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THE CLINICAL POLYGKRAFPHA 13

oraph 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 idea of the relative time), and, before the paper

has entirely passed through, stop the cloek-work, remove the
tambour, and obtain a full -sized tracing of the radial pulse
(Fie. 4). Or the venous ]m].ﬂu may be taken a little behind the

Fio. 4.—The frst part of the tracing shows the venous pulse I

(apper tracing) taken at the same time as the radial p
being stopped, the receiver was applied ower the carotid
carotid ar
f the polygraph removed, and the full effect of the rmdinl po
partian.

tery, and &

ulial pulses taken. Again the clock-work was st d, and the

radial and the wvarious events disentangled. For accurately
estimatine the time of the events 1t 1s advisable to take on the
same paper a few beats of the carotid pulse. For convenience
of study more events ean be readily recorded within the limits
of a short sphygmographic paper; and a record of apex bheat,
VEeIlons, L':H'I:lfd, and liver 13:]]:-'|_'.-: ay be taken at the same time
as the radial sphygmogram (Figs. 4 and 5).

o

Fig. 5.—Apex beat, carotid, right iuternal jugular, and liver pulses (upper tracing) taken

* 1 i ¥ 1
al The sanme Cine &

When a long tracing is required (as, for instance, in noting
the movements of the two sides of the heart in cases of occa-
gional irregularity), a tracing paper one or two feet in length may
be employed.

This instrument 1s also capable of registering the respira-
tory movements at the same time as the radial 11'.1].~'1'. The
receiver is placed over the episternal notch, or above the clavicle,
the inspiration then causes a depression in the tracing (Fig. 6).



14 SINSTRUMENTAL METHODS OF EXAMINATION

Or a bag tied round the chest or abdomen may be used as a
receiver. Inspiration then causes an upward movement in the
tracing (Fig. 7).

The improvements in physiological instruments have Leen so
great during recent years that air transmission and the elastic

Fic. f.—Simnltansous tracings of the mespimmtory movements and the radial pnlse, from o case of
bronechitis with laboured breathing. The rise in the tracing is due to expiration, and the fall

to inspiration.

tambour method as here employed are not considered reliable.
While in regard to the more minute details such an objection
may be well founded, yet, so far, it iz the only method that

has been practicable in this research. It would be absurd to
reject the results obtained by instrumental methods because of
the shight 1mperfection of the instrument. Doubtless in time

improvements will be made and more reliable methods devised.
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Fia. i elMNIlANeons tracings of the il _‘.-'.|.-:' and of thi Fes[nrnt TV CUrve, |_|||- IRLLL

wis tiken by means of an elastic bag tied firmly to the chest.  The rise in the tracing is doe

to inspiration, and the fall to expimtion.

Perfection in this or any other matter is only reached by stages.
Recognising the possibility that I might get tracings so vitiated
by the defects of the instruments as to render my observations
valueless or ;Ini:«;h-s!l|[l|_~_"J [ made a Icl]'f_ft‘ number of control
observations in different ways. In some cases I pasted long
straws over the moving veins, and had the movements of the
straws directly communicated to the revolving drum. In other
cases I devised a light spring with a lever attached. The spring
placed on the veins moved with the venous pulse, and the lever
inscribed its movements on the revolving drum.  Practically









ARTERIAL AND VENTRICULAR PRESSURE L7

The arterial pulse being due to the ventricular systole, there
will be a correspondence between the ventricular and arterial
pressures during that period when the aorfic valves are open.
In Fir. 8 tracings of the aortic pressure and of the pres-
sure within the ventricle were recistered simultaneously. In
the tracing of the pressure within the ventricle the diastohc
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Ventriecle
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Seconds
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worta, during ] i

T pomis 1 1 ] the 3@ o

threa period ), the presphygn y
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period ends at 1. The pressure within the ventricle has risen
.~;]1'_-_;'|=.l]l‘r by the accumulation of blood within the wventricle
due to the aurieular systole. After 1 the pressure within
the wventricle rises suddenly, due to the beginning of the
ventricular 3‘11\'."1':,|l'|l.', [t iz still below the pressure within the
aorta, which in the ':I'-'!"i!]'_',' shows a H‘1--:|I|_\' fall 1in [Pressure
till 2. The period 1 to 2 represents the presphygmic interval,
t.2. the periodd between the beginning of the ventrieular
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THE INFORMATION DERIVELD 19

contents into the aorta, and another (&, Fig. 9) during which
the aortic valves are closed and the ventricle is in diastole. For
the sake of convenience
in deseribing sphyg-
mocorams these two
]u-.t'iur,l:; will be referred

to as the systolic and

diastohe |+L*1‘§uc_lh', il-

[Fig. 8.—8phygmogram of the radial pulse. The space & 08

1.h';.|'|.|.';.‘_']|. i” ‘[_]“n space i the periosd of ventricular syst when the anortic valves
o ; are open ; the space & the peri [ ventricular diastole ;

I.I:]'i" P]'t*HIlli}'F_']lllL' :11|-':~1 g is the pulse wave dus to the venbricular systole | w the

aortic voteh, o the dicrotic wave ; and p wave dui toin

postsphygmic periods
of the ventricular
systole are included (Fig. 8). The character of the systolic

atrimental defect.

pi_:l‘t.iuli varies Very much in different individuals. These
variations depend mainly on the amount of resistance offered by
the arterial blood pressure to the venfricular hzu'.‘*E.ll]i'. In such
a tracing as Fig. 9 there is first an abrupt rise, p, then a fall
followed by a continuation of the wave, 5, at about the same level.
This period is usually described as being divided into two, the
abrupt rise being spoken of as the primary or percussion wave,
and the latter pl.-HEcln as the tidal or lll't"ll-'l'l:'ﬂl.ii' Wive :;_”H'
papillary wave and outflow remainder wave of Roy and Adami).*
This division has led to the idea that these represent two
different events in the pulse itself. As a matter of fact the
abrupt rise p above the level of the wave s is due to instru-
mental defect, and the whole period % is oceupied by the
ventricular pressure forcing blood into the arterial system, and
corresponds with the period £ in Fig. 8. In cases where
the arterial pressure is low relatively to the strength of the
ventricular H}'H[l:-h": these two waves are so blended tocether that

the so-called percussion and tidal waves can no longer be differ

entiated (Fig. 10). T

ie whole of this period, %, in the tracing
will hereafter be referred to as the 8y stolic 11&-1'im|_ and the wave.

s, as the systolic wave, as it represents the period of ventricular






THE ARTERIAL BLOOD PRESSURE 21

frequent is the formation of a notch on the tracing of the
systolic wave due to the sudden fall of the spring after being
jerked high up, as in Fig. 11. Oce: asionally one finds the aortic
noteh -11[-]11:.L:L”T1IlL]H’_,]'Ii‘ll by the sudden lowering of the pressure,

as in Fig. 12.
3 15 Conclusions drawn  from the study of instrumentil
defects— As instrumental defects oceur on account of sudden

and forcible changes in the arterial pressure, we can draw cerfain
inferences from their appearance. Thus a sharp rise high
above the systolic wave proper indicates a ventricle contracting
against an arterial pressure low in relation to the strength of
the ventricle. The ventricular systole may be so forcible that
the upstroke is uneven at the top, becaunse the lever was not

Fig. 12, —The forcible changes in pressure have cxaggerated the height and depth of all the

Wi VEs.,

pushed up by a continuous pressure, but jerked high by a
sudden and strong pressure. This is well seen in Fig. 11,
Here there was a temperature of 103°, with a pulse rate i' 16.
The pulse was rather firm, but the heart was acting powerfully,
stimulated no doubt by the high temperature, Similar instances
are often found in eertain cases with aortic regurgitation, with
atheromatous arteries, and especially with febrile execitation of
the heart.

§ 16. The character of the arterial blood pressure as revealed
by the sphygmogram.—In order fully to appreciate the sigm-
ficance of the change in the sphygniogram due to variation in
the arterial pressure, it is best to study individual pulses where
changes have been observed whose Tmport can be recognised
with certainty. If we fake a series of fracings from a suitable
case we can watech the gradual rise in the arterial pressure
which proceeds paii passu with other symptoms that testify to
the patient’s gradual recovery. This is very manifest in febrile
complaints, and illustrations will appear in the section dealing



22 INTERPRETATION OF A SPHYGMOGRAM

with the febrile pulse. The following series of tracings was
taken from a case of acute dilatation of the heart, where, after
the first ||it_'~', the rize of temperature ceased to 1-|.|]||}|]i1,';t!_|_! the
observations. On  the first -1:11".' the observation was made
the artery was large and full, and the impact of the pulse on

The tracings 1318 show a grauloal inerense of arterial pressure coineident with diminution

if the eardiae dilatation.

the finger sudden, of little strength, quickly subsiding with little
resistance to the compressing finger between the beats. In the
tracing (Fig. 13) there is an abrupt rise indicating little
resistance to the ventricular systole. The lever is jerked high
up, and its fall is slightly interrupted by the systolic wave at s.
After this the fall is continued very low, with such directness
that one can infer that the pressure in the arteries has fallen
rapidly. The slight wave d is the small dicrotic wave, and it 1s






24 INTERPRETATION OF A SPHYGMOGRAM

second, that with the restoration of the arterial pressure to the
normal, the situation of the aortic notch rises, hut that the size
of the dicrotic wave diminishes. These changes in the pulse
were coincident not only with the marked improvement in the
patient’s condition, but with the demonstrable reduction of the
greatly increased venous pressure. This case illustrates in so
striking a manner the connection of the arterial with the venous
pressure that I have recorded it at some length in the chapter
on acute dilatation of the heart (Chap. XXIV. § 209).

8 17. The significance of a well-marked systolic wove—A
well-marked systolic wave implies that the resistance of the
arterial pressure opposed to the ventricle is considerable, but
it does not distinguish between a strong ventricle opposed to
high arterial pressure, or a weak ventricle opposed to an arterial
pressure actually low, but high in relation to the strength of
the ventricle. Therefore, though the presence of a well-marked
systolic wave may indicate a high arterial pressure, it 1s not
necessarily an evidence of that condition. Thus in Fig. 19

Fro. 18, —Asthenic tvpe of pulse with well-marked systolic wave g, and only a faint indication ol

Lhe dieratie wWinve o,

the systolic wave is very distinet. Nevertheless the pulse here
was extremely soft and compressible. It will be noted, however,
that there is only a very small dicrotic wave, and 1t is very
low down. One therefore places more reliance on the position
of the aortic notch and character of the dicrotic wave than on
the character of the systolic wave, for the evidence of the arterial
pressure in the sphygmogram.

§ 18. Zhe significance of dierotism.—With extreme lowering
of the pressure the dicrotic wave becomes scarcely perceptible,
as illustrated in Fig. 13. TIts absence in certain cases is an
ominous sign, as at the beginning of pneumonia. The presence
of a dicrotic wave is evidence of the retention of an important
amount of arterial pressure. Its relation to the arterial pressure
may be illustrated in several ways. Already, in Figs. 13 to 18,



SIGNIFICANCE O0F DICROTISM 2

LAl

I have shown this, and it will be again demonstrated in dealing
with the febrile pulse. Here I shall demonstrate it in two
curious ways. In the one case the sphygmograms illustrate the
increase in the size of the dicrotic wave, with inerease in the
arterial pressure, and in the other they illustrate the increase
in the size of the dicrotic wave, with lowering of the arterial
pressure. A male aged thirty-six was being examined, when he
fainted. As soon as the pulse became perceptible 1 got Fig. 20.

FiG. 30, —Pulse of extremely low arterial pressure, from a man unconscions during an attack of

He was still unconscious and very pale. Five minutes later he
had recovered consciousness, and a free perspiration was breaking
I =

out, and I obtained the tracing Fig. 21. The whole pulse beat

Fia. 21.—Pulsa of low arterin]l pressure from the samn

retnrning, and them is now shown o marked rise in the systolic and dicrotic waves

15 increased in size, and the dicrotic wave, which 18 scarcely
perceptible in Fig. 20, 18 a well-marked feature in Fig. 21.
This illustrates the increase in the size of the dierotic wave,
1I||I.-j1i| i]l'l'"l'f‘-.-IHE,". ir] I]II' .El_l";,'i"]'i.il_i ]?]'I'HH'LI_]'I!'_

Fig. 22 is the tracing of an irregular pulse, where the
ventricle has contracted with unequal force.  When the ventricu-
lar contraction was strong the systolic wave (s) is well marked,

- J‘t..!.'l £d’ N
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Fig, 22.—Tracing of an irregulnr pulse showing o small dierotic wave, . after a full vent

systolle wave, 5 when the arterial pressore is | ued @ Jarge dierotic wave, o, after an

mperfect systolic wrve, <, when the arterinl pressure is low,
and the aortic noteh () small and high above the base line,
indicating a considerable rise in arterial pressure. When the
ventricular contraction was weak the systolic wave s’ is low, the

dicrotic notch »' is ‘fl"';h. |"-“-|"hill:_;' oftenn to the base line, while
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the dicrotic wave d’ is much increased in size, indicating a
remarkable fall in the arterial pressure during the il‘l‘l'.‘gliliil'
period of the heart’s action.

N 19. The significance of hyperdicrotism.—When the aortic
noteh, n, forms the lowest part of the tracing, as in Fig. 23, the

s B 1 A
Hlill""lllnl\l'df ||III | |~” |||‘"||I |||.I |fl.| |I| f | A II II I".,' |I|-.I | |'|

|‘l‘i'l'

T

Fro, 28, —Tracing of o hyperdicrotie pulse.

pulse is spoken of as hyperdicrotic.  This is not of necessity
due to any extreme lowering of the blood pressure, for the
rise after the aortic notch is due to the dicrotic wave, which,
as I have said, is an evidence of a fair amount of arterial
pressure. Hyperdicrotism is, as a rule, merely an evidence of
a quickening of the pulse. The increase of pulse rate occurs
mainly by the shortening of the diastolic period. When this
shortening goes so far as to cut the descending limb of the
dicrotic wave before it has reached the level of the aortic
noteh, then we have what is called hyperdierotism of the
pulse. If is therefore, properly speaking, not due to an increase
of the dicrotism, but to a quickening of the pulse rate. That
this is the correct interpretation is evident from the study of
Fig. 24, In this pulse the speed varied considerably, occasional
slow beats occurring, with beats of great rapidity. When there
is a slow beat it will be noted that the pulse is markedly
dicrotic, the tracing sometimes falling below the aortic notech
at the end of diastole, as after the 14th beat of the tracing.
[n the first beat of the tracing the arterial pressure, before

Fro. 2. —Tracing of an irregular pulse, illustmating the production of by pendicrotism by increase
of pulse rata,

the beginning of the beat, is nearly the same level as the
gortic notch. In the following beats there is gradual inerease















THE APEX BEAT 31

against the chest wall.” It is usually felt _iu thu-_ fifth left
interspace, immediately inside the nipple line in healthy :uluhﬁ.
It may, however, be situated in the fourth i]ll.-;‘l'Hll'rL{Ll‘,:11|.<.1I_ :Jut.a'ulﬂl
the nipple line in children and in some ;n'iult-:-'._ In ILl]:iL‘:L‘:'-[: of
the heart it alters its situation with the increasing size of the
heart. This forward thrust only occurs when the left ventricle
is in contact with the chest. As will be shown later, a move-
ment of another description occurs when the right ventricle
constitutes the so-called apex beat. That the apex beat due to
the left ventricle is a distinet displacement of the heart forward
can be recognised by the senses of touch and sight.

During the whole time occupied by the systole of the ventricle
the apex is usually kept projecting into the interspace, so that in

Apea helor

AN Ly

J E | Carotid
e A ¢ T W _.i.-' e M “
| £85econds

Fro. 25, —Simultaneons tracings of the apex beat and the carotid pulse, showing the * systolic

platean ” in the eardiogram during the cutfow foom the ventricles (£°).

such a tracing as Fig. 25, the lever taking the tracing 1s kept
raised during the whole time of the outflow from the ventricle
(space E'). If the left ventricle is much hypertrophied, the
same movement can sometimes be detected in two or three
interspaces. If the interspaces be fairly open and the chest
wall thin, and the tip of the finger be thrust into the third or
fourth interspace near the sternum, the right ventricle can be
felt ]::11':lt1t1i1]:_=5, and 1'{'1|1:1'Lr|51|:_f thus hardened 1n contact with
the finger during the whole period of the wventricular systole.
It eannot, however, be averred that in this case there 1s a forward
thrust. The heart here is always in contact with the chest
wall, and the finger pushed into the interspace during the diastole
in all likelihood impinges against the lax ventricular wall. As
soon as the ventricle hardens, the finger recognises this hardening
as something pushing against it. This sensation of a thrust is
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sometimes actually synchronous with an indrawing of the soft
structures filling up the interspace (Fig, 30).

ﬁ 25 J'r;'h':'."JH.r‘r"fr-’h'rri'.! 4;,."' . .";'mra':#;,r r_rf' an apexr beat due to
the systole of the left ventricle. —A tracing of the apex beat or
cardiogram is a diagrammatic representation of : () the forward
movement of the apex of the heart while the ventricular muscle
18 beginning to contract (space D), Fig. 26); (b) the retention of
the apex beat against the chest wall while the ventricles are
emptying (space &, Fig. 26); (¢) the backward movement of
the apex of the heart while the ventricular muscle is relaxing
(space F, Fig. 26); (d) and the gradual swelling of the ventricle
during diastole (space @, Fig. 26).

(e) The ;-'-:'x'."rlrl'r eIJ,ul" a'rix.'_rj'nrwrrf.i'..'.llr; contraction of the ventricular
muscte (space D), Fig. 26).—(This period corresponds to the

Apeax Beat

Fug, 26 —8imultaneons tracings of the apex beat and of the pulsation in the pulmonary artery.
into systole (1N, emptying
15 the small wave due to the auricular systole. While

was rapidly rotated. The letters I, E, ¥ have rafer-

Ry
Ihe letters re

present the time during which the ventricle is passir

(E), relaxing {F), filling (7). o mepres

Liis tracing was being taken the eylin

ence to the same periods in the cardiac revolution as in Fig. 5.
presphygmic interval in Fig. 8.) During this period the
pressure within the ventricle is rapidly rising. The auriculo-
ventricular valves close as soon as the pressure within the
ventricle rises above that in the auriclee As scoon as the
pressure in the ventricle rises above that in the aorta and pul-
monary artery, the semilunar valves open. This occurs at the
end of the [H']'[utl i H;:- 26, and 1s l:h'nel]]}' indicatedd Il;l.' the
abrupt termination of the upstroke.

[n Fig. 26 simultaneous tracings were taken of the pulsation
in the pulmonary artery and of the apex beat. As the begin-
ning of the pulse in the pulmonary artery indicates the opening
of the semilunar valves, so it is found that the end of the period
[} corresponds exactly with the beginning of the pulsation of
the pulmonary artery. When this figure was taken the cylinder
was rotated rapidly in order to separate the events as widely
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as possible. When the eylinder rotates at a !-\.Eﬂ'l.'-.'l."t'. rate, this
period 1s represented by an almost perpendicular line (Fig. 27).
[+ will be noted that the termination of the upstroke corre-
sponds exactly with the
111';ilj1li1|; of the out- ApeaxBeat

flow of the wventricle . '

| These (A

into the artery. These

tracines were taken

. =5 e gy

from a lad suffering I~ -
FPulmonary

from phthisis of the
left apex. The lung
had retracted from the
heart, and through the
thin chest walls the various movements of the heart could easily

the pulsation in the pulmonary artery. he loBbers

have the sune signiflance as those in Fig

he observed. In the second lett i[IE.l'l'.*tuu'v there was a marked
pulsation. Tracings of the pulsation, taken at the same time as
the carotid ]:Lll:-:t', left no doubt as to its being caused by the

Carotid

S J"_'WW

nanaryAriery

]rlllmulull'l\.' arvery '|"ij;. L’h:.'. It will be noticed that the carotid
pulse appears just a very little later than the pulmonary. Here
also after a few beats the cylinder was rapidly rotated with the
hand to separate more widely the different events.

"-",:'. The I,r:r'."."uu" r:,u" ventricular r-.'-'-‘:."l'lru'f' 'i.'-"l.ls'l['l.' .I'I'.»I‘ ll_, :.f'.;:".—
l':TJ';[:ﬂ ]n't‘iu':[ :-.m'r'i,'re]:|||1||1.=' with the th:.'mnir or lulll:-cr interval
in Fig. 8.) When the pressure in the wventricles exceeds that
in the aorta and pulmonary artery, the semilunar valves open,
and the blood flows out from the ventricles. During this period
the apex is usually kept stationary, protruding against the chest
wall, and in many tracings (as in Fig. 29) it is shown by a
t':li]']:..' level line—the :«"".'.%1-|]iv ' [lliHl';Hl." In ‘='lil[!I.' of a ||.HE.[I:"!H'|].
top representing the period of ventricular outflow, the tracing
may continue to rise .:r_:ir-l in ["i_-_-;, 29), i]ll]il'iIIi[IIU" that the ventricle
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T l't'lrl'i_‘,ﬁl'lt[-l.'ii there is occasionally found an abrupt though
—d : o . - g .

slicht rise immediately preceding the beginning of the ventricu-
lar svstole (s, Fios, 206 and 24 ). I'his is due to a sudden

cnerease in the contents of the ventricle by the contraction of

the =auricle.

Apeox Beat

platean * and the samall wave (o) due to the suricular systole
tracing is obliterated by the movement of inspiration.

§ 26. Relraction rI-)" Efflﬂ'fJEff-Ja.-'.j structiuses 1n the n'I-"J."IF.l'I-'"..'J'i"“"-"ln'"""l'r
of the heart during the ventricular systole—When the ventricles
expel their contents they must of necessity shrink. This
shrinkage occurs abruptly, and with considerable force. The
yielding tissues in the neighbourhood of the heart are dragged
upon, and evidence of this 1:.]‘;|5_{'_l!§]|:_~ can be obtained from a
variety of sources. John Hunter® originated the idea that the
systole of the wventricles would have a tendency to produce a
vacuum, and thus |;=x].q-|1i1p the flow of the venous blood 1nto the
chest. Evidence of this “cardiae aspiration” affecting the lungs
has been obtained by a number of observers. The observations
of Mosso® and of Delépine " of the movements of the column of
alr 1in HH' 1':'..4]351‘:![11!‘].' passages, |]|u' Lo 1||-.- cardiac ;Lh]-i:';lliw:I,
f.'lJ]‘t'L'Hpunli 1'.‘-25[1'[]}' with these [I';u-ih_u.q obtained from the praecor-
dium (Fig. 30), from under the liver (Figs. 31, 32, and 33), and
from the epigastrinm (Figs. 34 and 35).

| 30, I
Wit uppar trucing was taken fromm the apex beat in the fourth interspace
the nipple, while the latter part was taken in the swme NLErSCE Hnent
¢ Aternuni. In the first part the eandiogram shows taysh lic mlntesig ™
i ottfow CF, i the otle: ||..|! Liie Y |'-_':..:|| AR L L '.:|-!|-|- !

depression during this period (A
£

The tracing Fig. 30 demonstrates this drawing in of the
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tissues in the intercostal spaces over the heart. Tt was obtained
from a boy aged fourteen. The apex beat was well marked
in the fourth interspace outside the nipple. At the same time
that the apex was thrust outwards the skin and subeutaneous
tissues over the same interspace inside the nipple were drawn in.
In Fig. 30 the tracings of the apex beat were taken simul-
taneously with the radial pulse for four beats. The clock-work
was then stopped, and the receiver, which had been applied over
the apex, was placed over the pracordium inside the nipple, and
the “inverted cardiogram” of the last portion was obtained.
The space £ represents the duration of the outflow from the
ventricle ; and this peried, which in the apex tracing shows a
flattened elevation, shows a great depression in that obtained
from the front of the heart. The ascending limb of the apex
tracing corresponds to the period during which the wventricle
1s contracting (space ), Fig. 26). This period in the inverted
cardiogram 1is represented by a slight rise, due to the shock of
the contracting ventriclee No blood as yet has escaped from the
ventricle. As soon as the semilunar wvalves open the blood
rushes out of the ventricle, the ventricles diminish in size and
suck in the yielding tissues of the interspace, and cause the
oreat fall, as represented in the
inverfed cardiogram (space £, in
the latter half of Fig. 30).

8 27. Liver movemenis due lo
cardiae aspiration—Not only can
this aspiration be demonstrated as
affecting the pliable tissues im-
mediately in contact with the
heart, but in suitable cases 1t
can be shown to produce a dis-

Apex beat

tinet excursion of the liver. All
writers referring to this movement
of the liver speak of it as a down-
ward thrust during the ventricular
Fio. 8l.—slmultaneons tracings of the apax H}'HLHIE"_ Clareful 1.!"-'11‘1']1}.’;4"- demon-

beat and of the movemesnt of the liver,

under Liver

When the ventricle smpties the liver is sirate T"]l'El't' tl‘”'* movement 18 1!11]‘.1.‘
drawn up, and this canses the fall in the “[' lll.‘." ”131){*5-“'!" natura—1=%5t 18 &
Lracing. ‘ : :

f the liver during

2 the apex beat 13

drawing up
the ventricular systole. In Figs. 31 and
taken at the same time as the movement of the liver.

i
b
()
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The apparatus taking the liver movement being applied to
liver upwards

the under surface of the organ, a retraction of the

corresponds with a fall in
; Apex beat

the tracing and wviee versd.

It will be seen that the |' l
movement of the liver up-

wards takes place during

the ventricular systole, \

while the downward move-
ment 18 due to the diastoli
filling of the ventricle. In
Fig. 33 the movement of

the liver is recorded at the

same time as the carotid
pulse. It is seen that as
goon as the carotid ]:l!]-»'l- appears, the liver is drawn up, and
remains there until the end of the ventricular systole, atter
aradually falls down I do not mean that the

=

which the hver
pxenrsion of the liver 1s one
—— of considerable extent, but
the movement is so great as
to be ebvious to the palpating
hand. It 1s distinet from
i pulsation of the liver, which
15 a periodic swelling of the
liver, while this is a displace
ment of the hiver en masse.
'§ 28. Epigastric pulsa-
fiton.—The causes which may

produce a pulsation in the

- epigastrium are: (a) a dilated
and liver movement, With the o B
tha carotil m :I"!I_:_':tlE. E‘H'Et]'l- ) 'lrl’: il ]'._‘n j:-l'!'—

liver tracing due to the liver being drawn up-  tyophied left ventricle; (c)

wands by the ampbying ventricies,

8 Lhers 18 |

the abdominal aorta:; and
(i) an aneurysm of the abdominal aorta.

In the later stages of typhoid fever and other exhausting
diseases, epigastric pulsation 18 an ominous sign of cardiac
enfeeblement. The movement consists of an alternate swelling
and retraction of the f-]-i:_':'.|.-|1"m:||, [t 1s i|:'l.:|1'i;|]-]_k'.|:~':—c1|1m>cl that
this swelline or '|:I|.|.1.‘-:l1 ion 18 due to the right ventricular Hl‘n'.ﬂi-::-]-e',
and that it is of the same nature as the outward protrusion con-
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stituting the apex beat. If this form of epigastric pulsation is
carefully timed with the ecarotid pulse, it will be found that the
epigastric pulse, protrusion, or swelling precedes the carotid pulse,
and that the retraction of the epigastrinm corresponds in time to
the carofid pulsation. The apex beat 1s rarely available in these
cases, on account of the right heart pushing the left ventricle
backwards. In the tracings of the epigastric pulse (Fig. 54) the

Fre, 34, —SBhmultaneous trecimng of the epignstric pulse, due to a didated right heart, anil of Tl
radial pulse. The epigastric pulse shows a refraction during the ventricular systole (E), anid a
protrusion during the filling of the ventrigle.

radial ]IH]H{! 18 taken as the standard of tame. The time m.‘L:l!p[L'll
by the pulse travelling from the heart to the wrist being allowed
for, it will be found that the great fall in the epigastric pulse
corresponds exactly with the ventricular systole ().

The patient from whom this tracing was taken was dying
from pernicious anmmia. At the post-morfem examination a
needle pushed through the epigastrium, at the place where the
tracing was obtained, was found to have penetrated the right
ventricle.

Abd. Aor

85, —==Hhows thie sinnE Tentures a8 g, B4 with the I"“{':'l'l"'[ ion of the small wave L-":I"'.I"L':l"\-illrl"ll-
by the shioek 4-.||::“:||||;p;|||-|| ti thie .--:|:-_:'_'|«.'|'-:|;'|| by the abdoiminml o tic |'|Ii*--l'. A few beats of

the abdomninnl aprta are also given.

[n Fig. 35 a similar tracing is given, except that there is a
sligcht interruption at ¢, on the line of descent. This will be
found to correspond exactly to the time of the abdominal aorta,
taken from the middle of the abdomen, a few beats of which are
also given. This small wave (¢) is due to the impulse imparted
to the tissues by the pulse of the underlying aorta. Epigastric

I

gy il g = o
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pulsation, due to hypertrophied lett ventricle, has the same
character as an apex beat (Fig. 36). Epigastric pulsation, due

U\WHLWJ\ N

PIJH;{I FErLs Pulsation

y\fﬁ, [ SRR

Fro. 36, —Simultaneous tracings of the apex beat and of the epigastric pulsation, due Lo @ hypeer-

troplied laft ventricle,

to the abdominal aorta, presents quite a different character from

that due to a dilated right ventricle, as shown in Fig. 37, where

the pulse corresponds in character and time with the radial

pulse, An epigastric pulsation due to an aneurysm of the

abdominal aorta would

assume the ftime and _ Epig Pulsation

character of the abdomi- [

nal aortie pulse (Fig. 37)
's. 29. The e head

due to the right ventricle.

Radial

Fra. 87.—Simultaneons tracings of the epigastric pulse, dile

a'.'x[ft"t"]-Ft-]!'lg ]'hﬂ llHL]EL] to the abdominal aorta, and of the radial pulse

clinical definition of the
apex beat “ being the lowest and outermost part of the heart’s
impulse,” a totally different form of beat is found when the right
ventricle causes this movement. In certain cases of dilatation of
the right heart, nearly the whole anterior aspect of the heart is
['dl-'ltl]:nl.-il_'d of the ‘.I_'i:'_f]E[ auricle and ventricle, the left wentricle
forming but a mere strip of the border. This portion of the lett
ventricle is situated so far back that 1t is covered by the lungs
and does not reach the chest wall. Hence it i1s that “ the lowest
and outermost part of the heart ” in contact with the chest wall
is the right ventricle. The nature of the apex beat corresponds
exactly with those features characteristic. of the liver movements
of the epigastric pulse, due to enlarged right heart, and of the
inverted eardiogram in Fig. 30. In place of the outward thrust
during the systole, asin the apex beat due to the left ventricle,
there is an indrawing of the tissues.

Fig. 38. was taken from a youth, aged eighteen, with simple
dilatation of the heart, and free from valvular disease. There was
marked pulsation of the jugular veins, a few beats of which are



40 MOVEMENTS OF HEART IN HEALTH & DISEASE

given. The apex tracing shows a great depression during the
period of ventricular outflow (&) This period is immediately
preceded by an abrupt rise due to the shock communicated to
the chest by the sudden hardening of the ventricular wall.
Although corresponding with the period D (Figs. 26 and 27
in the left ventricular apex tracings, I am inclined to think
that the rise here is an instrumental fault, due to the wviolent
shock communicated by the sudden and foreible wventricular
contraction. This period is preceded by a small wave () in
the tracing identical with the similar rise in Figs. 26 and 29
of the left ventricular apex beat. It is due in this case, as in
those, to the distension of the ventricle by the auricular systole.
[t occupies exactly the same period in the cardiac revolution

Fra. 85, —Tracings of the apex beat, jugular pulse, and carotid pulse (upper tracing), taken at
the same time as the radinl. The apex tracing is due to the right ventricle, and shows a
depression (K) during the ventricnlar outfow. The sharp elevation preceding £ is caused by
the shock of the contracting ventricles., This is preceded by o small wave (o), which i8 dne
to the contracting auricle distending the ventriele, and eorresponds in timne exactly with the
wave () in the jugular pulse, which is due to the contracting auricle sending a wave of blood
back into the veins,

as the wave (a) in the venous pulse, and is produced by the
same cause. The space (£) in all the tracings represents the
period of ventricular outflow as it affects the different pulses.
One can, therefore, readily and with certainty refer the different
events to their causes. Thus we know that the wave of
contraction arising in the auricle passes on to the ventricle,
that between the auricular outflow and the ventricular outflow
a period, the presphygmic (I, Fig. 26), exists, during which
the ventricle is contracting and raising its pressure until it
opens the semilunar valves. Thus the presphygmic period in the
apex tracing exactly corresponds to the period from the summit
of the wave (@) in the venous pulse due to the auricular systole,
and to the wave (¢) due to the carotid pulse. A few beats
of the carotid are given, which can be taken as a standard of
time to verify all these points. The period () is due to the
filling of the ventricle.
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20. I"“jr:._r:,r.'l.r;f‘ JIJIF the f e beat due fto the I'rrl‘,l'l.l'l pentricle fo

s

one due to the right ventricle—One can often demonstrate in

individual cases the change of the apex beat, from one character-
istic of the left wventricle to one characteristic of the right,

during a period of heart failure, and the return of the apex

beat to one characteristic of the left ventricle when l'EHH]JE‘II.FSFI.'L'iIIJI.
15 re-established. Cases of heart failure from mitral stenosis

afford the most typical examples.

Fua. 8 —8&imnltaneous tracings of the apex beat and radis

gtenosis, The apex beat is due to the left ventricle, the period of ventricular

of mitmal
ontflow (&) being chameterised by a sustained alevation.

Fig. 39 is a tracing of the apex beat and the radial pulse
taken simultaneously from a patient suffering from mitral
stenosis on 2nd of March 1893, the apex beat being in the
sixth interspace. On 12th of February 1895 the patient was
suffering from extreme heart failure, the apex beat being in the
seventh interspace (Fig. 40). In Fig. 39 it will be noted that

the systolic period () is marked by sustained elevation, char-

Apex Beaf

Fio. 40, —Simultaneous tracings of the apex beat amd radial pulse, from the same patient as
gave Fig. 830, during a period of extreme heart failure. The period of ventrieniar outflow (&)
18 now characterised by a fall in the tracing, and is therefore due to the right ventricle, The

pulse is very irregular in rhythm.

acteristic of the apex beat due to the left ventricle. In Fig. 40,
on the other hand, the systolic period (%) is marked by great

)

-i[l.!'['l]'t_"HF'iii'lltI.

On recovery from this attack of heart failure the apex beat
was felt in the sixth interspace, and the outward protrusion
had again returned to the systolic period (Fig. 41).

In other words, with restored compensation the right heart
had become less dilated and had receded so far that the lefi
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‘.'.'Enl'_l'jr]u again came forward to the front of the chest, g0 that
168 apex again became perceptible. It will be noted that the

Apex beat
g P ) o e

2 |
~—

Radial
Fro. 4l.—simultancous travings of the apex beat and radial pulse, trom the same patient as
gave Figs., 38 and 40. During the ventrieular svstols (E) there is now a distinet elevation

of the apex tracing.

systolic period (#) in Fig. 41 presents a sustained elevation
corresponding to the same elevation in Fig. 39, but in striking
contrast to the great depression in Fig. 40,

N 31. Significance of the invertéed cardiogram.—1It is as-
serted in text-books that an indrawing of the apex during
systole of the ventricles is a diagnostic sign of adherent
pericardium. [ have had several cases where I have got at

one time tracings of the apex beat due to the left wventricle,

and at other times tracings due to the right ventricle, with
indrawing during systole; and at the post-morfem examination
there has never been found any signs of adherent pericardium.

The fact that “the lowest and outermost point of the

heart’s impulse which strikes against the chest wall ” may be
due to the right wventricle should be borne in mind. Whenever
that occurs, the cardiogram is an inverted one—that is to say,
there is a shrinking of the heart from the chest wall during
the systole and a protrusion during the diastole of the ventricles.
This is not always recognisable at first sight. Being somewhat
familiar with the form of wvarious apex beat curves, I had
no diffieulty in recognising Fig. 41 as being due to the left
ventricle,

But when from another patient I took Fig. 42 I certainly

was misled in the first instance. The abrupt rise and fall bear

so close a resemblance to Fig 41 that I put it down as an apex
beat curve due to the left ventriclee  Careful measurements

with compasses showed that the relation of the elevation to

the radial pulse was not at the period of ventricular systole,
but occeurred during ventricular diastole, while the systolic
period (&) corresponded with the fall in the tracing. It is
necessary to insist upon this view, because inferences drawn




























































62 EXAMINATION OF PERIPHERAL CIRCULATION

displacement of the whole vessel, not a dilatation and contraction
of the vessel.

Fia. 43.—The upper tracing was taken with the recelver over the carotid artery, at the sama
timng as the lower one was taken with the receiver placed by the side of the carotid artery.
The lower tracing

is the inverse of the upper.

A similar confusion arises in studying an artery when it is
tortuous. In looking at the radial when it is tortuous one can
readily imagine that the rising and falling of the artery is really
a distension and contraction of the artery. But if a suitable case
be taken where in the course of the tortuous artery there is a
short lateral bend, the movement can be demonstrated to be due
to the displacement of the artery and not due to expansion and
contraction of the artery. If the pad of the sphygmograph spring
be placed close to the artery on the concave side of a bend,
and a tracing taken, it will be found that during the ventricular
gystole the bend is exaggerated, the artery being pushed further
away from the straight course, and during ventricular diastole
the bend diminishes. If tracings be taken of the pulse in such
7. 44),

a radial artery at the same time as the carotid pulse (Fig

=
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Fig, 44.—Simultaneons tracings of the carotid and radial pulses. The radial tracing was taken by
plaging the pud of the sphygmograph by the concave side of n bend of the tortuons radial
artery, During syvstola the artery receded from the sphygmograph and returned during

diastole, and hence the tracing obtained iz an ““inverted sphygmogram.”

it will be found that the radial gives an inverted tracing
comparable to that in the preceding figure. If the visible move-
ment were due to the expansion and contraction of the artery,
the lever would, on the contrary, rise during systole and fall
during diastole, as in an ordinary sphygmogram.

What we recognise then as the pulse is the sudden increase

¥y e

























70 ARTERIAL PRESSURE

period. In this particular the pulse of increased arterial pressure
under discussion differs from that where there is great increase
in the arterial pressure during systole, and a great fall in
pressure during diastole, as occurs most typically in aortic
regurgitation, and in large atheromatous arteries during febrile
excitation of the heart. In the pulse of continuous high pressure
the dicrotic wave 1s not perceptible to the finger as a distinet
wave, but i1s merged in the resistance offered to the compressing
finger, as in Figs. 45 and 46. The aortic noteh is high above

Fia, 45.—Anacrotic pulse of high arterial pressure, from a siall radial palse.

the level to which the tracing falls at the end of diastole—in
striking contrast to what occurs in aortic regurgitation. The
shock of the oncoming wave in the arteries may be felt by the
patient over his whole body when the heart 1s acting with great
vigour. Although the pulse rate may become slower with increase
of pressure, it is far from being the rule that a high pressure
pulse is a slow pulse. In many cases the pulse rate may

Fia. 46.—Pulse of high arterial pressure, from a case of Bright's disease with a large radial pulse,

continually be ninety and over, with chronic Bright's disease, and
yet the pulse retain its peculiar resistant cord-like quality. In
cases of recurrent high arterial pressure the pulse rate generally
becomes slower.

§ 58. Conditions giving vise to increased arterial pressure.—
Normally there is a balance maintained between the strength
and 1‘;11}i11il.:,—' of the heart’s action, the state of activity of the
arterioles, and the demands of the body tissues. An increased
demand for more blood by the tissues is equally responded to by
a dilatation of the arteries and inereased action of the heart.
When, however, the intermediary between the heart and the
tissues is abnormally narrowed, so that the arterioles offer to the
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ARTERIAL PRESSURE

one can readily demonstrate in exceptional cases. Thus Fig. 47
1s from a patient four months pregnant. The radial pulse is
fitty-bwo per minute. Usually the pulse is about eighty. It 1s
of good size, firm, and resistant to the finger, I had the patient
under observation for many years, yet, except during pregnancy,
I never detected the pulse so slow and so hard. The slow pulse
1n such cases is not constant, but becomes so for varying periods,
as 1t does in Bright's disease and gout. In favour of Clifford
Allbutt’s view that the high pulse pressure in pregnancy is due

Radial

T

Rtint.Jug.

Fia, 47.—3low pulse of high arterial pressore during pregnancy. There was also marked
|-II'E-:H|-:|'| i the internal jugular vein,

to the circulation of some noxious material, may be mentioned
the fact that the high arterial pressure is not the evidence of a
compensatory cardiac hypertrophy, as is usually assumed. The
increase that takes place in the heart’s strength during pregnancy
does not enable the patient to exert herself with the freedom she
possessed before conception. The increased arterial pressure is
almost invariably accompanied by other evidences distinetly
pointing to a limitation of the field of cardiac response—breath-
lessness on exertion, easily-acquired fatigue, and cedema of the
legs and lungs. In addition a distinet dilatation of the right
heart with inecreased pulsation in the veins (as in Fig. 47) can
often be demonstrated.

[n some people after middle life there are occasionally found
periods during which the pulse is harder than usual. In them
no distinet evidence of any particular disease may exist. It not
uncommonly manifests itself with some degree of constipation, or
after some prolonged course of overfeeding, or want of sufficient















AS 4 CAUSE OF ANGINA PECTORLS 77

seizures of intense pain in the chest, lasting for many hours, and

: : ; e M=t ST Ty e
alwave associated with irregularity and slowing of the pulse,

and by increased arterial pressure (Figs. 45, 49, and 50), and

Fro. 48, —Irregular pulse of high arterial préessure during an attack of angina pectoris.

always relieved by lowering of the pressure. She died during

an attack of angina pectoris,

is here repnlar and felt much softer.

Another case, a female aged seventy-one, who died quite
recently, I have found suffering from prolonged attacks of heart
pain at irregular intervals during the last five years of her life.
The pulse at these times was always hard and irregular. The
last attack I saw her in _"."it‘]l]‘.".l at once on the inhalation of a
few I:lI'H-EIH of nitrite of 41]||:'.']~ the jl-l.'.ln:-ii' becomine soft and tlL]j].l.‘
regular, Three days later the pain returned, and she died
suddenly.

[In a few other cases, some with and some without chronic
Bright's disease, I have been able to satisfy myself that the
attacks of angina 'Ell'l'1.¢ll'j:1'- oceurred L]m'ihj_{ ]:r]‘iullH of recurrent
high pressure. I have noticed that the attacks then are more
gradual in the onset and last for a much longer period than in
attacks of angina ]HH'HJl‘ir«' from other causes. DBut more extended
observation is needed hefore I can positively assert this difference.
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of observing the pulse during attacks of fainting. Usually there
1s extreme lowering of the blood pressure, the heart beating with
great feebleness, as is shown in the tracings, Figs. 20 and 21.
In rare cases I have found the pulse hecome very slow, the

individual beats being large and full. Fig. 53 shows the pulse

Fro. 53 —8low irregular pulse during an attack of syneope, The patient was barely conseious

when the tracing was taken.

of a man who had barely recovered consciousness. During
unconsciousness the pulse felt slower than is shown in this
tracing. Here the slow pulse is due to the fact that imperfect
systoles of the ventricle occurred, and the resultant pulse wave,
though very evident in the tracing, was too small for the finger
to perceive. With returning consciousness the beats increased
in force and the pulse gradually became more regular (Fig. 54 ).

Fia. §4.—As the patient regained conscicusness the pulss tracing became more regular,

as in this tracing.









RELATION OF RATE TO RHYTHM 85

place almost entirely at the expense of the diastolic period. In
the youthful form of irregularity it is variations in the duration
of the diastolic period that is the chief characteristic. 1In the
quickened pulse we find the duration of the diastole reduced to
a minimum, so that we do not find the youthful type of irregu-
larity to oceur. But it is when the heart gradually slows in its
action that the tendency to this irregularity 1s manifested.
There are two conditions in which this form of irregularity is
namely, when the pulse 1s slowing after

very prone to arise
infancy, and when the pulse is slowing after a febrile attack.

§ 70. Irregularity with natwral slowing of the pulse—During
infancy the pulse beats are very rapid. At birth they run
about one hundred and twenty per minute. As years advance
the pulse-rate becomes slower, till about eight or nine years,
often earlier, the pulse-rate falls to eighty or ninety per minute,

Fro. 56.—Youthful type of irregularity, showing the regular duration of the systolic period,

marked varintion in the disstolic period, ¢, from & girl aged eleven years

occasionally falling even to seventy. When this last condition
arises there is a marked tendency for the diastolic period of the

pulse to vary. [f, for instance, Fig. 55 be considered, it will be
found that the systolic period (&) presents great uniformity in
character and in duration, while the duration of the diastolic
period () 18 extremely wvariable. This lengthening of the
diastolic period 7 is sometimes so great that the suspicion arises
that a ventricular beat has failed to reach the wrist,—a missed
beat. DBuf examination of the heart sounds and apex beat at
such a period shows that such a thing does not oceur. In

Radial
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Apex beat

Fia. M. —Simultaneous tracings of the radial pilsa and of the apex beat, showing their agresment

{ - " r 1 mbhaar o |
in rhythm, and the absence of an imperfect aystole during the long panse in the radial pilsa.

Fig. 56 the apex beat is taken at the same time as the radial
pulse, and the irregular rhythm of the pulse corresponds exactly
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with that of the apex beat. It will be shown later that, in the
adult type, where there is a well marked apex beat, a small beat
of the apex is found to oceur during a pause in the pulse. The
absence of a ventricular contraction during this pause in the
youthful form of irregularity will be further exemplified during
the study of the jugular pulse (§ 214 a).

ﬁ‘ T b .I'II."II""I":II'I!'!.I'I.I"{I"II.I!I-EJ!' U_,"'-!r-":' Ij'ﬂ'i‘ﬂ‘r'.—.-U'[.i:l' the subsidence of a
febrile attack, when the patient is weak and rather exhausted,
the pulse often shows this form of irregulavity. Although most
marked and most frequent in the young, it can also be demon-
strated in adults. Fig. 57 is from a boy aged eight, who had a

FiG. b7.—Irrégiilar pualse of the ¥ i thilinl LY e Appearing 1n o lad nped aichi years, alter o febrile

attack,

rise of temperature of an indefinite character for a couple of days.
When the fever subsided the pulse became very small, as it
usually does in the young, and showed the irregularity evident
in Fig. 57. Fig. 58 is from a youth eighteen years of age who

Fia. 58, —Irregular pulse of the youthful type appearing in a youth eighteen years of age, after a

febrile attack,

had just recovered from a mild attack of rheumatic fever, and in
whom there were no cardiac complications. Fig. 59 1s from a

Irregnlar pulse of the youthful type appearing in a healthy man aged thirty yeirs, after a

febrile attack.

| [FA

strong man aged thirty, who had an attack of acute tonsillitis.
The lllﬂﬁ'{’. rate after the subsidence of the fever fell to firi}' Lo
fifty-six beats per minute, and exhibited this characteristic form

of irregularity.
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early occurrence of a ventricular systole followed by a prolonged
diastolic period. Thus if we take Fig 61 we find that after the

Fin. 6l.—Irregular pulse of the adult type, showing o small pulse wave due to the enrly sceurrence
of & ventricular systole, followed by a disstolic period longer than usual,

third beat in the tracing the diastolic period is very short, being

interrupted by a small triangular wave. This wave in the

pulse tracing represents an early oceurring systole producing

an evidently imperfect pulse wave. This small imperfect beat

18 followed by a diastolic period much longer than usual.

S T4. Ezperimental evidence of pulse vrregularity.—In order
fully to appreciate the significance of the imperfect pulse beat
it will be better if, before examining the eclinical evidence as to
the nature of the adult irregular pulse, the evidence of experi-

Fig. 62.—Simultanecus tracings of the pressure within the aorta and within the ventricle, showing

the slight increase of pressure 8 in the aorta due to the early occurrence of an impserfect

of the ventricle &', and the absence of any effect on the aortic tracing eorresponding to
the imperfect ventricular systole s* (Hirthle) 18
mental observation is first considered. In Fig. 62 there is a
record of the pressure within the aorta and of the pressure
within the ventricle taken at the same time. The pressure
within the aorta is always maintained high above the base line
0, that within the wventricle falling below it at the end of
diastole. At S5 and & we have complete ventricular systoles
giving rise to complete pulse waves in the aorta, and the char-
acter of the pulse wave in the aorta agrees with the character of
the pressure within the ventricles during the period that the
aortic valves are open. After the first full ventricular systole §
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a smaller H}'H[.u“l;* wave § occurs in the [l'LlL'j.]l; of the ventricular
pressure. This wave is not so forcible, and causes only a slight
wave s in the aortic tracing, Following this imperfect wave there
is a long pause terminated by the appearance of another full
systolic beat. Following the second full ventricular systole is
another early occuring imperfect beat ', which makes but a
slight impression &' on the aortic tracing. This imperfect systole
is followed by another imperfect systole s”, but so weak is it that
it does not affect the aortic pressure. From such a tracing as
this it can be inferred that in the pulse tracing, Fig. 61, the small
pulse wave was due to an early occurring systole, so weak that it
was unable to propagate a full pulse wave. When the ventricular
systole is so weak that it fails to raise the aortic valves, as in
the case of the wave .~.'”, Fieg 62, we have a missed beat. The
occurrence of an ineffective ventrienlar h‘"l.':élnh‘ 18 well seen 1n

Fig. 63. Here also the ventricular and aortic pressures were

Fi, 83, —Simulta

ventrienlir sya its th

reich before the aortic valves can be opened (Marey),18
registered simultaneously., The dotted line shows the heicht
the ventricular pressure has to reach before the aortic 'n.'.-z]I\'ea.L.-
can be opened. E‘:\'N'}' second beat of the ventricle is so slight
that iL tails to reach L]Il' |tl'i_‘_‘J|‘._ rt|~l'1'.-1.:-';|_:|‘l'l.' to open llH! étﬂi:l.‘[ji_'
valves, and consequently there is no sign of its presence in the
aortie tracings.

. k 1".HI1 these two ficures it is seen that the small imperfect beat
of an irregular pulse is due to an incomplete ventricular systole,
and that when there is a missed beat it is due to the ir].LE.EL]iH-”[‘
the imperfect ventricular systole to overcome the aortic }ﬂ'{':éﬂll]'x-_






EFFECT OF THE PREMATURE SYSTOLE g1

time that the irregularity occurs. If there be a well marked
apex beat present the finger laid on it perceives the earlier
oceurrence of a slight beat followed by a long pause at the time
that the irregularity occurs in the pulse. Fig. 64 is a tracing

Fia. 4. —Simultansous tracings of the fpad pabt amd of the mdinl pulse. I'he waves g are the

effects of the premature ventricular systole on the apex beat and radial pulise

of the radial pulse where a premature beat s occurs at regular
intervals after every second full beat. In Fig. 65 the imperfect
pulse beat occurs with one exception after every single full beat.
At the same time that the radial pulse was registered, a tracing

L tl | i 3 LEInEs ol i 1 Leliil i RARW I
al @ W irkK 141 Al L5 1 VAry &1 Wiy 1
of the apex beat was taken in both these cases. [t will be

observed that the apex tracing presents r.‘-.'e'rrl]l".' the same irregu-
1;|1'i[.}' as the radial Ell;]:-'l'. This ]'-clinl. 18 of i]u}nu]'!_;nu-l'-, for it
has been r*lljjl'_{l'hll'ﬂ that the small premature beat of the ]-'.llr«i.H

bigeminus was but an exaggerated dicrotic wave. Thus in Fig,

b6 there 1s a dicrotic wave, d, so large that the suspicion might
arise that it might be a premature pulse beat, being of the same
nature as the small waves in Figs. 71 and 72. Apart from the
fact that in these last two tracings the wave occurs some
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In many cases the sounds are so faint that it is difficult to
differentiate them, and they may even be absent when the

premature gvstole 18 L'.‘\'I'I"EIIEHrt:lll_\' feeble.

§ 79. Rhythmical irregularities of the pulse-—In a certain

i

number of cases l]u'|'1- 18 4 Ir:Hfr]l:"\' for the heart to !rl]a‘l' On 4a

rhythm with the early occurring systole appearing at regular

intervals. Thusin Figs. 71 and 72 there is a premature systole

Fig. 72.—Tracing of a bigaminal pulse

after each full irL'iH, g0 that to the touch the small beat ;t1113:1u1‘|=ll
like an echo of the preceding full beat. The heart sounds in

Fro. T8.—Diagrammatic represantation of the sounds of the heart in a case of aueh rhythmical

L 1 4w - Lol |
irregulatity as is represented in Figs. 72 and 73,

such a case can be made out to follow the same irregularity

.-'l"- -
1 1T f y
1, [ O ).
£ ¢
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Rarely one may feel the second beat nearly as large as the
full beat. In such a case the two beats seem linked together
being separated from the preceding and succeeding two beats
by a longer pause. Such a pulse has been called the pulsus
alternans. It is essentially of the same nature as the pulsus
bigeminus, and sometimes can be found to alternate with it in
the same individual. In Fig. 74 the pulsus alternans is repre-
Apex beat

" s =
f Ln. R VSN VN VA L Y W P

il"l |'r|lI l| | II'I, j\
Radl'ﬂf

Fio. 7+ —dimultaneous tracings of the apex beat and rmadial pulse, showing the rhythmical
irrcgularity when the two beats of nearly the same size are linked together (pulsus
alternans). i

sented with a tracing of the apex beat. The absence of a dicrotic

wave might have given rise to the suspicion that the smaller of

the two beats was but an exaggerated dicrotic wave. The presence,
however, of a distinet apex beat determines its true nature.

Fro. To.—Rhythmical irregularity with the premature pulss wave after every second full pulse
WiLY i,

A considerable variety of other 1']t}'1-|11!]i1.‘:t1 irregularities

which occur can be demonstrated. Thus in Fig. 75 the early

systole occurs after every second beat. In Fig, 76 it occurs

. T —The pramature best oceurs after every thind full beat.

after every third beat, and in Fig. TT after every fourth
beat. In Fie. 78 there is a curious variation. Here there are

s
=



THE STRONG BEAT 05

two beats linked together alternating with three beats linked
tosether. This is well made out In examining the apex tracing.

Fig. 77.—Tha promature beat occurs alter every fourth full beat

When the three beats occur together, the last of the three beats
scarcely makes a perceptible rise in the pulse tracing, and might
be overlooked were it not that the accompanying apex tracing
shows the true meaning. It bears a striking resemblance to
the irregularity in Fig. 62, obtained in experimental stimulation
of the heart.

percaived in the radial tracing.

g 80, The strong pulse beat r:_."'h‘s' the vrregularity—In many
of these tracings the first beat after an rregularity seems larger
than the other full beats, on account of the fact that during the
long pause the arterial pressure has sunk very low, as is well
seen in Fig. 61, and the next oncoming wave meeting with less
resistance causes then a high upstroke. Sometimes the wave is
actually larger and fuller, and here evidently the ventricle has
accumulated more blood and regained sufficient vigour during
the long pause to send a larger wave into the arteries. In
occasional irregularities patients are often conscious of the beat,
as the ventricle _I_I:i‘.'l':-c i strong shock to the chest wall.

v 8l. The dropped beat.—In many cases the finger fails to
recognise the small pulse beat due to an early occurring systole.
In such cases it is usual to assume that either the heart has

missed a beat, or that it has sent on a wave too small to be



g6 PULSE IRREGULARITY

recognised. What usually happens is that the wventricle has
made a premature systole, but the force has been so small that
it has not been able to overcome the pressure in the aorta and
open the aortic valves, or that having done so, the wave of blood
sent forth has not been of sufficient strength to be felt by the
finger. The duration of the period including the long pause and
the preceding beat will often be found to correspond accurately to
two cardiac cycles, as represented by two beats of the pulse. In
the tracing, Fig. 79, there are two dropped beats, the radial
pulse showing no sign whatever of a beat when examined by the
finger. In the tracing there is a slight prolongation of the
dierotic wave at the irregular period, which may be assumed to
be due to a minute premature beat occurring at that period. If
the apex tracing taken at the same time be examined, it will be

i,m r beal
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H |'I'| ||\| ||| ) ||
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Radial

Fra, 780, —3imultaneons tracings of the apex baat and of the radial pulse, showing the cccurrence
of & premature apex beat (57 during a pause in the radial pulse,

found that the wventricle did make a contraction at that
period (s8'). If the heart be auscultated there will be heard the
two short, sharp sounds, as already deseribed, oceurring at the
beginning of the long pause, and caused by the rapid premature
systole of the ventriclee. When the apex beat is absent the
presence of these sounds will often reveal the true nature of the
delay in the pulse. Occasionally, however, it happens that the
ventricular systole has not sufficient strength to raise the aortic
valves, and then only the faint, mufiled sound may be detected
corresponding to the first sound. Sometimes even this may be
absent.

8 82. The dropped beat causing an infrequent pulse—In a
pulse becoming periodically irregular after each beat, the ven-
tricular confraction may be so ineffective that the pulse may be
no longer recognisable either by the finger or by the sphygmo-
graph. Here, doubfless, during the long pauses the ventricle
contracts, but so feebly that little or no effect is made upon the
arterial pressure. In cases where the apex beat is perceptible
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a double beat is obtained when only one pulse beat 1s felt.
Thus in Fie. 80 the l'lll]:'{t‘. counted thirty to the minute, the

Apex beat

A4 1\
i I"'L-|:I :Il_____.____r_l

|
|II 4I'“'_:"“--—-_

Radial

Frg. &0.—Simultaneous tracings of the apex beat and radi

distinet in the apex tracing, the pulss wave COTTEspOLNI

imperceptible to the finger, but a slight rise 5* indicates its presence i

finger ]JE-E[];: Im-;LIJ;Lluh- of ]'I"[,'[I_‘_?:']I'i.-iirs:_;’ the :~'[:;_[']|1_‘. ||'.]].~w wave
evident in the tracing. DBut when the apex beat was examined
two distinet beats could be felt occurring between each ]HH;'
pause. These beats are very well marked in the tracing. Here
there is no doubt the left ventricle contracted prematurely after
a very short pause, but the contraction was so slicht that it
failed to send a wave of blood of such strength that the finger
could recognise, so that instead of a rate of thirty per minute the

Apex beat

heart was actually contracting at double that speed. TFig. 81
represents another instance of the infrequent pulse. Here the
pulse rate varied from thirty to thirty-six. Neither the finger
nor the 5]!!1}':_{]IIIII4'1'JIIJ|I revealed the :-“;hh'ﬂ evidence of a second
beat. There was in this case a well-marked apex beat, and here
again two apex beats were found to occur for each pulse beat.
Several H'[|avt‘ instances of this t'm':u af ].I.'!'!'_:'l.:]éi.]':["t' are _;‘i‘.'ml 111
§ 224, showing the participation of the right ventricle in the
irregularity.

From these instances it may confidently be asserted that
Lllll'i]];f Lhe }n't'iu«'l ".'|'|'|-..']l a beat 1s 1||:..-¢-¢|-Ll tfrom the ]|1L]*-'l'_. 1]||-|'|_:-
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occurs singly. It has been demonstrated that when the experi-
mental stimulation of the heart is continuous and of sufficient
strength, there is then evoked a series of small wventricular
contractions following one another with great rapidity. In
many cases the pulse irvegularity in man is characterised by the

Fig. £2.—Rhythmical irregularity, showing two premature Deats [ollowing eacl

occurrence of these small premature beats running together in
groups. In Fig 82 these occur regularly in groups of two small
beats after each full beat. This is sometimes called the pulsus
triceminus, It is to be noted that this form of pulse difters
from Figs. 64 and 75, inasmuch as in these tracings the

Fia. 83, —Showing & group of two premabure pulse beats.

premature systoles are single and occur regularly after every
second full systole, whereas here there are two premature
systoles occurring after every full systole. Fig, 83 shows the
occasional oceurrence of two premature systoles together. The
following series of five tracings from the same patient illustrate

Fia. 84.—This and the following four tmeings are from the same patient. This tracing was taken

during a period when the heart was beating regularly. The jugular pulse is analysed in § 257,

the passage of occasional premature systoles into a long series of
premature systoles. For the present the jugular pulse is not
considered. In Fig. 84 the pulse is quite regular. In Fig.
85 there is shown an occasional intermission of the pulse.
The four regular beats in the middle of the tracing are full beats.
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In Fig, 86 the intermission occurs after every second beat.

This tracing has the deceptive appearance of a pulsus bigeminus,

¥ i’
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Fig, 8% —The radial tracing shows occasional missed beats, 'Uhe four beats in the centre are

I
full and regular beats.

but the two beats are full beats, and during the pause a ventricular
systole took place which is only represented by the notch =’

Fig, 8. —The radial tracing shows that every thind beat s nnssed, being represented only by
- J 1 y 1§ o -
Lhe noteh n'.

[n Fig. 87 there are two full beats in the centre of the tracing,
while all the others are premature systoles. The premature

ﬁ' "4 !-;I '-f— ._-!" B

Fig. 87.—The radial tracing slows two full beats in the centre of the tracing, all th

1 e LI ¥’
e others B ing

premature beats, The beat preceding the full beat E is represented only by the noteh #'.

systole preceding the full beats is represented only by the notch
n', as in Fig. 86. In Fig. 88 there is one full beat %, followed

Fig, §8.—"Tha radial tracing shows only one full beat B, The other beats are dus ta

by a long series of premature systoles. This series of premature

systoles 1 shall later suggest show the nature of paroxysmal
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tachycardia. Fig. 89 shows a group of three premature H}::‘atﬂlﬂ.‘-‘»
after the first full beat. In the remainder of the tracing a
premature systole has evidently occurred after each full beat,

Fig. 80.—The premature heats occor in ona group of thres, and singly #, at times scarcely

making an impression in the tracing beyond the noteh «',

but it is only occasionally represented in the tracing by a slight
wave s, or by a slight depression #’. In Fig. 90 similar irregu-
larities, occurring with great rapidity, present a pulse of the most
extreme type of irregularity. The apex tracings taken at the
same time reveal the true nature of the long pauses, and one
can recognise that the irregularities are due enfirely to premature
systoles occurring singly and in groups, the systoles interrupting
the diastoles at different periods in the cardiac cycle, so that at
times no pulse wave is perceptible,

From the study of these tracings it will be seen that the
adult type of irregularity is made up of the occurrence of
premature systoles singly (giving rise to the pulsus bigeminus
or to the dropped beat) in groups or in a mixture of these
different forms:. An irregular pulse, therefore, is due to stimula-
tion of the heart before the termination of the normal diastole,
such stimulation being either momentary (pulsus bigeminus and
pulsus intermittens) or lasting for a longer period (groups of
premature beats).

§ 85. The factors determining the presence of the premature
pulse beat.—In many cases there is absolutely no indication of the
premature systoles in the radial tracing (Fig. 81). At times it is
represented only by the notch »’ in Figs. 86 and 89. Tt would
seem that in the latter cases the ventricular systole has not had
sufficient strength to send on a positive wave, but by the relaxa-
tion of the ventricular muscle, as already explained (§ 13, 1), a
negative wave is propagated, causing the depression #’ in Figs. 86
and 89. At other times the ventricular systole has been of
sufficient strength to send forth a small wave, as in Fig. 80. It is
interesting to note the relationship of the pulse beat to the apex
beat in such cases. Tt will be found, for instance, in Fig. 80, that
the premature apex beat occurs before its pulse beat earlier than



ity failing to reach the adial.

\ "
ales gecurring singly and in ETOups, soimne of the |

PETALATE SVAT

a

showing

beat and of the radial pulse,

s Lracings of the 14 [

Sl

110G,

¥

PULSE IRREGULARITY

the normal full beat occurs before its correspond-
ing pulse beat £. On the other hand, the cessation
of the pulse wave bears the same relationship to
the apex beat in both cases. Manifestly the
reason 18 that the premature systole, occurring
earlier, is not so strong as the full-timed systole,
and has, besides, to overcome a higher aortic
pressure ; hence, the premature systole is unable
to raise the aortic valves till near the end of
its systole, and thus a delay in the appearance
of the pulse ensues. This relationship of a small
pulse wave to a premature apex beat is also well
seen 1 Figs, 65 and 78. On the other hand,
where there is a fair-sized premature pulse beat
it will be found to present the usual relationship
to the apex beat (Figs. 64 and 74). It can there-
fore be assumed that the presence of a pulse wave
corresponding to a premature systole of the
ventricle depends on three conditions—viz. the
strength of the wvenfricular contraction, the
gquantity of blood in the ventricle, and the blood
pressure in the aorta. These factors again depend
on the period in diastole at which the ventricle
15 stimulated to contract.

8 86. Some exceptional forms of irregularity.—
The irregularities included in the adult group have
been shown to be caused by a premature systole
of the left ventricle, occurring singly or in groups,
and the pulse wave resulting from such premature
contractions may or may not have been perceptible
at the wrist. In nearly every instance given,
there has been shown a pause after the premature
beat when it occurs singly, as long or more often
longer than the pause following a full beat. This
prolonged pause after the premature beat is well
seen also in the experimental instances given in
Figs. 62 and 63, and will be shown later in Figs.
316 and 317. In rare cases we find that the
pause after the premature beat is shorter than
normal. Such an instance is shown in Fig. 54.
Here there are premature beats after the first

102
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and third full beats in the tracing. The pause after these is
distinetly shorter than the pause after the other full beats.

In Fig. 91 there is a smaller beat s’ after every full beat s,
and the r_r-;u-.ing resembles an ordinary bigeminal pulse, with the

Fuo, 91.—Shows the oceurrence of an imperfect pulse wave ' regularly after cach full beat s, with
iperfect beat 8 (from a patient with

Cass 7, § 103).

a shortening of the diastolic period after the

paroxysmal tachyeardia after an attack had lasted 66 ¢

exception that there is no prolonged pause after the smaller beat
s'.  Such pulses as these, however, are extremely rare, and I
cannot tell what the significance may be. They form exceptions
to the rule formulated by physiologists, that when the heart is
stimulated to premature contraction the diastolic period following
is prolonged. Another form of exceptional irregularity is when
a smaller ventricular systole oceurs, followed by a correspondingly
shorter diastolic period, as in Fig, 92.

- el 2 r i 1 i w5 150 & . H y . | | i i
Fig, 92.—RKhythmical irpegularity with every second pulze wave gmaller but complete, and followed
:

by & shorter diastolic period.

This may be of the same nature as Fig. 91, but I give it
separately, as the lesser beat shows as complete a wave ‘as the
larger beat. It differs also from the tracing Fig. 74, inasmuch
as there the pause is longer after the small beat. [']r-[g-,mjm1;1lllr,
one finds a small beat occmrring at the usual interval. I have
found this oceur most commonly in the irregularity consequent
upon advanced mitral disease, as in Fig. 296, ‘But as the
irregularity in this condition presents a x-;n:ipt‘v of unusual forms,
I deal with it separately (Chapter XXVIIL). Occasionally I
have found a small pulse wave occurring at the regular interval
in febrile cases, and then it has been of Very ominous significance
(Fig. 100). While the study of the pulse tracing will generally
give us accurate information of what is Il;a]:pvniu};‘ in the heart,
it 15 not always safe to assume that what we expect 1s really
happening. Thus in Fig. 93 the pulse tracing shows 1““;5
pauses, and in one case a premature pulse wave s, with a corre-
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sponding apex beat. During the preceding long pause there is
no pulse wave, while there is a distinet apex beat. Here no doubt
[hl' 1'Lrt|1ri1-111:|1' Hj.'rt[nln wWas not of .-'1|1'I'|L"t--!||. rat.l‘[*nf_r[h 8] ]nl‘lm]J;Lg_[;tt_v

Fug, i —Simultanecus treeings of the apex beat and of the mdisl pulse, showing & panse in the

apex beat with n pause in the radial (), & prematnre beat of the apex with no corresponding
pulse beat, and a4 prematnre beat of the apex with & premature pulse beat s
a pulse wave to the radial artery. DBut in the long pause # pre-
ceding this, there is no beat either of the apex or of the pulse.
Had one to interpret only from the pulse tracing, no reliable con-
clusions could have been arrived at as to what was happening to
the left ventricle.
While taking tracings at different times from the patient
with the bigeminal pulse (Fig. 72), the pulse would sometimes
alter, becoming infrequent, like the tracing Fig. 94. In studying

3. 04, '|'|;|_.'|_-::_: ..:.:L|| infrequent ||||i:—l'_ The ||:|||_: pRUSE 18 OCCRRI l!!:I.|:_'. I'.I.'f:'l:l'l:-tl'll I ¥ il

premature beat.

this tracing, one finds that there is a long pause interrupted
occasionally by a small premature beat. It would seem reason-
able to argue that here a premature systole oceurred during the
long pauses, but it was not of sufficient strength to propagate
a wave to the radial. This would seem all the more reason-
able when one finds that the time occupied by the full pulse
beat and long pause agrees exactly with the period occupied by
the full pulse beat and the premature beat and their pauses, in
this tracing and in Fig. 72. As a matter of fact, the heart
did not contract during this pause, and all the chambers of the
heart had the same rhythm as is shown in this tracing. This
will be more fully explained after describing the venous pulse
[ 5ee S} EIT_,'.

Some other forms of irregularity dependent upon the move-
ments of respirations are given in Chapter XV.
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S 87. Mized drregularities. In some patients, where the
heart is apt to exhibit the irregularities so frequent in advanced
life, the youthful type may occasionally be detected for a few

beats. Generally there occurs an imperfect systole, as in the last
beat of Fig. 5. This tracing is from an elderly woman with

Fio. 05.—Irregular pulse, presenting the features characteristic of the yonthful type of irregularity

From a female aged sixty-

axcept the last beat, which shows a short imperfect systolic period.

fiwe, with atheromatons arteries and suffering from angina pectoris,
atheromatous arteries and suffering from angina pectoris. The
rhythm exhibits great instability, and the imperfect beat at the
end of the tracing evidently differs from the other beats in size,
mainly on aceount of its earlier appearance after the preceding
beat. This tracing is given merely to illustrate the fact that
when a pulse presenting irregularities of the youthful type occurs
in elderly people, it is almost invariably of a mixed character.
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even an occasional irregularity before the crisis was reached,
death supervened. I have not found asingle exception to this
rule for over ten years, and while extended experience may
prove it fallacious, irregularity of pulse with pneumonia must,

at all events, e looked upon &s a oSt SET10US :‘~_‘~']|L]|1_LIII|.

Fig: 87.—Irregular pulse in the course of a poneumonia, Male aged fifty-four, P. 104, 1. 102, 1. 25

Figs. 97-100 are all from cases of acute lobar pneumonia
that ended fatally. In each case, the irregularity consists of a

heart beat that fails to send a wave of blood to the radial artery.
At least one surmises this from the evidence already given

I‘ | ||| i f ||1, | '1L fl
| I, ,_| | Py jlll ll|""-. .II \ I..x J | l'l T Jl |I Ir ,u ||r-_| HI !"'-. I|I l"||h||r--..,_|| .'|L|,-"‘~.,II l'||u|,r-..'|llﬁ|llll.-*~)l 1||,| "*JI'\JP-.,,_ ’ \ s | J'llﬁll f

regarding the nature of the dropped beat, also from the fact
that in Fig. 100 the dropped beat 1s ||1*-.---l-r.|--rl by two irregulari

,. ﬂ J(M

ties due to an illn'n]u}r]-.'El' ventricular systole. It may, however,
be pointed out that in some of these tracings we do not find the
5
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complaints one gels in these cases.® These indeed are but
the indications that complete the condition called neurasthenia.
The quickened heart action is but one of the symptoms, and is,
in all likehood, produced by the same irritation that induced the
other symptoms. The pulse is usually soft and compressible,
often large in size with a quick, short impact. These symptoms
point to a weak acting ventricular wall, and by long persistence
the cause of these symptoms may lead to dilatation of the organ.
[n these cases the attempt to quiet the heart’s action by bromide
of ammonium is more suceessful than the employment of
digitalis or other cardiac tonic.

(f) Ezhausting diseases.—1t is always well to bear in mind
that a persistent quick pulse may be the earliest symptom of an
attack of tuberculosis or of the onset of malignant disease. A
patient may complain for months of weakness, with an absence of
the sense of well-being, with no actual suffering. After a time
the development of other symptoms demonstrates the cause of
the abnormal pulse rate. In most exhausting diseases (malignant
diseases, pernicious angmia, tuberculosis) the pulse rate is con-
tinuously quickened.

The essential features of the circula-

:.rlll-;: _F_':..l"lljn'll'l.l ||Il||l.ll_l'|'r_.'|l‘E |'IJ' Irlln.;lf e,

tion in exophthalmic goifre, it seems to me, ave the abnormal and

Fic. 103, —From & female aged forty, suffering from exophthalinic goitoe.

persistent dilatation of the arterioles, and a heart acting with a
force relatively great to the resistance opposed. This view
explains the rapid and forcible pulse wave (kFigs. 103 and 104),
Ap ] ,ﬂ |
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Fic. 104.—From a female aged twenty-two, sufl ¢ from exophthalmic goitre.

felt by the fincer, and the visible ]lulr-'-:L[i[m of the F~'111H‘1'tic'iet1
arteries like the carotid. The rate of the pulse may be greatly
increased up to from one hundred and forty to one hundred

* For a full and clear description of the subjective symptoms, see Jean Jacgues
Roussean's description of his own sensations,*
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patient, whether a sudden noise or mental perturbation when
awale, or uncomfortable dreams when asleep, readily induces an
aftack.  But it may supervene from more obscure causes,
evidently reflexly stimulated hy affection of organs more or less
remote (stomach, uterus) When the attack comes on the
patient becomes painfully aware of the violent action of the
heart. She prefers to sit upright, draws deep inspirations, and
moves uneasily from side to side, with the hand pressed over the
heart. Tt is accompanied by sensations of a distressing nature,
such as a sense of suffocation and a fear of impending dissolution.
When it subsides it leaves the patient exhausted.

During the attack the pulse is increased in frequency, the
artery may be of fair size: sometimes, however, it is verv small.

PG, 105.—Duiring an attack of palpitation,
The mmpact of the pulse wave on the finger is sudden and sharp

and of extremely brief duration. The tracing Fig. 105 shows
a high upstroke with a great fall, so that the arterial pressure at

Fro. 106, —Tracing of the normal pnlse of the patient from which Fig. 106 was obtained.

the bottom of the dierotic notch is nearly as low as at the end of
the diastolic period—an evidence that in addition to the excited
heart there i1s great relaxation of the arterial wall. Fig. 106 is
from the same patient when the heart was acting quietly.

(b)) Paroxysmal tachycardia.

5

There is another group of cases
where the heart's action 1s extremely rapid for varying pm‘iutlﬁ,
and where the symptoms are distinet from palpitation, inas-
much as the distressing mental symptoms usually associated
with palpitation are absent; the attacks as a rule continue for
a longer period, and the pulse attains a much greater rapidity
than is found in attacks of palpitation. The condition to which
the term paroxysmal tachycardia is applied is characterised by
“an enormous quickening of the pulses of a heart not necessarily
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rapid pulse lasted for five days after this tracing (Fig. 108) was
taken, and then suddenly became quite regular. She had occasional
attacks of this rapid irregularity until she died, aged sixty-eight,

four years after my first observation. There was no valvular
disease, but marked dilatation of the heart, and she died with
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Fig. 108.—Prema ure beats of varivus sizes oceurring in groups, and cceasional full beats.

symptoms of heart failure, dropsy, and dyspncea. Fig. 108 is an
illustration of the occurrence of groups of premature systoles, and
there can be little doubt this marked inecrease of the pulse rate
was entirely due to them. During the period of quiet action of
the heart an occasional irregularity due to the occurrence of a
premature .R}‘r-'lnh' could be detected i::lkli,: 109 ).

FiG. 108, —Shows an occasional premature beat.  From the same patient as Fig. 105,

Case 4, female.—This patient presented the most extreme
pulse rapidity of which I have a tracing. She was about fifty
years of age, and was admitted to the Victoria Hospital the
day before her death. The only account which [ could glean
was that there was no history of previons heart disease, but she
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Fro. 110.—Tracings of an extremely mpid pulss due toa long series of prematire gyatoles.

had suffered lately from great weakness and shortness of breath,
and the pulse had assumed this great rapidity during the last few
days. The pulse was, ab the time of examination, uncountable,
but was certainly more than two hundred and fifty beats per
minute. Tt would be quite regular for long periods, bu would
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present oceasional slowing, as in the tracing, Fig. 110. The slow-

ing can be recognised as due to oceasional full beats interrupting a
long series of premature systoles. It will be observed that there
are two waves to each plllﬁe: beat, the lesser wave EH_‘EE'II'__;' i ];LI!'_-__{H
dierotic wave, and the dicrotic wave is always larger after premature
,-'-"!.'ritljh_'r'ﬁ than after the oceasional full beat ':1'1}1' the reason vx];]erhle:u]
in % 18). The wavy character of the tracing as a whole 18 due
to the movement of the arm during laboured respiration, and from
the tracing of the respiratory movement it can be seen that the
pulse tracing falls during inspiration and rises during expiration.
That this is purely an artificial condition will be shown in § 129.
I am not prepared to S8y that this was a case of llul'n_\i}'r'.-i!u:l]
tachycardia, but I cite it as an illustration of how a long series
of early systoles can undoubtedly produce a pulse of continuous
and extreme rapidity.

Case 5, female, aged forty-six.—This patient was dying from

Fig. 111.—From & case of paroxyamal tachyeardin (pulse two hundred per minots)

cancer of the lungs. For several months before she died she had
attacks of rapid action of the heart, lasting for two or three days.

Fie. 112.—From a case of paroxysmal tachyeardia, showing irrepularity, probably due to o

missed beat,

I_]m pulse then was mostly quite regular (Fig. 111), but ocea-
sionally one could detect pauses and small beats in the pulse, as in

1, 113, —From the same patient as Figs. 111 and 1192, showing an ircegular pulse. due to

Prematurs systoles occurring singly and in groups,

L i (a1 . : :

Fig. 112. The pause is evidently due to a beat which has failed

to reach the artery, and hence gives a clue to the character of the
9 :
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other beats, which are presumably premature systoles. During
the period of quiet heart action the pulse was usually regular,
but it would be irregular for several hours, as in Fig, 113,
Here there is exhibited the oceurrence of premature systoles, singly
and 1n groups.

Case 6, male, aged fifty-one.—This patient was under my care
only for a short period. About the age of twenty-five he suffered
from rheumatic fever, but I could not detect any valvular defect.

L Y L4
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Fig. 114.—From a case of paroxysmal tachyeardia (pulse two hundred per minute)

For nearly a week the pulse rate continued from one hundred
and seventy to over two hundred beats per minute (Fig. 114).
Then it suddenly quietened down (Fig. 115) for a couple of days,
after which it resumed its rapid character for a few days, and
then remained quiet for the few weeks he was under my
observation. He died from heart failure six months later, but
he was not then under my care. The pulse, during the quiet
period of the heart’s action, showed a distinet tendency to the
occurrence of premature systoles. Thus the second and last

Fre. 116.—From the same case as Fig. 114 ; during quiet action of the heart the second and
last beats are premature.

beats in Fig. 115 are of this character. Noting this I suggest
that the whole of Fig. 114 represents a series of these premature
systoles.

Case 7, male, aged forty.—This patient first consulted me
in January 1900. He had an attack of rheumatic fever at
fourteen years of age. Three and a half years ago, after walking
for twenty minutes at a rapid pace, he felt extremely weak and
exhausted. After this he was always short of breath on exertion.
Two and a half years ago, immediately after throwing a cricket
ball, he felt the heart flutter for a few seconds. Ten minutes
after this the heart “fluttered and beat quickly for six or seven
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upon the heart or nervous system. The series of tracings from
Fies. 117-121 illustrates a sthenic type of febrile pulse. The

Fia. 117.—Rapid pulse with T. 104. This and the following four tracings illnstrate the pulse in

athenic febrile condition.

fever may attain its hichest degree very speedily. In Fig. 117
the temperature was 104°, the pulse one hundred and fifty, a
rapid pulse with low arterial pressure, a condition of some gravity

Fig, 118, —Febrile pulse, T, 102'5. The pulse is slower; so th

I_:E':I' i -\.l,""!_':_ill"_' I of the dierotic

wave falls nearly to the level of the aortic notch.

il

if it persists. Next day the temperature fell one degree (Fig.
118), and the pulse is materially altered, the chief feature being
the marked dicrotic wave. In Fig. 117 the rate of the pulse

Fig. 119. —Febrile pulse, T. 101-5. The aortic notch is now at a higher lavel

was so great that the dicrotic wave was interrupted at its
highest by the next pulse beat, while in Fig. 118, the pulse rate
being slower, there is a fall in the tracing after the dierotic

Fig. 138, —Febrile pulse, T, 1005, P, 100. It is now & well-marked dicrotic pulse.

wave nearly as low as the bottom of the aortic noteh. Hyper-
dicrotism, as has :i]]'ia;lrl;-.' been said (§ 19), is mainly due to the
occurrence of a pulse beat interrupting the fall of the dicrotie
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wave before it falls as low as the aortic notech. The gradual
inerease in the rise of the aortic nmotch is the characteristic
feature in the next three tracings, Figs, 119, 120, and 121,

Fia. ;._II._'-[.'E”:'l'-.:'.l...-.l-l .'.--r:|.:-.L . 100, ‘.I..Illli'l,."].' the mite 1s the same as in ]|_:_ | i) IE”"“{':'-".':'T”
18 10t 80 marked.
it]lli:':ll‘i.n_'_t' a reduction of the rate of the l-ul;q[- as well as an
increase of the arterial pressure.
N 115. The pulse in asthenic fever—The ominous signifi-

Fig, 122 —Febrile pulse of low arterial pressure, T. 108, P, 118, 1L, 86. This was taken eight
hours after the rigor ab the beginning of a pnenmonia. This and the four following tracings
nlse,

show o type of aathenic g

cance of the absence of the dicrotic wave and of arterial pressure
during the diastolic period is well illustrated in Figs. 122-126,

Fra. 128.—T,. 101-5, I'. 4, R. 28—second day.

which may be taken as characteristic of a form of *asthenic™
pulse. This series was taken from a strong youth during an

Fic. 124.—Asthenic type of pulse with well-marked systolic wave z, and only a faint indication ol

the dierotic wave -|'- third day.
: ,. : - S
attack of pneumonia. Fig. 122 was taken eicht and a hali

hours after the rigor. The artery was large and full, but
extremely soft and compressible between the beats. The pulse
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beat itself was of little strength. Although the temperature
was 103°, the rate—one hundred and sixteen—was not ex-
cessive. ut the bad feature about the pulse was the
slicht resistance offered to the compressing finger, and the

absence of any dierotism. This 1s an invariably bad sign in a
febrile pulse at the early stage, when the disease has to run a
lengthened course. The tracings taken on successive days all
too surely heralded the fatal termination. These are all

Y16, 126.—T. 102 P. 148, R. 52. The irregularity and rapidity of the pulse heralded the fatal
end on the fifth day.

characterised by the extremely small degree of arterial pressure
during the ventricular diastole. On the fifth day the pulse
had reached the rate of one hundred and forty-eight, and he
died that evening,

ﬁ 116. Varied reaction !"HI,."'-'-"J'J" r.fa'a'n.-'.'.'r:',i.'lxl,r o -.'l'Il'.-"."‘-il.l_ll'.-'.'-"."I'I'_'i.|:|l' el
nature of poison.—No law can be laid down for the responsze of
patients to fever. Individuals react differently to the same
stimuli. The normal pulse rate and the characters of the pulse
have all some slight peculiarity, and when a stimulus altering a
pulse rate is applied the difference is still marked in the response.
As pulse rates quicken, however, there 1s a tendency to similarity
in all individuals. * Apart from the peculiarities of individual
patients, the nature of the poison has a distinet effect upon the
pulse. Although ague has been cited as evidence of this state-
ment, yet there are numerous less marked instances occurring in
general practice which merit more than a passing notice. The
changes due to the nature of the poison may not be so strikingly
demonstrated in studying different individuals as in studying
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the effects on one individual. Thus J*'If,;s:_ 127-132 are from

the same individual at different periods. He iz a healthy man

of middle age, with a slight tendenecy to obesity. Fig. 127 is a

Fig. 137.—Trmcing from o pulse of low arterial pressure from o healthy man.  The following fve

tracines from the same individoal show a varied reaction in different febrile conditions.
tracing of his pulse when he is in good health—a regular pulse

of rather low arterial pressure. He is subject to slight attacks of
cold, with stuffiness of the nose. Figs. 128-131 are tracings of

Fia. 128.—T. #-5, P. 82, slight coryza.
his pulse during these mild febrile attacks. In Iig 128

(February 1891) the temperature is raised one degree, the pulse
has quickened twenty beats over normal, and the character ot

a 1 i r . F ] 1 lieht cory =
Fig. 180T, #0-5, P. 88, slight coryza.

the pulse is one of extremely low arterial pressure,—to the finger
full, soft, and readily compressible. Fig. 129 was taken during
a similar attack in January 1893. The temperature 1s again

Fra. 120.—T. 1015, P. 6.

raised one degree, yet the pulse is six beals in the minute slower
and the arterial pressure not perceptibly altered from normal.
When the L[:]]]I]Ljrutul‘t" is raised to ]Ulﬁ, a8 in another attack 1n
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August 1892 (Fig. 130), there is a lowering of pressure similar
i n ; .\:| - T -
to what occurred in tracing Fig. 128. In August 1894 this
patient had another febrile attack for which no definite cause
could be assigned, the only peculiarity being painful twitchings
of many of the trunk muscles. The temperature is 1029, the
pulse only seventy-six, and the pulse beats strong and the
pressure between also hich,—in fact, a rather incompressible

pulse. The tracing (Fig. 151) shows these points,—the high up-
stroke due to the sudden propulsion of the lever above the
systolic wave, and as the lever falls it rebounds again, giving rise
to the second sharp wave. The dicrotic wave is distinet though
not large, and the descent is gradual. All these characteristics
point to a powerful heart acting against high arterial pressure.
A similar tracing (Fig. 132) 1s seen again during a febrile attack
in 1897. When the last two tracings were taken we can safely

surmise that the temperature had execited the heart to violent
exertion, and yet some element was preventing the arterial
relaxation that accompanies inereased temaperature.

§ 117. Increase of temperature without inerease of puls
rate—Increase of temperature without a corresponding increase
of the pulse rate is by no means a rare occurrence. Its
significance is of very varied importance. In the mild attacks
of fever just alluded to, the absence of pulse guickening with
increased temperature was neither accompanied nor followed by
any disagreeable symptoms. A similar condition is occasionally
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met with in the early stages of influenza. In typhoid fever a
pulse of seventy to eighty per minute, with temperature of 102
or 105°, is sometimes met with. Fig. 133 is a tracing from such
a case. The marked dicrotism here is a striking contrast to the
characters of the tracing in Figs. 131 and 132, where there was
also a relatively slow pulse with an increased rise in temperature.
The difference seems to be due to the fact that the arterial
relaxation was much greater in the typhoid case (Fig. 133) than

Fra. 188, —Dicrotic pulse from & patient with typhoid faver, P. 70, T. 103%

in the others, so that less resistance was offered to a heart not
acting with the same vigour. When the general condition of
the patient presents no serious symptom the slow pulse in typhoid
15 rather a favourable sign than otherwise, indicating as it does
a fair amount of reserve heart power. But when the slow pulse
and high temperature are associated with such cerebral symptoms
as delirlum or unconsciousness, the condition is then a very grave
one. I have only seen a few cases of rheumatic fever with these
conditions, and they all ended fatally. Fig. 134 is from a man

Fig. 184.—3low pulse in rhenmatic fever with cerebmal symptoms, T, 102:2, P, 4.  This and the

two following tracings are from the same patient.

aged thirty-five years suffering from rheumatic fever. The
patient had just recovered from a mild attack when he was
seized with a second, at first apparently of a mild and similar
character, with the exception that the pulse did not quicken
with the fever. The temperature gradually rose to 102-5, and
the pulse rate remained at ninety-six. Slight variations in
temperature and pulse continued for a week, and delirium
gradually supervened till the temperature rose to 104", while the
pulse fell to eighty beats per minute (Fig. 155). The pulse was
firm and hard, and it is evident that the heart was acting
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strongly against great arterial resistance. The same evening the
temperature rose to 1057, and the pulse suddenly changed in its

character, became quick, soft, and irregular, as in Fig. 136—a
cliange that heralded by a few hours the fatal termination.

Fro. 186, —Sniekened jrresular pulse due to sudden failure of the heart, P, 116, T, 105,

In tuberculous meningitis the pulse, notwithstanding the
temperature, 1s sometimes slow. Fig. 157 is from a young man

two days before he died. He was unconscious, the temperature
1027, and the pulse eighty-four per minute. It presents the form
of 1rregularity that I have referred to as the youthful type.

N 118. The pulse in pnewmonia.—On account of the
differences in the action of the various ElrliH-’lIt.ﬁ'. that cause the
fever, it is difficult to make strict deductions. Nevertheless
one gets into the habit of formulating certain definite ideas
that guide one in estimating the severity of a febrile complaint.
[n pneumonia, for instance, the amount of arterial pressure, the
rate of the inllﬂ', and its 1‘]L|1.'[E|]|'., are each of them often among
the most important indications we possess.  Within a few hours
after a rigor the fatal termination may be too plainly foretold
by the character of the pulse. In the series of tracings Figs.
122-126 this is plainly discernible. The first of these, taken
E*i;{hL and a half hours after the l'i;_='ut', presents such a =zoft E”:[H"'

10)
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aortic valves are incompetent the blood escapes back mto the
ventricle as well as throngh the capillaries. In consequence of
this there is an abnormal fall of the arterial pressure during the
diastolic period of the cardiac cycle. In order that 1-Efu tigsues
should be properly nourished the maintenance of a certain flngnru-
of arterial pressure is necessary. The fall during the diastole
being so great, the left ventricle endeavours to make good this
d.-fic‘fum:}' -h:.' more powerful contraction and, with increased work,

Fic. 138.—Pulse of slight aortic regurgitation with fuir compensation,

hypertrophies, so that while the mean arterial pressure 1s made
good the difference between the extremes of pressure is much
exaggerated. Thus the pressure in the arferies at the end of
diastole is far below normal, while during systole it is far above
normal. The pulse is therefore characterised by a sudden strong
impact quickly and suddenly falling away, leaving the impression
of no resistance to the finger during the diastolic period,—the
water-hammer pulse or Corrigan’s pulse. The sphygmographic

Fig. 180.—Pulse af slight aortic regurgitation with great cardiae failure.

tracings show these peculiarities, as in Fig, 138. There 18 the
sudden upstroke due to a powerful ventricle operating against
glight - resistance ; the systolic wave due to the continuance of
the venfricular outflow maintained for a short period; the sudden
fall, interrupted low down by a temporary maintenance of the
pressure rather than by a wave representing a dierotic wave.
The dicrotic wave may be well marked, but falls low down, as
in Fig. 139. Such are the characters of a tracing when the
regurgitation 18 not extreme, and where the aortic valves still
offer a certain amount of resistance to the back flow, When
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the shrunken aortic valves offer little or no obstruction to the
regurgitating blood the tracing represents a fall nearly as abrupt
as the rise (Fig. 140). There is here only an occasional trace of

Fi1a. 140, —FPulse of extreme sortic regurgitation.

the dicrotic wave o, while the pressure in the arterial system
offers so slight a resistance that the character of the systolic
wave is obseured by the height to which the lever is jerked.

Other peculiarities occur, due to the extreme and sudden
changes in arterial pressure. The intermittent character of the
blood flow may be continued through into the capillaries, and
even into the smaller veins (§ 140). The arteries become
distended and much more tortuous. The great and sudden
changes of pressure induce degenerative changes in the arterial
walls, and this again increases the work of the heart. Ultimately
a point is reached when the hypertrophied heart is no longer
able to maintain the blood supply in such quantity as to ensure
the due functional ability of the tissues, and the field of response
becomes gradually more and more restricted, till complete failure
of the heart ends the struggle.

:'q' 122. The alleged delay r:,."' the ]','rj.u.-".e.-" v aortie requrgitation.—
An alleged characteristic supposed to belong to the pulse of aortic
regurgitation is a marked delay in the transmission of the pulse
wave from the heart to the carotid and radial arteries. This
idea has been taught by the most expert clinical observers, and
many curious explanations have been elaborated to account for
the delay. The observer who first described it seems to have
been Henderson ® in 1837. His observation has been confirmed
by such writers as Flint,*® Balfour® and Broadbent.** It confir-
mation was desired upon any point in eclinical medicine, such
names as these would at once command universal respect. So
strong indeed is the value of their testimony that teachers of
to-day who consider themselves men of independent judgment
and untrammelled by precedent, are demonstrating this supposed
delay to their students. For many years I fully believed this
view, and although T could never myself discover it, I naturally
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represent one-fitfth of a second, The space (o) within the dotted
lines represents the loss of time between the appearance of the
carofid pulse and the appearance of the radial 7. about ‘08 a

q_ﬂ-r&f{_{ﬁ- s i Carotid

Readial

Fro. 141.—Simultansops tracings of carotid and radial pulses, from s case of aortic repurgitation. The
The

diflérence in tine (o) betwean the carotid and radial pulses correaponds with that in Fig. 142,

first portion of the tracing was taken when the paper was u g at the more rapid s

second. In Fig. 142 simultaneous tracings of carotid and radial
are taken with the same instrument from an individual with a
healthy heart, and where the pulse rate was nearly the same as

Carotid Coarotid

— — e ———————————

Fig, 143 —Simultaneons tmeings of the carotid and radial pulses, from a case of phthisis with a
healthy heart.

in the patient with aortic regurgitation. The space (o) repre-

senting the radial carotid interval is identical with that in

Fig. 141, viz. ‘08 of a second.

ApeaHeat

| B Bus BN S me e L T amm |

Fic. 148, —Simultaneous tracings of apex beat and radial pulse, from a case of aortic regurgitation.
Fhe interval (o) Between apex beat and radial exactly corresponids to that in Fig. 144.

The heart radial interval shows the same correspondence
'|*'Ej_{-~_ 143 and 144). The space represents the }IL']'jth-;l of time
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hetween the beginning of the apex and the appearance of the
radial pulse, and lasts "17 of a second in both cases. These
periods are in agreement with the periods given in physiological
text-books. The essential fact, however, is that the intervals are

Apeox Beat

-

Fro, 144, —Simultanenus tracings of the apex beat and radial pulse, from o case of phthisis with a
healthy heart,

practically identical both in healthy subjects and in patients

suffering from free aortic regurgitation, and there is no evidence

of the extreme loss of time in the appearance of the radial pulse

that the writers referred to have thought they defected.

Hiirthle ** and others

w 123, The pulse in aortic stenosis.
have demonstrated that when the ventricle contracts against a
high arterial pressure there is a gradual increase of the ventricular
force towards the end of systole. When there is marked narrow-
ing of the aortic orifice the full effect of the ventricular systole
upon the arterial column is not at once developed, as the aortic
stenosis offers an inereased resistance. The contracting ventricle

Fig. 145, Anperotice pilss from n ease of aorkic "'\.:ll'||||_'\.i:\"

raises the arterial pressure in a move gradual fashion. Hence
the impact of the pulse wave on the finger is not sudden, but
feels to push against the finger in a somewhat leisurely fashion.
The tracing 1n such a case represenfs a slanting upstroke with an
interruption near the top,—an anacrotic pulse tracing (Fig. 145).
This 18 not due to any interruption in the contraction of the
ventricle, but merely to the fact that the lever of the sphygmograph
has been raised in the first instance slightly quicker than the
following current of blood, and as the distending wave increases
the returning lever is caught and carried along to the summit.
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N 124, The pulsus bisferiens—TIt has been sugeested that
the ventricle contracts in two stages 1n certain t';L.::Etr-: of aortic
stenosis, and that this 1s shown by the fact that the tidal wave
18 sometimes found split into two (Fig. 146)—the pulsus bisferiens

Fiuoi, 140, =—Piilsus risleriens, from & cage of aortic stenosis,

it has been called. I am somewhat doubtful whether after all
the pulsus bisferiens may not to a great extent be artificial and
due to instrumental defeect. One might reason that a little more
suddenness of the systolic wave might jerk the lever so as to
change the interruption at (b) in Fig. 145 into a wave, as in
e, 146, A :t[rfi[ F-_\'HLI:-HL_‘ wave can be demonstrated in manvy
other cases where a strong heart is acting against a relatively
low arterial pressure, as in atheroma, particularly if there is Hl[}_-fh-i
tever. Thus the. first few beats in Fig. 147 might be said to

Fia. 147.—Showing the difference of the tmcing got by changes of pressure applied to the artery.

represent a typical pulsus bisferiens. The full pressure of the
instrument was applied here, and the strong acting heart jerked
the lever higher than the pulse wave. The lever, falling lwith
some force, is caught again on the full wave and jerked up, form-
ing the second wave. When the pressure was diminished and the
spring lay lightly upon the artery, the character of the tracing
changed, as slhown by the last three beats in Fig. 147. In the
last three beats the lever does not rise so hich and falls sooner,
and follows the systolic wave more accurately. This was from
a patient with atheromatous arteries, with a strong acting heart
and free from valvular disease. I am disposed to distinguish the
split tidal wave in this and similar instances from the true
pulsus bisferiens, by the fact that in the true pulsus bisferiens
the first of the two waves is always lower than the latter. But
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left radial is taken at the same time as the right carotid. The
upstroke of the left radial pulse is somewhat slanting and
anacrotic, s at ' maximiu
" vl vivrot? acrotic, 80 that t_}u maximum
/ 'M\#"”‘ _f’n“‘n..__‘_f"—k""'-.__,j height of the wave is not reached
till towards the end of ventricu-
lar systole, but the beginning of

N F : .I""\_
-.._dllf/_ “'\;\} Jlr r\\"\‘__‘_ Jlr e

. ~— the radial pulse will be found
left radial

to be exactly the same time
il s carcotid irlll.‘-'ul' as the beginning
anacrotic, and seemed to the fAnger delayed “jl []tl' 1Ii.'\__fljtl 1'-5““3’1].;

I cannot see why there should
be any delay of the pulse in
case of aneurysm. The wall of the aneurysm is not contractible,
but is always full and distended, and the heaving pulsation of

patient as Fig, 145. The left ra

sthi Bk 1
keined the right radial,

nppearance of bhoth rmd

carotid is geen to be identical.

anEuTHS‘m

Fie. 160, —Simultaneons tracings from a large aneurysin pulsating in the second right intarcostal

space and from thea apex beat.

the aneurysm 1s no more an evidence of contraction and expansion
than is the beating of the carotid. In the most typical pulsating
aneurysm of the aorta onme finds no delay in the appearance of
the radial pulse. Thus Fig. 150 was taken from a female with
a large pulsating aneurysm of the aorta. The time of the appear-
ance of the pulse in the aneurysm corresponds with the time
of the appearance of the pulse in the pulmonary artery in
Figs. 26 and 27, Fig. 151 is a tracing of the radial pulse
ﬁi[]lllltal[]tna:l.»'l}' with the apex beat, trom the same ]J;LIit‘ﬂl‘- as
Fig. 150. It will at once be seen that the radial pulse appears
after the apex heat exactly at the same period of time as occurs
in health and in patients free from aneurysm. (Compare with
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Fies. 29 and 30.) In dealing with the venous pulse 1 shall
have to demonstrate that when the right ventricle sends a wave
of blood back into the veins, there is a distinct delay in the
appearance of the wave when the auricle is active and capable
of contracting. But In the case of the auricle we have to do
with a museular walled cavity, whose walls contract and in
dilating naturally absorb the blood from the ventricle until
the cavity 1s filled, and after that the wave 18 sent back into
the veins. Hence a delay occurs before the wave due to the
ventricular systole appears in the veins.  Further, when the

Fig. 161, <Simultaneons ||;';.,|-i|||_;-u-‘,' the apaEx bent and radinl pulse, from a case of aortic anenrysm.

auricle becomes paralysed from over distension, it no longer
delays the blood coming from the right ventricle, but permits
the wave at once to appear in the velns, just as the arterial
pulse appears in passing through an aneurysmal dilatation of
the artery. In other words, the ventricle, aneurysmal cavity, and
arteries forming one continuous chamber, increase of pressure in
the ventricle is reflected to all portions of the arterial system,
according to the laws regulating fluid pressure. Francgois
Franck*® goes so far as to say that there is a delay of the pulse
in all arteries beyond an aneurysm. A eritical examination of
his tracings does not bear out his contention, in my opinion, and
certainly my observations, as in Figs. 150 and 151, disprove it.
N 126. Blocking of the lumen of an arfery—Other causes

Lef t Radial
|
||""JIIII

Fio. 162, —The right radial is anacrotic, due to the bloeking of the lumen of the rieht subelnvian
artery by an atheromatons plate,

may interfere with the blood current in the arteries. Thus in
Fig. 152 the right radial shows a slanting upstroke with an
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supply of the tissues. Hypertrophy of the left ‘_'.'t'nlt'i:;]u 1‘1'511117:-4
from this increased labour, Thus it is that during the systolic
period the arterial pressure becomes raised, while it falls lower
than the normal towards the end of diastole—similar to what
happens in aortic regurgitation, but to a less degree.

The artery is usnally of fair size, sometimes very large and
tortuous, and can be rolled under the finger like a cord for a
considerable extent up the arm. In extreme cases it has a beady
feeling, as if little lumps of hard matter were embedded in the
artery wall. The impact of the pulse wave is sudden and
usually of considerable strength, and lasts for an appreciable
interval. After the ventricular systole the arterial pressure
quickly falls, and little resistance is felt during the diastolic
period of the eardiac cycle.

The characters of the sphygmographic tracings sometimes
resemble those of aortic regurgitation. Thus Fig. 153 is from
an elderly man with large tortuous arteries. The upstroke is
hich and jerked beyond the systolic wave, the steep fall at the end

Fig. 168, —Trmcing from a case with arterles large, tortuons, and athermomatous,

of systole is interruped by a small dicrotic wave. These pulses
often present a slight irregularity, searcely perceptible to the
finger, as in this tracing. When the artery 15 small these
characters are not so marked, and little that 1s distinctive can

Fra, 1564, —From a patient with small atheromatous arteries

be made out save that the dierotic wave is never large, as in
Fie. 154. When, however, the heart 1s stimulated by febrile
excitement the }lm:ll]i;:t' characters of the iul].m' in atheromatous

arteries become apparent. Thus Fig. 155 is from the same
patient with the temperature at 100°5. Here the upstroke is
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jerked high, and in falling indents the systolic wave. The
dicrotic wave is quite at the foot of the tracing, and is much
slighter than appears here, because the falling lever gives the
notch an artificial depth. As a matter of fact, the small amount
of dicrotism is at all times a characteristic of the pulse in an

Fia, 1556.—From the same patient as Fig. 154, during slight fever, T, 1005,

atheromatous artery. When it seems large in the tracing it is
partly artificial, on account of the jerking movement of the
spring deepening the aortic noteh. This is shown in Fig. 156,
taken from the same patient from whom I got Fig. 153, during
an attack of bronchitis with a temperature of 104°, The heart,

Fig. 156.—From the same patient as Fig, 153, during a febrile eondition, T. 104,

stimulated by the fever, acts strongly, and as the resistance in
the arteries is diminished the spring does not follow the extremes
of pressure with accuracy, but is violently jerked with each
variation in the pressure. Hence the various wvariations in
pressure are not represented by rounded curves but by sharp
angles.

" TFor a time the hypertrophied heart may maintain the
circulation at a fairly high level, but with inerease of atheroma
the heart’s work not u]ﬂ"g.' becomes greater, but the heart becomes
affected by the results of atheromatous degeneration. The arteries
iurumuingw atheromatons no longer supply suflicient nutriment
to the overworked heart, and consequently degeneration of the
muscle wall oceurs, producing the wvaried symptoms of heart
failure.

[n many cases there is evidently a diminution of the quantity









SOURCES OF ERROR IN OBSERVATIONS

Fig. 157, it would seem extremely probable
that the rhythmical irregularity of this
pulse corresponded with the rhythm of the

1'trﬁlrit'itllll'}' MoOvVenmenss. The Lh]l‘:ﬂiu]l of

each of the pulse groups corresponds so
nearly with the duration of a respiratory
cycle, that relying on the senses alone omne
would be disposed to say that they agreed.
Yet in the tracing it will be found that
while there is a record of twelve groups
of irregularities, there are eleven respiratory
eyeles (inspiration and expiration). The
pulse is really of the type described before
as the pulsus trigeminus, and the long
pause will be found at one time or other
to be coincident with every phase of the
respiratory eycle.

In laboured breathing it is necessary
to be very careful in taking a tracing.
When the accessory muscles of respiration
are called into play they may frequently
cause slicht movements of the arm. These
movements, though .~C1_'.'th_'|j-1:.' ]-|,'1'{‘=-111i|_|l|l Lo
gight, are yet able to have a marked effect
upon the sphygmographic tracing. Thus
m Fig. 158, where the paticnt suffered
from diabetic dyspneea, the pulse tracing
showed a marvellous exeursion coincident
with the respiratory movements. But
when I laid hold of the condyles of the
humerus, and steadied the arm, these ex-
eursions at once almost completely ceased,
as in Fig. 159. In looking over pulse
1-1'Lll_"l[|:,,[:a ||:-.' several ‘.'.'1‘[[.5'-1‘:-4, variations in
the arterial pressune similar to those noted
in Fig. 158 are depicted, and profound
ceneralisations drawn from them. So far
as I can Bee, []u:.‘.' are i-]11i]‘t-1}' due to the
movements of the arm, and have therefore
no connection with wvariations of arterial
pressure.
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2 130. VFariations in :'.-Tri,.f".f'-r.r-! ACCOMPAny vartalions in

certerial pressure—A very safe rule to be followed in doubtful

tracings of this kind is to note if there Le variations in the

Fio, 1538 —=3imnltaneous tracing of the respirmtory movements and of the radial pulse, showing
variations of the pulse corresponding with the respiratory movenents, but actually due to
the movements of the arm.

duration of the pulse beat. In nearly every instance where

the arterial pressure varies (as 1t would do if Jj.j_,{ 158 were

really a simple tracing of the pulse alone), the duration of the

Fig. 150,—The same as Fig, 158, the arn being steadied.

cardiac cycle varies (Figs. 164, 165, and 166). Also when the
pulse beat is evidently diminished in size through respiratory
interference, its duration is likewise shortened (Figs. 173 and 174 ).

Y 151. The wnfluence of the respiratory movements on the
etrculation.—The intrathoracic pressure, being below that of the
atmosphere, favours the flow of blood into the chest. This
influence is much greater during inspiration than during expi-
ration. The flow of blood also through the lungs is ;._El‘ll'liil}'
favoured by the movement of inspiration. It may also be
inferred that these variations in intrathoracic pressure would
have a distinet effect upon the thin relaxed walls of the auricle,
particularly during inspiration. The pressure within the aorta
18 S0 oreat that the 1'{'1;11_i‘n'|.‘]}' Hli;{hl variations ]r]'u}lii]J]}' have
little effect upon 1it. It might reasonably have been assumed
that this influence varying so much during inspiration and ex-
piration would have given an intermittency to the blood current.
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RESPIRATION AND BLOOD PRESSURE 167

appears 1o favour the influence of the respiratory movements
upon the pulse. In Fig. 164 the variation in arterial pressure
is well marked, During inspiration the pulse invariably becomes

more dicrotie, while during expiration the aortic notch becomes
raised, If the duration of each pulse beat be carefully measured
there will also be found a distinct :-45|||1'E|_'r:5]Lj_1 of the beat with

Fig. 164, —Simultaneons tmeings of a soft compressib

ments, showing distinct increasa of arterial pr

inspiration. The pulse béats are also shorter during inspiration,

the increase in dicrotism. Although one but rarely meets with
such distinct evidence of the wvariations of pressure as in this
instance, lengthening of the beat during expiration s far ifrom
uncommon., A H’[t"[]»."tull_r ingtance of this 18 seen In Fig. 165,
where at the end of inspiration there is a distinct pause. A
better illustration of what we may consider a normal respiratory
irregularity is seen in Fig. 166. Here there is a periodic
lengthening of the diastolic period every fourth or fifth beat.

Fro, 16h,—simultaneous tracings of the Fpiratory movainents af o soft mdial paldse, showing @

+ v 15 + &} - s | 3 .
long diastolic pause at the end of each inspiration,

The cause of these wariations 1s far from eclear. The mere
alterations of intrathoracic pressure mechanically favouring the
flow at one period and embarrassing it at another, as one observes
in the veins of the neck during the respiratory movements, is not
a sufficient explanation. In Fig. 166, for instance, although the
irregular pulse 1s undoubtedly due to the respiratory movements,
yeu the iI'l‘i'i,.[lilul'ii_\' does not l.'-!(il1'1-.|.l‘|' 1_:1:‘1‘1‘L*H1:.n[]15 Lo any definite
period in the respiratory movement. This irregular movement
geems due to the tendency of the heart to maintain an unusual
rhythm when onee it is stimulated thereto by some unknown
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170 LPULSE AND RESPIRATION

very dicrotie (Fig. 168), while during cessation of breathing at
the end of expiration no very marked change took place in the
character of the pulse (Fig. 169). After making a series of
observations, when the patient had held his breath several times
for a considerable period, his breathing at first rose to the usunal
rate of sixteen per minute. A tracing (Fig. 170) taken at this
time shows a variation in rhythm very similar to that in
kg, 166. '

% 135, The pulse with laboured respivation.—In cases where
the breathing is laboured from any cause the pulse very fre-
quently gives evidence of distinet variations with the respiratory
movements. In Fig. 171, taken from a patient suffering from

Fra., 17L—From a case of bronehitis with laboured breathing. The reapimiory movement swas
obtained by placing a receiver over the episternal noteh, hence a fall in the teacing is duoe to
inspiration, and a rise to expiration.

chronic bronchitis, there is a distinet fall in the tracing during
inspiration, as if the laboured inspiratory effort had reduced the
arterial pressure, either by sucking more wvenous bleood into
the chest, and thus expediting the flow from the arteries, or
by embarrassing the outflow from the chest. There is a slight

Fri. 172, —From a cage of asthma. The rise in the respiratory tracing is due to inspiration, anil

tha full o expiration.

ll'l‘:ll_lj”]ll__ljl‘l_il!l!l of the diastolic lli.'l'inil of the ]‘Hir‘if at the same
time. In Fig. 172, taken from a patient during an attack of
asthma, a very similar variation occurs, In Fig. 1735, from a
female, aged twenty, suffering from -catarrhal prnewmonia and
capillary bronchitis, the temperature being 105° the pulse has
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a peculiar rhythm, the chief characteristic heing a small short
beat with each inspiratory movement, as if the Inspiratory
movement EL;H! ]:an]iﬂl'fl IEH' ‘.'l'[]il'i:_‘ﬂ]ul' r-'-l‘-‘r:[ﬁh‘. A 11L1]H~: \':-1'_'9'

similar in character is seen in Fig. 174, but here the small beat

. q Sp—.-1 | [ S dede md cratarehial BTl
Fia. 178 rom & casa of eapillary bronchitis and catarrhal pneumonia,

is coincident with the beginning of expiration, while during
inspiration there is invariably a large beat.  This patient, a
man aged fifty, had an aneurysm the size of a hen's egg on the
ao0rta i;numli;nrt]‘r above the aortie valves. This ANeurysl had
bulged against the right ventricle and pulmonary artery, so that

the latter could only admit a in*ﬂ]nﬂt]r]‘, It 18 Er-l:-l:-li':rll" in this

case that the movements of respiration caused the aneurysm
mechanically to interfere with the flow of blood, and also
modified the ventricular systole, at the end of inspiration or at
the beginning of expiration.

§ 136. The pulsus paradorus.— The best instances of
mechanical interference with the blood flow are seen in adhesive
mediastinitis, Unfortunately the few cases of this disease I
have seen have not been under my own care, so I have had no
opportunity of making observations of the pulse in these cases.
None of the [1':|1'1'11;T{:l trom ]:;1Ti1'nl.-‘ with this disease that T have
B4 pn'lﬂi.ﬁ]u:li have had the ]'t-Hl-il'.L[nT}' curve taken at the same
time, hence the exact relations of the different phases of the
respiratory movements with the pulse variations are not capable
of examination. The diminution or obliteration of the pulse
during inspiration (pulsus paradoxus) is supposed to be character-

































182 CONSTITUTION OF VENOUS & LIVER PULSES

occupy in this table, we can usually find its cause by noting
what force is operative at that particular period. While this
table represents with fair aceuracy the chief events in a cardiac
revolution, it is not asserted that it is correct in every detail.
Authorities are not quite agreed on several small points, but it
18 sufficient for the purpose I have in view.

What we have here presented are, the curves representing

Shut Open

Jo man g,

Auricle

160
Ventricle

&0

Iao

Aortic Valves

weconds

Fio. 176.—Bami-dingrammatic represantation of the auricular, ventricular, and aortic [IreEsUTES

during ong cardine revolution. I, the presphygmic period of the ventricular systole; E, the

sphygmic or pulse period ; F, the postsphygmic period.

the variations of (1) the pressure within the auricle; (2) the

ressure within the ventricle ; (3) the pressure within the aorta.
ressure within tl tricle; (3) ti thin tl {

The spaces embraced by the perpendicular lines represent re-
spectively the time during which the semilunar valves are open
(E) and the auriculo-ventricular valves are shut (1-4). I would
again direct attention to the presphygmic period, ), when the
rentricular pressure is rising, but has not yet opene e aortic
ventricul a, but 1 b yet ned the aortic
valves; and to the postsphygmic period, F, where the ventricular
pressure is falling after the closure of the aortic valves, The
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curves indicating the pressure are approximately correct, but
are here utilised to show the periods when variations take place
in the pressure. Though the events in this diagram represent
what happens in the left side of the heart, there can be no
doubt those on the right side are of the same character.

§ 151. The arterial pulse as a standard.—In the tracings
of the venous pulse to be given hereatter, usually the carotid or

Carotid

=
—— —

Fig. 177.—Simultaneons tracings of the jugular and radial pulses, and of te carotid and radial

'|||:|----:.

radial pulse is taken as the standard of time. The curves of
these pulses are later in time than that of the aortic pressure in
Lhr,' fﬁ:];_gl‘:lm_ But as 1]|te 'i_'.'tl‘._'ﬂ.:ili :L]“..l't‘_‘.' and jl:_’-;ulul' ‘.‘1'5]1 are
E'l]’l]él”}'.[hﬁi.rLtlL from the heart, the pulsations in these wvessels
will bear the same relation as the auriecular and aortic pressures
do to one another in the l]i;i_'__ft'elln_ The radial will be a little
later than the carotid and jugular pulses, and consequently I

R I'ne. Jeg.

Carotid

Roadial

Fra, 175. —Simultaneous tracings of the jo
E durntion of ventricnlar ontfow, rig

v, ventricnlar wave | ¢, earotid wave ; x, aurecular depression ; ¥, vontreular depreéssion. Tha

lar and radial, and carmtid and roedial palses.

- 1 I . | . r Yo g r
1 ATTETIAL OTiNCas § &, SUrICIIar y

dotted lines between & and z indicate probably the true venons pulse wave.

frequently give the tracing of a few beats of the carotid artery
after that of the jugular vein, in order to show the exact relation-
ship (Fig. 177). The significance of the space & in the various
tracings has already been described (§ 21). In many instances
the tracings of the jugular pulse cannot be taken without the
shock of the carotid pulse making a wave on the tracing, and
as its presence 1s usually easily recognised, it serves as a standard
of time to reckon the period of other events in the cardiac cycle.
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T adual rising, v, continuing after & until the auriculo-ventricular
valves open; then a fall, y, interrupted by the next auricular sy Hluilc
wave (a). The same features arve present in Figs. 177 and 178,
and [1; most tracings of this form of venous pulse. The wave .’r ),
which corresponds to the smaller wave in the auricular pressure
curve of the diagram, is of great importance. In explaming

_H*_fn.*',Juf:f.
i

{

‘|
|
|

L~ .-f""-l'l 1

Cerotid [

| N oo _._'_Il""'ﬁll,_ 1o SN 2.8

Frg, 179, —Simultaneons tracings of the jugular and carotid pulses, showing that the waves i Lhe
jugular correspond in time with the waves of inereased auricular pressure in Fig. 176,

its causation in the diagram, I said it was due to an increase of
pressure caused by the accumulation of the blood in the auricle
flowing in from the veins. Presumably that is the cause of
this rise in the auricular pressure in the normal heart. With
engorgement of the right side the curve will be modified. Thus
in cases of Hltll“«lll{ inf'u]|t}n-u*r1|-v the accumulation of blood

Fio. 180, —simultaneous tracings of thesradial and earotid, and of the radial and jugnlar pulses.

The jugular | n this anid the next tracing shows one large wave, ¢, dua to the ven |
s¥atole; and one Inrge depression, y, die to the ventrienlar diastaoli

in the auricle will more rapidly increase, because the flow back-
wards from the ventricle will be added to that from the veins.
Hence the greater the 1.-]‘i»='llr=}|:itl iIIL'ItuJ||'[I|_'1_t_*m'1_' the sooner will
the -auricle be filled, and the earlier in the cardiac cycle will
the wave (v) appear in the veins. As this wave, therefore,
18 an indication of the degree of tricuspid regurgitation, I have
called 1t the ventricular wave. As the engorgement of the
right side advances, this wave increases in size until it occupies
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the whole period of ventricular contraction—a period correspond-
ing to the period (%) in the diagram, as in Figs. 180 and 181,
In both tracings there is but one large wave, v, synchronous
with and due to the ventricular systole; and one large depression,
1, :-:I‘g.'1u:'.l|l'4_muﬂ:~=. with and due to the ventricular diastole. It will

Fia, 181, —Simultaneons tracings of the jugnlar and radial pulses.

be seen that there is not the slightest trace of a wave due to
the auricle. As a matter of fact, the vigorous ventricle expelling
the blood with such force through the wide tricuspid orifice had
s0 enormously distended the auricle that its walls were stretched
to such an extent that it was unable any longer to contract
effectually upon its contents; it may in fact be said to be
paralysed (see § 178).

§ 155, IHlustration of the changes that lake place in a venous
pulse.—This inerease in the size of the ventricular wave, with
diminution and disappearance of the auricular wave, may be
demonstrated by studying a series of cases with varying degrees
of engorgement, or by watching in one patient the gradual
alteration of the venous or liver pulse. In the early stages
the auricle is active and able to contract. If it be able to
contract and expel blood from its cavity, it must of necessity
be able to expand and receive blood during its diastole. When,
therefore, tricuspid regurgitation is present with an active auricle,
the whole wave sent back by the ventricle does not reach the
vein, because the cavity of the dilating auricle i3 interposed
between the ventricle and vein. Hence, although the ventricle
is pouring blood through the tricuspid orifice, it can only appear
in the wvein after the auricle has filled. = With inecreasing
engorgement the auricular systole is less effective, so that the
auricle is not completely emptied ; consequently the wave in the
veins due to the regurgitation from the ventricle appears earlier.
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in the waves of blood thrown back into the veins is more difficult
to follow in the jugular pulse than in the liver pulse. In de-
veloping this argument I therefore take the waves of blood
thrown back into the inferior vena cava, which produce a liver
pulse.

N 157. Individual cases illustrating changes in the wvenous
and liver pulses—The patient on whom the following observa-
tions were made had been under my care since 1880. She
suffered from mitral stenosis at that time. She had had
rheumatic fever in childhood. Between 1880 and 1892 I
attended her for three attacks of rheumatic fever. The follow-
ing are notes of the case taken in September 1892. Female,
aged forty-one. Complains of weakness and shortness of breath.

Fin. 185, —Simultaneous tracings of the apex beat and of the liver pulse. The wave, a, is dus to tha
auricular systole ; the wave, v, to the ventricular systole; the depression, x, is due to the
auricular diastole ; and the depression, y, to the ventricalar diastole. This and the following
three tracings were taken from the same patient, and show the gradual disappearance of the
anrfcular wave: 155,

There is marked heaving of the chest and a well-marked apex

beat in the fifth interspace, with a distinet purring tremor

preceding the beat. The vertical dulness of the heart begins at
the second interspace, and the transverse dulness extends from
one inch to the right of the middle line outwards to the left for
five inches. There is a long murmur running up to and ending
abruptly in the first sound, heard only at the apex. There is a
goft murmur following the first sound heard at the apex and
propagated towards the axilla. There is also a systolic murmur
heard over the middle of the sternum, and also a faint diastolie
murmur, The liver extends two inches below the margin of the
ribs, and distinetly pulsates (Fig. 183). The diagnosis given
then was stenosis and regurgitation at both mitral and aortic
orifices, and tricuspid regurgitation. By and by I came to the
conclusion that there was also tricuspid stenosis, for reasons to be



CASES ILLUSTRATING CHANGES IN TTHE PULSE 189

given later. If the liver tracing (Fig. 183) be examined it ‘ﬁ:‘]l“
he found that the liver pulse consists of two waves whose period
in the cardiac cycle corresponds to the waves of auricular pressure
in the diagram Fig. 176. The
shortening of the period after
the wave v always occurs in in-
creased rapidity of heart action,
as will be shown later. DBut the
point here is to note the relative
sizes of the two waves, the one Fio.184 ':HI"II]:IHH;H-=:H"" the liver
due to the auricle being so much e

larger than the one due to the ventricle. At this period I had
not devised the clinical polygraph. After I had devised 1f, most
of my observations were made with it, and therefore the radial
pul:-;e‘ was the standard by which the waves in the liver were
recognised. Thus in Fig. 184 the liver and radial pulses are

Fro. 185, —Simultaneons trocings of the liver and radisl pulses : 1847,

taken together, and, as in Fig. 183, the auricular wave («) is the
larger of the two. Until her death in January 1899, this
patient had many temporary attacks of extreme heart failure.
In the later years of life a modification of the liver pulse became
evident. Thus in February 1897 the tracing of the liver pulse
in Fig. 185 was taken. It will now be seen that both waves
are about equal in height, and the period of diastole following the
auricular wave 1s not so marked as in Figs. 183 and 184.
During the latter part of 1898 her weakness and breathlessness
increased. When I examined her on December 1898 I found
certain changes whose significance at the time I did not appreciate.
[ made a note as follows : The pulse is irregular, the heart dulness
extends over to the right one inch beyond the midsternal line,
and six inches to the left. The apex beat is in the seventh
interspace. There is a systolic murmur at the apex, a systolic
and diastolic murmur at the base, and a systolic murmur at the
carotid. The liver is enlarged, extending three inches helow the
marging of the ribs, and distinctly pulsates (Fig. 186).
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There is here no mention of a presystolic murmur. On look-
ing over my notes of this patient, extending over mMANy years,
this is the first time a presystolic murmur was not mentioned.
What is the explanation? The liver pulse supplies it. There
1s now no sign of the wave due to the auricle. There is but one
large wave due to and synchronous with the ventricular systole.
In fact, the auricle is distended to such an éxtent that the walls
are no longer able to contract. While this patient lived, I took
numerous tracings, and they all presented the same features—only
one wave due to the ventricle. She died in 1899, and at the
post-mortem examination the auricles were enormously distended

into thin-walled sacs with a few strands of muscular fibres
scattered over them. There are several points of interest in this

Fie. 186, —8imnltaneons tracings of the liver and radial pulses. The liver pulse is now single
waved, the anricular wave having disappeared ; 1885,
caze to which attention will be directed later, but here I desire
to point out that with advancing engorgement of the heart, the
liver pulse had changed in so far that what was in the earlier
stages the most prominent feature—mnamely, the wave due to the

auricle—had in the later stages entirely disappeared, and left a

single waved liver pulse due to the ventricular systole.
That this is not an exceptional instance the following two

cases demonstrate. The

) pre ; first patient, a female, was

N i i - "IL under my care for heart

l AR d I failure consequent on mitral

disease for a short fime in

_"'k_‘_ !'-.*'I .ﬂf". P
L r _-T__‘Y '_"1--_____.;’ ———
][ Radial

1894. There was marked
pulsation of the liver (Fig.

pulses, The main wave, a, in the liver pulse is 187, Here there is a large

b e wave, which from the time
of its occurrence is certainly due to the auricle, I did not see
her again till 1899. In the meantime she had several attacks
of extreme heart failure, and she was very ill when I saw her in
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consultation. The liver was large and pulsating, and, as Fig. 188
shows, it was entirely due to the ventricle, there being no sign of

‘13, 188, —Simultaneons tracings of the liver and radial pulses. The main wave, ¥, is due to the

ventricle. From the same patient as Fig. 157 1 1800,

-1

an auricular wave. The L1‘:i:_‘in;_{.~a show very Lliﬁli]ll'l]}’ that the
liver wave now occurs with the radial pulse, not, as 1n ]"i.'_:. 187,
beftore 1t.

In another case the increase in the ventricular wave towards

the end of life is well seen. Fig. 189 shows a liver tracing
with the two waves very distinet, the larger (a) being due to the
auricle. Shortly before the
patient died, the liver tracing
showed a striking change
(Fig.190). Here the auricu-
lar wave, a, 13 much smaller .
than the ventricular, v. In i Rr‘!d;ﬂf
this patient death occurred

I3 Ml -—aimultanecus tracings of the liver and

before the auricle had be- radial tracings. The anric

here, in contrast to the precedinge firure

come l..'EI]II:lJlt:lI..‘[}' ]a:Lt';J]:g.'ﬁL!ll.
Un account of the distressed breathing and abdominal distension,
[ was unable to get good tracings of the liver pulse. But in this
patient the jugular pulse was always very distinct. Thus
Fig. 191 shows the jugular pulse at the same time that the
liver pulse in Fig. 189 was taken. The points to note here are
the large size of the auricular wave, a, the following depression
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due to the aurieular diastole, and the small size of the ventricular
wave, v. Shortly before she died, I took the tracine Fie, 192,

[he auricle is not completely paralysed, as there is a small wave.

Carotid

,__.;w (o B

Fig, 191, —Simualtaneons tracings of the jupular and radial and of the carotld and radial nulses.

@, and its small size conveys an idea of the slight effect of the
44111'i|;11];|1' systole; the systole being weak, so little blood has

en expelled, that naturally only a slight fall will oceur due to t!n-
auricular diastole. On ”!t" other !let]ll the ventricular w: Ve, ¢, 18

Hodial

Fio, 192 —EBhows the great diminution of the auricular wave as compared with the preceding

LTACIng.

much increased in size, being now the most prominent feature in
the wvenous pulse. The day before the patient died I got the
tracing Fig. 193. Here the auricle is evidently nearly paralysed.
There is an absence or the merest trace of the wave due to the

RiInt.Jug.
r"u
nn
||_'|. | I |-I- l""-'l

Fio. 198, —3hows the partial |.|'_.|i_'. siz of the :||;-::-'|- from over-distension, thea v

HLELONA Bhsant,

auricle at every second beat, and it is interesting to note that
when the auricular wave is absent the succeeding ventricular
wave is frequently increased in size. In this case also the
auricles were found enormously distended after death.
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in the vein, but 1s due to the carotid pulse affecting the instru-
1ment. IJ‘I:'II' !-'srl-; 1.‘.]'.il.'|: ]-]'c:‘.z' i[ L0} b ]u'.]['»-]‘g,' q-u]'rrliqi are as
follows : ','1" It 18 ul'-.*.'n.\.':a H}':|l-||]'u1lnllq.~' with. the carotid qu]:-:e

(Figs. 194 and 195). (2) In moving the receiver away from the

),-—-ﬂ—,_\ = Carotid

%
o

Fig. 1iM.—Siminltaneons tracings of the carotid pulse and of the jurilar peilae, ahowing exact

synchronism of the carotid pulse with the carotid wave (c) in the jugnlar pulse,
vein fowards the artery, this wave assumes more and more the
character of the arterial pulse, or when the venous element in the
tracing diminishes the arterial element remains. Fig. 196 shows
the venous pulse present during two respiratory movements,
after which the breath is held.
During inspiration the carotid
pulse (C) alone is present; when
the breath is held the venous
pulse increases in size and the

Carotid
PN ]LP\F\ ™~ J

Rt I'nt.Jug. ; :
carotid wave becomes g]'k}éi“}

reduced in size. (3) It is never
present in the liver pulse when,
otherwise, the liver pulse bears

a distinet resemblance to the

YEeInols '|III|.*-GI' j]l_ 1']].”'.[['[['!' il.]ll.].

Fig. 195.—3hows the spme as Fig. 114,

rhythm (Figs. 197 and 198).
(4) During irregular heart action, when there is an absence of
the arterial pulse while the venous pulse continues, the carotid
wave is absent from the venous tracing during this irregularity
(Fig. 274 ).
When the jugular valves are competent, so that the jugular
bulb 18 much distended, there 158 no carotid wave 1n the lt'ill'ii]g
(Fig. 179). Also, when the pulse in the jugular vein is very

1
|

large and the carotid very small, this wave 1s Llﬁ‘nlsl“}.' absent
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fill before the next auricular systole. In such instances after
the ventricular wave (), the tracing rises somewhat gradually.,
In the tracing (Fig. 199) it appears as a rise with a somewhat
flattened top, interrupted by the sudden appearance of the
auricular wave (a), and corresponds to the gradual mse in the

Fia., 10, —Simultaneous tracings of the jugular and radial polses, showing how the interval, g ti

after the ventricular wave is cccupied by a gradnal rise dune to stasis in the vein. Pulze mate

4 par it

auricular pressure curve after the depression y in Fig. 176.
The rise I consider due to the distension of the vein by the blood
flowing to the heart. It is the changes in the volume of the
vein which the instrument records in the tracing, whether
these be due to actual waves of blood sent info the veins or to
stasis. . The pulse rate in this case was forty-four per minute.

?"é L i“,i',l.-r.-.l_._,ru-.‘ due o varialfions in fthe rofe .-_.l.'- the heart's
action.—The quickening of the venous pulse occurs entirely at

the expense of the auricular diastolic |‘.II'I'iIIIl of the cardiac

revolution, just as the quickening of the arterial pulse takes

e 10} - i i i1l 1 T 5
I 2 —Simnla of the jugular and radial pulses. Pulse rate 56. This
Falloorin ] allepist A
I B A I 14 ickening of the ||:'.|~i-' rate with o groclual disag
ince of all the & an astol

place mainly at the expense of the ventricular diastolic period.
The events occurring in the veins during the auricular diastolic
period tend to nliH;Ly[u-:ir. Thus in Fig. 199 the auricular
diastolic period is very long. When the pulse rate increases, as
in Fig. 200 and 201, the shortening affects entirely the period
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of stasis (v to a). This period of stasis (hetween y and a
very short in the first part of Fig, 202, When the pulse rate
i.-: :C.:j_g|1||_'-.' 4=L-L-|-]|']'::i|'|] 1 |H.'L|lii]|_!_': 1]!l' |l]'l"".i| i1 r|IIiL|- |Ji~:;1]11|l'::]'r&_
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With stall orealer increase of the 1!‘.1].~=L- rate, the wventricular

to such an extent that its rise
is blended into that of the auricular wave, so that only one true

wave ¢ becomes shortened even

I Ty '-;:t Breathing
g o ' [ r.‘--
'
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VENnous ll'.!]."l' wave 18 1'l-c'|-_=_{11iht'i5. Thus

in Fie 208 the wven-
1|'irl.|].|]' wWave,

18 l'r[n]‘-'m-!lln-n] by a mere itl'.l't'l‘ll}ﬂill]l of the
upstroke, as the auricular wave follows

so close upon it, and
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when the breath is held even this slight wave llihi]-Euf:ll'H. In
the next two tracings the same result is shown when the pulse
quickens on account of an Increase in the temperature. In Fig.
204 the ]I'|||3=I.' rate 15 one hundred per minute, and the Lempera-
ture 100°, and a 1!';|l'i11:_- of the venous '_|‘-|.‘:]='|' shows 1t to be of
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CHANGES DUE T0 HEART RATE

the auricular form, with the three waves—ventricular, auricular
and carotid. In the evening the temperature rose to 102°. and
1.|::Il;' 'I.Zl'lllﬁl.f I-J]lin;-]ﬂ‘-]l.l.'-l.l 0 One ]ll”]l]]ﬂ-ll ;|'||_|] i“'”:'||ll1l-'?:~]x1 il.ll.l.l 1|II.’

l\.

Rt Carotid

V‘nJ‘M.J‘x\hﬂ_ﬁ,\_j\.ﬂ..xﬁ_:

Pulse 100

Fia. 904.—Simultancons tracing of the jugular and carotid pulses. The period of stasis s absent,
amd the ventricular wave ¢ is represented by a slight movement; T. 100, P, 100.
ventricular wave entirely disappeared, Fig. 205. In Fig. 206
”'.l.l- 'I:IH]"-C':! WHS q!.l.‘n‘n.'El:I,-:-l il:]il']\-. ii]l.ll '|.|]i‘. VEOUs lllll.‘-"l." ;ll"-"-'i'l.l‘-'ﬁ |'|-’IH
this character, one large auricular wave, @, with a well marked

['éll'lllill. WAVE, (. ']‘:jli! -lli.]-il."-IJ::l,' VETIOUIS 1.-.|]..;.- may VeI he Hin-_;].-
waved tl_{ 207 ). In these cases the wventrieular outflow is

flu”l-‘.‘.'.u| ]~:|]|ilH.\r hv the l'||]|1g-_:¢.1i|.__,: auricle. The i o pi

s
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Radial

wave in the cardiac I.'I".'l.']\.' 18 seen to L(I[']'ll.-a]l-':-r'll.l to that of the
auricular "',"--"\lH||-. The wave in the 'l.L'i]I 15 'L:ll'_!_’n_ and r[l;il-.-
|||J,=.'L'|:E|'.-x 1'-_'|L' ~c]||i||| -:--||-.|'.i|l llILlH-.'_ l..n,-]:lll'|| I;'-]']h 10 “”-'."'l []H' “ﬂ"i:u_



204 AUKICULAR FORM OF THE VENOUS PULSE

[t is thus seen that with the venous pulse of the auricular
type, increase in rate takes place entirely at the expense of the
events that happen during the auricular diastolic period. The
llt'l‘ifId of stasis first ooes, then the ]H.'t"l.l.ll.] of ventricular diastole,
then the wave due to the ventricular systole. Finally, as in Fig,

Fra. 207 —asimultansous tracings of the jugular and radial pulses. Thera 18 bub one large wave

fue to the auricular svatole. .

207, there 1s only one large wave, «, due to the auricular systole,
and one large depression, @, due to the auricular diastole.

8 171. Ziming with the arterial pulse necessary for the
certain recognition of the nature of the venous pulse. — These
variations in the auricular venous pulse ean only be distingvished
when the arterial pulse is taken synchronously as a standard of
time. Tracings of a similar shape are got with the ventricular
venous pulse, and if one reasoned from the shape alone error
would surely arise. Thus, for instance, Fig. 206 resembles Fig,
LeftJugularBe

=

y

1 } . w11 Y
Fie. 208 —Simultaneons tracings of the jugular and radial pnlses amd of the carotid and radinl
lar pulses

of the puricnlar type in Fig. 206. Timing with the raidind shows at once thea differance,

pulses, The jugular | ulse is of the ventricular type, but bears a regemblance to ju

208. the latter being a ventricular tracing, the former showing the
auricular and carotid waves. In tracings taken by other observers
the similarity in form has led them to draw erroneous conclusions.

§ 172. Fariations in the size of the awricular wave, The
actual size of the auricular wave shows remarkable variations.
When the vein is full immediately before its occurrence, the wave
itself may be small, as in Figs 199 and 200. On the other hand,
it may be of great height and force, as in Figs. 179 and 207. No
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great variety of conditions.  Thus in Fig. 200, where the
ventricular wave varies much in size in accordance with the
respiratory movement, the notch, though appearing at different
heights, maintains its time in the ecardiac n:'_}.'t']f_-. I have also
found it present in the tracings taken directly with a steel
spring, and its presence can sometimes be detected in traecings
taken by other methods.

ﬁ]?l}. The cause of the inerease in the wentricular wave
aif?! » the elosure eIJ,F' the semilunar wvalves.—The fact that the
ventricular wave increases in size after the pulmonary valves
have closed would indicate that some extra force is at work.

Thir-; 18 .»c11'u1t_u'|,\' evident in some It';l['iri'_*'.'-'. where a sudden rise

Fiag. 210.—Sinaltancons tracings of the jugular and radial pulses to show the sudden rise of the
ventricular wave, v, during the postsphygimic period
of considerable extent takes place. Thus in Figs. 210 and

272 the wave, v, is very abrupt, of considerable size, and almost
entirely limited to the period after the ventricular outflow
through the pulmonary orifice has ceased, e. to the post-
sphygmic period. To find out what force is operative here refer-
ence can.be made to the diagram (Fig. 176). The only force
operative after the period & 1s the still high (though falling)
ventricular pressure. During the period after the semilunar valves
close, the ventricular pressure, though no longer able to overcome
the aortic pressure, is still high above the venous pressure, and
therefore the ventricle pours its contents back into the auricle
and wvenous system. During the ventricular systole the outflow
in such ecases is occurring in two directions, and with the
sudden cessation of the onward current there is a sudden
increase in the backward current. This period of high
ventricular pressure 18 L*Mi]'trlm'lj' brief, but the wave sent back
at this time is also extremely brief and exactly corresponds in
duration, Another argument in favour of this view is to be found
in the greatly increased size of the wave during a premature beat
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patient continuing to live with an auricle incapable of contracting
18 & somewhat novel idea in cardiac symptor natology, and it seems
necessary to devote a little study to the eondition.

I have alveady demonstrated, in Figs. 183 to 186, how in
one patient the steadily advancing failure of the heart was
accompanied by the diminution in size and final disappearance
of the auricular wave, with the increase in size and final persist-
ence of the venfricular wave. At the post-morfem examination
one could easily surmise that the greatly distended, thin-walled
sac of an auricle was incapable of exercising any pressure on its
contents. In quite a number of cases I have noted the same
steady progress of events, and occasionally I have had the
opportunity to wateh the restoration of the auricle to temporary
activity, All who are familiar with cases of heart failure con-

Fra. 211.—Simultaneous tracings of the carotid and radial and jugalar and radial pulses during an
attack of temporary heart failure, The jugular pulse s ventricular in form, the anricle being
inactive.

sequent on mitral disease recognise periods of extreme failure
when the heart’s dulness increases. Sometimes it happens that
a presystolic murmur that was present entirely disappears during
the time of temporary failure, and returns with increased vigour
of the heart. The explanation usually given for this is that
the distended right side had pushed the left ventricle -away
from the chest wall, so that the sound was no longer capable
of being heard, and as the recovery .took place the return of
the left ventricle to the front enab’d the sound to be heard.
I have another suggestion to offer—mnamely, that during this
period of heart failure in some cases the auricle has become
so enormously distended that it ceases to contract, but that with
restoration of compensation it again regains its power of activity.
In Fig. 211 there is a tracing taken from a patient suffering
from extreme heart failure. It will be noted that there 13 no
sign of an auricular wave, the venous pulse wave being synchronous
with the arterial outflow from the ventricles (#). Gradually



VENTRICULAR FORM OF THE VENOUS PULSE 211

this patient’s strength improved, the area of cardiac dulness
diminished, and the venous pulse then presented a distinet though
relatively small wave, @, due to the contraction of the auricle

Fig. 212, —From the same paticnt as Fig. 211; the heart's strength has increased and there is now o

(Fig. 212). The improvement continued, and the last tracing
I took (Fig. 213) shows a still larger auricular wave. Figs. 214
and 215 show the same thing. This patient had symptoms of

Carotid
L

R e e

extreme heart failure, during which Fig. 214 was obtained.
When he had much improved the tracing Fig. 215 was taken,
which shows a well marked auricular wave, Here I have not

Fig, 214.—Simultaneous tmeings of the jugnlar and radial and of the carotid and radial pulzes, dus
ing an attack of temporary heart faflure. The venons pulse iz of the ventrienlar form, the

auricle belng inaetiv

the slightest doubt there was a temporary paralysis of the auricle,

and very 1i]~;4'|‘\' with recurring attacks of heart failure the
auricular wave would l'tIle'{.']:.' LliHLI]#]:L*LLI'. In another lj.lt.iL‘[lE_,
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whom I first saw 1n .1'\[:1}' 1892 there was a faint venous ].;]]ql-

of the auricular type (Fig. 216). After an attack of heart failure

1n .Iu]}- of that year the venous pulse was ventricular in form,
with an oceasional small beat due to the auricle, HIJH- 74

Carotid

The following year this small wave had ceased to appear, and up
to the time of her death in 1900 the venous pulse was invariably
of the ventricular form only.
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';.'.E ll._'.i'. f I,I-r'r'.ﬁlt.f.*#-'rl'l."f WL 18 Tener JIr..-'r.~.'.- il .'.f'.l'.f}'.: i Pern-
friewlar venous I!rf.mi'm'-', It 18 cm]}' lately that the true meanine of
this solitary ventricular wave has been duly appreciated by me as
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incapable of contracting. Second, the long diastolic murmur
was evidently due to the onrush of blood from the dilated
paralysed auricle through the mitral orifice during the ventricular
diastole—the diastolic murmur that is occasionally present in

Fic, 219, —Simultaneons tracings of the apex beat and radial pulses, with mururs as in Fig. 218,

cases of mitral stenosis. The diastolic murmur usually runs
into the presystolic or auricular systolic murmur, the latter
ending abraptly in the first sound, Here this latter murmur is
absent.

§ 180. Is the left auricle also paralysed 7—I have assumed
here, when there is an absence of the auricular wave in the
venous pulse, that both auricles are paralysed. On the one hand,
the venous pulse gives evidence for the right auricle, while the
presystolic murmur supplies the evidence of the activity of the
left auricle, and the simultaneous disappearance of both suggests
the paralysis of both. I have had another striking illustration
of the tendency of both auricles to cease acting when one is
paralysed. The patient from whom Fig. 179 was taken had the
jugular bulb distended into a pulsating ball, whose movements
could be seen at a distance of several yards. For the five years
I had her under observation this pulsation was invariably present
till a few days before ber death. There was also present a loud
presystolic murmur at the apex. Latterly I could also detect
another presystolic murmur at the middle of the sternum. Some-
time before she died she had severe attacks of angina pectoris.
One day she said to me that “the beating in her neck ™ had
ceased. I examined her carefully and found that the jugular
swelling had entirely disappeared, that the hitherto well marked
liver 11111:-:1‘: had i_ii:‘-i.'t,]:ll,'lﬁ‘ztrﬁ_ﬂ!, and there was no 1‘11‘E5}'Htcllf[: murmur
present either at the apex or over the sternum. There was
continuous irregularity of the heart’s action observed for the first
time. For three days these observations were verified, when she
suddenly died. There was found mitral and tricuspid stenosis,
and the right auricular appendage was found tightly packed with
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a firm, white, partly organised clot, the size of a large walnut.
The formation of this elot had evidently paralysed the right auricle,
as evidenced by the absence of the venous and liver pulsation,
and of the tricuspid presystolic murmur, while the simultaneous
disappearance of the very well marked presystolic murmur at the
apex marked the cessation of the left auricular systole.

[ know that these facts are too limited actually to prove that
both auricles cease to act; mevertheless they are so striking in
themselves that T throw out this suggestion as the only feasible
explanation.

ﬁ- 131, e APPearamic: -':_.f' the avave in the venfricular venous

.'””"I“'" eariier than that of the systolic wave tn the arferial pulse.

Inasmuch as the wave in the ventricular venous pulse is due to
the right ventricular systole, and the systolic wave in the carotid
pulse is due to the left ventricular systole, it might be supposed
that they would cecupy the same time in a cardiac revolution.
If, however, it be borne in mind that in the case of the arterial
pulse the left ventricle has opposed to its systole the high
pressure 1n the aorta, whereas the right ventricle has opposed to
its systole the slighter pressure in the auricle, it will be realised
that certain modifications must take place in the duration of
their respective waves. It will be remembered that the ventricle
cannot open the aortic valves until the pressure within the
ventricle rises above that in the aorta. There is therefore a brief
[l"]‘ilu[, the ]H'!!E"]'I]I:'-'f_":llil' interval, after the lll':_;innlln_u' of the
ventricular systole before the arterial pulse appears. The right
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ventricle having little pressure in the auricle to overcome , the
venous pulse appears as soon as the ventricle contracts. In

Moe 90 Al : . :
Figs. 220 and 221, where the venous pulse of the wventricular

e L L P

Rtfhf.fug

Carotid |
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type 1s taken at the same time as the carotid, the wvenous
pulse occurs earlier than in the carotid,. The time is exceedingly
short, but 1t 1is Lliﬁii[]t=§:, and L'Ll]'['q':-l[lrll'[l;[:-; to the IIl'I.'F'EP]E‘p"-_{]‘Ili.II'
interval in the cardiac cycle. In Fig. 222 where the .u]-e-:-:

Apex beat

ST i Sirmm ltamnanng S o inor ¥ 1k - i T i & 1
Fre, 232, —Simultaneons tracings of the jugilar pulse and of the apex beat.  The jugnlar pulse

the ventricular form, and its duration corresponds to that of the apex beat,

beat and venous ]-111r-'~L' are taken tomether, these events appear
almost simultaneously, the slicht difference in time being due to
the venous wave ]J::\"Lt]_',:' to travel fromn the heart to the jn:,_{u];u'
vein (see also Figs. 180 and 181, and § 154).

§' 1 82, .':'rb-"-F' veniri -'-"'I“'.l' VETLOUS f::’f-".\'r‘ Teprest nis the JIrESSUTe
variations within the right ventriele—In all tracings of the
venous pulse of the ventricular type, the beginning of the wave
occurs slichtly earlier and the duration lasts longer than the
systolic wave of the arterial pulse. Its duration in fact
corresponds more to that of the apex beat. The duration of
the apex beat corresponds to the time of increased ventricular
pressure, and as the increased ventricular pressure is directly
communicated in such cases through the dilated tricuspid orifice
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to the veins, there is therefore a correspondence in the duration
of the apex beat and venous pulse and of the whole period, Hy,
in Fig. 176. The prolongation of the venous pulse wave after
the closure of the semilunar valves has already been pointed out
(8§ 174-176) as being due to the continuance for a bret space
of the high ventricular pressure after the valves have closed.
One might, therefore, represent the tracing of the ventricular
venous pulse as showing variations of the pressure within the
right ventricle. This holds true in regard to the great change
from systole to diastole, and may even hold true of the pressure
during systole, as in IFigs, 180 and 181; but the change in the
venous pulse during the systole, as in Fig. 225, must be modified
by more conditions than the ventricular pressure.  How this
comes about is explained in § 176 (see also § 236).

:"'::'- 183. The period of stasis in the ventricular venous and

Fic. 228. —8imultaneous tracings of the jugular and radial pulses, showing period of stasis

from ¥ to 2.

liver pulses—In the ventricular form of the wvenous and liver
pulses there is but one large wave and one large depression. The
i_l[‘]:'lll_..‘-_-.h[r_“l'll ]Ji:.mf:: due to the abstraction of |Ir|n:1 from the wveins
during the ventricular diastole, its character wvaries with the
degree of engorgement of the right heart. When the engorgement
is not so great as to distend the veins during the ventricular
diastole, the diastolic period may be represented by a straight line
in the tracing, as in Fig. 221. When, however, there is great
engorgement of the right side of the heart the diastolic depression
is brief, and the lever begins to rise early in the diastolic period.
This is well seen when there is considerable engorgement and
a slow acting heart. Thus in Fig. 223, immediately after the
lowest part of the tracing, the lever begins gradually to rise, due
to the distension of the vein on account of the stasis. The more
or less gradual ascent of the lever due to the passive distension
of the vein is suddenly increased by the true venous pulse wave,
v. There can be little doubt that the whole period from y to v



218 FARALYSIS OF THE AURICLE AND THE

1s due to the stasis in the vein. and implies such great encorge-

. R : | = e i = =
ment of the right ventricle that the ventricle is evidently filled
some time before it contracts. The same features are present in

¥ e TG LN, ok 13 TR v . 4 i ME v e 1 i 3 i 1
Fre. 2234 —simultaneous tracings of the liver and radia) pulses, showing the period of stasis, ¥ to v,

the liver pulse (Fig. 224). It can also be seen during the long
pauses after the premature beats in Fig. 181. | ;
N L84, The postsphyqgmic portion is the most constant part

of the ventricular wave—In many tracings of the auricular type,
as has already been pointed
Zefe Bulb out, the wnlru-ul.;u' wave 1s
only represented by that
portion that oceurs after
closure of the semilunar
valves. 'When any increase
in size of the ventricular
wave takes place, it is by
the appearance of the
wave in front of this post-
sphygmic portion, in the
ultaneous tracings of the venous pulse Imanmner shown in the dia-
venous pulse during the postsphygmic pericd, and pEtel Fi??r‘ 182. When

during the occurrence of a premature beat, o (seo !_]H! Venous or ]i'l.'l:‘r 'Elull"'“
ond of § 170).

i apex beat, showing the increased size of the

15 of the ventricular form,
this portion of the wave is always the most distinet. In some
cases, indeed, it is markedly higher than the earlier part. In Fig,
225 the jugular pulsation is of the ventricular type, and shows
a very striking rise of the latter portion of the ventricular wave.
In the liver pulse the wventricular wave usually occurs as a
oradual rise, due to the swelling of the organ, but even here the
postsphygmic portion is occasionally sudden and abrupt, as in
Fig. 227. The persistence of this portion of the tracing is well
seen in Fig. 226. In the patient from whom this tracing was
obtained the jugular pulse would sometimes disappear altogether.
On holding the breath the blood would accumulate in the right
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heart and great wveins, till gradually the pulse in the jugular

would appear. The first sign of the returning pulse would be
the appearance of this postsphygmic portion. It will be seen

i

tint.Jug.

Lqﬁfﬁ rotid | . | I

Flg, 290 —sSimullaneous tracinges of tha 11 lar aindd carobid pulses, showing the persistencs of the

postaphygmic part of the venons pulse.

in the tracing that the pulse is sometimes double waved and
sometimes single waved. The former occurs during expiration,
when the veins are fuller, and the latter during inspiration.

Apex beat |
..f\,fbf\/;\-“ﬁ

Liver

\_| r_:.f ( f : /H' / P,

Fra 237, —Binmltancous tracings of the apex beat and of the liver nnlse showing that the highest

POTLI0N ol the livear nlsm i= during the st 5 ||:. oTiie PErio
When single waved, the wave always occurs after the closure
of the ]u:[Jt]un;tT}' valves. The liver pulse (Fig. 227) is from the

same pafient.
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pressed from the liver increases the distension of the right heart
and superior vena cava. Usually such pressure on the liver
causes increased dyspncea.

§ 190. Two forms of liver pulse—The pulsations in the
lnu can be divided into two groups, with attributes similar to
those characteristic of the two groups of the venous pulsations,
namely an auricular and a
ventricular, When a liver Apex beat
pulse and a pulse in the Y M. [
internal jugulars are present
in the same individual they
are of identical form—a pulse
of the auricular form in the
veins being always associated
with a pulse of the auricular
form in the liver; a pulse in
the veins of the ventricular
form being always associated

with a pulse of the ventric-

; e - 4 Ly Fra, 290, —Simultaneons tracings of the apex beat
ular form in the liver—an ik of Hia Uiver folee. - 9K Jives adop o
i:llll.'i';.'-Ll]ilT' Venous 1“1'5’1_‘ neyer below the level of the nmbilicus, and its pulsd.

- . . tion of great size,
being associated with a ven-
tricular liver pulse, or wice wersd. This is of course to be

expected, when the cause of the different forms of the pulse is
considered, for the regurgitant waves of blood flow as freely into
the inferior vena cava as into the superior. But although
regurgitant waves of blood may reach the inferior vena cava,
they do not necessarily produce a liver pulse. As already stated,
the great majority of cases that exhibit the auricular venous
pulse never present the slightest symptom of the liver pulse.
The liver pulse of either form only appears in patients with
failing compensation from' valvular disease.  The regurgitant
waves of blood in “functional” heart failure never produce a
liver pulse (§ 162). In most cases of heart failure from valvular
diseases, the muscle for a time hypertrophies to overcome the
difficulties opposed to its work. Thus, when the auricle is
paralysed and the tricuspid orifice widely incompetent, the
powerful right ventricle sends waves of blood back into the veins
with much greater force than the weak-walled auricle can exert.
This force is sometimes so great that the hand placed upon the
greatly enlarged liver 1s gently heaved up and down with each
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cardiac '!'L"-.'n].l]tinll, and the lever IlrauuH:; q=|:11}|lm.'s_1l to take
these tracings executes excursions of great dimensions (Fig.

£

229 While the ventricular liver pulse is fairly eommon in all
cases of advanced heart failure from mitral disease, the auricular
pulse is not so often met with.

;- ['.'I ] ?I,n'lra' .r:,-r,.','r-f.-.?.r,.' .'r.'.J'r'." J,u.'.r-"n.'.:' (i jj;'r.fn:.l'"lr,.- .ﬁ,-f'l,-f“ f:-_r" 9 -.r'-'-'.'\'_,rr.'r-"'
stemosis.—In tricuspid stenosis, where the auricle at first hyper-
11‘H}I]a§t:.~9,ll|1} waves sent back ]n"«' the anricle are of sufficient strength
to cause a marked }IlI[Hiﬂ 1on in the liver. In the cases of auricular
liver pulse where I have had a posf-morfem examination (seven
i|1 411]]-, Llu*l‘u ]]flr-' :lhk‘;L}':i been Ll‘ii;ll:«lri(l HE;L‘,I'IH.‘:‘.i.‘-' 111‘L'H1:][L as ‘ﬂ.'v]l
as mitral and aortic disease. 1 therefore reasoned that this was
due to the hypertrophied auricle, which inereased so greatly in
Hll'l'll:,ﬂl.'] to overcome the resistance U]J'[ILIHI.:':l to 1ts work 1!}' the
stenosed 1;1‘]\_‘{1:;1;&1 orifice that waves of blood were sent back of
gufticient strencth to distend the liver, and hence that the
liver pulse of the auricular type was a probable diagnostic sign
of the tricuspid stenosis. Tricuspid stenosis, it may be remarked,
is rarely recognised during life, and in my cases only two had a
recognisable presystolic murmur about midsternum, and one of
these only exhibited this sign a few days before death. During
the life of four of my

Jugular patients I confidently

p 4 - | NP predicted that tricuspid

o=

stenosis was present from
the long continued pres-
ence of the auricular
liver pulse. Although
my prediction was veri-
fied, yet, as I have
already said, I am not
sure of 1its universal
application.

§ 192. Differences
between the venous and

liver pulses.—There are

some slicht differences
Fic. 280, —3jmultaneous trocings of the jngular and liver | = g
pulses, to show the difference in the chareter of the in the character ot the

it liver and venous pulses.
The -;]:Urierl'—liﬁct' substance of the liver blots out several of
. ; e :

the more minute details found in the venous [ILIIHL‘L [hus
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the notch in the ventricular wave is rarely seen. Its presence,
however, is indicated in Figs. 183 and 227. In Fig. 230 the
venous and liver pulses of the ventricular type are given, showing
the smoother appearance of the liver pulse compared with the
venous pulse. Thus the liver pulse does not serve equally well
for the study of the more minute incidents that take place in
the cardiac revolution (see also Figs. 197 and 198).

§ 193. ﬂfjﬁ'i'{'?:ﬁf:’il" diagnosis r"rf the [iver _;-'.rn".w'r' from 'i”:
movements communicated to the lver by the heart.—1 would
again call attention here to
'.L-'['P[]H-H-Ellll_" error in diagnosis
of the liver pulse. The
proximity of the heart to
the liver causes certain
movements of the liver
that are often quite per-
ceptible. These movements

Fig. #381.—Simnultancons tracings of the carotid and

I]FLT“ 'rl]!.‘l.'ﬂ.li.l}' ]:'[:E:“ con- I:_'\.I'J pulses of the ventricular form, showing the
Hf!ll'l'l'il r].1il{"|.' ]J“-'Il' 1o rige in the liver tmeing o occur with the carotid
resemblance to the ventric-

ular form of liver pulse, because that wave distends the liver during

|||:ip|-,

the ventricular systole, causing the wave, v, in Figs. 227 and 231,
whereas the liver is drawn upwards during the ventricular systole
in the cases where the heart mechanically displaces the liver (§
27). When the liver is drawn up the tracing shows a fall, as
the receiver being placed under the liver records a descent of the

Fro, 282, —83imultaneons. tracings of the liver pulse and of the carotid pulse. The liver pulse is of
the auricular form, the fall after the auricular wave, ¢, beging before the carotid pulse,
liver by a rise of the lever, and a recession of the liver by a fall
of the lever. But confusion may arise between the liver pulse
of the auricular form and this mechanical displacement of the
liver. In the liver pulse of the auricular type the auricle dis-
tends the liver at the same time that the filling of the ventricles
pushes the liver down, and the auricular diastole causes shrinking

-

15
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of the liver at nearly the same time that the liver is drawn up,
In consequence of the shrinking of the ventricles during their
systole. One can readily differentiate these two movements by

Carotid

e e W e T A

Fra, #8,—5hows the same thing as Fig, 282,
accurately noting the time when the liver tracing begins to fall.
In the case of the liver pulse it begins to fall immediately after
the auricular systole and before the appearance of the carotid

Fit, 284, —3lmnltaneous tracing of the liver movements dus to emptying and filling of the ventricles
and of the earvotid pulse. The fall in the liver movement begins alter the earotid pulse,
pulse (Figs. 232 and 233). When the liver movement is due to
the filling and emptying of the ventricles, the fall can only occur
when the ventricle begins to empty ; hence the fall in the tracing
occurs a little later than the appearance of the carotid pulse (Figs.

Fro. 280 —Simultaneons tracing of the radial pulse and the liver moveiments, due to emptying and
filling of the ventricles ; comparse the time of the great fall here with thet in the auricular liver
pulas, Fig, 150

234 and 33). The difference is still more marked when the

auricular liver pulse is taken with the radial (Fig. 189), and

compared with the liver movement due to the filling and empty-

ing of the heart and the radial (Fig. 255).
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j_.";_\': From the ,n"r-f-'r.u. r_f,l'l the abdominal aortea. '-l'rklltt'E‘iJH}'
there is little difficulty in distinguishing the pulsation of the
abdominal aorta from that of the liver pulse. In cases where

Abdominal Aorta

Liver pulse

the ventricular liver pulse is present it is very rare that the
abdominal aorta can be felt, and the characters of the tracings
are readily distinguishable. Still more distinet in character is
the auricular form of liver pulse from that of the abdominal

aorta, as shown in Fig. 236.
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It follows, then, when a venous pulse is present, in order to
estimate its lmportance we have to inquire into the conditions
that may induce the dilatation of the heart, which is indicated by
1ts presence. t

§ 198. Cases in awhich the auvicwlar venous pulse occurs.-
"So far as I have considered the question these cases can be divided
into three fairly well defined groups: (1) In recoverable conditions,
where the venous pulse appears in consequence of simple dilata-
tion of the heart without disease of the myocardium, and where
restoration to health occurs with disappearvance of the cardiac
enfeeblement, as in the curable anmmias, pregnancy, fatty loaded
heart ; (2) In fatal exhausting diseases, where there is dilatation
of the heart, but where the conditions giving rise to it are fatal, as
in the cachectic conditions consequent on malignant disease and
pernicious angemia; (3) In degeneration of the museular wall,
where the dilatation is permanent, and ultimately leads to a
fatal end, as in chroniec myocarditis.

% 199, The venous pulse in recoverable condifions (anemia,
pregnancy, fatty loaded heart, efe.)—This class includes those
cases where there is a well-marked venous pulse of the auricular
form, with limitation of the field of cardiac response due to
weakening of the cardiac muscle, where restoration to health is
accompanied with a disappearance of the cardiac symptoms.

I have specified that this class of cases includes the simple
angemias, pregnancy, and fatty loaded heart. There are other
cases of cardiac enfeeblement wilth more or less venous regurgita-
tion, in whom no permanent disease is discernible. The most
characteristic of these is seen in patients recovering from an
Lt):|L:|.llH1.iIIg_§ 1llness, such as I._\'p[lni{i fever.

Anwmin.—The cardiac enfeeblement is but one of the other

Fro, 287 —Simulianeous trcings of the radinl and jugular pulse, from a chiorotic girl.

symptoms that have been long known to be associated with
ang emia. Except in so far as the venous pulse helps to
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Although there are other accompanying symptoms indicative of
this change, it would be unnecessarily introducing controversial
matter to enter upon their L]_]'EL'llFsﬁiml, and it would obscure the
importance of the part played by the most striking of these
were the whole subject entered upon. The subject is one, if
sufficiently observed and fully discussed, which would throw
light upon the variations of arterial and venous pressures, and
would lead to a more philosophical appreciation of the forces
at work in modifying the circulation. Here I may content
myself with stating that the venous pulse may be largely
developed during pregnancy, and that with restoration to health
it disappears—in many cases permanently.

Fatty loaded heart—In fat people who betray marked short-
ness of breath on climbing a hill or mounting stairs quickly,
the venous pulse of the auricular type is often a very well
marked symptom. The cause here, I imagine, is probably the
embarrassment of the heart by increase of the pericardial fat.
Under strict dietetic regimen, with resumption of greater freedom
in respiration, I have noticed the venous pulse disappear.

§ 200. The venous pulse in fatal exhausting diseases
(malignant cachexia and pernicious anemia).—This class includes
those cases where there is a well marked venous pulse of the
auricular type, with marked limitation of the field of ecardiac
response due to the weakening of the cardiac muscle in con-
sequence of some fatal exhausting disease. The wvenous pulse

FiG. 230, —&imultaneous tracings of the jugular aud cadind pilses; ndim & case of pernicions andemin,

here forms only one of the symptoms of failing strength. The
weakness that characterises the condition of all the muscles of
the body likewise affects the heart musecle. While it may be
seen well developed in cases of cancerous cachexia, it 1s in the
cases of pernicious angmia that the venous ‘pulse assumes the
largest proportions (Fig. 239). Its clinical significance 1is
overshadowed by the gravity of the disease that gives rise to it.
With its presence so well marked and with the symptoms of
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cardiac distress so evident, there may be difficulty in the first
instance in deciding whether the cardiac trouble is not after all
the sole trouble. Thus in May 1899 I saw in consultation a
man aged forty-five, complaining of weakness and breathlessness
on exertion. The only objective symptoms were slight pallor, a
systolic murmur at the base of the heart, and marked pulsation
in the veins of the neck. It was difficult to decide whether the
case was an early pernicious angemia, or some form of myocarditic
degeneration. I saw him again a year after. He had made a

Fig. H—Simultaneous trucings of the jugular and radial pulses, from & cage of pernicious angemin,

temporary partial recovery, but was now undoubtedly suffering
from pernicious angmia. The pulsation in the neck was _s,;reui.l:_.;
increased (Fig. 240). He died a month later. At the _'l]'}._f:,i:,!:.
mortem examination there was marked dilatation of the tricuspid
ﬂI‘iﬁL‘E‘r, F-s]ig_[h[. of the ]Iliil'ul,;ntt[ the cardiac musele on hliL:]'{rHl:u];i::
examination presented marked fatty degeneration. Usually, as in
the foregoing instance, the subsequent history of the case clears
up the doubt. But when the venous pulsation is present, and
it cannot be decided whether it is secondary to the exhausting
disease or to degeneration of the heart wall, it is nevertheless a
sign of the gravest significance.
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soft, and compressible, and the arteries are atheromatous. It is
always quick, from ninety to one hundred beats even when laid
in bed. There is marked pulsation in the veins of the neck,
tracings of which reveal simply the aurvicular wave, with the
small wave due to the carotid pulse (Fig. 206). There is a
slicht increase in the area of the heart’s dulness. The second
sound over the second right costal cartilage is exceedingly loud
and like a drum-tap. The patient was under observation for
some months, and was at first slichily benefited by three weeks’
vest in bed. Dropsy, however, set in, and she died rather
suddenly during an attack of diarrhecea. On  pest-mortem
examination the coronary arteries were found converted into
calcareous tubes, and on microscopic examination the muscular
substance of the heart was found to be replaced to a considerable
extent by fibrous tissue. In this case the fibrous degeneration
was evidently consequent upon the advanced atheroma of the
arteries. The enfeebled muscle wall permitted dilatation, so that
the auricular systole sent waves of blood through the widened
ostial veins.

Probably the next case was of the same nature, although
my notes are not so full, as T saw him but once in consultation.

Case 2, male, aged fifty-eight years.— Complains of great

weakness and shortness of breath, which have been gradually

Fii, #41,—Simultaneous tracings of the jugular and radial puises. There is but one large wave
in tha venous pulse, due to the auricular systole,

increasing the last few years. The face is pale. The pulse 18
small, soft, regular, and quick. There is a large pulsation in
the veins of the neck, which is shown in the tracing (Kig. 241}
to be single waved and auricular in time. There was no 1ncrease
in the-area of the heart’s dulness, and the sounds were free from
murmur. This patient, T heard afterwards, made no progress
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to the right, and a loud systolic murmur at the base of the
heart and over the middle of the sternum. There is marked
pulsation of the auricular form in the internal jugular veins
(Fig. 242). The patient’s strength gradually sank, and towards
the end of her life the pulsation was well marked, even in the
veins of the fuce and scalp. After death there was found great
dilatation of the right side of the heart, with extensive fatty
degeneration of the walls, but no valvular disease.

(lase 5, male, aged forty-eight years—A secret drinker for
many years; complains of great weakness and depression. The
pulse 1s quick, soft, and dicrotic—one hundred per minute.
There is marked pulsation in the jugular veins of the auricular
form. There is slight enlargement and tenderness of the liver,
but no pulsation. The area of the heart's dulness is inereased.
The apex beat i1s diffuse in the fifth and sixth interspaces outside
the nipple line. The sounds are feeble, but free from murmur.
The patient, not receiving much benefit from my treatment, went
off to a hydropathic establishment, and while undergoing some
special bath treatment he suddenly died.

[ can only infer from the lack of response of the heart
to all efforts to improve its tone, that this patient had exten-
sive fatty degeneration, and his end certainly pointed to that
conelusion.

The combination of excess in alcohol with overstrain may
produce a serious form of heart failure, probably from the same
cause—fatty degeneration, as the following case illustrates.

(Case 6, male, aged forty-one years—Mechanical engineer.

=

[s a heavy drinker; is a strong-looking, well-built man,

Fiz, %48, —Simultaneons tracings of jugular and radial pulses, ahiowing & large wave, a, due to

the nuriele.

accustomed for years to heavy mechanical labour; complains of
shortness of breath, sleeplessness, and no appetite. The pulse
is quick, soft, and compressible—ninety per ]I.I'i.ll'lE[-.i‘. There is
great pulsation of the jugular veins, due to the auricular systole
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What was the cause of the heart failure in the following two
cases, I am unable to specify. They present some features in
common, and differ little from cases of heart failure from valvular
disease. But the point I want to call attention to is the striking
evidence afforded by the large pulse in the Jugular veins, Both
patients were men in easy circumstances, and had the benefit of
being for a time under the care of some of the foremost physicians
of the day. The pulsation in the veins was not recognised by
any of them. Whether the jugular pulse indicated that the
cases were hopeless from the start I am not prepared to assert,
but their cases furnish additional evidence in favour of the pro-
position I have made regarding this group.

Case 8, male, aged fifty-six years—Was suddenly seized with
extreme breathlessness in the middle of the night. I was sent
for, and found him sitling up breathing heavily, and in great

Fig. 244.— Simultaneous tracings of jugular and radial pulses,

distress. [ had known him for many years as a robust healthy-
looking man, who rarely needed medical attendance, A few
months previous to the above attack he noticed that he was
rather scant of breath on going up a hill, but thought it was due
to 1ncrease of fat and want of exercise. From the time of the
attack of breathlessness until he died a year later, he gradually
grew weaker, while he became extremely dropsical. My notes
szgamlin;_; the condition of his heart at the beginning of his
illness are as follows: pulse small, regular, quick—one hundred
per minute. Apex beat is felt in the fifth interspace. The
heart's dulness extends from 14 inches to the right of the midsternal
line to 14 beyond the nipp]q:,— There is a loud systolic murmur
heard all over the cardiac dulness, but it is loudest at the apex.
The second sound is feeble and rather soft. There is a large
pulsation in the neck, the tracing showing it fo be of t_]m
auricular form (Fig. 244). This patient .removed to a seaside
town, where he died, and I had no opportunity of getting a
post-mortem examination.
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from side to side. His face wore a look of distress. His eyes were
slightly jaundiced. His temperature was 101°. The radial pulse
was large,full,and very compressible—one hundred and thirty beats
per minute. The apex beat was diffuse in the nipple line. The
heart’s dulness extended half an inch to the right of the middle
line. There was a loud blowing systolic murmur heard most
ine. 1ere g 8)

distinctly over the third left costal cartilage. There was a great
tenderness to pressure of the tissues covering the liver (sub-
cutaneous tissues, and abdominal muscles). But the most striking
feature was the pulsation of the veins of the neck. He has rather

Fig. 246.—Simultaneons tracings of the radial and jugonlar pulses,  The anricular wave (o) and tha
auricular depression (z) are smaller than the ventri ¥k The full

radial beats show a pulse of very low arterial pressure—first day.

ar wave and |I|-'|||-'-.H||||| i anil

a long neck, and the movement in the veins was so great as to be
visible from a distance of five or six yards. It extended as high
as the angle of the jaw. As there were two pulsations in the
jugular for one of the pulse beat—about two hundred and sixty
per minute—the neck presented the appearance of continuous
movement. In Fig. 246 there i1s a tracing taken at this ex-
amination. The upper tracing is the radial—its size reduced to
permit a full inscription of the jugular pulse.  With each
tracing from this patient a few full beats of the radial pulse
are given to show the character of the large pulse of low arterial
pressure. The double waved venous pulse is well shown. The
points to be noted in Fig. 246 are the slightly larger size of the
ventricular wave, », than the auricular wave, @, and the greater
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amplitude of the ventricular diastolic depression, 7, than the
auricular diastolic depression, @. This deerease in the auricu-

Fig. 247.—This and the following four trmeings show o gradual inerease in the aurieular wave and
an increase in the arterial pressure—second day.

P
u

lar depression, as I have already stated (§ 173), indicates
that the diastole of the auricle is greatly limited. In other

Fuo, 248.—Thind day.

words, the aurvicle is over-filled, and its systole only partially
um}ﬂ,i['-,a' it of its contents. The wventricular wave encroaches
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upon the auricular depression, and, as always happens then, the

ventricular depression increases, showing that the chief emptying

IS AN
\u U{f\}:/\m W; W

of the veins is due to the ventricular diastole. One can conceive
that on a further increase in the dilatation the auricle would
cease to act. As a matter of fact, however, from this date all

the ]J-'.l.i':'”i.‘:": BYymptoms tended towards j]liE:—l'u\'u']|:|~tJ1: the area
of the heart's dulness diminished, the systolic murmur indeed
persisted, but it lost much of its intensity, the breathing
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became more easy, the jaundice and liver tenderness disappeared.
In the series of tracings (Figs. 247-251) we can see that the
radial pulse not only became slower, but the arterial pressure
became greater, as evidenced by the relatively higher position of
the aortic notch in the radial tracing. Coincident with these
changes there is distinct evidence of the gradual recovery of the
power of the auricle. In Fig. 247 the wave due to the auricle
is not only as large as the ventricular, but the depression, #, due
to the absorption of the venous contents by the auricular diastole,
is deeper than in Fig. 246. In Figs. 248-250 the auricular
wave, «, 18 much the larger of the two waves, in striking contrast
to what occurs in Fig 246. The venous pulse -f_{FELEhlsL”"}'
diminished till it became scarcely perceptible, and the radial pulse
showed marked increase in arterial pressure (Fig. 251). These

Fig. 20l.—Simultanecus tracings of the radial and jugnla pulses, taken fen days after Fig, 250,

The jugnlar pulie has almost disappeared, while the chameter of the radinl pulse shows a

tiarked imerease of the arterial pressure,

changes were coincident with marked improvement in the patient’s
health. (While correcting these proofs, nine months later, the
patient has again broken down. There is marked pulsation of
the veins, now of the ventricular form, great lowering of the
arterial pressure, and considerable enlargement of the liver.)

8 210. Ezplanation of the changes in the venous pulse.—In
this case we have a weakened heart wall, yielding in consequence
of the strain thrown upon it. The nature of the jugular pulsation
is sufficient to tell what has happened, but we have also here
many other corroborative symptoms. The increase of the heart’s
dulness was characteristic. The tricuspid regurgitation produced
the systolic murmur. The priecordial distress and breathlessness
were indication of the embarrassment of the heart’s work, while
the jaundiced eye and liver tenderness indicated engorgement of
the liver. Nor was the slight rise of temperature the cause of
these symptoms. Very likely the condition giving rise to the
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pulse in Figs. 252 and 254 was afterwards obtained. [n Fig.
J it will flw. noted that no sign of the jugular pulse is [H'E.'.‘:'-L‘tl.r_.
Chis would imply that at first the increased action of the heart
diminishes the venous pressure, as usually happens when the
heart 1s quickened from other causes. The radial tracing in
Fig. 253 is not 8o good as T could have wished: still it shows
its time relation to the carvotid pulse. When I saw him again

. 5 £ 6 d | e e o 10 ¥ 9 T : 1
Fro. 252, acings of a glight movement in the jugnlar vein taken at the spne time as the radial

pulse.  The wave, @, is duoe to the syatole of the right auricle,

eighteen hours later the condition of affairs had areatly altered.
He had slept little all night; he felt wretched, and complained
of great pain in the upper part of the abdomen and behind
about the level of the eighth dorsal vertebra. His face had a
wan and weary look, and was of a greyish colour. Above the
inner end of the clavicles on both sides there was now visible
a large and distinet pulsation. If one carefully palpated this
part a distinet pulsating tumour ecould be felt. Tt did not

I LN L aJ LN 'HJFL'\ﬂ“*LM L"--.P -.,Hthﬂn,JL \ |'rL' A } Y
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i, 258 —simultancous tracings of the carolid (upp

an attack of paroxysmal tachycardia. The

claviele, from the same placa that the jugn

extend up the neck, and was quite distinet from the carotid
bulb distended by re-

artery. It was evidently the jugular
curgitating waves of blood. The wvalves in the jugular and
subelavian veins were evidently competent. On auscultating
either of these pulsating tumours or under the middle of the
clavicle, one very loud sound was heard, synchronous with each
pulse beat. These sounds were evidently originated by the
sudden and forcible stretching of the jugular and subelavian
valves (§ 147). When I applied the receiver connected with
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the tambour over this movement, the lever was jerked up with
oreat violence, and the tracing got had a totally different character
from that taken at the beginning of the attack. After taking
a few beats from the pulsating jugular bulb I applied the
receiver over the carotid in the middle of the neck, and got
the tracing of this carotid pulse (Fig. 254). The wave obtained

o = :
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Fio. 2584, —Simultaneous tracings of the pulsation in the jugular bulb and in the radial, and
carotid and radial pulses, during an attack of paroxysmal tachyeandia, taken eighteen hotrs

from the beginning of the attack.

from the jugular bulb oceurs at the same time as the radial
pulse, and must therefore be due to the ventricular systole.
[ have taken a large number of tracings during many attacks,
and they have all presented a similar character. The tracing
Fig. 255 was taken after an attack had lasted twenty-four
hours. It will be noted that the wave here oceurs at the
same period as the venous tracing in Fig. 254. That this
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Fig, 206, —Simultaneous tracings of the radinl and jugular pulzes twenty-four hours from the
beginming of an attack of paroxysmal tachycardia,

wave 1s not due to the carotid can be seen by comparing its
character with that of the ecarotid pulse in Figs. 253 and 254.
One could convince one’s self that it was not the ecarotid by
examinabtion, the movement being so distinctly limited to the
root of the neck, while the carotid above the pulsation could
only be found with difficulty. Six months before he died 1
was able to detect slight enlargement and pulsation of the
liver after an attack of tachycardia had lasted fifteen to twenty
hours. During the last few weeks of his life he was .-'{'lu'lu]-|1
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free from the rapid action of the heart, and the liver extended
three inches below the ribs and pulsated very largely (Fig. 256).
As the heart became exhausted the pulse did not acquire so
great a rapidity as it did in the earlier stages of the disease,
50 that we can recognise with certainty the occurrence of the
liver pulse during the ventricular systole.

Rad.
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Fra. 256.—Bimultancous tracings of the radisl and liver pulses during an attack of paroxysmal
]Ju‘l.;.'-:;,'l: lin townrds the end of 1ife.

[ would have been diffident in making the suggestion that
in paroxysmal tachycardia after many hours duration the dila-
tation of the auricle ]tni‘c_n'l*t*:lh' gso far that the auricle becomes
paralysed, were 1t not that confirmation was found in three other
cases. The first time I observed this was some eight years ago,
in a lad who had an attack of great rapidity in the heart’s action.
Prior to the attack I had frequently got a tracing of the venous
pulse of the usual auricular form. On taking a tracing of the

tracings of the jugnlar and mmdisl polses from a case of paroxysmal

gular pulse.

movement of the neck I found the venous pulse had a totally
different character—the wave in the veins being synchronous
with the radial pulse. I put the tracing aside, fancying somehow
that I had got a tracing of the carotid pulse. The significance
of the observation did not strike me until the case just considered
came under my notice. In another a:el*l', already described
(paroxysmal tachycardia, § 103, case 8), the same peculiarity
.L]_]]hlll_'il__ In this }lll]a]li there was oce: l‘-u]ull.t”"- a fair venous
'll'l_l_!?*-i{' when the heart’s action was l|_llll. t. As will be seen from

he goiet pericd of the heart's action. There is a well-marked auricular

———————


















260 IRKEGULAR HEART ACTION

as to whether the auricles participate in the irregularity, or
whether the irregularity is solely due to ventricular action.

The cases that have come under my observation can
divided into four very clear and distinet groups.

be

1. Those cases where the auricles and ventricles participate in
the nrregularity (Chapter XXV.).

2. Those cases where the auricle preserves its rhythm during
irregular action of the ventricles (Chapter XXVL.).

3. Those cases where the ventricle fails to respond to the
stimulus after the auricular systole (Chapter XXVIIL,).

4. Those cases where the auricles are paralysed (Chapter
XXVIIL).

S 214. Cases where the auricles and ventricles participate v
the vrregular rhythm: (a) in the youthful type of wreqularity; (b)
in the adult type of irreqularity with o single premature beat ; (¢)
during a series of premature contractions ; (d) during persistent
bigeminal irregularity.—However the stimulus arises, the natural
order of contraction is for the systole to pass like a wave from
the auricle to the ventriclee  The auricle to a certain extent
gives the rhythm to the ventriclee. When the auricle deviates
from the normal rhythm the ventricle follows. When any de-
parture takes place from this sequence it is because some stimulus
has been applied only to the ventricle, so that it contracts before
the auricular systole, or remains indifferent to the stimulation
proceeding from the auricle. s

(@) In the youthful form of irregularity—In the simplest
form of irregularity——that which I have described as the youthful

form—the auricle always gives the rhythm. This occurs whether

Frg. 20 -—Simultaneous trucings of the jugalar and radind |||,|!:~l'w;, -\.]I'.l'u'n-'.ll_,: the EEreament in I':|'-_'-'||I:II
of the right auricle and ventricle (waves ¢ and ), with the radial pilse, in the yonthful’ form
of irregularity.

. : s 5 D -

the heart is slowing on the approach of puberty (Fig. 259) o

after a febrile attack (Fig. 260), or in adults after recovery irom

an attack of heart failure (Fig. 261). In all these tracings the
auricular wave will be found to precede the radial pulse, and to
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participate in the same irregular rhythm that is shown by the
radial pulse. In some cases we meet with adults whose pulse is
1

VETY r':‘l'||1]y]]1l}' irrecular, and where it 18 at times difficult t
tell whether the irregularity 18 of the adult type or of the

youthful type. Beats with long pauses are present, and occur
with beats with pauses of varying duration, some being very
gshort. There may be a doubt whether, during the long pauses,
premature contractions may not have taken ]n]'u-t'- where the 'F'rll]ru'

waves caused by these ventricular contractions have not reached the
radial Artery. In 1]||- next wo |_|',|_|_-E|:]:_r;_ '~'~']|i|'|] are [H]\-,.]l from
different patients, this peculiarity is well shown. In Fig. 262

the pauses are sometimes long, and usually vary in duration. The

auricular wave of the jugular pulse iz found to precede the
arterial pulse in every case, and it does not appear during the
long pauses. Here one can SH A with 1"'1'1i|iT][_"|' that the auricle
has participated in the irregularity, and that there is no missed
beat during the pause, as one might incline to think from the
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Hl.lll]}' of the radial '[J]]]Fl' alone. The same features are present
in Fig. 263. 1In this radial tracing there is also a slight resem-
blance to the pulse of the adult type, for one might suspect that

there was a missed beat during the long pause of the radial
pulse. DBut it will be seen that the jugular pulse shows that the

Fia. 268, —Shows the same thing as Flg, 212,

auricle contracted with the same nrregular rhythm as the radial
pulse, and that the irregularity is entirely due fo the variation in
the length of the diastolic period. Such instances as these,
however, are very rare in adults. They both occeurred in women
in good health. The irregularity in Fig. 263 has been present at
times in this patient for ten years to my knowledge.

(b In the adult type of irregular pulse with a single premature
beat.—So far the wide separa-
tion of events In a ecardiac
revolution has left little room
for doubt regarding the inter-
pretation of the different waves
in the jugular pulse.

When the premature sys-

Fie, 2684, —<Simultaneons l_'.|.i:;_"- af the jugEilar 1_["'_[".‘4 I:Il":'!.]tl E'rlr]}- 1:“ t]l." 'I.i;l::‘.[{.:']:i':=I

pulae and of the radial pulse. The jugnlar pulse L ST e e '
II'\-I!,I“- to the aurele, and shows the occurrence .I:II'.I']HII" 1']“" 1"']:']":" OCCurrence “1'
of o premature auricular wave, a, before the the events 1n the Illl-_:'L]]_‘-l]‘ pu lsg
premature beat in the radial, 2

cannot be so easily differenti-
ated. The chief difficulty lies in distinguishing a wave in the
ingular preceding the premature wave in the radial or carotid

Fig, 384, —Shows the same thing as Fig. 364,

pulse. If the premature systole occurs late, as in Figs. 2064
and 265, no difficulty is experienced in recognising that the
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as 1n Fig. 266, but usually it is so modified that one can
reasonably infer that the auricle has had a share in its Pro-
duction. Thus in Fig,
267 there is a tracing
of the jugular pulse with
the radial. A well-
marked premature wave,
s, is easily recognised in
the radial pulse. In the

Fre. 267, —Simultanecus tracings of the jugular and radial

pulses, showing the participation of the auricle, af, in _illgll!:ll‘ !;'['Fll:i]].g a4 wave,

the irregularity,

a', appears, and is much

larger than the ventricular wave, », that occurs at this period of

the cardiac cycle in the other portions of the tracing. This large
wave, a, is found to follow the preceding auricular wave at exactly
the same period that the premature beat in the radial pulse follows
the preceding beat. One can reasonably infer from what has
Just been said that this is a compound wave, made partly of the
ventricular wave of the preceding beat and of a premature auricu-
lar systole. The auricle here has contracted during the post-
sphygmic period of the ventricular systole.

The wave due to the carotid, when it appears in the jugular
tracing, may change ifs character when due to a premature
systole. The reason for this i1s that in most cases the jugular
distension is slight. Towards the end of the normal eycle the
vein distends, and the aurieular wave raises the lever higher.
The carotid impaect usually occurs when the lever 1s raised by the
full vein, and may only affect the lever very slightly, as in Fig,
264, or cause a mere interruption in the line of descent, as in Fig.
265, when the lever is falling on account of the auricular diastole.

When a premature systole occurs the vein is not so full, the
lever is not raised so high, and therefore the carotid pulse figures
more prominently in the fracing (see Fig. 196). Thus in Fig.
268 the carotid wave, ¢, is very small. When a premature
systole oceurs it is more distinet, ¢’. This wave, ¢/, will be found
to oceur exactly at the same period after ¢ that the premature
wave, s/, in the radial pulse occurs after the preceding pulse
wave, The wave between ¢ and ¢’ in this tracing (Fig. 2068)
I take to be partly ventricular and partly auricular. It will be
found to begin at exactly the same period in the cardiac cycle
that the previous ventricular waves, v, commenced. But it is
more rounded and lasts longer than these. The middle of the

Sm—
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wave is the same distance from the preceding auricular wave, «,
that the premature pulse wave in the radial is from the preceding
pulse. Hence it is evidently made up of a ventricular wave
and of the wave arising from a premature systole of the auricle.

Fim, 288, —Simultaneous traciogs of the jogular and rmdial pulses, showing the more pronounced

effect of the carotid pulse, o', during the irregular period, on account of the amaller distension
af the vain at that period.
It may be pointed out that 1n all these i1nstances, 1f the auricle
had maintained its rhythm, that an auricular wave would be
found at the usual distance, o, atter the premature .-Lj.'r-:LH]t'. As
will be seen here, there is no wave at that period.
It 18 dithicult
to make out what is happening during such a period. Presumably

':"'\: IF)-'-':‘H”JI' (L Series of .-"n"*'h'.f-'ff"-’.f'f contractions.

the auricles participate in the series of rapid beats. Such is the
conclusion drawn from the following instance. The patient from
whom the tracing Fig. 269 was taken (male, aged fifty-two years)
had had ocecasional irregularities for several years. The irregularity

‘ R T is z .
FiG, 208, —3inultanecus trcings of the jognlar and radinl pulses during an irregular period,

ing aof TWo prématurs bents

was almost ]Ill'-.'all'i:i'h]h‘_-' due to two premature beats following one
another. Very rarvely there would be a longer series of premature
beats, as in Fig. 270, where there are four premature beats. In
Fig. 269 the jugular and radial pulses are taken together. The
venous pulse was often very slight, which accounts for the felatively
large size of the carotid wave. The waves, ¢/, I take to be the
carotid wave during the two premature systoles. Nothing can be
inferred from the difference in the s1zes. as such wvariations are
dependent very often upon the respiratory movements, which
often cause a variation in the filling of the receiver placed over
the wvein. The wave, ¢, occurs at times :_-r.|1't'1'.-:]:-r.'n|tlin:' to the
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|:I1'E"]Illl1.=1!'l' beats in the radial 1H11:—'.-;=. The wave marked &' 1
take to be due partly to the premature contraction of the
auricle, and ]]Fl'['“:!.' to the wave from the preceding ventricular
contraction.

f‘;.‘{elH.]}' the same features can be made out in J-lif_{L 270 .
where there are four premature contractions:; the waves between
the premature carotid beats, ¢/, are probably compounded of both

rigular poeriod of

. s % i | T AT 1o, L
Fro. 270.—Simultaneous tracings of the jugnlar and radial pulses during an i

fonr IJ!I'!.:!LlII'-' DEAts,
ventricular and auricular waves. While this seems to me the
most feasible interpretation, I am not in a position positively to

assert the correctness of the interpretation. Another phase of
this subject is dealt with in § 257.

(d) During persistent bigeminal irvegularity.—When there
g a sufficient imterval between the full beat and the premature
beat, there is little dfiﬁl:nll_‘n' in 1'lfL-l|_':'t1i-4i|:_: the Fi:__','[]iTit'iI]LH' of

i
s

Fio, 27 1.—Simultancons trecings of the jugular and rmdinl polses during bgemmal action of the

hieart. The auricle, o', participates in the irregulnrity.

the various waves in the jugular pulse. Thus in Fig. 271
there is a typical pulsus bigeminus with a small but distinct
wave in the radial, due to the premature ventricular H}'Hlﬂh'.
[t corresponds in time to the wave, ¢, in the jugular tracing,
which is undoubtedly due to the premature wave in the carotid.
[t seems unduly large, but this is due to the fact, already
E'.‘-‘.l:l.‘lilh'.i], that the jll:_*‘tliell‘ '|l{'inj_-: less distended at this 1'ﬂ'l‘i"l1]
of the cardiac cycle, the tracing of the carotid must become more
marked. The wave, ¢/, immediately preceding the carotid wave,
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¢, is undoubtedly due to a premature contraction of the auricle,
[n this tracing we have therefore an illustration of the auricle
participating in the rhythm characteristic of the bigeminal pulse.
[n most of the cases of bigeminal pulse where the auricle takes
part in the irregularity, it is wvery diflicult ‘to interpret the
tracings with certainty. Thus Fig. 272 shows a typically
regular jugular pulse. This patient’s pulse would frequently

assume the f*lij_:i'miIL:J] form, as 1n Fig. 275. In taking this
tracing one receiver was placed over the carotid under the jaw,
and the other over the jugular above the eclavicle, and the
movements registered on a revolving drum. Here the wave, ¢
coincides in time with the premature beat in the carotid, and
18 therefore doubtless due to the carotid. The wave, ¥°. follow Ing
the carotid wave, ¢’, is. T think, the ventricular wave due to a
préemature systole of the right ventricle, as it occupies the same

time relation in regard to the carotid wave, ¢/, as the ventricular

wave, v, bears to the carotid wave, ¢, in Fig. 272. 1 am unable
to say whether the large wave between ¢ and ¢’ is a compound
wave, partly due to the ventricular wave or to a premature
auricular systole. It may he that the slight wave in the
ascending limb of ¢ is really the auricular wave. That this is
really an instance of the auricle participating in the irrecular
rhythm will be readily inferred after considering similar pulse
irrecularities when the auricle preserves 1ts rh}'l]nn.
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contraction and the other due to the carotid impact. During
the pause in the radial leH' the venous ]HIlH:' f'“”[i“l:l':‘c:_ but there
Ir-: ]:l'u::ﬂut. u]ll}' the one wWiave, r-fF, due to I.]]:‘. auricle. The wWave,
¢, due to the carotid is ahbsent, because at that time, as in the
radial pulse, there was a beat missed in the carotid pulse. If
the position of the waves, ', be measured they will be found to

h Radial )

Fra, 274 —3imultaneons tracings of the radial and jugular pulses, The

pailas I8 die Lo the auncular systole, and preserves its rhythm, a', during t

in the radial.

appear at recular intervals with the waves marked ¢ during the
period of manifest irregularity in the radial pulse.

In Fig. 275 we have a very similar state of affairs, There
is an occasional missed beat in the radial pulse. During that
interval the jugular pulse continues its rhythm. Thus the large
wave, o, appears at exactly the same interval as the other
auricular waves, a. It 1s certainly much larger than the other

Fio. 275. —8hows the same thing as Fig. 374,

auricular waves, but this is a character common to tn_-.'H']"l.' all
these cases, and I shall explain its probable origin later. Suffice
1t here to point out that the auriele preserves i1ts rhythm during
an irregular period of the heart’s action.

In these two tracings there is a total absence in the radial
pulse of the wave due to the early systole. That it took place
may be inferred from the fact that slight undulations are seen
in the radial tracing of Fig. 274. In the patient from whom I
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| 'J. .:I ‘I.ll ol = F o 1 1 1
obtained Fig. 275 the ventricular contraction was so feeble that

sometimes there was abzolute sllence nil]l‘i]l:‘__f the pause, while af
other times the short sharp sounds
[’E|||]|l Ell' iH'aL'“E.

[n Fig, 276 there is a well
marked premature wave in the

radial pulse. In the jugular

tracing the auricular waves, & and
@, oceur with perfect recularity.

Fi. 27—=hows the sane thing as the two Lo ! .
ling tracings, axcept that there iz a J ]|.|'5 C'Ell'l.ll “! Wave l'l_l]-l-l'_:':'"i.|_||:I!lih]l_:_':

well-marked prémature beat, 5% during

e el to the premature radial pulse beat
15 absent, because the time of its
oceurrence is almost identical with the auricular wave, o', and it
15 masked by this laree wave in the Jugzular,

In the case from which the next two tracings were taken
there was always a well-marked wave in the radial pulse, due to
the early systole of the ventricle, and there could t't-;u]j]}' be
heard the two sounds accompanying the early systole, as is
lustrated in Fig, 67,

Fig. 277 oives the venous ]-II!H' (urine a regular period of

'S i 1 T i i1 N o1 ks i 1 = T wl 3|
Fia. 277 aimultanesons tracings of the jugular and mdial pulses,

the heart’s action. The pulse in this case was usually quite
regular, but at intervals during the last six years I have found
1t irregular, as in Fig, 278. From Fie. 277 it will be seen that
the pulse 1s a good example of the auricular form of the venous
pulse. The same features are present during the regular beats
in Fig. 278. But when an early systole occurs we find that the
wave, a', due to the auricle, oceurs at the nsual auricular interval,
but is of much greater size and is not followed by a ventricular
wave. That the wave was really in the vein could easily be
dletermined ||:.' watchine the wein. |‘:‘.'L't'l".' time a premature
feeble beat occurred in the radial artery, the vein suddenly
distended much greater than usual. We can see here the cause
of the greater size of the vein during this period. It will be
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found on careful measurement that this auricular wave, ', occurs
at exactly the same time as the radial pulse, In fact, when the
auricle contracts there is no exit for the blood through the
auriculo-ventricular orifice, as the ventricle at that time is also

in systole. Therefore a much bigger wave is sent back into the

veins. The ventricle here has been stimulated to contraet
before it receives the 1mpulse from the auriele,

This greater size of the auricular wave during the oceurrence
of an early systole is present in most of the tracings. Thus in
another case where there was a well marked apex beat, the tracing
Fig, 279 was obtained. Here the premature H}'.ﬁlu]r 185 shown :ul'.'

the smaller apex beat, 0 ; the large wave in the venous pulse, @/,

occurs at the same time as this premature ventricular systole.
Fig. 69 is the sphygmogram from this cese, showing a fair-sized
heat, due to the t':lt‘]j.' un-ln'z'inl-__r -h'l'\-.'.-élc.-]i'_

The same large wave, due to the auricular systole during the
peeurrence ot an |"H':' ventricular .-ll".'r‘il||||', can be made out in

the liver I""“'i“.‘—' |'=i- 280. Irregularities are I"'C[l'L‘IZIII'll'I.' rAre 1n
cases presenting a liv l||||"'1! of the ‘|'|]l|| ||| LT 11,,'EH 10T 4 l,,,,,-,;'l[,[,.
reason, to be given l'”'] ‘:': 254). In one case I found at
intervals of sIXty or seventy beats a pulse of the bigeminal form

Fig. 61). I tried over and over arain to catch the irrecularity.
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while getting a record of the liver pulse. At last I succeeded
but unfortunately the tracing is not so ooodl as in Fig. 183
taken at the same visit

Apf'-‘"f"‘ﬂf fromm the same patient

‘_1 _.,.r L’/-J'Flf JL "“1]” the features of the
liver pulse are readily
| % J' :

['e't':r;'rzir-'e'l]i:r.'t 4:]11| ['II'I'!'
we again find the per-
sistence of the auricular

rhythm during an irregu-

Fio. 280.—Simultaneous tracings of the apex beat and of
: l-"l'_lll..-\--'.*-||l'-'-i||-.::.!:u-ril}\.5|||||il':':i contrction of ]r'l]'ill‘r' in the ventricular
o 0 (¥ Huring e tregular periol n Rhe's26X oonbrpation” And a8 in
the other instances, the
wave, @, is much larger than the usual auricular waves, and
there is a total absence of the ventricular wave.

(f) fh-';'i.ulr..l persistent bigeminal r'r';'rlf;e.-_'?rrra'.f'-"lﬂ.r. —In these cases
the jugular tracing differs in appearance from those in which the
auricle participates in the irrecular rhythm, inasmuch as the
auricular wave, occurring at the same time as the premature
contraction of the ventricle, is of large size. In Fig 281 the

Fig, 28]1.—simultancous tracings of the radial and jugular pulses, while the left ventricle contracts

irrcgularly (pulsus bigemious) the auricls (@ and o) contracts regularly ; ' is the large wava
due to the auricular systole that occurs at the same time as the premature ventricular systole

tracing of the radial pulse is not very good, but it shows the
character of the irregularity very well In the accompanying
jugular pulse, the auricular waves, @ and o', are seen to oceur at
regular intervals. The waves, o/, are large, because at that period
the ventricle is in systole, and as no blood can escape into the
ventricle a larcer wave is sent back into the weins by the
contracting auricle. It should be borne in mind in studying
these tracings that the radial pulse occurs a little later than the
carotid. Hence in the jugular tracing there is no evidence of
the carotid, because at the time of its oceurrence the larce wave
:li:ll.ll_'H]'i'll in the vein and obscured the carotid movement.

[n the patient from whom this tracing was got the pulse




BIGEMINAL [IRREGULARITY 273

often presented a variation in the rhythm. BSometimes 1t would
be quite regular, and again it would present the higeminal form.
When it presented this bigeminal form the period at which the
premature systole appeared would vary slightly. In Fig 281 it
appeared at regular intervals, just at the time the auricular wave,
o/, appeared in the veins. In Fig. 282, from the same patient,

Fro. #3582 —Simultaneous tracings of the jugular and rdial pulses. On every second langs auricalar

wave, @, Iz the small wave, ¢, due to the premature carotid beat. If the time of the ocourrence

of the prematuare radisl pulse be measured it will be found o be slightly later every second

beat when the wave, ¢, |~1 present,
the jugular fracing shows a curious variation. It will be noted
that every second wave marked o' is followed by a wave, ¢
When there is no wave, ¢/, present, the jugular pulse is practically
the same as in Fig. 281. If the radial tracing be carefully
measured 1t will be found that the ll]‘l"[ll.'!l]lr'L! H:.'r-;tnlq; appears
slightly later in every second beat, measuring from the beginning
of the preceding full beat. When this occurs the wave, ¢’ is

Frg, 283.—3hows the same as Fig. 282, except that the carotid wave, ¢, is present on every larger

anricular wave, o

present in the jugular tracing. In other words, when the
premature systole appears earlier, the carotid pulse is masked by
the large auricular wave, @. When the premature systole appears
a little later, the carotid pulse is later than the jugular wave, and
its presence is signified by the slight wave, ¢/, in the large
auricular wave, a’. At other periods this wave, ¢/, would be a
constant phenomenon, as in Fig. 283. In Fig. 284 the radial
pulse passes into a regular form for three beats, and the venous
18
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pulse likewise alters. It will be noted that in the irregular
period preceding these regular beats the carotid wave, ¢/, is pn:-st:nl;,
while in the last beat in the f{racing which is irregular the
carotid wave i8 not present on the wave, a’. If the distance of
the premature beat in the radial pulse from the preceding beat
be measured, 1t will be found to be slightly less in the last
irregular period than in the other irregular periods.

Fi. 284.—simultansons tracings of the jugnlar and radial pulses. The radial rhythm becomes

ragular for three beats,

% 216. Duration of the wrregular period—If the aurnicle
maintains its rhythm during an irregular period, and if there is
but one premature beat in the arterial pulse, the period will
naturally be of the same duration as two full regular beats.
Thus in Figs. 274, 279, and 280 the irregular periods correspond
closely to two regular periods. There is a tendency at times,
however, for the auricle to vary slightly during the irregular

Fia, 285, —Simultaneons tracings of the jugular and radial pulse, showing & progressive shortening
of the last two irregular periods in the radial and an earlier cecarrence of the Inst auricular
wave, @

R

period; thus in Figs. 275 and 278 the first irregular period in both
cases is distinetly longer than the latter irregular period or than
two regular beats. A marked shortening of the period is seen
in Fig, 9285. This tracing is from the same patient as Fig. 275.
In her an occasional irregularity of the pulse was a very common
feature, and I have tracings extending over a period of seven
vears, Sometimes there would be a small wave in the radial
E:Ul']‘t_*ﬁ}lﬂ]t'iliﬂg to the premature systole, sometimes there would
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Jugular pulse are readily discernible, and the auricular wave, ', is
evidently due to premature contraction of the auricle. The
diastolic period after the premature contraction is distinetly
prolonged, so that the whole irregular period corresponds to
double the length of the preceding full beat. This also is an
l.‘:‘{l:'t']'liullil! l'i]’L'lll!]'*:,i!]'lt'L'_. as far as my L'_‘-;]u'l'it'n['u goes. It may
therefore be laid down as a gthi‘l';Ll rule that when an i!']‘t-Hlllii]‘iI}'
15 due to the ]11':41:;11111‘“ contraction of the zlLlL'iu]t', the il‘t‘L'gu]er
period oceupies less than two regular beats.

§ 217. The jugular pulse in slow action of the heart—Before
lL_'il‘L'il'l.; the Hl]]ljl.'l.'l of '|'JL1].~;.L* it'l'vj_[lll;n'itil'r-: due to premature
systole, I may point out the further usefulness of the venous
pulse in determining the character of certain irregularities,
particularly when there is a long pause. I have alveady shown
how it explains the long pause in such tracings as Figs. 262,

Fro. 287.—A bigeminal pulse.

263, 274, and 275, and also the character of the slow pulse in
Fig. 199. In the following instance, were it not for its help,
a totally wrong view would be taken of the nature of the
irregularity. This patient, a female aged forty-one, has been
under observation for over ten years. During that period her

pulse has very frequently been irregular. For months at a time

sliowing the frequent absdnee of the Jl!r'llul.lll:l' beat.

FiG. 285 —From the spme patient a8 Fig. 287,

it would be of the bigeminal form, as in Fig. 287. Occasionally
it would vary in its rhythm during an examination, sometimes
being regular, as in Fig. 272, sometimes beating very slowly, as
in Fig. 288. In considering the nature of the irregularity
Fig. 288, it will ‘be found that the single slow pulse beat
occupies the same period as an irregular period (two beats) in
Fig. 287. One would, therefore, naturally conclude that the
ventricle had contracted during the long pause in Fig. 288, but
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The rate of the heart varied remarkably. Some days it would
be about forty-two per minute, on other days it would vary
from twenty-three to thirty-five. The movements in the veins,
though slight, were readily wvisible. These always appeared
much more numerous than the carotid or radial pulse—ftwo or
three jugular pulsations to one radial. There was always present
a systolic mitral murmur, and occasionally during a long pause
one could detect a slight whiff, which evidently corresponded in
time with one of the waves in the veins that I have ﬁti};gﬁi‘[i:d
are due to the auricle. The pulse had shown this peculiar
rhythm for over two years. Imperfect as the tracings are, they
still show some facts of the most curious kind. Fig. 290 shows,
as I have said, the auricular wave, ¢, immediately preceding the
carotid wave, In all the tracings the carolid wave is large.
The tracings of the pulse in the neck are often affected by the

Fin. 201,—Shows the same as Fig. 200, exeept that there is a dalay before the earotid pulse, o
appears after the auricular wave, .

carotid pulse. When the venous distension is slight, as in this
case, then the pulse in the veins cannot be got without including
the carotid pulse in the tracing, because the vein lies by the
side of the carotid. But the presence of the carotid here is
fortunate as demonstrating its relation to the movements in the
vein. Fig. 291 is another tracing from the same patient. It
shows the same features as Fig. 290, with this 1mportant
exception—the wave, a, is always farther from the carotid pulse.
In Fig. 290 the carotid pulse follows immediately on the
auricular wave. In Fig. 291 there is a distinef interval
While one felt the pulse one could perceive that the rate altered
from time to time. Thus in Fig. 292 the first two beats of the
radial pulse are much slower than the last two. If the tracing
representing the carotid and jugular pulse be studied, a curious
condition is found. There are actually three small waves, a, fo one
carotid pulse in the one case, and only two small waves in the
other. It will be found, however, that the auricular waves, a,
are all equally separated the one from the other. It will also
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be noted that while the auricular wave, a, preceding the third
carotid beat, ¢, in the tracing (Fig. 292) is immediately followed
by the carotid pulse, the wave, @, preceding the next carotid
beat is followed at a short distance by the carotid beat. On
another oceasion the pulse rate fell to twenty-eight, and the

three auricular waves to the ome pulse beat are constant (Fig.

Fic. 202 —=hows the same as the two preceding tracinga. Here the rate of the carotid, ¢, and of the

radinl varies, 80 that there is sometimes two and so s anricular waves, o for one

pulse beat in the earotid, e, or radial. The auricular waves, @, preceding the carotid are

geparated from the carotid by varying intervals,

293). The waves are larger here. The size of the venous pulse
used to vary—sometimes large as here, somefimes it disappeared
altogether. The wave, #, that 1mmediately follows the carotid
pulse in fhis tracing 1 have assumed to be auricular, because it

occurs at the same interval as the other auricular waves, and
its presence completes the regular rhythm of the auricle. The
only other thing it might be is the dicrotic wave of the earotid
pulse; but this wave, as is well seen in the radial pulse, is of a

Fig. 2088 —8hows the same as the three preceding tmacings. The pulse rate was twer

minuta, and thare are three auricular waves to one carotid or radial pulse. The jug

was larger when this tracing was takes

small size, and on ecareful measurement is found to oeeur earlier
in the eyele. Further, the wave, @, has a variable relation to
the carotid pulse when it follows this pulse. Thus in Fig. 292
it follows the carotid wave at a distinet interval after the third
beat, because the wave, ¢, preceding that carotid pulse is close
to the carotid wave. The wave, a#, follows immediately on the
fourth carotid pulse, because the wave, a, preceding that beat is
gome distance in front of it. The rhythm of the auricle is
preserved, whatever the period at which the ventricle contracts.
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The complete discordance between the aurieular and ventricular
rhythm is well illustrated in Fig 294. It will be seen that
the fivst carotid wave is preceded at a brief interval by an
auricular wave, a, while the second carotid wave is lll'i‘:{’[tlil{?[i.ELL a

Fia. 204, —s5hows the complete dissociation of the auricular wave, o, from the cirotid pulse.

much longer interval by the auricular wave, «. Here in fact the
carotid pulse occurs at the same period that the auricular wave
was due. The auricular wave evidently did appear because its
rhythm continues unaltered, but it is masked by the larger
carotid wave, the apparatus only recording the larger movement.

Ny 220, Ezplanation of the phenomenon.—The explanation
that commends itself to my judgment is that the auricle maintains
its rhythm, but the ventricle does not respond to the beat of the
auricle. There 1s evidently a deadening of the nmtability of the
ventricle. This is not only evident from the ventricle failing
to respond to the auricular rhythm, but also from the fact that
the ventricular systole occurs at times at a distinet interval
after the auricular systole, and again actually during the auricular
systole. One explanation might be, that m this case the
ventricle did really contract, but that the wave was not propa-
gated to the radial or carotid pulse. While I have no direct
evidence to advance against this proposition, I would point
out the demonstrable fact of the ventricle contracting at inde-
pendent intervals shows that it has a rhythm of its own, only
occasionally yielding to the stimulus that succeeds the auricular
contraction. It might be suggested that the occasional presence
of a faint bruit during the pause of the arterial pulse might be
due to an imperfect ventricular systole, but I am more inclined
to the view that it was due to an auricular systole, and that
probably there is here stenosis of the mitral orifice. The
character of the murmur was different from those already
described (§ 179). In the cases there deseribed where a systolic
murmur was present, the murmur during the premature systole
began abruptly with the first sound and ended abruptly with
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siderations as these, while it can be asserted that no definite
characteristic can be .1%1”1u~t£ to the pulse after auricular paralysis,
it is nevertheless readily seen that the irregularities are extremely
common and of the most varied desc ription, ‘

§ 224, Agreement in rhythm of both wentricles,— The
ventricles almost inwv: iriably contract together. In only a few
instances have I found evidence of their separate or mdn.[u*u:l[ nt
contractions, and with one exception the heart was dying when
the arhythmia occurred.

Juguler
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Fia. 206, —Simultaneons tracings of the jugular and radial pulses. The jugular pulse is of the
ventricular type, and the tracing shows comn iplete agreement in rhythin betwesn the right and
left ventricles,

Fig. 206 is a tracing of the venous pulse of the ventricular
type taken at the same fime as the radial pulse. The irregu-
larities are of the most varied forms, but both ventricles act in
perfect harmony. One curious feature is the constancy in the
size of the venous pulse wave, as compared with the duration of
the radial pulse. At x and x the radial pulse beat is very
minute, while the corresponding venous pulse wave is of the same

Jugular

Radial

Frg. 207.—3imultaneous tracings of the jugular and radial pulses, showing the harmony in rhythm

Fu
between the two veontricles when the irrégularity consists of premature beats cccurring singly
and in groups. The jugular pulse is of the ventriculsr form.

size as the wave preceding and following it. The reason for this
18, that the force I;'lll'ill.l:-lir’lll__':' the contraction of the left wventricle
(the aortic pressure) was so great that the ventricular contraction
was barely able to overcome it. On the other hand, the force
opposing ‘1_}“: contraction of the right ventricle (pressure in the
oreat veins) was so slight that even a weakened ventricular
contraction had no difficulty in overcoming it. This is a character
common to all the forms of irregularity in paralysis of the auricle,
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RHYTHM OF BOTH VENTRICLES

viz., the size of the venous pulse does not vary in the same pro-
portion as the size of the arterial pulse (see § 176).

Fig. 297 is from another patient, and alacm-, a venous pulse
due to the right ventricle, taken at the same ftime as the radial
pulse. The radial pulse represents premature systoles singly and

!{Jdlf«.t

g

F Y
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Fro, 2058 —Simultaneous tracines of the radlinl &an 1 liver :.-L:'.--»I."‘:. The liver I nlse is of the
ventricular form.

in groups, with an exact correspondence in time of the venous
pulse. The same correspondence is manifested in tracings of the
liver pulse. In Fig. 298 the radial and liver pulses are shown
to be exactly synchronous in all the irregularities present.

When dealing with a slow pulse due to a missed beat
(§ 109) I showed that the apex beat due to the premature
systole was often present when there was little or no indication

Fio. 204, nltaneons tragings of the apex beat and radial pulse, showing a premmatore systole
of the left ven L cle, which 18 unrepresented in the radial pulse,

in the radial or carotid pulse. If in suitable cases we can get
a tracing either of the venous or the liver pulses, 1t will be
found that the second wave is always very distinet. In Fig.
299 the apex beat and the radial pulse are taken together.
Daring the pause there is a well marked premature systole

the apex tracing, while there is no indication of anything
happening in the radial pulse. At the same visit Fig. 300 was
taken, and here there is shown a well marked premature systole
of the right ventricle, causing the second of the linked beats in
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the liver pulse. 1In the liver pulse of another patient (Fig
3 " ; s % : i 4 - . > =
501) the same events are shown, and in the radial pulse there

are certain urnhl::i[crrm \"-'Flit'l] may iu-lil:;u.r that a4 contraction

Fro. 300.—Simunltaneons tracings of the liver

(the liver pulse) preamaturely contracts,

nd radial ]l:.|:-l'.~_ .'HI;'I'I'-;:_;_' that the r;.."EI'. venteicle

! the second of the linked beats o the liver
pulse, and eorresponds in chythm with the apex beat in Fig, 200,

of the wventricle had taken place, ;|H_|'|{Jl_1],{1[ not of sufficient
strength to propagate a pulse wave perceptible to the finger, or
even to create a distinet wave in the tracing, The ['LJ]“L'U:-{]n;;rt-:u_l-r_::];r-l:
in the sounds and murmur in such cases has already been

Fri, #01.—2hows the same thing as Fig. S300.

commented upon (§ 179). In a third patient, who presented
exactly the same form of irregularity, viz, two liver and venous
pulses to one radial pulse (as in Fig, 502), I obtained a good
tracing of the liver and apex beat at the same time (Fig. 303).

[n this tracing (Fig. 303) the harmony of rhythm between

Liver Pulse

TR L

N—
Redial

e

¥ e - H . v ! Fas " il - 1m 1 1 I 1
iltaneons tracings of the liver and radial pulses, showing a double palse in the

1g the long panse, and o single pulse preceding the short pause in the radial pulse.

the two ventricles is well illustrated. When there are two beats
of the left ventricle (apex beat), there are two beats of the liver
pulse (right ventricle). Similarly, the solitary beats appear in
both tracings. The sounds and murmurs heard are diagram-
matically represented in the tracing. Fig. 504 1s a tracing of
the radial 1||_Ll:-:1', [-‘L!H.‘Il at the same wvisit, and shows a VEry slow
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pulse with an occasional short beat. The slow pulse of mitral
disease is very often of this nature—in reality a pulsus bigeminus,
where the premature beat scarcely reaches the radial pulse. But
it must not be assumed that all slow ]:-lll.-at'-:-a are of this character.

Fig, 808, —Simultaneous tracings of tha liver pulse and apex beat, showing complete harmony
in the rhythin of both ventricles. [he sounds and mormurs present are diagrammatically
represented,

Thus Fige. 305 was taken from the same patient as gave Fig.

296 thirteen days later, during which time the heart had come

under the influence of digitalis. Fig. 218 was got from the

same patient shortly before her death. In Figs. 305 and 218

Fic. 30d.=<Tracing of a glow pulse, whose renl nature 18 revedled by the two preceding Hgures,

the pulse is very slow, but the venous pulse testifies in Fig. 305
that there was no dropped beat in the radial pulse, and during the
panse in the '[_lllth‘. the heart was Silu'ni, but the apex beat shows
that there was a dropped beat when Fig. 218 was taken.

_ Jugular

1] # " i i ¥ 1 1
Fra, 305, —Simultaneons tracings of the jupuisr and radial pulses, showing

a slow pualsa with :|‘..5:\.

ane beat of the right sentriele, in contrast to the slow pulse of the same patient in Fig. 218.

§_}_f.:l .I'lr:'.l.lr_lf.-'.'.rh..-Jrr_.'r J,u.'.u"_ﬂ.-.n'.f'.-.'.-j'.' 4":'.5 i'.lr.r' j,'.'-'.'l'l§_|'.|l'lj'|ll'_l'|":'ll' .f.r.".-";'_."i'_l-'_ 5-&

far the study of the right heart has been by means of the

backward flow of blood from the right ventricle. In Fig, 306

I am able to show a 11IJiI|1I1' l]‘:H'irLf_': of the '[|1l.1.-'1|.~1 lInE;_[i‘H'.illHH of

the pulmonary artery. The tracing was taken from the second
19
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left interspace near the sternum. In the first part of the tracing
the pulse in the pulmonary artery is inscribed at the same time
as the radial pulse. In the latter part of the tracing the carotid

Prelfm. Cexr.

S e N N T e

[,
M, J | ¥
L St

,HHJ\’H.,‘_J "'-=~=.,_=_J\’ oo J'b““*-\ﬁ\\ "‘\j\h‘“—-‘j Hh""'*'t-'l

Radial

Fro. 806 —8imultaneous tracings of the pulse in the pulimonary artery and radial pulse, and of the
carotid and radial pulses. Showing the presence of the bigeminal pulse in the pulmonary
Artery.

and radial are taken together. In Fig. 307 the apex beat and

the radial pulse were taken immediately before Fig. 306. The

double apex beat here shows that there were two beats of the

Apex beat

Fiz. 807.—Simultaneons tracings of the apex beat and radial pulse, showing two beats of the apex
to one radial pulse.

left ventricle for one in the radial. A suspicion of the premature

beat mav be found in some of the radial and ecarotid beats, but

it is well marked in the pulse of the pulmonary artery.
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from the normal. But the evidence of a discordance of the two
ventricles hus never yet been demonstrated in the human subject,
go far as my reading has gone. That it must be very unusual,
unless in a dying heart, I am very certain. I have taken a very
laree number of observations from a great many patients, and
there arve only a wvery few cases where I have been able to say
that the two sides had not acted simultaneously. It may be that
even in these cases another interpretation of the facts may arise.

§ 227. Hemisystole with the awricles active—A male, aged
forty-two years, consulted me lately. He had been a collier and
a very hard drinker. When he called to see me he was very
short of breath, suffering intense precordial pain, and had a quick
irregular pulse. The pain was induced by his walking up a
somewhat steep road, and was undoubtedly an attack of angina

g, 38 —3imultansois tracings of the jugular and radial pulses, The auricle preserves its
"h.‘"”"'“ during the irregular ||-:'|':|_:-:|:< in the rmdinl ]l'-Lli-.'. The wavae, a, i8 the nuricnlar wave
during the premature contraction of the left ventricle., The absence of the ventricular wave,
v, after the wave, a', indicates that the right ventricle had contracted early, evidently
synchronous with the prématiuce contraction of the left ventricle,

pectoris. The Iungs were voluminous and prevented the mapping
out of the heart’s dulness with accuracy. The heart did not
appear to be enlarged. There was no murmur. There was
marked pulsation in the veins of the neck. Tracings taken of
the radial pulse showed that the irregular pulse was due to
premature systoles of the wventricle ocemrring singly and in
oroups. In Fig. 308 there are three isolated (xXx) instances of
the premature systole occurring singly. It will be seen that the
auricular waves (a and &) maintain their rhythm during this
irregular period, and practically correspond to the description
given in Chapter XXVL

When the irregularity took the form of a series of premature
beats, a most curious and interesting discordance between the
rhythm of the radial pulse and jugular pulse was revealed. The
upper tracing in Fig. 309 shows the jugular pulse pursuing its
course with a steady unaltered rhythm. In the period X to X
there are three beats of the radial pulse. This period corre-
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and the pulse has been invariably regular, and I have not seen
him again with a paroxysm of cardiac pain.* (Another instance
of a curious discordance between the right and left hearts is oiven
in § 239.) 7

:C;:- S H0. J‘r.l'r-".l.'J f.xl.:f'.\:f-'ln'rr' H'.-."'fr: -".-"rr‘ .:'[;.',.',".r'-"r'.ﬂ J,u'-"r'a'-'I-"I.-.,.'.t:-"-.“'1_——|"i'f_ a1l Wils

taken from a lad aged twelve years, dying from great dilatation

Hfgh!‘...rn !.Jugu?ur
) ] ¥y

. Jf ™ S
Apex beat

Fia 310.—Simultaneouns tracings of the jugular pulse and apex beat. The jugnlar pulss iz of the
ventrienlar form, and shows & wave (8) dos to the right ventricle when the left does not

contract.

of the heart consequent upon mitral stenosis. The pulse for
short periods would be of the bigeminal form, two beats following
one another, then a long pause, as is well shown in the apex
tracing. But during the period occupied by the two apex beats

V.P.left j

FiG. 811.—Simultaneous tracings of the jngolar and carotid pulses. The venous pulse is ol the

ventricular form.

and the pause 1t will be seen there are three well marked waves
in the veins. The venous pulse during the whole time the
patient was under observation was of the ventricular form
(Fig. 311). Every third wave of the jugular pulse in Fig. 310
is smaller than the others, and the falling line of the wave 1s
interrupted by the earlier occurrence of the succeeding wave. Here

The patient dropped down dead three months after these observations were

maie.
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it seems to me there is distinct evidence of three beats of the
richt wventricle to two heats of the left. We have seen “l”"'“lf'_
IHI;“' i"ﬁ:.;lu{-n[,]}-" the left ventricle PALsES for a III]'I:E_:E"I!' time than
usual after an early occuming systole. Whether the greater
acenmulation of blood of the right heart stimulated the ventricle
to contraction I do mot know, but it is curious how its diastole

i

| |

Riint.Jug.

(R Apex beat| |

:L__,_xi_,_.w..-—‘ﬂ-—au... —, fl,\,—u*-

Fig. 812 —Simultaneons tracings of the jugular pulse and of the apex beat. The venous pulse is of

the ventricular form.

is cut short after the third wave to accept the rhythm of the left
ventricle.

In another patient, a female aged thirty-three years, suffering
from extreme heart failure consequent on mitral regurgitation, the
result of old standing myoecarditis, for a considerable time before
her death the venous pulse was of the ventricular form (Figs. 312
and 313). Shortly before her death the pulsations in the jugular

Radial
o,

1@, 318, —Simultaneons tracings of the mdinl and jugnlar pulses. The venous pulse §s of the

ventricular form, and continues during the pauses in the radial pulse (o and o).

vein were much more numerous than the arterial pulse. Thus
Figs. 314 and 315 show not only more waves in the jugular
tracing than in the carotid, but also that there is a discordance in
the rhythm.

The irregularity in this case is more marked than in the last,
for in that case when the left ventricle did contract, the right
contracted also at the same time. 1 do not think that there
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could be any doubt 1n the ir]h'—l‘]ﬂ'riuli::]z of the waves in Figs. 314
and 315. With these exceptions, in all the numerous tracings I

Carotid

Frz, 814, —Simultancous tracings of the earotbd and jugolar pilses.  The jupular pulse is of the
antricular form, and the two pulses show an absence of harmony betwesn the action of the
Wi VYENLTIGIES

have taken the ventricles have invariably been shown to contract
1'I.u".‘[.1.li']‘_. even when there was a demonstrable discordance between

Carotid

RiInt.Jug.

/U/\/\J’I'Wf\/

Fra, 816, —8hiows the snime a8 Fig. 514.

their rhythm and that of the right auricle. If 18 to be noted that
in the two last cases the discordance ocourred 1n 1]}‘“!\'__{ hearts.
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the ventricle alone, the auricle []mi]tiniuirtg its wonted 1'1!}'ti|1|l.
This distinetion, as also the difference between the _yn',nl.ﬁl]
type of irregularity and that where a premature beat oceurred,
were put forward somewhat diffidently. Since 1894 I have
carried the inquiry over a very much wider field, and am able
not only to confirm my earlier suggestions, but also to point
out other equally interesting observations. T dwell upon this
perhaps unnecessarily, but with some satisfaction, for since then
two other writers have il:mh':u‘titlrll”}' come to similar conclusions
in regard to the premature systole, and one has given experi-
mental proof of the correctness of my observations on the human
subject. Of course neither of these writers was aware of my
paper, and they were perfectly justified in considering their
results as original observations.  The admirable papers of
Wenckebach ® and Cushny *' have strengthened materially the
confidlence T have in the propriety of the division of pulse
irregularities given here, and Cushny’s experiments amplify
the evidence in favour of my conclusions,

8 230. Cushny's experiments compared with clinical obser-

pations—Cushnyv's 1%);111*.]'im|'niﬁ were jw:‘f'm‘]m*l:l on the E}ilmﬁﬂl

Fig. 316.—The upper tracing was drawn by the ventricle, the next by tho u_'-'-ril']-c'. ﬂl.ll third by a
aphyegmograph attached to the carotid artery. During systole the auricular and ventricular
levers made o stroke downwards, During dinstole they rose again Stimulation applied 1:I
the ventricle at » canges n prematurs systols of the ventriele, and & misssn beat in the earotid

but has no effect upon the anricular chythm (Cushuy ).

hearts of dogs, and the movements of the auricles and ventricles
were recorded separately by a system of levers, @ tracing of the
carotid pulse being taken at the same time. When a single
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electric shock was passed through the ventricle at any time
except in the refractory period 1t was followed ||:.' a premature
contraction of that chamber (Fig. 316). Sometimes the
premature systole was of sufficient strength to cause a pulse
beat in the carotid, at other times 1t failled to do so. Thus
Cushny says: “In Fig. 316 a premature systole (¢) of the
ventricle was induced by an electric shock which reached that
chamber at a point indicated by the cross lines X in the
ventricular tracing. It was succeeded by relaxation, and the
ventricle then remained quiescent until it was raised to activity
(d) by an impulse descending from the auricle. The auricular
rhythm was unaffected by the nrregularity of the ventrcle. If
the course of each impulse be followed from the auricle to the
ventricle, and finally to the pulse, it is found that 4 is followed
by @, and then by ¢, B by b and 5. But (' beginning in the
auricle has no effect on the ventricle, which it reaches during
the premature systole, c—that is, during a refractory period. 1D
1s followed by d, however, and later by d, and the normal
sequence 18 then reinstated.”

This experimental demonstration is a proof of the correctness
of the explanation given in Chapter XXVI., and the tracings 274,

Fr. 317.—Inseribid in the same way as Fig. 316,  The electrie stimulis was applied to the auriele,
and there results a premature systole of the auricle, followed by a premature svstole of the
vientriels, whila the beat i= absent from the earotid (Cushny).

275, 276, 278, 279, 280, and 308 demonstrate that what took
place in this :.]1,11111_-1:11} stimulated dog's heart oceurred in the
human hearts, namely, a premature contraction of the ventricle,
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irregular pulse until there was evidence of paralysis of the
auricle. In this case, given to illustrate the change of the
auricular pulse to the ventricular, it will be noted that the
tracings showing the presence of an auricular wave are regular,
and the tracing given, showing the auricular paralysis, is
irregular (Figs. 183-186). As a matter of fact T never found
this patient’s pulse regular after 1 detected the absence of the
auricular wave, the irregularity being usually very great. In
another 1:<Ll15~m who died when -«T]nptummrf the auricular paralysis
were setting in, no 11|L‘Uul=:11tv was ever detected until shortly
before death 1I1~r=~ 189-193). I had had her under observa-
tion for several years, Eltlt[ had watched her through several
attacks of extreme heart failure. The auricular ll-\'f;ﬁt‘-]illiﬁﬂ Was
always evident, but there never was found any trace of irregular
rhythm.

Fro, 315 —8imultaneons tracings of o slight movement in the neck, dus to the carotid, and of the
radial pulse. The tracing from theneck was taken from- the same situation as the jugularin
Figa. 178 and 266, and -:]|I|| onstrates the abasnee of the jugular pulse and the appearance of
irregularity in 'lI|l radial pulss with paralysis of the auricle.

[ have already remarked, in speaking of paralysis of the
auricle, that in a patient with tricuspid stenosis, where paralysis
of the auricle ensued in consequence of the formation of
fibrinous clot in the auricle, that the pulse became irregular after
the auricle was demonstrably inactive. Fig. 318 represents this
irregularity. The movement in the neck is due to the carotid,
and is in striking contrast to the large movement hitherto
present, shown in Figs. 179 and 266.

§ 235. The pulse (arterial and venous) in digitalis potsoning.
—Digitalis, it is well known, has a remarkable power of altering
the rhythm of the heart, and many experiments in animals have
demonstrated its action on the individual chambers. So far as
[ know, no evidence has been produced showing its action in
the human being on any chamber but that of the left ventricle.
It is but seldom indeed that one is able to demonstrate its
action, because it is not wise to push 1t so far as to produce the
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distinctive irregularity, and even when pushed it is only in a
few cases that the venous pulse is available for investigation.

A female, aged twenty years, consulted me for weakness and
shortness of breath. There was a well marked presystolic
murmur. She was prescribed tincture of digitalis, and partook

so heartily of the drug that in a fortnight she presented well

Fray 810, —8imultaneons tracings of the jugular and radial pulsas.

marked symptoms of dff_fitnli:i ]miﬁunizlg —-].-]';t-c-ut'tli:ll distress,
dyspneea, and a slow irregular pulse. The pulse varied in
character from time to time, sometimes being quite regular,
sometimes very slow for a few beats, and sometimes showing
distinct beats due to premature systoles of the wventricle. Fig.
319 shows the venous and radial pulses during a regular period.
It will be noted here how large and abrupt is the wave, », due

K weings of thi ilnr andd radial pulses. The carotid wave, ¢, follows af
distanca the preceding ca I wave, ¢, a5 the premature pialse in the mdial follows
the preceding pulse beat I'he auricular wave, o, follows the carotid wave, ¢, but is separatedd

feonn the preceding auricular wave, a, by Lthe same distance that separates Lhe auricnlnr waves
whin tha heart acts regularly. The auricular wave following a' occurs earlier, as if to take on

the ventricular rhythm.

to the systole of the right ventricle after the closure of the
semilunar valves. Figs, 320 and 321 show the radial pulse
irregular on account of the occurrence of an ocecasional prema-
ture systole at o. The waves, &', in the jugular pulse occur at
regular intervals after the waves, &. These waves are auricular
in origin. They appear exactly at the same intervals as the
auricular waves when the pulse is regular., But the auricular
waves, «, following the waves, a/, occur earlier, as if to take on
20
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the ventricular rhythm. The carotid wave, ¢’, corresponds to the
premature radial pulse at o, and it has no auricular wave pre-
ceding it. Here we have an illustration how the digitalis
atfects the heart h}‘ stimulating the ventricles to 1_-4..[111';“-1__. inde-
pendently, and in front of the auricular contraction. Fig, 322
18 a tracing from the same patient when the pulse was slow as

well as irregular. It will be seen here that the auricle still

Fira. 321.—Shows the same ns Fig 390,

preserves 1ts rhythm (a). There are no premature pulse beats,
but there are occasional long pauses. The radial and carotid
pulses that appear affer the long pauses are separated from their
accompanying auricular waves by a longer interval than usual.
The spaces o, 0 represent the time between the appearance of the
auricular wave, a, In the venous pulse and the appearance of the
carotid pulse, e. It is evident that there is a distinet delay in

Frc. 82% —8imultapeons tracings of the jugular and rdinl polses,  Although the rhythm of the
carotid () and radial pulses varies, the auricular waves (o) preserve their rhytlim. Hence
when the left ventricnlar diastole is prolonged, the arterial pulse (carotid and radial) is

separated from the auricular wave by an abnormal distance (Lie space o). Note that the

wave, o due to the right ventricle bears a constant relation to the carotid wawve, ¢, but not

to the auricular wave, a, showing that the two ventricles ncted together.

the appearance of the carotid pulse after the auricular systole,
particularly in the first period. In fact the irregularity in the
pulse is manifestly due to a variation in the time of response of
the ventricular systole after the auricular systole. It will be
seen that the wave, v, preserves a constant time relationship to
the earotid pulse, ¢, but not to the auricular wave, . The wave,
, being due to the right ventricle, it is evident that it pos-

segses the same rhythm as the left.

1
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weeks she was under my care the pulse was usually irregular,
the degree of irregularity varying very much. When the heart
was irregular the venous pulse was always large, while, when the
heart was resular it was scarcely perceptible, and it was with
difficulty that I got the faint tracing of it in Fig. 323. The
waves in the jugular, though slight, are recognisable, and the pulse
is of the auricular type. In Fig. 324 the heart is acting 1rregu-

lkaneons tracings of the jugular and radial pnlses.  The jugular venous pulse is of

Fia. 823,
thie auricular form. These and the following four tracings are from the same patient,

larly. The radial pulse shows three long pauses at xxx. The
auricular waves, @ and &, in the venous pulse oceur at regular
intervals. During each long paunse in the radial there is a large
Wave, FFJ, due to the auricle, and ]iil"r_gt"t‘ than the other auricular
waves, for the reason already given (§ 215), namely, because at
the lutt"ilji[ the auricle contracted the ventricle was 1n H}'HI.HIE, and
hence a larger wave was sent back into the veins. It will be

Fia, 824, —8imultansous tracings of the jugnlar amd radial polses during irmegular action of the
heart, The anricle preserves itz thythm, there being o lange wave, o, during the premature

contraction of the ventricles.

noted that after the large auricular wave, ', there is never a
ventricular wave. This tracing exemplifies the form of irregu-
larity due to stimulation of the ventricles alone, corresponding
to Cushny's tracing (Fig. 316). In Fig. 325 a very similar
irregular condition is present, the difference being that every third
arterial beat here is missed and is represented in the radial
tracing by the aortic notch, n'., In these three tracings (Figs.
523, 324, and 325) the period F, representing the time when
the semilunar valves are open, shows in the jugular pulse a great
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fall, the auricular depression. In Fig. 326 the radial tracing

shows two full beats in the centre of the tracing, all the others

being premature beats. The beat preceding the full beats is

Fip, 825.—8hows the same as Fig., 384,

missed, and shows only a noteh, n/, as in Fig. 325. The venous
pulse at the time of the full radial beats shows the same features
as are present with the full radial beats in the three }Il'-i‘(_‘!-{“l]ll_f
tracings, namely, a small auricular wave, @, the carofid wave

L

Fit,. 326, —a3imultaneons tracings of the jupular and radial pulses, showing twao full.oradial beats 1n

the centre of the tracing, all the others being premature beats.  Corresponding to the ventricnlar

syatole &, there is a fall in the jugular pulse when the radial beat is full and & niss when it s
Prén .

the auricular depression during the period F, and the ventricular
wave, v. But when the venous pulse corresponding to the
premature beats is considered, a remarkable change 1s found.
There is but one large wave and one large fall, and the period

Fic. 827.—Shows the same as Fig. 826,

when this wave occurs is during the ventricular systole £, m
striking contrast to the large xll;'-j:-t'uHHiHH at the time with the
full radial beats, and in the preceding three tracings. In Fig

—

327, with the exception of one full beat preceded by a missed

LA |
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pulse i1s of the usual auricular form, the auricular wave, a, being
the most prominent feature. Fip. 329 shows the same jugular

WA NN Y

rITH‘ Jugular '

¥

E.

j/\f\ﬂ M

Apex bea

P, Sfih—asimiltaneons trmcings of the jugnlar pulse apd of the apex heat,

pulse taken with the apex beat. It is of the same nature as in
328, except that here the carotid wave is absent. In

Liver

Fia, 330.—3imultaneons tracings of the liver and carotid pulges. The liver pulsa is of the
anricular form.

Fig. 330 the liver pulse is taken with the carotid, and it also is
seen to be of the auricular form. The next three tracings show

\f J\
I Rt fnrJua

A Jkﬂ_ﬁ J\J

Left Carotid’

-\_r- '

FiG. d3l.—d1multaneons tracings of the jugniar and carotid puises, shiowing a gurions form of

arhiythmis,
a remarkable change in the time and character of the jﬂr_ililiil'

and liver pulses. In Fig. 331, where the jugular and carotid
pulse are taken together, the wave marked o is synchronous with
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the carotid pulse. The period of venticular outflow (F) shows a

rise, o, in the jugular pulse 1n-

stead of the great depression in “
Fic. 328. The same change can
be seen in Fig. 332, when the
RfInt.Jug. .
apex beat. In the liver pulse the Jﬂ.\" J N i
change is not so marked, although g "',__,,-*"'I v
the character of the tracing is Apex beat
curiously changed (Fig. 333). In 5 389 Simuitaneous tracings of the
Fig. 334 the venous and liver ar pulse and apex beat, showing
irul:ccr-; are taken 1(};{:1“103'. and the
time of the waves in the liver pulse agree with those in the

meular pulse 18 taken with the
Jug ]

e form of arhythmia as Fig. 841,

venous—although the principal depression of the venous pulse 1s

™\ I
\J
Carotid

Liver

hythmic attack.
st'elt'[:l'l}']ll'r:-'i-n; 1 i]ll' ]i'-.l-l'. Tao I"\{!.I].I;.ll []:'l.H' | can ||1|l1.' SNooresh
i ] et

“]Lll 1.1!&3 two H'-Hi.'-.‘H of ‘.]u' ]ll';ll't are noi ;||'1i]|-;- [|;_1'|«[§||-|. 1|]:l|_ []'L|=-
wave, o, 18 due to the 1'i:_':lll'| auricle, and that the wave, p, represents

RilInt.Jug.

’ﬁ“ A M /\‘I\.J/"R_/MJ

Ll.i'.-"

Fria, 8. —Simultanecus tracings of the jugular and liver pulses during the arhyvthmic attack

the ]ltJﬁi‘th}';'uLELt }ll:l‘lintl of the wave due to the ]'i_'-_;]tl ventricle,
This view is borne out by the very striking resemblance of the
venous pulse in Fig. 213 to that in Fig. 331. Both patients
were recovering from heart failure, and both had valvular disease.
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