
which contain sulphur. With the exception of plants
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containing sulphur, a vegetable diet lessens the quantity
of sulphates excreted. The sulphates are increased by any-
thing that hastens the rapidity of tissue change.

In all feverish conditions the amount is increased, especially
in acute rheumatism and in acute affections of the brain and
meninges.

Phosphoric acid (H3PO,) is the only acid of phosphorus
which oceurs in the urine, and this tribasic acid unites in
various proportions with metals of the alkalies to form soluble,
and with metals of the alkaline earths to form for the most
part imsoluble phosphates. One compound with an alkaline
earth metal is soluble,—the primary magnesium phosphate, in
which only one atom of hydrogen is replaced by the metal.

Allcaline or soluble phosphates are constantly found in the
urine, in the form of acid salts of sodium and potassium
(H,NaPO, and H,KPO,). They give the urine its normal
acidity, and are derived from the neutral phosphates of the
blood. Ralfe has given an extremely ingenious explanation
of the probable mode of their origin from the blood.

Earthy or dnsoluble phosphates only appear in neutral
or alkaline urine, and are composed of several different
substances.

Calcium phosphate (Cag, 2 PO,), in which the three atoms
of hydrogen in phosphoric acid are replaced by caleium, is found
in alkaline urine, in the form of amorphous granules, or less
commonly of acicular crystals, sometimes aggregated together
as stellar masses. The amorphous deposit might possibly be
mistaken for a sediment composed of urates, and perhaps the
crystals might be taken for uric acid on careless inspection.
If it is borne in mind, however, that the urine from which
the deposits are obtained is alkaline, this fact will point to the
strong probability that the sediment is phosphatie, to which
the addition of a small quantity of a dilute acid will dissolve
the phosphates, whereas it would, on the other hand, have
no effect on the urates or uric acid.

Another much less common phosphate of caleium is some-
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times met with, in which only two atoms of hydrogen are
replaced by the metal. It appears in the form of wedge-
shaped crystals, sometimes united as sheaves or rosettes,

Magnesium  phosphate (Mg,, 2 PO,), a salt in which
all the hydrogen of the phosphoric acid is replaced
by magnesium, is wusually found in association with
caleium phosphate, and is deposited in the form of tabular
erystals, :

These earthy phosphates may be thrown down as a sedi-
ment in alkaline urine without any absolute increase in the
quantity of phosphates eliminated, and the alkalinity of the
urine in such cases usually depends on an excess of alkaline
bicarbonates, On the addition of an acid such urines give
a brisk effervescence,

There may, on the other hand, be a considerable increase
in the excretion of phosphates without any deposit, on
account of the acidity of the urine, but on boiling or the
addition of alkalies precipitation at once takes place.

Ammonio-magnesium phosphate (NH, Mg PO,, 6 H,0),
often called ftriple phosphate, is a salt in which all the
hydrogen of the acid is replaced by ammonium and mag-
nesium. It is only formed when the urine assumes the
volatile alkalinity previously described. It occurs in two
forms—more commonly as triangular prisms or knife-rest
crystals, and more rarely as feathery crystals. Like the
calcinm and magnesium phosphates, the triple phosphate is
soluble in dilute acids. It is nevertheless sometimes found
as a deposit in urine which is slightly acid, for which eir-
cumstance no satisfactory explanation has yet been given.

The presence of phosphoriec acid may be demonstrated by
the addition of a solution of silver nitrate, which throws
down a yellow precipitate, soluble in ammonia and acids, or
by the addition of a solution of ammonium molybdate in
nitric acid and water, which also gives a yellow precipitate.
On boiling urine which contains a considerable quantity of
phosphates there may be, even when it is acid, a distinct
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Quantitative estimation of phosphates is effected by means
of an acid solution of uranium nitrate, which precipitates an
insoluble phosphate of uranium ; and the completion of the
process is known by the fact that the nitrate gives a reddish-
brown colour with ferrocyanide of potassium, while the
phosphate causes no change in colour. An acid solution
of acetate of sodium is employed in the process in order
to make sure of the entire precipitation of the uranium
phosphate.

Fie. 80.—Ammonio-magnesium phosphate (feathery crystals).

The following are the solutions required :—

Solution of uranium nitrate prepared by dissolving 33
grammes of yellow oxide of uranium in nitric acid of 1200
specific gravity, adding water to 1100 cubic centimetres, and
adjusting, by operating on a solution of sodium phosphate of
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known strength, the solution to such a strength that 1
cubic centimetre is equivalent to 0°005 gramme of anhydrous
phosphoric acid.

Solution of acetate of sodium prepared by dissolving 100
grammes of the salt in 100 cubic centimetres of dilute acetic
acid, and adding water to 1 litre.

A saturated solution of ferrocyanide of potassium.

To conduct the process take 50 cubic centimetres of urine,
add 5 cubic centimetres of the sodium acetate solution, and
heat. Add by means of a burette the uranium nitrate solu-
tion, stirring meanwhile until no precipitate is formed, and
when this point is reached place a drop of the mixture on a
porcelain plate along with a drop of the ferrocyanide solution.
If the characteristic reddish-brown colour appears, add another
cubic centimetre of the uranium nitrate solution, stir, and again
test with the ferrocyanide of potassium solution. Continue
this until no colour is given, which marks the end-reaction,
The number of cubic centimetres of the uranium nitrate solu-
tion required represents the quantity of phosphoric acid in 50
cubic centimetres of urine, from which the daily amount may -
be calculated. For instance, if 14 cubic centimetres are
used, 14 x 0:005=007, and if the daily amount of urine is
1600 cubic centimetres, then

50 : 1600 : : 007 : 224

the daily excretion of phosphoric acid is 2'24 grammes,

This process gives the total amount of phosphoric acid,
whether combined with alkalies or alkaline earths.

The usual quantity of phosphoric acid which is excreted
daily is from 2 to 4 grammes. It varies considerably with
the nature and quantity of the food and the state of the
nutritive processes. In disease it is increased in certain
nervous affections, in the early stages of phthisis, in diabetes
mellitus, and in leukemia, while it is diminished in most
acute diseases, in rickets, in gout, in rheumatism, and in
renal diseases. 'While the total amount of phosphates is not

R
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greatly altered or slightly lessened in osteomalacia, the
quantity of earthy phosphates is notably inereased.

The abnormal substances which may be present in the
urine are numerous, but it is only necessary to devote atten-
tion to albumin, blood, bile, sugar, and acetone, with certain
crystalline matters, such as leucin, tyrosin, and cystin, and
some organised deposits, such as epithelial, mucus, and pus
cells, and casts of the renal tubules.

Albumin.—The proteids most ecommonly found in urine
are serum albumin, serum globulin, peptones and albumoses,
the last two being intermediate products formed during the
process of digestion, Serum albumin may, under certain
circumstances, become changed into acid albumin or alkali
albumin, This may take place spontaneously if the urine is
highly acid or highly alkaline.

In testing for proteids the urine should be filtered if
turbid. If very highly acid it should be rendered less so by
liquor potasse. If alkaline it should be made slightly acid
by means of acetic acid.

All these proteid bodies are precipitated by a number of
reagents, and the presence of such substances may thus be
determined. Most of the reagents in common use cause a
precipitate with more than one form of proteid, and these
tests are only useful in so far as they show that such a
substance is present, without determining its nature more
exactly.

Several of these reagents are employed as “ contact-tests,”
that is to say, the urine to be examined is either underlaid
or overlaid with the reagent, and a cloud at the line of
junction of the two fluids shows that some proteid body is
present.

Amongst such tests may be mentioned—

(1.) The Nitric Acid Test (Heller's).—Half a drachm of
strong nitric acid is placed in a test-tube, and the suspected
urine is slowly floated over this, or the urine may be placed
in the tube and the acid gently poured down the side so as
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cyanide of potassium. It precipitates all albuminous bodies
present in urine, with the exception of peptones.

(6.) The Pieric Acid Test (Johnson's).—A saturated solu-
tion of picric acid is floated upon the surface of the urine,
and the tube is gently shaken in order to cause a slight
mixture of the reagent with the urine. Cloudiness of the
zone where the two fluids are mixed shows that one or other
of the four proteids mentioned is present, unless the in-
dividual whose urine is under examination has been taking
quinine or other alkaloid, which produces a substance
coagulable by picric aecid.

Other tests similar to these might be mentioned, but those
which have just been described are the best of the kind in
common use, and nothing need be said about the others.

The methods of distinguishing the proteids have been
recently described in an admirable paper by Noél Paton,?
whose procedure will be followed in the succeeding pages.

Serum albumin and serum globulin are coagulated by heat,
and the application of heat is sufficient to determine that
one of these substances is present, but is of no use in dis-
tinguishing one from the other.

The best method of employing the heat test is by slightly
acidulating the urine with acetic acid and heating the upper
part of the fluid in the test-tube. If serum albumin or
serum globulin is present a cloud forms in the heated layer.
Coagulation takes place just before the boiling-point is
reached. It may present appearances varying from a slight
haze to a milky cloud. If the cloudiness be faint, it may be
most easily recognised if the tube is held up against a dark
background.

Performed in this way there is no possible source of error.
If the urine has not been acidulated a cloud may be formed
by the deposition of phosphates, but this is at once dissolved
on the addition of an acid. If the urine is very alkaline
the serum albumin and serum globulin may have undergone

1 The Edinburgh Medical Journal, vol. xxxiv., p. 522, 1888,
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down the side of the test-tube, a white ring appears at the
line of junction of the two fluids. By saturating the
neutralised urine with sulphate of magnesium, all the serum
globulin may be precipitated and after filtration and acidula-
tion, a precipitate of serum albumin may be obtained on
boiling when it is present.

Albuminometry, or the quantitative estimation of the im-
portant proteids, has within the last few years been much
simplified, and the old gravimetric process, as well as the
titration method by means of perchloride of mercury and
1odide of potassium, has been entirely superseded for clinical
purposes.

By means of Esbacl's process the amount of proteids—
which in most cases may be assumed to be composed of serum
albumin and serum globulin—can be easily determined with
considerable accuracy. The reagent employed is obtained by
dissolving 10 grammes of picric acid and 20 grammes of
citric acid in 800 or 900 cubic centimetres of hot water,
and, after solution, adding enough water to make 1000
cubic centimetres or 1 litre when cold. If is employed in a
special tube holding about 20 cubic centimetres, which is
marked by a line and the letter “ U ” to indicate the quantity
of urine to be used, and another line higher up with the letter
“R,” to show how much of the reagent is to be added to
the urine. At the lower part of the tube are lines marked
by the figures 1, 2, 3, 4, 5, 6, and 7, to indicate the result.
The tube is provided with an indiarubber stopper.

The method of using the tube and reagent is as follows :—
Till the tube with the urine as far as the letter “U,” and add
the reagent until the fluid reaches the letter “R.” Close
the tube by means of the stopper, gently turn it upside down
twice without shaking, and lay it aside for twenty-four hours,
at the end of that period read off the height of the coagula-
tion as shown by the figures at the lower end of the tube.
The figure represents the number of grammes of proteids
contained in a litre of urine.
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of discussion. Serum albumin and serum globulin are
almost invariably associated together, and it is almost be-
yond doubt that they transude by means of the glomeruli,
It is almost equally certain that if the epithelium of the
glomeruli is intact no transudation of proteids can occur, and
the presence of serum albumin and serum globulin in con-
ditions of apparent health—such as we find in what is called
“ functional albuminuria,” * cyclical albuminuria,” or * the
albuminuria of adolescence ”—may be taken as evidence that
on account of some transitory disturbance of the kidney, or
the blood-vessels, or the blood, there is a state of abnormal
permeability of the glomerular epithelium. Albuminous
substances are found in the urine as the result of febrile
affections and toxic agents; venous stasis from heart and
lung disease or pressure on the renal veins; temporary
stoppage of a ureter ; several chronic wasting diseases, such
as ansemia, leukemia, and tuberculosis ; and certain diseases
of the nervous centres, such as cerebral hamorrhage. In
these affections there may be no special lesions of the kidney.
But the great cause of albuminuria is Bright's disease, and
it is of the highest importance to be able to determine in any
case by means of the whole of the symptoms whether there
is evidence of renal disease or not.

Peptones have been found to be very common constituents
of the urine in acute diseases, in the reabsorption of exuda-
tions, and when there is irritation of the urinary mucous
membrane.

Albumoses used to be regarded as almost pathognomonic of
osteomalacia, but recent researches would seem to indicate
that they may be present in a number of different conditions.

Blood in the urine gives it a tint varying in degree with
the quantity which is present. One part in two thousand
gives a smoky tint, and one in five hundred prnduce_s a
bright cherry colour. When blood is present the urine gives
characteristic reactions with the tests for proteids, as serum
albumin and serum globulin are always to be detected.
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made with rectified spirit, the ammoniated tincture of the
Pharmacopeia being useless for the purpose, and ozonic ether,
that is, an etherial solution of hydrogen peroxide. The test
is performed by placing a drachm of urine in a test-tube ;
adding a drop of the guaiac tincture, thoroughly mixing them,
and gently shaking with as much ozonic ether as will equal
the quantity of urine. When blood is present a bright blue
colour is seen in the ozonic ether when it separates, or it
appears at the junction of the fluids. This test is not to be
relied on absolutely, as saliva and nasal mucus produce the
same blue ring, and the urine of patients taking iodide of
potassium gives a similar reaction.

The distinetion between hsematuria, or urine in which
both the colouring matter and the corpuscles are present, and
haemoglobinuria, or urine which contains the colouring matter
without the corpuscles, has already been drawn.

Hematuria may be caused by renal affections such as
nephritis, pyelitis, and cancer ; by inflammation or malignant
disease of the urinary channels; and by morbid conditions
of the blood, such as scorbutus and purpura, or the presence
of the Bilharzia hematobia.

Hemoglobinuria, in which the blood is disintegrated within
the circulatory system, follows the absorption of certain
toxic agents, such as chlorate of potassium, earbolic acid and
pyrogallic acid; it may be the result of insolation, or it
may be spontaneous as in the disease termed * paroxysmal
haemoglobinuria.”

Bile gives the urine various shades of colour, from dark
yellow to greenish brown. Its presence may be proved by
tests for the bile acids and the bile pigments.

For bile acids (Cy¢H, 3N 4O and C,,H,;NSO;) the best
process is the modification of Pettenkofer’s test suggested by
Francis and described by Ralfe.! This method consists in

1 A Practical Treatise on Diseases of the Kidneys and Urinary De-
rangements, by Charles Henry Ralfe, M.A., M.D.; London, 188b,
page 113.






268 PHYSICAL DIAGNOSIS.

and yellow, the middle point of which is about the line D,
another being in the green, extending from near C to a little
beyond F. If the action of the acid on the bile is allowed
to go on longer, it will be found that the latter band alone
can be seen. It is identical with that of urobilin already
deseribed (page 248), and is produced by the oxidation of
bilirubin into urobilin.

MacMunn?! describes and figures the spectrum of Petten-
kofer’s test for bile acids as giving a narrow band between C
and D and a broad band at E.

The presence of bile in the urine is significant of some
interference with the passage of bile from the liver into the
duodenum, the old views as to the occurrence of hzemato-
genous jaundice being erroneous. In recent cases of jaundice
the bile acids are found in considerable quantity, but in the
urine of patients who have suffered for some time the amount
of the acids is smaller, or they be altogether absent.

Glucose (CzH,,0;). —Healthy urine usually contains
traces of glucose, but in so minute a quanfity that it may
" be regarded as an abnormal substance. If the specific
gravity of any urine is 1030 or more, it raises an expecta-
tion that glucose is present ; and if the urine is at the same
time pale in colour and excessive in quantity, the expecta-
tion is almost a certainty. It may be detected by means
of several tests, all depending upon the fact that when
glucose is hoiled with caustic potash it is oxidised—taking
oxygen from any source available, and hence causing
reduction.

Moore's test consists in the mixture of equal parts of urine
and liquor potassee in a test-tube, the upper layer of which
is to be boiled. If sugar is present, a ruddy brown colour is
developed in the heated zone from the formation of glucie
and mellisic acids. If nitric acid be now added, the brown
colour is discharged, and an odour of caramel is given off.

1 The Spectroscope in Medicine, by Charles A. MacMunn, B.A.,
M.D. : London, 1880, page 165.
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solution must be boiled by itself before being employed
as a test.

The best manner of employing this test is as follows:—
Fill a test-tube to the depth of an inch with Fehling’s solu-
tion, boil it cautiously and set it aside to cool. If no deposit
occurs the solution is in good order. Heat it again to the
boiling-point, and add a drop of the suspected urine; if
sugar is present, a yellow precipitate is suddenly formed,
which turns red on longer boiling or standing aside. If the
sugar is small in amount more urine must be added, but an
excess of urine must be guarded against, as excess of sugar
dissolves the copper salt.

Serum albumin and serum globulin must be remembered,
if present, and all substances belonging to the urie acid group
must be taken into account. Certain drugs taken internally
give a reaction with Fehling’s solution. Amongst these
are ferrous sulphate, gallic and tannic acids, chloroform
and resins,

Pavi's test,—The solution in this case is prepared by
dissolving 4158 grammes of cupric sulphate in 200 cubic
centimetres of distilled water by heat; 20'4 grammes of
potassium sodium tartrate, and the same quantity of caustic
potash, in 400 cubic centimetres of distilled water ; mix the
two solutions gradually ; when cold, add 300 cubic centi-
metres of strong ammonia (specific gravity -88), and add
enough water to make a litre.

This is to be used in the same way as Fehling’s solution.
Tt has the advantage of giving no precipitate, as the ammonia
holds the reduced cuprous oxide in solution. Its disadvan-
tage is the giving off of ammonia fumes. The complete
reaction is indicated by the disappearance of the colour.

The same precautions must be taken as in the case of
Fehling’s solution, and the same fallacies may be found if
these are not attended to.

Bitger's test is based on the fact that glucose has the
power of reducing the salts of bismuth. It consists in mixing
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carbon dioxide which is given off during the process. Recent
researches have shown this method to be very unreliable.

By polarimetry the presence of sugar may be detected
with great readiness, and the quantity present can be
estimated. The method is based on the fact that glucose has
the power of rotating polarised light towards the right, and
the amount of deviation is an index to the amount present.
It is by no means such a delicate test for glucose as many
of the chemical processes, but is an exceedingly rapid one.

There are several different kinds of instruments—the name
of which is the saccharometer—all of which are constructed
on similar lines. The light passes through one prism called
the polarising, and afterwards through another -ecalled
the analysing prism. If these be so placed that the oblique
ends of the two prisms are parallel, the polarised part of the
ray of light—that which is allowed to pass through the first
prism, while the other part of the ray is absorbed—passes
through the analyser without obstacle. If the analyser is
turned on its axis the light will become more and more
obscured until an angle of 90° has been reached, at which
point it will be quite shut out. If it is rotated beyond this
angle the light will gradually return until 180° is reached,
when it is allowed to pass freely. It again diminishes to
270°, and increases to 360°.

If the prisms are so arranged that the light passes without
obstruction, it will be found that a column of urine con-
taining glucose causes partial obstruction by rotating the
light towards the right, and that if the analysing prism is
rotated, the light will pass when a certain point has been
reached. The rotatory power of glucose is 57-6°. If the
length of the column of the fluid containing glucose is known,
and the angle of deviation is noted, the per-centage of sugar
can be calculated.

If highly coloured, the urine must previously be freed
from colouring matter by the addition of a solution of
acetate of lead and subsequent filtration, or by clarifying
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some fransient disturbance of the hepatic vaso-motor
apparatus ; or it may be permanently present in cases of
profound disturbance of the glycogenic function,

In certain conditions the peculiar odour of acetone (C,H,0)
may be detected in the urine. This substance may be re-
cognised by several tests, but that which is most available is
the nitro-prusside of sodium reaction. On the addition of a
solution (1 gramme to 15 cubic centimetres of water) of
nitro-prusside of sodium, along with caustic potash or caustic
soda, to urine containing acetone, a ruby red tint is pro-
duced, which slowly fades into a straw colour. The same
colour is produced by these reagents in the presence of
ethyl-diacetic acid (Cy;H,,0,), aldehyde, and kreatinin.
In the case of the two last mentioned, however, the ruby red
rapidly becomes a straw yellow, and on the subsequent
addition of an acid no change occurs; while with acetone
the addition of an acid produces a violet colour, and with
ethyl-diacetic acid it gives a dark tint. If the solution of
sodium nitro-prusside be employed along with nitric acid, a
rose violet colour is slowly given by acetone, and a ruby red,
slowly fading into straw yellow, by ethyl-diacetic acid ; no
change occurs with aldehyde or kreatinin,

The clinical significance of acetone is as yet somewhat
obscure, Formerly it was supposed to occur only in con-
nection with grave forms of diabetes, and more especially
with the development of the fatal complication known as
Kiissmaul's coma. That its occurrence is much more general
is now known. According to Saundby it has been detected—

1st. In many acute diseases, e.g., pneumonia, without
symptoms of coma being present.

9d. In cancer, Bright's disease, perityphlitis, strangulated
hernia, after minor surgical operations, and sulphuric acid
poisoning, without dyspneea or coma. _

34. In a case of cancer of the stomach dying from coma
(von Jaksch). Acetone and diacetic acid were present, but
no sugar, in the urine of this case.
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CHAPTER IX,
THE NERVOUS SYSTEM.,

For obvious reasons, the investigation of the nervous system
is concerned more with the observation of funections than
with the examination of organs, and, as a consequence, the
diagnosis of nervous disorders is beset with much greater
difficulty than is the case with any other group of diseases,
A thorough grasp of the subject can only be attained by
acquaintance with the facts of medical anatomy and physio-
logy, and their application to the symptoms in any given
case. The consideration of the nervous system therefore
falls maturally into an introductory sketch relating to
anatomical and physiological facts, and an investigation into
the symptoms presented in disease,

MEDICAL ANATOMY AND PHYSIOLOGY OF THE NERVOUS
SYSTEM.

In this section only such facts as are of real use in the
investigation of disease will be mentioned, and, as the
greatest practical assistance in diagnosis lies in a correct
knowledge of the paths of nervous impulses, the introductory
observations which follow will in the main be devoted to
tracing the lines along which such nervous impulses are
transmitted.

1. Paths of conduction of tmpulses of ordinary sensation.—
From their terminations in the different sensory end-organs,
the fibres concerned in the transmission of impulses from the
periphery to the centres run in the mixed nerves until they
enter the spinal cord by the posterior roots. On arriving in
the cord some of the fibres pass directly into the grey matter
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once centres and conductors, and that the cause of disorder
of funetion in any region must be sought in some zone
through which the impulses travel to or from the affected
region.

TaE INVESTIGATION OF NERVOUS SYMPTOMS.

‘We have now to consider the various symptoms presented
by disease of the nervous system. This section naturally
falls into a consideration of—

Sensory funetions,
Motor funections.
Reflex funetions,
Visceral functions.
Vaso-motor functions.
Trophic funetions.
Mental funections.

N o 0010

These will now be discussed in the above order.

1.—SeENsorY FUNOTIONS.

As this work is mainly devoted to objective, it is not
possible to devote much space to subjective phenomena. It
is, however, necessary to make a few brief remarks on some
of the more ecommon and important subjective symptoms.
They are all the effects upon consciousness of some sensory
impression, and may have their origin in any part of the
sensory path between the end-organ and the centre, but
the sensation experienced is always referred to the peripheral

region of the sensory tract.

ORDINARY SENSIBILITY.

Among the subjective phenomena belonging to the nerves
of ordinary sensibility which are of most importance are
sensations of pain, tightness, weight, sinking, heat, cold,
numbness, itching, creeping, tingling, pricking, and throb-
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example, when the patient feels pain in the right leg if
the left has been pinched, or feels a touch in several spots
when only one has been touched. There are other more
complicated deviations, such as the experience of extremely
painful sensations on the gentlest touch.

Changes in the rafe of conduction of sensory impressions
are often present. These alterations are chiefly retardations
of their transmission. There are, however, some peculiar
symptoms dependent upon a separation of different kinds of
sensibility. For example, on touching the surface with
some hot object, there may be at once a sensation of contact,
followed after the lapse of two or three seconds by a sensa-
tion of heat. The same kind of symptom may be found on
pricking or pinching the patient, a sensation of touch being

succeeded by one of pain.
The muscular sense may be said to give sulbjective evidence

of disorder in the condition known commonly as *the
fidgets,” but there is pnsmbly another explanation of thls
symptom.

The objective condition of the muscular sense may be tested
in various ways. The patient may be asked to tell, with his
eyes shut, the position in which his limbs are placed; he
may be told to touch his nose, or other part, with his fingers ;
or he may be directed to stand with his eyes shut and his
feet placed close together. In all these tests, however, the
reflex functions are brought into play, and none of them
can be held to test the muscular sense alone,

SPECIAL SENSIBILITY.

The special senses may be examined in a variety of
different ways appropriate to the respective conditions in-
volved. |

SENSE OF SMELL.

The sense of smell, entirely subserved by the olfactory

nerves, is liable to subjective modifications, pleasant or un-
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The simple or direct visual sensations are those of light,
colour, and outline or plane form.

Combinations of these with motor impulses sent to the
ocular museles, aided by psychical processes of memory and
comparison, give us conceptions of size, distance, and solid
form. These are visual judgments.

To determine the funectional power of the optic nerves
and visual paths, it is sufficient to direct our attention to the
state of the simple sensations.

In health and under suitable stimulation these may be
called forth at any part of the retinal surface, except the
optic disc (‘‘ the blind spot ") and near the ciliary processes.

The retinal sensibility, under ordinary illumination, is by
no means uniform throughout. It is most acute at the fovea
centralis, where the cones are most abundant, and fades away
towards the periphery of the fundus.

Direct vision.—1f we wish to see an object distinctly, we
direct our eye towards it in such a way that its image falls
upon the fovea centralis. We call this act direct vision.

But rays of light from a considerable area around the
object looked at enter the eye through the pupil at the same
time, and stimulate sensitive retinal elements,

Field of Vision for Light.—This area is termed the jfield
of wision for light. The point on which our gaze is fixed is
the point of fization, and any objects visible in the field not
occupying the point of fixation are said to be seen by ¢ndirect
vision, their images being applied to parts of the retina which
are eccentric or peripheral in relation to the fovea centralis.

A complete subjective examination should therefore deter-
mine the sensibility to light, colour, and form at every part
of the fundus of the eye which is normally sensitive. In
the great majority of cases, however, there is mo nec:essi?}' for
such exhaustive inquiry, and for clinical purposes 1t will be
found convenient to conduct the examination as follows,
taking care fo fest each eye separately, first in direct and then
in indirect vision,
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Having covered one eye lightly with the palm of the hand
—or, preferably, a disc of some opaque material, as cardboard
or dull glass, which does not prevent free evaporation from
the excluded eye— the patient is requested to read the letters
aloud, commencing with the largest.

How to express visual acwity.—If at this distance he reads
the smallest of the series successfully, his sense of form (visual
acuity) af the macula is normal, and may be conveniently
expressed as a fraction thus—7V¥ (vision)=$ or unity’; the
numerator expressing the distance at which he'is standing,
the denominator the distance at which the type should be
seen by a normal eye.

Suppose that at this distance (6 metres) he is unable to
read letters smaller than those which should be seen by a
normal eye at 12 metres distance, his V=", i.e., only half of
the normal, and the visnal acuity may be similarly expressed
throughout the whole scale from § to %, the denominator in
each case corresponding to the row of letters at which distinct
vision ceases. :

Some test cards for distance bear a row of smaller letters
which should be read at 5 metres by a normal eye. Many
persons having keen vision can distinguish these at 6 metres.

In such a case ¥'=2$, the fraction showing that the acuity
is above the average. If the size of a room necessitates the
application of the test at a less distance than 6 metres, the
actual distance employed must be stated in the numerator,
and proportionately smaller test type must be used to de-
nominate normal vision,

Thus at 5 metres if V=2 it is normal, but it may be
defective, as 3, or %, or . If at 4 metres V=1, it is
probably normal, but strictly speaking the full distance of 6
metres should always be employed by preference, for reasons
which we must now consider.

The Refraction of the Eye.—Thus far we have said nothing
of the influence of the refraction of the eye on the visual
acuity. It is evident that if there is some error in the
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Stmple ypermetropic or simple myopic astigmatism,—
Thus in one meridian the refractive power of the media
may be emmetropic, but in another, and usually that one
at right angles to the first, it may be hypermetropic or
myopie,

Compound Hypermetropic Astigmatism.—Sometimes hyper-
metropia is present in every meridian, but most marked in
one, and least in that at right angles to it,

Compound Myopie Astigmatism.—Similarly with myopia.
In astigmatism the patient can only obtain clear vision with
the aid of cylindrical lenses,

Irreqular Astigmatism.—Sometimes the refraction varies
so greatly from meridian to meridian that it cannot be
definitely estimated, nor can the vision be satisfactorily
improved by spectacles.

In any case, then, in which V appears defective we must
ascertain the state of the refraction, with a view of deter-
mining whether the failure is optical or nervous.

Subjective Examination of the Refraction.—In proceeding
to make this examination much fime may be saved by a
few judicious questions as to the nature of the patient’s
difficulty in seeing. Thus one who asserts that he sees well
at a distance but less well near at hand, and especially in
artificial light, who complains of letters running together, of
painful sense of straining of the eyes, or headache after con-
tinued near work, is probably Aypermetropic if young, or
presbyopic, or both, if over forty-five years of age.

One who sees badly at a distance, but reads the smallest
print if held mnear, is generally myopic, and the nearness
required is a fairly accurate measure of his myopia.

Regular Astigmatism may be suspected if there is a com-
plaint of seeing imperfectly both far and near, and especially
if lines which run in one direction are more evident than
those at right angles to the former.

Irreqular Astigmatism, if in addition the lines and objects
appear distorted,
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metropia, is usually manifest, and there is no need, and
possibly some risk, in using a mydriatie, since it may cause
an increase of the intraocular tension. In such a person the
examination may show V=% with the naked eye, but with
+4 D Sph.=§. Hereit is evident that the refractive media,
even aided by such accommodative power as remains, are
unable to bring parallel rays to a focus upon the retina
without the above artificial assistance, and we declare that
the patient has four dioptres of manifest hypermetropia.

By commencing this subjective enquiry with convex
spherical glasses, the best inducement is given to the patient
to relax his ciliary muscle. If concave glasses be first pre-
sented to a hypermetrope they are apt to excite, especially in
the young, a strong eciliary contraction to overcome their
dispersive action, which, if it does not readily relax, may
completely prevent the true state of the refraction being
determined by this method of enquiry.

If V be improved by convex spherical glasses, but be less
than §, the convex spherical glass which gives the best vision
should be retained in front of the eye, and a weak convex
eylindrical lens added to it, and rotated slowly through two
right angles, to determine in what axis, if any, its assistance
is required. If benefit results, the case is one of compound
hypermetropic astigmatism. The position of the axis should
be noted, and convex cylinders of increasing strength
successively inserted, preserving the same axial position so
long as V¥ is improved. If convex cylinders give no aid,
concave cylinders should next be similarly tried.

The patient has compound hypermetropic astigmatism,
simple hypermetropic astigmatism, or mized astigmatism,
according as the concave cylinder lens, if any, which gives
the best. vision has a numerical strength less than, equal to,
or greater than the convex spherical glass with which it is
combined. .

.. I, however, a weak convex spherical glass impairs rather
than dimpraves visual acuity, it should be removed, and
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little experience on the part of the observer, and a moderate
degree of intelligence on the part of the patient, they can be
very rapidly performed in practice,

The great advantage of commencing the investigation in
this way is, that if no subjective visual sensations are com-
plained of, and ¥'=§ has been obtained in each eye with or
without glasses, we may generally conclude that the sense of
sight is normal, and further examination is needless, unless to
exclude the possibility of congenital colour blindness or some
ophthalmoscopic change being overlooked. The ophthalmo-
scopic examination (see under Objective Examination, p. 350)
should never be omitted, since it occasionally happens that
evidence of disease is found in the fundus, though the direct
visual acuity is not affected. If, however, V' cannot be raised
above 1% or 5 even with glasses, a careful ohjective examina-
tion should be made, and unless a sufficient explanation of
the defect is thus obtained, e.g., high refractive error, irregular
astigmatism, or corneal opacity, it will be well, especially if
- the defect is of recent origin, to determine the state of the
colour sense and the extent of the fields of vision, before
assuming that the eye is congenitally amblyopic.

In many cases, especially in adults, where V=% to ;% and
cannot be improved by glasses, the physician may be enabled
to form a sound diagnosis with rapidity by determining (1.)
the power of the eye to perceive colours, especially in the
central parts of the field (see p. 319); and (2.) the extent of
the field of vision for hand movements (see p. 308), before
proceeding to the ophthalmoscopic examination.

If a patient fail to see the largest type at 6 metres (z.e.,
V =1less than %), he should be allowed to approach the card
slowly until the largest types are seen. The distance must
then be measured and expressed as the numerator, thus (say)
V=& or V=, according as the individual is 4 metres or 1
metre from the type.

In no case should the expression § be used to express V=
less than {4, since §=infinity, and while failing to express
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successively different directions. The patient is requested
to direct his gaze straight forward, to declare the moment he
perceives any light on his eye, and to state whether it is
coming from above or below, from his right or left side.

The strength of the light employed can be readily increased
or diminished by varying the size of the flame employed or
the distance from which it is reflected.

Having thus rapidly traversed the way by which we are
led to determine the state of the direct visual acuity for form
from perfection to blindness, we turn now to the other simple
visual sensations.

The examination of the sense of colour in direct vision need
only be undertaken in a special manner when there is any
reason to suspect the presence of congenital colour blindness,
and it then demands great care and diserimination in the
method employed. Space does not permit of a proper
presentation of this subject in a work of this kind, and the
reader should consult the ophthalmic text-books of Berry,
Juler, or Swanzy, or a special treatise as Joy Jeffries’ on
¢ Colour Blindness.”

Some clinical means for testing colour perception, chiefly
in indirect vision, will be referred to later.

IT. The field of vision (i.e., indirect vision) should now
be examined.

There are several methods of different degrees of precision
available for this purpose.

1. Estimation of the extent of the field of vision for fand
movements.

This is a very rough but exceedingly useful test where the
central acuity has been found markedly defective.

Place the patient with his back to the window or source
of light; make him cover one eye lightly ; stand directtly
opposite him at a distance of two feet, and close the opposite
named eye in your own person. Then let each individual
gaze at the other’s open eye. The field of vision of each
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cal detail, but most consist of a graduated bar (semicircular
or forming the quadrant of a ecircle) capable of supporting a
suitable test object, and of describing the circumference of a
hemisphere, whose pole—the pivot of the bar—is the point
of fixation,

The eye to be examined should occupy the centre of the
sphere, and thus the chief defect of the campimeter is over-
come, for whatever the position of the test object on the bar,
its radial distance from the eye, the size of its image on the
retina, and its luminosity, are constant.

The straight line which connects the fovea centralis of the
retina with the point of fixation is called the visual axis.

Any other straight line passing into the eye from any
point on the quadrant to the retina must eross the visual
axis at a certain angle, which increases directly as the
distance of this point from the point of fixation.

This relation is expressed on the quadrant, which is
divided into degrees, starting from 0° at the pivot (point of
fixation) to 90° at the free end.

If the quadrant be set in rotation every point of it will
describe a circle, and all the circles are concentric. The
combined circles forming the imaginary hemisphere on which
the field of vision is to be mapped out may be represented on
a plane surface by a few of these circles deseribed at equal
angular intervals ; lines radiating at equal intervals from
their common centre will represent meridians of curvature of
the hemisphere. (See Fig. 97).

Such a representation, reduced in size, affords a chart
which is usually affixed to the back of the perimeter.

The test object is a disc or 1'5 centimetre square of white
or coloured unglazed paper. If inserted into the end of a
small black rod (6 or 8 inches long) it can be held by the
physician in any desired position, or it may be supported in
a clip attached to, but moveable, along the concave aspect of

the quadrant. , \
The observation should be made in good diffuse daylight.
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Lhe accompanying chart shows the oval shape of the fields,
that their greatest expanse is outwards and downwards, least
upwards and inwards. The curtailment of the latter is
chiefly due to the projection of the nose and brow.

F1a. 97.—Perimetric chart showing field of vision of right
eye—for white ( W.), blue (B.), red (£.), and green ({.), as pro-
juctt?fl on the inner surface of a Iu!ll]iﬁ}_‘JhErﬁ whose pole 1s the
point of fixation. V. denotes the mnasal or inner, 7. the
temporal or outer half of the field.—(Landolt. )

In practice 1t is convenient to take first the field for white,
which alone may give sufficient evidence to warrant a diagnosis,
and avoids the fallacy of any congenital defect for colours,

In the selection of colour tests, care should be taken that
the colours employed are as pure as can be obtained.

Red and green form one pair of complementary colours,
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The optie dise is a physiological scotoma about 15° to the
outer side of and below the point of fixation.

Scotomata may be small or large, single or multiple. They
are described as posifive if the patient is conscious of their
interference in his field, negative if, like the optic dise, they
do not obtrude themselves upon his consciousness.

In the latter case they may not be discovered by the
physician unless he takes the precaution of ascertaining not
only the outlines of the fields, but also whether the test
object is properly perceived along each meridian, from the
limit inwards to the fixing point,

In mapping out a scotoma it is often a good plan to attach
the test object to the quadrant and slowly rotate it through
as many degrees to the right or left as may be necessary
to determine where it can and where it cannot be perceived
by the patient. By combining circular movements of this
kind with the to-and-fro radial movements along the quad-
rant previously deseribed, the dimensions of the scotoma may
be pretty accurately demarcated.

As already indicated (see p. 310) every ray which enters
the eye, except that coming from the point of fixation, crosses
the visual axis before it reaches the retina.

[ Note.—The point of intersection of all the entrant rays is the nodal
point of the eye. It is situated close behind the crystalline
lens in the anterior part of the vitreous,]

Consequently rays coming from the right half of each
field are focussed on the left half of each retina, and similarly
with the right half of each retina we perceive objects situated
in the left half of each field, so far at least as the fields
are coincident ; objects situated above the visual axis are
focussed on the lower part of the retina, while those
below the line of fixation imprint their images on the
upper part of the retina.

Clinical and pathological observation have combined to
prove that the right half of each retina is innervated by
the nerve fibres which compose the chief part of the right
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optic tract, while those which supply the left half of each
retina come from the left optic tract. The inner half of
each retina is thus supplied by fibres which have decussated
at the optic chiasma.

We are now able to understand the occurrence of sym-
metrical scotomata, 7.e., defects in corresponding parts of
both fields of vision,

For while a destructive lesion of one optic nerve, as at 1
or 1' in Fig. 98, will produce complete blindness of the corre-
sponding eye, a lesion of the left optic tract at 2 will cut off
communication between the left half of each retina and the
brain, and produce blindness in the right half of each field
(right homonymous hemianopsia), similarly a lesion at 2’ will
render the right half of eaclh retina functionally useless and
produce blindness in the left half of each field (left homony-
mous hemianopsia).

A lesion in the chiasma at 3 will destroy the function of the
wnner half of each retina, and produce blindness in the outer
half of each field (temporal hemianopsia); while it will require
a very symmetrically disposed lesion at 4 and 4’ to cut off the
sensory fibres from the outer half of each retina and produce
blindness in the inner half of each field (nasal hemianopsia).

Homonymous hemianopsia is the commonest variety ;
temporal hemianopsia is fairly frequent; but only one
authentic case of mnasal hemianopsia appears to have been
described, and considering the peculiar lesion required, its
uniqueness is not surprising.

Superior and inferior hemianopsia, 7.e., defective vision in
the upper and lower halves of the fields respectively, have
been described, but are much more likely to be due to retinal
disease, e.g., detachment of the retina in the same part of
each eye, than to symmetrical lesions in the course of the
nerve trunks.

In no case of supposed hemianopsia should a diagnosis
be made without a very careful objective examination. If
the entire half field of each eye is functionless the hemi-
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opfic merves or tracts, the sense in which the failure is
earliest exhibited is that of colour, and notably in the per-
ception of red and green. In slowly advancing optic atrophy
blue and yellow may still be perceived throughout small
fields, when red and green are no longer perceptible under
ordinary illumination.

It is probable, too, that in all cases the sense of form for
objects seen indirectly or directly fails in some proportion to
the colour sense, but the peripheral form sense has never
received much attention. It may be tested readily by
employing strips of white cardboard having one, two, or
three black squares (2 centimetres square) respectively placed
on them at equal intervals, the patient being requested to tell
how many squares are visible on any one exposed strip, and
the moment at which they come into view when brought
along the quadrant of the perimeter.

'We have as yet no satisfactory method of testing the light
sense (in the exact meaning of that term) in indirect vision,
but it is scarcely necessary to point out that after all vision
for white and colours has disappeared in any scotomatous
area, and when even hand movements are no longer perceived,
some perception of bright light may still be retained.

In hemianopsia it is usual to find that all the senses are
greatly subdued. If no perception of light remains in the
affected half fields the hemianopsia is said to be absolute ;
and the same adjective may be applied to any other form of
scotoma which is entirely destitute of sensation.

If, however, some perception remains, the defect is said to
be partial.

Some disturbances of the field of vision which affect the
more central parts of the field, and are most readily detected
by a colour test, still remain fo be mentioned.

In practice these may be diagnosed so much more
expeditiously with a small campimetfer rather than a peri-
meter, that we shall conclude this section with a brief account
of this simple apparatus and its use.
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If extending chiefly to the outer side of the fixing-point,
and corresponding to (i.e., subtending) that part of the retina
between the optic disc and macula, known as the * papillo-
macular area,” the case is almost certainly one of toxic ambly-
opia, due to the abuse of tobacco, and perhaps aleohol.

Retrobulbar mneuritis usually affects only one eye, while
toxic amblyopia commonly, if not always, affects both, and
the scotoma is symmetrical.

The test should be made with red and green, for blue and
yellow are generally well perceived, except in severe cases.

It should be borne in mind that congenital colour blindness
affects from two per cent. to three per cent. of the male popu-
lation of this country, and a less proportion of females.

It is commonest for red and green, but may be dis-
tinguished from the foregoing by the fact that per se it in no
way affects the direct visual acuity for form as fested, e.g.,
by Snellen’s types.

If, however, in a congenitally colour blind person from any
cause the form sense has been rendered defective, a proper
diagnosis might still be made by remembering that con-
genital colour blindness affects the whole field, while in the
above affections, if uncomplicated, good colour perception 1s
retained beyond the limits of the scotoma.

With this simple apparatus the various forms of hemi-
anopsia, if approximately complete in extent, may be also
readily diagnosed, and practically it is only when we wish to
determine precisely the state of the peripheral parts of the
fields for different colours, or require a permanent record,
that we need have recourse to perimetry.

Phosphenes.—This term is applied to the visual sensations
induced by mechanical stimulation of the retina,—e.g., the
pressure of the tip of the little finger on the outer side:.of
the globe occasions the sensation of a bright crescent with
a dark centre in the inner part of the field.

Tn an intelligent individual it is possible to make use of
this as a test of the retinal capacity for stimulation when
from any cause it is not possible to see the fundus clearly.
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SENSE OF TASTE,

The sense of taste is somewhat complex. The posterior
third of the tongue with the fauces and pharynx are brought
into conmnection with the centres by means of the glosso-
pharyngeal nerves ; the anterior two-thirds are supplied by
the lingual nerve ; and the sensory branches concerned in
taste appear to pass into the chorda tympani, whence by its con-
nections they proceed to the trigeminal or glosso-pharyngeal
nerve—it is not yet certain which—and reach the brain,

Subjective perversions of the sense of taste are rarely met
with except in mental disease.

To test the sense of taste substances devoid of aroma should
be employed—such as sweet, bitter, sour, and salt bodies.
They should be applied to each half of the tongue, both
in its anterior and posterior parts.

Increased sensibility is very rare except in hysterical
patients.

Diminished sensibility may be due to cenfral or peri-
pheral lesions, and the extent of the anwsthesia points to
the locality of the disease. For instance, if there be loss
of taste in the anterior part of the tongue, while the patient
has no loss of ordinary sensibility in the tongue, the chorda
tympant is in fault. If there be loss of the sense of
touch as well as of the semse of taste, it is the lngual
which is affected. The attendant symptoms enable the
observer to estimate the level at which the lesion is situated.

9. —Moror FuncTioNs.

In an investigation of the motor functions it is necessary
to examine the tone and size, the voluntary and involuntary
movements, as well as the irritability, of the muscles tested
by mechanical and electrical stimuli. .

(a.) The fone of the muscles may be estimated by !;he
rigidity or flaccidity which is felt by the hand on grasping
them. Experience teaches the observer to recognise the
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When motor functions are lost, the term paralysis is
employed, and it is at present fashionable to denote slighter
degrees of impairment by the phrase paresis. As there is a
perfect gradation between the different degrees of diminished
function, the use of different terms for the same condition is
to be deprecated.

Certain terms are used to indicate the extent of the
paralysis. In cases where only one group of muscles is
paralysed, the term monoplegia is employed ; where one
lateral half of the body is paralysed, the case is said to
present hemiplegia ; and where both sides are paralysed
below a certain level, the symptom is called paraplegia.

The exact site of alesion causing paralysis is to be inferred
from the position and extent of the effects, as will be further
insisted on in the section dealing with reflex action. In this
place it will be well to mention that in an affection of an
ordinary spinal nerve both motor and sensory funections are
interfered with in one region, and there is rapid wasting ; in
a total transverse spinal lesion both of these functions are also
disturbed, on both sides of the body below the level of the
lesion, and there is rapid wasting of a small area correspond-
ing to the anterior cornual zone affected ; in affections of the
anterior grey matter of the cord, the paralysis is attended by
rapid wasting ; in disorders of the motor tract, the paralysis is
associated with spasmodie symptoms, and if the motor tract
be diseased in the medulla oblongata, there is frequently some
interference with such organic funections, as respiration, or cir-
culation, or deglutition ; in diseases situated in the anferior part
of the pons cerebri there is paralysis of one side of the body and
of the opposite side of the face, commonly termed “crossed
paralysis ;” if the crus cerebrt is destroyed, there is paralysis
of one side of the body, and of some of the ocular muscles
of the other side ; when there is a lesion in the anferior part
of the internal capsule there is purely motor paralysis, often
with contracture as a sequel, and if the disease is in the
posterior part there is paralysis of motility and sensibility.
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Jaradic current. The former is employed as a eontinuous or
slowly interrupted current; the latter from its nature is
always used as a very rapidly interrupted current,

The continuous current produces no muscular contraction
when flowing, but causes contraction when closed or opened.
The cathode or negative pole chiefly produces contraction
when the current is closed ; the anode or positive pole when
the current is opened; and the cathode produces stronger
effects than the anode.

The law of normal galvanie irritability may be stated here
as a formula. TLet K =cathode, A =anode, C'=closure of
current, O =opening of current, C — =weak contraction, C =
moderate contraction, C+ =strong contraction, and Ct=
tetanic contraction ; then—

Weak currents give KCC — ;
Medium currents give KCC+, ACC -, AOC -
Strong eurrents give KCCY ACC, A0OC, KOC -

In other words, weak currents produce slight contraction
at the cathode on closing the cireuit, but no contraction at
the anode.

Medium currents produce strong contraction at the cathode
on closing, and slight contraction at the anode both on clos-
ing and opening the circuit.

Strong currents produce tetanic contraction at the cathode
on closing, moderate contraction at the anode both on closing
and opening, and slight contraction at the cathode on open-
ing the circuit. .

The induced current produces contraction of muscle when
applied directly to it, or indirectly through the nerve of
supply.

The law of normal faradic irritability is that the degree
of contraction varies directly with the strength of the current
employed.

Changes in the galvanic and faradic irritability are charac-
teristic of different classes of nervous affections.

A. Normal irritability.—In hysterical and most cases of
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galvanic irritability lessens for a few days after the com-
mencement of the attack, and after ten or twelve days
becomes greatly increased, so that the muscles respond to
weaker currents than in health. This continues until about
the fourth week, from which a gradual lessening goes on in
curable cases to the normal, in incurable cases to a total loss.
There is also a change in the relations of contraction at the
cathode and anode, so that the anodal closing contraction is
as great as, or greater than, the cathodal closing contraction,
and the cathodal opening contraction is as great as, or greater
than, the anodal opening contraction. The faradic irritability
is gradually lost, just as in the case of affected nerves, and
gradually regained in curable cases.

In employing any form of battery, the skin and electrodes
should be well moistened before testing irritability, and
the weakest current that will produce the results desired
should be used. That pole of the battery whose action is to
be determined should be placed over the region to be tested,
and the other on some distant spot. For further information
in regard to the use of electricity in diagnosis as well as of
the motor points—that is, the spots where nerves enter
muscles—special treatises on the subject must be con-
sulted.

3. —REerFLEX FuxcrioNns.

Reflex irritability affords useful aid in diagnosis. The
explanation of the phenomena to be mentioned in this place
cannot be said to be quite satisfactory, but it may be said
that for the performance of any reflex act there must be
unimpaired activity of the different structures entering into
the reflex loop. Under the head of reflexes must be included
the superficial and the deep.

The superficial reflezes are numerous and are produced by
gentle stimulation of the skin, which induces contraction of
certain groups of muscles, The afferent impulses proceed
to the centre by the nerves of ordinary sensation ; the effer-
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presence is always pathological and speaks for an increase of
the reflexes,

An tnerease of the deep reflexes is the result of exalted
irritability of the grey matter of the cord, or of diminution
of the inhibitory influence of the cerebral centres, as in
hemiplegia, and especially in sclerosis of the lateral columns.

A

4

.a-"- -—-q-t.':“-ul

Fi1c, 99.—Diagram showing seats of interference with deep reflexes.
M = muscle; 8§ = skin ; T = tendon.

A decrease of the knee-jerk is due to some interference
with the reflex loop. This, as is shown by the diagram,
Fig. 99, may be produced by disease of the nerve trunk (a),
when motor and sensory functions are interfered with ; by
disease of the posterior root (#), when sensory functions only
are altered ; by disease of the posterior root zone (c), when
no sensory or motor changes occur; or by disease of the
anterior cornu (d) or anterior root (¢), when motor functions
are abolished and there is rapid wasting. It is most fre-
quently diminished by disease of the posterior nerve roots,
or of the posterior root zones, or of the anterior cornua.

4,—Co-ORDINATING FUNCTIONS.

The co-ordination of muscular movements is closely asso-
ciated with the condition of the muscular sense, and is at the
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functions are frequently classed under the term organic
reflexes.

The circulatory functions undergo alteration for the most
part in changes of the rate and rhythm of the heart’s action,
As a result of cerebral hamorrhage, for instance, a frequent
pulse is often associated with a high temperature, while in
consequence of a tumour or other intracranial affection the
pulse may be very considerably retarded. Various forms of
irregularity of the pulse are found in cerebral disorders,
such as meningitis. All these symptoms are most marked
when the disease is situated at the base of the brain near the
medulla oblongata.,

The respiratory functions undergo modifications in rate
and rhythm in consequence of cerebral disease. In exalta-
tion of the cerebral functions the respirations may be
extremely frequent, while the rate may be much lessened
by lowering of these processes. The rhythm is often modi-
fied in cerebral affections. The respirations may become
simply irregular in rhythm as well as depth, or the peculiar
type of periodic breathing, already described as “ Cheyne-
Stokes respiration,” may be present. Simple irregularity
may oceur in exalted or depressed conditions of the cerebral
functions, but the ‘ Cheyne-Stokes” rhythm only occurs
when there is depression.

The functions of defiecation and micturition may be dis-
turbed in lesions of the spinal cord affecting the centres
in the lumbar enlargement, the common symptom of their
implication being paralysis of the sphincters, leading to vncon-
tinence of fwces and urine. The incontinence may be
unobserved by the patient if the sensory functions are dis-
turbed as well as the motor, But if there is only a removal
of the control of the cerebral centres over those in the cord,
interfering with the voluntary factor required to call the
evacuant processes into action, there may be refention.

These functions are most commonly disturbed in cases of
severe organic disease, such as myelitis or softening.
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some transitory affection of the vessels and epithelium of the
kidney, resulting from vaso-motor disturbance, and glycosuria,
produced by some interference with the vascular supply to
the liver, which is wusually brought about by affections
involving the hepatic vaso-motor centre in the medulla
oblongata.

These vaso-motor changes are extremely frequent in cases
of hysteria, but, as above mentioned, they are also found as
the result of structural lesions.

7.—TroprrIC FUNCTIONS.

Interference with trophic functions is frequent in nervous
disease,

Changes in the nutrition of the skin may result from
functional or organic disease. Various skin rashes, as well as
atrophies and hypertrophies of skin appendages, may be found
without any definite organic disease of the nervous system,
but they are often, on the other hand, associated with them.

Sloughing of the skin is frequent in such grave structural
changes as myelitis,

Atrophy of the hair and nails may be observed in some
cases where there is some local or general disturbance of the
nervous system.

Wasting of the muscles occurring rapidly, as already referred
to, shows some disease of the multipolar cells of the anterior
cornua of the cord.

Deformities of bones and joints are frequently found in
connection with locomotor ataxy.

8.—MENTAL FUNCTIONS.

In considering disturbances of the mental processes we
have to pay attention to sleep, consciousness, and speech.

SLEEP.

The states of sleeping and waking may be modified to excess
in each of these two directions, the tendency to excess of
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must be consulted. The diagnosis must turn on the entire
group of symptoms, not on one alone, and the mode of
invasion is of high importance.

The perversions of consciousness presented in disease may
be grouped together under the term delirium. This term is
usually restricted to those symptoms which result from some
of the causes which have just been referred to in the
preceding paragraph, and it corresponds to the condition
known in psychological medicine as insanity. Delirium is
more common in such conditions as fever and narcosis than
in cerebral disease.

There are three well-marked classes of mental conditions
common in delirium. The impressions made upon the senses
may arouse false sensory perceptions, which are termed
tllusions ; or sensory images may arise without any impres-
sions upon the senses, which are termed hallucinations; or
false ideas may be present, which are termed delusions.

SPEECH,

Disturbances of speech, using this term in its widest sense,
present one of the most difficult problems which have to be
dealt with by the physician. A patient may be unable to
speak on account of disorders of the mental processes, or from
affections of the muscles concerned in articulation. With
such alterations of the faculty of conveying ideas, we have
nothing to do in this place. 'We have to confine ourselves to
disorders of speech unconnected with mental disturbances,
and independent of muscular affections.

In order to grasp the bearings of this subject, attention
must be bestowed upon the perception as well as the pro-
duction of spoken and written language, i.e., the employment
of conventional symbols as a basis for the communication of
ideas. There are receptive as well as emissive functions con-
nected with language. -

Disorders of the faculty of communicating thoughts, arising
from defect of the cerebral speech processes, are classed under
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or diminishes directly as the contents of the globe. It cor-
responds to what surgeons term * fluctuation.”

To elicit it, divect the patient to look downwards without
lowering his head, and to close his eyelids gently.

The observer steadies the globe against the floor of the
orbit by lightly resting the pulp of one index finger on the
upper lid ; with the other he makes gentle intermittent
pressure upon the eye, and mentally compares the sense of
resistance with that offered by a normal eye.

The patient’s two eyes should be contrasted with one
another, and if in doubt, with those of a healthy person. In
some persons the globes feel much firmer than in others; allow-
ance must also be made for the thickness and softness of the lid.

Following Bowman’s suggestion, it is convenient to express
the results obtained thus :—

T.n. = tension normal.

T+(®= ,  increased probably.

T+l = ,, certainly.

T+2 = 4 but globe can be dimpled.
T +3 = stony hardness.

T — (?) = tension diminished probably.

1 [ L i certainly.

T—-2 = ,, much diminished.

T -3 = globe flaccid.

Increased tension is intimately related to that morbid condi-
tion of the eye known as glaucoma, and is a sign of the gravest
import, since it is usually associated with marked deteriora-
tion of vision, and is capable of destroying it altogether with
great rapidity. The tension undoubtedly changes in some
persons at short intervals. In the case of adult persons,
with or without external signs of inflammation of the eyes,
complaining of failure of vision, and especially of par-
oxysmal pain, and particularly when m}'driatie:s are being
employed, the tension should be carefully examined af each
wisit. TFor want of this precaution too many eyes are treated






344 PHYSICAL DIAGNOSIS.

and secondly, the condition of the coats of the eye viewed
from within,

(a.) Transparency.

Sitmple inspection.—For the examination of the anferior
segment of the eye the patient should be placed facing a
window or other good source of light.

The illumination ean be heightened by focussing the light
upon the eye by means of a lens.

Bright sunlight should of course be avoided, since the heat
rays are focussed as well as those of light. If the room be
darkened, a bright steady gas, oil, or candle flame may be
used, and should be placed at a distance of at least 18 inches
from the side of the patient’s head, and slightly in front of
the plane of his face, so that the light falls obliquely upon it.

Oblique focal llumination.—The observer, steadying his
hand by resting the little finger on the patient’s cheek or
temple, should support a lens of 2 or 3 inches focus between
his thumb and forefinger, and with it concentrate the light
upon any desired spot. By moving the lens nearer to or
further from the eye, the light can be brought to bear on any
part of the anterior segment of the globe, as deep as the
posterior aspect of the crystalline lens and anterior layers of
the vitreous.

Whether employing simple or oblique focal illumination,
the observer may aid his sight by holding another lens as a
magnifying glass between his own eye and that of the
patient. Opacities in the cornea, aqueous humor, and lens
should be carefully sought for.

To explore the posterior segment of the eye the ophthalmo-
scope is required.

The Ophthalimoscope.—Every pencil of light which enters
the eye through the pupil is bent by the refractive media
towards a focal point on or near the retina. In like manner
the reflected rays which escape from the interior of the eye
are, by the same relation of the media to the outer air,
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In this way any fived opacity in the vitreous (as well as
any corneal nebula or striw in the lens) will probably be
brought into view, especially if the observer take care to
examine the peripheral parts by moving his own head in a
contrary direction to that taken by the patient’s eye.

If the same movements be rapidly repeated by the patient
any free opacilies which have sunk to the bottom of the
vitreous will be thrown upwards, and be seen floating or
falling as dark dots, threads, or cloudy masses. Brilliantly
glittering crystals of cholesterin are sometimes seen. All
indicate an unhealthy state of the vitreous.

By placing a lens of suitable strength behind the sight-hole
of the mirror and approaching within two inches of the
patient’s eye, we can examine the vitreous at any plane,
scrutinise in detfail any fixed opacity, and tell its distance
from the retina. |

(b.) Refractive Power of the Ocular Media.

[Refraction.—If a ray of light travelling in one medium
(e.g., air) enters another of different density {e.g., glass or
aqueous humor) obliquely, it is bent from its original direc-
tion, or undergoes what is termed * refraction.”

The refractive power of a medium depends on its density
and the relation of its surface to the adjacent medium. In
physiological optics the media with which we have to deal
are air, glass, and the transparent tissues of the eyeball; the
last two being in the form of lenses.

The strength of a lens is expressed in terms of its refractive
power on a standard pencil of light (namely, one composed of
parallel rays) travelling in air.

A Dioptre.—In physiological optics a lens which can bend
parallel rays to a focus at a distance of one metre from its
centre is taken as the unit of lens measurement, and is called
a lens of one dioptre or dioptric. As the meaning of this
term is somewhat perplexing, we may explain its origin, In
the older works on optics matters relating to the reflection of
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The refractive media of the eye form a combined system of
lenses whose principal focal distance in a normal eye is
22-231 mm. (equal to a single lens of about + 45 D sph.).
The rods and cones of the retina occupy the focal plane.

Under the subjective examination (see p. 301) we have
already described the refractive errors which may be met
with, and their correction by subjective means.

There are various objective methods of greater or less
accuracy whereby they may also be detected, such as the
shadow test (retinoscopy); the apparent direction of move-
ment of the optic disc or blood-vessels when seen with the
ophthalmoseopic mirror alone at some distance from the
patient’s eye ; the lens required to give the clearest image by
the direct method of ophthalmoscopy ; and the alteration of
the size of the optic disc when the object lens is withdrawn
or advanced slightly in the indirect method of examination,

The Shadow Test (Retinoscopy, Pupilloscopy, Keratoscopy,
or the Flash Test are identical terms).

If a beam of light be thrown with an ophthalmoscopic
mirror into a healthy eye from a distance of 4 feet, it will be
more or less accurately focussed on the retina, and the
reddish glow seen through the pupil will be brightest when
the eye is emmetropic, and less bright in proportion as the
eye is hypermetropic or myopic.

If the mirror now be tilted so as to make the light move
over the eye from side to side, or up and down, the spot of
light on the retina will also move, and with it that area of
shadow which always surrounds focussed light.

The following phenomena may be observed, and what is
true of the glow is frue of the shadow.

(1.) With a concave mirror of 8 or 9 inches focus the
retinal glow moves in the opposite direction to (technically
called “against”) the mirror in emmetropia, hypermetropia,
and in myopia of less than 1 dioptre,

If the myopia exceed 1 dioptre the retinal glow appears
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The pupil is then large, the patient can look straight at the
mirror and cannot accommodate,

This test is of the greatest value for the detection of
astigmatism, since the movement in any meridian shows the
refractive state of that meridian.

When the ocular refraction is not absolutely spherical (and
1t seldom is), the meridians of greatest and least curvature are
either respectively vertical and horizontal, or may be oblique,
but always at right angles to one another (except in irregular
astigmatism).

While investigating the refraction as above explained, the
observer’s attention should be concentrated first on the
correction of that meridian in which the movement of the
glow is most easily seen, and then on that at right angles to
it. The difference between the correcting glasses required is
due to astigmatism, and is the measure of it.

The first meridian may be corrected with a spherical lens,
and the second more conveniently with a eylinder,

The apparent movement of Objects on the Fundus,

If with an ophthalmoscopic mirror alone an observer seated
at a distance of 30 inches from a patient perceives not merely
a rosy glow, but a distinct image of part of a blood-vessel on
the optic disc, he should move his head from side to side,
keeping the light on the patient’s eye and the mirror before
his own.

If now the retinal object appears to move in the same
direction as the observer’s head, the eye is Aypermetropic ;
but if in the opposite direction, there is myopia of at least 2
dioptres present, and may be much more.

Tae Examination oF THE Funpus OcuLL

There are two methods whereby we may view the inner

surface of the globe.
(1) The direct method is that in which the observer,
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resting his little finger on the patient’s brow or cheek. By
means of this lens the beam of light reflected from the mirror
is not only concentrated so that nearly the whole of it enters
the patient’s pupil, but the returning rays reflected from the
fundus, after emerging from the eye, are bent to foci in the
air, and form an inverted image of a portion of the fundus
(enlarged in emmetropia about five times) at or about the focal
distance of the lens on the side nearest to the observer. This
image, being situated 10 or 12 inches in front of the observer’s
eye, will be seen by such an effort of accommodation, or the
use of such a lens behind the mirror aperture, as is required by
the observer in order to read small print at that distance.

The source of illumination should be so placed that the
patient’s face is in shadow, and the hand holding the lens
does not intercept the light on its way to the mirror. The
observer should hold the mirror in his right hand when using
his right eye, and in his left when using his left eye.

A definite method of conducting the exploration of the
fundus is essential, and an examination of parts in the
following order is recommended.

The optic disc should be first sought for. The optic nerve
pierces the globe about 3:5 millimetres to the inner side of
the posterior pole, To bring the dise into the observer’s line
of view the patient must turn his eye slightly inwards. For
one eye the tip of the extended little finger of the hand
holding the mirror, for the other the ear on the opposite side
of the observer'’s head, gives a convenient indication of the
direction in which the examined eye must be turned.

The apparent size and shape of the disc depend chiefly on
the refractive condition under which it is viewed.

The normal shape is circular or slightly oval, with the
long axis vertical.

In hypermetropia it appears small by the indirect method ;
in myopia large, and as the lens is withdrawn it becomes
smaller in the former case; larger in the latter. Conse-
quently in astigmatism the disc may appear decidedly oval,
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disec. The main arteries are paler in tint, and have about
two-thirds the diameter of the veins.

Pulsation of one or more of the veins on the disc is of
frequent occurrence.

Pulsation of the arteries has been seen in glaucoma and
aortic incompefence, and may be induced by artificial
pressure on the globe.

By following the retinal vessels in their distribution, the
general surface of the retina can be explored with the
greatest accuracy and completeness. It must mever be for-
gotten that the image obtained by the indirect method is
inverted and reversed.

Some of the more important morbid appearances of the
disc and refina may be briefly described.

Anemia may accompany profound general anwmia, and
small linear or irregular haemorrhages are sometimes found
in severe and pernicious cases,

Hyperemia of the disc produces an approximation of its
colour to that of the fundus, and makes its margin less
defined. Not infrequent in hypermetropia.

Inflammation of the optic merve can only be diagnosed
ophthalmoscopically when the optic disc is involved. The
general term for the former is optic neuritis ; for the latter
papillitis 1s a better term.

Papillitis may occur in one or both eyes independently of
general affection of the retina—refinitis, or in association
with it—neuro-retinitis, or in slighter degree may participate
in choroiditis.

Signs.—Increased redness or fluffy reddish-greyness, blur-
ring of the edges by exudation, tumefaction, expansion, and
striation of the surface, distention of retinal veins, narrowing of
arteries, and obscuration of many of these vessels on the dise.

Its presence in both eyes affords a most important con-
firmation of the diagnosis, when other symptoms point to
cerebral tumour; but among other causes are syphilis, lead
poisoning, and cold.
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tion of the cedema and atrophy results in a few weeks. If
only one branch is plugged, the appearances are limited to
the area supplied. Cardiac or arterial disease should be
looked for.

Retinitis pigmentosa is a slowly progressive non-inflamma-
tory degeneration of the retina characterised by the deposition
of pigment in long lines upon the coats of the retinal vessels,
or in branching spider-like spots, forming together a lace-like
pattern disposed in a zone intermediate between the equator
and posterior pole of the eye. Shrinking of the vessels, and
hazy waxy pallor of the dise, are further indications of the
atrophic process.

Detachment of the refina may be traumatic or idiopathie,

If recent, slight, and transparent, the diagnosis must depend
on local darkening and tortuosity of vessels and relatively
hypermetropic refraction as compared with the rest of the
fundus on examination by the direct method. By the in-
direct method, if the lens be moved from side to side, a
detached portion of the retina (being focussed nearer to the
observer) appears to move more freely than the attached
membrane,—just as when one eye is closed and two objects
in the same line are viewed the nearer appears to move over
the more distant when the observer sways from side to side.
This is termed ¢ parallactic movement.” If the detached
retina has any folds or rucks, as is commonly the
case when atrophied or extensive, silvery grey reflections
of light occur from their surfaces, and may be readily detected
with the mirror alone at a distance of 8 or 10 inches.
A floating billowy grey membrane, with dark bloodless
vessels coursing over the crests, is typical. If it does mot
quiver as the eye is moved, an intra-ocular tumour should be
suspected.

Tue CHOROID is only visible in proportion as the hexagonal
pigment layer of the retina is deficient, and then presents
numerous dull or brick-red vessels disposed in leashes, or a
network with pigmented connective tissue between.
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Complete cupping or retrocession of the whole surface of
the disc from long-continued pressure is characteristic of the
more chronic forms of the disease. A bluish pallor within
the cup, and a yellowish halo around its margin, indicate the
atrophy by which it is usually accompanied. Abrupt turn-
ing of the vessels over the edge of the dise, apparent loss of
continuity in their course, and parallactic movement of the
edge of the disc in relation to its floor, are further proofs of
deep cupping. These, however, are but the final appearances
of this insidious malady. The state of the intra-ocular
tension and the subjective symptoms are the more essential
factors in the diagnosis of the disease at the time when it is
remediable.

ExAMINATION OF THE EAR.

The inspection of the meatus and tympanie membrane is
best done by using a reflector (focal distance about 5 inches)
and a suitable ear speculum. The best light for the purpose is
got from a window on a tolerably clear day; a candle will,
however, be found sufficient. The patient is seated with the
ear to be examined away from the light. A speculum is then
introduced into the meatus up to the commencement of its
osseous portion, the auricle being at the same time pulled
upwards and backwards in order to straighten the canal. Any
obstruction in the latter, if present, will in this way be seen ;
otherwise a view of the membrane tympani is obtained. This
structure in the mormal condition shows—(1.) The handle
of the malleus running from its anterior and upper part,
downwards and backwards to a little below the centre as a
yellow unmistakeably osseous ridge ; (2.) Meeting this at an
obtuse angle (open anteriorly) is seen the bright spot, usually
triangular in shape and always conspicuous by its lustre ; (3.)
The membrane itself, oval in shape, and bluish grey in
colour ; (4.) The upper part of the handle of the malleus
called the short process, from which run two delicate folds






360 PHYSICAL DIAGNOSIS.

a ring corresponding to the curve on the beak. The best
method of introducing the catheter is to pass it along the
floor of the inferior meatus of the mnose until it reaches the
posterior wall of the pharynx ; the beak is then turned inwards
and the instrument withdrawn until the curve hooks upon the
septum of the nose. If the catheter be now rotated until
the ring (which corresponds to the point) is directed towards
the outer canthus, the instrument will, as a rule, enter the
Eustachian tube. It must here be mentioned that difficulties
are often met with in catheterisation of the Eustachian tubes,
and then othér methods must be employed, such as will he
found described in any work on diseases of the ear.

After the catheter is #n sifu, and while the ear of the
observer is connected with that of the patient, air is driven
through the instrument by means of an indiarubber air-bag,.
The following auscultatory phenomena are capable of detec-
tion by a trained ear :—

(1.) A full sound of air impinging against the drum
membrane.

(2.) A moist sound far away from the ear, if there be
mucus in the pharyngeal orifice of the Eustachian tube.

(3.) A faint moist sound associated with the impact of
the air against the drum membrane in some cases in which
the tympanum contains fluid.

(4.) A dry whistling sound in narrowing of the Eustachian

tube.
(5.) Air whistling through a perforated drum membrane.

Beyond mentioning that bougies are somefimes passed
through the Eustachian catheter into the Eustachian tube,
we shall not discuss this method of exploration, which should

be rarely used, and never except by a skilled aurist.

ExaMiNaTION OF THE LARYNX.
For examination of the larynx there are required (1) a

laryngeal mirror ; (2) a powerful light. i
It is unnecessary to describe the laryngeal mirror, which is
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well to make the patient incline his head slightly backwards,
The first part of the larynx seen is usually the epiglottis,
which appears in the anterior or upper part of the mirror,
while in its lower portion the arytenoid cartilages (sur-
mounted by the cartilages of Sartorini) become visible, If
now these last named be followed forwards (i.c., upwards in
the mirror) there is seen on each side another little promi-
nence (the cartilage of Wrisberg). Finally, the elevated fold
of mucous membrane (the ary-epiglottic fold) runs up to the
epiglottis.  Immediately inside of this appear two other
folds of mucous membrane (the false cords or ventricular
bands). If the patient be now told to say ‘“eh,” the
epiglottis is thrown up, and the false cords come more
plainly into view, while the true vocal cords are seen as two
white and glistening bands, separated from the ventricular
folds on each side by a recess (the sinus of Morgagni). On
inspiration the cords are seen to separate, while on expiration
they tend to approximate. On phonation they are perceived
to be in actual contact. There is one portion of the larynx
which can only be properly studied on full inspiration, viz.,
the fold of mucous membrane between the arytenoid carti-
lages (the inter-arytenoid fold or posterior commissure).
The anterior commissure is best seen, in most persons, just
before phonation ; here the vocal cords meet, and just above
them is a small prominence (the cushion of the epiglottis).
During phonation, too, is seen on each side the sinus
pyriformis, which lies between the ary-epiglottic folds and
the outer wall of the pharynx. The upper surface of the
epiglottis should also be examined. It shows a central
ligament (the middle glosso-epiglottic) and on each side a
fossa (vallecula).

In examining the larynx it is necessary to consider devia-
tions from the normal as to (1) colour, (2) quantity of
secretion, (3) swelling or hypertrophy, (4) the presence of
tumours (or foreign bodies), (5) localised infiltrations, (6)

ulcerations, (7) mobility.
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and afterwards, holding the mirror in the left band and
making the patient hold his tongue, to elevate the epiglottis
by means of a laryngeal probe introduced with the right hand.
This proceeding, however, requires for its satisfactory execu-
tion considerable practice in laryngoscopic manipulation.
External palpation of the larynx is sometimes of use—
especially in cases of displacement or suspected fracture.

Internal palpation by means of the finger is necessary,
particularly in young children, in whom laryngoscopy is often
impossible, when the presence of a foreign body is suspected.
This method—which must, of course, be very rapidly exe-
cuted—imay also prove of assistance in the diagnosis of cedema
glottidis, when the epiglottis and ary-epiglottic folds may be
felt as tense prominences.

Sounding or probing the larynx with a bent laryngeal
probe directed by means of the laryngoscope is often very
valuable. The tongue being held by the patient, the mirror
is introduced with the physician’s left hand, and the probe,
which is bent at a suitable angle, with the right. This
method is serviceable in detecting the consistence and
attachment of tumours, and also in diagnosing the presence
of necrosis. Auscultation in the ordinary sense of the term
is not often practised as an aid to laryngoscopic diagnosis.
Any interference with the voice should, however, indicate
the propriety of a laryngoscopic examination. It must
also be borne in mind, however, that paresis of one vocal
cord may exist without any interference with phonation.

Dyspneea due to laryngeal disease is commonly chiefly
inspiratory, but in subglottic tumours it may, on the other
hand, be expiratory.

Laryngeal cough, especially in children, is characterised
in many cases by a peculiar metallic dulness, often spoken of
as ‘‘ croupy.”

In doubtful ulcers of the larynx it is often well to
remove some of the secretion from their surface by means
of a brush or pledget of cotton wool (attached firmly to a
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The last-mamed structure then appears as a shelf, extending
from the outer wall almost to the septum. Between the two
there appears, however, in health a narrow orifice—the
olfactory cleft. In order to determine the consistence or
point of attachment of any tumour, the presence of carious
bone, &c., a probe, guided by the eye, is employed.

Posterior Rliinoscopy.—When it is desired to examine the
posterior mnares, we require a reflector, a small laryngeal
mirror, the angle of which, with the shaft, should be some-
what smaller than in the form commonly employed for
laryngoscopy, and a tongue depressor. The patient being
seated by the side of a strong light, the tongue is depressed,
the mirror warmed, and introduced while light is concen-
trated on the throat. The mirror must be so placed that its
reflecting surface is not obscured by the uvula, and points
upwards and forwards. If there be ample space between
the palate and posterior wall, posterior rhinoscopy is not
very difficult, while in some persons it is, owing to
insufficient space, impossible. In such cases Voltolini's
palate book will be found useful. In others the palate
tends to rise too much ; the patient must then be directed
to breathe through the nose, or else to intone “ng” (or the
French word “on”). If the parts be extremely irritable,
cocaine may be applied, as in laryngoscopy. When the
mirror has been introduced the first object which usually
catches the eye is the septum of the nose (or vomer). To
each side of this can be seen the middle turbinated bodies,
and below them the upper part of the inferior turbinateds in
their posterior aspect come into view. The septum appears
as a pale ridge widening at its upper part, while the turbi-
nated bodies are tumour-like and of a more bluish-grey tint,
If now the mirror be turned towards the side so that its
reflecting surface points upwards and outwards, the orifice of
one Eustachian tube is seen as a dimple bounded behind and
above by an elevated ridge, posterior to which lies a depres-
sion known as the fossa of Rosenmiiller, In order to see the
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