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MLOILLU CiiFURGIL AL SulIETY
T™WO0O OR MORE FINGERS APPLIED. 139
Fig. 50
0

R
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Pressure iii: The ictus is felt jointly by the two fingers, as
| a prominent swelling, rising between them above the arterial
i level.
| Fia. 51.

Facsimile of Fouquet’s original illustration of the pulsatile

knob felt and seen between the fingers, in the “stomachal ”
variety of pulse,







































































































































154 WAVES IN ELASTIC TUBES,

The Total Reflection or Rebound of Waves.

The occurrence of wave-rebounds within elastic
tubes has long been demonstrated in artificial
schemata of the circulation. A question now arises,
as to the condition of the wave after it has suffered
reflection.

The original wave, which we will assume to be one
of positive pressure, might rebound as a positive wave,
as in Fig. 90, where 4 represents the primary, and

Fia. 90.
A B

A : Wave of positive pressure travelling towards I). B: lts
rebound-wave, also positive (von Kries).

B the secondary, or rebound wave ; or it might con-
ceivably, as in Fig. 91, be reflected as a negative
wave.

Frg. 91.
A B

D

A - Wave of positive pressure. B : Its rebound as a nega-
tive wave (von Kries).

The event does not, however, depend on mere
chance. The positive or negative character of the
rebound is strictly determined by the circumstances

of the ex periment.
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as two distinet waves.

&

WAVES

IN ELASTIC TUBES.

Otherwise, the direct and

the reflected wave will overlap, in proportions vary-

LeLn

IF'ia.

Various phases of the combination of a direct and of a reflected wave (von Kries).

Overlapping.

d oe:

c,

Summation.

a, b

ing according to the distauce
between their summits, and
they will give rise to various
wave-combinations and
shapes, to which it must
here suffice to have called
attention. VYon Kries and
Grashey have described these
combined forms.

Wave Rebounds, Latent

or Dverlooked.

The diversity of the modi-
fications as well as of the
origin of wave-rebounds
would naturally lead to their
being sometimes overlooked
and often misinterpreted.
Thus, according to von Kries,
Landois’ “ Ruckstoss Eleva-
tionen”’ and Moens’ ¢ Schlies-
sungs wellen” are two ordi-
nary instances of wave-re-
hound.

Landois ¢ Elasticitiits Ele-
vationen ” are explained by
von Kries as oscillations such
as may be imparted to a loop
of indiarubber-tubing filled


















194 PRESSURE AND VELOCITY.,

latter. The oscillations of velocity (see Fig. 93),
were derived by calculation from the oscillations of
volume.

Since then, the tachograph invented by von Kries
has rendered possible a direct determination of the
velocity of waves, and we are therefore indebted to
von Kries for a practical method of determining
and graphically representing the direction of waves
of pressure within the arterial system, based upon
simultaneous records of the intra-arterial pressures
and velocities.

Von Kries' Tachograph.

Von Kries' instrument registers on the bromide-
paper of a revolving drum, enclosed in a dark case
(which is provided with an appropriate slit), the

Fig. 94

Tachogram taken by von Kries from the middle of the
upper arm. (Reproduced from von Frey, loc. ¢it., p. 168.)

oscillations imparted to the flame of a specially con-
structed Jamp by the pulsatile changes in volume of
the air-chamber (plethysmograph) in which the limb
under observation is enclosed.

At the side the image of another flame, influenced
by the vibrations of a tuning fork, or of an organ-pipe,




































206 INTRA-ARTERIAL REBOUNDS,

The Proofs of a Peripheral Reflection of
Arterial Waves.

Proofs of a peripheral rebound of the pulse-wave
have been sought in two directions : (1) by physio-
logical experiments ; (2) by a comparative analysis
;}f pulse-tracings taken at various distances from the
1eart.

(1) The experimental demonstration which we owe

Fig. 97.

The continuous tracing of the femoral pulse was taken
during life; the artificial pulse-waves are also from the
femoral artery (von Kries).

to von Kries* and von Frey, consisted in determin-
ing the arterial pressures in animals bled to death, in
whom an artificial circulation of defibrinated blood
was kept up by means of intra-aortic injections. In
this way von Kries succeeded in obtaining evidence
of a secondary wave in the femoral artery of dogs
(the normal femoral tracing having previously been
taken during life).

* Yon Kries, loc. cit., p. 62, 63.




























































226 THE TRACING.

Hurthle's Comparative Study of Central and
Peripheral Pulse-Tracings.

Hiirthle,® in his comparative study of the serial summits of the
carotid and of the femoral pulse-tracings, did not suceeed in ob-
taining conelusive evidence in favour of the wave-rebound theory.
According to von Kries, he appears to have overlooked the fact

Fia. 104,

Carotid pulse-tracings from a peripheral and from a central
part of the vessel. (Hiirthle, Pfluger's Arch., bd. 47.) (Re-
produced from von Kries, loc cit., p. 67.)

that any elevation due to a rebound must approach nearer and
nearer to the primary apex, the nearer to the periphery the tracing
has been taken.

The Wave-Rebounds at the Entrance of the Medinm-
sized and Small Arteries, and of the Capillaries,
are not of the Negative Kind.

In opposition to Grashey, von Kries contends that
the wave-rebound from the capillaries is of a positive
kind ; and he also argues thut. 1:.-]1'3 arterioles likewise
throw back the wave as a positive one.

* Pfliiger's Archiv., bd. 47 and bd. 49.



VON EKRIES. 227

He inclines to a belief that the wave, in passing from the larger
arteries into the middle-sized ones, does not suffer any considerable
positive rebound, but at any rate not any negative rebound, and
that the rate of transmission of the pulse-wave along the latter vessels
rather increases than diminishes towards the periphery.

An opinion is also expressed that, in them, the aggregate
increase in lumen is not, during life, as considerable as it has
hitherto been estimated from observations in the dead body.

Matters are widely different in connection with the arterioles
and capillaries. Their aggregate lumen progressively and largely
increases. - Meanwhile friction occurs in a remarkably increased
proportion, so much indeed as to warrant us in expecting a
positive rebound analogous to that seen at the closed end of a
tube. At the same time von Kries does not allow that the
evidence to that effect is absolutely convincing, and it is still
conceivable that the extraordinary dilatability of capillaries may
compensate for their increased frictional resistance.

The Slow Descent of the Down-Stroke of the
Sphygmogram is due to Wave-Rebound.

-‘ - - L] ®
The aortic systolic inflow, which causes the pulse-
wave, occuples less than half the duration of the

Fig. 105,

Elementary pulse-curve from a schema (von Kries),

la e - : f - - L] - "

‘t,tu. From abc':ut Fhe begmnmg of the dicrotic
186, Or even earlier, it has entirely ceased. Why
should the pulse-curve be 5o slow in falling? Friction,
























OTHER PERIPHERAL INFLUENCES. 285

nation be obliterated lower down, the fact that the
dicrotic wave remains perceptible above 1s not an

Wi, 107.

Radial tracing (Marey, loc. cit., p. 287). From the moment C,
when compression was made below the sphygmograph, *there
is an increase in the size of the pulsations, as well as in that
of their systolic undulations 1, 2, &c., and of their diastolic
undulations a, a, &ec.”
adequate proof of the centrifugal nature of the wave,
as alleged by Marey.

‘“ Alors en effet, I'onde centrifuge ne pourrait franchir le point
comprimé, et, la réflexion se faisant au lien méme ou 'artére est
explorée, il n'y aurait plus de séparation entre I'onde centrifuge et
l'onde centripéte ; on aurait seulement une onde unique mais plus
haute qu'a I'état normal. Or, en comprimant la radiale au poiguet,
audessous du point d’application du sphygmographe, on ne sup-
prime pas la deuxiéme onde ; celle-ci est done centrifuge comme la
premiére.”

._1-_ - L - ‘"

Since the vessel above remains in communication
with the ulnar artery, which is still capable of con-
veying a reflux wave, and with the aorta to which
reflux waves from other parts may have been trans-
mitted, the wave in question might yet have been a
centripetal wave. If the effect of distal closure of an
artery 1s to be studied, the observations should be
made, as in the case of the radial when the arm is
raised, within the vascular distribution of the arterv
submitted to the modifying influence.













































250 THE «“REBOUND"” THEORY.

practically presupposes a reflux into the ventricle
prior to complete closure of the valve. hoorweg,
Fick, and Hiirthle, all three adopt the theory of
reflux, and Hiirthle has even endeavoured to show
experimentally, that a reflux of 0°5 cm. of blood will
suffice to close the pulmonary valves.

If this is to be regarded as the normal reflux
corresponding to a normal dicrotic wave, what will
be the amount which must regurgitate in order to
produce dicrotic waves of the size seen mm absolute
dicrotism and in hyperdicrotism ? Judging from the
gize of some of the dicrotic waves, this would mean
the reflux into the heart of a very large proportion
of its systolic output—and the occurrence of a
regurgitant aortic murmur would be quite unavoid-

able.

Fic. 110.

Von Kries schema illustrating the behaviour of intra-aortic
pressure which would correspond with the alleged reflux
(loc. cit., p. T4).

We should not lose sight of the fact that, at’ the
moment preceding closure, the velocity of the blood
immediately above the valves as well as below them,
is 741, whilst the pressure is one and the same in the
sinuses of Valsalva and in the ventricle. The negative
phase of pressure 1s not reached in the ventricle until












254 VON KRIES ON DICROTISM,

primary wave to the beginning and to the apex of
the dicrotic elevation, in the tachogram and in the
sphygmogram respectively :

Time of the Onset and of the Apex of the
Dicrotic Rise.

I.—In the Tachogram; II.—In the Sphygmogram.

I.
-’ q =)y s AE 1 .

In femoral . onset 27 . apex 43 ({3 sec.)
mid-leg . At , 40 i3
mid upper arm 25 ;5 98 7
mid forearm . ,, 2H . ,;; oD ¥

II.

In femoral . onset 83 . apex 45-50
dorsalis pedis o TR Seiiots RSN s
brachial 8¢ eh O Gl e
radial b T 28 40 5

The Origin of the Dicrotic Wave.

Its direction having been proved to be centrifugal,
the question remains—where does the dicrotic wave

Fia. 111.

Von Kries' tachogram taken from the middle of the upper
arm. (Reproduced from von Frey, loc. cit., p. 168.)



VON KRIES ON DICROTISM. 205

arise ? Does it originally start from the heart, or
from the periphery? This is again answered by the
tachogram. Whilst in the sphygmogram, the lever,
having reached the highest point of the main up-
stroke, gradually subsides towards the level of the
dicrotic notch, the flame of the tachogram records a
very different course. Immediately after the main
apex, 1t presents a sheer drop to a very low level, the
lowest in the whole tracing. This signifies that,
whilst: the pressure is little diminished, the velocity
suffers a great check—and this combination has been
shown to indicate the passage of a positive wave in
a reversed or centripetal direction. A rebound of

Fic 112,

Von Kries' tachogram taken from the upper part of the
thigh in the same subject. (Reproduced from von Frey, loc.
cit-, p. 168.)

this magnitude must obviously force its way back as
far as the origin of the aorta: and finding the
sigmoid valves closed, must be once more reflected
towards the periphery. Whatever other influences
may contribute their sharve to the result, an adequate
link is thus established between the two centrifugal
waves (the systolic and the dicrotic). Moreover, this
Intervening centripetal and positive wave affords the








































































THE AORTIC TRACING. 279

is no sudden drop, but a gradual subsidence, the
oblique line of which is wavy. This difference is
expressed very clearly in the diagram (von Kries).

Diagram of the relative behaviour of the intra-ventricular,
and of the intra-aortic pressure, in the absence of rebound-
waves and of regurgitation, (v. Kries, loe. cit,, p 73).

The intra-ventricular curve of pressure rises before
the aortic curve—in other words, before the opening
of the aortic valves, which cannot be raised until the
pressure below them surpasses that from above.
From that moment the aortic curve shares in the
rise ; and since it attains its maximum almost at the
same Instant as the intra-ventricular tracing, its
ascent 1s rather more abrupt than that of the latter,
as well as shorter.

[n their fall the two tracings are for a time
identical, the two cavities being still continuous.
But as soon as the first muscular relaxation occurs
in the ventricle,* occasioning a rapid fall of intra-
ventricular pressure, the sigmoid valves complete
their closure. The ventricular pressure continues to
fall rapidly, and at last becomes suctional : on the
contrary, the aortic pressure continues to fall only

5

According to Roy and Adami, the relaxation of the museuli papillares,
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CHAPTER X.

THE SPHYGMOGRAPHIC STUDY OF THE
ANASTOMOTIC PULSE.

Tracings taken above and below the Block.

THE author is not aware, though they may exist,
of any published tracings of the anastomotic pulse
taken immediately after obliteration, except those

Marey's sphygmograms of a normal radial, and of the

other radial of the same subject three weeks after its ligature
at the bend of the elbow ; showing “identity.” [Ioe. cit.
p. 629.

of Marey,* obtained from the carotid of the horse.
Marey’s two tracings of the sound radial pulse from
one arm and of the anastomotic radial pulse from the
other arm are, owing to the long interval after the

Loc, cit, Pp. 624-629,



S04 TRACINGS ABOVE AND

date of obliteration, useless for the present purpose ;
but they show the interesting fact that, after lapse
of three weeks, the anastomotic pulse-tracing may
become indistinguishable from the normal (Fig. 152).

The tactile observations detailed above have the
advantage of being entirely unprejudiced, the author

-*--..{\“\J\ “‘-’N "-v'r\‘ ' -».1'\"“ ~ -D"" H-.I\*\[\"\ P\"\P" ~~ _j\-m ,,r'%.-.h_lr\' ‘J l b Jh\-*-a;

'-1.\-"-._._ _.Illrllk-..___j-\'_\u]l k_\-‘.ll"'l-.___‘_f"'l.___ . I- i r\". g . ) S l| -H____‘_ r\\_\ FIIL._

Sphygmogram of anastomotic pulse (rt. radial) taken } inch
below the bloeck. The upper tracing was obtained with
70 grms. pressure; the lower with 50 grms. (Marey’'s

Sphygmograph. )

F1g. 154,

Sphygmogram from the same wrist, taken % inch above
the block. The first five pulsations in the upper line are
unreliable. Pulse rate 87. Pressure: upper line, 50 grms. ;

lower line, 120 grms.

not having turned his attention to the sphygmo-
graphy of the anastomotic wave until after they were
written. To what extent they correspond with the



BELOW THE BLOCK. 355
sphygmographic rendering of the wave will be seen
from the annexed tracings, with this reservation,
that the tactile study was made from many pulses.
and these are merely a few individual pulse-curves.
The first 1s from an ansemic man, @f. 63, who had
only that day left his bed after three weeks. This
circumstance may account for the type of pulse
noticed in Fig. 155, and for the size of the anasto-
motic wave, (Fig. 158) which, after lapse of a few
days, was much less ample.

NS

|
i 1
\_.F"'-.__f VAN IU\J 1 [ II"n._.'I 14

'1
|

The same pulse immediately after removal of block. Pulse
rate: 92. Pressure: upper line, 120 grms.; lower line,
50 grms.

With the help of Dr. E. Graham Little and of
Dr. Hofmeyr, I succeeded in obtaining radial tracings

below the block, above the block, and subsequently
after removal of the obstruction, from the previously

occluded length of artery.

The highly dicrotic curves obtained after removal
of the pressure need not detain us now : they wlll be
referred to again under the heading of “ Dicrotism.’
Let us turn first to the analysis of the pulse on the
proximal side of the obstruction.


















CHAPTER XI.

THE ﬁN:‘LSTDMUTIC PULSE TRACING.
FURTHER OBSERVATIONS.

[T is to be regretted that the foregoing conclusions
should have been based upon the observations of a
single case. Fortunately Marey’s tracings (loc. cit.
pp. 624-629) afford some confirmation to our results.

F1a. 150.

Gradual return of arterial pressure in the carotid q:l[' a horse
after ligature. 1. Carotid pulse before de ligation. 3, and
4. Tracings of the anastomotic pulse hnoml the ll gature,
taken at successive moments after deligation. |."I.Eue:..1 log,
cif. p. 624.)

m

The tracings taken from the carotid of a horse, below
the llna,ture, present in a marked degree increased
obliquity of the line of ascent, with relativelv sus-



362 ANASTOMOTIC

tained tension during the later phases of the wave.
The slowness of the systolic rise is yet more striking
i the radial tracings from man, taken some days
after ligature of the brachial ; but, owing to the ve;_}'

Gradual restoration of radial pulsation after ligature of the
brachial artery, in man. 1. Radial pulse from the sound
side. 2. Anastomotic pulse eight days after operation;
3. eleven days, and 4., seventeen days after operation.
(Marey, loc. cit. p. 628.)

different channel of anastomosis in a case of that
kind, the other features of our anastomotic pulse-
tracing are conspicuously absent.

Since the foregoing remarks were written radial
tracings were taken from a man, «t. 40, a printer, the
subject of Granular Kidney. The wave in his pulse
was large and lasting. Its compression was not
difficult ; but pulsation persisted beyond the com-
pressing finger, affording proof of a strong anasto-
motic circulation. Fig. 158 shows the natural pulse-
tracing, as well as that taken below the block, after
applying to the artery considerable pressure.

The same forcible pressure was employed in ob-



PULSE TRACINGS. 563

taining the tracing of the pulsation above the block,
from the same patient’s left wrist.

N RN A

. ft\(\ (\J/\\f \//\\V \ % \ !ﬁ

I

The ordinary and the anastomotic pulse in a case of
granular kidney, The upper tracing is that of the ordinary
rt.-radial pulse ; the lower tracing was taken immediately
afterwards, % inch below the blocking finger. Pressure
throughout : 200 grms.

In this second case, the anastomotic pulse-tracing
and that of the pulsation above the block were each
taken immediately after a sphygmogram of the un-
modified direct pulse, and on the same slip as the

The ordinary pulse, and the pulse above the block, in the

same case as above. The upper line 1s the tracing from the
left radial pulse, before interference. The other sphygmo-
gram was taken immediately afterwards 4 inch above the
blocking finger. Same pressure in both instances.

latter. The steadiness of the pulse-rate adds also to
the facility thus obtained for an analysis of the





































































86 THE FACTORS

would be rapid and complete ; conditions arising
whenever the peripheral arterioles are widened, and
the capillaries made so pervious as to transmit =
systolic impulse as far as the radicles of the veins,
especially if the amount of blood propelled he
moderate and the force of systole relatively great :
in a word, precisely those conditions which we find
in the pulses described as fully dicrotic and as
hyper-dicrotic,

(51
|
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Fully dicrotic pulse tracing (lower line): the notch de-
scends to the base line, The dicrotic wave iz isolated from
the systolic wave.

Thus, in the fully dicrotic tracing* the primary
rise is considerable, but quickly ended. The aortic
elastic reaction is prematurely extinet, and should be
difficult to resuscitate, short of a fresh outflow from
the ventricle. Nevertheless, a second wave of pres-
sure passes under the lever of the sphygmograph.
The lever, in the special case of the hyper-dicrotic
pulse, has not even time to fall again to the full
depth of the dierotic trough, before it is carried up
by the following heart-wave ; whilst in the fully

# The same reasoning would apply to the hyper-dicrotic pulse.
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“dicrotic” trace it returns to the bottom of the
trough before being lifted again by the next pulsa-

tion.
Fre, 167,
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VAMAAMMAALLL,

Hyper-dicrotic pulse. Deep level reached by the notch.
The dicrotic wave isolated from the systolic wave, but inter-
cepted in'its fall by the subsequent systolic rise.

Since the heart is certainly not responsible for this
second rise, we must look for some other pumping
force ; this must be of the nature of a reflux-wave,
occurring after an interval of abeyance of pressure,
such as can only be obtained in tubes of great
expansibility.

The Site of the Dicrotic Rebound,

The heart has, therefore, no direct share in pro-
ducing the dicrotic wave, In normal pulses free from
capillary pulsation, the rebound is supposed to take
place at the entrance of the capillaries. Even here,
we must, however, assume that the capillary area is
capable of absorbing a portion of the blood and of
undergoing slight distension by it, ]{-:ﬁ.d}ug to a
returning wave of elasticity, in addition to the
relatively more prominent irame of rebound.



























296 RELATIVE TIME

The variations in the dicrotic time wnder patho-
togieal influences will probably become an Interesting
subject for study. For the present let us merely
allude to the respective time differences |n-r:}|_1,r_;;|1Lt
about by obliterating the radial artery above and
below the sphygmograph in any normal subject.

Variations in the * Dicrotic Time" in Obliteration
of the Artery Above or Below the Sphygmograph.

If 1t were possible to cut off' entirely the partial
capillary reaction occurring even with moderately
constricted arterioles, the peripheral delay would be
much shortened and the dicrotic time made earlier.

Pulse tracing above the block (same as Fig. 154). The
vertical lines point to the apex of the dicrotic wave, enabling
the distance of the latter from both.ends of the pulse-wave to
be measured.

This can be done within the district of the artery
under investigation ; but, since the dicrotic wave is
supposed (see p. 256) to be a sum of peripheral re-
bounds from the whole body, focussed, as i1t were,
and reflected again by the aorta, so slight a local
perturbation could hardly be expected to affect the
wave-time.  An inspection of the tracings shows,
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however, that an appreciable difference is made,
which will need some explanation. Thus in Marey's
tracing (loc. eit., Fig. 159), and in the author’s
tracing (Fig. 168), both taken above the seat of com-
pression, the results of obliterating the artery seems
to have been :

(1) To accelerate the dicrotic summit ;

(2) To narrow and render sharper the dicrotic
notch ;

(3) To broaden * the predicrotic portien of the
trace, bringing into view one or two pre-
dicrotic waves :—results, all of which are
opposed to those observed in ¢ dicrotism.”

Tracings of the anastomotic pulse (Kig. 169), taken

1. 1€9.
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The anastomotic pulse tracing below the block (same as
Fig. 158). The vertical lines facilitate a measurement of the
distance of the dicrotic summit from the neighbouring up-
strokes.

immediately below the obliteration, display the same
features somewhat toned down.
Where is the Centripetal Wave, producing the Dicrotic

wave, to be looked for in the Tracing?

These observations will need confirmation in view

of the important conclusious which mayv be based

* This is not so well shown in Marey's tracing.
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upon them. If it should be found that the dierotic
time is altered only in the artery compressed, and
not in those of the other limbs, this would be almost
a proof that the modification in time is due to the
local phase of the dicrotic events—that is, to the
centripetal wave, which by its reflection (together
with other waves) at the root of the aorta, gives
rise to the dicrotic wave,

The direction of the dicrotic wave being centri-
fugal, where is the centripetal elastic wave of which
it 1s the rebound *

There is nothing inconsistent in the assumption
that the dicrotic rise contains not only the centri-
fugal wave rebounding from the aortic valves, but
also the centripetal elastic rebound-wave. Since
there is room in the primary wave for the systolic
wave and for its rebound also, we shall see that, «
fortiory, there should be room for a double wave in
the dicrotic elevation.

Since writing these pages, I have been favoured by my able
clinical clerk, Mr. H. P. Turnbull, with the annexed tracings of

¥ig. 170,

Upper tracing taken before, lower tracing after, the inhal-
ation of amyl nitrite. Pressure: 100 grms. (Marey's Sphyg-
mograph).

the normal pulse, and of its serial modifications under the
influence of nitrite of amyl (¢f. p. 260). The dicrotic wave,
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after a temporary depression, becomes once more prominent, and
rather quickly passes into a hyper-dicrotic stage.

Some of the dicrotic waves present a double crest or
a secondary wave; a feature less apparent in the strongly
hyper-dicrotic pulsations in Fig. 171, which also lack the pre-
dicrotic wave previously visible.

FiG. 171. ,

Hyper-dicrotic stage continued. Gradual return to the
normal type after a period of simple dicrotism.

The last tracing shows simple dicrotism, the dierotic summit
becoming less and less late, until it almost regains its normal
position.

Some Suggestive Features of the Dicrotic Wave

and Notch.

(1) A first point worthy of notice is the much
greater proportion of space occupied by the dicrotic
trough and rise in the dicrotic pulse than in the
healthy one ; and,

(2) In particular, the duration as well as the
deptlj of the trough. Insphygmograms taken under
::'.ulfhment pressure to bring out the full height of the
primary wave, 1t 1s seen that the dicrotic noteh at the
basal line is appreciably broader than the summit of
the primary wave. Moreover, it can be shown* that

= 1 H “r v - 5 - r &
A h-_u_-u.unl:nl line drawn through the dicrotic summits will show that
the notch is, in some cases, at least as broad at this level as the primary
wave, sometimes even broader,
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the passage of the wave has been followed by an in-
terval not less than its own length ; and that, there-
fore, the systolic wave proper has passed away, and
with 1t the primary or immediate peripheral rebound-
wave,

T | e l L
km‘_\..- wnfind I \' W

Dicrotic tracing, showing the obliquity and anacrotism of
the dicrotic rise, and the bluntness and width of the dicrotic
Wave.

(3) The fully dicrotic wave starting from the base
line shows an important peculiarity. Its rise 1s not
parallel with the primary, but more or less strongly
inclined away from 1it, in some cases Very strongly
50.

(4) Moreover, it is in some instances visibly ana-
crotic : and, in many “dicrotic” tracings, more or
less rounded at its summit (this bluntness is also
. common feature of the minute normal dicrotic
wave). The fall of the wave 1s likewise less abrupt
than that of the primary, and in this respect
approaches the type of fall of the normal wave.

(5) Not only is the dicrotic summit often broader
than the primary summit, but in many a “ dierotic ”
race the width of the dicrotic wave exceeds at 1ts
foot that of the primary wave.
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These peculiarities are not nmomlmtlhle with a
view that the great dicrotic wave is made up of a
series of waves, the first of which would be the
“local ’ rebound from the capillary district of the

Frg. 173.

DALMY
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Hyper-dicrotic tracing, showing features analogous to those
geen in Fig. 171.

artery sphygmographed. The slight rise initiated by
this would be added to by similar rebounds from
neighbouring districts. These rebounds, likewise
centripetal in their main direction, would reach the
aorta in rapid succession, and be reflected as the
broad wave, the direction of which has been proved
by the tachograph to be centrifugal.

According to this interpretation, the centripetal
wave contributed by each artery would start the
dicrotic wave in that artery; and in each artery the
start would be earlier or later according to circum-
stances ; but the body of the wave would be, prac-
tically speaking, the same 1n all arteries, mutatis
mutands.

The anacrotic character of some dierotic waves is
also rendered intelligible. Lastly, there would be a

2 C










































































































































































































































THE CAROTID PULSE. 477

in other words, the curve for Df will be of smaller
width, especially at its upper part, than the curve
for CY.

This diagrammatic representation of tactile events
1s the nearest approach we have arrived at, to an
imitation of the tracings of the instrumental method;
and it would be interesting to be able to compare it
with a sphygmographic tracing in this particular case.

Fie. 192,

Unfortunately we know of only one set of sphygmo-
grams taken simultaneously at different spots of the
carotid, those of Hiirthle (Fig.192); and these are
not explicit on the point at issue. Nevertheless it
may be observed that the wave (reckoned from its
foot to the later summit) is broader at Cf than at
Df, and that the later summit for Df suffers de-
cidedly less relative delay than the onset of the
wave.

The carotid artery has been selected for this final
experiment because in the radial pulse, owing to the
small calibre and the remoteness of the artery, the
first part of the wave is much narrower, and its
events less tangible and less easy to analyse.
















































