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18 JAMES MACKENZIE.

the paper for the venous or other pulsation. Tn such a case I either shift the
sphygmograph till I obtain a tracing of less amplitude (seeing that the object
of taking the radial pulse at the same time as the venous is to obtain an
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Fio 2.—Taken from a photograph, showing the method for taking a liver tracing and a
radial tracing by means of the clinieal polygraph. In the process of enlarging the
original, the position is reversed and made to appear as if the tracing was being obtained
from the left side of the patient. As, however, the object of the engraving is to show
the elinical polygraph, the illustration does that in a satisfactory manner.

idea of the relative time), and, before the paper has entirely passed through,
stop the clockwork, remove the tambour, and obtain a full-sized tracing of
the radial pulse (Fig. 3).! Or the venous pulse may be taken a little behind
the radial, and the various events disentangled. Ior accurately estimating

1 A1l the tracings read from left to right.
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the time of the events it 1s advisable to take on the same paper a fi"-".'_'|u':L’.'~'
of the carotid pulse. For convenience of study more events can readily be

Fic. 3.—The first F,m-t of the ll'il'fi:“:—f shows the venous ]:-I,:|H|:' from the :I'i}'.:]ll' internal Iél:;_[l'.'.-'LI'
vein (upper tracing) taken at the same time as the radial pulse (lower tracing). Thae
clockwork being h1-+§'E'L:|1, the receiver was ﬂ]"}'“"~1 over the carotid, and a tracing of
the earotid and radial taken. Acaim the clockwork was !-':I'I:I{Il"i.! and the tambour
portion of the polygraph removed, and the full effect of the radial pulse was inscribed
on the last I-l.‘.-:'ti-lll1.

recorded within the limits of a short sphygmographic paper; and a record of
apex beat, venous, carotid, and liver pulses may be taken at the same time
as the radial sphygmogram (Iigs. 3 and 4). When a long tracing is required

Fic. 4.—Apex beat, carotid, right internal jugular, and liver pulse (upper tracing), taken

f =]

at the same time as the radial pulse (lower tracing).

(as for instance in noting the movements of the two sides of the heart in
cases of occasional irregularity), a tracing paper 1 or 2 fi. in length may be
employed (Figs. 98 and 101).

This instrument is also capable of registering the respiratory movements at
the same time as the radial pulse, The receiver iz placed over the episternal
]'lllh']i, or ahove 1_l|1' Ii!;il"."il'l'l', the 'i'll!*-]li:':ll:ulli'. then causes a I.ll'll]'l:'h.‘-j”:'- mn []I!'
tracing ( Fig. 5). OUra bag tied round the chezt or abdomen may be used. In
spiration then causes an upward movement in the tracing. The size of the

F1a. 5.—8imultaneous tracings of the respiratory movements and the radial pulse, from a

case of bronchitis with laboured breathing,

clinical polygraph is such that it can be readily carried in the pocket. A
case eontammng a compartment for the tambour portion, and space for twelve
ordinary-sized papers, measures 64 in. x 3 in. x 1 in}

1 The

apparatus has been made for me by Messra, Krohne and Sesemann of London,



























28 SJAMES MACKENZIE,

+‘11'Lvril.-tl wave is seen in Fig. 45, when the carotid pulse was large; but
in Fig. 15, where it was small, the arterial wave does not Ttl;}‘li}ili‘.
When dealing with the liver pulse, it will be demonstrated that the
features characteristic of that pulse are practically identical in rhythm,

l’i’r..lr;rl |'.|Jr|'.f.|:;'

Fie. 11.—8imultaneous tracings of the liver and Jugular pulses in the first portion,
and of the apex beat and jugular pulse in the latter portion, to show the absence of
the arterial wave ¢ from the liver pulse (Case 486),

form, and origin, with those of the venous pulse. TFigs. 10 and 11 show
the venous pulse, with a well-marked arterial wave in both cases, taken
synchronously with the liver pulse, and
in the latter there is no sign of the
arterial wave. That the wave is not
produced by any defect in the instru-
ment employed will be understood when
it is found in tracings by other methods,
as in Fig. 12,

The arterial wave is to be found in
the tracings taken by several observers.
Fi6. 12.—Bimultaneous tracings of the Tn Friedreich’s tracings of the venous

ET,:;;‘”]L:':::Llnz:l::; :_f;:“:;}?:::: pulse from the normal heart,} it_i:-_a fre-

and tambour, and of the pulse in quently present, but as he misinter-

the right jugular wvein (upper preted the time of the event in these
t.:r.tt:”f.’rf'.-,t::km ]]?&'1“?TIH]E:T the “particular cases, his explanation is dis-

e h_:iﬂl‘l";: :E}'E}__“lhi';‘:i;]:i’r tinetly erroneous. In Potain’s® tracing

the arterial wave ¢ in the t]'at:i]lg 1 18 ]1]{{!“’15& {]15t1]]{1t']}r \-'lﬁlh]ﬂ, and 15

taken by the direct method. accounted for by him as a wave in the

vein produced by the ventrieular con-
traction. But, as will be pointed out, the appearance of such a wave
from such a cause at this period is a physical impossibility. In some of
Riegel's tracings it is also very evident. But when it appears hereit hasa

! Friedreich, N., “ Krankheiten des Herzens,” 2nd edition, p. 53, Erlangen, 1867 ; and
* Ueber den Venenpuls,” p. 24, figs. 26, 27, 28, and 29, Deutsches Archiv f. Flin, Med.
1865, Bd. i. Heft 3.

2 Potain, * Des mouvements et des bruits qui s passo dans les veines Ll-1lpfll.|=!.il'+l“.'i,"

Meémotres de Lo Soctétd mddicale des Hdpitaus de Poris, 1867, p. 4.
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in the venous pulse there is but one rise and one fall during the cardiac
revolution (Fig. 14).

(A certain analogy might be drawn between the venous pulse with
incompetent tricuspid and the arterial pulse where Hm. :1:'11‘1;1{,'.".'311*:&5 are
widely incompetent; in both cases there 15 u‘{l:_mmi. rise during ventri-
cular systole, and a great fall during the ventricular diastole.)

Sgerion VIIL—TuE IxpivinvAL ELEMENTS OF THE VExoUus PULSE.

1. The Auricular Wave (b in all the tracings).—When tracings of
the venous pulse are taken synchronously with the arterial pulse or apex

R Ine Jug.

{ III £ .."‘r_.'.!" I; I"uF

P __|'"\"'~._ |I ™™ Mg

Fic. 15.—Tracing of venous pulse taken synchronously with the earotid pulse ; &, ventrienlar
wave ; b, auricular waves ; w, auricular depression ; y, ventricular depression ; Eand &',

duration of the outflow through the arterial orifices of the right and left ventricles
{Case 2},

beat, this wave is readily recognised, preceding as it does the effects of
the ventricular systole (Fig. 15).

In the great majority of patients in whom the venous pulse is well
marked, this wave is a very characteristic feature. It can very fre-
quently be recognised on inspection, comparison being made at the
same time by palpation of the carotid pulse. Its occurrence at a period
distinetly prior to that of the carotid can often be readily demonstrated.
Considering the frequency of the pulsation, and its very distinctive
character, it is wonderful that so many experienced observers have
either not recognised it or have denied the possibility of its existence.
The reason for this has undoubtedly been the view that the contraction
of the auricle represents such a feehle force as to be incapable of driving
the blood backwards. Yet it is very important to recognise the foree with
which the auricle contracts, inasmuch as there is a distinet relation
between its power of contraction and its capaeity for dilatation, which

' In all the tracings the letters employed always bear the same meaning, viz.,
b, anricular wave : i, ventricular wave (a', ventricular wave before the closurs of the pul-
monary valves) ; e, arterial wave ; =, auricular depression ; y, ventricular depression ; K,
time occupicd by ventricular outflow though arterial orifices in vein or liver pulse ; £, timo
occupied by ventricular outflow through arterial orifices in apex beat or sphygmogram.









38 JAMES MACKENZIE.

Case 3.—Male, @t, 29 ; examined September 1892, Complains of short-
ness of breath and swelling of the legs. He had rheumatic fever when he
was 10 years of age, and has suffered much from shortness of breath and other
symptoms of cardiac failure ever since. There is
marked pulsation over the inner ends of the clavicles,
particularly the left, also in both internal jugular
veins, both axillary veins, the veins at the bend of
the elbows, and in the back of the hands. The
femoral veins also pulsate. The pulsation shows two
movements for one arterial pulse, and the tracings
show that one of these distinetly preceded the apex
beat (Fig. 17). The transverse area of the heart’s
dulness extends 14 in. to the right side of the middle
line and 4 in. to the left. In the mitral area a
murmur, presystolic in time, is heard. The first
sound is followed by a murmur propagated into the

iulas alien osethar: axilla,  Over the whole sternum there is a loud

o Ventiliy ea. DurmuT fqllowmg the second sound. In the aortic

b, auricular wave ; z, 0Te3 there is a short systolic murmur heard ale_n:r over

auricular  depression the Vessels at the root of the neck. The liver is

(Case 3), enlarged, extending 3 in. below the level of the ribs,

pulsating at double the rate of the arterial pulse,

The patient grew worse, the pulsation of the veins to a great extent disap-
peared, and he died with all the symptoms usually accompanying extreme
heart failure. At the post-mortem examination the aortic, mitral, and tricuspid

A Falofe o et

Fre. 17.—Tracings of apex
beat and of the jugular

Fi6. 18.—Tracing of venous pulse ; &, ventricular wave ; &, auricular wave ; =, auricular
depression (Case 3).

orifices were greatly narrowed, the valves around the two former being cal-

careous, and those around the tricuspid much thickened.

In connection with the marked jugular pulsation in these two cases,
and their association with tricuspid stenosis, it is interesting to note
that Gairdner?® also observes the fact, though he does not distinguish the
individual elements of the pulsation and their causes?

In pregnant women, and during the debility following pregnancy,
the auricular form of pulse is very common.

Case 4.—Female, t. 26 years; seven months pregnant with second child.
Is rather short of breath, otherwise is well. Except a slight systolic murmur

1 Gairdner, W, T,, **Clinical Medicine,” Edinburgh, 1862, p. 602.

2 Since the above was written, Professor Gairdner has published the results of the post-
mortem examination of his case of trieuspid obstruction, in which there was found an
auricular tumour blocking up the tricuspid orifice during the auricular systole. The surmise
that the pulsation in the jugular, which was a prominent feature in the case, was due o the
auricular svstole 15 borne out h_".." the consideration of Cass 2, whera the ]m]mllim]s in tha
jugular veins has & remarkable resemblance to the description Gairdner gives of his case,—
Felinburgh Hospital Reports, 1883, wol. 1. p. 221,
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at the base, there is nothing wrong with the heart. She was confined at full
time, and made a good recovery. The venous pulse, which had been present for
several months (Fig. 19), disappeared for a few days towards the end of the
puerperium, but returned when she got up. Six months after confinement it
was still present, presenting the same features, but not nearly so well marked.

Fic. 19.—Tracings of carotid and jugular pulses taken at the same time; &, ventricular
wave ; &, auricular wave : ¢, arterial wave ; z, auricular depression (Case 4).

The following two cases of mitral stemosis exhibit a very large
auricular wave :—

Case b.—Female, mt. 12 ; examined 5th August 1892, Complains of
weakness and shortness of breath. When 18 months old the patient suffered
severely from bronchitis and whooping-cough, and has never been free from
a cough since. It has been noticed that since she was 7 years old her ruddy
face has become quite blue on exertion. Three years ago she was laid up
with cough and shortness of breath.

Present state.—The patient is very thin, with dusky red countenance,
The pulse is small, quick, and weak. The heart beats strongly against the
chest wall with large diffuse apex beat in the fifth and sixth interspaces. The
vertical dulness of the heart begins at the second interspace in the left para-
gternal line, and extends 1 in. to the right of the middle line, and to the left
anterior axillary line. At the apex there is
a loud murmur, replacing the first sound :
propagated into the axilla, Nearly the /| Apex beat
whole of the interval between the second '
and first sound is filled by a murmur run-
ning up to the first sound, and heard only
in a limited area around the apex beat.
There is also a high-pitched superficial
gystolic murmur over the middle of the
sternum. There is8 no dropsy, no enlarge-
ment or pulsation of the liver. The jugular
veins pulsate markedly, and give a tracing X 1
of the auricular type (Fig. 20). The patient’s Rt.Int.Jug
condition I]]:LilL]'iHHj" jhi]ll‘u‘.‘(ll,ll and when Fra. 20.
i:tln:::::”;]]::dJflirllflllt:-}“\:I::L1.11?:,}ai‘n:].jcl 1:;131 of the right i1|1.1:1'11:}] jugular |1'.1]:-'I|‘.
gave rise to .hutr"n ‘rl]"'r q;1;'1|i -Ll:.'n-}rufl of IL]u.' i i, o el

: el b ity 2] - cular wave ; b, auricular wave: =
Eﬂ"":lt.}'i‘“'1 : auricular depression; ¥, ventris

Case 6.—Female, married, =t. 32 ; ex- eular depression (Case 5).
amined 20th March 1892. The patient
complains of shortness of breath and swelling of the legs and face., She
has had two children, 11 and 7 years ago, and has always had good health

Tracings of apex beat, and
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until last Christmas, when she began to be very short of breath, and her legs
began to swell. ;

Present condition.—She lies in bed propped up, and suffers from great
breathlessness if she lies flat. The legs are greatly swollen. There are some
old scars in the neck, and brown stains from an old eruption on the back.
The superficial veins crossing the right clavicles and the external jugular
pulsate rapidly, and when timed with the radial pulse are found to beat twice
for one radial pulse. A small vein over the eyebrows also pulsates. This
double pulsation is also very well marked under both clavicles (Fig. 21), in
the axilla, in the internal jugular, and in the veins in front of the right ear.
The radial pulse is small and soft, 84 per minute, 3

Fi16. 21.—Tracings of pulsations in the left subelavian vein, taken at the same time as the
heart impulse. The sharp elevations in the lower tracing indicate the beginning of
the ventricular systole; @, the ventricular wave; b, the auricular wave; x, the
auricular depression ; y, the ventricular depression (Case 6).

There is a sharp ghock communicated to the chest wall with each heart
beat. No localised apex beat can be defined, and the sharp elevation in the
heart tracing (Fig. 21) merely represents this sharp shock. The heart’s
pulsation is felt to the right of the sternum, and to the left as far as the
posterior axillary line. The heart's dulness extends from 2 in. to the right
of midsternum to 7 in. to the left. There 1s a murmur, systolic in time, heard
over the whole area of cardiac dulness, but the character is somewhat different
over the sternum from that heard outside the left nipple. The respira-
tions .are laboured. The base of the right lung behind is dull, and the
breath ,sounds are indistinct, but a few crepitations ecan be heard. The left
base is resonant, and there are crepitations with respiration. The abdomen
is distended and resonant, with slight fluctuation, the walls being cedematous.
The liver dulness does not extend below the ribs. The patient's condition
steadily grew worse, and she died on 26th May 1892. At the post-mortem
examination a long needle was passed into the left second interspace near the
sternum. There was a large quantity of fluid in the pleural eavities. The
heart was found greatly enlarged. The needle had penetrated the right
auricular appendage. - The right side of the heart was greatly dilated. The
cone cireumference of the tricuspid orifice was 44 in., that of the mitral 1} in.
narrowed, and the segments of the valves adherent.

2. The auricular depression (2 in the tracings)—With the diastole
of the auricle there is a fall in the intra-auricular pressure, and, as a
consequence, a great depression (a negative wave) in the venous pulse.
The beginning of this period in the veins is shown to precede that
of the carotid pulse. It is of particular importance to note that the
fall begins before the carotid pulse, as in dealing with the same
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gs of the pulses in the right internal jugular vein and carotid artery. The venous pulse is at first only present during

Two in

expiration,

are recorded at the beginning of the tracing, and at the bottom of the inspiratory

¢ beats €, the venous pulse returning during expiration.

tory and expiratory movements

are nn]:,' carotid puls

ecame more marked and continuous, being of the auricular type.
widely the events, and it is to be noted that the carotid pulse is always synchronous with the arterial®waves ¢, and the carotid pulse beats €' C

MACKENZIE,

‘When the breathing was stopped the venous

owards the end the 1'.}'!i||.:lg-r wWas 1':11|-iq|_'|:.' rotated 1n order to separate

e 10TLE '|EII!J'|.:

Reduced one-half.)

i
L}

at the bottom of the inspiratory depressions {Case 15).

By making the patient hold
her breath, the venous pulse
gradually returned. At first
1t was only evident on ex-
piration. Thus, in the begin-
ning of the tracing, two
respiratory movements are
recorded, the rise being due
to expiration and the fall to
inspiration. At the bottom
of the two inspiratory. falls
there is evident in each one
arterial wave (0 () without
any evidence of the venous
pulse. During expiration the
venous pulse waves appear.
When the patient held her
breath the characteristic
venous pulse occupied the
remainder of the tracing.
The cause of the produe-
tion of the venous pulse here
is very readily understood.
The main factors in producing
the flow of blood through the
lungs are the movements of
regpiration and the contrac-
tion of the right ventricle, If
one of these be removed, more
work will be thrown upon
the other. Thus, then, when
the patient held her breath
the work of the right heart
was increased. The tricuspid
valve had long been incom-
petent, and the auricle and
great veins greatly distended.
In the progress towards re-
covery the distension had
diminished. With increased
work the ventricle now be-
came distended, the tricuspid
more incompetent, and the
distension of the auricle and
veins increased, so that the
movements produced by the
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the end of the ventricular systole . The depression due to the ventri-
eular diastole y is not always well marked, but gtill it 18 evident 1in
Fig. 29.

Casg 8. —Female, mt. 34, i pex beat - ‘|
J

chifgizagl (|
married. She was in good health b I".____.-J' S ',L- _Jr \L" r!' WL__J._,I"F ‘d; l‘._..-—-'r

till the third month of her first
and only pregnancy, sIX years
L0, when she became VErY short
of breath. She was prematurely
confined at the end of the sixth
month, and during my attend-
ance on her at that time I found
out the condition of her heart.
[ have attended her since fre Fic. 29, —Tracings of ii]mx'|3|::|1,:J'|||1]'i‘.’ﬂ]' 1“1]5(: taken
‘I“"“[']""- She has alwawvs heen synchronously ; @, ventricular wave; b, i.'l.ll]"!l.!ll.h“'
: I auricular |]L!El|'l.!.":.‘iil.'.l'|'|._: s ventricular

very weak and short of breath ; RN
her face often hecoming quite depression (Case 41).

blue on the slichtest exertion.

Two years ago I attended her, and noted then the pulsation in the jugular
veing and in the liver. In May 1891 she had a smart attack of influenza,
from which she made a good recovery.

Examined on 15th December 1892.—The pulse iz small, weak, and
regular.  The jugular veins
are full, and give a charac-
teristic auricular tracing (Fig. A Caretid |
(). The whole precordia el |
heaves. The apex beat is in
the fifth interspace outside the
nipple line, and a purring
tremor running up to the beat
can be felt here. The area
of the heart's dulness extends
from lf mneches to the 1':i:_.'h|f of Fra, 30, —Tracings of carofid and liver |1'..']:-'|-:-; taken
the sternum to 2 inches beyond synchronously ; a, ventricular wave ; &, auricular
the left nipple. At the apexa wave ; 2, auricular depression (Case 8).
rough murmur is heard running
I.I|:- (] t]][" firat .‘-‘.ntlllc]I whh-]] .I"-\. 'Fill]ll".'l.'{"ll ]'."' s | Hl:l_‘._., h]-'-'ﬂ.'in:_; IMUrmur, ]u‘!:'l_i'-l
in the axilla. Over the fourth and fifth costal cartilages a loud, roaring
systolic murmur is heard, different
in character from that of the apex.
(Frequently this murmur has been
absent when the heart iz first
auscultated, while the patient is
i bed, but on exertion it is im-
mediately developed.). At the
base the second sound is mark-
edly reduplicated and accentuated.
The liver dulness extends 3 inches ¥ic. 31.—Tracings of radial and liver pulses taken

below the ribs, and gives a char- together ; @, ventricular wave; b auricular
actemstic  aurmcular liver [;.]]],.-p_ WAYEe ; @I, :'||.'.|'i.l.'|.i.|.-:LL'I:I.L:]!F-E':i'iiliﬂl ; ¥, vontrienlar
tracing (Fig. 30). depression (Case 8).

Examined again on 25th Feb-
ruary 1893.—Practically no change, except that there is no pulsation
in the jugular veins, while the liver is as it was at the last examination

(Fig, 31).
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[ presume that it is because of the resistance offered by the liver to
the distending force of the auricle and ventricle that the tracing is more
rounded than that of the venous pulse. Fig 32 is a tracing from the

| Runt.Jug §

(o]

Fiz. 32, —Simultaneons tracings of jugular and liver pulses ; &, ventricular wave ;

i, anricnalar Wave ; o« auricular l:].'.‘]FI'-Z'::.-iil']I (Casa 2),

i |

liver pulse of the patient with tricuspid stenosis (Case 2), and shows a
distinet rounding of the curves. 5till this partly depends upon the posi-
tion in which one holds the liver receiver, for it is not always possible
to get an identical tracing, although the main features are always recog-

Fic. 38.—Tracing of liver pulse ; @, ventricular wave ; &, auricular wave ; @, auricular

depression {(Case 2}

i

nisable. Fig. 33 was taken from the same patient, and the resemblance
to the venous pulse tracings in Figs. 15 and 32 1s very obvious.

2. Ventricular form of the liver pulse. —1In this form of the hver
pulse the characteristic feature 1s
the effect produced by the latter
portion of the ventricular systole.
Frequently there is but a slight
rise due to the earlier portion of
the ventricular systole, and the
summit of the wave is reached

considerably later than the begin-

Fro. 84.—Tracing of carotid and liver pulses. ning of the ventricular systole.
The liver pulse 1s mainly ventricular systolie. T, many cases, as in Fig, 34, no
in time (Case 45). ’

aafe indication is given of the
time of the pulmonary valve closure, even when this is well marked on
the venous pulse, as in Fig. 131, taken from the same patient. Some-
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times in some of the waves a small rise due to the earlier portion of the

= Fa, 2 Tt
systole is detectable (a', Fig. 33).

Fic. 85.—S8imultaneons tracings of jugnlar and liver pulses, showing oceasional faint
indications of the first portions of the ventricular wave a’ (Case 44.)

By this process of analysis readily provided for us it will frequently be
1.L:bcszhlc to detect the effects of the wutmrul wr systole after the outflow
through the pulmonary orifices has ceased. When the latter portion of
the ventrieular systole is well marked in the venous pulse,it shows itself
characteristically in the liver pulse,
as in Fig. 36, where also there is a
small wave due to the earlier portion
of the ventricular systole,

In some of the liver pulse trac-
ings the wave begins to appear
earlier than the outflow from the
ventricles. In such cases Riegel
considers the first part due to the
contraction of the auricle, and hence
calls the liver pulse presystolic-
systolic In time. I am disposed to
doubt this explanation. On March Fie. 36.—Simultancous tracings of the pul-
22, 1892, Fig. 34 was taken from the mebm S ek Jrenar DOkl T

: . b the liver, showing the small size of tho
patient: when the l"‘.‘—ii“'““!{ of the wave in the liver pulse due to the ven-

liver '[ml:ﬂ*. WS ]r]".h".l,ft':l”j.' :~'I‘:.'I‘|vht'u|1— tricular systole before the closure of the
pulmonary valves a’, and the relatively

ous with the beginning of the earotid : :

E2E: - i 2 larerer wave oconrring after the closnre
pulse. (The lengthening of the B il i T e et 4 B
systolic rise of the carotid pulse is trieular depression, (Case 21).
not indicative of the time occupied
by the ventricular outflow, for reasons explained in Seetion 111.)

At this time the venous and liver pulses were evidently systolie in
time. The patient’s condition gradually became worse, the liver dul-
ness extended below the level of the iliac erest; the tracing (Fig. 37)
was taken with the receiver immediately above the }mhf}ﬁ, The venous
pulse had gone, the arterial pulse was too small to be suitable for a
standard of time, and the position and character of the apex beat
had changed. In fact there was distinet evidence of more -advanced
failure of the heart. Yet the liver pulse appears earlier. It would seem
more reasonable to consider that the fall in the pulse of the liver is
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due to the ventrieular diastole ; at the moment the diastolic suction
ceases the liver begins to swell from mere stasis, such swelling be-

Apeax beat

FiG. :ir_-—'rl'ﬂ.l.;'l]'lg__p: of apex beat and liver 11213:‘.1.‘, F:]ll‘m'i[:',; the duration of the liver inl]hr- Lo
be mainly systolic in time (Case 45).

ginning before the ventricular systole, and increasing by the regurgita-
tion during the ventricular systole. This explanation seems more
suitable than to assume a revival of the auricular action, long after the
auricle has ceased to make its action manifest, while the condition pro-
ducing the auricular paralysis had become exaggerated.

SECTION XI—MEcHANICAL EFFECTS oF THE HEART MOVEMENT
UPON THE LIVER.

In reading records of clinical observations relative to the time of the
various movements of the heart, veins, and liver, there is nothing that has
surprised me more than the lability to error to which one is exposed
when a preconceived idea as to what should happen is present in one's
mind when the evidence of the senses 1s appealed to. Although liver
pulsation is far from an uncommon occurrence, and although the time
of its occurrence is regular and rhythmiecal, yet practically no elinical
observations have been able to anticipate the results of exploration by
the graphic method.

The idea has been present that certain actions of the heart, such as
the systole of the right ventricle, would produce an impact upon the liver,
so that a liver pulsation would be simulated. And numerous observa-
tions to that effect have been made. And yet if one considers what
happens during the ventricular systole, it will be realised at once how
impossible it is that such a thing should happen. Because the left
ventricle, on account of its peculiar construction, raises its apex and
impinges against the chest wall, it is tacitly assumed that all the other
cardiac chambers do the same. For instance, we have abundant accounts
in text-books of the pulsations of auricles and ventricles being recognised,
and most accurate L[i:_[f_mm-;iﬁ based upon such hypothetical evidences:
g0 in regard to the effects of the ventricular systole upon the liver—
it is supposed to give rise to a spurious form of pulsation.

[t will be necessary to glance for a moment at the movements of the
heart, so far as they might affect the liver. T shall have occasion to
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enlar systole, and a positive wave during the ventricular diastole. These
are to be recognised in tracings taken from under the liver, when
there is marked dilatation or hypertrophy :of the left ventricle, of
which the following is a very characteristic example.

Case 9.—Male, @t. 48; examined 23rd August 1892. He complains of
shortness of breath, and, rarely, of severe pain striking into left chest. The
patient is a dark-complexioned man, of medium height, with pale countenance
and anxious expression of face. The pulse is In:‘Lt']iw_U}' ]:ihl',!ﬁ-'u Jl:ll_l =:|u]:L11.-;1_|:Lg
(typically, water-hammer). There 1z a marked pulsation of the right carotid,
visible at the distance of several
yards. There is marked pulsation
in the second and third right inter-
spaces, and in the sixth left, outside
the nipple. The heart's dulness
extends from 1 inch to the right of
the middle of the sternum outwards
to the left for 6 inches.~ At the
base there are two loud murmurs
replacing both sounds. These mur-
murs are heard all over the chest.
At the apex there is, in addition, a
peculiar “ ereaking ” murmur in place
of the first sound. The area of the
liver dulness is not increased. The g, 30, —Tracing of the apex beat at the same
diagnosis in this case 1s incompet- time as the false liver pulse (Case 9).
ence and slight stenosis of the aortic
valves, with dilatation of the first part of the aorta, the innominate, and the
right carotid, and great hypertrophy of the left ventricle. The cause of the
creaking sound in the mitral area could not be decided. I applied the liver
receiver in the usual manner, and obtained the tracings in Figs. 38, 39, and 40.

In Fig. 38 the tracing under the liver was taken at the same time as
that of the carotid pulse, and it will be seen that the depression does
not begin till after the
beginning of the carotid
pulse. In Fig, 39, taken
synchronously with the
apex beat, it will be seen
that the fall of the tracing
under the liver oeceurs
after the beginning of the
contraction. The tracings
obtained do not always
present the somewhat flat-
tened summit, as in Figs, 38 and 39, but show sometimes a more gradual
rise, as in Fig, 40, taken at the same time as the radial pulse,

In the series of tracings obtained in this manner, the time of the
oceurrence of the events is practically identical with those obtained by
Mogso and Delépine in studying the effects of the cardio-pneumatic

Fic. 40.—Tracings of the radial pulse at the same time

a5 the false liver Ellll!'il:! (Case 9),

impulses on the air contained in the respiratory passages. It is only
necessary here to consider these tracings, in so far as they may tend to
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with the arterial wave e¢. This is better seen in Fig. 44, where the
liver movement and the carotid pulse are taken synchronously, showing

R‘.ﬁn’..-f:..:g.

M A
" J.-"' I_.-_f"-’ L""j ',_,_:"'

under Liver

Fig. 48.—Jugnlar pulse (upper tracing), taken at the same time as the false liver pulse

(lower tracing) ; «, ventricular wave ; b, auricular wave ; e, arterial wave ; @, anricular

dapression ; compare with liver and venous pulse tracings, Figs. 10 and 11 (Case 10).

5

the maintenance of the liver tracing at its highest, until the appearance
of the carotid pulse, in striking contrast to what happens in the cases
of genuine liver pulsations.

Carotid

under Liver

F16. 44.—Tracings of carotid pulse and false liver pulse ; compare time of events with
Fig. 28 (Case 10).

Another point in the differential diagnosis lies in the consideration
of the conditions that give rise to each. Where the genuine liver laulsi}
18 present we have abundant clinical evidence of the advanced failure
of the heart, and particularly of the right heart. On the other hand,
the best evidence of this liver movement is obtained in cases of enlarged
left ventricle, and most commonly where there 1s no evidence of right
heart failure. Even in exceptional cases, where there is likewise a
VEenous 1,-ulsau., as in Case 10, the evidence does not pomnt to advanced
tricuspid incompetence. Later I will refer briefly to the conditions
necessary for the production of a liver pulﬁu; these will be found
wanting in cases where the liver movement is produced. It is possible
to conceive that the displacement of the liver, by the varying size of the
ventricles, might modify the venous pulse, but in all my observations I
have not been able to trace such modifying effect. This is due in great
measure to the fact that the liver movement (false liver pulse) is found
only where there is a powerful left ventricle. Now the conditions that
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from the right ventricle up to the closure of the pulmonary valves is

represented by the space £

Fic. 46.—Simultaneons tracings of the radial pulse and of the left internal jugular pulse ;
2’ ventricular wave before, and a after, the closure of the pulmonary valves; b, the
anricnlar wave : ¢, the arterial wave ; =, the auricular depression ; %, the ventricular
depression ; £ and E' the period of outflow through the arterial orifices during the
systole of the right (£) and left (E’) ventricles (Case 12).

Case 13.— Male, =t 23 ; examined on the 9th August 18932. The
patient complains of severe pains in the abdomen. He had good health till
three weeks ago, with the exception of attacks of shortness uf breath and
palpitation during the night while in bed. No cause could be found for the
abdominal pain. On examination of his chest great distension of the right
side of the heart was revealed. Marked pulsation was visible in the third and
fourth left interspaces, and slightly in the third right space. The area of the
heart’s dulness began in the parasternal line in the second interspace, and
extended transversely from 2 inches to the right of the middle line to 3 inches
to the left. There was a short systolic murmur at the base. There was marked
pulsation of the veins of the neck, and the superficial veins of the thorax were
full, and pulsated wvisibly. On the 11th Febr uary 1893, he consulted me for
an attack of diarrheea that had lasted for three weeks. The heart’s condition
was the same, the pulsation in the neck still remained, and the tracing
(Fig. 47) shows it to be of the auricular type, but there was no pulsation of
che superficial veins of the chest. Under suitable treatment the patient

F1o. 47.—Jugular and radial pulses, tracings taken synchronously ; &', portion of ventricular

wave before, and & portion after, the closure of the pulmonary valves ; & the auricnlar
wave ; & the arterial wave : #, the auricnlar |].-1,|1"-:-'i- m = & and £ the duration of the
right and left ventrioular outflow in venous and radial tracings respectively (Case 13),

improved, and the venous pulse had nearly disappeared. (While writing these
notes the patient had been laid up with a severe attack of pericarditis, with
remarkable sensory symptoms. The venous pulse returned during the illness.)
(Fig. 48.)

Here, also, there is a marked accentuation of the ventricular wave
after the closure of the pulmonary valves a. During expiration, in



66 SJAMES MACKENZIE.

Fig. 47, there is a tendency for the latter part of the ventricular wave
@ to rise above the earlier portion of the wave @', This is better seen
in the next case.

Fic. 48.—Jugular and radial pulses taken at the same time. While the fracings were being
recorded the paper was drawn rapidly throngh, in order to separate widely the events
on the recording surface ; a, portion of the ventricular wave before, and a’ portion
after, the closure of the pulmonary valves ; b, ¢, , %, E, and E’, as in previous tracings

[(Case 13).

Case 14,—Male, mt. 27. I have attended this patient for some years for
oceasional attacks of weakness, and latterly for bleeding of the gums. Examined
Slst January 1893, he complains of weakness and palpitation and bleeding at
the nose and gums. Bleeds readily if the skin be scratched, A month ago,
while sneezing, the eyes became swollen and bloodshot. Patient is well nourished
but of extreme pallor. The heart's dulness is slightly increased to the right, and
there is a soft blowing murmur at the middle of the sternum, and marked
pulsation in the veins of the neck. (This patient died on July 9th 1893 with
all the symptoms of pernicious ansmia.)

F1a. 48.—Jugular and radial pulses and carotid and radial pulses taken together. In this
tracing the position of the ventricular wave before the closure of the pulmonary valves
i’ disappears during inspiration (Case 14).

The tracing (Fig. 49) from this patient shows a disappearance of
that portion of the ventricular wave o’ that oceurs before the eclosure
of the pulmonary valves during inspiration ; while during expiration the
ventricular wave appears earlier with a distinet increase a at the time
of the pulmonary valve closure. It is to be noted here that the arterial
wave ¢ is not well marked, scarcely appearing in some pulsations. The
few beats of the earotid pulse will serve as a standard to gauge the time
of the various incidents. In these four cases the tracings were taken
by means of the clinical polygraph. But the same features are to
be found in cases taken by Knoll's polygraph (Fig 11), and by the
phlebograph (Fig. 50).

Case 15.—Female, mt. 30 ; examined 2nd March 1892, The patient was
three months pregnant with her first child, and complained of weakness.
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She had had typhoid fever five years before, and had been suhject to I:nfn‘.jug
attacks at rare intervals ever since. The heart’s dulness began in the left
parasternal line at the second interspace, extended 1 inch to L]u_' richt of the
middle line, and 3} inches to the left. The apex beat was in the fourth
interspace. There was a systolic murmur at midsternum. [here was only
a faint venous pulse in the jugular veins, The radial pulse was full, soft,
and lq_ﬁ:*ru];u-:' 84 per minute. A month later there was a 1.'|'l.!]|.-'|'lii'lf'.|{l:'ll VEnous
pulse. On 9th August the pulse was very slow (52 per minute), and the
venous pulse very large and well marked (Fig. 50). I.nhu]n' began 1|tl:1:-|'|.l‘.
18th of September, and during labour the venous pulse disappeared. The
labour was lingering, the cord prolapsed, necessitating the administration of
chloroform and turning before delivery.

Fig. 50,—Sphygmogram of the radial pulse and phlebogram of the jugular pulse, taken
soparately but at the same visit. The pulse was 52 per minute, and the wide
separation of the events shows the synchronism of the time of closure of the semilunar
valves on both sides of the heart, E and £ representing the time of outflow throngh
the arterial orifices from the right and left ventricle respectively {Case 15).

The following day the venous pulse was very slight, but on the 21st
there was a very large venous pulse. On the Tth of October 1t had
again disappeared, but was brought back by making the patient hold
her breath. At first it was only evident during expiration, and Fig. 24
was taken at this time. When the patient got up, the venous pulse
reburned slightly, and was present, but not well marked, on 25th
December. On 21st February 1893 she was evidently two months
pregnant, and the venous pulse was again well marked.!

On account of the slowness of the heart beat, and the size of the
Jugular pulse (about the largest I have ever seen), the incidents are well
marked in the tracing, Fig. 50. The radial pulse was taken at the same
examination, but not simultaneously with the venous pulse. I have
frequently checked the relative time of the events, as in Fig. 24, and
tor the purpose of study the two tracings may be considered as having
been taken at the same time. The varying incidents between # and &

! While correcting these proofs the patient has again been prematurely confined, and

the venons pulse disappeared in the same manner as during the former puerperium, but
conld be recalled by making the patient hold her breath.
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remained unchanged, and the venous pulse now presented a

condition
marked auricular wave (Fig. 54 6). : T iy

The other elements in the tracing remain the same. The patient’s
She was under observation for two

progress was now uninterrupted.
months. Until the middle of
January there were marked
liver and venous pulses, but
after that the liver pulse
disappeared, and the venous
pulse was only faintly pres-
ent. The character of the
liver and venous pulses,

Fic. H4.—Radial E.u'I:.;l: taken at the same time as the
jugular pulse. The patient’s condition had mate-

while th'r'l"' 15.31-'-'*:[: ['II'[‘:&-‘»EtTliI_'ll rially improved since Fig. 53 was taken. There
the same features. In Fig. is now a distinet wave, due to the auricular systole

f, but the main wave is ventricular systolic a’

55, where the pulse of the : /
and @, and the great depression ventricular y

right internal jugular is
taken at the same time as
that of the carotid by means of Knoll's polygraph, the character of
the tracing is similar to that in Fig. 54, by the clinical polygraph.

(Cage 16).

Fia. 55.—Uarotid and jugnlar pulses taken simultaneously. The auricular wave b is a
marked leature, and this tracing, taken by Knoll's polygraph, is practically identival
with those taken by the clinical polygraph, Fig. 54 (Case 16).

The auricular wave is stall present, but it 1s to be noted that, eom-
pared with the ventricular wave a, it 15 much lower, and the auricular
depression is not nearly so marked as the wventricular depression .
In all the tracings hitherto given the aurieular wave has been the
highest, and the auricular depression the lowest. Here the conditions
are reversed, and in Fig. 53 both auricular wave and depression had
disappeared. It appears that in this case we have a striking illustration
of the passage of the one form of the venous pulse into the other. The
hiver pulse (Fig. 50) shows the same character; a small auricular wave
and a large ventricular.

[t is also a very striking feature in this case that, coincident with
the improvement in the patient’s general condition, there should be a
restoration of the power of the auriclee. We see here the dyspnea due
to stasis of the blood in the lungs. The right ventricle is unable to
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this aren. The liver dulness extended 3 in. helow the r:ih:u_h and the liver conld
be felt pulsating distinetly (Fig. 59).

F1a. 58. T]'ﬂl."hlf_;ﬂ of the "it'l:.:'l'l]il'l' and carotid ]H]E::rra taken E[It]l_l,l.t:l]ll'!ﬂ'llbi}-‘. The venous
waves are ventricular systolic in time, with a notch in the summit separating the
portion doe fo the ventricular systole before the closure of the palmeonary valves o
from that which ocenrs after @. The depression g is due to the ventricular diastole ;
the pulse was slightly irregular (Case 17).

At the end of the examination the patient suddenly became very faint,
the pulse became rapid and weak, and the veins of the neck greatly dis-
tended and ceased to pulsate.

Next day the patient’s condition had materially improved, and
there was again marked pulsation in the veins. The tracings of the
venous pulse taken at this time
show that the 'l,H:I-[F-'.i"" 18 now of the
ventricular type, in which the de-
pression in the summit, and the
wave produced after the closure of
the pulmonary valves, are well
marked. This marked appearance
of the latter part of the ventricular
wave « 1s well seen in the tracing
of the liver pulse (Fig. 59), where it
Fre. 59.—Apex Leat and liver pulse taken at rises o & m:l.tm[[hw“hlfg h“i'ﬂ'}:t' '.1]1:[31-1‘.

the same time, and at the same visit that the l’lleﬁﬁ‘h”ﬁ _1"“"““” .” ' T'he

Fig. B8 was obtained. The ]Li:::'llL:.-lt lﬁllE,iE"HLJt'.l condition *."ﬂlt-llflillfl.i to

portion of the tracing occurs after the jmprove,the venous pulse becoming

closure of the pulmonary valves @, while 1.0 1yqp1ced until, finally, it again

the effects of the earliest portion of the _ ¥ i

ventricular systole is also manifested by P]‘E!‘Htlﬂu!l] the character of the

the waves & (Case 17). auricular form, a depression in place

of the characteristic rise oceurring

during the ventricular systole (Fig. 57). I cannot be certain that my
interpretation of this tracing is quite correct. There i1s no doubf
about the timing of the events, and that the great depression is due to
the auricular 1ti;t5[.w]1‘., but whether & and ¢ represent the auricular and
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arterial waves respectively I cannot positively assert. However, the
change from the large wave synchronous with the ventricular systole
in Fig. 58 to the depression in Fig. 57 is very striking. The curious
point is that the liver pulse retained the rhythm of the ventricular
form (Fig. 60). There is, however, a slight depression at the beginning

Apeax beat f

o

T T —"J'_-‘"-._ - _.—oJ_"'q!_____,_,_..-r_'\______.r'_‘l‘__,_J_‘-h
|

Fi1g. 60,—Tracings of apex beat and liver pulse, taken together at the same visit that Fig.
57 was made. There isno wave due to the first part of the ventricular .'-:]r‘:-;tl}]l.' hut
rather a slight depression x, corresponding to the depression = in Fig, 57. The liver
pulse here is, therefore, ventricular, after the closure of the pulmonary valves (Case 17).

of the ventricular systole # which corresponds to that in Fig. 57; the
main portion of the liver tracing being due to the ventricular systole
after closure of the pulmonary valves. The patient’s condition varied
a good deal; the pulse in the jugular varied also, sometimes being
quite marked, at others, again, disappearine. When 1t was well marked
it gave a tracing very similar to that in Fig. 58, On the 17th of
september there was obtained a series of very instructive tracings. The
pulsation in the jugular veins had disappeared, but it gradually returned
after temporary suspension of the respiration, and a tracing taken showed
a small wave during inspiration, and two small waves during expiration
(Fig. 61). Tracings of the liver pulse were taken, and the patient

FiG. 61.—Tracings of jugular and carotid pulses taken together at the visit that Figs.
62 and 63 were taken. The venous pulse had in the first instance disappeared. On
holding the breath it gradually returned. This figare was taken immediately after it
began to appear.  During inspiration the waves a, due to the ventricular ayatole, after
the closure of the E'I'I.I.]'IIE:'III..‘LI'}" valves, are alone present, while during -.'.‘-c|:'-i1':at]'r:t'| the
waves a, due to the ventricular systole, before the closure of these valves, are likewise

present (Lase 17).

having to hold her breath, the venous pulse became larger and larger
until the tracing in Fig. 62 was obtained. In the series of tracings
taken at this time the venous pulse gradually became more marked.
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These two L!'elf.'{]]g?i are i]liL!l'{‘:H'l.iI]:l_*', inasmuch as [_'Ew:,' show how the
ventricular venous pulse can be brought back in the same manner as
the auricular form in Fig. 24. Fig. 61 is also instructive in showing
the manner in which the portion of the ventrieular wave, following the
closure of the pulmonary valves, is the most prominent feature.
During ‘:llﬁ]:lil';lliull in fact it is the only feature present. In the more
1111”.‘{"':11."-.':?1:1[u'il VEnOS ]:-11].-'41‘. (Fig. 62) the whole ventricular wave is

Fie. 62,—After taking a series of liver tracings the holding of the breath necessary thereto
developed the venous pulse as Lere given, which was taken at the same time as the apex
heat, UQI,‘:LhiIHI:i”:,' the anricle shows 1ts effect '|-I1; pro lucing the small wave & (Case 17).

present, and it is interesting to note that the auricle has evidently not
lost all power, its presence being occasionally distinetly manifested.
When the auricular wave is present the wenous pulse has a distinet
resemblance to the venous pulse in Case 16 (Figs. 54 and 55). Hxeept
when the patient was very ill there was also a tendency for the
auricular wave to show itself. In the liver pulse the auricular wave is
never tur[lr-:g:ni,:1]u! the latter ]1;11'L of the ventricular wave 1s still the most
prominent feature (Fig. 63). The patient recovered and was able to

\ o %
\/“\ /
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F1e. 63.—Tracings of the liver and jugnlar pulses taken during the same visit that Iigs.
81 and 62 were obtained. The liver pulse is mainly due tothe ventricular systole after

the closure of the pulmonary valves (Case 17).

oo about, but had a relapse during the month of January of this year.
Numerous tracings revealed the same conditions as described above.
Often when the ]JLL]“-".‘ had |'1|1'1']'E:1:3.' :liHr'l}illt‘.éll't‘ti from the ,1'111h511li11' Velns
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its presence was detected in the liver, having the same character as in
Figs. 60 and 63.

Case 18.—Female, ®t. 33 ; examined 22nd September 1893 ; complains of
shortness of breath and swelling of the legs and abdomen. She had rheumatic
fever when 15 years of age, and has been subject to slight attacks ever since.
During the past month the dropsy has increased, and the shortness of breath
has become extreme. The pulse is small and feeble but regular, 96 per minute.
The heart's impulse is strong, buf the area of the heart’s dulness cannot
be accurately defined on account of the thick parietes and large breasts.
There is a lond systolic murmur heard at the apex and propagated into the
axilla, and at the base there is a harsh blowing murmur in place of the
second sound, and heard best over the second right eostal cartilage. There is
laboured respiration; the patient having to be propped up; the bases of
both lungs are dull, and fine erepitations are heard over the dull areas during a
deep inspiration. There is considerable ascites. There is distinet pulsation in
the jugular veins, but this is not large, and no very satisfactory tracings
could be obtained (Fig. 64).

Fra. 4. —Tracings of carotid and Jugnlar |_|'||];-.|-,-;_ The jugular ||'||'|3-L|- shows a distinet
auricular depression & during the ventricular systole (Case 18).

The chief characteristic of the tracing is the depression during the
ventricular systole. This is still better marked in the tracing taken on
October 12, by which time the patient’s condition had materially

Aper beat

5 AR~ i X . wn my T b 138 00 lan lap | Y 1 1 1
Fra, 65, 5:-]I:Z|II.1]=4'LL:H.HH.- tracings of \1~1.._:.1]._n pulse and of apex beat, showing the depression
during the time of ventricular ontflow, & and £ {Case 18].

improved. Here the venous pulse is distinetly of the auricular type, the
great depression being due to the auricular diastole z, and 1]1{;}11'-_5]1{*51:
wave to the auricular systole b The patient’s condition still i]]lI‘J‘I‘l’;k‘it]tf
the venous pulse had entirely disappeared. There was evidence :r:l
enlarged liver and liver pulse, but on account of the aseites a satisfactory
tracing could never be obtained. The patient again came under ob-
servation on the 1st of November. The character of the venous pulse
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had completely altered; it was now distinetly of the ventricular type,
with the characteristic depression on the summit (Fig. 66).

Fic. 66.—S8imultaneons tracings of the jugular pulse and of the apex beat when the heart
failure is pronounced. The depression in the jugular pulse is now due to the ventri-
cular diastole y, emcl the period of ventricular systole E is now represented by a
high wave & and & (Case 18).

Unfm‘l;ul:;l,tul}' the heart’s impulse had altered, and no satisfactory
apex tracing could be obtained, but subsequent observations confirmed the
interpretations of the tracing obtained at this time. The space & repre-
sents the time of the ventricular outflow through the pulmonary orifice,
the wave o being due to the first part of the ventricular systole, and
the wave a occurring after the closure of the pulmonary valves. Here
the great depression # is due to the ventricular and not to the auricular
diastole, as in Figs. 64 and 65.

The patient’s condition continued very critical, the respiration becoming
more laboured, the lungs cedematous, and the expectoration abundant, frothy,
and blood-stained., The systolic murmur could be heard propagated over both
sides posteriorly. On the 23rd of November the pulse became irregular, and
distinet evidence appeared of a want of harmony between the two sides of the
heart—a condition whieh will be more fully dealt with in a subsequent section
(Figs. 101-104). About this time the left leg became swollen and painful,
and the femoral vein could be felt large, round, hard, and distended with
blood clot. The pulsation of the liver could he distinetly recognised, and
tracings obtained nhnuml it to be of the ventricular type.

The patient died on the ’nrl of December 1892. A post-mortem examina-
tion was made on the 4th of December. There was a great amount of sub-
cutaneous fat. On opening t-im- chest the pericardium was found everywhere
adherent to the heart. The jugular veins were widely dilated in a fusiform
manner above the jugular valves. The right jugular vein being slit open,
measured 2 in. at the valves and 24 in. In L]n, middle of the neck. There was
great dilatation of the left auricle, and there were pale grey firm clots in all the

cavities. The aortic valves were slightly incompetent, and there were some fine
"-'E"_'_TI:[:'J,IEI_H],-» On one cusp. The mitral "..;:||,‘.!‘..- Were Hllf_f]]”} thickened, the cone
circumference of the orifice hei g U‘ in. The tric 1]‘-!ﬁl:1 valves were normal—
cone circumference 3t in. The }ll*.l.][ itself was greatly enlarged and pressed
back, flattening the left lung. There were several ]mh hes of pleurisy over
the lungs. There was a considerable quantity of fluid in the right pleural
cavity, and several hesmorrhages at the base of the right lung. The liver was
large and extended to the level of the umbilicus, and was of nutmeg appear-
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ance. The left femoral vein was distended with firm blood clots, which
extended up into the iliacs and jutted into the inferior vena cava.

In this case again we find a transition from the auricular into the
ventricular type of venous pulse.

Casg 19.—Female, @t. 12 ; examined 10th October 1892, The patient
is thin and spare, and lies in bed propped up. The pulse is small, quick, and
regular. There is marked pulsation in the distended jugular veins, which are
very visible on account of the thinness of the neck. The heart is greatly enlarged,
the apex beat being felt in the anterior axillary line. There is a loud systolic
murmur heard over the front of the chest and over the left side of the chest,
behind. The respirations are laboured, 30 per minute, and the bases of the
lung behind are dull, with absence of hreath sounds. The liver is enlarged,

Fre. 67, — Simultaneons tracings of Fig. 68.—Tracings of jugular (upper)
jugular polse and of apex beat. and radial (lower) pulses, show-
The auricnlar wave b and depres ing the same condition as in
sion are relatively small, compared Fig. 67 (Case 19).

with the ventricular wave o and
depression 3 (Case 19).

extending below the level of the umbilicus, and pulsating. The pulsations in
the veins in this case retained the same form during the whole time she was
under obhservation ; frequently, however, the jugular veins would cease to be
vigsible. The venous tracings always showed an auricular wave & with a slight
auricular depression z, the main depression being due to the ventricular
diastole (Figs. 67 and 68).

It was not always easy to obtain a liver tracing on account of the
ascites, but after one of the frequent tappings she was subjected to,
Fig. 69 was obtained. The ]:nulr-'u of the internal I]'ll_'_{lll;ll‘ veln was
taken at the same time, and although the incidents are not clearly
marked, yet from what has been pointed out in regard to Figs. 67 and
68, the depression indicates the diastole of the ventricle, the first part
of the rise the contraction of the auriele, which is synchronous with a
small wave on the liver tracing preceding the large ventricular wave.
I do not wish to insist too muech on these tracings, but utilize them to
point out how the ventricular wave depressions have come to assume
the chief features in the tracing, and how relatively small a part the
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auricular influence plays in contradistinetion to what usnally oceurs
in the auricular form of pulsation. The persistence of the small
auricular wave in the liver pulse is interesting. The patient died
on the 9th of March 1893, and
a post-morfem examination was
made on the 11th.!

The body was greatly emaciated.
There was o large amount of bile-
R stained fluid in the abdominal and

- = e thoracic eavities. The pericardium
v \F"J_ MY ""--"_'“*i was strongly adherent T.]u the front
of the heart, mostly to the right
Fig. 69.—Tracings of liver and jugular pulses. ventricle, The aortic and pulmon-

The relatively small auricular wave & is ary valves were healthy and com-

well marked in the liver pulses {Case 19). 1urtui:1. The tricuspid and mitral

orifices admitted easily the tips of
four fingers, and were 4 in. in cone cireumference; the valves normal. The
right auricle was greatly distended, its appendage protruding into the left
intercostal space. The endocardium of the left auricle was opagque and yellow.
The liver was enlarged, extending to near the iliac crest, and adherent to the
abdominal wall by broad fibrous bands. Lungs, spleen, and kidney deeply
congested, and pancreas large and hard.

Case 20.—Male, w=t. 26 ; examined 24th March 1892 ; complains of inability
to lie down and shortness of breath. The patient has had several attacks of
rheumatic fever, and has suffered from a weak
heart for many years. The pulse is soft and
weak, occasionally irregular and 100 per
minute. There is bulging of the praecordia,
and the whole chest moves with the heart’s
action. The transverse dulness of the heart
extends from 21 in. to the right of the
middle line to the left anterior axillary line,
The apex beat is in the sixth interspace. At
the apex there is a murmur, systolic in time,
heard also over the back on the left =side.
There 1s also a soft systolic murmur at the

pulsation is mainly ventricular midsternum. T]?l!]'l' 15 11i.-'_t-i:mrt- pulsation m

a, and the great depression y the meck, a tracing of which shows a small

is also ventricular {Case 20). auricular wave & (Fig. 70) and a full ven-

tricular wave a. The respirations are
laboured, 30 per minute, and interrupted by a hard cough with expectoration
of clear viscid sputum. The base of the t1;|:t lung is dull as high as the
scapular spine, with absence of breath sounds, voeal fremitus, and resonance
over the dull area. The patient gradually ]1|:p:rﬂ[ci and on May 1892 he was
able to get about. The venous pulse had somewhat altered in character, there

Fig. 70.—Tracings of jugular and
carotid pulses. There is a slight
auricular wave b, but the

L Support for the interpretation of the features of the venous pulse in this case is found
in observations recently made on a patient suffering from an attack of heart failure, where
the venous pulse tracing presented characters very similar to those in Figs. 67 and 68,
The patient gradually recovered from the attack of cardiac failure, and with recovery the
aurieular wave became larger and the auricular depression more marked, until the auricular
wave assumed features ||_4*ii]']l'_;' as large as those of the ventricular wave, 1'L-.<.:':n1riiug.; HONTe-
what the tracings of the jugular pulse in Fig 78.
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being then no signs of the auricular wave (Fig. 71). The patient died 1n
December 1892,

Fie. 71.—Tracings of jugular pulse -'m! apex beat from Case 20. The auricular wave
Te . Al ‘-\_-h- ! ¥ i 2 ;
has now disappeared. The separation of the ventricular wave into two parts is faintly
indicated, axcept i1 two 'E||'|] ations 1,1.']|]|,"||, fallow l.|1|il]-'.l._':\.' in the ||1'r:l:'|-||iII;.:' pulsations,
"-'I'I'll'rl'. na jh |_;.-\;'|'|_;|] :i:| -\.I;.I'.il Casoes, [|_|I"|'I' ih T HI'EI.I.I'.H il'lJI i]]t" twao .l"::-l'-.:-l;r

Case 21.— Female, ®t. 19 ; examined 1st November 1892 ; complains of
weakness and shortness of breath., The patient suffered from hip-joint disease
three years ago. A year ago she
had a mild attack of rheumatic
fever, and has been short of breath
and liable to attacks of ]l.'i|Elilélli<lrL
aversince. The ll'.i,]:-il' is small, soft,
and very []'|'|=gll|:l!'. There is marked
pulsation at the sternal end of the
SLErILD - 1||;|_.~:1,uid muszeles on both
sides, but not in the veins of the
neck. Pulsation is evident over the Apex becet
heart, especially in the third and

fourth left interspaces and in the IUL/L]]\ / f/l‘j{
gixth in the mid-axillary lime (apex ks

beat). The vertical dulness of the
heart begins at the second mb in Fig. 72.—Tracings of pulsations in the left jugular

the parasternal line, and the trans- |J.,“'_-., and of the apex beat. The great size
verse extends from 2 in. to the right of the ventricular wave occurring after the
of the middle line for T.LLJ in. to the closure of the pulmonary valves & is wall
left. At the apex a lond murmur marked, Where a ||1|]:-4:_‘.1¢||] oeours earlier
is heard filling up nearly the whole than nsual, there is |m-'3:1i-ilrt1 if the ventri-
interval between the second and cular wave into two parts (Case 21).

hirst '.~a|:|=Il:u|.--~:l .'Hli] [!.'LI' first =ound 1s

followed by a short murmur, There is also a loud systolic murmur over the
lower half of the sternum. The tracings (Figs, 72 and 73) obtained from the
left jugular bulb show great development of the wave occurring after the
closure of the pulmonary valves @. The venous pulse varies euriously with
the irregularities of the heart.

The patient was examined again on the 16th of February 1893. Her
condition had not materially altered, the wvenous bulbs at the root of the
neck still presenting the marked pulsation, the tracings bearing the same
character as those taken before. When the breathing is stopped, the venous
|ﬂt}:-l' PrEsSenis 4 more uniform l']l.ll':lu'li-l‘, there being less il']'q':_rl1|;1'['i1_-j' i the
heart’s action. The radial pulse is very soft and dicrotic. Fig. 74 shows five
regular pulsations, and the bottom of the notch on the summit of the venous
]r'||-| 18 SYIC ||"H-]:|ll 12 with the elosure of the aortic valves, There 1= a :H]i:_:ht.
rise pred eding the ventricular wave, due either to stasis or to the auricle, In
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some of the tracings obtained at this time this
slight rise is replaced by a new wave. The

arged, extending 2 in. below the

- I:-'-J!]' i.“-i 211

2 IEI'E?EIF{I?'H&IL’J
5 T I S

- o [

| } Carotid
) e

(Roduced
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[(Cage 217,

Frg. T4.—Tracings of pulsa
I

Tl

tions in the left jugular bulb
and the carotid, talen at the 1

- i1
b LIRe e 33 Thne

racial ‘jll[lm,- {Case 21,

~II=I]H

ribs, and pulsates. The pulsation is mainly
due to the ventricular contraction after the
closure of the pulmonary valves (Fig. 36).

4

r -Cl.l'."i. -CL'ill[i.l' "Il'ijl"'l'ﬁ'

re the portions «

the time in see

rx..'.'-_:'ZI-Z 22.—Female, ®t. 30 : examined on the
ard of March 18493, She |'L:]11;||;1j|]:~' of short-

= -—-: = mness of breath and cough. She enjoyed good
o = '_:; health until 8 years ago, when, !'|IIII‘I5[I_LE at @
:' g i ['“-'_i'i-‘] pace, she was -“lll:.IEL'Il:I'a' ge1zed with breath-
5 & = lessness and spitting of blood. The heart
2 £® beat has, at various times, been wviolent ever
& z since. She has had two children, 6 and 5 years
E 4 _, ago, carrying them with little trouble. During
= © 2 the last 4 years the breathlessness has become
= .2 LE more marked. In October 1892, when 4 months
e
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F1a. 75.—Tracings of pulsations in the jugular and
radial and in the ecarotid and radial, When

PR O carefully timed, the pulse in the vein is found
,h"‘nl ._ RS to consist of two portions, the first () being
B m T ventricular after the closure of the pulmonary
5 B E = valves, the second (b} being auricular, and the
"'C, 2 =5 depression also auricular (Case 22),
=~ m & =
W 5 o & pregnant, her feet began to swell, and she
|.hq Bl | £ :

= became very breathless. she had to lie in bed

from November till February 10th, when the
child waz born a month befors the full time.
She felt better for a few hours after delivery,
but got worse on the third day, and has con-
tinued very ill ever since. The patient is pale
and thin, and lies propped up in bed, with feet

of the pulmon:
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and legs swollen. The pulse is quick -mnl goft, 110 per minute. There is
11 uhml pulsation in the |u-f|||n veins (Fig. 75).

The .'||l_.L of the heart's dulness exten l|- ]_ . to the I'i;_{]|L of the middle
line and 5 in. to the left. The apex beat 1s I.l]';_':l.'_. and 1s felt in the fifth
interspace and slightly in the sixth.
There is a systolic murmur at the
apex, heard in the axilla. There
iz no murmur at the base. Respira-
tions are laboured, 40 per minute.
The bases of hoth lungs are dull on
percussion, and there are NUImerous
hne ¢ ]p[:]lu_thlnautl dea | B llh]lll ation.
There is no increase in the liver
dulness and no ]"'lq"ln"l' could be Frs, 76.—The venous pulse had disappeared from

felt, the laboured respiration pre- the neck, and there was only a vibratory
venting any tracing heing taken. trembling in the right jug Iu bulh, 1'1'--]:|.
The patient’s condition had much which this tracing was obfained. The indi-
1[||,].| oved by the Tth. The pulsa- viduel characteristics of the auricular wave b
tion in the veins had, to a great and of the two portions of the ventricular
extent, disappeared, but there was wave & and & can be recognised (Case 22).

a tremulous movement visible at the
root of the neck, and the tracing 1n Fi:_t- 76 was obtained.

[t will be seen that there are practically 3 small waves to 1
arterial pulse. These waves represent respectively the auricular wave
b, the first part of the ventrieular wave a, and the second part of the
ventricular wave a, occurring after the closure of the [111]I:1cl11.‘u'_‘g.' valves,

On the 10th the liver was searcely enlarged, but a faint liver ]ml 3¢ Was |n~t'-
ceptible, the tracing being somewhat similar to the liver fracing in Fig. T8

Fra. 77.—Tracings of jugular and carotid EI1I]-I-M (upper tracings) taken with the radial
lawer tracin " [Casa 22,

On the 16th the venous pulse was better marked, and the tracing (Fig. 77)
shows increased size of the auricular wave b, the first part of the ventrieular

Hadial

Fig. 78. —Tracings of liver, jugular, and carotid pr , taken at the same time as the radial

(Cage 22)

“_"-' being occasionally represented by a slight ripple, and the highest portion
of the wave being due to the ventricular systole after the elosure of the pul-
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The next step in the c|1|it']{l.‘l|.it!:_',' of the ]lll]m‘: shows a di:—»:Lp]-L-:n':m:'-u of
the period occupied by the ventricular depression. When this happens

Not Breathi ng

br
P |

/]

Fia. 80.—Phlebogram from the right internal jugular vein. After holding the breath, the
|_1:_;|l_-.'|,' rate becomes :-'»;.i'r{'h'.l.l'-.' accelerated, !I]I::Iitl]:.' at the expense ol the ]!I"'|"|Ii|! ol stasis
between and b (Case 4,

the tracing has the appearance of a single wave with a depression on the
top, simulating very closely the ordinary ventricular form of the venous
pulse, as in Fig. 74.

Breathing

Fro. 81.—Tracings of carotid and jugular pulses, showing the running together of the
ventricular (&) and auwrienlar (§) waves, on the acceleration of the pulse-rate produced by
stopping the respiration.

Thus in Fig. 81, while the patient breathes quietly, there is usually
present a small wave @ on the ascending line, which disappears when
the pulse quickens on holding the breath. This is still better seen in
the following case, in which a rise of the temperature was associated with
an increased 1‘:t]ril.1]'t.j.' of the ]J'ﬂlﬁ:-.

Casg 23.—Female, 2t. 15 ; suffers from caries of the spine. She has been
an invalid for many years, and there are large bedsores on the buttocks. The
]I{!LiE'ELE. 15 thin and emaciated,
[n the morning the tempera-
ture is usually about 100°
Fahr., and the pulse 100 per
minute, There 1s marked
pulsation in the internal
jugular veins, and a tracing

- : 1 R, Carotid
(Fig. 82} shows 1t to be of h

the aurienlar forin with 1|1|- -J\‘“-.._J\‘v\uh‘-., J\\":\_‘Px b"’II_,-.,L J\.L"'-..__J\":";

usual 3 waves well marked. Pulse 100
The heart presented no abnor-

mality. In the evening the Fic. 82.—Tracings of jugular and carotid pulses, show-
temperatura Tises  to  10E ing the presence of the wentrienlar wave ¢ when
Fahr.. and the '|||||,w-|,- ||_‘,:_E|"|.,'|-|:|_x the |_|1|'!.='|"|.'-'|:--'ll the rate l:ll.:_|:|:'Elx'i"llli'll'|'|1!'I,L-hilh.l'}_l:!-'ld
to 126, and the ventricular

wave entirely disappears, the anricular and arterial waves and aurieular
depression alone being present (Fig. 83).
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The careful timing of the events with the carotid or radial pulse
leaves no doubt as to the
nature of the tracing, I have
thought it necessary to dwell
upon these changes here, as
several writers have, in my
npit!iml, been misled on
account of the superficial
similarity of the different
Fi1G. 83.—Tracings of carotid and jogular, pulses, forms. In the following

showing the disappearance of the '.'!'u[riml.l:n' case, where the 1tllll-‘-&-!‘. 18

wave due to accelerated heart action, with

increased temperature. Pulse 126 ; Temp. 102° 3 i
Fahr. (Case 28), pulse tracing has, uniformly,

this shape.

Rt Int.JTuag.

always quick, the venous

Case 24.—Female, ®t. 61 ; complains of severe pains in the left forearm
on the slightest exertion, weakness, and shortness of breath. The patient is
pale, with careworn face and anxious expression. The pulse is full, soft, and
compressible, and the arteries are atheromatous. There is marked pulsation in
the veins of the neck, tracings of which reveal simply the auricular and arterial
waves (Fig, 84). The apex beat is outside the nipple line. There is a slight
increase in the area of the heart's dulness. The gecond sound over the second
right costal cartilage is exceedingly loud and like a drum-tap.

Roadial

FiG, 84.—Tracings of the radial and jugular, of the radial and ecarotid, and of the radial
alone. The heart heating guickly, the auricnlar wave b and the arterial wave ¢ are
alone present in the venous pulse (Case 24).

The patient died, with symptoms of heart failure (dropsy, orthopneea,
ﬁ-.t,v.,},j 0 ]ms:_t-mnrtnrj:l: examination the COronary arteries were found
converted into caleareous tubes, and on tui{':l'ur%{*.u'pi[: examination b:,.-‘
Dr. Williamson, Manchester, the muscular substance was found to be
1-1-1;-];“-,5*-_:1 to a considerable extent by fibrous tissue.

From the consideration of a large number of tracings, when the
venous pulse is represented only by a large wave with a depression on
the summit, it would appear to represent one of four forms, namely . —

l. A quickened auricular venous pulse, the two waves on the summit
1'&*.1:11‘1‘5-'[‘111;311;: the auricunlar and arterial waves, the great Elﬂlll‘t.‘EHi{Hl
being due to the auricular diastole (Figs. 85 and 84).

9 A small auricular wave and the depression interrupted by an
early ventricular wave ; the main depression in such a case being due to
the ventricular diastole, the auricular depression being slight (Fig. 68).
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sternum. The radial sphygmogram showed an anaecrotic pulse. There was
" e o 7 : i - o
a marked pulsation in the veins of the neck, always synchronous with the

Rt Int. e,

o
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Left Carotid |

Fig. 85.—Tracings of jugnlar and carotid pulses taken together. The venous pulse is
mainly systolie in time, but there are oceasionally accessory wavelets (Case 25).
- - Ll

carotid pulse (ventricular type), but sometimes presenting a series of small
waves, one or two occasionally preceding the time of the carotid pulse (Fig. 85).

The patient’s condition materially improved, and with subsidence of the
swelling the liver could be felt distinctly pulsating, but the abdominal
distension prevented very accurate
tracings being obtained. Some-
times during rapid action of the
heart the venous pulse presented

~ 71 4 B a series of ripples in the ascending

2 T I ey B B line (Fip. 86). i
liaadnad

|.-"| J . / ‘r" The venous pulse ultimately

- . 5 . 3
R-IntJug. disappeared, and the patient’s con-
dition improved, and she was able

Fiz. 86.—Simultaneons tracings of the radial :
and Jugmlar pulses, The jugular ]nul,-ql- 18 Lo :’-5“1- about, ”“]']“H the ecold

weather of January 1893 she be-
came rapidly worse, but no pulsation
returned to the veins of the neck ; she died on January 21st.

No post-mortem examination was permitted to be held.

mainly of the ventricular type (Case 25),

A similar instance of an additional movement, which may have been
caused by the large veins, 1s seen in one wave in Fig. 63, and it is to be
noted that there 18 no f_t[f]i‘l"&j.‘ip[]tll:“':l't_:' movement in the hiver lrulf-',u.

SECTION XV.—THE SIGNIFICANCE OF THE VENOUS AND LivEr PULSEs.

[t is diffieult to estimate the significance of the pulsation in the
veins in all ecases. Some limited inferences which may form a basis on
which other observations may be conduected, can, however, be drawn.
In the first ]r].'tr.-e-, the cases divide themselves l't_li]:'_fll]l‘_p' into two classes,
namely, those in which the venous pulse occurs in the auricular form,
and those that present only the wventricular. While the latter 1s
only a more advanced state of the former the division enables one to
formulate this statement: that the ventricular form of the wenous
pulse only oecurs where there is regurgitation from the heart on
account of walvular disease or other gross lesion of the heart (as
adherent pericardium). In other words, where the regurgitation is due
















































104 JAMES MACKENZIE.
even exageerate 1t. This is p!'n]m]al}' the l'.*-;;nlfmfﬂ on of the Symplonm
observed by Laneisi, where in chlorotic females, on exertion, the venous
pulsation was exaggerated (see Introduction).

[n the following case fever and exertion failed to cause the dis-
appearance of the venous pulse, althourh some other condition inducing
rapid action of the heart succeeded in so doing :(—

Casg 31.—DMale, mt. 18 ;

examined Tth February 1892; complains of
weakness and cough.

A 1This l":'ll;{ll has persisted since an attack of measles in
childhood. The patient is spare and thin.

The pulse is soft, regular, and easily
excited (as by coughing).

There 1s a marked pulsation of the veins in the
neck, giving a tracing similar to Fig. 93 when he is excited, and to Fig. 97 when
the pulse is quiet.

Y

Fiz. 93.—FPhlebogram of jugnlar pulse {smicular type) during excitement (Case 31).

The diffuse apex beat can be felt in the sixth interspace, and the heart's
dulness extends 1 in. to the right and 3 in. to the left of the middle line,
There is no murmur, and the first sound is very indistinct. Under suitable
treatment the patient’s general health materially improved until November
1892, when he had a mild attack of rheumatic fever. At the examination,
made at this date, the temperature was 10175, and the pulse rate was Y3 per
minute, regular, soft, and slightly dicrotic. The venous pulse was well marked,

Fra. 84. —Sphygmogram of irregular pulse during convalescence from rhienmatic fever

[Lase 41 ::,

the tracing 1'|a.=:|'t||}:'|i|;|_; in all respects that taken when he was excited and
without fever (Fig. 93). The heart's eondition was similar to that in the first
examination—there being still no murmur. Under treatment by salicylate of
soda the fever had nearly left him by the 30th, when the pulse was slow and
irregular, as in Fig. 94, The temperature was 99.

The venous pulse was well marked all through the longillness. On the 3rd

Fic. 05.—Tracings of radial and jugular pulses, showing correspondence in irregularity

of both sides of the heart (Case 31).

of December the temperature was normal, the pulse still slow and occasionally
irregular, 60 per minute. The venous pulse was still well marked (Fig. 95).
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].i”‘ radial "-I_l‘il"i"'f'|:||.|""||t|:| here 18 not a "'|I||1 o1, At “I s time [ emp |.'!l".IZ"1].
a sphygmograph with clockwork attached for marking time, which made the
instrument very heavy and diffienlt to maintain in its place on a thin arm.
Otherwise tElI‘.j‘L‘IlL”I'll‘I‘" of the radial |r....1' resembled that in ]U—{- 94, The
Ihillf-[l*ni now made # r;||:n]'|l Tecovery, the arterial and venous [JI]]:-'I-:-' }:1'1'~41']J1i|:1_g
the above characteristics. The heart never showed any symptoms of being
affected. The salicylate of soda was stopped on the 25th of November. The
]||‘ru'ni was up i and er\.jucr about, and came to see me on the 17th of December
feeling quite well. The radial pulse was, however, very soft and compressible,
and beating at a great rate, with frequent irregularities (Fig. 96).

Fie. 96.—Hadial sphygmogram during a period of rapid and irregular heart action, with
disappearance of the venons pulse (Case 31},

There was now no venous pulse visible, and tracings of the pulsation in the
neck showed no pulsation in the jugulars, This condition lasted for several
|_141I1_.'.i:_ On the 24th the ||‘.i].-'1' wWis .x'nﬁ_, 1JLL[r]-., and H*;jll|u'|_'__ mt still no venous
pulse was present. On the 27th the pulse was quieter and smaller, beating 80
per lmrumJ and the venous pulse had returned. The patient has been under
observation for some months, and the last time he was seen (5th May 1893) the
tracing (Fig. 97) was taken, ~.||||1.'.1r|-' the usual features of the auricular venous

Carotid

Fig. 97.—Simultaneous tracings of venous and radial pnlses and of carotid and radial pulses
after recovery from rheumatie fever and subsequent irregularity of the heart (Case 81).

pulse. No change had taken place in the heart’s condition. The patient was
looking in good health, and was following his work., There was a well-marked
reduplication of the second zound.

(In so far as information about the difference in time of closure of the
semilunar valves is to be derived from the study of the venous and arterial
tracings no light is thrown upon the -nl|1c~rL by the tracing g3, The interval of
time between the reduplicated zound is so slight that it would be i inappreciable
on the tracing, even if one were absolutely certain of the exaet period of the

time of closure of the aortic valves. )

The points worthy of note 1n this case are — first, the exaggerated
venous pulse on exertion and during the febrile stage of his complaint :
secondly, the marked irregularity when the pulse became slower, with
the venous pulse following the same ir]'n;l;;'u[;;_]*i[,}', showineg that the
synchronism of the right and left hearts and of the :'u-nl'u[]'l]rlm-li ToVe-
ment of the auricles and ventricles persisted during this period of
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on the chest wall. That distension of the right heart does communicate
movements I have no doubt. I have found a diastolic eplgastric
impulse due to enlarged right ventricle. I have also, many times, felt
the heart movement to the right of the sternum appear with dilatation
of the right heart and disappear with mmprovement in the heart's
condition, but I was never able to time it to my satisfaction, and the

Apex beat

Fra., 99, —Simultaneous 1_1':ae:i1];__{.-; aof 1.|_1:;-:.|_|_i|:-]1 in the right internal jltgl:l.u' vein ':”'|'!""h
tracing) and of the apex beat (lower tracing), ahow ing a persistence in the venons pulse
during a pause in the ventricnlar syatole (Case 45).

doubt was present 1n [y mind whether it was not a communicated
movement from the left ventriclee This doubt was strengthened
from the fﬂllli"-"-'iilj:[ observation. In Fig. 99 tracings are aiven of the
apex beat at the same time as the venous pulse—the latter being of the
ventricular type (Case 45).

[t will be observed that there are two beats of the apex followed by
a pause. On the other hand, the venous pulse oceurs in groups of
three waves, showing two pulsations synchronous with the apex beat,
and another pulsation (wave 3) during the pause in the apex beat.
The descent of this latter wave 1s iltlf*t'l'llllLu:l I;:,- the next wave,
which takes on the same rhythm for the succeeding two beats. So
far as one is able to interpret this tracing from what has gone before,
it would be said that there i1s no doubt that the right ventricle is
contracting here while the left stands still. The apex beat at this
time was a very well-marked feature, and there was not the slightest
difficulty in getting a tracing. Moreover, the right heart tends to
regulariby in action, inasmuch as the three waves of each group of the
venous pulse occur at regular intervals. The succeeding wave occurs
earlier to take on the rhythm of the left ventricle, which is stimulated
to contract earlier than the normal rhythm (assuming one revolution fo
have been missed), on account, it may be, of the extra stimulus of the
increased amount of blood. Such indeed is the explanation that appears
most feasible, a distinet evidence of contraction of the l'ij_';llL heart while
the left stands still. But it so happened that a distinet impulse could be
felt over and immediately to the left of the sternum, in the third inter-
space. I had no difficulty in getting a tracing of the underlying move-
ment. '[_Jurmsiu_lm'iut_f that the apex beat was well outside the t!illlrll: line, 1t
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leaves little room for doubt that the right ventricle was situated immedi-
ately under the point where the tracings were taken. In the p st-mortem
examination it was specially noted that the right ventricle occupied the
whole of the anterior surface of the heart to the left of the sternum.
Inasmuch as the apex beat had disappeared before death, the right ven-

Apex beat

e el I "',f..-" Intes

Fia, 100, —Simultaneons tracings of ]:L;In:aifcn'. af the apex heat (pper tracing) and from the
third left interspace near the sternum (lower tracing), showing simultaneous irregularity

of both movements (Case 45).

tricle, no doubt, had increased in extent Hllllrit.'lglit_'llh to this observation.
Assuming then, as it is quite justifiable to do, that the tracing was
obtained from the right ventricle it is found that during the pause at
the apex there is a similar pause of the pulsation over the right
ventricle (Fig. 100).

Numerous tracings were taken to verify this. If we assume, then,
that the venous pulse was due to the right ventricle, the tracing in Fig.
100 demonstrates that the movement of the right ventricle was simply a
communicated movement due to the more powerful left ventricle. No
evidence is given of the right heart movement during this pause.
These tracings do not demonstrate the direet effects of the movements
of the right ventricle, but they do show that the impulse over the right
ventricle may not be due to the contraction of this chamber. I do not
wish to read more into these tracings than can be easily and logically
demonstrated, but the oceurrence of such changes is sufficient to give
pause to the too hasty assumption, based upon the physical signs of the
heart’s impulse, that there iz independent action of the heart chambers.

The pu:«:ﬁjlliliii}' of the ]'i_uh[, and left hearts ;|L'11'J|_g i!nll'[u-;uh'1|1|_\' has
also been assumed from the lack of harmony between the venous pulse
and heart beat or arterial pulse. There is no doubt that the study of
the wvenous pulse affords evidence far more trustworthy than the
evidences of the obscure 1.-|n']||=lItL:1L:t of the cardiac iJJ|]:|||].~¢|-~'. But in
the records of cases where the discordance between venous and arterial
pulses has been insisted upon as evidence either for or against the view
of a rthythmic eontraction of the two sides of the heart, two decisive points
have generally been wanting, namely, the simultaneous record of both
venous and arterial pulses, and the correct i.uiu-]']|1'n;-[;|1.:i-n:|| of the nature
and form of the venous ljll]HL'. sometimes the E]Ldv;u'zuh-ln. action of
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The vemns were distinet in this patient, but so soft was the pulsation

that considerable difficulty was at times experienced in getting tracings.

Radial

o

S e T

Fig. 102, —Tracings taken simultaneously of the radial pulse (upper tracing) and of the
pilse in the right internal jugular wvein (lower tracing). The venous pulse is of the
ventrieular type and continues during the pause (o, o) of the radial pulse (Case 18],

The venous ].]Li]ﬂt': i85 of the ventricular form, ;ﬂthum;]l the characteristic
features are not always readily recogmised. The respiratory move-
ments canse the large depression in

Carotid the earlier part of the tracing, and

_\“J’\JL\\\\F—\\ j‘"‘" to a certain extent confuse the read-
k- ”‘-*# ing. In some respects Fig. 102 shows
the character of the venous pulse

better, and here also in two places
' (0, 0) there appear venous pulsations

5 i | / + a s
] /) AN | ‘l ,-"’l I."f when there is a pause in the radial
4 : i i 3 a
f \/ ¥ Jf |'"I \/ | pulse. But not only did the radial
and venous pulses show this difference,
Fia. 103. — Simultaneous tracings of Lyt I;LLLE'-I']:_.' there was lil;'-.'n.'t']:liu't[ in
parotid and jugular pulsations, show- i e 3 SE
ing complete absence of harmony in this ]'-J‘lt”"m'_[k{"lm' 18) an utter “_‘ml’
; of synchronism between the two sides

RtInt.Jug.

their rhythm (Case 18).

of the heart, as manifested by the

carotid and jugular pulses. It will be noted in the earlier tracings from
this patient, that there
was perfect harmony be-
tween the arterial and
venous pulses when both
were present (Figs. 64—
66). On two separate

Carolfid

RtInt.Jug.

o | Il‘lil'élf"\.il_;'l.iﬁ 1..-]11.:']'5'5 Wis 1]!'1‘.'

. A :
/L‘, /L/U gent the utter discordance
evident in Figs. 103 and

Sfﬂ;'l;?f‘d BF‘EG‘:h!‘ﬂF 1 U]_ I“. 1.]1“--""-..' |L ".'Q.E” ]ILI
observed that not H]llj.'
does the wvenous pulse

persist during a pause in

Fic. 104.—Showing the same features as Fig. 103
(Case 18),

the carotid, but that they bear no relation whatever to one another in
the time of their ocecurrence.

There are three views in regard to the changes oceurring in the
heart during periods of irregular rhythm, based mainly on the evidence
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The heart’s i:|||r‘.;]r:|' presented the same form of irregn

large auricular wave. _
There was distinet enlargement of the area of the heart’s dulness, the

larity.

Fic. 107.—Simultanecus tracings of pulsations in the right jugular bulb and radial artery.
The radial pulse is of the bigeminal form. & and ¢ are the anricular and arterial
ser radial pulsations, and it is to be noted that the

waves, eorresponding to the 1
anricular wave & is much larger than the auvicular wave B, preceding the larger
radial pulse, and that after the waves & and ¢ there is no ventricular wave . On
the ventricular wave « the time of closure of the pulmenary valves is well marked by

the noteh [(Case db).

vertical dulness in the parasternal line beginning at the second rib, the trans-
verze extended from 1 in. to the right of the sternum outward to the left

Carofid

Frg, 108, —Bimultansous tracings of pulsations in the right jugular bulb and in the radial

artery, and of the ecarotid and radial. The slicht movement of the venous nlse (to
the sight representing a mere vibratory trembling) show all the features of the usual
form of the venous pulse, and if carcfully timed these movements can be readily

recopnised, even to the pulmonary noteh in the ventricular wave a (Case 356).
for 4% in. There was no murmur, and the sounds could be heard quite
distinetly, the first and second sound appearing normally, but quickly followed

=

'Te. 109, —Simnltaneous tracings of pulsations in the right jugular bulb and radial artery,
The radial pulse passes into a more regular form for two beats, and the venous vulse
likewise alters. It is to be noted that then the ventricular wave o APpears, |'_.['."i'|'||_|
been absent with the lesser beats, and the auriculur wave b becomes smaller {Case 35). )

10T :-C||.-|'5'- sonnds :'«.-|'1'---|::-rL-]i:|_; to the =sma

by two = ler pulse beat. On
subsequent examinations this form of irregularity was not alwavs prezent, the
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The two foregoing cases exhibit the participation of the venous pulse
in the him'mimﬂ form of irregularity, but it is to be noted that the
'rilII'iL:IIL'H'I‘n.'n.‘au'u corresponding to the small arterial beat is, as already
pointed out, very large. In the following case, where also the venous
pulse. evidently presented the same form of irvegularity as in the
arteral 1;11]:-“_-., the auricular wave t:ul‘!‘[*H[Jl:ltdi]L_'_I,' to the small radial
pulse is also the larger. The tracings here were taken separately, as no
opportunity was afforded for obtaining a combined tracing. I employ it
merely to draw attention to the increased size of the auricular wave ¥,
when it follows more quickly upon the preceding wave taken by a
different instrument, to show that the lrftull][;ll‘ii.ii-s are not to be ascribed
to a faulty instrument, and that they also oceur when the irregularity
15 not constant.

Case 37.—DMale, =t 33 ; examined “'~|=l:1,t smber 3rd, 1892 ; complains of
weakness and indigestion. The patient is very soon tired, but has had a
healthy life so far, and no serious illness, The heart appears quite normal.
In the pulse there is an oceasional irregularity ; on a sphygmogram being

Fie. 111. —Sphygmogram of radial pulse, showing occasional irregularitiez of the bigeminal
type (Lase 37 ).

taken, shows it to be of the bigeminal form (Fig. 111). A long sphygmo-
gram reveals this irregularity at irregular intervals, sometimez 20 to 30
beats intervening between the irregularities, sometimes only 2 or 3. A

—

tracing of the wenous pulse by means of the phleboy graph shows that here

e B

=5

A M, :-‘ f A \H .'IJ Iﬂu“u H:u J\ A MJ\F V J\
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,_:' 1’1- £ :3, X

Fie. 112, —Tracings of pulsations in the right internal jugular vein, during cccasional oceur-
rences of the bigeminal form of irregularity in the heart's action. The irregularities
are similar to those shown in Fig. 107, and the latters &' and ¢ indicate the aurieular
and artevial waves during the irvegular periods (Case 37 ),

also the venous pulse evidently follows the radial. In Fig. 112 the first 3
beats were at the same rate as the preceding 20, taken on the long paper,
the fourth heat I‘HE]H‘.&'*: 1"1[!51.“".' on the third, the |:|_ there 13 a ]|§-rh anricular
wave b followed by an interruption on the descent ¢, which I take to be due to
the arterial pulse ; t]:1-~ 18 followed by a fall and gr: ulu l rise, which I presuie
to be due to the stasis preceding the next auricular wave . In the trac ing
there are 3 beats presenting these peculiarities. g

[n the following case the venous pulse also accurately corresponds in
rhythm with the arterial pulse. 1In this case it will be noted that the
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radial pulse developed other forms of irregularity, and in Fig, 114 there
is shown the occasional appearance of the lesser beat; probably when it
s absent the incomplete ventricular systole has not sufficient strength
to raise the aortic valves. 1 regret that T am not able to present a
venous pulse synchronous with the radial pulse at this period. - The
patient had removed several miles into the country, and I called simply
to observe the pulse; and as at that time the clinical polygraph was not
constructed, I had to wait for an opportunity to employ the large record-
ing apparatus, by which time a change had taken place, and the pulse
had again become typically bigeminal (Fig. 115).

JASE ! , ®t, 34 ; examined first on May bth, 1891 ; complaining
of weakness and headache. The ]'I;Li,'iernt. was confined of her fourth child
3 weeks ago, and appears to have had an attack of influenza a week ago. The

pulse beats regularly, but each second beat is relatively smaller than the first.

Krz. 113.—Sphygmogram of bigeminal pulse (Case 38).

A sphygmogram of the radial pulse shows it to be of the typieal bigeminal
form (Fig. 113).

The heart's position and size presented no abnormality. The sounds were
free from murmur, but presented a peculiarity Eu]l.l'"w]]li:-]]th]” to the pulse,
namely, after the first and second sounds of an ordinary beat there followed
rapidly on the second sound two sharp sounds. (I question if I could have
differentiated the sounds so exactly if I had not had the above sphygmogram of
the radial pulse to guide me.) The following day the pulse presented the same
peculiarity, no variation being detected. On the seventh and ninth the pulse
II'I"l":‘_i'l:"I]_t.{'l_l 4 seres of slow I‘:I"ll,i:'-i: with a short beat |'|N':|,.-iu1j;|]|].' j'l'l['d"]‘!]ll]lll'-l!l.t:, and
sometimes a few short beats occurring together. The patient was kept under
observation for several months, and the pulse invariably presented the features
of the pulsus bigeminus, as in Fig. 113. The patient removed to the country,
and I lost sight of her for several months. In May 1892 she was in the
elghth month of pregnanecy, and the pulse was quite lltL"lIFm there being runs of
small beats intermixed 1.1:1]1 the characteristic hlgm]mml f::lm. I E,uul-: o series

Frag, 114, — Hlp]]:lrg]]lr]g|';L1g] :.'I::l,‘r-,k'Eug mixed :-lrL‘!'_',c,:ll'I:ll."lLil."Fi (Caze 38).

of tracings on July 22nd, 1892. Some of these fracings showed a slow (44
beats to the minute) regular pulse ; others showed a bigeminal pulsation inter-
mixed, as in Fig. 114. :
On September 21st, 1892, the sphygmogram showed a series of quick
beats gradually passing into the bigeminal form, and also periods com-
posed entirely of the bigeminal form. Tracings of the venous pulse taken at
the same time, with the phlebograph, showed variations corresponding fo the
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pulse. These arterial and venous tracings were taken .~--|u.|l1x:|e-];.; Ll:.’ they bear
out the interpretation of Fig. 115. Subsequent _1-':-:-'|_-|";:11|--1|.-= on the drd and
&th of November 1892 showed that the pulse maintained the bigeminal form.
Fie. 115 was taken on the 6th of November from the left carotid and the right

Fie. 115, —Simultaneous tracings of carotid and internal jugular pulses during bigeminal
action of the heart. Corresponding with the lesser carotid beat there is a small auri
enlar wave & in marked contrast with the large wawves & in Figs. 107, 111, anil

112. Here there is also a ventricular wave ¢ after the smaller arterial waves ¢

Time in 3 seconds (Case 38).

internal jugular vein at the same time. If the relative time of the events be
carefully studied it will be found that the venous pulse follows accurately that
of the i_[l'l_ili'l'l,'—frl representing the auricular wave in the smaller beats, oceur-
ring as a low wave preceding that due to the carotid ¢. During all the time
that this l;-;|ri_|"|]‘| has been under observation she has been able to o0 about and
perform her household duties satisfactorily, nor did she appear to suffer from
the effects of her confinement. (I did not attend her in her confinement. )

=0 far the irrecularities of the venous ]-u]ru-. have <'n1'l‘L::-]mt‘.|-.1L‘ii with
those of the arterial pulse. In Cases 35, 56, and 37 the aurieular wave
Was |:Ell1|h'|.|.4'l|.1_'l.' ]i|]'-_I;L' at the ]u-l-iurl L-n!'1'r-'-'1m1|lii]1;_-' to the LLH'.:HILJEHJ.' small
arterial pulse, and in Cases 35 and 36 there is no evidence of a succeed-
ing ventricular wave. YWhat these facts mean I cannot yet understand,
and 1 :m-l'n'].".' call attention to them. In the succeeding b cases we
have evidence of a discordance in the rhythm of the right auricular, and
left ventricular contractions. (In all !.1-||Eu:l||i[i1}' the auricles eontract
together and the ventricles together.)

Case 39.—Female, @mt. 53 ; examined May lat, 1892 ; complains of great
‘-'n'iu’l]-'.I1|:'.-C:-'J shortness of Lr.-;.:E-., ;thl -.|1"|-r'---~:-'f||'.|, The Jl."|1;.|-1|l. ;::Hl_ I']lq_"u]n_:[l{r
fever when she was 20 years of age, but has suffered from no serious illness
smee.  she 18'a spare thin woman, with an anxious expression of countenance.

biGg. 116, — H]:|:_‘.'g‘.|ll’:l'_-_'l'.|1|: af radial '|-'1-.-C|': showing occasional ocemrrence of the I"i_'_‘:lf"l.lf:l.%]

1 .
puise (Lase 59,

The radial pulse is large and full, and presents frequent irregularities. A
sphygmogram shows these to be of the character of the pulsus bigeminus
(Fig. 116). For a considerable period the irregularity oceurs after every third
beat, and then a long period may ensue with no irregularity. There is marked
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capillary pulsation observed on the forehead after producing a faint blush by
rubbing. There is also present a pulsation in the internal and external iuuu]n':'
veins. When the heart beats regularly this pulsation is very slight, h:LLlilin'ing
the ecardiac irregularity, and synchronous with the small arterial pulse wave,
the jugular veins quickly pulsate to a great size. This large pulsation in the
Jugular vein 1s a very well-marked phenomenon, and could readily be timed

Fig. 117.—Tracing of apex beat (upper tracing) and of the right internal jugolar pulse.
In the apex beat every third beat (o) occurs earlier, is smaller, and is followed by a
long pause. In striking contrast each auricular wave (b and &) occurs at regular
intervals, At the time of the small apex beat the auricular wave is large (&), and the
arterial wave is obscured by it (Case 89).

as occurring only during the irregularity. A large number of tracings were
taken (now and also at subsequent periods), and they always presented the
features present in Fig. 117, where during the small apex beat the venous
pulse i1s very large. The heart is very slightly enlarged, and there is a diastolic
aortic murmur, heard also during the irregularity, but of much shorter duration.

The eonfusing element here 1s the fact that the auricular wave ¥
oceurs nearly at the same time as the ventricular systole and carotid
pulse. In Figs. 118 and 119, o, there 18 shown a discordance in the
time of the appearance of the carotid pulse, but not of the time in the
appearance of the venous pulse. That the large wave during the irregu-
larity was really venous could also be demonstrated by inspection of the
veins. Whenever the small radial pulse occurred the jugular veins
(which were easily recognisable in the spare neck) were seen to distend
enormously. The extreme height of the auricular wave during the
irregular periods I attribute to the following cause. When the auricle
is contracting the ventricle is also contracting (the earotid pulse and
the venous pulse appearing simultaneously); in consequence of this there
is only one outlet for the auricular contents, namely, back into the veins,
and therefore the venous pulse appears much larger. Such appears to be
the only feasible explanation, buf it searcely applies to the large auricular
wave in Cases 35, 36, and 37, though even in those cases there may have
been a diminution in the receptive capacity of the left ventricle. The
next case (40) appears to be of great interest, for if my interpretations
of the eurves be correct there is an actual occurrence of the aurieular
contraction after the ventricular systole, supporting the interpretation of
Figs. 117 and 119. The venous wave in Fig. 118 oceurs exactly at the
time of the carotid '|l|.E1:-il.‘. and rni;_"]u, therefore be assumed to be l'il'rl”:_m'
due to the carotid. But as a matter of fact the phenomenon is such a
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striking one to the naked eye that I entertain no doubt as to the
|,'|,I]']_'L-,|._',‘|_-.]'|1'H',‘-i of the identity of this wave with the jugular pulse—an
impression confirmed by two of my colleagues. It was not easy to
get, from this patient a tracing of the venous pulse, synchronous with
the carotid, inasmuch as the head had to be held 1n such a position to
vet a venous pulse as rendered 1t difficult to get the carotid at the
same time. In the Figs, 118 and 119 the venous pulse is taken at the

Right Int. Jugular,
' S - o

I i
E’, ; I||I

-—J",Ljaj

Carotid

LRSS [.Ik'.':l ||':_':".|.:I|'|.| Jl-

Fig. 118, —Tracings of the right internal jugular and caroti
carotid pulse is occasis -|.\LII1 irregular, but the auricular waves b and & preserve their
rhyt thm, The space F is unequally divided by the earlier oceurrence of a small carotid
pulse o, which is synchronous with the awdeular wave ¥ in the venous pulse
{Case 40,

same time as the carotid, and 'rLH]l-.IH-P-h [.hr}' do not show the events
very markedly, yet sufficient can be made out to recognise the independ-
ence of the auricular wave of the venous pulse and that of the small
beat of the carotid during the irregularity. In many of the sphygmo-
grams the interval between two regular beats exactly corresponds to that
interval of irregularity during which the bigeminal pulse was shown.
It frequently happened, however, that the small beat did not occur
always at the same period of time after the large beat. Thus the

Carotid

F1a. 119.—Tracings of the carotid and right internal il }-l.|~- 8. The waves & and ¢ of

the venous pulse really represent the auricular |||-| arterial waves when the carotid is

large. Where the carotid pulse cecurs earlier it is smaller (Fig, 117) amnd does not
show with the venous tracing. At such times the aurieular wave § oceurs after
the carctid, in contrast to what cecurs in Fig., 118, when the small carotid l'IL]:u-
was synchronous with the aurvicular wave &. The smaller carotid pulse o occurs
ralatively earlier than in Fi

(Case 39),

g. 118, but the aurieular wave preserves its rhythm

irregular interval F| in Fig. 118, exactly corresponds in duration with
the wrregular period # in Fig. 119. But the succeeding quick beat o
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of the auricular wave b being in marked contrast to the irregularity
of the apex beat at . The auricular wave 1iu1'i!1§__: the ventricular i]'t'l_-.f_:ll.-
larity is much larger than at
other times, as in some of the
foregoing cases.  After this
larger irregular wave also, there
15 complete absence of the
ventricular wave «. There
was only a faint venous pulse
present, not of sufficient size to
enable a fracing to be taken.

Fie. 123.—Simultaneous tracings of apex beat
(upper tracing) and liver pulse (lower tracing), 2 ;
showing the bigeminal action of the heart a, When the 1““""“1' was  next
with persistence of the regnlar rhythm of the l’.‘-?(ill!]l]LL‘.l_l, a week ]:HZL!]‘, 110k

auricular wave &, and absence of the ventri- il'l'L'il_:illil'l'i[."r' wias ]i['E:‘EL‘]lL and

the t.'lll;ll';_{l?l]]ul][i and |m[.‘:‘.a1l',h;u
of the liver had disappeared;
when examined three months later, there was no return of the irregularity.

The following case also affords some support to this view of the
independent auricular contraction :—

cular wave & from the liver lm];:{_- after the

lezsey apex beat (Case 41),

Case 42.—Male, ®t. 49 ; examined December 27th, 1891 ; complains of
weakness and shortness of breath, The patient has enjoyed good health until

Right Radial

Fic. 124.—Sphygmogram of right and left radial pulse (Case 42).

the last few months. He is a powerfully-built man of medium stature. The
pulse of the left radial is large and full and that of the right small (see Fig. 124).

There is marked pulsation at the sternal end of the sterno-mastoid musele,
and a tracing taken of this pulsation shows a large wave preceding the carotid
pulse. There is no pulsation in the jugular veins. The chest is barrel-shaped
and E'!nlﬂ|_1.'.=a|"r]:|:liu1i:-c, and the area of the heart’s dulness cannot be defined with
certainty. No pulsation is to be detected in the chest. In the aortic area
there is heard a faint systolic murmur and an aecentuated second sound. With
rest the patient’s condition improved, and he resumed his work. He was not
seen again till the 21st of March 1893. He still follows his work, but 1s some-
times very short of breath. The relative size of the two radial pulses 18 still
maintained, but now there is marked pulsation in both internal jugular veins,
and in the right brachial vein to the bend of the elbow. The pulse is occasion-
ally irregular (about every 20 beats), and the irregularity always assumes the
form of the pulsus bigeminus, in the numerous tracings taken (Fig. 125).

The chest condifion is much the same as at the first examination, save that
the second sound at the base consists of two !'Iil1'|.:-'-:, the first short and :-'I:-1I1.| the
second of a loud and booming character—the latter characteristic being heard
over a great extent of the chest surface and into the carotids; at the apex
there is a soft systolic murmur propagated into the axilla. There is no ab-
normal pulsation nor pressure symptom to be detected.
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always enjoyed good health till the last few years, when he has been more
breathless than usual on exertion, e is a medium- .~_.L..:u|l powerfull y-built man.
The ]Ju!:ﬂ ].»I. large, tortuous, and full, the arteries somewhat atheromatous.
At varying intervals there is a pause in the pulse beat, which usually beats

h JLEIIrI’ I‘lI' .

F16. 126.—Tracings of radial and jugular pulses taken together, showing persistence of the
auricular wave b during a pause in the arterial pulse (Case 43).

about 88 per minute. Oececasionally the pulse heats only between 40 and 50
times per minute, but only for 50 or 60 beats at a time. There is a slight
pulsation in the veins of the neck, which continues during the cessation of the

arterial pulse (Fig. 126).

The chest is large, capacious, and barrel-shapef, respirations somewhat
laboured—20 per minute. The lungs are markedly l']!l.i]]l‘r"‘-['ll“[ﬁll‘- g0 that they
entirely obscure the area of heart 11=I.]11|L-- There is no heart impulse to b
felt. The heart sounds are free from murmur, the first very faint and the
second accentuated in the aortic area. During the pause in the radial pulse no
sound whatever can be detected. There is no abnormality in any other organ.

Aside from the question of the independent contraction of the two
sides of the heart, these last 4 cases demonstrate the independent con-
traction of the auricles. It is, of course, ];_u:rmissihl{:, to doubt the
accuracy of the interpretation, and it may be possible to apply some
other explanation. I may state that in each case a considerable number
of tl'uc_-.ingﬁ were taken, and they all showed D.\:ul:‘-l-ly the same results.
This dissociation of the auricular from the ventricular rhythm has been
noticed before. Thus Chauveau?® gives an account of a ease of a slow
pulse beating at the rate of 24 per minute; but there was manifested a
pulsation in the jugular veins at the rate of 60 to 64 per minute, and in
the tracings obtained, corresponding with these pulsations in the veins,
there were slight elevations in the cardiogram, distinet from the well-
marked apex beat. In this case he considered that the auricle was
contracting more frequently than the wentricle. Experimentally, he
demonstrated a somewhat similar condition of things by stimulation of
the vagus. He assumed, and other elements in the case appeared to
favour the assumption, that there was some 1rritation at the root of the
vagus in his patient. Lépine® describes what he considers an anticipated

I Chauvean, A., “ De la dissociation du ;I']I:-'L]I]ILE: auricilaire ot dun rhythme wventri-
culaire,” Revue de Méd, 1885, p. 161,

- I..u'-]:im-, K., "Sur 'ecartement des systoles auriculaire et ventriculaire dans certains
cas de bruits de galop,” Compt. rend, des sdances et mémoires de la Socidld de biologie, 1882,

. 37,
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heard at the apex and in the axilla, and another of a different piteh heard over
the lower part of the sternum. At the apex there is also heard a murmur
during the diastole, but it
does not Tun up to the first
sound, and it is not heard
at the base. The abdomen

distended : the liver dul-
ness extends 2 in. below the
ribs, and pulsates distinetly
(Fig. 128).

The percussion note else-
where over the aldomen is
resonant, but fluetuation ean
be detected. Since the first examination the patient’s condition has undergone
varying phases—sometimes improving, sometimes relapsing, Numerous ohserva-
tions have been made, and a great number of tracings taken of liver and venous
pulses, with the apex beat, carotid, and radial pulses, and the same features
have been present throughout as are manifested in Figs. 127, 128, and 129,

The pulse was always irregular, often markedly bigeminal, and the venous

Frg. 128.—Simnltaneons tracings of radial and liver

pulses (ventricular type) (Caze 44),

Fra. 129.—Simultaneous tracings of carotid and jugular pulses during bigeminal action of
the heart, showing the agreement in rhythm of the arterial and venons pulsations
(Case 44,

and liver pulsations always oceurred rhythmically with the arterial pulse, as in
Fig. 129.

The peculiarity in this case is a little wave always present in the
VENONS ];.11]5:,[1_1 gometimes not Very distinet in the liver 1111|HE.‘, which pre-
cedes the main elevation. It has a quasi-resemblance to a small
anricular wave, but if aceurately timed it always agrees with the carotid

W
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R:Int.Jug.
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Fro, 180, —Simultancons tracings of carotid and .j'.'l_'_':ﬂ];'.l' pulses, showing |'¢||']';_'.d|_|r}]'||i|"-]'||'q' i
'II':".'LITIJH, but longer duration of the venons E||||:-'u' wave (Lase 44 )

pulse in time (Fig. 130). The beginning of the larger wave succeeding
this does not correspond to the closure of the pulmonary valves, nor is
there ever any indication of the presence of this event. I presume that

here, on account of the great distension of the venous system, as already
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noted, the contracting ventricle throws such a large quantity of blood
back into the veins that these are gradually distended. The continued
outflow from the ventricle distends the veins to their utmost, so that
when the pulmonary valves close the veins are maintained at the same
height of distension. It will be recognisable at a glance that the dura-
tion of the venous pulse is much longer than t,hc time occupied by
the ventricular outflow through the arterial orifices. When one pulse
succeeds another very rapidly, the small wave rises in height, some-
times very nearly to the level of the main wave.

(CasE 45— Male, ®t. 12. The report of this patient has already been pub-
lished,! and I need unh refer very shortly to the physical signs. There was a
distinct history of chorea and theumatism. There was evidence of great failure
of the heart, the diagnosis pointing to stenosis and incompetence of the mitral

Fie. 131.—8imultaneons tracings of jugular and carotid pulses. The venous pulse is of the
ventricular type (Case 45).

valves and incompetence of the tricuspid, with well-marked pulsation in the
veins (ventricular type) and enlargement and pulsation of the liver (Figs. 34
and 37). The patient died on August 25th, 1892, and in the post-mortem
examination the whole anterior aspeet of the heart was made up of the
right auricle and ventricle, both cavities being greatly distended ; the right
auricular appendix protr uded under the second left intercostal space, just
missing being pierced by a long needle inserted before the chest was ulum.d
in the second left space, half an inch from the sternum. The mitral orifice was
narrowed, admitting one finger; the segments of the valves were slightly
thickened and adherent at their free borders. The tricuspid orifice was greatly
widened, eagily admitting four fingers, and the right auricular appendix was
greatly thinned. The [l][ ural and peritoneal cavities contained a large amount
ﬁf serous fluid, and the liver extended to the level of the lltn}}t]IF{lE- and on
section [ummmng characteristic nutmeg appearances of eyanotic atrophy.

On two separate oceasions during the patient’s life, while under the
influence of digitalis, there was distinet irregularity of the pulse. The
discordance between the venous pulse and the heart beat has already
been commented upon in describing Figs. 99 and 100, which were ob-
tained from this patient. Tracings of the liver and carotid pulses taken
simultaneously during the occurrence of the bigeminal pulse do not
show the peculiar rhythm so accurately as it appears in the wvenous
pulse (Fig. 132); the third wave being absent from the carotid and

L Fournal of Pathology and Bacleriology, vol., i, p. 76 (Case 8).
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E'L'|-!'L'.=L*1L1|'|] by a somewhat indefinite rise in the liver tracing,

eAring,
however, in some of the 1

eats, a certain resemblance to the third wave

Fig. 182, —Simultaneons tracings of carotid and liver pulses (ventriculas

Ly pe T 4T
carotid pulse presents the bigeminal rhythm

, and wawves 1 and 2 correspond to waves 1
and 2 in the liver ]IIl!u.-: while the 5”1_1,, rfect liver wave 8 is absent from the carotid
tracing (compare with Fig. 99) (Casa 45).

in the jugular pulse (see Fig. 99). Oceasionally the pulse was very
irregular, and Fig, 133 shows the radial and liver pulses taken simul-

Fig. 133. —Simultaneous tracings of radial and liver pulses, showing greate
the liver |_|1L]h|.' (Case 45).

¢ frequency of

taneously, when several beats present in the liver pulse are absent in the
radial.

Casg 46.—Female, @t. 30 ; examined July 2nd, 1892 ; complains of great
weakness and shortness of |J:|.,1th. She is married and has 3 children, aged
11, 6, and 2 years respectively. ishe has had three attacks (never very severe)
of rheumatic fever -12, T, ‘and J years ago; the joints were never very
much swollen. Last November she had a L-'LFIl deal of pain in her feet, and she
has been ailing ever since, with palpitation of increasing severity, breathlessness,
and swelling of the feet. The pulse 18 quek, full, soft, and regular, 90 per
minute. There is marked pulsation of the auricular type in the veins of the
neck.. On rubbing the forehead and producing a red blush, marked capillary
pulzation is produced. The whole chest heaves with the force of the heart’s
pulsation. The apex beat is large and diffuse in the fifth and sixth interspaces
near the anterior axillary line. The heart's dulness begins in the left para-
sternal line at the .*-ul..l'.lltlll inters space, and extends ]_IF in. to the |'j_f_r]1[ and 6
in. to the left of the middle line. At the apex there is a short murmur
running up to the first sound, the latter being followed by a loud murmur
heard round over the back on '|:|-_:-”'| F-it]_e'::_ "L[ the base |3LI"|'I‘. 15 a diastolic
murmur, heard loudest over the second right costal cartilage, and propagated
dawn ;]je sternum. There is no ineresse in the gize of the liver,

This patient has been kept under almost continual observation, and numer-
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ous tracings have been taken of the venous and liver pulses. She has had
several relapses, and during these the liver frequently descends as low as the
umbilicus, and T'“l"'”' s markedly. Usually the venous and liver pulses present
the features ¢ hzlﬂLLm Iatm of the auricular type, and have been used as illustra-
tions in Figs. 4, 11, 28, 41, 45, and 52,

[n these tracings of the liver pulse it will be observed that usually
the auricular wave is larger than the ventricular, but I have oceasionally
found, when this patient is not so
well and the symptoms of cardiac
failure are more pronounced, that
the wventricular wave « becomes
the more pronounced feature, as in
Fig. 134

The tracing here represents the

: . : . Fi. 134, —Simultancous tracings of liver :
same features as the tracings in Fre. 134 "“_l__t'”“_““"’_t_"‘“"**“’” i'“_”_ f"'*%
radial pulses, showing the relatively

Figs. 56 and 78, from Cases 16 and larger size of the ventricular wave @
22, and, in this particular, forms a (Case 46),

marked contrast to the usual liver

pulse of the patient, as in Figs. 4 and 41. But the point most note-
worthy in this case was a remarkable transient alteration in the respective
rhythms of the venous, hepatic, and arterial pulsations. This occurred
on two separate occasions, while the patient was recovering from severe
attacks of cardiac
failure. The first of
these was noted on
the 5th of Septem-
ber 1892. When
examined on the
19th of August
there was evidence

of serous effusion In  Fre, 135, —Simultaneous tracings of pulsations in the right

the left f'.-E]E*Hi, and internal jugular wvein and ecarotid artery, Fi]l’:'.l'.'-hl"_t thie
the liver was pul- nsual features of the auricular type of venous pulse with
; the auricular depression x during the beat of the carotid

sating distinctly as
low as the umbi-
licus. By the 5th of September she had markedly improved, the effusion
in the chest was absorbed, and the liver still pulsating, projected but
slightly from under the ribs. On this date I first took the tracing
of the liver pulse, and the abdominal aorta at the same time (Fig. 45),
which shows the usual rhythm. But while observing it, the venous
pulse became very small and then increased in size. In order to
%J}Jlll'L'r.'i:lLu the change that had taken }_ﬂ;in‘., | :_[E‘-.'{:' here the nsual 1‘1|;:.'!.hm
of the venous pulse taken with the carotid (Fig. 135), which agrees in
character and time with the tracing of the venous pulse in Ilgk 4
and 11. The arterial wave ¢ is here found to be exaectly synchronous
with the carotid pulse.

pulse £ and £ (Caze 461,
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During the carotid pulsation due to the ventricular outflow. there is the
usual well-marked fall in the jugular vein &, due to the auricular diastole

n

¥ “U {]
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h fu.E.Jt:g.
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Frg., 186, —Simultancous |_'|':'||'i]|_=_:- of | ilsations in the rizht internal .'EI,;,I'_I'I'_I_,II' vein and in the
carotid artery. The time of the events differs from those in Fig, 135, inasmuch as here
there 1s now a |'.:-f_"}| WATE () l|1|,'|"i'||-_; tha |'|'|'i|..i of ventricular systole £ (Case 48).

E, lasting during the ventricular outflow £. The other features are
recognigable as those belonging to the auricular form of the venous
pulse. But during
this lwrzucl of altera-
ion of rhythm a
t t rhytl
marked change took
place. Fig. 136 re-
presents tne carotid
pulsation taken at
the same time as the
]ll1]H;L1.ic|]| in the
right internal jugu-
. e : T _ lar vein. It will be
Fic. 137.—Simultaneous tracings of jugular pulseand apex beat, oo faps :
alhiowing a ']L'k""'*‘i"“ in the venous |1111:=|- during the time of S@EN 1n this [_"“f‘n\:—f:'
the ventricular systole £ and £ (Case 46). l.]!ii:. I]II_! ]Ji‘!l'l”ll ¥k

of the carotid pulse

|-|-r1'l-.~a'|:-nt|i1h now to a ]-i'-tiuu] of elevation & in the venous ]Jll]:ﬂ', The
great depression in the venous pulse
AN ."] P [ now oceurs before, in place of during the
NIV |V Wl carofid pulse and ventricular outflow.
| ¥ j,'l l._ fﬁ?; This difference is still more apparent in

' RtIntJug. : some other tracings, Thus in tracines
o e . 2 taken on August 19th, when the patient's
: condition was very serious and the venous

pulse well marked, the vencus pulse pre-

sented a H]ut]u! somewhat akin to that
Fie. 158, Simultancous tracings of duarime the ]‘_ui-t‘illll of arhythmia. In ]I':'
":.." ar T lap il || Aty b |} '\-\.] DYy = £ b - i
URIEAr D0 and of "0 137, where the jugular pulse was taken
ing a4 wave in the venous lu‘:l]-u' : ;
during the time of the ventricular @1 the same time as the apex beat, the
aystole E and B (Case 46). period of ventricular outflow through the
arterial orifices shows a depression &

in the venous E|i|:,~:|: -|}|:-i[]::1' the same 1||'L'§||il of time in the apex beat £
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On the other hand, in Fig. 138, taken during the arhythmic period,
the venous pulse shows a distinet wave & during the period of ventri-
cular outflow in the apex tracing &

During this period of arhythmia the liver pulsation had also under-

Fre. 130, —Simultaneous tracings of carotid and liver pulses (auricular type) (Case 46).

gone some peculiar change. Fig. 139 shows the usual form of the liver
pulse taken with the carotid.

This was also the condition of the liver pulse when the first tracing
was taken just before
the arhythmia began

(see Fig. 45, which

was taken at this time). [ Carotid

PBut the form of the

liver pulse had to a ' o -
great extent altered, as ¥ o g, FatP

iz shown 1 Fig, 140,
where the carotid and Fro. 140, —8Simultaneons tracings of carotid and liver pulses
the liver pulses are daring the arhythmic period (Case 46).

taken at the same

time; and in Fig. 141, where the liver pulse and that of the internal
jugular vein were taken together.

[n this instance the peculiar arhythmic condition lasted for 2
days. During this time I took a large number of tracings. As the
meaning of the
change was at the
time inexplicable to
me (for that matter
it is 8o still), I exam-
“ined my apparatus
carefully to see that

it was not at fault,

and took every pre-
caution to ensure Fic, 141.—Simultancous tracings of jugular and liver pulses
ACCUTACY in the ob- during the arliythmic peried (Case 46).
servations. For that

purpose 1 took numerous tracings of all forms of combination of apex
beat, carotid, venous, and liver pulsations, but all with the same result.
On the 7th of September (2 days after the first appearance of that
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a tracing, on account of the thickened abdominal walls. Numerous
tracings were taken, and they always presented the features observed in

Fie., 142 —Tracings of jueular, carotid, and liver pulses, taken at the same time as the
& Jug 3 : | i
radial. @ represents the ventricular wave, and & probably the auricular wave, and 2 the

auricnlar depression (Case 46).

Fig. 142, Here it will be noticed that the main portion of the venous
pulse @ occurs at the same time as the radial pulse. There 1s a
rounded elevation b after the descent has begun, followed by the great
depression x. In the liver pulse the wave occurs practically at the
same time as in the venous pulse; but the two waves are not clearly
differentiated. It will be seen that in character and time the venous pulse
here somewhat resembles the liver pulse in Figs, 140 and 141. The
venous and liver pulses remained thus until 23rd July, when the pulse
rate fell to 84 per minute, and the events in the jugular and liver pulses
becoming more widely separated the individual features are more

¥ 5
I [I EEET 1T |Ir

Fie. 143, —Simultaneous tracings of jugular and radial pulses, showing small auricular

waves and lares ventricular wawves (Caso 46),

amenable to interpretation (Fig. 145). There is a small wave b
unmediately preceding the arterial pulse, and therefore due to the
auricle. Following this is the ventricular wave, divided into two parts,
One '!.'-'FI]]‘.'*:iH[-i.]I:!_[ of two wavelets near the same level as the :mt']'::‘t]hl,r
wave, and a high portion appearing after the auricle and great veins
are fully distended. The wave due to the ventricular systole, after the
closure of the pulmonary valves, is probably represented by the latter
of the two small waves seen on the summit of some of the lJi;‘]l WaAVEes,
The radial pulse had become very small and weak, and there was some
difficulty experienced in getting a tracing, and those obtained do not
show the different parts with sufficient distinctness to enable me to
speak with eertainty.
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The liver tracing shows practically the same features as the venous
(Fig. 144), except that the auricular depression is more marked, and in
['l-'[]HlHJ_].lL't]':'-l:ﬁ i]lﬁi'l,‘
is an absence of
the first part of the
ventricular wave.

Next day the
pulse had become
YELY !'u]ml, and
both jugular and

Frc. 144,

simultaneous tracings of liver and radial pulses
{Case 48).

liver pulses presented characters similar to Fig. 142. On the 27th July
the pulse was quieter, and the auricular and ventricular waves appear
separate again, the highest wave being broader, and bearing two small
Waves Hlpul'rllu-] ]“."" il .L-.:'l:__fhl, Lli!}]l“[!i—i':-'.'ll.l]]?Eingif}'i]l"__[, ;u':_n]rrlh]}‘, the time
of the closure of the pulmonary valves.

This patient’s pulse hitherto had been always regular, but it so
happened on the 23rd of June, when Fig, 145 was taken, while the
patient was holding her breath, in order to facilitate the taking of
a tracing of the liver pulse, there occurred a few beats presenting the

Fi1g. 145, —Simultaneous tracings of liver and radial pulses during bigeminal action of the
left heart. The liver pulse maintains its uniform rhythm during the period of irregu-
larity (Case 46).

bigeminal form of pulse (Fig. 145). The liver pulse is not very evident,
but it can be observed that it maintained its wonted rhythm during the
period of irregularity of the radial pulse.

On 30th June the patient’s condition had become very serious. She
suffered from great dis-
tress in breathing, with
pain in the abdomen.
The respirations were 52
per minute, there was in-
cessant cough and bloody
expectoration. There was
FFic. 146.—Simultaneous tracings of jugular and radial dulness of the base of the

pulses, when the heart was rapidly failing, Tha

left lung, accompanied by

inspiration. There are also changes in the radial pulse. tubular 5'1'13i11]151t14f, and

Pulze 100 ; respiration 51 per minute (Case 46). numerous moist riles.

The pulse was 100,and the

jugular pulse presented features similar to those seen in Fig. 144, except
that the auricular wave disappeared during each respiration (Fig. 146).

auricular wave disappears in every second beat during

































