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viii PREFACE

made an experimental study of some of them myself, and
in accordance with the general purposes of the University in
establishing such lectures, I presented the results of my own
investigations more fully than in a text-book. The lectures
were not written out, but were delivered from short notes, so as
to suit the experiments. They were taken down in shorthand
by Mr M. A. Donaldson, and I have to thank him for the
remarkable accuracy of his transcript. Although he supplied
me with a type-written copy within a few days of the delivery
of each lecture, yet the pressure of other engagements, and the
difficulty of finding sufficient continuous time to obtain and
arrange the illustrations and prepare the manuscript for press,
has caused an interval of more than three years to elapse
between the delivery of the lectures and their appearance in
print. During this interval some new instruments for measuring
the blood pressure in man have been brought out, and several
of them have been described in an Appendix.

Owing to my ignorance of the rule that lectures delivered
under the auspices of the University and printed with its
sanction should be published by Mr Murray, these lectures were
at first advertised to be published by Messrs Macmillan, who
have published my other works, and the change was only made
in accordance with the rule.

I have to thank both Mr Murray and Messrs Macmillan
for their kindness and courtesy in regard to publication, and
my thanks are especially due to Professor Waller for his interest
and help, to Mr Syme for assistance in experiments, to Dr
Oliver, M. Boulitte, Messrs Down, Mr Hawksley, and especially
to M. Charles Verdin for many illustrations, and to Miss James
for the very full index she has supplied.

Professor Kronecker has kindly supplied some most valuable
notes of some of his own work and that of his scholars, which
are printed in a special Appendix.

LAUDER BRUNTON.
August, 1908,
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2 THERAPEUTICS OF THE CIRCULATION [LECT. 1.

recognise the particular disorder, or semeiology ; and (5) the
methods of applying our remedies to the disorders which we
have already recognised, or therapeutics,

It is evident that, before we can deal with therapeutics satis-
factorily, we must take up, to a certain extent, the other
subjects upon which it depends, and, although you have studied
them all to a certain extent already, I think it will be advisable
to go shortly over them, more especially as [ shall have to take
them in definite relation to their practical use, instead of merely
considering them as scientific subjects unconnected, possibly,
with practical medicine. But the treatment of these must
necessarily be very brief, because the subject-matter to be con-
sidered is very great.

Harvey's Discovery.—There is, perhaps, no discovery, either
ancient or modern, which has had such a far-reaching influence
on the health of human beings as the discovery by Harvey of
the circulation. The truth of this discovery was at first denied,
then its importance was belittled, then it was attributed to other
men ; but now its full importance is recognised, and the claims
of Harvey to the discovery acknowledged. When we look at
Harvey's work, it seems almost incredible that for so many
thousands of years men should have overlooked the circulation.
When we read Harvey’s own account of his discovery, it seems
one of such amazing simplicity that one is inclined to think that
nobody could have helped making it. In his own words, it
occurred to him “whether the blood might not go round, as it
were, in a circle” That it did go round, Harvey showed by the
blood issuing from the proximal end of a cut artery, and from
the swelling of the veins when obstruction was put between the
periphery and the centre.

One of the great reasons why the blood had been supposed
not to go round, but to flow backwards and forwards, probably
was that the ancients looked upon the arteries as conveying air
alone instead of blood, or else conveying a mixture of air and
blood. They seem to have come to this conclusion from the
fact that the arteries were generally found empty in animals that
had been killed for sacrifice, and the reason of this emptiness I
shall discuss later on (p. 5).

aid
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SLEEP OF THE HEART

PHYSIOLOGY OF THE CIRCULATION

The Heart.—The great motor power which keeps the circula-
tion moving in a circle is the heart, although its action is
supplemented by other mechanisms in the vessels and tissues,
We are sometimes accustomed to speak of this “unresting”
organ, but this is a total mistake. The heart rests in an adult
more than thirteen hours out of the twenty-four ; the time of rest
being the diastole, and the time of work being the systole.

Sleep of the Heart—We may say, then, that the heart practi-
cally sleeps more than the brain or the body; but the great
distinction between the sleep of the heart and that of the brain,
is that the sleep is so short at a time. There are very few
healthy men who could not walk a thousand miles in six weeks,
walking a little over eight hours a day at an easy pace, and
resting for the remainder of the period ; but there are not many
men who could emulate the feat of Captain Barclay, of walking
a thousand miles in a thousand hours, because the frequent
interruptions to their sleep would exhaust them completely ;
and still fewer are there who could walk a thousand miles in a
thousand half-hours, as has been done by various men since
Captain Barclay’s time. In such trials of endurance a man
usually walks two miles at a time, the first mile at the end of
one hour or half-hour, and the second at the beginning of the
next hour or half-hour. Supposing he walks at the rate of
four miles an hour, 7. a mile in a quarter of an hour, he gets an
hour and a half for sleep between every walk when doing a
thousand miles in a thousand hours, but only gets one-third as
much sleep, viz., half an hour, between his walks when doing this
distance in a thousand half-hours, An attempt to do a thousand
miles in a thousand quarter-hours is obviously impossible ;—if a
man walked at the rate of four miles an hour, there would be no
time for rest at all, the whole time being required for walking.
A little time might, no doubt, be gained by increasing the pace ;
but this would of itself involve greater exertion, and the time
thus gained would be quite insufficient for recuperation.

[n the same way, when the heart is forced to beat more
quickly than normal, it is more and more quickly exhausted the




4 THERAPEUTICS OF THE CIRCULATION [Lecr. 1

higher the pulse-rate rises, for nearly the whole time for the
extra work is taken from the diastolic pauses of sleep of the
heart, even though the systole may be slightly shortened. Hence
the importance of slowing the pulse-rate by cold, by drugs, or
by other measures, when it tends to become too rapid.

Perhaps it may be as well here that I should note that the
heart, at certain periods, is resistant to external stimuli. When
Captain Barclay was taking his sleep between his walks, he
would be more and more ready to respond to a chance call the
nearer the time came for him to begin again ; but while actually
engaged in his walk, he would be too much intent upon his work
to heed a call from anyone. In the same way, we find that
during the period that the heart is contracting it will not
respond to a stimulus which, if applied immediately after its
action is over, would cause it to contract again. This period,
which we have to consider later on, is called the refractory period.

The Arteries.—Now, if the heart is only acting for eleven
hours out of the twenty-four, and is entirely cut off from the
aorta by the closed aortic valves, what force is carrying on the
circulation during the whole of the other thirteen? This force
is the elastic recoil of the arteries, which have been stretched by
the blood forced into them during the ventricular systole, but
which, if healthy, again contract during the diastole. The vessels
thus act as a storage of energy, just as a watch-spring does when
wound up every night, or as the water driven by a force-pump
into a high tank from which a house or town can be supplied, or
the elastic bag in a spray-producer.

The arteries have really three functions. They not only act
as (1) storers of force, but as (2) regulators, and as (3) motors.
Their power of regulating the supply of blood to different parts
of the body was known to Harvey, who said :—*“ It is manifest
that the blood in its course does not everywhere pass with the
same celerity, neither with the same force in all places, and at
all times. . . . In fear, and under a sense of infamy and of shame,

the face is pale ; but the ears burn, as if for the evil they heard or,

were to hear.” As my old teacher, Professor Ludwig, used to
put it, “ There is not nearly sufficient blood in the body to fill
all the vessels at once, and the vaso-motor system, which
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regulates the size of the arteries, is like the turncock in a large
town who turns off the water supply to one district at the same
time that he turns it on to another;” just as in Harvey's
observation, the vessels became contracted in the face at the
same time as they became dilated in the ear.

Motor and Peristaltic Action of Arteries—The motor action of
the arteries has received less attention ; but it is, I think, very
important, and is, I believe, the cause of the emptiness of the
arteries after death, which so long prevented Harvey's discovery
from being made. When working under Professor Ludwig in
1869, he directed my attention to the contractile power of the
small arteries apart from any nerve centre, and while watching
their movements I have sometimes seen a regular peristaltic
action take place, by which the blood was driven forward in the
arteriole, just as feecal matter would be driven forward in the
-intestine.! Such action may empty the arterial system after
death (p. 2).

Capillaries and Veins—From the arteries the blood passes
into the capillaries, and some of its liquid parts leak through
their walls to supply the needs of the tissues, while the
remainder, along with the blood corpuscles, passes into the veins.
It is the heart which is the motor power for the blood in the
veins also; but it would barely be sufficient to carry on the
circulation and bring the blood back to the heart again, were it
not for various helping agencies. One of these is the suction
exerted by the movements of the respiration, and another is the
suction exerted by the heart itself during the ventricular contrac-
tion, which drives the blood out of the thorax, through the aorta,
and sucks it in through the veins,

One very important adjunct to the heart in keeping up the
venous circulation, is intermittent pressure upon the veins from
without, aided by numerous valves in the veins themselves; so
that while each pressure pushes the blood a little onwards, its
return is prevented. External pressure is produced by muscular
action. Each contraction of a muscle squeezes the blood and
also the lymph out into the veins and lymphatics, both of which

! Lauder Brunton, Sitz. ber. d. k. sich. Gesellsch. d. Wiss., 1869, s. 285 ;
and, Ludwig's Arbeiten, 1869, s, 101,




6 THERAPEUTICS OF THE CIRCULATION [LECT. 1.

have very numerous valves at short distances apart. But
every beat of the arteries, as a rule, tends also to help on the
venous blood, for the arteries and veins usually have a common
sheath of unyielding fibrous tissue, and each time that the
artery is distended during a ventricular systole it tends to push

a corresponding amount of blood onwards through its accom-
panying vein. (Fig. 1.)

Fia. ].d—]?iagru.m to show the effect of the urtaerin;dpulsa in aiding the onward flow of venoas blood
and lymph, by a process of what may be called self-massage. A is an artery during diastole.
Tt bk, D A g e D s
aystole. As the sgheath 8 is unyielding, the distension of the artery forces the blogd out of
the vein and the lymph out of the lymph space, and as the backward flow of both s preveated
by the valves of the veins and Iymphaties, the circulation is increased in both.

Action of Fascie—In addition to these mechanisms, however,
we have the pressure upon the veins by the fascize of the limbs,
and Braune has shown that when the veins are stretched, their
capacity is increased, and they suck blood into them. The
veins of the upper limbs are most stretched when the fists
are clenched, the hands bent somewhat down, and the arms
extended and pushed rather backwards—the very attitude,
indeed, that is assumed by a man who has been sitting for a
length of time at a writing-table and feels himself cramped in
consequence. The veins become relaxed when the leg is bent
and turned slightly inwards, whilst the veins become stretched
when the foot is turned outwards and the leg extended and
pushed somewhat backward. The first of these positions is
nearly that assumed by one leg when we advance it for the
purpose of walking, and the second when we move the body
and other leg forward (Braune-Ludwig’s Festgade, 1874).

Accessory Muscles of Circulation—The late Professor Sharpey
used to insist a good deal upon the functions of the rotators of
the leg, and he pointed out that in books on anatomy the trunk

is looked upon as a fixed point, and the rotation is discussed in

terms of this; so that we say that the function of the tensor

vagina femoris is to rotate the leg inwards upon the body, and
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that of the gluteus maximus to rotate it Dutwards._ In reality,
he said, it is the leg which is the fixed point in walking ; and the
function of these muscles is to rotate the body on the leg, the
tensor vagine femoris rotating, not the leg inwards, but the
body outwards, so as to bring the centre of gravity over the +fant.
But in view of Braune’s observations these muscles acquire a
new value. We speak very frequently of accessory muscles of
respiration, but I have not seen anywhere the tensor vagina
femoris and the gluteus maximus spoken of as accessory
muscles of circulation, yet both they and the muscles of the calf
and thigh may well deserve such an appellation.

Flow of Lympl.—This description of the circulation, however,

Fio. 2.—IMagram of transverse section of voluntary muscls to show the pumping action exerted
on the musele-juics and wasts products during action. The blood.vessels cross diagonally.
To the laft (B) the muscla is contracted and presses the two layers of the fascia together, so as
to drive the muoscle-juiee out into the lymphatics. To the right (A) the muscle is relaxed, and
tenda to draw the layera of fascia apart and suck the juice out of the muscle into the lymph
space. ¢, Artery. d, Artery. e, Lymphaties. f, Vein. g, Vein. The donbls arrows in A
are intended to indlcate the inereased blood-flow through the musecle, and the singla arrow
within the musele to Indieate the passage of Huid from the musecls Into the lymph space
between It and the surrounding fascia,

e  p ——

would be insufficient without a consideration of how the lymph
flows, for the circulation of the lymph is quite as necessary as
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that of the blood itself. Here also the muscles form one of the
most efficient sources of motor power. At each relaxation of a

Fig. 8.—Dlagram of longitudinal sections of museles, I. in relaxation and IL. in contraction. Fis
the fibrous fascia or sheath of the musela. L 8 a lymph space between the muscle and tha
outer layer of fascia. L is a lymphatic vessel with nomerous valvas, which the I{m[]h
containing waste products is removed, A is an artery by which fresh blood is brought to
the muscle; and V is a vein by which blood is removed from it. Each time the muscls con-
tracts, as in I, it lessens the slze of the lymph space and drives the lymph onward through
the lymphatics. Hach times it relaxes it g;nﬁa to creats & vacuum within the fascia, and
thus lymph is sucked out of the muscle into the Iymph space, while fresh arterial blood
rushes into the muscle,

muscle it tends to cause a vacuum within its surrounding fascia,
into which the lymph flows from the muscular structure. At

Fio. 4.—Injected lymph spaces from the fascia lata of the dog, after Ludwig and SBchweigger-
Baidel, Lymphgefisse der Faselen und Sehnen. The injected spaces are black in the figure, and
the muscular bundles are seen in the eross-section embedded in lymph.

each contraction the muscle presses this lymph out, and these

alternating muscular movements really act as a subsidiary heart,

and do away with the necessity of having in mammals the

lymph hearts which are seen in the frog. (Figs. 2, 3, and 4.)

PR
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ARTERIAL TENSION OR BLOOD PRESSURE 9

In the pleura and the diaphragm the movements of respira-
tion have a similar pumping action on the pleural and peritoneal
fluids. (Figs. 5 and 6.)

Fig. f.—Section of the central tendon of the diaphragm in the rabbit. a, Peritoneum: &, ten-
dinous fibres in cross-section ; ¢, circnlar fibres ; d, the plenta; ¢, peritoneum stratched over
a full lymph apace; f, peritonenm lying in an empby lymph space; g, blood-vessals, (After
Ludwig and Schwelgger-Seidel.)

It may seem that I am spending too much time upon points
in the circulation which you all know, but I shall have to return

Fi1c. 6.—Section of the pleura. -1‘I|.(']:,-]:J;:-IL:]E:‘T:;LJ}}[TEM black in the figure. (After Ludwig and
to them again in discussing Treatment, and unless I had put
them before you now in the way I have done, you might not
be so readily able to perceive
the reason for the therapeutic
measures which I shall after-
wards have to mention.
Arterial Tension or Blood
Pressure. — During  the long
sleep of the heart — thirteen
hours out of every twenty-four E"JJQ'EaT_r’L_ﬂ:ﬁmiﬁr::.'ﬁ:"jf.?t'”ﬂ;mff1'n s
—the circulation is maintained !:'.’;EHi'[ir:?.l-:’:.l:Jrl.ut;:fi!.tilﬂ.«.t;"?,‘;L:::‘Eﬂ?:ti.f?n:tf
by the contractile force of the  ¢!#r: /i 8 foati g, & zecording oylinder.
arteries, which presses the blood out through the only opening
which, in health, is available, namely, through the capillaries.
' B







MEASUREMENT OF BLOOD PRESSURE 11

estimated by a clergyman, the Reverend Stephen Hales,' who,
after cutting an artery in an animal, and after connecting a !.
glass tube with the artery, noted the height to which the blood f
rose in the tube. Poiseuille?® improved upon this plan by con-
necting the artery with a mercurial manometer, and an immense
advance was made by Ludwig? who registered the movements
of a manometer on a revolving cylinder. (Fig. 8.) Although

Fio. §.—Lelannié's manometer. It consists of (T) a bent tube contalning me

arm bears a float, the movements of which are transmitted by a pnllagy {P_;iir{fm ?;E-ETD{%“
which amplifiea and records them. By means of a pinion {E} working on a rack (Q) the
apparatus can be moved up and down on a stand (8), which is rendersd vertical by three
screws (VV V). The open end of the tube can be connected with a casutchoue bag, as in the
figure. It was originally designed to record the rectal temperature in a dog *Inring' tetaniza-
tion, but it conld be nasd for other purposes.  Burdon-Sanderson’s kymograph was similar to
this, but the two limbs of the L) tobs were of unequal width, and the lever was longer

he did this in 1847, yet in 1363, when I first began to work at
the action of drugs on the blood pressure, there was, I believe,

1 Hales, Statistical Essays, London, 1733, vol. ii,, p. 1.

* Poiseuille, Magendie's Journ. de la physiol., viii, p. 272, 1828; ix
1829, p. 343. \

¥ Ludwig, Arch. f. Anat. . Physiol., 1847, s. 242, Taf, x.-xiv.
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12 THERAPEUTICS OF THE CIRCULATION  [LecT. 1.

not a single recording manometer in this country,! and it was
only at this time that one was first made by Sir John Burdon-
Sanderson,? and used by him in his research upon the relation-
ship of respiration to circulation. It was just a little before
this that Marey® invented his sphygmograph, by which much
interesting information has been gained regarding the circula-
tion in man, (Fig. 120.).

Regulation of Blood Pressure—The blood pressure, one may
roughly say, depends upon the difference between the amount

Aorta tense __ ___
Yeins tense and
moderately full =—=----

e AOTLSR 18X,
8 4. Veins lax and full.

3
Bladder (full} m... e Bladder (empty).

Fia. 10.—Diagram to show the cansation of syncope. In a the carotid artery is full, the aorta full,
the veins contracted, and the bladder is full. In b the carotid is empty, so thﬁ.t. the brain In
insufficiently supplied with blood, and ng;lncopa ensues. The tension in the aorta is low, as
indicated by its smaller size, the veins are full, and the bladder is empty.

pumped by the heart into one end of the arterial system and
the amount leaving by the capillaries in any given time. It is
obvious that unless some means existed by which these two
factors could be brought into proper relationship, much mischief
might be done. If the heart were to continue pumping in
blood whilst the arterioles were tightly contracted, the heart
would either become strained or a vessel would burst, as it
does in apoplexy. On the other hand, if the arterioles were
dilated and the heart did not beat more actively in order to

I Lauder Brunton, “On Digitalis,” Collected Fapers on Circulation and
Respiration. First Series, pp. 52 and 104. London: Macmillan & Co.

? Burdon-Sanderson, Roy. Soc. Proc, xv., 1857, p. 391; Phil. Trans.,
clvii., 1867, p. 391,

* Marey, Mem. Soc. Biol., 1859, p. 281 ; Compl. rend., 1880, 1., p. 634.

e NS L]



REGULATION OF BLOOD PRESSURE 13

supply a larger amount of blood, the arteries would very likely
become empty and the pressure in them so low that the
circulation through the wvarious organs would be insufficient
to maintain their functional activity, and the brain, being
especially sensitive, syncope would result. (Fig. 10.)

[nhibitory apparatiis

Mator ganglia

Heart musecle

Fra, 11.—Diagram to '\|||_H'|- the nervous "|.'||||'|"'|. 151} ]II, wileh the actlon of the heart and viaasaly is
co-ordinated 8o as to maintain an equal blood pressure. A i the aceelerator apparatns,

Heart and Blood Pressure—Co-ordination is m: uintained by
means of the nervous system, the chief centre of which is in the




—

e T —————

14 THERAPEUTICS OF THE CIRCULATION [LECT. 1.

medulla oblongata, where the most important part of the vaso-
motor centre is located, and where also the vagus roots are
situated. By irritation () of the vagus roots, or (4) of their
trunks, or (¢) of their ends in the heart, the movements of the
heart become slower and often weaker (Fig. 133), although the

Cord + vagus irritated— o

alone

Fio. 12.—After Ludwig. ILududig's Arbeiten, 187, p. 106.—Shows the rapidity with which the
blood flows through the vessels of the muscles. When the heart is stopped by irritating the
vagns the arterial pressure falls continuously, as the blood flows ont of the arteries into the
veins through the vessels of the intestines, musecls, and brain. The higher the pressure the
mor quickljrﬁ;llll the blood flow throngh them, and, other things being equal, the quicker will
the pressura .

The gurves ara taken from the arterial pressure in a middle-sized dog whose spinal cord had
been divided high up in the neck. a, b, and e show the rapidity of fall of bloed pressure at
various heights during simultaneous stimulation of the vaso-motor nerves in the spinal cord
anid stoppaga of the heart by stimulation of the vagus. In d the vagns alone was stimunlated.

If the assumption wers correct that all the arterioles in the body were contracted by
stimnlation of the vaso-motor nerves in the cord, the blood pressure shonld hardly fall at
all during stoppage of the heart, when the vaso-motor centre 18 stimulated at the same time,
But the curves a, &, and ¢, and especially a, show that it falls with snch rapidity that it must
be assumed that the blood flows through the vessels of the muscles which are not under the
gama control of the vaso-motor centres as thoss of the intestine.

slowing and weakness may occur more or less independently
of each other (¢f pp. 98, g9, and 101). Any excessive tension
in the vessels, involving as it does the blood supply of the
medulla, acts as an irritant to the vagus centre, puts the vagus
nerve into action, slows the heart,! and thus prevents the tension

! This has been shown in a brain kept alive by artificial circulation and
separated frem the rest of the body, except that the vagi remained intact,
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from rising too high. (Fig. 11.) On the other hand, diminished
pressure in the arterial system lessens the normal stimulation
of the vagus centre, and in consequence the vagus nerves act
less powerfully on the heart, its beats become quicker, and the
pressure rises,

Arteries and Blood Pressure—On the other hand, the vaso-
motor centre when in action causes the arterioles, especially of
the intestines and of the skin, to contract, so that the channels
by which the blood can pour from the arteries into the veins are
diminished in size, and the pressure, consequently, tends to rise,

Influence of the Muscular Awvea—There are, however, a
number of arteries which are only slightly influenced by the
vaso-motor centre, for, when this centre is irritated so as to con-
tract all the vessels of the skin
and intestines to the utmost, \
blood may still pour through Brain
those vessels which supply the
muscles so rapidly that the
effect of the vaso-motor centre
hardly appears to be felt at all.

(Fig. 12.) Nevertheless, Waller

noticed that sometimes by Heart Aorta
stimulating this centre the ten-

sion may rise so high as to pre-

vent the heart from beating, Skin
These different results depend,

of course, upon the different Intastinai

animals experimented upon

and the different conditions

under which the experiments

are made. Muscle

Influence of the Splanchnic Ty, 3 Divean showing the tur oy, it
Area—The four largest vas- ﬁignsclm* the intestine, the skin, and the
cular districts in the body are
those of (1) the splanchnic area, (2) the muscles, (3) the brain,
and (4) the skin. (Fig. 13.) It is the splanchnic area which is

so that the brain could act on the heart.—Francois Franck, Trav. du
laboraloire de Marey, 1877, vol. iii,, p. 276.
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more especially under the influence of the vaso-motor centre.
Any disturbance of the circulation in this area greatly modifies
the blood pressure, and section of the splanchnic nerves will
reduce it enormously. The splanchnic area, therefore, serves to
a great extent as a regulator of blood pressure, and when the
portal vein is tied, the whole of the blood in the body, or at
least a large part of it, will collect in the vessels of the intes-
tines and in the liver; so that, to use Ludwig’s words, “ an
animal may be bled into its own veins.” g

In 1868 Ludwig! and one of his pupils made some experi-
ments upon the secretion of bile by an excised liver, through

Bottle containing bleod ...

Fio. 14.—Diagram to show the effect of artificial cireulation of blood through the liver, under
ditferent pressures. The continuous lines indicate the size of the liver, and the arrangement
of the apparatus during circulation, under a low pressure. The dotted lines indicate the
mcmsecil}uiz.a of the liver, and the arrangement of the apparatus, under a high pressure.

which a stream of blood was passed artificially ; and on making

experiments myself a year or two later’ I was very much
struck by the enormous distensibility of the liver. One is
misled in regard to this property by the hard, firm appearance

of the liver after death : but during life the liver is more like a

sponge, and reacts just like a sponge to the slightest difference

in blood pressure, swelling up as the pressure increases, and

diminishing as the pressure falls. (Fig. 14.) .

Distention of Liver—In the healthy body we do not notice

! Ludwig and Schmulewitsch, Ludwig’s Arbeilen, ster Jahrg.,, 1868,

p. 114 - 2yl
? Lauder Brunton, Burdon-Sanderson's Handbook for the Physiological

Laboratory, 1873, p. 505 ef seg. ; and, Lettsomian Lectures, 1885, in Disorders
of Digestion, p. 25.
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great changes in the liver, because the pressure in the portal
system undergoes but very slight change. However, when
there is backward pressure from the heart, in consequence of
incompetency of the tricuspid valves, the liver sometimes
becomes enormously large, reaching down to the umbilicus or
even to the iliac fossa.

Depressor Nerves—As 1 have already mentioned, when the
tension is too great in the heart and aorta, it acts as a
stimulus to nerves, starting from the heart and aorta, and
causing reflex dilatation of the abdominal vessels; so that the
tension in the aorta is thus relieved. These nerves may either
run as a separate nerve, known as the depressor nerve,! or may
be partly incorporated with the vagus trunk.

Independent Pulsation of Veins—All through the veins the
circulation is steady and even ; but when we come to the vena
cava and pulmonary veins, we find that these vessels may have
a pulsatile contraction of their own, like that of the venous sinus
in the frog. This action of the veins had apparently been lost
sight of until Fayrer and I rediscovered it? and we could not
then find any mention of it in any of the ordinary text-books on
physiology.® It was, however, well known to Haller,* and also to
Senac,” a century and a half ago, and we have since found it had
been noticed by Colin® a year or two before our observation.
This contraction is not always present, and so it can hardly be
regarded as a constant part of the cardiac pulsation.

Movements of the Heart.— Views of Gaskell—In considering
the motion of the heart, we begin, then, with the auricle, which
contracts and drives the blood into the empty ventricle. The

! Ludwig and Cyon, Ludwig's Arbeiten, vom Jahre 1866, p. 128.

* Brunton and Fayrer, Proc. Roy. Soc., 1874, vol. xxii., p. 125 ; and, Proc.
Koy, Sec., 1876, vol. xxv., p. 72.

? According to Rollett (Hermann's Handbuck der Physiologie, vol. iv.,
P. 152), it was known to Meibomius in 1668 and to Johannes Miiller in 1835.

' Haller, Elementa Physiologica, 1757, tom. i, pp. 410 and 399 ; and,
Memoires sur la Nature Sensible et Irritable des Parties du Corps Animal,
1756, tom. iv., p. 4.

¢ Senac, Traite de la Structure du Ceur, efc., second edition, Paris,
1783, tom. ii., pp. 37 and 38.

¢ Colin, Compt. rend., 1862, tom. 55, p. 495.
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ventricle in turn drives the blood onwards into its corresponding
artery. Formerly, the rhythmical action, both of auricles and
ventricles, and the co-ordination of their action, were attributed
entirely to nervous influence; but the observations of several
writers, and particularly of Gaskell in this country, and of
Engelmann in Germany, have led to the adoption of the view
that both the rhythm and the co-ordination are characteristics
of the muscle, and that the nerves of the heart have little or
nothing to do either with its independent pulsation or with the
regular sequence in which the action of the auricle follows that
of the ventricle.

Heart of the Frog.—The heart of the frog being simpler in
structure than the mammalian heart, and more easily studied, has

Laft aurlcle and pulmonary veins Veiim eaym knd FACLOACTON

sSuparior
4l Yonous sinus and BRemak's ganglion.
Aortic bulb

Biddar's ganglia

Inferior vena cava.
Yentricla.

Fia. 15.—Diagram of the frog's heart.

been used to a great extent for the purpose of discovering the
causation of the cardiac movements. It consists of the venous

s, a v

Fia, 16 —Diagram to show the successive contraction of the cavities in the frog's heart. v.s. is the
venous sinus, @ the auricls, and v the ventricle. In 1 the ventricle has just contracted and is
empty. The venous sinus is full and juat ready to econtract. In 2 the venous sinus has con-
tracted and filled the auricle, while the ventricle is atill empty. In 8 the auricls has contracted
and filled the ventricle, which is just ready to contract. The venous sinus is filling, and will
shortly be ready to contract again, as in 1.

sinus, two auricles, one ventricle, and the aortic bulb. The vagi
nerves pass to the junction of the venous sinus and auricle, and
here form a plexus or ganglion known as Remak’s. From this
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Figs. 17 AND 18.—AUTHOR'S DIAGRAMS TO ILLUSTRATE THE
EXPERIMENTS OF STANNIUS.

Fio. 17.—a, disgram of frog's heart ligatured at the junction of the venous sinus with tha
auricles, The vene cavie and sinus are represemted with a eronated outline resembling the
tracing which their beats might give if recorded on a revolving cylinder. The auricle and
ventricle belng motionless would only trace a straight line if conmected with a recording
spparatus. Their outline is therefore represented by a straight line. b, disgram of & frog's
heart in which sections have been made at the junetion of the sinus with the auricles, and at
the auricnlo-ventricular groove. The sinus and ventricles pulsata, whilst the auricles remain
motionless. The beats of the ventricle should have been represented as slower than those of
the auricle, as in f, Fig. 18. ¢, the same a3 b, but with the parts of the heart ssparated by
ligaturs instead of section.

Fio. 18.—d, diagram of heart with ligature round the venons sinus. e, disgram of heart with
ligature round middle of auricles. f, diagram of heart with ligature in the auriculo-ventricular
groove. The pulsations of the ventricle are much slower than thoss of the auricls and venous
ginus. This is indicated by the larger dentation of the outline of the vantricle.

Fro. 18.—Author s diagram of tha hypothetical nervous apparatns in the heart. M, motor ganglion.
I, Inhitltory ganglion. 4}, quickening ganglia. O, inhibitory Abres ; and 8, quickening fibras
from the medulla. A, A'; B, and Q, intermediate apparatus, 1, fibrea pazsing from the motor
ganglia K to the muoseular substance ¥, For simplicity's sake, only one set of motor ganglia
has been represented, but other similar ones are to ba supposed to be present in other parts of
the heart, and so connected with this set that they all work {n uniaon. ~ It must be remem bared
that this diagram is puraly hypothetical ; but if this be carefully borne in mind, the sketeh
will be found of service in romembering and comparing the action of differsnt ;:uléuns on tho
heart. (Lauder Bruntom, Brif. Med. Journ., Dea. 1871, Collected Fapers, p. 811.)




e — e —

20 THERAPEUTICS OF THE CIRCULATION  [recr. 1.

two nerves pass down the auricular septum to the base of the
ventricle, where they end in two ganglia usually called Bidder’s
ganglia. (Fig. 15.) The origination of rhythmic impulses, their
conduction in the heart, and their regulation were regarded as
due to the nerves. The experiments of Stannius on the effects
of ligature or section of various parts of the heart seemed to
show that the nerves of the venous sinus and ventricle were
chiefly motor, and those of the auricle inhibitory. (Figs. 17
and 18.)

Tnvestigation of the Movements of the Frog's Heart,—The

S

Fio. 20.—Aunthor's instrument for showing the action of heat and cold and of poisons on the frog's
heart. It consists of agieca of tin plate or glass three or four inches long and two or three
wide, at one end of which an ordinary cork cut square i3 fastensd with sealing-wax in such a
manner that it projects half an inch or mors beyond the edge of the plate. Thia serves as a
support to a little wooden lever about three inches long, a quarter of an inch broad, and ons-
esighth of an inch thick. A pin is passed through a hole in the centre of this lever, and rns
into the cork, so that the lever swings freely about upon it as on a pivet. The easiest way of
making & hola of the proper size is simply to heat the pin red hot, and then to burn a hole in
the laver with it. To prevent the lever from sliding along the pin, a minute piece of card-
board is put at each side of it, and oiled to prevent friction. A long, fine bonnet-straw, or
section of one, i8 then fastened by sealing-wax to one end of the lever, and to the other end of
the straw a ronnd piees of white paper, cut to the size of a4 shilling or half-erown, according
to convenience, is also fixed by a drop of sealing-wax. Tha]pin. which acts as a pivot, should
ba just sufficlently beyond the edge of Ehe plate toallow the laver to move freely, and the lever
itself should lis flat upon the plate. Its weight, too, increased as it is by the straw and paper
flag, would now be too great for the heart to lift, and ao it must be counterpoised. This is
readily done by r:la.'apin]gj a l;n.lr of bulldog forceps on the other end. By altering the position
of the forceps the weight of the lever can be regulated with great nicety. If the foresps are
drawn back as at ¢, the flag is more than counterbalanced, and does not rest on the heart at
all ; while the position a brings the centre of gravity of the foreeps in front of tha pivot, and
increases the pressure of the lever on the heart. The isolated frog's heart is laid nnder the
laver near the pivot, and as it beats the lever oacillates upwards and downwards. When used
for demonstrating the action of poisons the wooden lever should ba covered with sealing-wax,
80 a3 to allow every particle®of the polson to be washed off it, and thus prevent nn{lpurtiun from
being 1aft bahind and interfering with a future experiment. By attaching a small point to the
end of the straw in place of the paper flag, tracings may ba taken npon smoked paper fixed on
a revolving cylinder. The fact that heat accelerates and cold retards the pulsations of the
heart is one of fundamental importance, both in regard to a right understanding of the quick
pulss, which is one of the most prominent symptoms of fever, and toa correct knowledge of the
proper treatment to apply when the heart's action is failing.

It may be shown with the apparatus just described by placing & pisca of ice nndar the tin
Et!.t-ﬂ-. The pulsations will become slower and slower, and if the room be not too warm the
eart may stand completaly still in diastole. On removing the ice from the plate the pulsa.
tions of tha heart become quicker. 1f a spirit-lamp be now held at some distance below it the
heart bents quicker and quicker as the heat increases, until at last it stands still in heat.
totanns. Om again cooling it by the ica, ita pulsations recommence,

movements of the frog’s heart may be investigated either by a
simple lever laid upon the ventricle (Fig. 20), or by levers laid
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on the sinus auricle and ventricle, or by connecting the ventricle

with a small manometer. (Figs. 21, 22, 31, and 170.)
According to Gaskell,! who supports his opinion by numer-

ous beautiful experiments, the beat of the heart in cold-blooded

Fio. 21.—Dr H. P. Bowditch’s apparatus for experiments on the heart of the frop. A is
the frog’s heart. B {8 a cannuls tied into the vena cava, and B® one into the aortic bulb.
C, O, and C ara thres glass stopeocks, By C fresh ssrum is supplied, by O old serum 1s 1ot
out, and C" allows the communication between the bant tube l!l1 O B and the manometer M
to be opened or shuf at will. I} is a glass plate, through which the bent tubs B ' B' passes,
K is a rod ending in a ring into which D is titted. F i3 a nut by which the whole apparatus
can be moved up and down on the stand G. H is a T-tube. J and J° are two clipa to stop
the flow of serum from K or K. K and K are two fountain-bottles for supplying serum
to the heart. K contains purs, and K' poisoned serum. L and L/ are bent tobes which
eonvey the sernm out of K and K. M is a small manometer. N is the pen or ot which
swims on the mercury. The horizontal part is made of }EI“” the wvertical of ssparto
graas, with a asmall plece of sealing-wax at its lower end. The tracing may be made with ink,
or with a dry point on smoked paper. P is a small welght which hangs by a piece of unspun
silk from a bent wire, and keeps the pen resting on the paper. Q is the revolving cylinder.
R i3 the clockwork, which is provided with one of uganlt’s regulators, B a tahle,
which can be raised or lowered at pleasure, and fixed at any height by the screw T. ¥ i3 an
indin-rubber tube, throngh which the serom is emptied from X. X is a graduated tube, into
which the serum is allowed to pass after it has circulated some time, Y is an india-rubber
tnbe, which s generally closad by a elip, but i3 opaned when the apparatos is to be filled, or
when we wish to let down the mercury to zero, in order to draw an abscissa, W is a glass
vessal, which fita tightly to the under side of I, and protects the heart from external irrita.
tion. Into the two holes seen in I} tubes may be ftted alr-tight, and the heart made to
pulsate in an atmosaphere of any sort of gas.

vertebrates depends upon the rhythmical power of the muscular
tissue in the large veins and sinus being greater than the
rhythmical power of the other parts of the heart. He thinks
that in all cases, the greater or less rhythmicity of any part of

! Gaskell, Journ. of Physiology, 1883, vol. iv., p. 8o.
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the heart depends upon the nature of the muscular fibre of
which that part is composed, and not upon the presence or
absence of ganglion cells,

::E).—-— Yalve with slit.

Flask containing
nutrient fAuid

_____ Recording eylinder.

Yalve opening

towards heart - cccocinnm T emeee MAnOmAter.

- 12 ET Yy e DR L b
alve apening
from haurt.}

Fia, 22.—Diagram of Williams's apparatus for investigating the action of drogs on the heart of
the frog. [t conslsts of a Y-shaped eannula whose stem is divided by a longitedina] septum
into two hialves, each of which i8 continuons with the fork on its own side. The stem s
inserted through the morta into the ventricle of the heart, which is kept moist by being
dipped in a vessel containing serum or a dilute saline solution. One fork of the %Y I8 con-
nacted with a flask containing blogd-seraom or other nutritive fluid, and the other with a
manometer. By means of valves these flulds are made to flow only in one direction. Thesa
valves consist of a piece of glass tubing with a slit on one side ; over this slit is loosely tisd
& pisce of thin membrane (pold-beater's skin) which covera about th narters of the
cireumference of the tabe. This membrane allows finid to pass readily out of the tube from
within outwards, but not from withont inwards, any external pressura cansing the membrana
to become tightly applied to the slit and to close it. v

A very nseful form of apparatus for investigating the action of d on the frog's heart
and on the affect of the vugl:a upon it is made by combining the valves in Willlams's apparatus
with the apparatus of Ludwig and Coats.

Now, there can be no doubt that living protoplasm can be
induced to contract by a constant stimulus, chemical or electrical ;
such contraction is usually, if not invariably, rhythmical in

Fio. 28.—Kronecker's perfusion cannula with anterior part memoved 8o as to show the septum.
a tube for the introduction of fluid into the heart. & tube for allowing escape of fluid. e tube
for connecting with manometer, o end for introduction into the heart.

character. Undifferentiated protoplasm has the power both of
conducting stimuli and contracting under their influence. As
differentiation occurs in muscle and nerve, the contractile power
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becomes increased, and excitability diminished in muscle ; whilst
in nerves, excitability becomes greatly increased, and cnntljach]e
power so greatly lessened as to be practically abolished.

£
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Fia, 24.—View of the auricular septum in the frog (seen from the left side). The nerves are
stained with oamic acid. n istha terior, and »' the anterior ¢ardiac nerve; ¢ is a hori-
zontal portion of the latter nerve; b ia the posterior, and ¥ the anterior anriculo-ventricular

glion; m (s a p‘mjm:d.nﬁ mugcular fold. [This figure {a taken by the kind permission of my
jend, M. Ranvier, from his Legons d'dAnatomie géndrole, Annéa 1877.78, ** Appareils narvenx
terminaux," t. &, p.79.]

In the embryo the heart pulsates rhythmically before any
nerves make their appearance, and according to Gaskell, as the

LM b s
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' Fio. 25, —Part of the posterlor cardine narve, highly magnified, showing th ¥

h 5, Legona d' Anatomie géndrale, Annés 1877-Y8, p. lﬂﬂﬁ ® Bt [Ranvlec,

simple tube of the embryonic heart becomes developed the
specialised muscular walls acquire a power of more rapid con-

e e
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traction. But this nearer approach to striated muscle is made
at the expensc of the original rhythmical power, so that

o finally the muscular tissue of the heart
becomes differentiated into portions of
different kinds and of varying rhyth-
mical power, according to the amount
of deviation from the original embryonic
muscle. The parts that remain least
altered are (1) the large veins, (2) the
venous sinus, (3) the junction of the
sinus and auricle, (4) the circularly
arranged fibres of the auriculo-ventri-
cular groove, and lastly, (5) the bulbus
arteriosus.

The sequence of contraction of the
different parts of the heart is also,
according to Gaskell, no more depen-
dent upon the presence of ganglion cells
than the heart-beat itself, but is due to
a peristaltic wave of contraction starting
from that part of the heart where the
tissue is most automatically rhythmical,
travelling most quickly over those parts
which approach most nearly in proper-
ties to striated muscle, and more slowly

over those parts which retain a more

B et ot sho frog.  €mbryonic character, viz, the auriculo-
T welks i the eardine merves,  ventricular ring and the bulbus arterio-
Horn the spira amd sirmigh  Sus.  According to Gaskell, the cardiac
e e 1ot mobaby tnae  Muscle under certain circumstances will
theso cells have & structure .4 |ike 3 nerve, conveying a stimulus to

similar to the one figured (Ran-

vier, op. cit, pp 1120 a ¥ other parts of the heart without con-

r the nucleolus, d nucleus of e i iments, I think,
fho.capyule, /' iha atraight tracting itself. His experim

!
e e e reas  Clcarly show that the rhythmical action

f Henle's sheath. (Ranvier, of contraction in
o el iants gingrars, and normal sequence

e L T the cavities can be maintained by the
more or less differentiated cardiac muscle without ganglia or
nerves.
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But although this may occur under certain circumstances, more
especially when abnormal stimuli are applied, the questions arise—

(1) Is the contraction of the heart, under normal conditions,
due entirely to its muscular tissue? (2) Are the ganglia it con-
tains entirely superfluous, except in
the way of restraining its beats, or
maintaining the nutrition of the car-
diac muscle ?

Now, there can be no doubt that
the heart of the embryo pulsates
rhythmically before any nerves make
thei RPPEHFHDCE. :l he vesicle in an Fro. 27.—Ammba quickly changing its
amaeba contracts (Fig. 27), although = form. = is the nucleus, and i is an

ingested diatom.
there are no nerves, and numerous
observations go to show that living protoplasm can be induced
to contract by a constant stimulus wherever such contraction is
capable of observation. But the question is not whether the
heart can contract rhythmically without nervous action, but, does
#¢ do this under ordinary circumstances?

;) P : ; Tentacles,
Polypite Lithoeyst and
ganglion.
Lithocyst and
ganglion.... Polypite.
Tentaclas... .. Ball.
Fya, 28.—Medusa (SBarsia), natural size. Frc. 2. —Medusa (Sarsia), natural size

{inverted). Cf. Fig. 80.

Comparison between the Heavt and a Medusa—Experiments
of Romanes.—The nervous and muscular structures of the heart

are very intimately related, and it is per-

\_Y?\ haps easier to observe the relationship

Fio. 80.—Ventricle of frogs PCtWEEN protoplasm and nerves in the
heart with Bidder's ganglia. medusee, or jelly-fish, where they can be
more easily separated. A number of observations were made
upon medusa by Romanes.! A medusa consists of a bell-shaped

! Romanes, Phil, Trans., 1877, for 1876, vol. clxvi., p. 269 ; for 1878, vol.
clxvil, p. 659 ; for 1881, vol. clxxi., p. 161. Proc. Roy. Soc., 1876, p. 143, etc.

D
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[ LECT. I.

piece of contractile protoplasm, from the centre of which a
polyp descends, and round the margin of the bell is a nervous

wedk ciurrent

Fia. 8l.—Dilagram to show
the difference in the mods
of experimenting with the

oo, 32, —8hows the increasing contractions of
heart and with the apex the tissue of the medusa when stimulated by
alone. In a the apex alone repeated weak induction shocks of the same
is attached to the cannula.

intensity. The first two shocks had no ap-

parent effect, and the first fesbls contraction
seen in the ligare was caus the third
ghoek. (From a paper by Romaoes in Phil,
I'rans.)

In & the heart, cons
of ventricla and aux
orof the venous sinus also,
i8 attached to the cannnla,

gangliated chain and a fringe of mobile tentacles. (Fig. 28.)
For the purpose of description, we may put the polyp, for the

Fia. 8%, |I||‘|'|-.;|..5|||_;; gontractions of tha

(After Bowditch, Ludwig's Arbeiten.) O,

present, out of account, and if we invert the bell (Fig. 29) we
find that it bears a very close resemblance to the ventricle of

Btrip of contractile tissus with
fringe of tentacles. . .........

Fig. $4.—Diagram of & medusa (Tiaropsis), about one-third natural size, with a strip of contractil
tlaane cut from the ball, bot left attnched at one end.
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the frog, which, like it, consists of a contractile portion with
ganglia at its margin. (Fig. 30.) When the complete medusa
is placed in sea-water, the bell contracts rhythmically, just
like a heart. When the nerves are removed by cutting off
the marginal strip which contains them, the bell ceases to
contract; but it will recommence if a constant stimulus, either
chemical or electrical, be applied to it by the addition of
acid to the water in which it floats, by alcohol or glycerine
dropped on its surface, or by the passage of a constant or
interrupted electrical current through it! In this respect
it completely resembles the apex of the frog’s heart, which
ceases to beat when the ganglia at its base are removed,
but which will again beat rhythmically if a constant stimulus
be applied to it by pressure of fluid in its inside, by
the application of stimuli such as dilute acids or alkalies,
ammonia, strong saline solution, alcohol, etc.,, or by the passage
of a constant current through it. Moreover, when a stimulus
is first applied it may not appear to act, but when applied
several times the contractions it induces are stronger and
stronger up to a certain maximum (Fig. 32), so as to produce
the appearance of a staircase—a phenomenon which was
also observed by Bowditch? in the case of the heart. (Fig.
33) When a strip of medusa containing the ganglia is
detached only at one end from the animal and is left attached
at the other, irritation of the strip will cause a wave to pass
along, which is of two kinds. The first is that of contraction
in the protoplasm, and the other is a nervous stimulus, which
makes itself evident by the movements of the tentacles. (Fig. 34.)
These waves generally pass together, the nervous wave being
usually a little in front of the contraction wave ; but it may also
occur, as is shown by the movements of the tentacles, without
any contraction-wave in the protoplasm of the strip. This
nervous wave is more easily excited than the contraction-
wave, so that it may be started by stimuli which are too slight

' Romanes, gp. cit.; and, Jelly-fish, Star-fisk, and Sea-urchins, p. 175
ef seq. ; vol. iv. of International Scientific Series (Kegan Paul, Trench, & Co.,
London, 1883).

* Bowditch, Ludwig's Arbeiten, 1871, p. 155,
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to affect the contractile substance, the ganglia apparently being
more sensitive than the protoplasm, Apparently, also, for this
reason, when the nervous wave reaches the bell it will cause it
to contract if there be ganglia still present in the bell; but if
these have been removed, the nervous wave has not the power
of stimulating the protoplasm in the bell, which, consequently,
remains motionless.

The passage of stimuli along the strip may be hindered or
prevented by compressing it, by partially dividing it so as to
narrow it, or by straining it so as to injure it, or by poisons,
and as one would expect from different kinds of injury, some-
times the contraction wave is blocked first and sometimes the
nervous wave,

The effects of poisons on medusa were localised by Romanes
(Phil. Trans. for 1876 and 1877) in two ways. One way was to
divide the medusa almost into two halves,
connected only by a narrow strip of tissue.
These halves were plunged into two beakers
filled with sea-water, pure in one and
Sl T e o poisoned in the other. The connecting

presentation of themethod  strip rested upon the edges of the beaker.

of loealising the action of 3 .
poisons on meduse. One  (Fig. 35.) When curare was employed in

vessel contains normal sea-

water; another contains this way, it was found to paralyse the
IS Shaded in order'to dis: motor nerves, while it left the sensory
el nerves capable of action. Thus, on nip-
ping the half of a medusa which was plunged in the curare solu-
tion, it remained absolutely motionless, while the other half at
once responded by a peculiar contraction to the stimulus.

Nicotine appeared to paralyse the ganglionic structures and
not the nerves.

The rhythmical movements of medusa depend upon the
ganglia: when these are all cut off the movements cease, but
if only one be left the movements continue. In the medusa
divided into two halves, as already described, it is evident that
if the ganglia are removed from one half, or one half rendered
functionally inactive by poison, that half will still continue to
contract, so long as it remains connected with the other half, but
will cease to move when it is completely divided from the half
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which still contains ganglia. The effect of nicotine is such as
one would expect if the poison paralyses the ganglia, for it is
found that when one half of a medusa is steeped in water con-
taining nicotine, both halves still continue to pulsate rhythmic-
ally ; so soon as the connecting band of tissue is divided, the
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Fio. 86.—Medusa (Aurelia aurita) from which the ganglia have been removed
into & long strip with cross cuts to block the passage of contractile and E::trlcﬂﬁrhﬂ:,:;t
Tha pulrrita 13 at the other end. o and b are at the two ends of the strip. When stimulation
*:ru a.rf_.p]t]?d ta::hnit.hﬁtiu u;.::l: tﬁgtacular}\m;m slrt-l;lrmdffmm that point and travelled all the
ay & other end. r manes, Fhil. T'rans. for the vear 1 5
. 710, and Plate al) |: i yoar E?T] vol clxvil., part ii.,

poisoned half at once ceases to move, while the other half con-
tinues to pulsate,

The second way in which Romanes localised the action of
poisons on medusa was by applying them to a strip of contractile
tissue. (Fig. 36.) He found that various poisons applied to the




T

30 THERAPEUTICS OF THE CIRCULATION [LECT. 1.

strip, or injected into it, caused a blockage of contractile waves,
preceded by a progressive slowing of the rate of transmission
along the poisoned part. . Chloroform, ether, alcohol, morphine
strychnine, and curare all have this effect.

When the block is only partial, it may happen that three
waves come up to it before one can pass across, as if each wave
had prepared the passage for the remainder, and at last the
third or fourth overcomes the obstacle.

Gaskell has noticed a similar effect from compression of the
auriculo-ventricular groove in the frog's heart, and the same
thing is also observed in certain cases of cardiac disease and
from the action of cardiac poisons. (Fig. 37.)

¥
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Fia. 87.—Diagram to illustrate Gaskell's expariment. At @ the jaws of the clamp hold the heart
without compressing it, and each beat of the auricle iz succesded by one of the ventricls, as

shown by the figure II . At b the heart is compressed, and ita thythm disturbed, so that one

beat of the ventricle only ocours for several of the auricles. This iz indicated by the Homan
numbers, the upper line of which shows the number of auricular, and the lower of ventricular

beats.

Transmission of Stimuli in the Heart—If (1) all the
rhythmical power of the auricles and ventricles and (2) all their
co-ordinated action are dependent only on the cardiac muscle,
one would say that it was quite unnecessary to have such an
extraordinary abundance of nerves as exists in the heart. One
would be inclined to say that they are superabundant and
useless, but one cannot help remembering that years ago the
liver was looked upon as a totally unimportant organ, whose
only function it was to secrete a little bile. Fuller knowledge
has shown that instead of being useless, it is one of the most
important organs in the body ; and in all probability increased
knowledge will again show the importance of the cardiac
nerves.! Ji

In order that we may understand the object of these nerves

' The importance of the cardiac ganglia in originating the beats of the
heart has been prominently brought forward since these lectures were given,
by Dogiel and Archangelsky, 2fliiger’s Archiv, July 1906, vol. cxiii, pp. 1-96.
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more easily, I may perhaps be allowed to employ a simple com-
parison. A railway train, when once started, usually proceeds
from station to station without interference; but alongside the
rail, or overhead, run the telegraph wires, and at any station the
progress of the train may be stopped by a message sent by the
telegraph. You will notice also that in many railways an
electric bell rings before the train actually appears, so that all
preparations may be made for its arrival. In the heart the
transmission of stimuli by the cardiac muscle would correspond
to the passage of the train; the transmission by the nerves
would correspond to the telegraph, by which the movement of
the ventricle might either be stopped, even after an impulse had
been sent on from the auricle, or, on the other hand, the ventricle
might be prepared to respond more quickly to the stimulus pass-
ing from the auricle. The advantage of such a preparation is
evident from Romanes' experiments, in which stimuli did not
always produce the proper effect unless they had been preceded
by another stimulus which prepared the protoplasm to react.

Nervous and Muscular Conduction in the Heart.—Acting
upon the idea which I have tried to illustrate to you by the
train and the telegraph, Dr Cash and I endeavoured to find out
whether we were able, by stimulation of the venous sinus or of
the auricle in the excised frog's heart, to produce such changes
in the ventricular contraction as one might expect if there were
really two lines of communication, nervous and muscular,
instead of muscular alone. The bearing of this upon cardiac
irregularity is naturally of the greatest importance,

I have already mentioned that there is a refractory period
during which the ventricle does not appear to react to stimula-
tion. This was discovered by Kronecker and Marey, and the
time relations of this period, as well as the electrical changes
which accompany it, were investigated by Sir John Burdon-
Sanderson and Mr Page.!

Experiments of Brunton and Cash—The results that Cash
and I obtained agree with those of previous observers, and I
show you here some tracings to illustrate this point. In regard
to these tracings, as well as to all the others contained in the

' Burdon-Sanderson and Page, Roy. Soc. Proc., 1878, p. 410 ; 1880, P 373
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paper from which it is taken, I may say that the investigation
extended over nearly three years, that the number of tracings
was enormous, and that our conclusions were founded upon
very numerous observations, and not merely upon the small
pieces which are printed in the paper, which were cut down to
the lowest possible minimum, on account of the expense of
printing. These illustrations are merely to show the points
which we made out, but are not to be regarded as being the
basis upon which our conclusions were founded.! I wish to lay
particular stress upon this point, lest the small number of
tracings printed in the paper should lead other workers on this
subject to reject our conclusions as being founded on insufficient
data, when in fact the number of experiments was very large.

Irritation of the ventricle at the commencement of systole
nearly up to its maximum, ze. during the refractory period, has
no effect atall. (Fig. 38, a,4.) Stimulation from the maximum of
systole to its end causes a reduplication of the systole (Fig. 39),
and in the diastole it does the same almost immediately.
(Fig. 40.)

When the auricle is stimulated, the stimulation may
cause a second auricular beat immediately after the first.
(Fig. 41.) This second beat, in place of being succeeded by a
ventricular pulse, prevents the next ventricular beat from
following in order, just as two trains may be started in almost
immediate succession from one station, and a telegraphic
message may be sent on at the same time that the second
train is not to be allowed to pass the next station.

When the venous sinus was stimulated it produced reduplica-
tion of the auricular beat, but absence of the ventricular beat
which should have succeeded it, in much the same way. (Fig. 42.)

Conduction of Impulses both by Muscle and Nerves—These
experiments, which were not only very numerous but very
varied, seemed to us to show that, just as in a medusa, there are

1 Brunton and Cash, “ On electrical stimulation of the Frog’s Heart, and
its modification by cold, heat, and the action of drugs,” Rey. Sec. Proc.,
1881, vol. xxxii., No. 214, and 1883, vol. 35, No. 227, p. 455. The instrument
with which the observations were made was devised by Dr Cash, and
described by him, fourn. of Physiology, iv., 1883, p. 128
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Fia. 88. —Tracing showing the effect of alectrical stimulation npon the ventricle of the frog's heart.
Tha upper line shows tha ventricular contraction, the lower one the anricular eontraction, and
the I:I:ll'lllli.tl line the time of application of the electrical stimulus. The depression shows the
time of breaking, and the ascent the time of again making the current. In most of thess
tracings only the break is effective ag a stimulus. The arrow shows the direction in which the
tracing Iz *to ‘ba read. The dotted line shows more exactly the exact time in regard to the
gystole atwhich the stimulus waz applied. In both a and b the stimulus falla within the
refractory pericd, and produces no effect, In this and the following tracings the Inovements of
the vantricle and anricls wers registered by lavers resting on them.

)

f

Fic. 30.—Effact of electrical stimulation of the frog's Fra. 40.—Shows reduplication
ventricle after the refractory period has passed, It of the beat of the ventricle
shows different forms of reduplication; also, that the from atimulation applied to
auricular systole following the stimulation iz nearly it during the diastola,

eoincident with, or even a little later than, the ven.
tricular syatols, instead of precoding it in the usual way.

1, 41.—8hows effect of stimulation of the auricla on the beats of the auriela itself and of tha
ventricle, The weakor stimulos in s produces no reduplieation of the auricular best
although other experiments showed that it nsually produced a very prolonged panse. In t.]ll.l'ﬁ
lower .t.-ar?in__:'-'-, stimulation had various effects, according o the time of the aurienlar systola
at which it was applied. At b1 it cansed reduplication of the anricular beat, with omiasion of
the ventricular beat; at 2 it only prodncess prolongation of dinstole in both auricls and Vol
"-I.'l':']H, and thea third had no apparent allect, 7

E
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in the heart two distinct channels, the nervous as well as the
muscular, by which stimuli are conducted from one part of

Fro. 43.—Shows the effect of stimulation of the venous sinus. It is much mors sensitive to
stimulation than either the auricle or ventricle, so stimuli will produce an effect upon it,
although to00 weak to act on aither anricle or ventricle. It causes reduplication of tha
anricnlar and omission of the ventricular beat, like stimnlation of the auricle at a, Fig. 40.
In the experiment of which this is a tracing a minimal stimulus was employed, and only the
opening of the current was effective. The oponing is indicated by the sinking of the continuons
line, and its elosing by the rise. The closing ghock produced no affect. The relation between
the time of stimulation and the auricular contraction (lower tracing) and the ventricular con-
traction (npper tracing) is shown by the dotted lines,

f : I I'ri 1

L

Fic, 48.—Periodie rhythm of the heart, the pulsations ocourring In groups separated by
intervals of completa quiesconce, (Aftar Luelani, Ludwig's Arbeiten, 1872.)

MG IUIAANN NNNNN
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Fia, 44, — Tracing of the pulsations of a ventricle separated from the auricles by seckion at tha
; auricule-ventrieular groove, (After Banvier, Legons, 1677-78.)
the heart to another, and that the nervous conduction may
interfere with the muscular conduction.!
1 This explanation is in accord with the conducting function of the

bundle of His, or the fibres of Purkinje, which may be regarded as neuro-
muscular. Since these lectures were given, the conducting function of the
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Another experiment which is very striking, is that of
Kronecker and Schmey,! who found that by puncturing a point
in the septum of the ventricles, at about the junction of its
upper third with its lower two-thirds, the rhythmical action of
the heart is stopped immediately, and little, quivering tremors
are to be seen all over the ventricle, but, while the fibres are
contracting, the heart, as a whole, is quiescent. It is not
always easy to hit this point. My friend, Professor Kronecker,
tells me that he has sometimes struck it at the first attempt,
but on other occasions he has tried more than thirty, and I
think that when he showed it to me it was quite fifty times,
but the difference between the time when he did not strike it
and the time when he did so was most extraordinary. The

muscular bundle described by Stanley Kent in 1892 (Proc. Physiol. Soc.,
Nov. 18g2), and by William His, junior, in 1893, which connects the
auricles and ventricles, has attracted much attention, and the neuro-
muscular fibres described by Purkinje have also come again more into
notice. The bundle of His is thus described by him : “ The bundle springs
from the posterior wall of the right auricle, near the auricular septum, in the
auriculo-ventricular sulcus, is attached to the superior edge of the muscle
forming the ventricular septum, and exchanges fibres with it. It passes
forwards on the ventricular septum, till near the aorta it divides into a right
and left branch, the latter of which ends in the base of the aortic cusp of the
mitral valve. (William His, junior, Arbeifen aus der Medicinischen Klinik
zu Leipeig, herausgegeben won Dr H. Curshmann, Leipzig, F. C. Vogel,
1893, p. 23). No nerve trunks are to be found in this bundle (Ritzer, quoted
by Erlanger), but it contains nerve fibres (Tawara and Aschoff, Zeitsch. f.
Physial, 1905, xix.,, p. 298), and the muscle fibres are very fine and of an
embryonal character. The ventricular part of the bundle passes as a finely
ramifying system to the ventricular wall and papillary muscles, and consists
of Purkinje’s fibres. These fibres consist of cells which are only striated on
their periphery, and may be regarded as only partially differentiated, and
possessing the properties of nerve as well as muscle (Ranvier, Zegons
d'Anatomie Géndrale, Systime Musculaire, Paris, 1850, p. 300). They
appear to conduct the stimuli from the auricle to the ventricle in mammalian
hearts more slowly than nerves. When the conducting power of the bundle
of His is destroyed by clamping it, similar disturbances of the relation
between the rhythm of the auricles and ventricles are produced, as Gaskell
observed in the frog’s heart (Stanley Kent, Journ. of Physiol., 1893, vol. xiv.,
P- 250; and Erlanger, Journ. of Experimental Medicine, vol. viii., p. 8).
Their degeneration produces heart block and intermittence of the pulse.

! Kronecker and Schmey, Sits. der. d. Abad, d. Wiss, zu Berlin, 1884, s. 87.
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effect of the thin needle penetrating the heart appeared to be
nt/ until he struck the proper point, and then the rhythmical
power was instantly and completely abolished. The effect on
the heart was similar to that of puncture of the naud vital in
the fourth ventricle upon respiration.

[t is almost impossible to explain such a result as this on
the idea that rhythmical contractility is dependent only upon the

Fio. 45.—Diagram of the author's instrument for ascertaining the competence of the mitral or
trienspid valves, and [llustrating the action of the museuli papillarcs. D is a seetion of the
heart, with the valves (E) and the chorde tendines (F). The nozzle (A) of an enems
o) tus is taken off and its longer end thrust from the inside through the ventricular wall
{EE, and is there kept in place by the flange on the inside and & thick rubber ring (O) on the
outaids. On pumping water gently in, tha valves (E) will ba arén to float upon the surface of
the water, then to becoms ﬂrml% opposed or serewed together; and only when the ventriele
is forcibly distended or distorted ulf unequal pressure on ita sidea do the valves leak. (Lauder
Brunton, 8¢ Bartholomew's Hospital Reports, 1878, vol. xv., p. 288.)

muscular structure ; but one can quite readily understand it on
the other idea, viz., that there are two controlling conditions in
the heart—(1) the nervous and (2) the muscular, and that these
may, under certain circumstances, énferfere with each other, and

thus abolish contraction more or less completely, and produce

intermittence or irregularity of the pulse. ‘
Valves of the Heart—All these experiments have a bearing

Dl W il
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upon the rhythm ‘of the heart, as we shall afterwards see, but
the more common diseases of the heart are really those

Fig. 46.~—Heart in full systole, FiG. 47.—The same heart as in
showing the mitral and tricuspid Fig. 46, from another point of
orifices 80 diminished by the view.

muscular eontraction that the
valvesa close them easily.

associated with imperfection of the valves. If the valves were
not present, the blood, instead of being forced steadily onward,

Fio. 48.—Heart fully distended, showing insufficiency of the valves to close tha mitral and
tricuspid orifices,

would tend to regurgitate, but the presence of the valves
prevents this. In the aorta and pulmonary artery we have
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three segments which are simply brought together like those
of an ordinary pump, by the pressure within the artery when
the ventricle ceases to contract. In the valves which separate
the auricle from the ventricle, we require something more than
this, because the valves are large, and when the walls of the
ventricle approximate during systole the thin valves would be
driven back into the auricle, were it not that they are attached
by fine cords and by muscular columns which, contracting with
the rest of the ventricle, draw the valves downwards and pre-
vent them from being forced back into the auricles, (Fig. 45.)
The action of these valves is aided by the contraction of the
muscular fibres around the auriculo-ventricular orifices, which
are greatly lessened in diameter, so much so that one might say
that even imperfect valves might close them (Figs. 46 and 47);
whereas when the cardiac contraction is feeble the orifices may
be too large to be completely covered, and thus a certain
amount of regurgitation may take place even though the valves
themselves are perfectly healthy (Fig, 48).




LECTURE II

Sounds of the Heart—Double Nature of the Heart—Right Ventricle—
Aorta—Arteries and Capillaries—Vaso-motor Nerves—Dilating Nerves
—Elongation of Muscle (?) — Rhythmical Contraction of Vessels—
Stimulation of Vessels from without—Stimulation of Vessels from
within—Effect of Heat and Cold on the Circulation—Effect of Heat
and Cold on the Pulmonary Capillaries—Schema of the Circulation
—Kymographs—Blood Pressure in Animals—Blood Pressure in Man—
Measurement of the Blood Pressure in Man—Instruments for Measuring
the Blood Pressure in Man: By Pressure on an Artery; By Pressure
on a Finger or Limb ; Sphygmomanometers of Hérisson, Waller, Von
Basch, Potain, and Oliver ; Instruments of Marey, Mosso, and Girtner.

Sounds of the Heart—The closure of the valves in the heart
occasions sounds which can be heard by putting the ear to the
chest wall, and they can be still better localised by the use of a
stethoscope. When we do this, we hear sounds which are well
imitated by the syllables “lub-dup,” close to one another,
These syllables follow one another quickly, and then comes an
interval, which represents the diastole of the heart. The credit
of showing that the second sound, “dup,” is caused by the
closure of the aortic valves, belongs to C. J. B. Williams, and the
Committee in which he, Hale, and Glendinning took part.!
They showed that when the aortic valves were destroyed, the
sound disappeared. The causation of the first sound, however,
has given rise to a great deal of discussion. Some authors have
considered it to be a valvular sound, and due to the flapping
together of the auriculo-ventricular valves; whilst others, like
Magendie, have thought it to be caused by the striking of the
apex against the chest wall, and yet others have looked upon it

' Stxth Report of the British Association, 1836, p, 265.
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as being a muscular sound, due to the ventricular contraction,
There seems to be little doubt now, from the experiments of
Ludwig, Dogiel,! and others, that the first sound is chiefly
muscular, and brought about by the contraction of the ventricle ;
but the experiments of Ottomar Bayer? in Ludwig’s laboratory
demonstrated that, apart from the muscular sound, a distinct
valvular click could be obtained by the closure of the auriculo-
ventricular valves in a dead heart, whilst Williams and his con-
fréres found, in addition, that the first sound was intensified by
allowing the exposed heart to beat against a piece of board. We
may thus consider that there are three factors which all take part
in the production of the first sound, viz., (1) the ventricular con-
traction, (2) the closure of the auriculo-ventricular valves, and
(3) the impulse of the apex against the chest wall.

As we would expect, the first sound is heard most loudly
over the apex, which is the point of the chest wall nearest to
the ventricle. The second sound is heard more sharply over
the aortic valves, which lie beneath the left side of the sternum,
at about the level of the third intercostal space, but is heard still
better at the point where the aorta most nearly approaches the
sternum at its right edge, and at the level of the second inter-
costal space or third costal cartilage.

Alterations in ‘the Second Sound—When we hear a door
slammed loudly, we know that it is closed quickly in conse-
quence of the application of unusual force ; and just as we would
expect, when tension is high in the aorta the second sound is
louder than usual, or as it is termed, is accentuated, and this
accentuation of the second sound over the aorta is one of great
clinical importance, indicating, as it does, high arterial tension
or aortic atheroma or aneurism.

Alteration in the First Sound—The causation of the first
sound being more complex, alterations in it occur from a greater
number of causes, As it is to a great extent a muscular sound,
we should naturally expect that weakness of the cardiac muscle,
such as occurs in fevers, would lessen the sound, and this is
exactly what happens. In cases of typhoid fever, when the first

\ Ludwig's Arbeiten, 1878, p. 78.
® Q. Bayer, Arch. f. Heilk., xi, p. 157.
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sound becomes inaudible we know that the heart is so weak as
to render the prognosis grave. But it would appear that it is
not mere muscular strength which causes the sound to become
loud: it is rather rapidity of contraction; and even a compara-
tively feeble heart may have a loud, clear first sound if the
tension in the aorta is low, or, in other words, if the resistance it
has to overcome is small, so that it can contract rapidly. When
the arterial tension is high, and the resistance to be overcome is
consequently great, the muscular walls of the ventricle contract
comparatively slowly, and even when hypertrophied far beyond
their normal size, they may give rise to a sound weaker and
duller than normal. Of course, the rapid contraction not only
gives rise to a greater muscular sound, but it closes the auriculo-
ventricular valves more sharply, and thus increases also the
valvular part of the first sound. And yet, again, a heart con-
tracting quickly gives a sharp, or as it is sometimes called, a
slapping impulse to the chest wall, while the more powerfully
hypertrophied heart, acting on a greater resistance, gives a
thudding or pushing impulse not likely to cause so much reson-
ance, and thus the sound will again be diminished. The last
factor in the production of the first sound in the heart may also
be lessened by a thick layer of lung between the ventricle and
the chest wall, as in emphysema, and the lung will also tend to
deaden the sound by acting as a non-conductor between the
ventricle and the ear.

Cardiac Murmurs—When the aortic valves are destroyed,
the sharp “dup” which their closure causes in health dis-
appears, and is replaced by a bruit or murmur. You will
most easily understand this by trying to say “dup” with
your lips apart, and you will then find that without think-
ing of it you reproduce the sounds actually heard in aortic
incompetency. When it is slight, the closure of the valves
is still heard, but is followed by a whiff as when you say
“duff,” and in aortic regurgitation the sounds are like *lub-
duff.” The same happens with the mitral valve, and when this
valve alone is incompetent, the sounds of the heart are like * luff-
dup "—“luff-dup.” When both valves are slightly incompetent,
the sounds are like “luff-duff”—¢luff-duff”; and when both

F
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valves are very incompetent, a bellows murmur occurs, like
“oho-oho.”

Double nature of the Heart—For the sake of simplicity, I
have spoken hitherto of the heart as if it consisted only of the
left side, but we have in man, as in other mammals, really two
hearts joined together in one, the right and the left; the right
sending the blood through the lungs for the purpose of aérating
it, and the left sending the blood through the body in order to
nourish the tissues. Both hearts receive the blood from the
large veins into the auricles, which, contracting, send it on to the
ventricles, and thence it is propelled by the right ventricle into
‘the pulmonary artery, and by the left ventricle into the aorta.
-As I mentioned before, both the vena cava and the pulmonary
veins have the power of rhythmically independent pulsation
-apart from the auricle, and the cardiac beat may frequently,
though probably not always, originate in them.!

Right Ventricle.—The resistance which the right ventricle
‘has to overcome in driving the blood through the pulmonary
artery is only about one-third that presented by the aorta, and,
consequently, the right ventricle is only about one-third the
.strength of the left. The tricuspid valves, which separate the
right ventricle from the right auricle, are much more easily
rendered incompetent by distension of the ventricle than are the
mitral valves, and this tendency to incompetency has been
regarded, and I think with truth, as a safety valve, preventing
‘the stoppage of the right ventricle by over-distension, and
allowing the blood to pass back into the venous reservoirs, of
which I have already spoken.

Aorta—0On looking at the aorta, one would say that it is
-enfirely composed of fibrous tissue, and consequently is not
likely to possess any contractile power, and yet it would appear to
have such a power, for in the case of a criminal executed at
Wiirzburg, it was found to contract on the application of
-electricity shortly after death.®

‘ Arteries and Capillavies—As we pass down the arterial

1 Vide p. 17.

? Verhandl. d. Med. Phys. Gesellsch, Wiirzburg, 1854, p. 1; and

\Sechmidls Jakrd., vol. Ixxxv., p. 12.
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system the muscular fibres become more developed, and in the
arterioles we find a continuous muscular layer, while in the
capillaries we have nothing but contractile cells. Just as in the
case of the heart, where we have two kinds of nerves having an
opposing action, so we have in the vessels nerves which cause
contraction and others which cause dilatation. When working
with Schweigger-Seidel in Ludwig’s laboratory in 1869, I made
a number of observations on the nerves of the arterioles and
veins, but these were not published, as I did not discover any-
thing new. I tried in vain to find any evidence of nerve fibres
entering the muscular cells of the arterioles, but could never
observe it. - All that I could find was a regular network of
minute nervous fibrils running over the surface of the muscular
layer. At the points where these fibrils cross there are small
thickenings or knots, but nothing at all like ganglion cells.
Vaso-motor Nerves. — Dilating Nerves. — Elongation oy
Muscle (?)—The vaso-motor system, as I have already said, has
its chief centre in the medulla oblongata, but it has subsidiary
centres in the spinal cord itself, and in the ganglionic chain of
the sympatheticc. When the centres or nervous trunks of the
vaso-motor nerves are irritated, the vessels contract; but there
are other nerves which when irritated cause dilatation instead
of contraction, and this dilatation is greater than that which
occurs on the division of the vaso-motor fibres supplying the
vessel.! This fact is generally explained by supposing that
irritation of the dilating nerves has an inhibitory action upon
local vaso-motor mechanisms close to the vessels, though, for
my own part, I should be inclined to accept the much simpler
explanation that a transverse as well as a longitudinal contraction
may occur in the muscular cells of the arterioles, and such a trans-
verse contraction would elongate each cell and dilate the vessel
(Fig. 49), just as the longitudinal contraction would shorten and
thicken the cell and thus contract the vessel. In many instances,
dilatation or dilation is connected with peripheral ganglia; for
example, in the sub-maxillary gland and in the nervi erigentes,
but that it is always due to such nervous causation is, I think,

' Vide Tigerstedt, Lekrb. d. Physiol. d. Kreislaufs, p. 512 (Leipzig ; Veit
& Co., 1893).
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doubtful. For a good while the contractility of capillaries was

doubted, but the observations of Stricker and others have now, I

think, put this fact beyond dispute.! When

' working under Ludwig’s direction I also

noticed that local irritation would sometimes
cause, not contraction, but dilatation of an
arteriole.? Similar observations were made
by Gunning and Cohnheim in the frog; so
that, just as the effect of nerves upon the
heart itself, to the exclusion of muscular
irritability, is now recognised to be wrong,
so in all probability the properties of the
3 ¢ muscular elements of the arterioles, like those
a P of the heart, will by and by receive more
attention than they have hitherto done.

D ata s Typothotioal Rhiythmical Contraction of Vessels—Rhyth-
"r.::‘?.:;:.’“{‘i‘i”h’:‘;éi:“:’i mical contraction of the veins was observed to
Mtﬂﬁﬂ?ﬁ'hﬁﬁ exist by Wharton Jones? Schiff! and Vul-
Lt pian.® The arteries also contract rhythmi-

cally under the influence of the vaso-motor centre, and give rise

to periodic pulsations which are coincident with respiration. In
addition to these, however, the arteries themselves pulsate®
periodically.” It is difficult to see this pulsation in healthy
people, but it can be well observed, as a rule, in patients
suffering from aortic regurgitation. In such cases the face is
usually pale, but if the finger-nail be rapidly drawn across the
forehead, a red streak appears which alternately widens and
narrows, and this movement on careful observation will be seen to
show three rhythms. The first coincides with the pulse,and occurs
between sixty and seventy times per minute; the second with

| Stricker, Sitz. Ber. d. k. k. Akad. d. Wiss. Math.-nat. Cl., 1865, 41,
Abt. 2-3, 51 ; 1866, 52 ; 1876, Abt. 3, 316.

2 Lauder Brunton, Ludwig's Arbeiten, 4'* Jahrg. ; and, Collected Papers
on Circulation (First Series, pp. 160, 178).

3 Wharton Jones, Phil. Trans., IBa_lz, p. 131.

4 Schiff, Arch. d. ges. Physiol., xxvi., p. 456.

6 Vulpian, Mem. Soc. Biol, iii., 1856, p. 223, and 1858, p. 3.

¢ Schiff, Arch. f. Physiol. Heilk. 1854, t. xilL., p. 521,

1 Lauder Brunton, Ludwig’s Arbeiten, 4** Jahrg., 1860,
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respiration, about eighteen or twenty times per minute ; and the
third, or capillary rhythm, is only about three times per minute.!

Stimulation of Blood-vessels from without—It is difficult to
explain the various local alterations of the circulation, if we look
entirely to the nervous system for an explanation of them;
whereas the explanation is easy if we acknowledge the power
of vessels to contract or dilate from alterations in their con-
tractile element apart from the nervous, although, just as in the
heart, we must fully recognise the enormous influence of the

Fia, 50 —Vessols in the web of a frog’s foot in the normal condition. (After Listar.)

nervous system upon the vessels. Thus, when we apply a
mustard poultice to the skin the rapid dilatation of the vessels
a_nd consequent redness which immediately follows the applica-
tion are probably due to nervous influence, but the permanent
redness, which may remain for several days, is more likely to be
due to a local alteration in the vessels themselves. (Fig. 51.)
Stimulation of Vessels from within—A still more important
question, however, than the effect of irritation of the vessels
from the outside, is that of stimulation from the inside by various
products of tissue waste or by strain. In chronic interstitial

! Lauder Brunton, Journ. of Physiol., 1884, vol. v., p. 14.
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Fio. 63, —Apparatus for registering muscular contraction. It consists of an upright stand on

which two horizontal bars may ba moved by a rack and pinion. The upper bar ends in a
clamp, the lower ecarries a delicate lever, the part near the hings being of metal, and the part
beyond of light wood tipped with quill or tinfoil. a, a, Wires for exciting tnn:scfn; b, musale ;
¢, writing lever. In the flgure no arrangement is shown for exeiting the nerve, and for the
sake of simplicity the weight iz shown directly nnder the muscle. Inactual sxpariment, how.
aver, the walght should be applied close to the axle, or on it, 80 as to lessen osclllation dus to
the inertin of the laver.
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nephritis the blood pressure tends to rise gradually, so as to
threaten life either from cardiac failure or from arterial rupture.
This high tension appears to commence by increased res?sta:}ce
to the passage of blood through the arterioles and capﬂla_nea.
By some it is attributed to chronic contraction of the arterml-.;‘:s
with hypertrophy of their muscular walls, by others to a fibroid

_________ — Soraw
BT e e e __?

mme e Framawork

Drag —- - S F"ﬁ, B e -. Olockwork

Fio. 58.—Revolving cylinder for recording movements, The screws at the top are for fixing the
eylinder in position. The brass pin is for making or breaking a current at a %L?" time in the
revolntion. It does this by striking against a small key. The corve is desori by the lavers,
Figs. 20, 52, and 164. The abacissa, or zero line, is drawn by a fixed point, and ssrves to show
the height of the contraction.

thickening. It is probable that both of these conditions occur,

but for my own part I am inclined to believe that the arterial

contraction plays a wvery great part in it, as we are able to
reduce the tension by means of appropriate medicines, such as
nitrites, which one would hardly do if it were entirely or even

mainly due to a fibroid condition,
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Effect of Heat and Cold on the Circulation—Two agents
which have a very marked effect, both upon the vessels and

F1o. 55.—Effact of heat and cold on musecle. In a the musecle has been artificlally warmed, and
in b it has been cooled. Heat makes the contraction more rapid, cold makes it slower.

Fia. 56.—Effact of fatigue on muscle.

f J .-f M 2

e etomees of the pooonay from th pHmay ool h tho i numbérs
indieate the distance in centimetres of the secondary from the primary coil in the :lt'-"l'lll."«.l'il:ll"l
apparatus. As and Des indicate the aseending and descending direotion of the current. Cf.
Figa. 82 and 348.

FiG. b7.—

the heart, as well as on muscular tissue generally, are heat and
cold. When we put the hand into hot water we find at once
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that the arteries dilate and the hand becomes red, showing that
the capillary circulation is free; but we notice also that the
veins not only become full, but become lighter in colour,
evidencing that the blood within them is more arterial. Heat
applied to the heart quickens its pulsations! and at the same
time increases their strength, the quickening being chiefly due
to the effect of the heat upon the sinus or auricles, and the
increased strength to its effect upon the ventricle, (Fig. 59.)
Cold has an opposite effect. (Fig. 64) When applied to the
extremities, it makes the arteries contract, the fingers shrink
and become pale, though after a while the veins appear to dilate,
and the skin assumes a bluish colour from venous congestion,
Cold applied to the heart makes its movements both slower and
feebler.

It is evident from what I have said that the local action of
either heat or cold upon the vessels and heart is of such a
character as in itself to co-ordinate the effect it produces upon
both, independently of a nervous system, if applied to both at
the same time ; because when heat causes the vessels to dilate,
so that a larger supply of blood is demanded, it also causes the
heart to pulsate more quickly and more forcibly, so as to give
the necessary supply. When the arteries are contracted by cold
and a small amount of blood only can pass through them, the
cold acts on the heart also, slowing and weakening its contrac-
tion and thus lessening the supply. But while cold and heat
may act nearly equally upon the extremities and the heart of
a frog, it is not so in warm-blooded animals, where the
temperature of the interior of the body remains nearly the
same, notwithstanding the extremes of heat and cold to which
the extremities may be subjected, and in them it is necessary
to have a nervous system to regulate the pressure of blood.,

Effect of Heat and Cold on Pulmonary Capillaries.— By
means of the apparatus shown in Fig. 68, I found that if a
stream of warm moist air be first directed in the lung of a frog,
and immediately afterwards a stream of cold moist air, the
capillaries sometimes contract as much as one-third of their

' Lauder Brunton, S¢ Bartholomew's Hospital Reports, 1871, vol. vii, ;
and, Cellected Papers (First Series, p. 204).

G
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FIGS. 58 TO 67.—EFFECT OF COLD AND.HEAT ON
THE HEART.

Fig. 68.—Tracing of the beats of & frog's heart, just after exeision, made by the anthor with a
simple laver (Fig. 20) and recording cylinder (Fig. 68). The beats ure abnormally slow, probably
from irritation of the vagus or venous sinus during excision.

Fig. 69.—Tracing from the same heart, in which the beats have been quickened by heat applisd
by placing a spirit lamp a good way under the plate on which the hesrt reats.

Fio. 60.—Continuation of Fig. 58, The heart is becoming warmer, and the beats become quicker,
irragular, and intermittant.

Fig. 6l.—Continuation of Fig. 60, The heat has become greater, and the heart stops in heat
tatanus. On the removal of the spirit lamp the beats recommence, but are faint and
irregular.

Fi1G. 02.—5n0 r-:-':u--[ur:n: extrame slowing by plackng a plece of lce under the plate on \'I"|1El."|_l the hn_n.rt.
reated. Tha tremors are probably entirely dog to the movement of the hand holding the ice,
anid not to the heart.

—
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Fro. 88.—Shows the spontaneous recovery after removal of the ice, The beats occur in groups
of thros.

F1a. 64.—Coald was reapplied, and the beats again becama slow.

Fia. 65.—Continnation of Fig. 64. Increasing slowness of the beats as the heart
bacomeas colder.

Fig, 66.—Tha first part of the tracing shows normal beats, the heart having recovered from the
affecta of the cald. '|']|:t: second part shows the effect of renewsd heating. The alownesa is
probably due to the rapid change of temperature having frritated the vagus ends or inhibitory
apparatus in the heart.

cal rigor

Fio. 67.—Countinuation of Fig. 66. Bhows Increased slownesa, then great rapidity, and final
atoppage in hont rigar, ! b
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diameter under the influence of the cold.—British Medical
JSournal, February 13, 1875.

I
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Fro. 68 —Aunthor's apparatus for ascertaining the effect of heat and gold on the vessals of the

frog's lunga. A, a plece of eork to which the frog is fastened, 18 laid on B, tha stage of a
microscope, and attached by an india-rubber strap, C. D is a small ring of cork coversd with
& thin eircle of glass. E is the inflated frog's lung. Fisa t.ubaat}y which a eurrent of air can
b directed on the frog's lung. It is held in position by & ﬁimu wire, 3, which can be bent
to any position. Iis a flask containing fce and watar. , & flask comtaining hot water. K
is a three.way stopeock, by which a current of air may be sent from the spray-producer, L
ulntl M, throngh either I or H at will, and thus cold or hot air may be applisd alternately to
the lung.

Schema of the Circulation.—1 have here a simple schema,
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Fio. 68.—Author's schema of tha cirenlation. It consists of a spray producer, bladder, and
mercurial manomater. The elastic ball of the spray producer represents the heart, the
elastic bag coversd with netting to prevent too great distension represents the sorta and
arterial system; and the bladder represents the venous system.

Fromiins

Fia. 70.—Marey's hemodynamometer. By having the reservoir of mercury very 1
deacent of mercury in it is practically tmgligih?n, and the pressure may 'erm TeA 1_-.11." ﬁ*’mﬁﬁ

from the ascending limb. Two tubes are attached, In one the mereury oscillates rapidly
with variations in pressure. In the other there isa eonstriction, the mercury hardly aacillates
at all, and the mean pressurs is thus eagily ascertalned.
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consisting of an india-rubber ball representing a heart, an
elastic bulb representing the arteries, a soft-walled bag
representing the wveins, and this I have connected with
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. Tl.—Ludwig's kymograph, copled from Ludwig's Lehrbuch der Physiclogle, 2te Auflage,

e EtT;r Band, .EIEE. It r:c-ngin # bent glass tmbe, ab ¢, containing mercury, and mnnwm}
by d with the artery of an animal. ¢f 15 a slender upright rod, sw mming on the uurrun]::
the mereury, and bearing at its free and, f, 8 brush, g, which registers the movements of the
mercury on the revolving eylinder, h h.

a mercurial manometer, in order that you may see the com-
parative effects of the heart and vessels upon the pressure in

the arterial system. (Fig. 69.) The soft-walled bag, or veins,
can contain all the fluid in the whole vascular system, or even
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more, so that we may commence with the pressure at zero. As
the india-rubber ball, which I may shortly call the heart, is
emptied, it drives the fluid into the elastic bulb, or arterial
system, If the passage is left open into the venous bag, tlfe
mercurial column oscillates with each pulse, rising as the fluid
is driven in, and sinking again in the interval. But if I slightly
turn the stopcock so as to prevent all the fluid driven in at

1

Y Y O Y Y O L Y

T

Fig. 72.—Registering metallic manomaeter of Maray. wm 18 the capaunle of an aneroid harometer
filled with liquid. T is & tube connecting m with an artery. b i3 a mercurial manometer,
which can sither be put in eommunication with m, and the exact pressure in it and the artery
connected with it ascertained, or may be out off by the stopeock. €isa mgiulﬁerinﬁ a?paﬂ.tus
snd p a blackened plate on which the lever writes, When the stopeock iz open the lever will
record the oscillations caused by the momentum of the mercury, bat if it be shut as soon as
ﬂ’ I.l:t-ualjrreuum has been ascertained, only the actual variations in the blood pressure will

racorded.

each pulsation from going into the veins, the pressure will
gradually rise in the bulb until it is sufficient to drive out
during the diastole all the fluid sent in during the systole,
Kymographs—The pressure is measured in animals by
putting a cannula into an artery and connecting it with a
mercurial manometer. In order to prevent coagulation, the
tube leading from the artery to the manometer is filled either
with some saline solution, or solution of peptone, which hinders
coagulation. The oscillations of the mercurial column are
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Fio. 78.—Tracing of the oscillations in

a mercurial manometer., The first

upward stroke 18 dues tosudden riss

of pressura, Tha subsaquent fall Fig, T4.—Tracing made with one of Marey's tambours. The
balow zero and the other cacillations upward strokes correspond fo rise of pressure in the tamboar.
afe due to the inartin of the mercury, The inertia of the lever is very small, and eonsequently thers
and not to any external foree. OF. are no secondary falls below the zero line, nor secondary
Fig. 74. The oscillations are less oscillations, as in a mercurial manometer. Cf. Fig. 78.

when the manometer is connected
with an artery. (Figs. 183 and
185.)

-l';‘l.

= Byrings for altering
pressure in the
manometar.

Writing point --- \

-

Piston to lessen || |
osaillation of [ |
b SR

-=Flat metal tube form-
ing the manometer.

Py L ]
Tube filled with Tl —
glycering...... .

Leaden tube to con-
nect the manometer
and the artery.

Fig, 75.—Fick's kymograph. It consists of a flat metal tube, bent into s nearly c:’r_cu]u.r form,
filled with aleohol, and connected with the artery by means of a leaden tuba, filled with a
golution of sodium carbonate. When the pressure increasss within it, tho tube stralghtens,
and when the pressure diminishes it bends. Thess changes ard magnifled, and ll'n'_l_'l.1|.'||L'l.| on &
eylinder by a light lever. The vibrations of tho lever are lessened by a piston, which works in
a tube filled with glycarine.






—

58 THERAPEUTICS OF THE CIRCULATION [Lecr. m,

that we should imagine. In a horse it has been found to be
roughly between 200 and 300 millimetres, in a dog 140 to 170,
in a sheep 150 to 170.

Blood Pressure in Man—In man it has been found to be
from 100 to 160! in cases where it was estimated in a limb
before amputation,

Measurement of the Blood Pressure in Man—It is naturally
of very great importance that we should be able to estimate
the pressure in man, and numerous instruments have been
devised for this purpose.

By simply feeling the pulse with a finger, one can roughly
make out whether the pressure within it is high or low, and
this is still better done by placing three fingers upon the pulse
and compressing it with the one nearest the heart and noticing
with the middle one when it ceases to beat. By the amount
of pressure exercised, one can form some judgment regarding
the tension, but it is evident that one cannot convey any
quantitative knowledge regarding the pulse felt this way to
another. The third finger nearest the hand compresses the
artery so as to obstruct the recurrent pulse from blood flowing
through the ulnar artery and palmar arch.

Instruments jfor Measuring the Blood Pressure in Man—
These may be roughly divided into two classes: (1) those

-] e oo L E
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., TT.—a, Blmple inst t fo ing the blood pressure in an artery. b, In this an
b |:I'E:!m\?ﬂm'&nn.llﬁphin Eﬂ;ﬂg:ﬂe ﬂn:t-me:;llﬂmuzlgf form by adding a side spring catch, which obviates
tha necessity of reading the index befors removing it from the arm.
which compress a single artery; (2) those which compress a
digit or limb. One instrument of the first class is simply a
! Faivre and Albert, quoted by Tigerstedt, Lekrb. d. Physiol. d.
Kreislaufs, p. 329 (Leipzig: Veit & Co., 1893).
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factory, as it is difficult to apply it directly over the vessel, and
the data obtained from it are not very trustworthy. Better and
more exact results are obtained by the substitution of a fluid for

GHUSTERDIN

Fi, 80.—Instrument for estimating the pressure of blood in the capillaries.

a solid pad. So far as I know, the first man to use a fluid pad
over the artery was Hérisson, Hisinstrument consisted of a small
funnel covered at its larger end by a thin membrane, and having »
a long graduated glass stem at its other
end. (Fig.81.) The whole apparatus was ?F
filled with mercury. The simple apparatus i
of this sort which I now show you was J
made by Professor Waller. When it is 1l
placed upon the radial artery you see the :
mercury oscillating with each beat, and by
and by when the pressure applied to the
vessel becomes sufficiently great the pulsa-
tions below the instrument cease.

The disadvantage of Hérisson’s instru-
ment and others made upon the same
pattern is, that it is very difficult to keep
the mercury from oozing out between the
end of the funnel and the membrane which
covers it. To obviate this difficulty, my
old friend Von Basch enclosed the mer-
cury in a glass bulb into which the glass
tube passed. This was then enclosed in
an outer cylinder the lower end of which
was covered by membrane, and which was :
filled with water, which transmitted the g, g _ sphygmomano-
pressure to the mercury through a small  Jster of Hérisson. (Afer
hole in the bulb. This manometer was
screwed into a stand in which the wrist was clamped, and the
manometer gently depressed on the radial until the pulsation
ceased, as was indicated by a small pad resting on the artery
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removal of air-bubbles, and complete filling of the cylinder with

water. (Fig. 82 &)

The instrument had the great disadvantage of not being

portable. Unless it was kept upright and was not shaken, the

Fio. 88.—Von Basch's sphygmomanometer and stand. Drawn from one in the author's posseasion.

A is the indiarubber u]ilnf the sphygmomancmeter resting on the radial artery. B is s metal
ring which holds the sphygmomanometer, and can be raised or lowerad &t will by the screw C.
D is the atand in which the arm reats. E is a sliding piece which holds the arm in position,
and also snpports the sphygmograph I. ¥ is a screw tolix E in position. G is a fixed projection
at the other end of I}, and the wrist is clamped betwesn B and G. G consiats of two parts, one of
which ia quite fixed ; the other, indicated by K, can ba pressed more or less firmly against tha
arm by o fine screw not shown in the drawing. H is a fine screw by which the tambouor of the
sphygmograph can be raisad or lowared so that it rests with more or less pressura on the to
of the rod which passes up from a small pad which rests in the artery. K indicates the posi-
tlon of this pad as well as of the movable plece of G. L is & joint in which a lever plays, the
outer end of which is fixed to the pad K, and keezs it moving in & perpendicalar line. Misa
Jjoint allowing of considerable horizontal ]iﬂa.y cwarils, forwards, laterally, and circularly, so
uhat the sphygmograph may be accurately adjusted over the artery. N is a screw by which
the whole sphypmograph may be moved up and down on the stand 0. P is one of Marey's
tambours, communicating by a plece of elastic tubing with the tambour of the sphygmograph,
and writing the pulse on the blackened cylinder ¥. R is a screw working on a spring, by which
the resistance of the lever resting on the tambour may be adjusted. B is a screw by which the
tambour may be moved up and down on the stand T. Vis a revolving eylinder covered with
blackened paper, on which the tracing is taken., It is moved by clockwork, which is not
shown in the drawing.

mercury and water became mixed, and the instrument was use-
less for the time. It was therefore of little value for clinical

work, Von Basch accordingly invented another model, in

which pressure was applied over the artery by a metal cap

covered at one end by a thin membrane, and communicating

’ =
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at the other by a thick-walled rubber tube with an aneroid
barometer graduated in millimeters of mercury. In a later
model the metal ring communicated with the aneroid by an
opening in its side ; one end was covered with thin inn:!imrybf;:_-cr
for application over the artery, and the other with thick india-
rubber on which the finger was pressed until the pressure inside
the apparatus was sufficient to stop the pulse. (Fig. 84.)

Fio. 84.—Von Basch's sphygmomanometer, from a specimen in the possession of the author.
A i & three-way stopeock, by which the anerold B ean be put in communication either with
the bulb C or with the outer air. This is not the first form of Yon Basch's aphygmomano-
meter. Tha bulb which he first used was included in a metal ease somewhat ressmblin
Marey's cardiograph. My instrument needed repair, so [ sent it to Vienna, and it was return
by the maker, with the bulb figured above.

A further improvement was introduced by Potain, who
replaced the metal ring by moderately thick rubber, so that the
bulb for application over the radial consists of thin rubber at the
side which lies against the wrist, thick rubber (usually of a red
colour) at the opposile side on which the compressing finger
rests, and moderately thick rubber between. With this excep-
tion, Potain’s instrument is the same as Von Basch’s. (Fig. 85.)

The latest form of Von Basch's apparatus is still simpler,
and consists of an elongated rubber bag of the same thickness
in every part! (Fig. 87.)

! This is made in Vienna, but can be obtained from Messrs Down Bros.,
21 5t Thomas's Street, 5.W.
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Fio. 85.—Fotain's modification of Yon Basch's sphygmomanometer. This is made
M. Boulitte, sucesasor to M. Charles ‘?&rﬂg: o, T Rue Linné, Parls. o

T

Fia, 86.—Mods of applying Potain's sphygmomanometer. This figur 18 not quite éoreat, for it ia
better to place the palpitating finger parallel to the artery instead of at right angles to it.
Only one finger should be used to feel titl.u pulss, ag, if two are used, the slastic bulb is pushed
too high above the end of the radius, and too high a reading {8 obtained.
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Fallacies in applying Von Basch's or Potain's Instruments—
Unless the elastic bulb is placed above the end of the radius,
and not over the soft tissues, so that the artery can be com-

F1G. 8T.—Moat recent form of Von Basch's sphygmomanometer,

pressed between it and the bone, too high a reading is obtained.
If the palmar arch is dilated the recurrent pulse through it
from the ulnar artery may cause pulsation to be felt after the
radial has been completely compressed by the bulb. To avoid

Fio. 88.—Oliver's Sphygmomanometer. Instead of the pad which resta on the artery baeln
solid, it comsists o’?nm elastic capsule containing fuid. This {8 mads by Mr H;:E.rrk;lu;.rﬂ:
857 Oxford Btreet, London.

this the palpating finger should be placed on the radial artery

with the tip pointing upwards. Any recurrent pulse is then

stopped by the pulp of the finger, and the central radial pulse
is felt by the finger tip.
Another apparatus which also depends on the application of
I

e
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a fluid bulb over the pulse, is a very neat little one invented by
Mr Leonard Hill. Like Hérisson's, it consists of a funnel closed
at one end by a thin membrane. The funnel is very flat, and
Mr Hill has avoided the difficulty of using mercury, and has
rendered the instrument portable by employing a coloured
liquid having no weight in itself, but working against the
resistance of a column of air prevented from escaping by a stop-
cock at the upper end of the tube, and compressed by any
pressure on the membrane. It is very light and portable, but
unless a good deal of care is taken, air-bubbles are apt to become
mixed with the liquid, and cause some loss of time before they

Fia. 80.—Fick's apparatus for measuring and recording changes in the volume of organs.
(Aftar Maray.)

can be got rid of. Oliver's heamodynamometer has, like those
just described, a fluid pad consisting of thin rubber filled with
water and glycerine, for application over the artery. The
pressure from this pad is not conveyed from its interior to a
recording apparatus, but by a rod, one end of which rests upon
it whilst the other presses in a spring. The motion of the
spring is shown, greatly magnified, by an index, which moves
over a scale 11 inches long, but conveniently arranged in the
form of a helix on a dial 2 inches in diameter. (Fig. 88.)

Band Instruments for estimating Blood Pressure.— Instru-
ments belonging to the second class, viz, encircling a digit or a
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limb, were first used by Piégu, Chelius, Fick, Buisson, Marey,
Mosso, and Frangois, to measure the volume of blood which
enters a limb at each pulse, and show the kind of pulsation in
them under various conditions of the circulation, rather than to
measure the pressure of blood in the arteries. Piégu enclosed

Fig. 9. —Mosso's plathysmograph. A is & glass veasel filled with oil or water in which the arm

ia inserted and the liquid prevented from escaping by an india-rubber eap. ¢ is a thermometer

b an opening for filling or emptying the apparatus. When the arm swells, a little of the ﬂ.llili

&8 from the glass vesssl J;lmugsh the tube & into the test-tube B, which is thus renderad

vier, and by a thread running over a pulley raises the writing point and registers the

increased size of the arm, When the vessels of the arm contract, its size diminishes, fluid

returns into A and the writing point falls. ¢ is a vessel containing water, in which the tube

B is partially immersed so that its weight is counterbalanced. E is a burette which can be

mlnd::rt-u communicate or clamped off at will, and the gquantity of fluid in B regulated to a
nicaty.

an entire limb in a vessel filled with tepid water, and furnished
with a narrow tube in which the water could be seen to rise and
fall with each pulsation. Chelius and Fick independently con-
nected this tube with Ludwig’s kymograph, and were thus able
to obtain tracings of the variations, The apparatus was per-
fected by A. Mosso, who gave it the name of plethysmograph.

e
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Fig. 81.—This is a combination of the plutll}'smnﬁﬂph with Marey's
metallic manometer. By raising or depressing the vessel R the pres-
sure inside the plntl:}'smogmpﬁ may ba increased or diminished at
will, and the pressure measuréd by noting the point of maximum
ozeillation or entire arrest of pulsation, (After YVerdin.)
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water, until the oscillations of the manometer reach a maximum,
and then pushing the pressure till they cease altogether, and
the circulation in the fingers is stopped. By relaxing the

Fic. 88.—Mosso's sphygmomanometer. It consists of metal tubes (E E) filled with water, which
fs prevented from coming out by indis-rabber finger-stalls into which the fingers are inssrted.
Thi :.ppa.ra.t.u!t is then quite filled with water from the bottle B, air being allowed to escape
at C. 'The pressure i8 then raised by compressing the water in the reservoir (A) by the screw
at ikts top until the mercury in the manometer (G) registers the maximum oscillation, which
may be taken as the diastolic pressure, The pressure is themn raised until the IMAroury
ceasea to oscillate, and this may be taken as tlhe syatolic pressure.

pressure the oscillations again reach a maximum as the circula-
tion again returns. In this way, a double observation is

made.
In Gaertner’s tonometer the pressure is measured by empty-
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ing a finger of blood, and noting under what pressure the circu-
lation returns. (Fig. 95.)

It consists of a metal ring 1.5 cm. broad, to the inside of
which an india-rubber membrane is fixed, so as to leave an air
space between it and the ring. (A, Fig. 97.) This space com-
municates by an opening in the side of the ring, and a T-tube
with a mercurial manometer and a pressure ball consisting of
a closed india-rubber bag compressed in a wooden vice. An
open bag with good valves and adjustable outlet may be

Fia. 04.—Plethysmograph of Hallion and Comta,

employed instead. This is placed loosely on the middle phalanx
of one finger, and the blood pressed out of the last phalanx
either by rolling a thick narrow india-rubber ring upwards, or
by wrapping a piece of fine india-rubber tubing tightly round
the finger from its tip upwards. (B, Fig. 97.) The pressure
is then raised in the apparatus to a point which is certain to
be above the pressure in the arteries, . 200 mm. of mercury.
The india-rubber ring is then rolled off or the tube unwound,
leaving the last phalanx white and bloodless. The pressure is
then lessened and the finger-tip watched, so as carefully to note
when it begins to flush with the returning circulation. The
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Fia. 05.—0Gaertner's tonometar.
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height of the mercurial column at this moment indicates the
systolic pressure in the digital arteries,
For ordinary bedside work, Professor Gaertner replaces the

Fic, 93, —Combined Potain's and Gaertner's apparatus. AP is Potain’s bulb. DG iz Gasriner’s
tonometar. F is an indis-robber bulb containing air, by which the pressure can be raised in
the tonometer. M is an anerold manometer. R'; R", and R are stopcocks by which com-
munication can be established at will betwesn the varions parts of the apparatis.

mercurial by an aneroid manometer, and thus renders his
instrument convenient and portable. (Fig. g6.)
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always inconvenient for carrying about. Hill and Barnard
have made an instrument in which these objections are avoided,
by making the band broader, by making its outside of leather so
that it does not yield, and its inside of thin rubber, and by
employing an aneroid instead of a mercurial manometer.?
Another modification is Martin’s, in which the band is made of

HEE
i
[
i

Fic, §0.—Riva-Roceis sphygmomanomeater.

soft pliable metal covered with cleth, and it is sufficiently broad
to overlap the elastic bag by about half an inch on either side,
and thus prevent the bag being blown out to one side.* He has
also added a convenient screw valve, by which the air may be
allowed to pass out of the apparatus very slowly and the
pressure to diminish very gradually. Martin retains the

1 Hill and Barnard, Bri¢t Med. Journ., 1897, vol. ii,, p. 904.
* C. ]. Martin, Brit. Med. Journ., 22nd April 1905.
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a broad Riva-Rocel band with Von Baseh's or Potain's

Fio. 101.—Author's arrangement for using
sphygmomanometer instead of a mercurial manomater.
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made and used in America. They are described by Janeway!
in his work on Zhe Clinical Study of Blood Pressure, but I do

Fro. 102.—Marey's improved metallic manometer. This was originally intended to be connected
to am artery, but I find it can be connected to an armlet, or nsed to mensure the bilood
pressure in the same way as Riva-Rooci's, while at the same time tracings can be got of the
pulse. {(Cf. Fig. 91, p. 68.) It consists of a flat metallis vessal B, in which the le of an
anerold barometer filled with liquid is fixed, CA. To this leads an afferent tube T, which is
put in communication with theartery, the pressure in which ia to be measured. Aneffapent
tuba Y lsads to s mercurial manometer, which indicates the absolute pressurs and controls
tha readings of the metallic manometer. The metallic vessel B has at its npper part & glass
tuba TV, and is filled with water which rises a littla way up In the glass tube. The upper

rt of this tobe is closed by a eacutehoue stopper, through which a tobe T 8 ; this tube
rmnnmm by a piece of elastic tubing with one of Marey's tambours, which records tha
oscillations of the aneroid capsule. By means of the stopeock R, the metallic may be se il
from the mercurial manometer; F i8 a pair of pincers r;:lua.::ﬁ an oxit t-'aha,liy which the
instrnment can be either emptied or filled, or the tansion lowersd.

not think it necessary to describe them fully here. I may
merely mention that the principal are Stanton’s, Janeway's,

1 T. C. Janeway, The Clinical Study of Blood Pressure (New York and
Lendon : Appleton & Co.), 1904.
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and Erlanger's. They are all modifications of Riva-Roceis.
Janeway’s has the mercurial manometer jointed for convenience
of carriage, and Erlanger’s has a large sphygmoscope attached,
which enabled the alterations in pressure to be recorded on a
revolving cylinder in somewhat the same way as Marey’s
instrument. (Figs. 91 and 102.)

Systolic and Diastolic Pressures—The point of maximum
oscillation indicates the diastolic pressure, the point of oblitera-
tion indicates the highest systolic pressure, and I find the rela-
tion which these bear to one another is usually as 4 to 5, or 8o
to 100, though sometimes as 4 to 6.

The systolic pressure shows the maximum height to which
the blood pressure is raised by the wave of blood driven into
the aorta by the contraction of the left ventricle. It thus
indicates in a general way the strength of the ventricle, The
diastolic pressure shows the minimum to which the blood
pressure sinks during the interval when no blood is coming
into the aorta from the heart, and the arterial system is emptying
itself through the capillaries into the veins. It therefore indicates
generally the degree of contraction or relaxation of the capil-
laries. A glance at Figs. 183 (p. 153) to 186, which are repro-
ductions of tracings taken with a mercurial kymograph from
the carotid arteries of dogs, will show at once how greatly the
relation between the systolic and diastolic pressures and the
relation of both of them to the general blood pressure may differ
under different circumstances. Thus, in Fig. 183, the systolic
maximum is 94 and the diastolic minimum is 54, or, roughly,
as 5 to 2. In Fig. 184 the systolic maximum is 100 and the
diastolic minimum 62, or, roughly, as 5 to 3. In Fig. 185 the
systolic is 106 and the diastolic 78, or, roughly, as 5 to 4. The
great oscillation in Fig. 182 may be partly due to inertia of
the mercurial column (¢ft Fig. 73), but only to a slight extent.
In Fig. 186 the normal systolic is to the diastolic pressure as
5 to 4, but after stoppage of the heart by irritation of the vagus
it is nearly as 3 to 1.

Standardization of [nstruments—As an aneroid manometer
is apt to become altered by use, it is well to compare it
frequently with a mercurial one, and this can be done in less

- ...L-_._J
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than five minutes, by connecting both by means of a T*p.iece
with a spray-pump, raising the tension by 5 mm. at a time,
and noting the correspondence or difference in the readings of
the two instruments. (Fig. 103.)

Fi1o. 108.—Anthor's apparatus for ascertaining the correctness or amonnt of error in an anerofd
sphygmomancmeter. By means of & three-way stopoock both the aneroid and a mereurial
manometer ara put into communieation with a pressure bulb of a spray apparatus, The

presaurs is thon raised 5 mm. at a time, and the readings of the mercurial and anerold
compared at each pressure,

Szze of Vessels—A most ingenious instrument for measuring
the size of the arteries has been devised by Dr Oliver, and is
called by him the arteriometer.
Measurement of Pressure in the Veins—This may be done
by choosing any convenient portion of a subcutaneous vein and
pressing an instrument such as Figs. 78, 83, 87, or 88 upon its
distal end with sufficient force to stop the flow of blood. The

IJ
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proximal part is then emptied of blood by pressing the tip of
a finger along it. The pressure of the pad or bulb is then
relaxed, and the pressure noted at which the vein again fills.

A simple way of roughly estimating the venous pressure is
to notice at what height above the level of the heart the veins
of the hand become empty. Normally, they should do so
about the level of the third rib, or a little above. The greater
the venous pressure the higher must the hand be raised.

Measurement of Pressure in the Capillaries.—The method of
doing this we owe to Ludwig (N. v. Kries, Ludwig's Arbeiten,
1875, p. 69). It consists in laying on the skin a piece of glass
of a definite size, which can be pressed down with more or less
force, and noting the lowest pressure at which the skin becomes
white. The pressure can be applied by a weight or by a spring.
(Fig. 80.) The pressure may be measured anywhere, but the
back of a finger or the lobe of the ear is most suitable. The
pressure varies with the height at which the hand is held.
When level with the top of the head, it is about 24 mm. of
mercury (328 of water); 8 inches below this, 28 mm. (397 of
water). In the ear it is about 20 mm. of mercury (272 mm. of
water).

Cardiograph and Sphygmograph—All the instruments I
have hitherto described have been chiefly for measuring the

Ruxgcw

—Marev's tambour for recording movements, It is & metal ring which slides on an
Fw‘uiﬁé‘nfml.imi can be fixed at any height by the screw B, C is the tube through “'t_'-';?h P’;‘
air from the recelving instrument (sphygmograph, cardiograph, ete., communicates ‘-"I{:_ ]u: Ilull
inside the tambour and causes the cover E to rise or fall. Into E a long straw iz fastene
bearing & point which records its movements on a cylinder.

amount of blood pressure, or the size of the artery, but they do
not give us any indication of the mode of contraction of the
heart or the nature of the pulse-wave. These have chiefly been

—
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worked out by instruments devised by the late Professor Marey,
and the principle upon which most of them depend is that of the
transmission of motion by air from one elastic vessel to another.
The recording vessel consists of a shallow metal dish covered at
the top by a piece of thin india-rubber. (Fig.104). Over this rests
a light lever, and the movements of the rubber are thus greatly
amplified, are rendered visible to the eye, and can also be recorded
on a revolving cylinder. The elastic vessel by which the move-
ments are received varies in shape according to the purpose it is
required to serve. For the heart it is a long metal bulb with
openings in its sides over which the thin india-rubber is tied.
(Fig. 105). For the apex beat it may be simply a tambour
with a spring to press it against the chest wall (Figs. 106

Fic. 107.—Burdon-Sanderson's cardiograph for the
Fia 106.—Maray's cardiograph. apex beat.

and 107), and for the pulse a tambour with a spring attached,
which rests upon the pulse and transmits its movements to
the receiving tambour (Fig. 122). The air within this is, of
course, alternately condensed and rarefied, and each move-
ment is faithfully transmitted to the recording tambour +(Fig.
104). By introducing one of the elongated bulbs just mﬁntu:fned
through the aortic valves into the ventricle, Marey obt‘amed
tracings of the changes in pressure throughout the venFn-::ular
cycle, as shown in Fig. 108. There is first a slight rise, due

-
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to the auricular contraction, then a sudden rise, which
becomes somewhat slower as it increases. At the top of this is
a plateau showing several oscillations, then a sudden descent,
marked at its end by a little wave, and then an almost level line,
after which the same sequence again occurs. The alteration in
rapidity of ascent which takes place about the middle of the
systole probably indicates the time at which the auriculo-
ventricular valves become screwed together, and the aortic
valves are forced open by the increasing pressure behind. The
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Fin. 108.—Tracings of the ventricular systole (1) and of the aortic pulse (2). In tha first tracing a

manomeatric sound was placed in the left wentricle; after two beats it was withdrawn at a
from the auricle into the aorta, The second tracing is obtained from a manometric sound
placed permanently in the aorta. The part & cand ¥ ¢ {8 common both to the ventricular
| and aortic tracing. At this point the aortie yalves are open and the ventricle and aorta ,
are in fres communication ; & in the second tracing marks the point where the blood begins i
to flow i;-.m the aorta ; v marks the point where the mitral walves and ¢ where the sigmoid !
valves closa, 9

oscillations which occur on the plateau, according to Marey, do
not indicate mere vibrations of the auriculo-ventricular valves, but
real oscillations in them and in the blood on both sides of them.
The sharp fall indicates the diastolic relaxation of the ventricle,
and the little wave at the end marks the time of closure of the
. sigmoid valves.

[. When the bulb is withdrawn from the ventricle into the aorta,
|

|

a tracing is obtained which is almost exactly like that of the
ventricle with the lower part of it cut off and a gradual descent
substituted for the sudden fall. (Fig. 108, 1 (g, &, and ¢), and 2),
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to show the analogy of the senile pulse to the ventricular beat, (After

Fig, 100, —Dhiagram
BlATSY. )

Fig. 110.—Sphygmogram showing the effect of increased tension on the pulse. Tha first 1
taken while both femoral arteries were compressed. The latter half after the tansion had
been rednced by ceasing the compression. (After Maroy.)

teralon. In 1 the

1 show diminished

of & healthy pulsa with varying

Fia. 112, ' thras tr ]
tenaion 14 I owing to ontraction of the arteriolas o ild 3 2 and
tansion from warm clothing cansing relaxation of the arteriolas. {Aftar Marey.)
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[f the aorta were rigid, this form of curve would be trans-
mitted on to the periphery, and we do, indeed, find that the

Fra. 115.—Effect of fever on the palse: 1 s & trachhye taken during fever: 2 15 one from the same
patient when the fever was absemt. (Afler Marey.)

radial pulse tracing shows the characters of the aortic pulse,
namely, the flattened plateau, and slow, rather even, descent

Fie. 114.—Tracing pulse af

(i kLl lifferont staee { ictermittent fover =1 Pulse s Ty
. otage of chill ; 3 and 4. Hot and sw yrexl

eating stages; 6. Apyrexia : 6. Another ehill i

whenever the elasticity of the arteries is impaired by athero-
matous Cilﬂ[l:t:, as in old ]]L!'f‘[.!l!_‘ [’|'|5_{ ||:.[:;|:|. Or t:'}"lf._"]'!."q"'lt L]iHTt_‘.[l-
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sion from high arterial pressure (Fig. 110), as in cases of Bright's
disease.

Sphygmograms.—In ordinary healthy people the elasticity
of the aorta and arterial walls is sufficient to modify the tracing
very greatly, and in healthy people the sphygmogram has the
following characters:—A fairly sudden and extensive rise

Fic. 115.—Tracing from a case of wortie regurgitation, showing hook at top of tracing,
sudden fall and extensive movement.
followed by a moderately quick fall for a certain distance, then a
second rise and then a second slower fall. (Fig. 111.)) Whenever
the vessels are empty, so that the blood is driven in quickly
during systole, the rise is sudden. (Fig.115.) When the vessels
are full and tense, so that the blood pressure within them is
high and blood is driven: in slowly, the rise is slow. (Fig.
112, I; 114, I, 2, and 6.) The same form of tracing may, to a

Fia. 116.—Tracing showing dichrotism.

certain extent, also come from the feeble heart. The arteries
may be empty from aortic regurgitation, when the blood flows
backwards from the heart; or from capillary dilatation, when
it flows rapidly onwards into the veins. (Fig. 112, 3; 113, 1.)
In the former case the fall is, as a rule, very sudden at the
commencement, and the movements are very extensive.
(Fig. 115.) In the latter, the fall is more gradual. In both

C TR L S i———
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Frc. 113.—Radinl pulse from the same patient, after a hemorrhage. (After Lorain.)
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Fig, 119, —Hetardation of the pulse in different arterles. PV, curve of presm
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cases, however, the lever of the tambour may be raised so
suddenly that its own inertia carries it beyond the point to
which it ought to go, and a little crochet or hook is formed at
the summit of the tracing. (Fig. 115) A great deal of trouble
has been taken to ascertain the exact cause of the second, or
dicrotic wave, as it is termed, on the descending limb of the
sphygmograph tracing. (Fig. 116.) I shall not attempt to go into
this question here, but I shall merely say that exaggeration of the
dicrotic wave means increased power of the heart in relation to
the resistance it has to overcome, just as when I take this
elastic ball and strike it against the floor, it rebounds higher the
more force that I use. When the aortic valves are incompetent,
however, as a rule we do not get this rebound, and the com-
monest cause of dicrotism is relaxation of the capillaries or
arterioles. The most marked tracing of it that I ever obtained
was from a youth who had had very profuse hamoptysis, so
that he had become almost drained of blood. (Cf. Fig. 118.)

Retardation of Pulse-wave—The pulse-wave takes a certain
time to travel from the heart to the periphery (Fig. 116), and
if the heart is acting quickly this retardation may make the
radial pulse coincide with the cardiac diastole rather than
the systole, and the carotid pulse should be used and not the
radial to fix the time of cardiac murmurs,

Forms of Sphygmograph.—There are a number of forms of
sphygmograph : Marey's original one (Fig. 120); Marey'’s as

= |.',|.n| B

Fig. 130.—Marey's sphygmograph.

modified by Ludwig and Von Frey ; Marey's sphygmograph for
transmission (Fig. 122), which is very convenient when one
wishes to get simultaneous tracings of the heart, radial pulse,
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and sometimes also of the large veins; Dudgeon’s (Fig. 123),
which, though perhaps less accurate, has come much into use on

Fio. 122.—Marey's transmitting sphygmograph.

account of its great convenience, readiness of application, and
portability ; Jacquet's, which is like Dudgeon’s, but is provided
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with a time-marker; and Laulanié¢'s, which can be used on a
finger. (Fig. 124.)

The sphygmograph has given us much useful information
regarding the circulation, but has not become so extensively
used clinically as one expected forty years ago. (Fide Figs.
204 to 214.) No doubt this is to a great extent due to the
very different tracings that are obtained according to the
mode of application, although when one is accustomed to use
it regularly the fallacies which would thus be introduced are
greatly lessened, and I think it quite possible that the sphygmo-
graph may again be used more frequently, if employed in com-

Fro. 128 —Dudgeon's sphygmograph.

bination with some instrument for estimating exactly the arterial
tension.

Nutrition of the Heart.—The power of the heart to contract
quickly and powerfully depends, like that of the skeletal
muscles, on its nutrition, and this is regulated to a great extent
both by the quality and quantity of blood it receives. The
heart is like the priests of old, who took the best parts of the
offerings before the remainder was distributed to the people.
For the coronary arteries leave the aorta just above the sigmoid
valves, and consequently they get the first portion of blood as
it comes fully arterialised from the lungs, and, as Sir R. Douglas
Powell has pointed out, the heart is thus almost more dependent
than other organs upon proper pulmonary aération,
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terminal branches of the two coronary arteries communicate,
but not freely enough to maintain circulation, if one of the
arteries be closed, although no doubt differences in this respect
exist in different animals, and probably in different men. When
an artery is closed very slowly, the communication with the
other one may gradually become sufficiently increased to
maintain the circulation after the first has become completely
occluded ; and the vessels of Thebesius, at least in the dog, may
maintain the circulation even after both coronary .vessels have
been obstructed. In consequence of this, if one artery be
ligatured the heart usually ceases to beat, and the same occurs
if an embolism should obstruct the artery. If one artery be
narrowed by atheroma, that part of the heart which it ought to
nourish is apt to undergo fatty degeneration, and one can
readily see that, even if the artery remains of its proper size, it
may become relatively too small for a heart which has under-
gone hypertrophy.

Self-massage of the Heart—In speaking of the venous circu-
lation in the limbs, I mentioned that the muscular movements

. 1926.—Diagram to {llustrate Briicke's yview of the suction action of the ventricular systole in
dnwing ;ﬁ:«i from the veins into the auricle, In both figures pis the pericardium, v the
ventricle, a the auricle, ao the acrta ; and ve the vena cava. For the sake of simplicity only
one auricls and ventricle are ﬂpmenud

tend to aid the return of venous blood, and the same thing
occurs in the heart ; for, during the contraction of the ventricle,
blood is pressed out mechanically from its vessels, and during
diastole the arteries are filled again at high pressure with blood
from the aorta. The same thing probably happens also with
regard to the lymphatics, which run alongside of the coronary
arteries.
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As Briicke pointed out in one of his lectures, which I heard in
Vienna in 1867, the pericardium may be likened to a bell jar, the
walls of which are moreor less rigid, the pericardium being attached
to the tissues all round it. (Fig. 125.) When the ventricle

Fig. 126.—Diagram of a transverse section of the thorax during inspiration and cardiac systole. It
shows the tendency to the formation of & vacuum in the plenral and pericardial cavities.
contracts, it tends to produce a vacuum in the pericardium, and
thus not only to suck blood into the auricles, but to exert
suction upon the ventricle itself, and thus to draw plasma from

Fio. 127.—Diagram of a transverse saction of the chest during expiration and eardiac diaztola, show-
ing the pressurs of the walls of the plenral and pericardial cavities against each other.

the blood-vessels into the cardiac muscle, and also lymph into

the pericardial space. When the heart dilates again in diastole

it tends to press the lymph out of the pericardium, and thus

———————
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keeps the pericardium always moist without any accumulation
of fluid occurring. The alternate contraction and dilatation of
the heart thus keep up what we may term a sort of self-massage,
by which both the circulation of blood and of lymph in and
around it are properly maintained (Figs. 126 and 127.) It is
evident, therefore, from what I have just said, that the mainten-
ance of the heart's nutrition depends greatly upon its own
activity, and this is a point of extreme practical importance.
Nutritive Action of Cardiac Tonics—We can thus see that,
in cases where the nutrition of the heart is failing, drugs which

Fig. 128, —After Ziegler. Section of an atheromatous cerebral artery. a, intima considerably
thickenad ; b, bonnding alastic lamella of intima ; e, madia ; d, adventitia; e, necrosed denncle.
ated tissus with masses of fatty detritus; f and f, detritus with cholesterin tablets; g,
infiltrated leucocytes in the intima; &, infiltrated lencocytes in the adventitia.

stimulate it to increased action do not act merely temporarily as
cardiac stimulants, but that they are really at the same time
cardiac nutrients. [t is because of this fact that the good effects
which we see from the use of strychnine, digitalis, strophanthus,
caffeine, etc,, in cardiac disease do not cease when the drugs are
withdrawn, but may continue and increase, these drugs having
given a temporary increase to the power of the cardiac muscle
which has enabled it to nourish itself more efficiently.
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Self-massage of the Arteries—Now, a very important set of
vessels in the body are the wasa-vasorum, the blood-vessels
which supply other blood-vessels. When these undergo change,
so that the blood-vessels themselves are badly nourished, the
condition of the circulation generally becomes very precarious,
for there is a great deal of truth in the old saying, that “a man is
as old as his arteries.” When his arteries become atheromatous
(Fig. 128) or calcareous, the termination of the man’s life is not
likely to be very far off. But the arteries also have a power of
self-massage. The hard fibrous tissue which forms their sheath
usually envelops not only the artery and vein, but also the
lymphatics. Between the intima and media of the artery, and
probably in the media itself, there are lymphatic spaces, and
in the adventitia there are distinct lymphatic vessels. The

Fio. 128.—Artary and vein in common sheath, to show the effect of the arterinl pulss in aiding
vonous circolation. A, artery in dinstole. ¥, distended vein. 5, common sheath. A’ artery
distended by the cardiac systole. V', the vain compressad and partially emptied of blood,

alternate distension and relaxation of the arterial wall at each
pulsation not only drives blood and lymph onwards towards the
heart at each beat of the heart, but, during the diastole, as the
blood runs out of the artery, there is a tendency for the arterial
coats to separate from one another, and thus draw in fresh
supplies of blood into the vasa-vasorum, and of plasma from them
into the arterial walls. (Figs. 129 and 162.)

PATHOLOGY OF THE CIRCULATION

Effect of altered Quality of Blood—However good the circu-
lation may be through the heart or vessels, they will suffer if the
quality of the blood is bad. Thus, fatty degeneration of the
heart is found in acute and chronic anzmia, in old age, in fail-
ing nutrition from disease, and from various poisons, eg. in
chronic alcoholism, or after the administration of chloroform,

N
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arsenic, or phosphorus. But a very frequent cause are the
toxins which occur in various diseases, especially those of the
infective fevers. Sometimes these toxins, instead of producing
fatty degeneration, cause a general softening of the muscular
tissue or parenchymatous degeneration, in which the muscular
cells become degenerated but not fatty.

Blocking of Coronary Arteries—Partial blocking of a branch
of the coronary artery may produce a local necrosis of the
cardiac wall, causing either sudden death or the formation of a
fibrous patch. When the coronary arteries undergo gradual
closure, the muscular tissue they supply either undergoes fibrous
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Fio. 180, —After Gaskell. Tracing showing stoppage of the heart by stimunlation of the vagus.
Awr. indicates tha auricular, and Fent. the ventricular tracing, The part included between
the npright lines indicates the time during which the vagus was stimulated. C.8 indicates
that the secondary coil nsed for stimulation was eight centimetres distant from the primary.
The part of the tracing to the left hand shuws the regular contractions of moderate height
before atimulation. During stimulstion, and for some time after, the movements of both
auricle and ventricle are entirely arrestod. After they again ecommence, they are small at
first, bnt soon acquire a much greater amplitude than before the application of the
gtimunlus,

change or fatty degeneration. In either case the heart is much
weakened ; and in chronic valvular disease, and in old people,
brown atrophy is common.

In the arteries, as in the heart, interference with the blood
supply causes degeneration. In one form—the nodular form—
there is inflammation in and around the arterial coats with local
infiltration about the vasa-vasorum, leading to spots of degenera-
tion, and formation of an atheromatous button, or a patch of
nodular arterio-sclerosis. In old people the arterial walls
become stiff, and are often as rigid as pipe-stems from calcare-
ous deposit, while the tissue underneath the intima may break
up and form rough atheromatous ulcers. One of the most
important changes of all is the diffuse arterio-sclerosis, or as
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Gull and Sutton call it, arterio-capillary fibrosis, in which the
wall becomes thickened from a deposit of hyaline tissue between
the muscular and the endothelial coats. This deposit, which
is so liable to occur in kidney disease, is of great importance,
because a lessening of the lumen of the arterioles increases
the peripheral resistance, leads to hypertrophy of the heart, and
thus to an enormous increase in blood pressure, with consequent
danger of rupture and apoplexy.

It is evident that thickening of this sort is not likely to
yield readily to vascular dilators, and that consequently one
may not be able to reduce the tension in a case of gouty kidney
by vascular relaxants, such as the nitrites, to the same extent
that one would expect if the increased tension had been

Fig. 181.—After Gaskell. Tracing showing diminlshead amplitude and slowing of the pulsations
without complete stoppage, during irritation of the vagus.

dependent upon spasm of the muscular coats of the arterioles
alone. It is clear, therefore, that more permanent good is to
be hoped for from such drugs as cause absorption, and especi-
ally from iodides, than from wvascular dilators alone. At
the same time this high tension either depends to a certain
extent on muscular spasm or does not affect the whole of the
vessels equally, because nitrites will reduce the blood pressure
to a certain degree in such cases.

Effect of Feebleness of the Heart on the Nutrition of Blood-
vessels—From what [ have said regarding self-massage of the
arteries, veins, and lymphatics within their common fibrous
sheath, it is evident that smallness of the pulse-wave and im-
perfect expansion of the artery tends of itself, whether it be due
to feebleness of the heart, high tension, or rigidity of the artery,
to lessen the massage and to interfere both with the nutrition

e
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of the vessels and with the onward passage of venous blood
and lymph. On the other hand, if the alternate dilatation and
contraction of the artery at each pulse be extensive, as in the
lower tracing (Fig. 132), the self-massage will be well effected.
Baths, exercises, general massage, and drugs, which increase
the amplitude of the pulse, are therefore useful aids to the
nutrition of the arteries. Digitalis and its congeners increase
the amplitude of the pulse by strengthening and slowing the
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Fi. 182.—Pulse tracing, showing the affect of massage and graduated movements. Each tracing
is taken partly with a slow and partly with & qniek movement of the aphygmograph. The
upper shows high tension and a feeble heart; the lower shows legs tension and a stronger
heart, Thesa tracings I owe to the kindness of Dr Gustav Hamel, to whose treatment I had
recommeanded the patient.

heart (p. 143); vascular dilators, like the nitrites, do so by
diminishing the tension (p. 161), :
Nervous Depression—One of the causes of feeble pulse is
feebleness of the heart’s action, and this may be due to many
causes. One common and important cause is nervous depression,
which acts through the vagus nerve. (Fig. 133.) This nerve,
which has received its name of vagus from its wandering course,
and which the Germans have translated as “die herumschweifende
Nerv,” gives branches to the heart, lungs, stomach, intestines,
liver, and kidneys.! As I have already mentioned in another
paper, nearly all the emotions can be expressed in terms of this
nerve. We say that the man’s heart sinks within him for fear
or apprehension, it beats high with joy or hope, he sighs for
grief; the stomach is affected, and vomiting may ensue from
disgust; the bowels move with compassion; and the effect
upon the kidneys from simple excitement is well known to all

! The pneumogastric appears to exert its action on the last three organs
through the cceliac, hepatic, and splenic plexuses.
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Fia. 188.—After Gaskell. Tracing showing diminished amplitude of contraction without slowing
or stoppage during irritation of vagus.
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Fig, 184.—After Gaskell. Bhowing increased cardiae action from stimulation of the vagus. In
this figure the lower tracing is that of the auricle and the upper that of the ventricle.

Fia, 186, —Bhowing the effect of eold upon the arteries. A shows the normal sphygmogram from
L'Il r1 lial artery. B la the same I.[ ar the ap || !Il."ﬁ.l'.l:-ll of a cold compress above the elbow.
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those who have had to do with examinations. Nervous depres-
sion from emotional causes is, I believe, a much more potent
factor in disease of the circulation than is generally recognised.
The effect of grief, worry, and anxiety upon the circulation,
especially in elderly people, is sometimes very marked. Not
long ago, I saw a man whose heart was very much diseased
indeed, as shown by physical examination, but he displayed
wonderfully few symptoms until he was told the actual condition
of his circulation, when he seemed, to use a common expression,
“to take it to heart,” and from that moment he went down
steadily and rapidly, and died within a few days. The coin-
cidence was very marked, as the change in him occurred within
a couple of hours, so that one could hardly ascribe it to anything
else than nervous depression. Conversely, hope and joy are
most potent factors in stimulating the cardiac action, and thus
increasing the circulation throughout the body, and putting
into action all those subsidiary aids to the nutrition of the
vessels, and the return of venous blood and lymph, of which I
have already spoken. (Fig. 134.)

One can plainly see that long-continued depression of the
heart's action by grief may bring about a condition of mal-
nutrition with no very definite organic change to explain it; and
such a condition is indeed frequently noticed, not only in the
old, but even in the young, where sometimes it produces a pre-
disposition to tuberculosis. I have seen one girl who was really
murdered by a curate, although no Court of Justice could have
laid the crime at his door. He paid attentions to her, led her
to believe that he was going to marry her, then suddenly forsook
her and married another. Grief at this action depressed the
circulation of the poor girl he had deserted, brought about a
condition of malnutrition, she got phthisis, and died in less
than a year.

It is possible that an abnormally low blood pressure may
sometimes be a precursor of phthisis, and give early warning of
danger. I have seen one case in which an abnormally low
pressure was accidentally found in an apparently healthy man,
who developed phthisis several months afterwards.

Fatty Degeneration.— Another very frequent cause of
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weakened cardiac action is degeneration of the muscular
structure itself, fibrous or fatty. This occurs very often in
diphtheria, typhoid fever, and other infective diseases. It
may also occur from altered nervous supply, and Eichhorst !
observed fatty degeneration in the heart of fowls, and Wassilieff
in that of rabbits,? after section of the vagi. Probably the great
weakness of the heart after diphtheria is due in some cases to
a double action, viz,, (1) to the effect of the toxin in causing
degeneration of the cardiac muscles, and (2) to its effect in
producing paralysis of the vagus nerves, just as it does of the
nerves going to the pharynx. This paralysis is shown by the
extreme rapidity of the pulse, which may come on during the
height of the disease and continue for months afterwards.

Fatty or fibrous degeneration of the muscular fibres naturally
produces feeble action of the heart, and such degeneration is
commonly consequent upon interference with the circulation
through the coronary arteries. Here we must distinguish
between the two sides of the heart, because although both
coronary arteries may be affected, yet occasionally we find one
affected and not the other. The symptoms due to affection
of the two sides we shall have to consider later on.

Pulse-rate—The rate of the heart, the rapidity or infrequency
with which it beats, depends upon many factors. In healthy
animals increased blood pressure slows the heart by its action

- upon the vagus roots, but when these nerves are divided

increased pressure has a variable action on the heart; some-
times slowing it, sometimes quickening it, but the conditions
upon which such retardation or acceleration depend have not
yet been fully ascertained. Heat as a rule accelerates the pulse-
rate and cold retards it, the effect of heat being to render the
heart more excitable, so that (1) stimuli are generated more
quickly in the venous sinus and auricles, and (2) also pass more
quickly to the ventricle. The effect of cold on the isolated
heart is exactly the opposite. Moreover, heat tends to dilate
the vessels, and thus to lessen the resistance the heart has to

! Eichhorst, Die trophischen Beziehungen der Nervi Vagt zum Herem uskel,
Berlin, 1879, p. 18.

: Wass:lmﬁ' Zilsch, f. klin. Med., 1881, iii., 316.
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overcome, while cold has an opposite effect. The circulation
in fevers, therefore, is usually rapid, and a warm room some-
times appears to cause such vascular dilatation that in delicate
people faintness comes on and a tendency to syncope; the

Fra. 186.—8hows the effect of warm clothing in dilating the arterioles, quickening the pulse, and
redueing the high tension of 1 to the low tension of 8. (After Marey.)
dilatation probably occurring chiefly in the splanchnic area, in
which the blood accumulates, as it does after section of the

splanchnics. ((f. Fig. 10, p. 12.)
The normal pulse-rate in men is from about 60 to 8o
per minute. Its rate when the vagi are paralysed is about 120.

Fia, 137.—Effect of faver.

This is known from the fact that large doses of atropine or
belladonna paralyse the vagus; and in cases of poisoning by
these substances in man the pulse-rate has gone up to 120 or
upwards.! In very nervous people, especially some women,
the pulse-rate may rise a good deal above this, but such
quickening is only temporary.

L Atropine probably stimulates the accelerators as well as paralyses the
inhibitory nerves of the heart.






LECTURE IV

Paroxysmal Tachycardia—Bradycardia—Intermittent Pulse—Palpitation—
Shock—Syncope—Embolism and Thrombosis—Claudication—Angina
Pectoris—Raynaud’s Disease—Chilblains, Urticaria, Angia-neurotic
(Edema—Migraine—Sensitiveness of Arteries—Sensitiveness of the
Heart. VALVULAR DISEASES OF THE HEART: Aortic Obstruction—
Aortic Regurgitation — Failing Compensation — Mitral Incompetence
(Functional)—Cardiac Strain.

Parvoxysmal Tachycardia—There is a nervous affection of the
heart known as paroxysmal tachycardia, in which the pulse
suddenly becomes quick and continues so for a length of time,
varying from minutes to hours, and then returns suddenly to
the normal. It is usually accompanied by feelings of great dis-
comfort, sometimes like those of angina pectoris. The cause of
it is obscure. It is generally associated with some disease of
the walls of the heart, especially with fatty degeneration.
Bradycardia— Another condition, just the opposite of this,
is extreme slowness of the heart, or bradycardia. In this
condition the pulse may fall as low as eighteen per minute.
Napoleon's pulse is said to have been only forty per minute
during the whole of his life. The slow pulse may be either
apparent or real. In some cases an apparent slowness is due to
the fact that some beats of the heart are so feeble that the
ventricle never opens the aortic valves, and.no pulse reaches the
wrist. Sometimes alternate beats are weak and strong, so that
for a heart beating eighty times per minute only forty radial
pulses are felt. (Fig. 138.) Inother cases, however, there are no
small beats but only slow pulsations, Weakness of the heart lead-
ing to this condition may occur from temporary feebleness after
fevers, and especially infective fevers such as diphtheria, enteric,
106
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pneumonia, and rheumatic fever, or from general debility, or
from fatty or fibroid degeneration of the cardiac walls. It
sometimes occurs when the resistance which the left ventricle
has to overcome is very great, as in Bright's disease and lead
poisoning. It also may happen from increased resistance to the
action of the right ventricle in emphysema. It may be due to
irritation of the vagus centre in the medulla, either by (1) central
influence, or by (2) reflex stimulation of peripheral origin.
Among the central causes are pressure upon the brain by
tumour ; by effusion of blood, as in apoplexy; by chronic in-
flammation, as in general paralysis; as well as in mental affec-

Fig. 183.—Tracings from tha left ventricle and aorta, showing a slow pulse in the sorta dus to
each altarnate beat of the ventricle being too weak to overcoma the pressure within the aorta
and lift the aortic valves. The upper tracing, V G, is from the laft ventricle. The lower, A
is from the aorta. N is the level which the pressure within the ventriels must attaln in
order to ralss the aortic valves. (After :‘I.[.'l.l'ua;rS

tions, mania, and melancholia, and disease or injuries of the
medulla itself, and of the cervical cord. It may be brought
about by reflex irritation from the sexual organs, from the skin,
from the liver, or from the stomach, as in chronic dyspepsia,
gastric ulcer, and cancer. (Fig. 139.) It occurs in poisoning by
bile-acids, in jaundice, the action here being probably exerted
on the muscular fibre. Other agents, such as tobacco, coffee,
digitalis, and sometimes alcohol may cause it, partly by their
action upon the cardiac muscle, and partly upon its nervous
supply.

Intermittent Pulse—Both in tachycardia and bradycardia,
although the rate of the pulse is disturbed, its rhythm remains
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regular. Intermission of the pulse is a frequent condition. In
it one beat is occasionally dropped. This may happen once in
three times, so that two regular beats come followed by a pause,
or it may occur in four, five, or more beats which are quite
regular, or it may happen at irregular intervals; for example,
once after three, next time after five, next after seven, and then

Cerebram s===--—===-,
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Fic, 189.—Diagram to show the afferent channels throngh which the vagus may be
; stimulated.

again after two. Such irregularity may possibly be a portion
of a very large recurring rhythm, but in most cases if such a
rhythm exists it is difficult or impossible to make it out. In the
case of a man recovering from digitalis poisoning, 1 had occasion
many years ago to observe the form of irregularity shown by
the pulse! At first the beats were very rapid with occasional
slow ones interspersed, then it became slow with an occasional

! Lauder Brunton, * On Digitalis,” etc., Inaugural Thesis, 1866. Reprinted
in Collected Papers on Circulation, First Series, pp. 100 and 101.
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assumption that the nervous system also plays a part in the
cardiac rhythm, and that sometimes the nervous and muscular
rhythms interfere with one another. In my first lecture I men-
tioned some of my grounds for this belief, and since it was
delivered, details of experiments by Von Basch and Frohlich have
been published, which tend to substantiate the accuracy of the
views that I then brought forward.!

Palpitation—Palpitation of the heart is a very troublesome
symptom, and its causation is very obscure. Sometimes it
appears to be almost a purely subjective sensation, as the
patient has a sensation of the heart beating strongly, yet the
hand applied to the apex beat does not perceive anything
unusual. In other cases the force of the apex beat, as felt by
the hand, is distinctly increased. I have noticed such an
increase take place in animals poisoned by digitalis. In my
thesis on the action of this drug, I discussed the mechanism of
palpitation, and arrived at the conclusion that it was probably
due to increased power of the heart in proportion to the
resistance it had to overcome, so that the ventricular contrac-
tion occurred rapidly, and the apex therefore struck forcibly
against the chest wall.? What seems to confirm this opinion is,
I think, the fact that palpitation is frequent in states of debility,
but that when the heart is hypertrophied and the tension is
high, so that, despite its abnormal strength, the heart cannot
contract quickly, palpitation is frequently, indeed one may say
generally, absent.

Effect of Position on Palpitation—One would naturally
expect that a constantly recurring rhythmic blow upon the
heart at each pulsation would increase its action, and, as a
matter of fact, this appears to be the case. The heart is a
mobile organ and moves considerably to the left when a person
lies on that side. The apex, therefore, tends to strike more
forcibly against the chest wall, and as the effect of this is similar
to that of a blow on the heart at each beat, many people are

! Von Basch and A. Frihlich, Centralbiitt f, Physiologie, Bd. xviii. ;

Literatur, 1904, p. 693.
? Lauder Brunton, “On Digitalis,” etc., Collected Papers on Circulation

and Respiration, First Series, p. 52. London : Macmillan & Co.
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syncope is that usually in shock the brain remains clear, but
in syncope the person becomes suddenly unconscious. The
pathology of syncope has not been thoroughly made out, but it
appears to be due to sudden anemia of the brain. The brain
requires a large supply of blood when it is functionally active,
so that blood is withdrawn from the limbs, and they become
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Fic. 146.—<To show the contraction of the vessals produced during the process of multiplying 245
by 16. 8, Vulume of left arm. A marks tho point at which the caleulation waz commenced ;
after this point the préssara falls, R, Bespiratory movement of chest, X, Abscissa. T, Time
line: every upright marks an interval of five seconds,

smaller. This is shown by Mosso with the aid of the plethys-
mograph (p. 67). When measured by this instrument, the
volume of the arm was found to become much smaller when
the person thought hard, as the blood required by the increased
functional activity of the brain was withdrawn from the arm.
(Fig. 146.) When the body is upright, the pressure of blood

Fig. 147.—Tracing from the brain. A, in upright posture; B, with the head inclined forwards.
: : [f‘l‘wr Brisaand and Francols-Franck. Marey's Trovausz, 1877.)

in the brain is less, but it becomes greater when the head is
lowered. (Fig. 147.) The recumbent position is therefore the
best to restore a fainting person, and the tendency to faint
may sometimes be averted by placing the head on the hands
between the knees. (Fig. 148.) Before the intrm‘lucﬁmn fﬂ-r
an@sthetics it was a frequent custom to perform operations in
a state of syncope, which was induced by laying the patient
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flat on the ground for a short time and then raising him
very suddenly to the upright position by several strong men.
A curious observation was made by John Hunter on the
flow of blood during syncope. In a lady who was being bled,
the blood issued from the vein slowly

and was black, but the moment she

fainted the blood rushed out quickly

and became of a bright colour. This

phenomenon is exactly what is seen in

the condition of the submaxillary gland

when its arterioles dilate on irritation

of the chun:_la. tympani. As the blood ~ CRLI S R
from the veins at the bend of the arm fainting.

comes to a great extent through the :

muscles, we are, I think, justified in believing that, in some
cases of syncope at least, the vessels of the muscles undergo
sudden dilatation, and thus the blood pressure becomes enor-
mously and instantly reduced.

Embolism and Thrombosis—When the blood-vessels become
obliterated, the supply of blood to the parts to which they are
distributed may become so insufficient that the tissues die and
gangrene ensues. This obliteration may be due to embolism
or thrombosis; as, for example, when a clot ar vegetation
becomes detached from the heart and is carried onwards by
the circulation until it is stopped in an artery through which
it cannot pass, and which it consequently plugs. Sometimes
the arterial wall undergoes atheromatous degeneration, and this
may either lead to thrombosis occurring at the spot where the
wall is narrowed, or the atheromatous matter may become dis-
lodged and produce embolism further on. In old persons, the
arterial walls may become degenerated and contracted to such
an extent that senile gangrene of the extremities appears.
Before such a stage as this is reached, however, an inability for
exertion comes on. This was noticed by Sir Benjamin Brodie,
and his description is so good that I cannot do better than
quote it :—

Claudication.—" Such patients,” he said, “walk a short
distance very well, but when they attempt more than this, the

1?
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muscles seem to be unequal to the task, and they can walk no
further. The muscles are not absolutely paralysed, but in a
stage approaching to it. The cause of all this is sufficiently
obvious. The lower limbs require sometimes a larger and
sometimes a smaller supply of blood. During exercise a larger
supply is wanted on account of the increased action of the
muscles ; but, the arteries being ossified or obliterated, and thus
incapable of dilatation, the increased supply cannot be obtained.”

Angina Pectoris—" This state of things is not peculiar to the
lower limbs. Wherever muscular structures exist, the same
cause will produce the same effect. Dr Jenner first, and Dr
Parry, of Bath, afterwards, published observations which were
supposed to prove that the disease which is usually called
‘angina pectoris’ depends on ossification of the coronary
arteries. . . . When the coronary arteries are in this condition
they may be capable of admitting a moderate supply of blood
to the muscular structure of the heart ; and as long as the patient
makes no abnormal exertion, the circulation goes on well
enough; when, however, the heart is excited to increased
action, whether it be during a fit of passion, or in running, or
walking upstairs or lifting weights, then the ossified arteries
being incapable of expanding so as to let in the additional
quantity of blood, which, under these circumstances, is required,
its action stops and syncope ensues; and I say that this exactly
corresponds to the sense of weakness and want of muscular
power which exists in persons who have the arteries of the legs
obstructed or ossified.” !

Raynaud's Disease—Temporary contraction of the artery and
anemia of the tissues occurs in a disease described by Raynaud,
and which bears his name. In this disease the arteries
contract spasmodically, and I have seen first of all the tips of
the fingers become cold, bloodless, and shrunken like the
fingers of a corpse, and this condition gradually extended up
the hand in the course of five or ten minutes. Sometimes only
one finger is affected, sometimes the whole hand, sometimes the
toes, the tips of the ears or the nose, and occasionally, though

1\ Lectures on Pathology and Surgery, by Sir Benjamin Brodie, London,
1846, p. 360.
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rarely, the arms and legs. The internal arteries appear also to
undergo a similar contraction, especially those of the kidneys
and brain, because this disease is frequently associated with
hemoglobinuria and sometimes with epileptic symptoms and
transient hemiplegia. The condition is very much like what
occurs after immersion of a hand in very cold water, and just as
after the hand has been withdrawn it usually becomes swollen
hot and red, so the extremities after the spasm has passed off in
Raynaud’s disease become red and hot. In very cold days we
notice that the whiteness of the skin which indicates both
arterial and venous contraction, is succeeded by arterial con-
traction with venous dilatation, so that the surface becomes blue
instead of white. The same thing occurs in the severer cases of
Raynaud’s disease, and the term of local asphyxia has been
given to the condition. In extremely severe cases the contrac-
tion has led to complete stoppage of the blood supply, and
consequent gangrene, like that which occurs in senile degene-
ration of the vessels.

Chilbiains, Urticaria, Angio-neurotic (Edema—A condition
which is very much allied to this, but much milder, is the
common one of chilblains. Another ailment which is very
troublesome and where there is a local vascular dilatation with
effusion of lymph, is urticaria. The wheals characteristic of
this complaint are very much like those which are produced by
a stinging nettle. They may occur without visible cause, but in
some persons with an irritable vascular system they may be
produced by simply scratching the skin, so that the patient’s
name may be written on his back with the finger-nail. In
so-called angio-neurotic cedema, instead of mere wheals
occurring, the patient may become affected by rapid and intense
cedema over a large portion of the body. I have seen in
half an hour one side of the patient's face become so much
swelled that the left eye was almost closed, and the left side of
the face was like that of a patient suffering from advanced
renal dropsy, whilst the other side of the face remained
perfectly healthy. The pathology of this condition has not been
made out, but the cause of the trouble probably is that there
are toxic substances in the blood, for urticarial rashes are very
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common after the injection of diphtheria antitoxin, and I have
seen universal cedema, resembling that of advanced renal dropsy,
brought on by the injection of anti-streptococcic serum. The
one-sided character of the affection in the case I have just
mentioned shows that the nervous system is also deeply
concerned in the disease.

Migraine.— Sensitiveness of Arteries.—In the conditions of
which I have just been speaking the small arterioles and
capillaries are chiefly affected, but arteries of moderate size,
such as the temporal artery, and even large arteries like the

Fio. 160.—Diagram of arteries during

Fie. 140.—Diagram of the carotid, tem. migraine, showing dilatation of the
poral, and occipital arteries in the normal carotld and spasmodic contractions of
stata, the temporal arteries.

carotid, may undergo very considerable alterations in their
calibre, either in the way of contraction or dilatation. A good
deal of discussion has taken place in regard to the pathology of
sick headache or migraine. Du Bois Reymond described the
temporal artery in his own case as being much contracted
during the headache, and therefore concluded this was a general
condition ; while others have described this artery as widely
dilated and throbbing, and have supposed this condition to be
constant. [ have unfortunately had only too many oppor-
tunities of repeating these observations on my own head, and I
have found that, as is often the case, both parties are right and
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both parties are wrong ; that the condition described by each
occurs, but that it does not extend to all parts of the artery at
the same time. Sometimes, for example, during a fit of
migraine I have found my temporal artery widely dilated and
throbbing (Fig. 151), at other times I have found it hard and
contracted, like a piece of whip cord (Fig. 150); but when it was
dilated, if I followed it onward towards the periphery I ascer-
tained that the ascending temporal branch was contracted like a
bit of piano wire. (Fig. 151.) On most occasions, if I followed
the contracted temporal artery

backwards towards the heart, I

found that the carotid on that side

appeared to be as thick as my

thumb, distended to three times —

its normal diameter, and pulsating J.E“:,\

violently. The conclusion I came

to, therefore, in regard to the path- ( 7\
ology of migraine, is that there is
peripheral contraction and central
dilatation of the arteries. Arteries

are sensitive, as was known in the

old days before the introduction

of anwsthetics, because patients

complained of pain when the Ml Dltgman of arieis due
arteries were ligatured. That the She o o Ao caconding
pain in migraine isto aoreat ex-  fateloancolss snferar fempord.
tent due to the stretching action

exerted on the contracted temporal artery by the blood which
tries to pour into it from the dilated carotid, is shown by the
fact that if pressure be exerted upon the carotid so as to stop
the pulse in the temporal artery, the headache will frequently
disappear instantly. Unfortunately, however, it is almost im-
possible to compress the carotid without also pressing upon the
vagus, and the sense of oppression on the chest which this pro-
duces is so great that one is generally obliged to stop the com-
pression after a few seconds, although the moment the finger is
removed the pain in the head comes back with a rush of peculiar
intensity, Megrim is often regarded as a neuralgic condition,




e

118 THERAPEUTICS OF THE CIRCULATION [Lect. 1v.

but the observations upon my own head which I have just
detailed have convinced me that, although the vascular disturb-
ance which occurs in it is almost certainly due to an altered
action of the vaso-motor nerves, yet the pain is to a great
extent like that of colic, where we find intense pain due to
spasmodic contraction of one part of the intestine with dilata-
tion or distension of another.

Sensitiveness of the Heart.—Like the vessels, the heart is
probably sensitive and capable of originating pain of a most
intense character. Pressure from the outside is not felt, as
Harvey discovered in the case of young Lord Montgomery, in
whom a congenital defect of the sternum exposed the heart,
But pressure from without, unless very excessive, does not
produce pain in hollow muscular organs such as the stomach,
intestines, urinary bladder, gall-bladder, gall-duct, or ureter, yet
distension from within causes pain of the most intense character
in all of those organs. All these are liable to discomfort
without pain, and the heart, too, frequently feels discomfort
without pain. The sense of oppression which is felt from grief
or anxiety is, I think, due to the effect of the vagus nerve,
because I have noticed in my own case that grief has produced
a sensation of oppression in the chest which has persisted after
the emotion which had given rise to it had passed away. We
know that this feeling of oppression can be produced by
mechanical irritation of the vagus; for Professor Czermak had
a small exostosis on one of his cervical vertebrz, and by
compressing his vagus between it and his finger he was able
to stop his heart, but the pressure at the same time caused this
feeling of oppression, or, as he termed it, “ Beklemmung” in the
chest.?

In angina pectoris there are frequently two sensations, or
perhaps even more: one of intense oppression, and one of
extreme pain. That of extreme pain I am inclined to regard

1 When Professor Czermak described this feeling he supposed that the
vagus was compressed between his finger and an enlarged gland, but I was
informed by the late Professor Sharpey that what Czermak supposed to be
a gland was afterwards discovered to be an exostosis on one of the cervical

vertebrze.
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as similar to colic in the intestine, and as depending upon
spasmodic contraction of the heart against resistance which it
cannot properly overcome, It is very difficult to make observa-
tions in angina pectoris ; because when the attack comes on, the
apparatus for observation is generally not at hand, and even if
it is, one is so much taken up with trying to relieve the patient
that one does not care to trouble him with the application of
instruments. In 1866 and 1867 I had an opportunity of making
observations in a case of angina pectoris, in which the attacks
occurred every night and lasted two or three hours. During the
attack the pulse was very rapid and the arterioles were con-
tracted, as is shown by the very slow fall of the arterial
tension during the cardiac diastole. But even with everything
at hand I only once succeeded in making one observation, and
that a very imperfect one, of the commencement of an attack,
which showed that as the pain came on the tension rose. (Fig.
212, p. 187.) I was able to make numerous observations
regarding the end of an attack, and found that as the tension
fell the pain disappeared.!

VALVULAR DISEASES OF THE HEART

Aortic Obstruction—We may now pass on to an important
class of cases, namely, those of valvular disease of the heart.
The aortic orifice sometimes becomes inflamed during feetal life,
and becomes narrowed in consequence, but more usually the
aortic valves become either stiff with advancing years, or vege-
tations, frequently calcareous, form on them and lessen the
diameter of the orifice.

We must distinguish carefully between “ stenosis ” and mere
“ obstruction,” because a small atheromatous mass may obstruct
the orifice and give rise to a loud systolic murmur, but yet may
practically have little or no effect in lessening the lumen of the

! Since these lectures were delivered I have had an opportunity of
watching a case of severe angina pectoris daily for many weeks, and have
been able to satisfy myself that although rise of tension, quick pulse, and
cardiac pain usually came on together, yet each might occur separately
without the others. A feeling of anxiety often accompanied the pain, but
anxiety might occur without pain, and vice versa.
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vessel, and consequently will produce no practical change in the
circulation or in the condition of the pulse. In many cases,
especially of elderly people, the

e aorta becomes atheromatous and
//’ T . rough, so that a systolic murmur
' occurs in it, but unless the valves

are affected, no regurgitation re-
- F A sults. (Fig. 152.)

Aortic Regurgitation—When
the valves are diseased, general
incompetency as well as obstruc-
tion occurs, and during the dia-
stole blood flows back into the
ventricle as well as onwards

Fia. 152.--Di to show ti 1 1 i
Sintlon o the murmut v maias o oras the periphery. (Fig. 155
atheroma of the aorta. It is genemally Slight degrees of pure stenosis
heard best over the right half of thas y
sternum, opposite the second rib or first hawve little or no effect upon the

intercostal space, but it may ba lower 5 - !
down or higher up. It is sometimes very circulation, but as the work which

limited, but is nently transmif - -
up\:’ards along tlmnmm nate, whilean the ventricle has to do in order to

e e e expel the blood is increased by
the resistance in front, it usually

becomes hypertrophied. As the amount of blood it has to send
into the aorta is not more than usual, its cavity does not increase,
or, in other words, does not undergo dilatation. When there is
regurgitation as well as stenosis, blood pours into the ventricle
from both ends, from the auricle and from the aorta, so that the
amount of blood it is called upon to hold is greater than usual,
[ts cavity becomes dilated, and at the same time, in order to
send this large wave of blood onwards, its walls require to be
stronger than usual! They become thicker, or, in other words,
both dilatation and hypertrophy occur. So long as this
compensatory hypertrophy is sufficient to enable the ventricle
to do its work, there may be no symptoms at all, and I have
seen patients engaged in arduous physical labour, carrying
heavy hods of bricks up ladders many times a day, without
knowing that there was anything the matter with them. Not
infrequently one may notice that the face has a peculiarly

! For pulse tracing of aortic regurgitation, vide Fig. 115, p. 88.
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also referable to the heart, such as palpitation, cardiac uneasi-
ness, or anginal pain.

Mitral Tneompetence (Functional)—So long asthe mitral valves
remain competent, the symptoms remain limited to those parts
of the body supplied by the aorta. But when the heart dilates
so far that the mitral valves no longer close the auriculo-
ventricular orifice and the blood pours back into the left auricle
and pulmonary veins, symptoms of pulmonary engorgement
develop.

Incompetency of the mitral valves may be brought about
either by the orifice becoming too large for the valves, or the
valves too small for the orifice. It was shown by Ludwig that,
when the ventricle contracts normally, the muscular fibres
around the auriculo-ventricular orifice lessen it to such an extent
that even imperfect valves might close it; but when the heart
is dilated, the orifice becomes so large that the valves will not
close it, however healthy they may be.

Cardiac Strain—Such dilatation occurs as a sequence to
aortic regurgitation, but it also occurs from violent strain in
healthy people (Fig. 158), and also from cardiac weakness.
Indeed this happens not infrequently in cases of anzmia
and debility, such as occur after acute disease. We then
find that a systolic murmur, indicative of mitral regurgi-
tation, becomes very evident, but as the heart gains power,
the murmur completely disappears. One such murmur I
watched with great interest in a girl, who was able to play
lawn tennis without any injury whatever, but every time
that she went to a dance, the combination of late hours and
emotional excitement with active exercise brought on a marked
systolic murmur.

Regurgitation may also occur from irregular action of the
musculi papillaries, as I observed in some experiments which
I made during the year 1865 upon the action of digitalis, and
where I heard a mitral regurgitant murmur occur in the heart
of a dog which had been poisoned by digitalis, although post-
mortem examination showed the heart to be perfectly healthy.!

! Lauder Brunton, Cellecled Papers on Circulation and Respirvation,
p. 114.
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Fig, 157. —After Dr Th, Schott, Photograph by the Rdatgen rays, showing the heart In
& healthy man befors exertion,

Fio. 165.—After Dr Th. Bchott. Skiagram of the heart of the same man as Fig. 157, after
violent exertlon, showing temporary dilatation.
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of the auricle then occurs, while the ventricle may be smaller
than normal. In such a condition the pressure within the
pulmonary veins and the auricle tends to be more or less con-
stantly high, while that in the ventricle becomes low after the
systole is over.

I mentioned before, when speaking of the physiology of the
heart, that dilatation of the apex of the frog’s heart by pressure
from within would act as a stimulus to this portion of the
ventricle, and cause it to beat rhythmically when it would
otherwise remain perfectly still. The application of this con-
stant pressure to the pulmonary veins and left auricle, while it
is absent from the left ventricle, naturally tends to disturb the

Fio. 160.—Tracing of pulsa from & case of mitral incompetence. (After Marey.)

rhythm, and consequently irregularity of the pulse is more fre-
quent in mitral obstruction than in any other form of cardiac
disease.!

Cardiac Dyspnea. — Involuntary muscular fibre seems to
have less power of withstanding strain when it is constant than
when it is intermittent, and it is in mitral obstruction that we
most frequently find the pulmonary capillaries giving way
before the strain, and hamoptysis occurring.

Backward pressure in the pulmonary circulation, of course,
retards circulation through the lungs; less blood can pass
through in a given time, and consequently both in mitral

I Luchsinger (Arch. f. d. ges. Physiol, xxvi., p. 451, _IBH]? and Schiff
(Fbid., xxvi., p. 456) found that the rhythmical contraction in veins ﬂhﬁ_cr'-_fed
by Wharton Jones (PAél. Trans., 1852, p. 1) dep_cndl on the pressure inside
the veins ; being well marked when the pressure is high, m}d absent ':vihen the
pressure is low. Cf. p. 17, observations of Brunton and Fayrer on * Rhyth-
mical Pulsation of the Vena Cava and Pulmonary Veins " ; i_"t:-r if l_Ins c.rb_serv:i.-
tion holds good for these veins, the pressure may Exmm_snmull in the
pulmonary veins whose rhythm may still further interfere with that of the

other cavities of the heart.
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regurgitation and in mitral obstruction, shortness of breath is a
prominent symptom. A patient may be perfectly ccqurtable
while at rest, but there is no reserve power, and exertion at
once brings on quickened breathing and distress, which may
sometimes be very severe. In consequence of this obstruction
to the pulmonary circulation, the right ventricle has more
resistance to overcome, it is obliged to contract with more force,
and on account of the increased work tends to become hyper-
trophied. As a rule, its working power becomes more and more
taxed until the maximum is reached, and then it begins to
dilate, so that the tricuspid valves become incompetent and the
blood pours back into the auricle and the vena cava,

Venous Engorgement—Dilatation and hypertrophy of the
auricle occur in the same way as on the left side, but there being
no valves in the vena cave, the whole venous system is likely
to become engorged. The first indication of venous engorge-
ment is shown in those parts of the body where the venous
pressure is highest, namely, in the feet and ankles, because in
these places there is not only the backward pressure which
exists in the vena cava itself, but the weight of the column of
blood between the feet and the heart. It is this extra weight
that determines the yielding of the venous capillaries and the
exudation of fluid. This is shown by the fact that when the
weight of blood is taken off the feet by keeping them raised
upon a high stool or chair during the day, or by putting the
patient to bed, the cedema as a rule disappears. Next the liver
and portal system suffer. The liver becomes congested and
enlarged, and flatulence both in the stomach and intestine
becomes a troublesome symptom. (Figs. 14 and 181.) As the
congestion increases the liver may be felt hard, smooth, and large,
reaching down sometimes to the iliac crest, and water exudes into
the abdominal cavity, producing ascites. The kidneys also be-
come cengested. The increased venous pressure lessens the circu-
lation through the glomeruli, the urine becomes scanty and loaded
with lithates, and then albuminuria appears. (Cf. Fig. 178, p. 149.)

Other forms of Cardiac Disease—It is obvious that all the
conditions I have just described may result as consequences of
aortic regurgitation, but the number of these conditions will be
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greater or less in other forms of cardiac disease, according to
the point in the circulation where the lesion occurs. Thus, we
may have all the symptoms of wvenous engorgement from
weakness of the right ventricle and inability to drive the blood
through the lungs. This weakness may be absolute, due to
fatty degeneration of the cardiac muscle, consequent upon
atheroma of the right pulmonary artery ; or it may be relative,
due to greater resistance to the circulation in the lungs them-
selves, as, for example, in chronic bronchitis and emphysema.
A very instructive experiment in regard to this is that which
goes by the name of Valsalva. If one breathes out against
resistance—as, for example, by closing the mouth and nostrils
forcibly, or, what is even more instructive, by blowing against
the mercurial column in a manometer—it is found that the pulse
will stop entirely when the pressure within the lungs reaches a
certain point. As a young man I have frequently tried this,
and could stop my pulse completely. So far as I can recollect,
the height to which I raised the mercury before this occurred
was somewhere between six and eight inches, but I have not
repeated the experiment for a long time, and do not care to do
so now, because it is not altogether without risk. In efforts of
coughing, expiration is, of course, made against raised pressure
caused by the closure of the false vocal cords,! which yield in an
explosive manner after the pressure has become raised to a
certain extent, and mucus is carried out by the forcible stream
of air issuing from the lungs. In violent coughing, the effect of
raised pressure in the pulmonary alveoli upon the pulmonary
circulation becomes very evident. The face becomes congested,
and if the coughing be long continued, becomes more or less
livid, and the jugular veins stand out largely upon the neck.
In people who are otherwise healthy, the ventricle recovers
itself when the coughing ceases, but prolonged strain, as in
chronic bronchitis or spasmodic asthma, tends to cause per-
manent dilatation of the right side of the heart with all its
attendant evils,

Vicious Circle—As in many other things, the conditions in
cardiac disease form a vicious circle. The disordered circula-

! Brunton and Cash, Journ. of Anat, and Physiol,, vol. xvii., 1882-83.
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we had fixed upon the bannisters of the stairs on the bedroom
floor a strong pulley provided with rope and basket, and that
the patient weighing, let us say, 150 lbs,, is put into the basket
on the ground floor, and that we had to pull him up by means
of the rope, we will then understand the number of foot-pounds
involved in the amount of exertion required to bring him from
the dining-room floor to his bedroom. The weight is the same
and the height is the same when the patient is drawn up in
a basket and when he walks up himself. By putting the
position before a patient in this way I have sometimes
succeeded in convincing him that the work involved in walking
upstairs was really great, and more than his enfeebled heart
could stand. But it is not merely in walking upstairs that the
heart has extra work to do. Even in getting into bed, work
requires to be done, and, unfortunately, as in the case of a
patient whom I saw immediately after giving my third lecture
here, the exertion of getting into bed may prove fatal.

Rule regarding Rest for Patients—The advice 1 give to
patients is, that they shall nof take one beat out of their heart
that can possibly be avoided; that they shall not do one thing
for themselves which anybody else can do for them. Nobody
else can breathe for them, nobody else can swallow for them,
nobody can evacuate for them; but with these exceptions
everything else should be done for them. When they wish
to sit up in bed, they should be raised up by others; when
they wish to turn, others should move them ; when they wish
to evacuate, a bed-pan should be placed under them. There
are certain people who seem to be unable to evacuate either
the rectum or bladder in the recumbent position, and for these
I am accustomed to recommend that a platform should be
made of rough deal, of such a height as to raise a commode to
the level of the bed, and that the patient should be slewed on
to it and off it in such a manner that the pelvis always remains
in the same plane, and is never either raised or lowered, the
only change being in the relative position of the trunk and limbs.

Position.—But here we are met at once with the great
objection that in these severe cases the patient cannot lie
down on account of difficulty in breathing. The cause of this
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resting completely, either in bed or in a chair, all the acces-
sory means of circulation in the limbs of which I have already
spoken are absent, and not unfrequently one finds that the
feeble circulation in the muscles, and the consequent accumula-
tion of waste products, give rise to feelings of heaviness in the
limbs, discomfort, and restlessness which are very trying to
the patient. In health, the arteries which run in the same
sheath as the nerves exercise a kind of massage upon them by

Fia. 162.—Diagram of artery and nerve in a gsheath of connective tissue, to illustrate self-
massage of the artery and nerves, A, lymphatics. B, sheath. 0, narve.

the alternate contraction and expansion in the same way as on
the veins (Fig. 162), but when the pulse is feeble the nerves suffer
in consequence.! The indication for treatment here is to re-
place the natural accessories to circulation as far as possible
by artificial ones, and this we are able to do to a certain extent
by skilful massage. Massage is one of the most powerful agents
in the treatment of such cases. It is a therapeutic agent of
very great power and value; but, like opium, which from its
utility has been termed God’s greatest gift to man, it is liable
1 Vide p. 6.
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resistance which the flow of blood through the arterioles
and capillaries has to overcome is lessened, and the work .nf
the heart lightened. The weariness, the weight, and the dis-
comfort of the limbs are removed, and the restlessness and
irritability of the patient lessened. (Figs. 163 and 166.)

The combined effect of rest and massage is that the heart
beats more slowly, beats more easily, has a longer period of
repose between each beat, and less work to do at each systole,
and thus the process of repair is allowed to begin.

The lessened resistance allows each cavity to contract more
perfectly, the longer pause allows each cavity to become more

i A

Fi6. 166.—To show the relisf from fatigue produced by massage. (After Maggiora and Vinaj. Bl
1. Kilin. : Hydrotherapie, 1802, p. 6.) 1. The fatigue curve of the left hand raising a weight of
8 kilogrammes every two seconds. 2. The fatigue curve of the laft hand. 8. The fatigne curve
of the left hand after five minutes' massage, 4. That of the right hand without massage. This
tracing s taken by Mosso's ergograph. (Fig. 164.)

full of blood, the larger pulse-wave sent into the vessels at each
ventricular contraction increases the amplitude of the pulse in
the arteries, and thus brings about a more efficient self-massage
in the arterial walls, and consequently a more efficient return
of blood and lymph from the veins and lymphatics, which
accompany the arteries in their sheaths.

The heart itself, by means of its more efficient self-massage,
gets rid of its waste products, is better supplied with blood, and
gradually becomes stronger and stronger, until finally many
patients who seemed moribund recover under the influence of

L Vide Fig. 1, p. 6.
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rest and massage to such an extent that they may become
practically well and remain so for years.

But it is not only on the heart and vessels that the
influence of rest and massage and the consequent improvement
of the circulation is noticed. On account of the increased
circulation through the muscles, waste products are more
thoroughly oxidised, and, the massage taking the place of
exercise, a better appetite for food is produced, whiist the
diminished congestion of the liver, stomach, and intestines
improves digestion, and thus lessens flatulence. Massage to the
abdomen aids this process: it tends to cause expulsion of gas
from the stomach and intestines, and thus decreases the

Fio. 167.—Pulse tracing, showing the affect of massage and graduated movements. Each tracing
is taken partly with a slow and partly with a quick movement of the aphygmugmgh.
Tha upper shows high tension and a feebls heart; the lower shows less tension and a
stronger heart. These tracings [ owe to the kindness of Dr Gustay Hamel, to whose treatment
I had recommended the patient.

mechanical interference which the abdominal distension exerts
upon the lungs and heart. The freer circulation tells upon
the kidneys also. The urine becomes more abundant in
quantity, albumen disappears, waste is more freely eliminated,
and absorption goes on both from the inter-cellular tissue and
serous cavities, so that the cedema of the limbs and accumula-
tion of fluid in the peritoneal or pleural cavities become
absorbed, and the cedema, ascites, or pleural effusion disappears.
Pleural effusion is, of course, a very serious complication
in valvular disease, encroaching as it does upon the available
breathing space, and its appearance should always be carefully
watched for, more especially as its occurrence is often insidious.
It is, however, less common and less disturbing than abdominal
distension by gas or water, or both.

B

e

CEE T T WL

o S




EFFECT OF FLATULENCE ON THE HEART 137

Effect of Flatulence on the Heart—Flatulent distension
without ascites is very common indeed, and so is flatulent
distension with ascites; but ascites without flatulence is rare.
The relief which patients with cardiac disturbance feel when
flatulence escapes from the stomach is very marked, not only
in cases of valvular disease, but in cardiac weakness and in
angina pectoris. The modus operandi of gastric distension in
disturbing the action of the heart is probably twofold. It may
depress it reflexly (Fig. 168) or mechanically (Fig. 169.)

GCEREBELLUM
y MEDULLA
| OBELONGATA
1

|
INTESTINES: |

FiG. 168.—Diagram to show the nervous mechanism by which the action of the heart may be
depressed by irritation of the stomach. The reflex irritation of the vagns may render the
heart's action gimply weak, or slow and weak.

The heart rests upon the upper surface of the stomach, with
only the thin diaphragm between, and if the stomach is
distended it tends to tilt the heart up by altering its position ;
it brings the apex close to the chest wall, and may thus cause
palpitation. Not only so, but it seems also, by altering the axis,
to interfere with the heart’s action, and may produce distress or
even death. Several years ago | saw a notice of a man who
died suddenly, and on post-mortem examination he was found
to be perfectly healthy, but the stomach was distended with a
mixture of potatoes and milk. This had begun to ferment, and
the pulpy mass being of an adhesive character, the gas was
unable to escape from it, and caused such distension of the
stomach that death occurred.
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F1a. 170.—Ludwig and Coats’ frog-heart apparatus. A, s a reservoir for serum. B, a stopcock

to regulate the supply to the heart, O, a plece of cacutchous tubing connecting A and I,
), o glass mnnulﬁpﬁx the vens eava inferior. I¥, another in the sorta. E, a manometer.
F, 8 plece of tubing olosed by a elip, to allow of the escape of serum. @, a fine pen, floating
on the mercury in E. H, the *s heart. J, asealed glasa tube, passed through the
cesophagus K, and firmly held by a holder L. M, & nut which allows L to be moved up and
down. N, a ssgond holder to sapport A. P, & stand with apright rod. S, s flap of skin to
eover the heart and prevent drying, V), the vagus.
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found in his experiments that the addition of glucose, even in
very small quantity, to a saline fluid greatly increased

1ts

L h a8
Fia. 172.— Aftar Rinper.
F1g. 171.—After Ringer. Tracings showing the effect of produced npon ]
gimple NaCl solu L in weakening the pulsations of heart fed with NaCl
the apex of the frog's heart. The tracing o was taken
soon after the blood was replaced by NaCl solation ;
f-, aftar a '|!l1|;_{l.::I' ]l-'Ti-:ll:. ¥

solution by the
addition of & trace of caleinm chlorides,
The beats in this

and ¢, after a still longer tima. an induction sk

case aré induced by
hock.

nutritive effect upon the isolated mammalian

heart. Other
sugars have less action.

Their nutritive effect apparently runs

Tracing showing anormons eontraction of the '_'::'tHlTrI:!n"InIII:'! ;-T _Hl-
aolution of caffaine, (Lewder Brunton and Cash, Jowrn. of Physiol., ix., p. 110.)

1 frog produced by a

parallel with their susceptibility to fermentation, glucose stand-
ing far ahead of the others, Caffeine in large doses acts as a
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action is obtained from the skin of toads. It is called phrynin,
and though not employed much in medicine, it has proved
useful. The story is told that the husband of an Italian woman
was dying of heart disease, with dropsical limbs and all the
usual accompaniments. As his death was so slow, his good
wife thought she would quicken his journey into the other
world, and accordingly she went into the garden, where she
found several toads. These she dropped into the wine her
husband was to drink; but instead of his dying forthwith, as
she expected, he began immediately to get well, the phrynin
from the toad’s skin having had upon him the same beneficial
effect that a course of digitalis would have had.

Résumé of the Action of Digitalis—Digitalis acts on the
cardiac muscle, the intrinsic cardiac nerves, and the vagus

C.

Fia, 174.—Diagram to show the action of digitalis on the frog's heart; a is the normal heart in
which both auricle and ventricls are filled with blood during the disstols: b is the heart with
the ventricle becoming contracted and showing the yielding pouches ; e is the heart fully nonder
the influence of digitalis, with the ventricle firmly contracted so that it will nol admit any of
the blood which distends the auricle,

centre in the medulla, It also affects tlie arterioles, causing
them to contract, and probably it has upon them also a two-
fold action, as on the heart, and stimulates both the contractile
muscular walls and the nerves which go to them. The action
upon the heart of the frog is very marked and characteristic,
and the action here is less complicated than in mammals,
inasmuch as the heart itself is less under the control of the
central nervous system, and is less readily affected by altera-
tions which may occur in the vessels. When the excised heart
of a frog is either laid in a solution containing the active
principles of digitalis, or is connected with an apparatus by
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aided by increased suction-power of the heart (Fig. 125, p. 94),
which contracts more rapidly and completely. Diminished

F1G. 175.—Heart fully distended, showing insufficiency of the valves to close the mitral and
tricuapid orifices.

regurgitation combines with increased circulation in the wveins
to lessen venous congestion, and thus tends to increase the

Fia. 17T7.—Tha same heart az In
Fig. 176, from another point of
wiew.

Fio. 176.—Heart in full systols,
showingthe mitral and tricuspid
orifices so diminisled by the
muscular contraction that the
valves close them easily.

secretion of urine. For venous congestion in the kidneys tends
to compress the arterioles and tubules in the organ, and thus

S
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14, p. 16) as to reach even below the umbilicus, returns more or

return of venous blood from the stomach and intestines, nearly
all of which has to pass through the liver, is removed (Fig. 181).

Fio. 181.—Dingram to show the return of venous blood from the stomach and intestines
throngh the liver. ;

The circulation through these organs becomes better, digestion
and absorption improve, flatulence is lessened, and the patient’s
nutrition improves.

Toxic Action of Digitalis—All these are the advantages
which we gain from the proper administration of digitalis : Emt
when carried too far, a toxic action occurs, and Dl]ulmf the first
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symptoms is nausea and vomiting. This may be due simply to
extension of the irritation in the medulla from the vagus and
vaso-motor centres to the vomiting centre, but it may be due
also, to some extent, to a local irritation of the stomach by the
digitalis being secreted into it in the same way as tartar
emetic, or the toxins of cholera. In medical practice, gastric
irritation is usually one of the first indications that the physio-
logical effect of digitalis is passing into its toxic action. Some-

Frme tn
wentes 0

Ficg. 182, —Diagram to show the relation between blood pressure and the secreétion of urine after
the administration of erythrophloenm. The lower tracing shows the blood pressure in milli-
metres of mercury. The upper shows the secrotion of urine in minims per ten minotes, It
may be noted that when the blood pressure rises to its maximum of 200, the secretion of
urine falls to zero.

times, however, the pulse becomes abnormally slow, even before
sickness occurs. If the warning given either by sickness or
by the pulse is attended to, and the administration of the drug is
stopped, usually no further disadvantage occurs; but if these
warnings be unheeded, excessive vomiting may set in, collapse
may occur, and the secretion of urine may be entirely arrested.
The secretion of urine may cease at the time when the blood
pressure is at its maximum, as I found along with Mr Power in
the case of digitalis, and along with Mr Pye in the case of
strophanthus. The stoppage of secretion is exactly like that
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which occurs from ligature of the renal artery, and in all
probability it is due to spasm of these arteries stopping the
circulation through the kidney. As the pressure begins to fall
and the arteries relax, urine is again secreted, but it is often
albuminous, exactly like the urine secreted after the arteries
have been ligatured and then released.

100
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F1g. 188, —Tracinga to show the first stages of the action of digitalis., DBrunton and Meyer
—Tracing of the oszecillations of blood pressure in & dog. There are nearly 5 beats of the
heart in the tracing, and the pressure falls to 56 mm. of mercury and rises to 04,

Action of Digitalis on Arterioles—The rise of blood pressure
which digitalis produces was attributed by Traube and von
0§

g0 |

a0

0 |

Fia. 184, l-‘-:l."lll.: from same anilmal after the administration of digitnlis. The slowing of the
heart is very marked, the pressure is somewhat raised, ;

H{r:—:r@:l to increased action of the heart, and they left the
arterioles altogether out of account as a factor in its production.
U
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In my thesis, presented to the Edinburgh University in 1866,
[ pointed out the importance of the arterioles, and in the winter

SR —

i

Fro. 186.—Tracing from the same animal when the action of digitalis is mors pronounced. The
diffarence between this and the previous tracing does not consist g0 much in any further
slowing of the pulse but in the smaller oscillation and the rise in tension.

of 1867-68 I obtained, in conjunction with A. B. Meyer,
experimental evidence of this action! We noticed that after

luring arrest of the heart 1

be noticed that di

the absciss,

the injection of digitalis into the veins of a dog, the pressure in

the arteries not only rose higher than before, but it fell more

slowly during diastole. Had the arterioles not been contracted,
| Brunton and Meyer, Journ. of Anal. and Physiol., vol. vii, 1873, and

reprinted in Collected Papers, p. 141.
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the higher pressure would have driven the blood more quickly
through them in diastole, and so the fall would have been
quicker than before, instead of being slower, as we found it to be.
In order to obtain more certain proof of this, however, I then
took up the question along with Dr Tunnicliffe, and instead of
using the normal systole of the heart we prolonged it areatly by
irritation of the vagus. The results we arrived at entirely
confirmed my previous observations ; for, although the pressure
was considerably raised in the arteries by the administration of
digitalis, it fell very much more slowly than in the normal

Fra. 167.—The same experiment as in Fig. 180, buat after the imnjection of digitalis. Although the
arrest of the heart i lopger than in the previous experimant, the blood pressure only falls to
within 8 em. of the abscissa instesd of to 15 cm.

animal, while the heart was standing still from irritation of the
vagus. | need not enter further into the discussion of this
point, as Tunnicliffe and I have gone fully into it in our paper.

Stages in the Action of Digitalis—The action of the drug
may be divided into several stages. These stages have been
variously described, so that the stages of different authors do
not correspond. The essential part of the division is that in
the first stage there is increased power, both of those parts of the
nervous system connected with the heart and vessels and of the
muscular fibres in them, while in the later stages more or less
complete paralysis of these structures occurs.

! Lauder Brunton and Tunnicliffe, Jowrn. of Physiol., 1896, vol, XX., P 354
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We might, then, take as the—

Ist stage, that in which there is increased action in all the
nerves and muscles of the circulation : as the

2nd, that in which the mervous system of the heart begins
fo fail, while muscular power and the whole vascular apparatus
are still intact ; as the

[
o

Time J'.'ﬂ.*'rrﬁr.u'u'frg Tl

Fro. 188.—Tracings of blood préssura showing the action of digitalis. The first is normal ; the
gecond, slow pulse with rige of pressure; third, paralysed vagus with contracted arterioles ;
fourth, vissals ralax.

3rd, that in which the muscular fibve of the heart begins #o
Saitl; and as the

4th, that in which the vessels become enfeciiled.

In the first stage we have a rise of blood pressure and
usually a slowing of the pulse, this slowing being due to the
action of the drug both on the vagus roots and ends in the
heart. Although the pulse is slow, the systole of the heart is
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occurs from the application of a ligature between the venous
sinus and the ventricle! In some books on Pharmacology the
action of strychnine as a cardiac stimulant is to a great extent
ignored ; but I think that in medical practice the use of this
drug as a cardiac stimulant has of late years become more and
more general, and it is justified by the good effects observed
from it, and explained, partly at least, by the action on the
heart which Cash and I found it to have. Under its use we
frequently notice that a pulse which was previously feeble,
irregular, or intermittent, becomes steady, strong, and regular.
No doubt, the conditions which regulate the pulse are very
complicated in health, and still more in disease, so that it is
difficult or impossible to be absolutely certain of the exact
mode of action of strychnine; but at the same time its good
effects are, I think, undeniable, and the explanation that I have
given is at any rate feasible.

Action of Caffeine and other Purin Bodres.—While strychnine
exerts its beneficial effect almost entirely through the nerves,
caffeine and allied bodies probably exert it, more especially,
through their action upon the muscular fibre of the heart and
arteries and upon the secreting cells in the kidneys. This is
not entirely the case, however, for all the plants which contain
either caffeine or theobromine are used dietetically as nervous
stimulants ; tea, coffee, and chocolate being the most commonly
employed, but kola and guarana being also largely used in
Africa and South America. Like digitalis, caffeine stimulates
the vaso-motor centre in the medulla and raises the blood-
pressure by causing contraction of the vessels; but this rise,
instead of being accompanied by a slow pulse, as in the case of
digitalis, usually goes along with an acceleration of the heart
beats. The reason of this probably is that the cardiac muscle
is rendered by caffeine more irritable, so that its rhythmical
stimuli follow one another more quickly, while at the same time
its contraction becomes more powerful. The effect upon the
kidneys is to produce a considerably increased flow of urine, and

I Brunton and Cash, * On the explanation of Stannius’s experiment, and
on the Action of Strychnia on the Heart,” 57 Bartholomew's Hospital
Reports, vol. xvi., 1880, reprinted in Collected Papers, p. 556, ¢f. p. 557
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digitalis must be used with great caution, for there is a double
risk. On the one hand, there is the danger just alluded to of
stopping the heart, and on the other, there is the risk of causing
apoplexy by the arterial tension rising so high as to burst a
vessel in the brain.

Removal of these Drawbacks by Combination.—Yet in many
such cases we sadly want the steadying and strengthening effect
of digitalis or strophanthus upon the heart, and we are able to
obtain the result we desire by combining these drugs with
others belonging to an entirely different class, namely, that of
vaso-dilators,

Vaso-dilators.—The first wvaso-dilator investicated was
nitrite of amyl. Its power of causing flushing of the face was
noticed by Guthrie in 1859, and Dr B. W. Richardson cbserved
that it caused dilation of the capillaries in the frog's foot ; but it
was Dr Arthur Gamgee who first discovered its power of
lowering the blood pressure. It was under his direction that I
had been carrying out my experiments on digitalis in the late
Professor Douglas Maclagan’s laboratory, and I used to submit
myself to Dr Gamgee for experiments upon the effect of nitrite
of amyl on my own pulse, from which he made sphygmographic
tracings, and these experiments naturally rendered me
thoroughly conversant with its physiological action on the
pulse. The numerous observations I had made upon my own
pulse! naturally made me rather expert in the use of the
sphygmograph ; and when resident in the Royal Infirmary at
Edinburgh I made a number of observations upon a case of

‘angina pectoris which was at that time in the wards. I found

that during every attack the tension of the pulse became greatly
increased, and as the pain passed off the tension fell. Every
remedy had been tried in vain, and the patient was just going
out of the hospital when it occurred to me that if one could lower
the pressure in his vessels one would very probably relieve the
pain. I therefore kept him in one day longer to try the experi-
ment, and promised him that if it should fail he should go out
next day. To my delight the experiment proved a complete

I Lauder Brunton “ On Digitalis,” Inaugural Thesis, 1866, and Collected
Papers on Circulation and Respiration, First Series, pp. 129-136.
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success. As I administered the nitrite of amyl, which my friend
Dr Gamgee had given me, the patient's face became flushed,
the pulse, instead of being small and thready, became full and
bounding, and the pain almost instantaneously disappeared.

-
F
Amyl Nilrile
e

B ST
Fsohut .ff.«"r Nebrite

Fio. 180, —Tracing showing the action of iso-
|::'.:I__','I nitrite on blood pPressure. The indi.
cations in the tracing are the same as in
Fig. 1. (Figs. 180 and 190 are from &
paperon " Hertoni' T, Amyl & ikTit i
[sabutyl Nitrit ar Briintomn

the action of amyl

. The point
n was hegun s
383 the polnt whers it was
by a amall arrow. The hori-
nble-lieaded arrow indicates the

. ' p . P zaro point of -prossura: t aingle-lieads

I'. J. Bok lomew's Hospital e .I_; it 1 ] ,'-Im s i ‘l':'l

Ttemorts, 18 rili., p. 281.) arrow Indicates the direction in which the
J b ALl Bt tracing Is to ba read.

(Figs. 204-214, p. 187.) Nitrite of amyl still holds its place in

medical practice as the most rapid and powerful vascular

dilator, but other nitrites or nitrates having a slower but more

lasting action have now come into more general use. In 1876,
X
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along with Mr Tait! I discovered that nitroglycerine had an
action upon the circulation similar to that of nitrite of amyl, but
[ used to get such an awful headache from working with it that
[ hesitated to give it to patients, and while I was still hesitating
Dr Murrell employed it in a case of angina with great success,
[t has now become the stock remedy for lowering arterial
tension, and has been introduced into
the British Pharmacopceia in the form
of tablets containing a hundredth of a
grain in chocolate. These may be either
taken at once, or a little bit of them
may be nibbled and the nibbling carried
on until the pain passes off. If one is
not sufficient, more may be used. Whilst
working in Professor Ludwig’s labora-
tory in 1869, I found that sodium nitrite
had a similar action to amyl nitrite, but
not so marked. This observation was
not published, and the action of sodium
nitrite was described some years later
by Dr Hay. In 1876 and 1877 I made
also a large number of experiments,
along with the late Dr Gresswell of
Melbourne, on the action of other
nitrites, but owing to various circum-
stances these results also have not been
published. A very interesting research
Fio. 191.—Action of hydroxyl. Dy Professors Cash and Dunstan? on
A0 o yarochlomate on blood yarjous nitrites shows that they are all

alike in the nature of their action, though

differing somewhat in degree. The same is the case with a
substance differing entirely from them chemically, namely,
hydroxylamine, which Mr T. ]J. Bokenham?® and I found to
dilate the vessels, and produce a fall in the blood pressure
almost identical with that caused by nitrate of amyl. (Fig. 191.)

1 5¢ Bartholomew’'s Hospital Reports, 1876, p. 144.
2 Cash and Dunstan, Pk, Trans., 1893, vol. clxxxiv., pp. 505-639.
% Brunton and Bokenham, Key. Sec. Proc., 1889, vol. xlv,, p. 352.






LECTURE VII

Nicotine—Tobacco Smoking—Attractions of Smoking—Results of Exces-
sive Smoking — Aconite—Local Modification of the Circulation :
Inflammation—General Bleeding—Local Bleeding. TREATMENT OF
CARDIAC DISEASES: Treatment of Palpitation—Diet and Regimen—
Graves’s Disease—Tachycardia from Strain—Paroxysmal Tachycardia,

Nicotine.—Another drug which has a very powerful influence
upon the blood pressure and cardiac action, is nicotine, Both
in frogs and mammals nicotine produces, first convulsions and
then paralysis. When applied in small doses to the frog's
heart, it causes the beats at first to become slow and afterwards
quick. If the dose be large, no primary slowing may be
observed. In animals it causes slowing of the heart, with
enormous rise of blood pressure. The rise of blood pressure is
so great that I have never seen it equalled after the injection
of any drug, with the exception of suprarenal extract. The rise
of pressure is chiefly due to contraction of the arterioles. This
contraction is partly dependent upon stimulation of the vaso-
motor centre in the medulla oblongata, but partly also to a
local action upon the arterioles themselves, as it may be
produced by injection of the drug even after the medulla has
been destroyed. The pulse-rate in mammals is first slowed
and afterwards quickened, just as in the frog. The slowing is
due partly to stimulation of the vagus centre in the medulla
oblongata, and partly to the stimulation of the inhibitory
apparatus in the heart itself. The subsequent increase in the
pulse-rate is due to paralysis of these ganglia. In consequence
of this double action of nicotine, if the vagus be divided during
the period of slow pulse, the pulse becomes somewhat quicker,

but still remains slower than normal. When, however, the
164
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dose has been sufficiently large to quicken the pulse,” no
stimulation of the vagus will slow the heart, as its terminal
branches in the heart are paralysed by the drug. This action
is the same in the heart of the frog, so that after a large dose
of nicotine, stimulation of the vagus has no effect upon the
heart, but stimulation of the venous sinus itself will slow the
heart. The reason of this probably is, that, although the inhibi-
tory ganglia in the heart are paralysed, the inhibitory neurons
which proceed from them are still intact, and are affected by
local stimulation.

Formerly, tobacco enemata were used as a means of causing
vascular and general relaxation, but they were far from being
without danger and are never employed now. But, although
tobacco is not used as a remedy for disease, its employment is
so universal that its action requires very careful consideration.
Nicotine alone is only taken into the body when tobacco is
used by chewing or by snuffing. When it is chewed, most of
the juice is expectorated, but a small portion is probably
swallowed. When tobacco is used in the form of snuff, small
quantities of it find their way into the naso-pharynx and they
are swallowed. The tobacco used for chewing or snuffing
contains, as a rule, but very little nicotine, and so symptoms of
poisoning from either of those habits are rare.

Tobacco Smoking.—Usually, tobacco is employed by smok-
ing, either in the form of cigars or cigarettes, or in a pipe.
When used in any one of these forms it is not pure nicotine
which reaches the mouth, but really the products of the dry
distillation of tobacco, containing a large quantity of pyridine
and picoline bases! Probably nicotine in greater or less
quantity is also present. The proportions of the pyridine and
picoline bases in the tobacco smoke vary according to the mode
in which it is burnt. In a cigar there is a freer access of air, so
that much collidine and little pyridine are formed, while in a
pipe much more pyridine is produced, and thus stronger
tobacco can be smoked in a cigar than in a pipe. So much is
this the case, that tobacco which in the form of a cigar would

! Vohl and Eulenburg, Arch. Pharm. [2], cxlvii, 130-166. Abstracted
by Lauder Brunton in Journ. Chem. Soc., 1871, New Ser,, vol. ix., p. 1075,
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produce no disagreeable effect, may cause giddiness and
vomiting if smoked in a pipe. The smoke from a pipe or
cigar usually passes simply into the mouth. and out again,
either through the mouth or the nostrils; but when smoked in
a huka or narghileh, the smoke is inhaled into the lungs, and
this is frequently done also by people who smoke cigarettes.
When a huka or a narghileh is used, the smoke passes through
water before being inhaled, and it is thus deprived of most of
its poisonous constituents ; but this is not so with the smoke of
cigarettes, and, as absorption occurs very rapidly from the
pulmonary mucous membrane, cigarette smoking is sometimes
very injurious. There is another reason, however, why cigarette
smoking is frequently more harmful than smoking a pipe or
cigar, and it is that cigarettes are small and can be smoked in
a few minutes, so that many more cigarettes than pipes or
cigars are consumed in the course of the day, and the total
quantity of tobacco used is thus much greater in the form of
cigarettes. '

Smoking in moderation does not seem to be injurious to
grown-up people, but there appears to be a general consensus
of opinion that it is very distinctly harmful to growing lads.

Attractions of Smoking—In adults, smoking appears to have
a double action. It will stimulate the brain to increased

Fra. 102, —Tracing to show the inereased rapidity of eirculation in the carotid of a horss during
mastication. (After Marey.)

activity, and it will also produce a soothing effect in conditions
of excitement. Its stimulating effect upon mental activity is
probably partly due to the local irritant action of smoke upon
the mouth, causing reflex dilation of the vessels which supply
the brain in somewhat the same way as mastication (Fig. 192).
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[ts action as a sedative is probably partly due to the necessity
of breathing rhythmically while smoking, and the soothing
effect of watching the smoke as it issues from the lips or
nostrils, especially when it is blown out in the form of rings.
This is by no means an unimportant factor, for many people
derive but very little pleasure from smoking in the dark.

Results of Excessive Smoking.—One of the commonest results
of excessive smoking is chronic pharyngitis, with irritability of
the throat, cough and hoarseness, and sometimes the irritation
also affects the tongue. Weakness of vision, nervous tremor,
and giddiness frequently result from tobacco-smoking. It is
difficult to decide how far these are due to the direct action of
the tobacco smoke upon the nervous system, and how far they
are caused through alteration in the circulation. The circula-
tion becomes much affected ; palpitation and pain in the cardiac
region are common results. Sometimes, though rarely, the
cardiac pain may be so great as to simulate angina pectoris.
[rregularity of the heart is very common, and it appears to me
that this irregularity is more frequently found from a common
kind of tobacco known as “pig-tail” than from better-class
tobaccos. When I was a house physician I met with it very
frequently, and the cardiac rhythm might be represented some-
what in this way :

Fra. 193.—FPulsations of the fontanella (F) in an infant six wesks old whils gicking. R shows a
simultanegus tracing of the thoracic respiration. The breast was offered to the child it L||:.
beginning of the tracing. At the time indlexted L'u:,' the third respiratory wave ‘-"-'lli'-.'h\]!ﬁ‘i- %
Anttened top, the child began to take the breast. It will be notieed that the line of the tracing
F rises, indicating increased circulation on the brain., (After Salathé.) 9

a pause, followed by one or two heavy beats, then a succession
of quick, small beats, and then a pause again. With better-class
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tobaccos I have not observed this irregularity so frequently, but
[ have more often seen the patient simply fall down unconscious,
as if he had been shot. These unpleasant symptoms, as well as
the nervous symptoms which accompany them, may sometimes
cease upon lessening the amount of tobacco used, but not
unfrequently a very small quantity appears to keep up the
condition after it has once been established; and complete
abstinence from tobacco, occasionally for a period of several
months, is required before it can be resumed without causing a
recurrence of the symptoms,

Aconite— Aconite is a drug which may be looked upon as a
typical cardiac depressant. Its most characteristic physiological
action is that of causing numbness and tingling when applied to
the tongue in small quantities, and this test is much more
delicate than any chemical reaction. When administered to
mammals in small doses, it slows the heart very greatly, and
this effect is entirely due to its action upon the vagus centre.
Its effects are precisely similar to those produced by stimulation
of the vagus, the heart being rendered slow and the blood
pressure falling, In larger doses it paralyses the ends of the
vagus in the heart, so that the pulse becomes suddenly very
rapid and at the same time irregular. It appears to have also
a local action on the cardiac muscle, but this is of a very
complex nature, and is probably connected with stimulation and
paralysis of some sensory mechanism in the heart itself, to
which the cardiac pulsations are partly due. That such a reflex
mechanism actually exists in the heart itself appears to be
shown, amongst other things, by the experiments of Von Basch
and A. Frohlich ! upon the action of cocaine on the heart. They
found that when the surface of the heart was stimulated by a
Faradic current, which caused an extra beat and compensatory
pause, this effect diminished rapidly when cocaine was applied
to the surface of the heart. This action was not due to any
effect of cocaine upon the cardiac muscle, but only to its local
action on the epicardium. It is not improbable that the effect
of aconite upon the heart may be due to an action upon the

1 Von Basch and A. Frohlich, Centralblait fiir FPhysiologie, Band xviii. ;
Liferalur, 1904, p. 693.

— =

— e






170 THERAPEUTICS OF THE CIRCULATION [LECT. VIL.

Fig. 185.—Blood vessals in normal condition. (After Lister)

Fig. 198, —Bame vessels after the application of an irritant and commencement of
inlammation. (After Lister).
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5 to 15 minims when given at longer intervals. In cases of
persistent high tension with attacks of angina pectoris, aconite
is sometimes useful. Its action should be regulated by a
sphygmomanometer.

Local Modification of the Civculation—Inflammation—We
have various methods of modifying the circulation locally. In
local inflammations, as I have just said, aconite seems to be
useful, and during its administration the local inflammation
frequently subsides, the pain disappearing, the redness, swelling,
and heat of the part diminishing. We may modify the local

Fre. 197.—Diagram to show the effects of heat and cold in lessening the pain of inflammation.
The diagram is supposed to represent the and of the finger. The amall star indicates tha
point .;;.I'jrrl;mt.m!:, £.47., & prick by a thorn. The line in the centre of each figure is intended
to represent the nerve going to the injured part; and at the side of each figure is an artery
and vein connected by a capillary network. In a the capillary network around the seat of
irritation is sean to be much congested; the nerve-filaments are thus pressed upon, and
pain iz ocoasioned ; b représents the condition of the finger after the application of cold to the
arm or hand. Inconsequence of the contraction of the afferent arteries the finger becomes
anmmic: no pregaurs iz exarted on the nervous filaments, and lm.in iz alleviated: ¢ represents
the finger after it has been encased in a warm poulties; the capillary network at the surface
of the finger is dilated, and the blood i3 thus drawn away from the seat of irritation, and the
pain therefore relisved.

circulation in inflammation either by heat or cold. If the
inflammation be situated in a place where the tissues are
yielding, heat frequently relieves it most, but if the tissues are
unyielding, as, for example, where the inflammation occurs at
the root of a tooth or under a hard fascia, heat increases the
pain, while cold relieves it. The explanation of this is obvious.
Heat tends to cause local dilation of the wvessels, and if the
nerves which run alongside them are in an unyielding sheath,
the dilated wvessels press more upon them and increase the
pain ; whereas if the tissues are yielding all round, the collateral
circulation is increased, and the pressure of blood in the inflamed
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area is lessened. If the nerves and vessels are both confined in
an unyielding sheath, the application of cold tends to cause
contraction of the vessels, and, by diminishing their calibre, to
lessen pressure upon the nerves and ease the pain. The local
application of heat may induce a pretty extensive dilatation of
the vessels ; for, on putting my feet into a bath of hot water, I
have sometimes observed increased pulsation of the femoral
arteries. The local application of cold in the case of an artery
will cause it to contract, and lessen the circulation in the distal
part; so that if a cold bandage be applied over the middle of
the arm, the radial artery will beat less strongly. By putting
on a cold bandage covered with oil-silk a gentle warmth of the
surface is produced, which seems to have a quieting effect upon
the circulation and lessens the pain from inflammation, as is
evident from its use in various local lesions, and perhaps most
markedly when applied to the throat in cases of pharyngitis and
tonsillitis. A large wet compress of this sort applied to the
abdomen is sometimes very useful in cases of sleeplessness, as it
tends to draw away the blood from the brain and allow the
nerve cells to become quiet. Warmth to the inside of the
stomach has a similar action, and warm food will often tend to
produce sleep. The food must, however, not be too warm, as
otherwise the heat will pass through the diaphragm, and by its
local stimulating action on the heart will increase the force of
the pulse, and by driving more blood to the brain, lessen the
tendency to sleep instead of increasing it.

General Bleeding.—Bleeding from the arm is a remedy
which is now too little used. In the case of angina pectoris,
in which I used nitrite of amyl for the first time, small bleed-
ings of three or four ounces were the only thing which eased
the pain before the nitrate was employed, and even after its
employment bleeding from the arm benefited the patient.!
In engorged conditions of the right side of the heart, whether
due to mitral incompetence or pulmonary affections, blood-
letting not only relieves the symptoms, but may save the
patient’s life.

! Lauder Brunton, Clinical Seciely Reports, vol. iii,, 1870 ; and, Collected
Pagpers, First Series, p. 186,
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Vaso-motor centra,

Vessals of thoracie wall

Vessels of body ganerally

Dilated vessels of lang.

Fie. 195.—Diagram to show congestion of the lung. The pulmonary vessels are shown dilated,
and those of the thoracic wall contracted.

Vaso-motor centre,

Dilated vessels of
thoracic wall....

Vazsels of body

Bliater genarally.

Contracted vessels
of lung.

ha action of econnter-lrri A blister or other counter-
chest-wall. The stimulos whieh it causes i8 transmitted up
notor centre; it is thenee reflected down the vaso-motor narves
10 the puimonary vessels, causing them to contract, while it is reflected down vaso-dilating
libres to the vessels of the thoracic wall, and probably of other parts of the body also, cansing
them to dilate, hus lessening the pulmonary congestion by withdrawing blood from the
lungs. (f. Fig. )

Fig, 180.—Dijagram to explain
irritant is shown applied to th
the afferent nerves to the va

Fid. 200.—8howing the affect of cold npon the arter A shows the normal sphygmogram from
the radial aATtery. B ia the same after the ] |:;'.-.'.'|.‘,i|||| of o eold compress above the albow,

| {After Winfernitz.) .
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Local Bleeding—A means of influencing the circulation
locally, which was formerly much employed, but has now to a
great extent fallen into disuse, is the application of leeches and
cupping. The relief which is obtained by the application of
half a dozen leeches to the side, in cases of severe pleurisy, is very
extraordinary’; and-it is difficult indeed to see how the com-
paratively small quantity of blood which they extract should
relieve the patient so much, but there can be no doubt about
the fact that the relief they afford is enormous. Their applica-
tion over the mastoid process in severe headache or in
meningitis, and over the cardiac area in pericarditis or the
liver in hepatitis, especially if accompanied with perihepatitis,
is very useful. Wet cupping over the kidneys in acute
nephritis and over the back in suffocative bronchitis, is
sometimes attended with marked amelioration of the symptoms,
[t is not simply the removal of blood that produces this effect,
because dry cupping, where no blood is removed, is frequently
of service. In dry cupping the beneficial result may be partly
due to the withdrawal of blood to the skin and subcutaneous
tissue. It may also be due to a reflex effect of the stimulus
upon the circulation, both local and general, and it may
possibly be, to some extent, a form of serum therapeutics,
as the fluid which exudes into the tissues after the application
of the cups may undergo some alteration which imparts to it a
curative action after its reabsorption. Any explanation of the
mode of action, however, is at present hypothetical, and we are
obliged to be content with knowing what the effects are
without understanding how they are produced. The same may
be said of the marked benefit which results from local applica-
tions over the cardiac region. When the heart is excited by
emotion, the natural tendency is to place the hand over the
heart, in order, as the phrase goes, “ to still its beating.” The
pressure of the hand over the cardiac region certainly tends to
quiet palpitation, and the same result is obtained, even to a
greater extent, by permanent pressure from the application of a
plaster over this region. The plaster may be simply adhesive ;
but I think the use of extract of belladonna is something more
than a prejudice, and a belladonna plaster, I think, really has a
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with the circulation through the lungs, because the dream which
makes the patient awaken is that of being chased by an animal
or subjected to some other sudden strain, and when he does
awake he has the same sensation of oppression, and his heart is

REUCTUM AND HAEMUHHHOLDAL FLEXUE.

Fia. 31.—Diagram of the veins forming part of the portal circulation. The pancreatic and
splenic vaing, althongh most important, have been omittad for the sake of clearness.

beating just as if he had been running away from a mad bull or
undergoing some other violent exertion.

When palpitation depends upon distension of the stomach
by flatulence pushing the heart up, and thus bringing its apex
against the chest wall, immediate relief is afforded by carmina-
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The great disadvantage of this powder was its filthy taste,
but this can be got over by putting the nux vomica and
rhubarb in a cachet, and giving the other ingredients in a
mixture, along with some carminative and flavouring substance.
Both the mixture and cachet are taken at the same time, and,
as they mix in the stomach, one gets the effect one desires
without the patient perceiving the taste. When the heart is
feeble, three or four minims of tincture of strophanthus or of
digitalis may be added to the mixture with advantage: and if
the patient be ana®mic, some preparation of iron may be either
given along with, or separate from the medicine.

Diet and Regimen—Of course, a large quantity of food
which would distend the stomach mechanically should be
avoided ; and, if required, the meals should be small in quantity
and more frequently repeated. Articles of diet that tend to
cause flatulency, such as cabbage, pastry, and sugar, should
also be avoided, or anything else that seems to disagree with
the patient. The eating must be slow, and mastication
thorough. In addition to the nature of the food, the manner
in which solids and liquids are taken must be carefully attended
to. When much fluid is drunk with a meal it tends to dilute
the gastric juice, and this lessens digestion in the stomach, so
that digestion must be finished in the intestine. When little
fluid is taken with a meal the digestion in the stomach is more
perfect, and consequently less digestion requires to be carried
on in the intestine. People who have a tendency to flatulence
should therefore take little or no liquid with their meals. But,
it is evident that as the body contains so much water, water
must be taken in some form or another during the day. The
best form in which to take it is that of simple hot water, as
hot as can be comfortably drunk, with a slice of lemon floating
on the surface to relieve the insipidity of the hot water itself.
The water should not be drunk in large draughts, but should
be slowly sipped. The best time for taking the water is when
digestion in the stomach is finished, that is to say, three or
four hours after a meal. Thus, if breakfast be taken at 8, some
hot water may be sipped between 11 and 12. If lunch be
‘taken at 1, some hot water may be sipped between 4 and 5.
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Palpitation is very apt to be associated with some disturb-
ance in the pelvic organs, and anything wrong with these ought
to be attended to, and any excitement of them should be
carefully avoided. .

In cases where palpitation is associated with debility,
strychnine or nux vomica is of great service, and may be given
as in the prescription for the “pulvis mirabilis,” shortly before
or after meals. Its action is complex, because it affects the
whole nervous system, stimulating the brain, the medulla, and
the heart. In most cases it can be borne even in large doses,
but there are some where it does harm rather than good, more
especially in patients of a highly nervous temperament, and
where there is a tendency to excessive sensibility of the pelvic
organs.

Graves's Disease—In Graves's disease we frequently meet
with very considerable palpitation, associated with excessive
rapidity of the heart, and sometimes we find these conditions
present without any protrusion of the eyeballs. As I mentioned
before (p. 105), palpitation may be caused by a too prolonged
administration of thyroid gland. The best treatment for
Graves's disease is undoubtedly prolonged rest in bed, and one of
the most successful cases [ ever had was a lady who, luckily,
became pregnant shortly after the onset of the disease. She
was kept constantly in bed for nine months, and made a perfect
recovery. As such patients are usually very emotional,
bromides of potassium, sodium, ammonium, or strontium, either
singly or combined, are often beneficial, quieting the nervous
irritability and removing the restlessness and sleeplessness
which sometimes are present. I have frequently used, and I
think with benefit, calcium chloride, and suprarenal extract.
Kocher thinks that phosphates should be given freely.!

Tachycardia from Strain—Excessive exercise appears to be
sometimes followed by a rapid action of the heart, which,
instead of passing after the exercise is over, may continue for
days or even weeks. In all probability such cases are due to a
certain amount of cardiac strain, and ought to be treated as such.

I Common salt in drachm doses, with plenty water, three times a day
is sometimes useful,
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Parovysmal Tackhycardia—In paroxysmal tachycardia, the
beats of the heart, which may previously have been per-
fectly normal, suddenly become excessively rapid, as much as
three or four times as quick as before. It would almost seem

Fia. 202.—Case of exophthalmie goitre, St Bartholomew's Hospital Journal, Decamber 1807,

in these cases as if each cavity of the heart was capable of
giving an independent stimulus to the contraction of the whole,
so that a pulse of 60 might suddenly jump up to a pulse of 240.
We do not know the pathology of such cases, but they are not
unfrequently associated with a certain amount of fatty degenera-
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tion in the heart. They are benefited during the attack by
cold applications over the heart, sometimes by drinking iced
water, so as to get the effect of cold directly upon the heart
through the stomach, and sometimes by a powerful stimulant
such as strong coffee. The attack may sometimes be cut
short by the administration of an emetic such as 20 grains of
sulphate of zinc, or mustard and water may be employed.
During the interval, small doses of strophanthus, digitalis,
strychnine, and eserine may be useful in steadying the heart.
If they are associated with high tension, vascular dilators must
be employed ; and if they occur in gouty people, the diet should
be, to a great extent, non-nitrogenous. In some cases the
attack of tachycardia appears to be due to reflex irritation
from the stomach, and bismuth, sodium bicarbonate, pepsin, or
other digestive ferments are of service by lessening dyspepsia,
while bromides diminish reflex irritability, and dilute hydro-
cyanic acid acts as a local gastric sedative. Time will not allow
me to enter fully into the physiological action and uses of these
drugs, and I must refer any one who wishes to study them more
completely to my Text-Book of Pharmacology.!

V' 4 Texi-Book of Pharmacology, Therapeutics, and Maleria Medica.
Macmillan & Co., London, 1893.
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diseases, such as acute rheumatism, diphtheria, pneumonia, and
typhoid fever ; in general weakness due to anzmia, chlorosis, and
diabetes ; and in permanent weakness of the cardiac walls due to
fatty or fibroid degeneration. It is seen also in typhoid fever
even while the temperature is high, and in this case it is prob-
ably due to the effect of a toxin which stimulates the inhibitory
mechanism either in the medulla or the heart, and prevents the
pulse from rising above g6 even when the temperature would
lead one to expect a pulse of 120. In the convalescence from
diphtheria the slowness of the pulse is not improbably due to
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Fic. 208.—Diagram to show the mervous mechanism by which the action of the heart may be
depressed by lIrritation of the stomach. The reflex irritation of the vagus may render the
heart's action simply weak, or slow and weak.

some neuritis of the vagus, which, in severe cases, leads to
complete paralysis with exceedingly rapid pulse. Other
poisons, such as those which occur in uremia, and also alcohol,
coffee, digitalis, lead, and tobacco, may cause a very slow pulse.
It is frequent in jaundice, and its occurrence here appears to be
due to the bile acids which weaken the cardiac muscle and
render it more easily affected by the inhibitory nerves! The
medullary centre of the vagus may be stimulated and a slow pulse
produced reflexly from the stomach, as in dyspepsia, cancer, or
ulcer, from the intestines, or from the skin or sexual organs.
(Fig. 216.) It occurs also when there is pressure within the

! Wickham Legg, Bile, Jaundice, and Bilious Disorders, London,
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One patient of mine, who is now seventy-nine years of age, had a
bigeminal pulse, that is, two beats in rapid succession followed
by a longer pause, for many years. He is still hale and healthy.
A relative of my own died at the age of eighty-four, after
having had a very irregular pulse for sixty-seven years. This
irregularity of the pulse came on after an attack of rheumatic
fever at the age of seventeen, and continued all the rest of her
life.

Angina Pectoris—One of the most distressing forms of
cardiac disturbance is angina pectoris. 1 have already
mentioned the relationship between this disease and diminished
circulation through the coronary arteries, as well as the probable
causation of the pain. In many cases this is situated about
mid-sternum, but it is frequently felt more towards the cardiac
apex, and often radiates towards the shoulders and down the
arms, especially the left arm. As [ have already said, it is
probably due to a want of relationship between the power of the
cardiac muscle and the resistance it has to overcome. It is
brought on by anything that raises the blood pressure quickly,
such as exertion or emotion, and especially by the emotion of
anger, which, as in John Hunter's case, may bring about a fatal
attack at once. Anything that interferes with the action of the
heart tends to increase the pain, and thus distension of the
stomach by tilting the heart up makes the patient worse, and
much relief is afforded by the administration of carminatives,
which bring the flatulence away and allow the heart to resume
its normal condition.

During the process of digestion the blood pressure tends to
be higher than usual, and immediately after digestion pain is
brought on by the slightest exertion with much greater ease
than during the fasting condition.

Treatment of an Attack of Angina Pectoris—The indication
for treatment, of course, is to relieve the heart by dilating the
vessels, and this is brought about most quickly by the use of
nitrite of amyl.! Nitrobutyl and other organic nitrites have a
similar action, but nitrite of amyl seems, upon the whole, to be

! Lauder Brunton, Lance?, July 27, 1897, and Reports of the Clinical
Seciely, vol. iii., 1870,




g Fic. 204.—Normal pulsa,
right radial.

Fra. 205.—Normal pulse,
laft radial.

r\ Fio. 206.—Right radial,
during angina.

Fig. 207.—Left radial.

Fig. 208.—During severa
anginal pain.

Fia. 200.—Pain nearly but
not qoite gone, & little
remaining near the nipple
after giving nitrite of amyl.

Fio. 210.—FPain quite gone,
but afterwards returned.

Fig. 211.—Pain quite gones,
which did not retorn.

Fra. 212, —Pain coming on
I at 1, more ssvers at 2.
Most severs at Fig, 213,

V-\/\M‘-v Fia. 218, —Paln severs.

—
| Fio. 214.—Fain relieved by
| nitrite of amyl.

Fras. 204 to 214.—Tracings of the pulss in angins pectoris.
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the most satisfactory. Nitroglycerine acts nearly, though not
quite so quickly, and is more convenient. It has also the
advantage of dilating the vessels for a longer time than nitrite
of amyl. [t may be given in solution with a little brandy or
ether, or the patient may carry about with him nitroglycerine
tablets, each containing one-hundredth of a grain, made up with
chocolate ; and the best plan, as a rule, is not to swallow the
whole tablet, but to nibble it slowly until the pain has ceased.
If half a tablet is sufficient, it is not necessary to take more;
but if one is insufficient, then as many more may be taken as
are necessary. | have never seen any bad effect from an
overdose either of nitroglycerine or amyl nitrite, except head-
ache, giddiness, or transient faintness, When the attack is
excessively severe a neuralgic element may be superadded to
the physical condition, and I think it is possible that sometimes
it may come on independently. At any rate, a subcutaneous
injection of a quarter or a third of a grain of morphine may
sometimes be necessary, in order to lessen the pain and give
the patient relief, and a few whiffs of choroform will deaden
the pain until the morphine has had time to take effect.

Diet and Regimen in Angina—During the interval the
tension should be kept low by diet as nearly as possible
vegetarian, taking care that it is easily digested and that it
does not give rise to flatulence. Tea and coffee, and, of course,
all meat extracts which contain substances of the purin type
and tend to raise the blood pressure, should be avoided. The
bowels should be kept freely open, and mercurials should be
given, once, twice, or three times a week at night, followed
by a saline in the morning, so as to remove from the body
all substances likely to raise the blood pressure. Many
substances having a poisonous action are absorbed by the
liver and excreted in the bile. They are reabsorbed from the
duodenum, again passed to the liver, and again excreted.
(Fig. 215.) This may go on for a long time in the entero-
hepatic circulation, until they either accumulate to such an
extent that they pass into the general circulation and act upon
the nervous system, heart, or other organs, or are cleared out
by mercurial purgatives and salines. Nitro-erythrol in doses of
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circulation.  Inhalation of 5 minims of iodide of ethyl is
sometimes serviceable, but inhalation of oxygen occasionally
affords very great relief, and in a case which I recently saw
the tension in the radial artery rose under the influence of
oxygen to an extent which I should not have believed if I
had not seen it. The tension, as tested by Potain’s instrument,
was only 75 when the inhalation was begun, and in the course
of ten minutes’ inhalation it rose steadily until it had reached
150.

In cardiac asthma gentle exercises are useful as tending to
train the heart, increase its nutrition, and thus accelerate the
circulation through the lungs. At the same time, iodide of
potassium, strychnine, digitalis, squill, and strophanthus are all
useful, as well as Oertel's treatment, which we shall presently
have to consider in relation to valvular disease.

Sleeplessness.—Although sleeplessness may occur apart from
any disease of the heart, yet it not infrequently occurs along
with cardiac disease, and forms one of its most distressing
symptoms. In many cases the patient is intensely drowsy, but
the moment he falls asleep he feels a sensation of intense
distress, and awakes with a start. Sometimes this condition
appears to be aggravated by flatulent distension of the stomach,
or acidity, and it may be somewhat relieved by the use of
bicarbonate of soda and carminatives, alone or with rhubarb.
A purely milk diet for some days may also be useful. The
various hypnotics may all be tried. Paraldehyde is sometimes
efficacious in drachm doses, trional or sulphonal in 20 or 30
grain doses, and chloral 10-30 grain doses, with bromides of
potassium, sodium, or ammonium, or all three mixed, in doses
of 30-60 grains. As chloral has a somewhat depressing
action on the heart, one may hesitate to give it if the cardiac
action is very weak, but this very action, by lowering the blood
pressure, increases its hypnotic effect. The remedy par excel-
lence in this condition, however, is opium or morphine. The
latter may be given either by the mouth or subcutaneous
injection, and the former either by the mouth or rectum. A
convenient way is to draw 30-60 minims of tincture of opium
into a glycerine syringe holding 2 drachms, then draw up
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water till the syringe is full, and inject into the rectum. The
advantage this method has over administration by the mouth
is that one can be quite sure beforehand that the rectum is
empty and that absorption will take place quickly, whereas the
stomach may contain a large quantity of food or fluid with
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which the opium will be so much diluted that it may have

hardly any effect. Sometimes neither opium nor morphine

seem to produce the desired effect, even when given in full

doses, and in such cases a few whiffs of chloroform may be

given so as just to allow the narcotic to take effect. And here
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i it may be well to say that I do not think the presence of
albumen in the urine contra-indicates the use of either opium
or morphine. The susceptibility of patients to these drugs
varies so much that it is impossible to fix a dose, but usually
one may begin with } or } of a grain of morphine subcutane-
ously, and increase the dose carefully until the desired result
has been obtained. Even should there seem to be danger in
pushing the narcotic, it must be remembered that to withhold it
also entails risk, for the exhaustion of the patient by continued
insomnia cannot but tend towards a fatal termination.

Aortic Disease—As 1 mentioned before, cases of aortic
stenosis or aortic regurgitation may continue for a length of
time without giving rise to any symp-
toms whatever, and are recognised only
by a systolic murmur over the aorta in
the case of the former, and a diastolic
murmur in the case of the latter. Here
[ think I ought to give a word of
caution as to the place where the aortic
regurgitant murmur is heard. It is
usually heard quite markedly over the

aortic valves, or perhaps I ought to say - |
rather over the aortic cartilage, and is
propagated down the sternum, but

sometimes is not h’Eﬂrd at al] at the Fia. 217.—Diagram to illustrate the

. - f r
base of the heart, and is only audible oiit regurgitation. In a the

mal heart with full earotid
at the lower end of the sternum, more (13 fres supply of blood to the

. . - ap s = apresented ; in b tha
especially to its left side. This condi-  Bitia's Shown empiy, 5o tht

tion was impressed upon me by the fact  Facope ot G0 B tritle as
that an old friend of mine in Edinburgh il as onward luto He ftation
told a lady that she had aortic regurgi-  iu the recumbent postars,ac that
tation. She came up to London and  sursltation into the heart &
saw the late Sir Andrew Clark, who

told her there was nothing the matter with her heart. She
went back to Edinburgh and rebuked my old friend very
severely for having frightened her unnecessarily. I—Ie_said he
was sorry, but nevertheless she had aortic regurgitation, and

if she would go back and ask Sir Andrew to examine her
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more carefully, he would find it too. She did so, and on the
second examination Sir Andrew found the murmur as my
friend had described it, and wrote to him acknowledging his
error. Now, no one could possibly doubt the great clinical
knowledge and exact diagnosis of Sir Andrew Clark, and the
reason that he fell into error was simply that his waiting-room
was filled with patients, and in order to save time he did not
ask the lady to loosen her stays. On listening over the part
of the chest above the stays, no murmur was audible, and it
was only after the stays were removed that the diastolic
murmur at the lower end of the sternum could be distin-
guished.

Persons suffering from aortic regurgitation are more liable
to sudden death than those suffering from any other form of
cardiac disease, except, perhaps, those who have angina pectoris ;
but so long as the wvalvular lesion is fully compensated, all
that is necessary is to warn the patient against sudden strain.
Many of them might walk 25 miles in a day without harm, or
even with positive advantage, but 20 yards sudden spurt to
catch a train might prove fatal. Although sudden death
occurs not infrequently in aortic regurgitation, yet perhaps a
still more frequent course of the disease is for the left ventricle
to yield before the strain, and then .
the mitral valves become incompetent, Gl
so that we get all the consequences
which I have previously described
from backward pressure on the lungs
and right heart. In uncomplicated o
cases of aortic regurgitation, digitalis Fio. 213.—Disgram of the cardise

dulness befors and after a bath. A

is likely rather to add to the danger  similar effect is produced b gym:
nastic exercises. Tha thin line

they already incur from syncope than  shows the graduated dulness before
d and the thick one after. A, Ni pla,
to do the patients good. In some B, Nippls. C, Ensiform cartilage
: (After Schott.)
cases, however, if carefully watched,
it may tend, especially when combined with strychnine and
caffeine, to keep the left ventricle from yielding, and thus
maintain the patient’s health,
But in cases where the ventricle has already dilated and

the mitral valves become incompetent, we have to treat the

2 B
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patient just as we would an ordinary case of mitral disease,
for the danger then arises from impeded pulmonary circulation
and venous stasis rather than from imperfection of the general
circulation. Such cases, however, as a rule require to be

e e
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Fig. 219.—Pulsa tracing, showing the affsct of massage and pradoated movemants. Fach tracing
is taken partly with a slow and T"ﬂ-'ft-!ir' with & quick movement of the sphygmograph. The
upper shows high tenslon and a fesble heart; the lower shows less tension and a stronger
heart. Thess tracings I owe to the kindness of Dr Gustay Hamel, to whose treatment I had
recommended the patient.

treated rather as cases of advanced mitral disease, with complete
rest, than as mild cases where the patient may be allowed to
go about.

Mitral Regurgitation—Mitral incompetence is much more

Fio, 230,—Pulse tracing to show the effect of exercises. The upper tracing shows the pulse bafore,
and tha lower tracing after axercisa.

frequent than is usually thought, for people go about with slight
mitral leakage and present no symptoms, so that the condition
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of the valve is only discovered by a medical examination.
These patients are usually told, and rightly so, not that they
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Fig. 228 —From the sams patient.
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Fra. 224.—From the same patient, aftar ninatesn batha.

have any disease of their valves, but that their heart is a little
weak, and they must be careful to avoid strain. As a general
rule, this is all that is necessary ; but when shortness of breath

|
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or symptoms of venous stasis set in, more active treatment is
required, and here digitalis and strophanthus find their proper
place.

Nauheim Treatment—For such cases also the treatment by
baths and exercises is useful The system of applying them
has been well worked out by the brothers Augustus and
Theodore Schott, at Nauheim, and the treatment is often
known now as the “Nauheim” treatment. At Nauheim, the
water as it issues from the springs is very highly charged with
carbonic acid, but this is allowed to escape, and the water to
become still, for the baths which are given at first, and it is
only in the later baths that the effervescent water is employed,
Baths are usually employed every other day during a course of
four to six weeks, or even longer, according to the condition
of the patient. The bath at first lasts only about six minutes
at a temperature of g5. The duration is then increased to
eight or ten minutes, and the temperature is lowered to gz,
They are then strengthened further with the mother liquor

obtained by evaporating the ordinary water. The duration.

is gradually increased to fifteen or twenty minutes and the
temperature lowered as far as 82. Immediately after the bath
the patient must rest for at least an hour, and on alternate
days movements may be used. I give here a list of the move-
ments, which Professor Schott at Nauheim kindly got his
attendant to show me:

The essential part of these movements is that the movement shall be
slow and regular, and that each movement shall be fully carried out. The
body should be held upright, the joints should be kept straight, and the
resistance applied should not be sufficiently great to cause any tremor of the
limbs or shortness of breath in the patient. The resistance may either be
applied by the patient himself putting into action the opposing muscles to
those which affect the movement, or by an attendant or friend gently
opposing the movements.

I. The arms are to be raised slowly outwards from the side until they are
on a level with the shoulder. After a pause they should be slowly lowered.

II. The body should be inclined sideways as much as possible towards
the right, and then to the left.

I11. One leg should be extended as far as possible sideways from the
body, the patient steadying himself by holding on to a chair. The leg is
then dropped back. The same movements are repeated by the other leg.
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IV. The arms are raised in front of the body to a level with the shoulder,
and then put down.

V. The hands are rested on the hips, and the body is bent forwards as far
as possible, and then raised to the upright position. ,

VI. One leg is raised with the knee straight forwards as far as possible,
then brought back. This movement is repeated with the other leg.

VII. With the hands on the hips, the body is twisted round as far as
possible to the right, and then again to the left. :

VIII. With the hands resting on a chair and the back stiff and straight,
each leg is raised as far as possible backwards, first one and then the
other.

IX. The arms are extended and the fists supinated. The arms are then
extended outwards, next inwards at the height of the body.

- X. Each knee is first raised as far as possible to the body, and then the
leg extended.

XI. This movement is the same as IX., but with the fists pronated.

XII. Each leg is bent backwards from the knee and then straightened.

XIII. Each arm is bent and straightened from the elbow.

XIV. The arms are brought from the sides forwards and upwards, then
downwards and back as far as they will go, the elbows and the hands being
straight.

XV. The arms are put at a level with the shoulder, and then bent from
the elbow inwards and again extended.

XVI. With the arms in front at the level of the shoulder and the hands
stretched, the arms are opened out sideways and then brought together.

XVII. The arms are bent from the elbow outwards and extended.

*.* Thers should be a pause of half & minute between each successive movement, such as

ﬁiuiug the arms and lowering them, and & pause of one or two minutes between the movements of
different kinds, such as I. and IT.

_ After the course is over it is advisable for the patient to go
some place for an after-cure, where he can follow up the treat-
ment by graduated exercise.

Oertel's Treatment—This treatment by graduated exercise is
often known as Oertel's. The principles upon which it depends
are—(1) that the cardiac symptoms are due to disproportion
between the force of the heart and the resistance it has to over-
come; and (2) this disproportion is to be remedied by dietetics
and by exercise, consisting chiefly of graduated walking up-
hill.

The dietetic rules are—(1) Give such food as will strengthen
the cardiac muscle ; and (2) diminish the amount of liquid con-
sumed, in order to reduce the mass of circulating blood.
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The exercises are intended to promote elimination of liquid,
especially through the lungs and skin, and to increase the
nutrition and activity of the heart. In aortic regurgitation,
Dr Schott considers that the work of the heart is easier when
there is abundance of blood to make up for the loss in the
general circulation sustained by regurgitation during the
diastole. He, therefore, advises a very full diet; but in mitral
disease, where the patient, on account of breathlessness, can
move less than a healthy person, he advises a sparing diet. In
chronic myocarditis, where albumen is required, but not nuclein,
butcher’s meat should be given sparingly, but milk and plasmon
freely. In aortic disease he allows two pints of fluid a day, and
as much as three pints if the weather be hot; but if there
is any interference with the pulmonary circulation, as shown
by shortness of breath, he only allows between a pint and a half
and two pints. In mitral disease he only allows about a pint
and a quarter to a pint and a half.

The exercise consists in gentle walking up graduated slopes,
The first walk is taken upon a very gentle slope, and only for a
short distance. This is increased daily, and when the patient
can walk on the level or gentle slope without shortness of
breath he walks up a somewhat steeper grade. The steepness
is gradually increased as the patient’s heart will bear it. Such
walks have been well arranged at Llangammarch in this
country, and one of the best places abroad is, I think, Baden-
weiler, although there are numerous other places where similar
walks have been laid out.

Treatment of Venous Stasis—In cases of well-marked
venous stasis, whether it be dependent upon mitral stenosis or
regurgitation, or dilatation of the right side of the heart conse-
quent upon bronchitis and emphysema, the best results are
certainly afforded by complete rest, in bed if possible, or in a
chair if the dyspncea be so great that the patient cannot stay
in bed. In such cases massage comes in most usefully, the
hand of the masseur or masseuse supplying, as it were, the
place of an auxiliary heart in helping the venous return, and
the place of the lymph hearts which we find in batrachians

(¢ p- 5)
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Graduated FExercises—Gentle movements are also useful ;
for example, the patient may bend one finger gently against
resistance the first day or even the first forenoon, In the after-
noon he may straighten the same finger against resistance.
Next day he may bend two fingers, and in the afternoon
extend two fingers and so on, gradually including the wrist,
the fore-arm, and even the arm. The resistance should at
first be very slight indeed, and may be gradually increased as
the patient can bear it. Such gentle movement as simply
flexing a finger might seem at first sight to be useless, but
if any of you will put your hand upon your biceps and get
someone else to hold your finger while you flex against resist-
ance, you will soon discover that it is not merely the muscles
of the finger alone that are in action, but that the biceps, and
even the muscles of the trunk take part in the movement. The
effect of massage and exercises on the pulse is shown by the
tracing in Fig. 219, where the high tension with slight move-
ment of the radial artery is converted into less tension, quicker
contraction of the heart, and more active movement of the
vessel increasing the self-massage both of the arteries and the
heart.

Inhalation of oxygen certainly gives great help in some
cases, and I think it is possible that occasionally the deep
inhalations which patients take when they are inhaling the
oxygen may help mechanically by producing self-massage of
the heart.

Elimination.—I have already spoken of the action and use
of digitalis and its congeners as well as of caffeine in such
cases, and have given you the indications for employing them,
and also referred to the symptoms which necessitate their dis-
continuance. But here, again, you must remember that the
imperfect circulation and imperfect respiration tend to produce
the products of waste, and we must look to the elimination of
these by means of purgatives such as calomel and compound
jalap powder. Half a drachm to a drachm of compound jalap
powder every morning, or every other morning, is a most useful
agent in withdrawing water from the body, and thus aiding the
action of the kidneys, especially when ascites is present. Its
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efficacy is, I think, increased by the addition of a drachm of
potassium bitartrate to every dose. Another well-tried remedy
is the Haustus Scoparii Compositus of St Bartholomew's
Hospital. Its composition is as follows:—

Spirit of Juniper - : 5 . 30 minims
Potassium Tartrate - . - . 20 grains
Decoction of Broom Tops . ; . to I ounce

The action of mercurials is not properly understood, but it is very
curious to note how frequently the addition of a little mercury
to digitalis increases its beneficial action. The old-fashioned piil
of one grain of powdered digitalis, one of powdered squill, and
one of blue pill, frequently succeeds when other remedies fail,
At St Bartholomew’s we have two grains of extract of hyoscyamus
added to this pill, in order to lessen any irritation of the stomach
or bowels that the other ingredients might produce ; whilst in
other hospitals the quantity of squill and blue pill is increased
to two grains and the amount of digitalis is kept at one grain.
Milk Diet and Chloride-free Food—Lately a great deal of
attention has been given, especially in France, to the effect of
chlorides upon transudation from the vessels into the tissues,
Chlorides appear to favour this, and therefore, although they
may be useful in health, they are disadvantageous in dropsy, and
accordingly a diet containing a small quantity of chlorides is
used. Calcium and its salts appear to have a contrary action,
and rather to diminish transudation. The amount of chlorides
in milk is not great, the quantity of calcium is considerable,
and the lactose appears to have a diuretic action; so that
frequently we notice patients suffering from mitral disease
when put to bed with entire rest, with massage, with an entirely
milk diet, just as if they were typhoid patients, and with the
digitalis and blue pill already mentioned, frequently improve
with great rapidity. But a milk diet does not always suit; and
consequently, in France, bread made with sugar instead of salt;
farinaceous preparations also made with sugar and without
salt, and boiled meat without salt, but with sweetened tomato
sauce or some such condiment to make it pleasant, and eggs,
either boiled without salt or in the form of a sweet omelette,
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and plasmon, may all be used. I have only tried this in a few
cases, but certainly the treatment has appeared satisfactory.

Tapping—When the cedema becomes very great in the
legs or scrotum, it is advisable to let it out, and the way in
which this can be done depends to a great extent upon the
character of the patient. In some, Southey’s or Bartel's tubes
may be used to drain the legs or scrotum, but when the patient
is restless these are apt to be dragged from their place, and
almost the only way is to puncture the legs either with an
ordinary sewing needle or with a triangular surgical needle, or
make small incisions with the lancet or bistoury, and surround
the parts with absorbent cotton wool, which can be frequently
changed, and place a waterproof sheet under the part to
prevent the bed from becoming soaked. Effusion into the
serous cavity of the abdomen or pleura must be removed by
tapping, if it reach any great extent.

Surgical Treatment of Cardiac Diseases—In some cases of
cardiac disease treatment may for a time be beneficial and
relieve the patient’s sufferings, but may be quite impotent to
effect a cure or to render the patient fit for any exertion
whatever. This is especially marked in mitral stenosis, and I
believe that in some cases of this form of cardiac disease
surgical treatment may yet effect a cure.!

Senile Rise of Pressure—1 must not finish my Lectures
without drawing attention to one condition which is very
common, and which may become still commoner as increasing
medical knowledge regarding the prevention of infective disease
leads to prolongation of life. In all men with advancing years
the arteries tend to lose their elasticity and become more
rigid. The time at which this alteration takes place varies in
different individuals and in different families, and the saying
1s a particularly true one that “a man is as old as his arteries”;
so that not infrequently we find strong athletic and robust
families who are not only powerful both physically and
mentally, but apparently free from disease, and who are yet
short-lived. 1 believe that these lives might frequently be

' Lauder Brunton, “On the Possibility of Treating Mitral Stenosis by
surgical Methods,” Zances, 8th February 1902,
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lengthened by timely attention to the condition of the arteries,
more especlally by measurement of the blood pressure, and
adjustment of work, of exercise, and of food to the condition

Fig. 2kh.—Distribution of the arteries in the brain. (After Ross.)

that is found. The combination of atheromatous arteries and
high blood pressure is very common, and the risks it entails
are twofold: (1) It may lead to cardiac failure, the heart being

Fig. 296.—Cerabral cortex showing the distribution of fanetion. (After Chler.)

unable to overcome the excessive tension, and this is all the
more common when it is affected by fatty or fibroid degenera-
tion ; (2) a vessel may rupture in the brain, and give rise to
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sudden death, to hemiplegia, or, if the haemorrhage be small, to
local paralysis, sensory affections, or mental deterioration, the
result depending on the part of the brain affected. Similar
results may ensue from blocking of the arteries by atheroma.
These conditions are illustrated by Figs. 225 and 226.

Senile Decay—In the decade for 1891 to 1900 of persons
above the age of seventy-five years, no less than 34,822 died
from heart disease, and 39,662 from diseases of the blood-
vessels above that age. Nor does this even cover all the mis-
chief done by diseases of the blood-vessels, for apoplexy,
paralysis, and senile decay may all be reckoned as secondary
to disease of the cerebral vessels. In his most instructive book,

Fra. 237.—Cell from the brain

of a woman, aged 100 years, Fic. 228.—Bection of & renal tubuls invaded by
being devoured by macro- macrophags, from the body of an old man, .@E
phags. (From Metchnikofll) M) years (m=macrophags). (From Metehnikoft)

COn the Nature of Man, Metchnikoff mentions that there are two
classes of phagocytes in the body, the small or microphags, and
the large or macrophags, The function of the microphags is to
rid us of microbes, that of the macrophags is to heal mechanical
injuries, such as hamorrhages, wounds, and so forth. In the
brains of old persons and animals a number of nerve cells are
surrounded and devoured by macrophags (Fig. 227), and
Metchnikoff thinks himself justified in asserting that senile
decay is mainly due to the destruction of the higher elements
of the organism by macrophags. Other parts of the body also
are not safe from their attacks, and the kidneys may likewise
suffer (Fig. 228). But the function of the macrophags is not
to attack healthy tissues; it is to remove those the vitality of
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which is destroyed or impaired, and so long as the brain cells
are abundantly supplied with blood they will probably be
allowed to remain uninjured by the attacks of the macrophags.
I think, therefore, that while senile decay may be actually pro-
duced by the macrophags, we are justified in believing that it
really originates in an alteration of the blood-vessels.

Treatment of Senile Conditions of the Vessels—Although I
do not quite agree with him in every respect, I think that
my former pupil and old friend, Dr Haig, has done a very
great service by drawing general attention to the injurious
effects of a too highly nitrogenous diet. In cases where the
arterial tension tends to rise much above the normal, the pro-
teids in food should be kept as low as they possibly can, con-
sistently with the proper performance with the bodily functions.
The bowels should also be kept free either by the use of salines
or by small quantities of some aperient such as cascara, aloes,
or rhubarb, along with each meal, so that the natural stimu-
lating effect of food upon the bowels as well as the stomach
should be increased. Nor should the occasional use of a
mercurial purgative be omitted, and here I may mention that
the danger of mercury in albuminuria has, I think, been greatly
exaggerated, and has sometimes in my own experience been
productive of much harm, for I have met practitioners who
have been so imbued with the fear of mercury that they would
not give it in cases of cardiac disease either as a purgative or
in combination with digitalis, because albumen had appeared
in the urine. Whereas in these very cases mercury was one
of the best things to restore the circulation to its normal
condition and cause the albumen to disappear.

The steady employment of iodides is sometimes most
useful, and I have found great advantage in a number of cases
of high tension from 20 grains of nitrate of potash along with
1 to 2 grains of nitrite of sodium given in a tumbler of water
or aperient water every morning on rising. This seems to
keep the tension from rising too high, and the treatment may
be continued with advantage for years.

Where this is insufficient, it may be supplemented by two or
three grains of sodium nitrite in water every four hours, or
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I began to write this essay, I had an inclination to the belief
that plants as well as animals have a nervous system, but [ now
think that if they do possess something analogous to it, yet it is
very different in kind. However, it is possible that researches
on the motions in cells of plants may yet lead to some light on
that mysterious part of the animal economy, and help to solve
the question which so long has engaged the attention of all
medical men, “ How do medicines act ?—for most of those are
poisons, and if we could only find out how poisons act on the
vegetable organism, a great step would be gained towards our
knowledge of their action on animals.”

Animal Protoplasim.—In the ameeba (Fig. 27, page 25), and in
the leucocytes of higher animals, every part of the protoplasm
of which they consist appears capable of exercising the functions
of receiving and conducting stimuli, of contracting, and of
secreting. In low organisms, such as the hydra, differentiation
occurs but incompletely, and the same is the case in the
‘embryos of higher animals.

Neuro-muscular Cells—It has been shown by Kleinenberg
and Ranvier that in the fresh-water hydra the protoplasm in
some of the cells appears to have the power of receiving stimuli

Fiz. 229.—Neuro-musenlar cells from the fresh.water hydra, o, A nearo-
muscular cell seen in profile; & a three-quarter view; c, a frontal
view. E,utar Ranvier, Legons d'dnatomie Géndrale sur lo Systéme
Muscvlatre, Paris, Delahaye & Uo., 1880, p. 528.)

and also of contracting ; in fact, of performing the functions of
both nerve and muscle. To these cells the name of neuro-
muscular has been given. Ranvier's description is so clear that
I have translated it almost verbatim.!

The body of the hydra consists of a cylindrical tube, open at

\ Ranvier, Legons d' Anatomie Générale sur le Systéme Musculaire, Paris
(A. Delahaye & Co.), 1880, pp. 325 ef seg.
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one end. The body-wall consists of three layers: an inner or
endoderm, a middle or mesoderm, and an outer or ectoderm.

The ectoderm is composed of large cells lying adjacent to
one another, and forming a protecting layer. Under this is
the mesoderm of interlacing fibres. Internal to this is the
endoderm, consisting of large cells arranged like epithelium,

The ectoderm sends into the mesoderm a series of pro-
cesses, Each of these proceeds from the body of an ectodermal
cell of which it seems to form a part. Kleinenberg, who first
described them, supposes that the ectodermic cell with its
mesodermic prolongation constitutes a neuro-muscular element
(Fig. 229). The ectodermic cell corresponds to an ordinary
nerve-cell, and is receptive, sensory, and excito-motory. The
mesodermic prolongation represents a muscular, or at all events,
a contractile element.

In the hydra, then, he supposes that the function of sensa-
tion is connected with stimulation of the ectodermic portion of
the cell, and motion with its meso-
dermic or muscular portion. The
three layers in the body of the hydra
correspond to the three layers of the
blastoderm in a vertebrate embryo.
Theectoderm is analogous to the outer
layer of the blastoderm, from which
not only the integument which covers
the exterior of the animal is devel-
oped, but also the central nervous
system, which originates from that
part of the layer which is separated
by the involution of the primitive
groove. The mesoderm of the hydra
corresponds to the muscular system
of vertebrates, which is developed in

Fio. 280.—Primitive bundle from a

the middle layer of the blastoderm,
and remains connected on the one
hand with the nerve centres which
have been separated from the external
layer by involution, and on the other
with that part which develops into
integument.

mammalian embryo (about the
third month), examined in
strongly iodised serum. n, Nuclei
aurronnded by glycogenic sub-
stance g; &, striated cortex;
p, central cylinder of proto.
[JiHI'I'I. ri.ﬁ.ﬂ.ur Hanvier, Lepons
d'Anatomte  Céndrale  sur o
Musculaire, Paris, Delahaye &
Co., 1880, p. B74.)

In the hydra the ectodermic cells have three functions, viz.,
(1) they protect the surface; (2) they act as sensory nerves;

and (3) as excito-motor agents.

2D
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Amongst - animals more completely differentiated, these
different qualities, instead of being united in a single anatomical
element, become associated with special elements whose forms
are adapted to their functions.

The hydra when irritated contracts strongly. According to
Ranvier, it is very easy to understand this, if its mesodermic
cells are contractile. But it can elongate itself as well as
contract, and this active elongation Ranvier says is difficult to
understand, and he will not offer an explanation of it. DBut if

Fia. 281.—Cells of involuntary musels from the bladder of the dog, showing traces of striation.
(After Schwalbe.)

we suppose the cells to have the power of contracting trans-
versely as well as longitudinally, vide page 44, the explanation
is simple enough. In embryonic muscle the fibres are only
striated at the side, and the anterior consists of undifferentiated
protoplasm, Fig. 230.

— Purkinie's filbres from a sheep’s heart. =, Nuclel; ¢ protoplasm; J, striated
Fm.migiuéulﬁrm:agum. (After Ranvier, Legons d'Anatomie Générale sur le Systeme Musculaire,
Paris, Delahaye & Co., 1880, p. 800.)

A slight tendency to striation has been observed by Schwalbe
in the involuntary muscle of the bladder in the dog (Fig. 231).

& W






APPENDIX B

Instruments jfor measuring the Blood-pressure in Man—

Janeway's has been mentioned (page 80), but may be here
described.

Fia. 2834.—Janeway's sphygmomanomater.

It employs the method of circular compression, introduced
by Riva-Rocci and Hill, with the wide armlet, proved essential
by v. Recklinghausen. The jointing of the manometer tube is
copied from Cook, the use of a Politzer inflator from Erlanger.
The apparatus is designed to embody in a portable clinical
sphygmomanometer, which shall measure both systolic and
diastolic pressures, every requirement for accuracy and sub-
stantiality.

The sphygmomanometer consists of three essential parts.—

A, Manometer, of |J-tube form, with upper part jointed, fixed
alg
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to the under side of case lid. The scale is graduated empirically
for each manometer, and is accurate. B, Compressing armlets,
consisting of a hollow rubber bag 12 by 18 cm. This is
attached to an outer leather cuff, which fastens by two encircling
straps with friction buckles. ¢, Inflator, an 8-oz. Politzer bag
with valve. D, Tube connecting the manometer and armlet,
E, Stopcock with needle valve to allow slow release of pressure.
F, A small cock to close the open end of the manometer. G,
A rubber joint which is compressed by a block and closes the
other end of the manometer when the box is shut. H is a
spring to hold the stopcock in place when the box is shut. [t
is made by C. E. Dressler & Co., 143-147 East Twenty-third
Street, New York, Itcan be obtained from Mr Hawksley, 357
Oxford Street, London.

C. J. Martin's new modification of Riva-Rocei's instrument

i L BNRARAMRRARRRRRARBRRREAND

Fio. 285.—C. J, Martin's modifieation of Riva-Roeei's sphygmomanomatar,

is one of the best of the new instruments which have been
introduced since these lectures were delivered. His earlier one
is described at page 76. The newer one has all the advantages
of the earlier, and has the additional one of being portable,
Mercurial manometers, as a rule, are troublesome, as the mer-
curial column is apt to break or the mercury to be spilled, but
in this instrument the india-rubber caps, if well pushed home
over the openings of the tubes, prevent this from occurring.
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Description of Martin's improved form of Riva-Rocet's
Splygmomanometer.)

The apparatus consists of a bag of thin rubber, %;th of an
inch in thickness, 134 inches long, and 4 inches broad, the
interior of which communicates with a piece of small-bore
rubber tube. The rubber bag is covered on the outside by
unyielding leather, and loosely on the inside with soft, thin
material. This bag is wrapped round the arm over the biceps,
so that the ends overlap, and secured by straps, so adjusted as
to fit closely to the arm,

The interior of the bag communicates by rubber tubing on
the one hand with a mercury manometer, and on the other with
a rubber ball. A side tube near the ball is closed by a screw
and leather washer; by loosening this, the air in the system
may be allowed to escape.

The manometer is of the ordinary |J-tube variety, 12 inches
in length, and made of thick glass tube. It is provided with a
scale, which is graduated so as to indicate the pressure, in milli-
metres of mercury. The glass tube is fixed to a piece of wood,
which latter fits into a socket on the side of the interior of the
box.

The manometer can be carried in any position, provided the
ends be secured with the rubber caps. The whole apparatus is
fitted into a box in such a way that there is no danger of
damaging the glass tube.

One millimetre of the scale really indicates 2 millimetres of
pressure, as the rise of the mercury in one limb of the mano-
meter is accompanied by a corresponding fall in the other.
This is accounted for in the marking of the scale so that the
pressure can be read off directly from the numbers on it without
the necessity for any calculation. _

Directions for using the instrument—Fix the manometer in
the socket and remove the rubber caps. Wrap the bag evenly
round the right arm of the patient, over the biceps, either next
to the skin or over soft clothing, so that the ends overlap. (With
children the bag can be placed round the thigh.) Secure the
bag by means of the straps. '

The arm and hand of the patient must rest upon a table at
the level of the heart, and the finger of the observer’s left hand

1 C. ]J. Martin, Brit. Med. Journ., April 22, 1905,
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be kept upon the pulse. Loosen the brass screw valve near the
ball, and see that the level of the mercury stands at zero on the
scale. If this is not the case, adjust the tube by pushing it up
or down until the mercury is at this level. Attach one end of
the tubing to the manometer and the other to the glass tube
connection of the bag. Screw the brass outlet-valve tightly
home. -

The pressure in the bag is now slowly raised by squeezing
the ball with the right hand until the pulse can no longer be
felt. At this point the rise of the mercury in one limb of the
manometer is read on the scale, and the figure on the scale
indicates the maximum systolic'pressure at the time.

Having read off the pressure in the manometer, allow the air
to escape by loosening the brass screw near the ball. By
allowing the -air to escape slowly, the pressure at which the
pulse returns can also be observed. :

The diastolic pressure is ascertained by allowing the pressure
to fall still farther very slowly, and noting the height at which
the greatest oscillations of the mercury occur at each pulsation.

When packing the manometer in its case, remove it from the
socket and replace the small rubber caps securely and tightly
on the open ends, to prevent the mercury escaping. Then put
the manometer in the guides at the bottom of the box, face
upward, the scale-end nearest to the handle. Upon this lay the
armlet, leather side upward. The tubing, ball, etc, may be
distributed about the case. Carry the box by means of the
hand-loop at the end.

The scale on the manometer is immovable, but the glass
tube admits of a small movement. Should any of the mercury
be accidentally spilled, refill the tube, and bring the surface of
the mercury to correspond with the zero on the scale. Spilled
mercury may be scooped up with a bent calling card. Care
must be taken not to use a silver teaspoon, which would at
once become amalgamated and spoiled. Gold or silver rings
or sleeve-links must also be prevented from touching the
mercury, or they will be spoiled.

Note—A fall on the floor, or the jolting in travelling by rail,
may separate the two columns of mercury in the manometer
tube; to rectify this, hold the manometer board by its upper
end, and gently swing it in the manner adopted to adjust the

index of a clinical thermometer ; leave the rubber caps on the
tubes whilst so doing.! :

' It is made by Mr T. Hawksley, 357 Oxford Street, London, W,
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Lockhart Mummery's is much like C. J. Martin’s, but it has
a large reservoir of mercury like Riva-Rocci’s original instru-

Fia. 236, —Lockhart Mummery's modification of Riva-Rocei's aphygmomanometer,
{Made by Hawkslay.)

ment (page 76), instead of a [J-tube. The mercury is retained
by india-rubber caps, and the instrument is portable.
Oliver's New] Splygmomanometer—In this instrument the

Fi. 287.—0liver's new instrument. A, Tap for occluding or releasing air; », tap for angmenting
the oscillations of the fAuid index; ¢, rubber connections; D, screw for regulating the
pressure in the air bag ; x, the palpating finger ; ¥, sphygmomanometer.

pressure is afforded, as in Hill's smaller one (p. 66), by a fluid
index working against a column of compressed air. It has the
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stream of blood, under constant pressure, is sent through the
muscle. A heart whose nutrition has been weakened by disease
of its arteries, and consequent imperfect supply of blood to the
cardiac musc]e is unable to meet any increased resistance, if this
should be offered to it, and pain is at once felt, In such cases,
unless they be far advanced, we find, precisely as we might
expect, that walking on the level usually causes no pain, but the
attempt to ascend even a slight rise, by which the muscles are
brought into more active exertion, brings on pain at once.
Yet here again we find, as we should expect, that if the patient
is able to continue walking, the pain passes off and does not
return. These phenomena would be inexplicable if it were
not for Ludwig’s observations on circulation through the
muscles ; but in the light of these observations, everything is
made perfectly intelligible. Walking on the flat, by causing no
violent exertion of the muscles, produces no mechanical con-
striction of the vessels, and thus does not increase the blood
pressure. The greater exertion of walking up a hill has this
effect; but if the patient is able to continue his exertions, the
increased dilatation of the vessels—a consequence of muscular
activity—allows the pressure again to fall, and relieves the pain,
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nor other carbohydrates can supply the place of genuine
albumen. Of course, inorganic solutions do not supply energy:.
Solutions of inorganic salts, as mentioned by Gaule, Binger,
Howell, Locke, Schucking, and others, weaken the pulsations;
but the better they enable the albuminates to be utilised in the
heart, the less do they have this effect. Every saline solution
gradually exhausts the energy of the heart, but it can be
restored by serum. The blood corpuscles and fibrin do not
take part in this process, and hence blood is no better than
serum as a nutrient. :

Oxygen does not increase the work done by the heart.
Blood saturated with carbonic oxide nourishes it just as well as
arterial blood. Asphyxial blood is only poisonous on account
of the CO, it contains.

Dissolved erythrocytes (laky blood) poison the heart only
on account of the poisonous potassium salts set free by their
solution. If these are renewed by dialysis, laky blood is
Innocuous.

In 1874 Kronecker advanced the following explanation of the
ascending staircase (Bowditch's Treppe, p. 26) :—The pulsating
heart massages itself. In amphibian hearts, where capillary
clefts replace the coronary arteries, each systole presses out the
contents of the clefts, each diastole allows the clefts to reopen.
By this mechanism the nutritive material is renewed. After a
long standstill the products of metabolism remain in the clefts
and asphyxiate the heart muscle. Every systole removes a small
quantity of the noxious substances, and their place is supplied
by nutrient material. In this way we have the paradox of
recovery through work. The descending stair can be artificially
produced by washing out the heart with saline solution.

Bowditch's Law.—The amplitude of the heart's beats is
absolutely independent of the irritability of the heart. The law
discovered by Bowditch is: Minimal stimuli cause maximum
pulsations. This law has been thus paraphrased: “ All or noth-
ing "—that is to say, that instead of a weak stimulus evoking a
weak contraction, and a strong stimulus a strong contraction,
any stimulus which will produce a contraction at all will produce
as powerful a pulsation as the most powerful stimulus.

To this law Bowditch found two exceptions :—

(1) Intermittent pulsation, with constant regular normal
stimulation.
(2) Feebler pulsations after longer rest.
This subject was more fully investigated by Kronecker, who
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succeeded in obtaining a pulsation without fail on the applica-
tion of each minimal stimulus, if the stimuli were kept of exactly
equal strength by the use of a mercurial contact kept perfectly
clean by a constant stream of water. :

He also showed that the first pulsations after rest were not
smaller than the later, if the contents of the heart were kept
fresh during rest.

Thus he proved that Bowditch's law holds good without any
exception. ’

Refractory Period—More important still was Kronecker’s dis-
covery that the heart is not irritable during systole. Marey called
this the refractory period (p. 31). Even after the systole is over,
the heart only gradually regains its irritability. Temperature
modifies the irritability of the heart to a great extent. He
found that at a temperature of 30° C, a heart can be made to
beat sixty times a minute by induction currents of 15 units
(Kronecker) and the contracture augments. When cooled to
8° C., it can beat twelve times per minute; at 5° C, only six
times per minute, even when 12 stimuli of 30 units each are
applied. Every pulsation lasts about 5 seconds, so that the new
systole begins after 5 seconds of diastole.

This curious reaction of the heart to frequent (intermitting)
stimuli explains why the heart cannot be tetanised.

The frog’s heart, at a temperature of 30° C, and stimulated
forty to fifty times per minute, makes a pulsation every second.
At a medium temperature, 15° C,, it pulsates about every second
second. At a low temperature, 10° C,, it beats about every fifth
second, although the pulsation only lasts 2'5 seconds. In the
cold heart the duration of the pulse is 6 seconds, but the heart
only regains its irritability again after 15 seconds. This
behaviour of the frog’s heart supplies an explanation of the fact
that constant stimuli, such as chemical ones, have an intermitting
effect. Within the last few years, Kronecker and his pupils
have found that the ventricle of the frog’s heart ceases to beat
if its contents are deprived of all stimulating properties. Thus,
Algina found that a ventricle would remain without beating for
an hour and a half at a time for as long as three days, when it
was supplied with sheep’s serum which had been dialysed,
neutralised, and then brought up to 06 per cent. of sodium
chloride content.

It would therefore seem that there is no true automatism
in the ventricle, but only intermittent action to a constant
stimulus,
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Co-ordination of the Heart-Beats—Two opposite views are
held by physiologists in regard to this subject.

Those who hold the myogenic view consider that the
muscular cells which form the cardiac wall transmit a stimulus
from one to another. But Kronecker and Imchanitzky * made
the following observation, which seems to show that this is not
the case. Microscopic preparations of rabbits’ hearts fixed in a
“state of fibrillation show that the condition of irritation does not
pass the limits of the cell. Preparations of hearts, which were
fixed while the pulsations were normally co-ordinated, exhibit
equidistant strim. Co-ordination is effected by numerous
plexuses of non-medullated nerves. As soon as these are
paralysed, the heart falls into an irregular kind of motion, either
fibrillary or peristaltic.

The nerve centres of the heart, like those of the brain, consist
of groups of ganglion cells and nerve plexuses. These are
quickly paralysed by want of blood.

Fibrillation occurs in the mammalian heart—

1, If the coronary arteries are ligatured.

2. If small branches of the coronary arteries are plugged
by embolism (reflex effect).

3. If the heart is tetanised. . -

4. If the mammalian heart is quickly cooled down to about
25° C,

5. If thesvcntricular septum is punctured about the junction
of the upper and middle third.

6. Sometimes by the rapid application of chloroform.

Rabbits’ hearts in a state of fibrillation may spontaneously
commence to beat rhythmically. Dogs’ hearts (except when the
animals are very young) continue to fibrillate, and die unless .
they are saved artificially. Dogs’ hearts may be saved from a
state of fibrillation— ;

(1) By very strong electric shocks (240 volts), applied
directly to the heart (Batelli and Prevost).

(2) By heating to 43° C. or 45° C.

(3) By chloral-hydrate (Barbéra). 3

If the roots of the coronary arteries have been ligatured, they
cannot be saved. :

Kronecker succeeded in re-establishing pulsation, but only
on the right ventricle of the dog’s heart, in the following experi-

* Archiv. Infernation. de Physiol, vol. iv., p. 1, July 1906 This paper
contains a very complete résumé of the literature on the subject of the
channels through which stimuli pass from one part of the heart to another.
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ment. He ligatured the anterior root of the coronary artery ;
then produced fibrillation, and finally conducted a strong current
of 240 volts through the heart. From this he concluded (1)
that narrowing of the coronary arterial system paralyses, either
directly or reflexly, the co-ordinating nervous system of the
heart ; (2) that the paralysis may be removed by producing
dilatation of the coronary arteries by heat, chloral-hydrate, or
electric currents of high intensity; (3) that a centre for the
innervation of the coronary vessels lies in the ventricular septum.
At the point in the ventricular septum where puncture produces
fibrillation, no ganglion cells are to be found, but only nerve
plexuses, which have a similar function to ganglia.

Conduction of Stimuli from Auricles to Ventricles—When the
heart is beating normally the two auricles are seen to contract
simultaneously, and the same is the case with the ventricles.
The co-ordination between the auricles and ventricles is such
that they begin their contraction at regular intervals, so that the
completion of systole in an auricle is followed without any
interval by the commencement of the systole of the ventricle.

Such co-ordination is, like the act of swallowing, only possible
through central nervous arrangements.

Those who hold the myogenic theory say that the retarded
conduction occurs on account of the specific structure of the
muscle. This is not to be found in the frog’s heart. In the
mammalian heart the retarded conduction is ascribed to the
bundle of Stanley-Kent and His.

Kronecker and Imchanitzky have shown that this bundle
can be ligatured without disturbing the co-ordination between
auricles and ventricles. e
: Dr Paukul of Dorpat, while working recently in Professor

Kronecker’s laboratory, found that the Stanley-Kent and His
bundle of muscular fibres connecting the auricles and ventricle
is accompanied by nervous plexuses, injury of which disturbs
co-ordination, whilst ligature of the muscular part of the bundle
does not impair co-ordination.

Dr Imchanitzky, also working under Kronecker’s direction,
discovered in the hearts of lizards two nerves with immense
groups of ganglia uniting the auricle with the ventriclee. When
these were ligatured, the co-ordination between the beats of
the auricle and ventricle was destroyed.

Dr Lomakina several years ago observed disturbance of
co-ordination, after the application of ligatures to the hearts
of dogs and rabbits at points where the bundle could not be

2 F




226 THERAPEUTICS OF THE CIRCULATION

injured—eg., to the pulmonary artery at its exit from the right
ventricle,

Kronecker often saw inco-ordination occur on the application
of a ligature to the right ventricle at the point where the venz-
cava inosculate. How is it possible on the myogenic theory to
explain the occurrence of fibrillation in the tetanised auricles
while the ventricles are pulsating normally, or wzice wversa?
Is His’s bundle then in a state of fibrillation and yet effecting
pulsations ?

Kronecker also showed that the vagi when stimulated can
inhibit the ventricles whilst they do not affect the fibrillating
auricles. How can this fact be explained otherwise than on
the hypothesis that the nerves conduct the inhibition through
the fibrillating muscular masses?

The cardiac vagi do not act on cavities of the heart which
are under the influence of local stimulation. A ventricle through
which normal saline solution is being circulated cannot be
stopped by stimulation of the vagus, but if the ventricle is
supplied with Ringer’s solution or blood, stimulation of the vagus
produces its ordinary inhibitory effect. The same minimal
stimulus which will cause the ventricle in a state of ordinary
rest to pulsate, suffices to produce a pulsation in an inhibited
ventricle. The vagus is therefore not an anabolic nerve.

Conduction of Stimuli in the Heari—In a paper on this
subject from Kronecker’s laboratory, Dr Maria Imchanitzky
(Archives Internationales de Physiologie, vol. iv., p. 1, July 1906)
in addition to a very full abstract of all the literature on the
subject, gives a résume of the results of original experiments
made under Kronecker’s direction. These are :—

I. From the histological researches it appears :—

(a) That the muscular cells in the ventricles of the heart
in repose, or in co-ordinated action, present everywhere the
same histological appearance, the striation being identical
everywhere.

(6) When the heart is fixed in a state of fibrillation, the
cells, on the contrary, present different aspects. The state of
striation differs from one cell to another. The intercellular
limits generally form sharply marked dividing lines between
a cell with striz widely apart and another with them close
together, although sometimes these different appearances can
be found in one and the same cell. (See Fig. 240.) -

(¢) From the aspect of these structures one must conclude
that the contraction does not pass from one muscular cell to
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another, but that the stimulation is transmitted by co-ordinating
nervous communications.

II. Experiments made by ligaturing the bundle of His
prove that hearts may exhibit co-ordinated pulsations of the
auricles and ventricles after the destruction of this bundle.

ok
v =

Fic. 240.—Cells taken from a heart in ibrillation. Th&_itrﬁpaut-lon shows that the inter-
cellular limits separate very sharply parts with strie widely apart from others with
strize close together, whilst in the interior of the cells numerous transitions may ba
obsarved. The larger figure (a) is magnifisd 760 diameters by an apochromatio objec-
tive, No. 2 of Zeiss, and compensating eyepiece, No. 8. The small portion (k) strongly
magnified was observed with Zeiss's No. 2 objective and a com ting eyeplece,
a"il'u.tgg,iwith an intense {llomination. Its position in ais marked the rectangle of

ot ines,

Importance of the Pulse for the Current of Blood in the
Arteries.—In experiments made with his pupil, Dr Gustav
Hamel,* in which nutrient fluid was perfused through the blood
vessels of a frog, Kronecker found that when the flow was
interrupted rhythmically by a stopcock worked by an electric
pendulum, the vessels allowed much more fluid to flow through
them than when the flow was continuous, The advantage of
the rhythmical impulse appears to consist in this: that the
alternate movements maintain the elasticity of the arteries and

* Zeilschrift f. Biologie, Bd. xxv., N.F, vii,, p. 474.
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Bads, Bpecial, for Patients with Severe Valyular
Disease, not sufficiently made use of, 181,
Beel-tea, Cardlae Stimulant, not Huniant, 141.
Begbie, Dr Warburton, and the © Puolvis Mirabilis®
for Fanctional Irritation of the Heart, 177-5.
Belladonna, Paralysis of Vagus, cansed by—Pulse-
mte after, 104,
Bolladonua Plaster, over Heart, as Cardiac
Bedative, 174-5.
Bezold, Von, sz Traube & Von Bezold.
Bicarbonate of Soda, in Sleeplessness in Cardiac
Disense, 190,
Bldder's (danglia, Frog's Heart, (fgs.) 18, 25,
Bigeminal Pulse—nature—instance, 186,
Bile Acids in Jaundice, action of, in cansing
Bradycardia, 184.
— Elimination of Toxins in—caused Brachycardia,
aim of treatment—metheds employed, 185,
— Bubstances having Poisonons action exerated
in, reabsorbed Liver — risks from, in
Angina, how eliminated, 188,
Bismuth, in treatment of B cardia due to
Reflex Inhibition from Stomach, 155.
— use of, in certain forms of Tachycardia, 152,
Bitartrate of Fotassium, addition of, tu Componnd
Jalap Powder—advan of, 200,
Bladder, se¢ Urinary Bladder, £ Gall Bladder.
BI?:;, Demonstration by, of action of Digitalis,
Bleeding — General, from the Arm — cases in
which beneficial, 172, 205.
—— — 0 Blow very Rapid Pulse, 168,
— Laocal, Leac and Cupping—eases In
which ~beneflcial—action not undarstood,
174.
Blocking of the Coronary Arteries, consequences
of, 84, 95, 108,
Blood, Bulls!, drinking Warm as Punishment,
188 £ nole.

— Circulation (g.v.) of, how kept up by the
Heart, M-8 &£ figs.

— Diluted, as used in Ludwig's Artificial Circula-
tion experiments, 180,

— Diriven ck into Auricle and FPulmonary
Yoing in Mitral Incompetence, 125.
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Blood-veszels, Stimulation of—Continued.

— — from without, 45, (figs.) 45, 46,

— Tonfe effect on, of Digitalis—proved by Aunthor,
145 & note,

— Vessels of the Heart, effect on, of Heat and
Cold, 108-4.

— \'m-alnﬂ t;l‘ &Ehegsiujs. Eﬂdrlqulftlnnf sometimes
maintain ; in defanlt of Coronmary
Arteries, 04,

Blow on Abdomen—Shock induced by—twofold
action—Goltz's Experiment on Frog showing,
111.

Blue Pill, Powdered Digitalis, and Powiderad
Squill—Fill of—value of, modifications of, 200,

Bokenham, Mr T. J., e Brunton & Bokenham.

Bowditch's (HDI' H. P.) Apparatugs for Experiment
on Frog's Heart, (fg. & note) 21.

Bowels, as affected by Compassion, 1040.

— ut,m;tm;;;meduﬂ by, in relief of Palpitation—

why, 177,

— to be kept freely open in Angina Poctoris—
how—why, 158,

B_ tm of, in h&n%uﬁﬂl}ifw ﬁm&m, 804

Tac , fee also Bradyca
B e ja—echief characteristic, Slow Pulse,
3 4

— Canses, 106-T, 188-4.

— when most frequent, 188-5.

— Treatment of—aims in, 185,

— Pulse in, Hate altered, Rhythm regular—
varieties of Intermission in, 107-10,

Brain, sce also Medulla,

— Arteries of, as affected by Raynaund's Diseasa,
116.

— Blood-pressure in, as affected by Position, 112,

— Blood-supply to, defective—canses and conse-

nences, 131-2,

— = Large, requined by, when active, 112,

— condition of, 1n Shock (clear), 112,

— — in Byncopa (unconscious), 112,

———due to inadegquate hlmd-nupphr, 18,

Xk

— Norve Cells in, destroyed by Macrophags in
Old Age, 208—reason, 204,

— Presgsure on, varicus forms of causing Brady-
cardia, 107.

— Iiu;;t.ur& of Vessel in, in Old FPeople, cause
of, 202 —results, 203,

— Stimulation of, by Tobaceo-smoking, 166,

— Budden Anwemia of, probable canse of Syncops,
112, o see 18.

Braune, cited on Walls of Vaeins when Stretehed,

6.

Bread, made with Bugar and no 8alt, in Diet for
Mitral Disease—aim of, 200.

Bread and Tea, fatal meal of—why so, 188,

Breath, Shortness of (ses also Cardiac Dyspnoa), in
Mitral Incompetence—treatment, 196-6.

Breathing, Difficulty of, in Becumbaney, 180—
probable twofold origin of, 181.

Bright's Disease, advanced, double risk in, of
use of Digitalis, 168-60.

— Artarial Distension due to, ftracings of

Aortic Fulse consequent on, 87-8, (fig.) 86.

—Br ardin cansed by, 107,

Brodie, Bir Benjamin, cited on Qlaudication before

Senile Gangrens, 118-14, and on Angina Pec-

taoris, il
Bmmhiﬁ{n) of Potassium, in treatment of Brady.
cardia due to Reflex Inhibition from Stomach,

136,
— Bodium and Ammonium, separately or mixed,
in treatment of Sleeplessness in Cardiac
Disease—doses, 150,
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Bromide(s)—Conlinied.

— Use of, in certain forme of Tachycardia, 182,

— useful in Graves's Dissse—why—how, 180,

Bronchitis, Chronie, Btrain due to—effect of, on
right side of Heart, 128,

— B%ﬁguum. Wet Cupping over the Back for,

Bronchitis and Emphysema, results of, to the
Heart, 108.

Briicke's Amlogé.l- for the Pericardium, and view
E‘E Eju;;ttun-m on of Ventrleolar SByvstole, 05,

7. 04,

Bruoits or Murmuors — Cardiac, characteristic
Bounds of, how caused, 41.

Brunton, Lauder—

— Advice and Rales of, on Rest for Patients, 180,

= Arrangemant of for Evacuation for Patients

kept Recumbent, 180,
— Diggrams by, of hypothetical nervous ap-
paratus, Frog's Heart, (fg. £ note) 18,
_—— tggilluatm-m the Experiments of Stannius,

—]]!:m\:ary by, of action of Bodinm Nitrite,
162,

— Double action of Digitalis and its Tonic effect
on Heart and Vessels proved by, 143 £ nole.
— Experiments of, on
— e Agkion of Iligit.a.Hs, 164,
— — — Regurgitant Murmur observed in healthy
Lieart of Dog poisoned with, 122-4,
— — — Thirst produced by Digitalis, 147, 149
— — — Blood-pressure in Man as ascertained by
different instruments—deductions, T7.
— — pffects of Heak and Cold on Frog's Lungs,
48, (fig.) 62,
— —own Pulsa, 128, 160.
— Importance of Arterioles pointed out by, 154,
— Instruments or Apparatus devised or adapted
by, for varions purposes, ;
— — Ascertainin &mpebmcanfmtml or Tri-

cuspid Valves, ete., (fg.) 36.
‘s & Fick's Eymo-

— — Combination of Ludw
gm]i:ha, {fig.) BT, g

— — Combination of Potain's Sphygmoman-
ometer with other Instruments, leﬂf-ﬁ'fﬂu

— — Modification and Application ivae
Roeci's Eph_vgfmuml.mmntar, g5.) 7T, T8

— — Modifientfon of Von Basch's Ephygmoman-
ometer, 31, further medification, (fg.) T8.

— — Showing action of Heat, Cold, and Poisons
on Frog's Heart (ig.) 20.

— — Showing aﬂ‘hﬁt of *ga.d! l.‘.}';:ﬁ. and Poisons
an 's Lungs, 49, (fg.) 62.

— — Standardising an .a.namfd. Bphygmomano-
meter, 0.1, {fg.) &1.

— Observations of, on :

— — @etion of Nitrite of Amyl in Angina Pectoris
Eg‘_ulnui:m redueing power proved by,

—_—— _&_n,gin-ﬁuumﬁu (Edema, 115.

rterial Tension and Quick Pulse in relation

to Pain of Angina Pectoris, 119 4 nofe.

— — Onse of Cardiac Strain from indoor Dancing,
122,

— — Dilatation of Arterioles sometimes due to
Local Irﬁlhld?!}ﬁu. -

— — Distensibility of Liver, 10.

— — affect of .&m{m:lﬂi.l Liniment over Cardiac

fom, 178.
—_— —Iétnfmt.im in mmnﬁ Blood-pressure, 165.
— — — Bmoking ** Plg-tail " Tobaceo, 167,
— — Fingers 1n%t;ymud'n Diseaso, 114,
— — his own sensation of Chest-oppression dus
to grief—deductions, 118.
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Cardiac Diseases, Drugs, ete.—Continyed,
(2) Cardiac Tonics—Continued,
— = — Nutritive effects of, 96.
— — — other than Digitalis, differance betwesn
them and it, 167.

— — () Cardiac Stimulants, 150, 141.

— — — Adrenaline, 167.

— — — Beaf-tea and Meat-extracts, 141.

— — — Caffelne, 141, 148, 168, 194,

— — — Purin Bodies, 141, 158-9.

— — (4} Cardiac Deprossants, 189,

— — — Aconite, 168,

_——— %l;lnm{l, 1?0. Y

— — — Digitalis formerly regarded as, 148,

— — () ¥ascular Contractors, 180,

— — (8) Vasceular Dilators, 180, 160-8.

— — (7} others with Indirect action on Heart, 180.

— Forms of, most liable to Sudden Death, 108,

— Bleeplossness frequent along with—character-
igtics—aprravations—treatmont, 190 e seg.

— Burgical Treatment of, possible benefit in some
cases, 201 £ note,

— Treatment of (and see wnder Name of coch

JSorm) 176, ef zeq.

— — Sargical, 201 £ note.

— — Ultimate impotence, in some cases, H01.

— Unenumeratad forms of, 127-8.

— Uze of Drogs in, 189 ef seq.

— Uss in, of Purgatives, 109-200.

— — — Mercurial Purgatives, value of—Author's

view, Z04.

— YViclous Cirele in, 123-9.

Cardiae Dyspnoea, associated with Mitral Obstrue-

tiom an rgitation, 126-7.

Candiac Failure, canses and B;rmh]i)tama of, 121-2.

— Common cause of Death in Old Age, possibility
of averting, by treatment of Arterial Con-
ditions, 205.

— Danger u:é, in condition of High Blood-pressura
combined with Atheroma of Atteries, 202.

— Threatened by rise of Blood-pressure in Chronic
Interstitial Nephritis, 45, 47.

Cardiac Ganglia (see also Ganglion-cells), Import-

ance of, B0 & note,

Cardiac Movements, Slowing of, when requisite—

two modes of effecting, 14 & nofe, (fig.) 18,

— — viows on, of Gaskell and of Engelmann, 17, 18.

Candiae Murmurs, see alss Sounds of Heart.

— — Oarotid Pulse to be used to fix time of,
when—and why, .

— — characteristic Bounds of, to what duoe, 41.

Cardiac Muscle, effect on, of Digitalis, 144-5,

— Fatty degeneration of, see that head

— action on (probable), of Aconite, 163.

— Nerve.like action of (Gaskell), 24.

— want of relationship batwesn its Power and
the Resistance to be overcome it—the
probable canss of Angina Pectoris, 186,

— Weakness of, indicated by Lessened First Hearb
Bound, 40.

Cardiae Nerves abundance of—Functions, 50

of 58,
— — Intrinsie, affect on, of Digitalis, 144.
pposing action of, 48,
— — Probable Importance of, B0 & nofa,

Cardiac Nutrients, see uwnder Cardiac Dizseases,
Drugs, ebc., nsed in, sipra. :
Uard';nu Nutrition, how benefited by Digitalis,

14T et sog.
— — — by Nanheim Treatment, 193
— how effected, importance of, 92, and of its own
activity, 08.
— Solf-massage in relation to, 84-6.
— Tanfcs (Cardiac), how they aid, 04,
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Cardiac Pain (see also Angina Pectoris), caused by
Over-smoking, 167,

e R
riliac 8, Yagus branc n; possible
of [rritation of, in cansing Bradycardia, 188,

Cardine Pulsations, reflax Mechanism eoncerned
with, how deduced, 188,

Cardiac Region, Local applications over, Pressure,
Heat, and Cold, benetlts from, 174-5.

Cardiag Rhythm, disturbanes ni',

— — by Mitral Obstruction, 128.

— — by Mitral Regurgitation, 124.

— — — conseguenca in both cases, 194, 194,

— Nervous System's share In, Author's view on,

ag possible cause of Tanhﬁmrdfu. 110,

Cardiac Bedatives, Local and External, 174-6.

Cardiag Btimunlants, see under Cardine Diseases,
Drogs, ete , used in, supra.

Cardiac Btrain, Dilatation due to, 122,

— induneed by Excessive Exercise—symptoms—

Treatment, 180,
mﬂrdmr{aT%nfna, Calclumn as, 141, T also wunder
ardiac Diseases, Dougs, ete., used in, supro.

Cardiac Uneasiness, causes, 128,

— fraquently felt withont Pain, 118.

Cardine Walls, Diseaseor Degeneration of, causing
}ﬂ Paroxysmal Tachycardis, 106;
b) Bradyecardin, 107.

Cardiac Weakness,

— — after Diphtheria, double cansa, 108,

= — Bradycardia due to, 106, 188.

— — Canses—

— — — Fatly Degeneration, §7-8, 108.

— — — Nervous ression, 100, 102

— — — Dilatation of the Heart dus to, 129,

— — — — offeet on, of Digitalis, former, and pre-
sant (true) view of, 143 & note.

— == — = gflect of, on Wutrition of Blood-vessels,

o
— —FD ms of, B8, (fgs.) 86, 87.
Cardi h%?:ﬁ:i“ Bphygmugrapl?, }i}.ﬂ,:l Burdon.
Eanderson's, for Apex-beat, 82, (fgs.) 54.
— Marey's, 84, Investigations with, 84-8, (fge)

&5, 8.

Carminatives, alone, or with Rhubarb, in treat-
ment of Sleeplessness in Cardine Disease, Tk
— benafit from, in attacks of Angina Pactoris, 186.
— for relief of Palpitation, due to Flatulence—

two Prescriptions, 176-7.

Carotid Artery, alterations observed in, in
Migraine, 116-17. : ‘

— — Pressure on, relieving Migraine, why of

little use, 117

Carotid Pulse, to be used to fix time of Cardiac
Murmurs—when and why, 80. .

Casen or Sasay-bark (Erythrophieum guingens),
Medicinal uses of, 148, 167.

Cascara, as Aperient, in cases of Senile High
Pressure, 204.

Cash, Dr {see also Brunton & Cash), Instrument
devised by, for Experiments on Frog's Heart,
B2 &£ mnole.

Cash & Dunstan, Fescarch by, on various
Nitrites—results, 162,

Gerebral Abscess, Bradycardia in conjunction with,
185

- .hpu]:'laﬁ- in advanced years, cause of, 202-8—

ible

THORS means of averting, 206,

— Vessels, Disenses of, in relation to Senile
decay, 208, 204

Cervieal Cord, Discase of, or Injuries to, Brady-

cardin due to, 107, 185.
Cotti, Mr, modification of Von Basch's Sphygmo-
manomater made by, to Author's plan, G1.

e
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Compensatory Hypertrophy of the Ventrlcle,
when geonrring, 1940,

Componnd Jalap Powder, in treatment of Cardiae
Digenscs—use—dose, 100, how euhanced in

Daﬂﬂ'el:t, EIDD-
mpression, as affecting Pass of Stimuli in
Medusm, 28, and Frog's Hmr;'g;ﬂ,

Conduetion of Stimuli (see also Transmission) in
the Heart, Nervous and Muscnlar, experiments
of Brunton & Cash, 81, 82 & note, (figs.) 83,
deductions, 82, 84.

Congestion of Liver, etc., lessaned by Huasﬁa.lﬂl].

Contractile effocts of Digitalis on Frog's Heart—
not overcome by Atroping, 145,

— anﬂf Arteries, to what dus, work done by,

— Muscular Walls and accompanying Nerves of

Arterioles, effect on, of Dlgi.u{iu, 144.
— Power of the Aorta, 42,
— — of Blood-vessels, apart from Influence of
Nervous System, 45.
= = Of Heart, dependent on dus Xutrition, 92,
— Tissue of Meduss, action om, of Poisons,
(Romanes), 20-80, (fgs.) 26, 28, 29,
Cnntraatilgff' of Arterioles, probable effect of, 10.
— of Capillaries, established by Stricker and
others, 44.

— in Protoplasm, under Stimuli, (o) undifferanti-

ated, 22, (h) differentiated, ib,

Contraction of Abdominal Vessels, caused by

Savara Pain, Circulation maintained by, 111,

— of Artoerial Walls with Degeneration in the Old

—Senile Gangrene dus to, 118.
— Arteries, cansed by Local Application of Cold,
172, ( fig.) 178.

— — Peripheral, with Central Dilation—ecanse of
graine in Author's view, 117.

— — Temporary, in Raypaund's Diseage — con-
sequences, ordinary, and in severs cases,
114-5.

— — tendency to Rhythmical, in cases of Aortic

rgitation, 121.

— of Arterioles, caused by Digitalis, 144.

— — by Nicotine, met of, 164,

-—Chl"ranic, of Arterioles—causes,  consequences,

47,

— of the Heart, mode of, Instruments for ascer.
taining, 82 ef 2iq.

— of Isolated Frog's Heart, effected by Digitalis,
145.

— Muscular, as affecting Flow of Elood, &, and
Lymph, 8, ( figs.) 7, 8.

— of Muscular Fibwes in (1) Heart, (2) Arteries,
in Mammals, c& by Digitalis—how
effected—consequences, 146 ¢f a];;

— Rapidity of, cause of Loud First Heart Sound—
how it acta, 41.

— Reflex, of Veszelz, not present in Heflex Stop-
poage of Heart in imperfect Anmsthesia—
Author's view, 111.

— Rhythmical, of Arteries, tendency to, in Aortic

gurgitation, 121.

— of Vessels, caused by application of cold—aflect
of, on Inflammation, 172.

— —caused by Digitalis, etc., drawbacks inci-

dental to, 160 —overcome by combination
with Vaso-dilators, 160.

— — caused b{'irﬂmﬂnn of Adrenaline, 157,

— of Vessela, Veins, cte.—causes, 44, views on,
of Luchsinger & Schiff, and of Brunton &
Fayrer, 126 note.

Contraction and Dilatation, Kerves governing,

— — in Heart, 48,

— — In Vessels of the Heart, {0,

Contraction-wave in Medusa, 27-8,
E’n{;‘v&iﬂarﬁu majalis (Lily of the Valley), uses of,

Convulsions, eaused by Nicotine, 164,

Caronilla, action of—not used medicinally, 148.

ﬂﬂgl‘é:lllllu Arteries, blocking of—eonsequences, 4,

t]

— — Circalation in, connection of, with Angina
Pectoris, 180,

— — — consequences of interference with, 108,

— — Inadequacy of, in cases of Enlarged Heart—
consadqnences, 121.

— — Dasifieation of, In relation to Angina Pec.
toris, and to Claudication, observations
gll'li u__lréljnnmr, and Farry, cifed by Brodie,

— — Quality of Blood, reeaived by, 02,

— — = how they supply the Heart, 08-4.

— — Right — Interference with Circulation in,
cuusin? Cardiac Asthma—how, 180,

— — Terminal Branches of, communicating —

mences of closing either, artificially
or by diseasa, 04, 108,

Corsets, dangers of,

— — during administration of Anmsthetics, 189.

e P !II. Fﬂ'l]:l.tmg,, lﬂﬂh

— —in Flatulence, 139.

— —in Palpitation, 130,

Cough, dug to Over-smoking, 167,

ing, Process of—effect of, on Pulmonary
Circulation, 125,
Cranlum (se¢ also Brain), Pressure within, vari-
ously caused—Bradycarndia induced by, 184-5.
Glig;];mg, Dry, possible reasons for benefit from,

— Waot, possible reasons for benefit from, 174.
Curare, aflect of,

— — om Meduss (Contractile Tissue), 20.80.

— — on Motor Nerves, 128,

Glﬂ'ﬁt&,jilﬁng by, of flancde, Physiological Results,

Czermak, Professor, experience of, 83 to Com-
pression of the Vagus producing feeling of
Dppression, 118 &£ note.

Daxcmxo-Panry, offect of, on Girl's Heart—
]1133" produced in same case by Lawn-tenmis,

Dem.i;, common causes of, in Old Age, 205,
— smptiness aftar, of Arteries, 2, 5.
— sndden, forms of Cardiac Disease most liable

to, 108,
— — from Drinking large quantities of Aleokol
at one time—analogy, 111.
— — from Bupture of Vesscl in Brain, 208.
Debility, association with, of Palpitation, 110,
treatment, 180,
— Dilatation of the Heart due to, 128,
— General, Cordinc-weakness due to, cansing
Bradyeardin, 107, 1864,
Decay, ser Senile Decay. g
Degeneration in Arterial Walls, in the 0d, &7,
97, 98-9, 118-14, 201-8, (fig.) 5.
&80T Narves, functions of, 17.

Dizbetes, Bradyeardia associnted with, 154.
Diaphragm, movement by, of Viscera, in Upright
and in mbent Position, 181. E
— Upward Pressure of, in Flatulence from Dis-
ordered Cirenlation—conssguences, 129,

Dinstole, defined, 8.

— — coineldence with, of Radinl Polze—when
found, 90,

— — more complete—how secured by Digitalis,
141,
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Diuretle action of Digitalis, canses — Thirst
induced by, 147, 140-50, i
— action of Purins, 168-0,
—effsat of Venous Congestion —overcome by
Digitalis, 148-0,

Diuretics, Bynthetic Compounds as—how employ.
able, 150,
Dinretin, nature and uses of, 160,
Dog, Blood-pressurs in, 63,
-—E‘I.‘mujntmn in, maintained by Vessels of The.
'g:mus on obstruction of Coronary Arxteries,

— Heart of, effsct on, of Injection into Veins, of
Digitalls (Brunton & Meyer), 1645, figs.) 158,

— — Hogurgitant Murmur in Healthy, dus to
Digitalis Poisoning (Brunton), 122.4.
— Vena cava in—Ranvier’s Experiment on, as to
Dropsy, 160.
Dtl[:;lial, Experiments of, on First Sound of Heart,

— Views of, on importance of Cardise Ganglia,
80 nofe.

Double Nature of the Heart, 42.

Down DBros.,, Yon DBasch's latest Sphygmo-
manometer obtaivable from, 68 note.

Drainage Tubes, Southey's or Bartel's, for Legs
or Serotum, 201.

Drinking large quantities of Alcohol at one time
cansing speady Death—analogy, 111,

— at Meals, to be given up why,

— —in Inﬂf%ﬁﬂt.iﬂli, 178, 179,

— — in Palpitation, i,

— instances of danger from, 187, 138,

Dropsy (see also Ascites, & (Edema), Chlorides
ﬂil;ldvunhﬁeuus in—why, 200.

— Ranvier's Bxperiment on—dednctions, 150.

Drugs (see olso under Names), causing Absorp-
tion, best suilted to cases of High Blood-

ressure due to Gouty Kidney Disease, 00,
— Usa of, in Cardiase Dizeases—Classification,
180 et seq.

— Usad in treating Palpitation, 160, 17T-8, 180.

Drowsy Sleeplessness, ocearring with Cardiac
Disease—how aggravated—how relieved, 190
et se0.

Du Bols Reymond's observations on the Arteries
of his own Head in Migraing, 116.

Dudgeon’s Bpllygmn&mgh 81, {ffg.) 02,

Dungtan, Prof., see Cas & Dunstan.

Duodenum, poisonons sobstanees from Liver wid
Bila—reabsorption of, by Liver—risks of, in
Angina—how dealt with, 188,

%upﬂpsiai Chronic, Bradycardia Induced by, 107,

84

— great Rule in all kinds of—no Liguid during
Meals—why, 175, 179,

— Treatment of, in certain forms of Tachyeardia,
182,

Dyspncea, Cardiac, associated with Mitral
Opstroction and Regurgitation, 126-T.

EaTi®G, slowness In, requisite in cases of Falpl-
tation—why, 178, 178,

Effusion (s also Transudation) of Lymph—with
Vascular Dilat Eg.tm-ﬁmlﬂ%nta due to, 115.

— ArTeat of gitalls, p

Eggs, a4 Chiﬂt;{du-fnw food—how pr%'mred, 20400,

Ei%nl’mrnt.. Fatty Degeneration in Fowl's Heart
found by, on seetion of Yagi, 108

Elasticity of Arteries, ote., 4.

— — g3 aflected by A#a. &7, 118, 201, ( fig.) 86.

— — aaaffeeted by Bright's Disease, 57-8, { fig.) 80,

— — in relation to Contractile Foree, 10.

Elderly People (sc¢ also Age, Old Age, & Benile),
Aortic Obstroction in—how eaused, 119.90—
Regurgitation not necessarily resulting, 120,

— — Uircnlation of, as I.ﬂhl:l;eci‘ by Grief, Worry,

and Anxisty—case in point, 102,

Electrical Btimulation of Frog's Heart, effeets of,

(Brusiton & Cash) 812, (fgs.) 88—deductions,
Fl -

Elimination of Waste Products in Cardiac Disease
by Purgatives, 109-200.

Eliminnbug Function of Kidneys, interfered with
by Disordered Circulation—consequence, 1%,

Elongation of Musecle (1), 48, (fig.) 44.

Embolism in Coronary Artery—result, 04.

— Obliteration of Blood-vesssls caused by—
Gangrene resulting from, 118,

Embryonic Heart, action on, of Cardiac Tonies,
Plcharin%‘ﬁ observations on, 145,

— Aortie Orifice sometimes inflamed in—conse-

quence, 118,
— Structure of, Modifications in, as affecting
Pulsation (Gaskell), 28-5.

Emetics, Attacks of Paroxysmal Tachycardia

sometimes ent :hnﬂa —those suitable, 152,
na toris brought on
by—historic {fatal) cass, 186,

Nervoug Depression from, effect of, in Diseass
of the Circulation, 102,

Emotionalness in Graves's Disease—Drugs bene.
fleial againat, 180.

Emaotions, Association of, with Vagus, 100, 118,

Em{pﬁhyﬂma, Bradycardia cansed by—107, 185.

— égiltgms present in, affecting First Heart

und, 41,
— Btrain due to—efiect of, on Right Bide of
Heart, 128, 198,

Enemata of Tobacco, former uses of—dangerous,
166.

Enfeablement of Vessels, fourth stage of action of
Digitalis, 155, 157.

Enﬁu anm, views of, on Movements of the

eart, 18,

Engorged Conditions of Right Bide of Heart, high
value of Blood-letting in, 172,

Enteric Fever, see Typlofd.

Entero-hepatic Circulation—A tion, Exers-
tion, and Reabsorption in, by Liver of sub-
stances with polsonous action—rizks from, in

Angina—how aliminated, 188, (fig.) 189,

Epicardium, as affected by Coca (Von Basch
& Friilich}, 168.

Epﬂapsir, Bradycandia oceurring in, 186,

Epilaptic Symptoms, Raynaud's Disease ass0-

Emwd-n{_li b 115; 58

graph, Mosso's, 138, ( fig.) 0.

Erlanger's Modification of %I\':hm'mi'n Sphyg-
e e ey Medicinal f, 145,

Erythrophloeum guinceise, cinal use of,

o n;};&ﬂ action of, on the Yessels, 167.
Ether, affect of, on Medusm (contractile tissue),

.80,

Ethyl, Iodide of, use of, in Cardiae Asthma, 180,

Evacuation, arrangements for, in cases w
Recumbeney or fixed position must be main-
tained, 180, 181,

Excitement, simple, a= affecting the Kidneys,
10

— soothing effect in, of Bmoking, 160.

Exorcise, aid given by, to Cirenlation, &, 120,

— Excessive, ]I:iulsl..cnt rapid action of Heart
after—probable canse—traatment, 180,
—plus Late Honrs and Emotion, effect of on
Girl's Heart—not produced by Lawn-tennis,

bt

Emotional canses,

s

— -



















246 THERAPEUTICS OF

Eymographs, sée also Manometaera, £e.
= B?Etgn'; Combination of Ludwig's & Fick's,
L) BT.
— how used, 55, 57,
b L L S
=— Dzefllations in, o arcury, 65 ) 06, how
avoided, 57. Sl 2

Lﬁuaa in Milk, apparent Diaretic Action of,
I.;ﬂs.. growing, harmfolness to, of Tolbaceo-

L mfﬂmlfm'smhy%m' h, Digital, 02, (fg.)

aunlanid’s Sp TaQ gi 02 .} 08,

Lead-poisoning, Bra ::ar:iiu.t:auu.éd "t;]r, 5 184.

Leech, Prof. (the late), Lecturss of, on Druogs of
tha Nitrous Group, referred to, 168,

Leaches, application of—cases in which bene-
ficial, 174,

Left Sida, lying on, eansing Palpitation, 110-11,
175,

Liegs, Muscles of, Accessory to Clreulation, 6, T,

124,

— Tapping of, for (Edema—method, 201,

—misggg gf. effect on Tension in Vena Cava,
127, 181.

Life, Prolongation of, by attemtion to Arterial

Conditions, 201-2, 204,

LiFnt.uring Coronary Arteries—results, 4.

Lily of the Valley (Convallaria meojalis), uses of,

145,

Limbs, Circulation in, feeble in Absolute Rest
Treatment — eonsequences, 182 —ralisved by
Massage, 188-5.

Limba, uction In size in, when Bmin is
active—Mosso's demonstration, 112,

Lime in Saline Solution, benefit of, in Artificial
Cirenlation—Ringer's discovery, 141.

Liguid with Meals to be avoided by the Flatulent,
—why, 178, 170,

Liver, attention needed by, in relief of Palpita-
tion—why, 177.

— Apnlication over, of Leeches, in relief of

epatitis, 174.

— Congestion of, diminished by Rest and
Massage, 136.

— Distension or Swelling of, dus to Increased

lood-pressure, 16, 17.

— — dug to Venous Congestion—overcome by
Digitaliz, 150-1.

— Excised, Seeretion by, of Bile—experiments on,
of Ludwig & Schmulewitsch, 16.

— Functions of, interfered with by Disordered
Circulation—injurious reaction on the Heart,
120,

— Poizonous Bubstances absorbed by, Exerction
of, and Reabzorption—risks from, in Anging
Pectoris—how aliminated, 188,

— Reflex Irritation from, Bradycardin due to,

107,
Livar and Portal SBystem, as afle ted by Venons
Engorgement, 127,
Llangammarch, graduated Walks at, for Oortel’s
Treatment, 195,
Local Action of Nicotine on Arterioles, 164.
— Applications over Cardiac Region, of Pressure,
eat, and Cold, benafits from, 174-5.
— — of Cold, effect of, on an Artery, 172, (fg.)
178.
— Asphyxia, occurring in Raynand's Diseasa, 115,

— Bleading by Leeches, and Cupping—cases in
wl?'lich beneficial — action  not understood,
174,

— Inflammations with general Fabrile Distorb-
ance, nse of Aconite in, 160, 171,

THE CIRCULATION

Loeal—Con tined,

— Modification of the Clrenlation, in Infiam.
mation, various methods of, n:pia.lnad, 171-2.

— Paralysis resulting from Ruopture of Blood.
vissal in Brain, 208,

Locke's Experiments on Glueoss as Cardiac

Nutrient, 148,

Luchsinger & Behifl, observations of, on eansa

of Rhythmical Contraction in Velns, 128 note.

Ludwig, Prof., demonstration by, on cause of

Mitral Incompetence, 122,

— experiments of, on eause of First Sound of

eark, 40.

— Invention of, for kenping Isolated Organsaliva
by Artificial Circulation — methods and
means, 189-40, (fg.) 140.

— Kymograph of, 11, (fig.) 10; 54, 57.

Lt}gwlg*s anometer, Self-registering, 11, (fg.)

— Method due to, of Measuring Pressure o
Capillaries, 82,
— cited on Possibility of Bleeding an Animal into
its own Veins, 16,
= — Yaso.motor Bystem and (ts Fanctions, 4, 5,
Ludwig & Von Frey's modification of Marey's
H&:h grn.q:!, &,

Lu wi‘% & Bchmulewitseh, =
Secrotion of Bile by Exelsed Liver, 16.

Lumen of Arterioles—lessening ﬂf, canses of,
and risks from, .
— lessoned, not neeossarily indieated by loud
Byvstolic Murmurs, 119.
Lungs of Frog, effect on, of Heat and Cold—
Author's experiments, 40, (fg.) 62,

Lungs, functions of, interfersd with, by Dis-
ordered Circulation—injurious reaction on the
Heark, 130,

— Mechanical Interfercnce with, of Abdominal
Idistengion, 129, 186.

— Pressure in—point at which Stoppage of Pulse
ocenrs — Vilsalva's experiment — Aunthor's
tests on himself, 128,

Lymphatics, the, Conrse of, 84, 0.

Lymph, Circulation of, or flow of, 7, B, in and
round Heart, 06-6, (figs.) 85, 00-100,

— Effusion of, with local Vascular Dilatation—
Aflments due to, 115.

— — Arrest of, by Digitalis, 150.

Lymph Hearts, in Frogs, 8.

Macracax, Prof. Don , experiments of Author
in his laboratory under Gamgee, 160,

Macrophags, Normal and destructive action of, in
body, explained in relation to Senile Decay,
208-4.

Magendie's view on Cause of First Bound of Heart,
a0,

Malarial affection, possible Slowing of Pulse dus
to, 188

Malnutrition, due to Grief—case illustrating,

ent of, on

102.

Mammalian Girculation, experiments of Traube
(in relation to Digitalis), 148.

— Heart, see Heart, Mammalian,

Mammals, sction in, of Digitalis, 148, 146-7.

— (double action on, of Wicotine, 164.

— effects on, of Aconite, (o) small doses, 105

68,
Frogs, oflects on, of Nicotine, 104-5.
“ Man (or men) as old as his Arteries,” truth of

uﬂgg. 7, 201.
—B ;Ereuuuru in; B8,
— Normal Pulse-rate in, 104,
Mania, Bradycardia due to, 107, 185,

pilpeilagy &, -
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Mitral Incompetonca—~Continued
— — Froguency of, when slight, 104-5, when more
marked, 105.8.

— — (Functional}—canses and consequences, 122,

— — Shortness of Breath in—treatment, 106.0.

Milt:}mh Obstruction—causes and consequences,
2910

— — with Regurgitation—Cardiac Dyspnoa as-

sooiated with, 136-T.
Mitral Regurgltation—eanses and consequences,
122 198,
— — Urganic—canses and consequences, 128,
— — Blight, frequency of —treatment, 1045,
— — with g’ulmua Btasis, etc., 108—treatment,
— — Syvgtolic Muarmur indieative of—conditions
presenting, 123,

Mitral Stenosis, a cause of Venous Stasis, 198,

— — Burgleal treatment of—its possibilities, 201
o nole.

Mitral Valves, Incompetence of, see Mitral In-
competance, supri.

— — less liable to Imcompeteney than the Tri.

cuspid, 42,

Montgomery, Lord, case of—proof that External
Pressure is 1ot felt by the Heart, 115,

Morphine, remedy par excelience for Sleeplessness
in Cardiae Disease—how given, 1(0—doses—
danger in withholding, 102

— sometimes necessary to Telieve Nenralgic

clament in severs Anginal Attacks — how
iven, 188,
Mosso's Ergograph, ( fig.) 183. e
— Experiment on Size of Arm, as conditioned by
Hard Thinking, 112
— Plethysmograph, 67, combination of, with
Marey's Metallic Manomater, { fg.) 63,

— sphyig;umumalmmnm:, 649, T0.

Motor Funotion of Arteries, 4.

Mouth, administration of Opium by, why less
advantageons than by Rectum, 180-1.

Movements of the Heart, views on, of Gaskell,
and of Engelmann, 17, 18.

Miiller, Johaunes nn?_mintad. with the Independ.
ent Pulsation of Veins (1885), 17 nole.

Murder &mnatmctiva} by a Curate — Jilting
followad by Grief, consequent Malnutrition,
Phihisis, and Death, 102,

Murrell, Dr, anticipation by, of Aunthor in use
of Nitrozlyeerine—why, 162,

Muscle, Elongation of (7), 43, (fig.) 44.

— in Differentiated Protoplasm, as affected by

Btimuli, 23.

Muscle(s), sz¢ also Carding Muscles, Fascie, and
wnder Names. .

— Accessory, of Circulation, 6, 120

— Circulation in, effect om, of Absolute THest

Treatment, 182—influence on, of Rest and
Massage, 130,
Mnzeular Area, influence of, on BElood-pressare,

15,
— Contraction as u.mmging Flow of Blood, 6, and
of Lymph, 8, (fgs.) 7, 8. y
e — Induuaﬁ by amall doses of Cafleing, 148,
Muscular Fibre(s) of Arterles and Heart, Con.
traction of, cansed by Digitalis—how effected,
146=7.
— — of Frog's Heart—effect on, of Digitalis—
gupposed rolation to, of Pouches, 145,
— — of Heart, action of Purin Bodies probabl
more especially on, and on SBecreting Cells
in Kidneys, 158.
— — — aa affected by Stages of Action of Digi-
talis, 155, 167.

THERAPEUTICS OF THE CIRCULATION

Muscnlar Fibre(s) of Heart—Cond fnaed,

=— = = gliuht action on, of Btrychnine, 1567.

— — Involuntary, less capable of, withstanding
Constant than [ntermittent Strain —
proof seen in Mitral Obstruetion, 120.

=— — round Auriculo-ventrigular Orifice, action
of, in Norma] Contraction of the Ventricle
(Ludwig), 122—ald given by, to the Valves,
88, (figs.) B7.

Hli.limm Inadequacy in Walking, see Clandica-

on.
— Movements acting as Snbaldiary Heart, 8.
= Polsoning, coused by large doses of Caffeine,

143.
— Spasm, High Blood-pressure partly due to,
in cases of Gouty Kidney Discase, 00,

Musecular Tissus (generally), effect on, of Heat
and Cold, 48 (fgs.)

— = (atructure) of the Heart, as affected by the

Toxins of Diseases, 03, 108,
—_——— nﬁt on, of Digitalis, 144.
— — — affact on, of gradoeal Blocking of Coronary
Arteries, g&.
— — — Fatty or Fibrous Degeneration of (g.1.),
B8—affects of, on Cardiac Action, 108:

Musenlar Walls (Contractile) of Arterloles, effect
on, of Digitalis, 144,

Musenlar and Nervous Conduetion in the Heart—
aEperi;r;auh of Bruntun & Cash, 81 ef seq., 110,

gs.) 83,

Museali Papillares, Irregular action of, causing
Mitral urgitation, 122,

Mustard Pounltice, Redness from, immediate and
after—probable cauges, 45, (fig.) 46.

Mustard-and-Water Emetic to cut short Aftack
of Paroxysmal Tachycardia, 182.

Myocarditis, Clironie, Diet in, according to Dr
Schott, 198,

Myxmdema, effects of protracted treatment of,
with Thyroid Gland Extract (by Mouth), 105,

NairorLeox the Groat, Slow Pulse of, 106, 188,

Narcotics, to ralieva Na element in
Angina Attacks, 188,

— to relieve Sleeplessness in Cardiae Diseass,
180-2,

Nauheim Treatment—eases to which applicable
—methods, 106 et seq., { figs.) 195.

Wansea, carly symptom of Toxie action of

Digitalis, 161-2. ;
Neck and Head, Arteries of, as affected in
Migraine—Author's view, 117,
Wephritis, Acute, Wet Cupping over Kidneys for,

174, ;

—_ Gllumn{ul'ggtaratitia.l, Bradycardia indueed hy—
N0 5

— — — rise of Blood-pressurs in, risks from, 45,

47.
Nerium oleander, action of —not nsed medicinally,
1438,

Nerve Centres, Heflex Excitability of, inereased
by Strychnine, 167,

Nerve-fibre in  differentiated FProtoplasm, as
affected by Stimuli, 22,

Nervea, see olso under Names,

— Artorinl Massage of, in Health, 132,

— Irritation of —Severs Pain from—eflect of; on

e s amotiag 0.

— Hoothed obaceo-smo g

Nerves of Lrta:ju]a-muacu]unﬁwlls, effect on, of
Digitalis, 144.

— of Arterioles and Veins, observations on, of
Brunton & Schwei idel, 48.
— of Opposing action in Heart, and in Vessels, 48,

i
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Overdoses of Nitroglycérine or Amyl Nitrite,
Headache sole ill- from, 188,
Oxidation, effect om, of Digitalin and Caffeing,
Fickering on, 144.
— offect on, of other Drugs, condition of Em-
ronic Heart induced by, 145.
— melation to, of Cardiae Tonics, 145
— of Waste Products, effected by eombined Rest
and Mazsage, 186.
Oxygen, Inhalation of, in Cardiac Asthma,
remarkably good effeot of, 100.
— — in Treatment of Venous Stasis, benefit of—
posaibly in part mechanical, 199,

Pacg, Mr, sce Sanderson, Sir J. Burdon-, & Page,
Fain of Angina Pectorls—canses, 114, 12
Anthor's view, 119 £ note, 186,

— — location of, 186.

— — relief of, by General Bleeding, 172,

— ~ relation between, and Tension, 119 &£ note.

— — saverity of, 118,

— Intense, Power of the Heart to originate, 118.

— of Migraine—eauses—mode of relief, 117—
nature of, 117-18,

— Bevers, effects of, Contraction of Abdominal
Vessals and Maintenance of Circulation,

111,
— — Heart-s g sometimes due to, 111.
Palpitation of ths Heart absent (generally) in

o
Hypertrophied Heart, 110.
— assoclated with Debility, 110, treatment, 180,
— Cansation of, obsenre—Author's view, 110,
— — Disturbanca in Pelvic Organs — caution,

180,

— — Excitement, 174.

— — Failing Compensation, 123,

— — Faulty Diet, 175,

— — (Graves’s Disease, see that head.

— — Lying on Back or Left Side, in Bed, 110,
175,

— — Over-smoking, 167,

— — Stomach-distension from Flatulence, 176,

— — Weakness of the Heart itself, 178.

— Characteristics of, 110 ef seq.

— Effect on, of Position, 1140, 175,

— Indnced by Ammonia Liniment applied over
Heart, J.%‘E,

— Mechanism of —Author's view, 110,

— Position in 8] as affee 110, 175-6.

— Quisting of, by local external means, 174-5.

— Sometimes Subjective sensation only, 110.

— Tendenoy to, increased by Pressure of Corsets
or Belts, 189,

— Treatment of—

— — Diet, 175, 178-8.

— — Drugs, 177-8, 180.

— — Exercise, Open-air, 170,

— — Massage, ih.

imen, 178-0.

— — Elﬁtuhall

178,
Paraldehyde, in treatment of Slesplessnass in
Cardiac Disease—dose, 190.

Faralysis, see also Hemi a, 4 Paresis.

— after Convulsions cansed by Nicotine, 104.

— after Diphtheria—causes—consequences, 184,

— General, of the Insane, Bradycardia in, 107.

— of Inhibitory Apparatus in the Heark, by
Nicotine—offect on Pulse-rate, 164,

— Liogal, resulting from Rupture of Blood-vessel
in Brain, 208,

— Becondary to Disease of Cerebral Veasals, 203
—how preventable, by treatment of Benile
conditions of Yessels, 206,

mothods In severd cases,

THERAPEUTICS OF THE CIRCULATION

Paralysis —Continued,

— of Yagusand other Nerve, cansed by Diphtheria
Toxin, 108, 106, 184, and after Alcoholic
Neuritis, 105—Pulse.rate in, 104.

Parasis, General, Bradycardia in, 187,

FParkes, value of Beel-tes, ete., as Btimulants,
shown by, in Ashanti Campaign, 141 £ note.
FParoxysmal Tachyeardia, see Tachyecardia,

Paroxysmal.

Parry, Dr, observations of, cled by Brodie, on

cause of Anging Pectoris, 114,
FPastry, to be avoided in Palpitation, 178,
Pathology of Angio-neurotie (Edems, not under.
stood—Anthor's view, 116-16.
Pathology of the Circulation,

— — effeet of Altered Quality of Blood, oF,

— — — of Blocking (however cansed) of Coronary
Arteries, 04, 98, 114, 189,

— — — of Feebleness of the Heart on Nubrition

of Blood-vessels, §0-100.
—— e CBUSES OF
_____ Fatty Degeneration (g.0.), 102,
————— Nervous ression, 100, 102,
— — Exaphthalmic Goitre, 105,
— — Pulse- rate — factors conditioning, 108 —
normal rate in Men, 104—rate in Fevers,
105,

PT&‘ENW of Syncope, not thoroughly made out,

Pelvic Organs, Disturbancss in, Palpitation often
associated with—caution, 180.
P\e}g int Water, useful in FPalpitation from
atulence, 177.
in, ete., use of, in certain forms of Tachy-
cardia, 182,

: Pericardium, Briicke's simila for, 95.

Poriearditis, relief in, from application of Leeches
ovar Cardiac Area, 174,

Perihepatitia, with Hepatitis, relisf in, from appli-
cation of Leeches over Livar, 174.

Paripheral Contraction, with Central Dilatation
of Arteries of Head and Neck — cause of
Migraine, in Author's view, 117,

— Ganglis—Dilatation connected with, 45,

—_ en, inereasa of, in Arterioles, dangers

from, 89,

Peristaltic action and Normal Beats of Frog's
Heart alternating, as effect of Aconite, 169,

— and Motor action of the Arteries, 5.

Peritoneal Fluid, effect on, of Movements of
Respiration, 9.

Permanent Fressure, local, in raliafof Palpitation,
174, 176.

— Relief of Palpitation—essentials, 175.

Phagocytes—two classes of —functions of, 208.

Pharmacology (see also Treatment) of the Circula-
tiom

2 |5

Fharyngitis, benefit in, from Cold-water Compress
—how produced, 172,

— Ohronie, indueed by Over-smoking, 167.

Pharynx, Nerves going to, Paralysis of, dus to
Diphtheria Toxin, 108,

Pheasant's Eye (Adonis vernalis), uses of, 148,

Phosphorus, Fatty Degeneration of the Heart
found after administration of, B7-8.

Phosphates, use of, in Graves's Discase (Eochar),
180 £ nole.

Fhrynin, souree and action of —story of, 144,

Ph:{?m, abnormally low Blood.pressure as pres
gnrsor of—case in point, 102, _

— induced by Malnutrition due to Grief—case

of, 102.
Physiology of the Cireulation, 1.
— Agcessory Muscles of Circulation, .
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Pulmonary Cirenlation, High Pressure, abnormal

in, cansing Bradyeardia—how, 185.
— — Impeded, the danger in Mitral Incompetance
from Aorkic gargitation—tmeatment,

188-4,

— — lesa aflected by Nikrites than genoral Clreula-
tion, 184,

— HEngorgement, canse of, 182,

Fulmonary Veins, absence of Valves in, 125,

—— I.‘:I:m5 -pressure in, in Mitral Regurgitation,

— — Contractile Power of, and Independent
Pulsation in, rediscoversd by Fayrer &
Brunton, 17, 42, 125, 126 note.

— — Prazsura on, in Mitral Obstruction—pessible
stimuli excited by, and further interfer-
ence with Heart-rhythm, 126 note.

Pulsation, Arterial, coincident with Respiration,

44.5,
— — ghaarvable in persons with Aortic Regurgita-
tiun—mincideum of the thre Rhythms in,
44.

— Cardiac—possible past canse of, 168,

- Of Embryonic Heart, 28, 25,

— of Femoral Artery, inereased by Immersion of
Feot in Hot Water, 172,

— of Frog's Heart, rate and character of, as
affected by Digitalis, 145.

— Indopendent, of Yeins, 17 & notes, 43, 125,

Fulae, see alzo Bradycardia, & Taeliycardia.

— Aorkie, tracings of, with Marey's Cardiograph,
87, (figa.) 86.

— Arterial Polsation coincident with, 44.

— Author's own, his own observations on, 160,

— Bigeminal—nature—instance, 186,

— Carotid, when to be nsed to fix time of Cardine
Murmurs, $0.

— eondition of, in Bradycardia, 106, 107-9.

— — in P mal Tachycardia, 106, 107.

— effect on, of Aconite in large doses, 163,

— — of Digltalis-poisoning—three stages, 185,

—_— nl‘.‘m %“?E!E-;lﬂ and Exercisea described, 190,

g.- 1 -

— Feebleness of, effect of, on Nerves, 138,

— [ntermittent, varieties of, 107.

— — ecauses uncertain—Anthor'sown view, 100-10,

— Irregularity or Intermittence of—forms of—
canses, 105-9 — parsistence — treatment —

instances; 185.4.
— — greater frequency of, in Mitral, than any
other form of Cardiac Disease—why, 124,
126,
— (Man‘s), Feeling of, methods and aim in, 58,
— of Napoleon I., slowness of, 106, 138,
— Opposito cifocts on, of Sequels of Diphtheria,
184

— Quickened, Arterial Tension, and Fain of
Anging Pectoris—relation between—cases
illustrating, 119 £ nofe.

— Radial, when not to be used to fix time of
Cardiac Murmurs, 8.

— Rapid, characteristic of Tachycardia — treat-
ment, 180.1.

— — Drugs to reduce, and Bleeding, 163

— — or Gnickened—in attacks of Angina Pectoris,

119 o nofe.
— Rapidity of, Extrome, indicating Paralysis of
agns, 108, 104; 106,

— Recurrent, how obstructed in measuring
Human hinn-d—pmuurﬂ, 08, 06, {ﬂg-] G4,

— Henile, analogy of, to Ventricular Beat, {fig.)

= Blm':', in Bradycardia, characteristica of, 104,
183,

THERAPEUTICS OF THE CIRCULATION

FPulss, Blow—~Condinued.
— — naturally so, instances of, 108, 188,
— Blowing of, by Digitalls, how efieeted, 145,
by general Bleeding, 168,
— Blowness of, abnormal, after Toxic doses of
Digitalis, 162,
— Btoppage of, when Pressure within Lungs
reaches certain point—Yalsalva's Experi.
- ment—Aunthor's tests of, 128,
Pulgp-beats (see olso Heart-beats), alternately
weak and strong in Bradyeardia, 100,
Pulse-rate, as affected b
—_— E:up'hthlimit; Goitre—process, 105.
_— Nii:ﬁaibiga acting on Vagus Centre in Mednlla,

— in Bradycardin and Tachycardia, disturbed—
Bhythm unaltered, 1067, °

— Factors on which dependent, Heat, Cold, 108-4,
Poisons, 104,

— in Fevers, 104.

— inlgdaglmalu and Frogs, action on, of Nicobine,

— in Nervous People, 104,

— Normal, in Men, 104,

— Rapid, consequences of, and treatment, 8.4,

— when Vagl are paralysed, 108, 104, 105, 184,

Pulse-rhythm in Bru&ymrdin and Tachyeardia

remaining regular—rate disturbed, 107.
Pulse-wave, amplitude of, External and Internal
means for securing—processes involved, 100,
e Hﬁﬂm of, Instruments for ascertaining, 52
EEB(Ts
— Retardation of, 90, (fg.) 0.
— Smallness or Feebloness of, efect of, however
caused, 09-100,
— — Fatby Degeneration (g.1.) a8 cause of, 102,
— = Neryous Depression as canse of, 100,
“ Pulvis mirabilis," for Funetional Irritation of
the Heart—prescription—notes on, 177-8, 180,
Puncture (see alse Tapping), for (Edema of Legs—
methods, 301,

Purgation, free, in treatment of Toxin-cansed
Bradycardia—class of Purgatives preferable, 186,

Purgatives, see alse Aperients, Mercurial Purga-
tives, 4 Saline Purgoatives.

— best adapted for treatment of Toxin-caused

'ﬂmﬁrcﬂ-ﬂilﬂj 145,
—in t-rsatg‘;ﬂent of Cardiac Diseases—why cssen-
, 194,

Purin Bodies, enumeration of, and uses, 141, 148,
1508,

Purin-type of Meat-extracts to be avoided in
Angina Pectoris—why, 188,

Purkinje, Fibres described, 84 note.

Fye, Mr, see Brunton &

Pyridine bases in Tobacco, in its various smoking
forms, 166,

Quaryiry of Blood, Altered, effeet of, 97,
GQuickening, sudden, of Pulse, with sudden return
to the Normal, see Paroxyamal Tachycardia.

Rannrrs' Hearts, Fatty Degeneration found in,

on Section of Vagi ( Wassiliafl), 108.

Radial Artery, decreased Pulsation in, caused by

Cold Bandage to middle of Arm, 172.

— — affeet on, of Aassnge and Exercises, (fg.)104,
164,

— — Tension in—aoffect on, of Inhalation of
Oxygen in Cardiae Asthma, 180

— Pulse, eolncidence of, with Cardine Diastole—

when found, $0.
Ranviar, M., figurea of parts of Frog's Heart dua
84.
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Baline Purgatives in treatment of Angina Pectoris
—when given—aim of, 158,

— — in treatment of Senile Rise of Pressure, 204,

-——mIEl;ﬂﬂt-mant of Toxin-cansed Bradyeardin,

Saling Solutions, as nsad in Lndwig's Experiments
in Artificial Cirenlation, 180.41, { fg.) 140,

— — Ringer's dizcovery concerning, 141.

Salt, Common, Solution of, used in Artificial
Cireulation, by Ludwig, 180.41.

— — ngeof, in 5:‘&%!"3 Isease, 180 note.

Sanderson, Sir John Burdon-, Cardiograph of, for
Apex-beat, {fig.) 54

— Manometar made by, 12, { fig.) 11,

— Investigations of, with Mr Page, on Refractory

Pariod of tha ﬂanrt—, 81.

Bassy-bark, or Casca (Erythrophleum guineense),
Medicinal nses of, 143, 157,

Heanty Urine, feature of Yenous Engorgement,
127

Eﬂgﬁmﬁn of the Circulation, Anthor's, 52.5, (/fig.)

Schiff, Observations by, on Rhythmical Con-
traction of Vessels, 44, 124.

Schmey, se¢ Kronecker & Schmey.

Sohott, the Brothers, and the Nanheim Treat-
ment, 106 et wi

Bchwgi .Holdel, see Brunton & Schweigger.
Haidal,

Scille maritima (Squill), uses of, 145.

Secrotum, (Edema of, Tapping for—methods, 201.

Becond Intercostal Space, Second Sound of Heart
beat heard at, 40.

Sedative ;ﬂhﬂt of Smoking, canses {probable) of,
166, 167.

Badatives, Candiae, Local and External, 174-5.

Zelf-massage of

— Artaries, Lymphatics, and Veins, G, 8, 93, 87,

94-1

— — inecreased by Digitalis, 147.

by Mnszage, 185, and Exercises, 109,

— — in relation to the Pulse-wave and to Arterial
Nutrition, 88-100.

— Heart, process and advantage of, 04.

— — atded by Digitalls, 146-7.

— — inereased by Massage and Exercises, 199,

— — — by Massage and Rest, 180,

— — probably produced by Inhalation of Oxygen,

199

Semelology of the Circulation, 2.

Senac, acquainted with the Independent Pulsation
of Veins (1783), 17.

Banile Conditions (see also Age, Elderly FPersons,
0ld Age) of Arterles, etc, 87. (fig.) 86, @7,
058-9, 118-14, 201, 208, 204—treatment, 204-5.

— — of the Veszels—treatment of, 204-5.

Senile Decay, 203

— — ganses of, actual and primary, 204.

— — — Meatohnikoft's views on, 208. :

— — preventible by attention to Arterial Condi-

tions, 206.
— Gangrens, causes of, and main preliminary
Symptom (Brodie), 118-14.

— Pulse, Analogy of, to \ entricular Beat, (ffg.) 86.

— Rise of Pressura, 201, conditions of, attended
with special risk, 202-8.

Sensitiveness of Arteries, 116, how proven, 117,

— of Heart, 118,

Sensory Affections, resulting from Rupture of
Blood-vessel in Brain, 208.

— Mechanism In the Heart, partly cause of
Cardiac Pulsations—how deduced, 168-9,

Horons Cavity of Pleura, Eifusion fnm—-Tnpplng
for, 201.

THERAPEUTICS OF THE CIRCULATION

Bexual Organs, Reflex Irritatlon from, Bradyeardia

Ehduu W,FDT%IIH. «C x
arpay, Professor, on Czermak's experience with
Mechanfos] Irritation of the Vagus, 118 nole.

— on Functions of the Rotators of the Leg, 6-7.

Ehuut, Blood-pressurs in, 53.

Bhock, difference between, and Byneope, 111-12,

— offect of, on Heart and Vessels, 111,

Short-lived Familiea, one reason for,
auggestions for Prolongation of Life, 202,

Bhortuess of Breath, in Mitral Incompetence—
treatmant, 105-4.

— — in Mitral Obstruction and Regurgitation—a
prominent Symptom, 128-T.

Bhﬁ&;ﬁlduﬂ, iation towards, of Anginsl Fain,

Sick Headache, see Migraine.

Sighing, eaused by Grief, 100,

Bight, effect on, of Over-smoking, 167.

Sitting Position, whem advisable for sufferers
from Severe Valvular DHssase—precautions, 181.

Bkin, Changes of Colour in, dus to Cold Weather,
what is indicated by, 115.

= Rﬂﬂ.ﬂﬂ x Irritation from, Bradycardia due to,

107, 184,
- ufl‘iﬂ:lda. Fhrynin from—action of, on Heart,

Sleep of the Heart, 8, 4, 0.
— Posltions in, In relation to Palpitation and
Nightmare, 175-6. ;

Eleeplessness, in connection with Cardiac Discase
—charaeteristics —aggravations of—methods of
relieving, 190 ef seq.

— effects in, of External Cold, 172,

— — of Internal Warmth, ib.

— in Graves's Disease—treatment, 180. »

Slow Eating, neceasary in casss of Palpitation,
178, 179.

Hlaw "Wl.lking after Meals—assential in Angina

patients and thoss menaced by Angina, 183,

Slowing of tha Heart by

Aconite—canse—aeffects, 163,

— — Nicotine—eanse—eftects, 164,

— of Rapid Pulse, general Bleeding for, 163.

Slowness of Pulae, Extrome, see Bradyceardia.

Slowness and Strength of Pulsation in Isolated
Frog's Heart, undar Digitalis, 145,

Bmoke-rings, watehing of, Bedative effock of,
167.

Smoking, see Tobacco-smoking,

Ennft-taking, Nieotine absorption in, 165.

Bodinm Bicarbonate, uses of, in certain forms of
Tachycardia, 152,

— — in Falpitation from Flatulenca, 177.

— Bromids of, in Graves's Discase—effects of,

180k
— Hydrate, in Saline S8olution, as used by Ludwig
n experiments on Isclated Frog's Heart,
180-41, ( fig.) 140.
— Nitrite, actlon discovered but not anncuneed
by Author—first described by Hay, 162
— — beneficial in cases of High siom, 204.
Bolids and Fluids, manner of taking, important
in Dist for Palpitation, 178,
SBomarville, Dr, case of Bradycardla treated by,
referrad to, 185 nofe.
Sounds of the Heart, 8Y &t 2&q.
— — ardinc Murmurs, 41.
— — Firat—canses of, 8040,
— — — changeain, 40-1.
— — — — gansas of, il
— — — — plinical importance of, ib.
— — — nature of, 88-40,
— = — whare best heard, 40.

01—
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Stomach—Condinued.

— Irritants inside—effect of, similar to that of
Blow on 111,

— Reflex Irritation from, causing Bradyeardia,
107, 184—treatmaent, 185,

— — — somotimes causing Tachyeardia—treat.

ment, 163, ;

— Btimulating effect on, of Food, how increased

by Aperients, 204.

Btomach and Intestines, benefit to, of Reduetion
in Size of Liver, effected Diminished Venous
Congestion, due to Digitalis, 1561,

Btooping Position, helpful in averting Fainting—
why, 112,

Btoppage

—_— u? Heart, by

— — Drinking large quantities of Alcolol at a

draught, 111.

— — Imparfoct Anmathesia—Author's view, 111,

— — Ehoeck, 111.

— of Pulse — Valsalva's experiment — Author's
tasts on himself, 128,

Btrain, see also Uardiac Btrain.

— Avoldance of, by persons with slight Mitral
Leakaga, 195.

— from being Chased, sensation from, the same
a3 that felt in Nightmare—deduction, 176.

— Constant, less well withstood than Inter-
mittent, by Involuntary Muscular Fibre—
proof seen in Mitral Obstruction, 126.

— in relation to Stimulation of Vessels from
wikhin, 45.

— Budden, and Sndden Death, relation between,
in Aortic Regurgitation, 198,

Strengthening the Heart, the aim of all treatment

for Bradycardia—most useful remedies for this,
85

185,

Btricker and othera, Contractility of Capillaries
established by, 44.

Btrontinm, Bromide of, in Graves's Dizease,
effects of, 180.

Strephanthus Hispidus—RMedicinal uses of, 145,

— — action of, ehiefly on Heart itself, 157,

— — gdded to * Pulvig Mirabilis" for Feeblo

Heart, 178.
— ) {:‘.a.tdtm Tonie—Nutritiva action of,

8.

— — Polsoming by, effecta of, as obsarved by
Brunton & Pye, 162.

— — Bmall Doses of, between attacks of Par-
oxysmal Tachyeardia, benefit of, 152.

— — usaful, in Aggravated Cases of Mifral In.
competence, 194,

— — — in Cardisc Asthma, 190,

— — why good effects of, and of other Drugs,
persist alter discontinuance of, 06,

Strychuineg, d

— action of, Complex, affacting whola Narvous

Bystem, 180.

— — gmn the Heart, described, 167-3.

— — — ' COardiac Asthma, 1890.

— — — a8 Oardine Tonic—Nutrient action, 7.

— — — iu Palpitation with Debility, 180.

— pffect of, on Medosm (Contractile Tissue),

20-80.

Btrychnine and Caffelne, in combination with
Digitalis, benefits of, in certain cases of Aortic
Regurgitation, with car, 108,

Btrychnine with Irom, in treatment of Brady-
cardin, 185. :
Submaxillary Gland, condition seen in; on Dilation

of fts Arterioles from Irritation of Chorda
Tympani, 118, |
— — Dilatation in, how induced, 48.

THERAPEUTICS OF THE CIRCULATION

Bubatances having Polsonous Action absorbed
by Liver, excreted in Bile, reabsorbed from
Duodenum, and again excreted—risks from, in
Angina Fectorif—how eliminated, 188,

Buection-power of the Heart—how increased by
Digitalis, 145.

Budden Anmmian of the Brain, the (apparent)
cause of Byncope, 112, & se 18,

— Btrain and Sndden Death—relation between, in

Aortio tation, 108,
Bugar(s), to be avoided in Palpitation—why, 178.
— instead of Halt in Foods for Mitral Disease

cases, 200,

— other than Glucoss, less good as Cardiac
Nutrients, 148,

Bulphate of Kinc (20 grains), Emetic to cut short

attack of Paroxysmal Tachycardia, 182,

Eﬂl[ﬂ;“ll. in treatment of Sleeplessness in Cardiac

Digease—doss, 190,

Bunstroke, Bradycardin occurring in, 185,

Buprarenal Extract, enormous rise of Blood-

pressure due to—a parallel, 164.

— — given by Anthor in Graves's Disease, 150,

Enrgical treatment of Cardiac Diseases, 201,

— — of Mitral Stemosis — possibilities of, 201

& note.

Syncope,

— aggociation of, with Bradyeardia, 183,

— Canses of, 18 (fig.) 12, 104,

parent probable, 112,

— — Heat of Room, 104.

— — Btrain on Ossified Coropary Arteries

(Brodie), 114.

— differcnce of, from Bhoclk, 111-12,

— Fatal, from excessive use of Digitalis—cases
in which most frequent, 169-60.

— Flow of Blood during—Hunter's observation
on, 118.

— Operations formerly performed in state of—
method of, 112-18.

— Pathology of, not thoroughly made out, 112,

— Risk of, in Aortic Regurgitation, 193.

Syndrome, Stokes-Adams—characteristics, 188,

Bystole, defined, &,

—in Dog's Heart, prolonged by Irritation of
Yagus, 155,

—in Frog's Heart — Electric Stimulation of
Yentricle during—eflects at different Stages,
B2, (fig.) 88,

— Radn Jiis:.gt.mn of, due to Btimulation, &2,

Eyatolic Murmur over Aorta, significanca of, 192,

— — indieative of Mitral Regurgitation —when
found—interesting case of, 152,

— — Loud, not necessarily indicating lessened
Lumen of Vessel, 118.

systolic and Diastolic Blood-pressure,

— — how estimated, 69, (fig.) 68,

— — highest—relations between, 0.

Tasrers of Nitroglycerine in Angina Pectoris—
beat nibbled—safe dose—sole ill-effect, 168.
Tachycenrdia, due to Strain, 180,
— Paroxysmal, charactaristica,
associated conditions, 106.10, 180-2.
— — Treatment during and between attacks,
181.2.
— — Pulss in—Rate altored, Rhythm regular—
varieties of Intermission in, 107-10.
Tait, see Brunton & Tait.
“ Taking it to heart,” Pathological elucidation of,
10,
Tambour, Marey's, for recording movements, 81,
( figs ) 66, 82, 1,

canges, and
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Muscle(s), Ciroulation through, two antagonistic
factors 1o, 219.
— Conduction of Stimuli by, modern view on, 221,
— Embryonic—Striation in, 210.
— Involuntary, of Dog's Bladder, slight Btriation
in (Schwalbe), 210,
— Transversa (Lhypothetical), Contractility of, 44,
210.
Muscular Action, effact of, on Lymph-flow, shown
by Ludwig, 221.
Myogenic view of Co-ordination of Heart-beats,
contrary deductions from Kronscker's Experi-
ments, 284 of se.

Neonro-muscuLa®R Cells in Fresh-water Hydm,
Ranvier's description, 208 et seq.
Merve-Plexnses, accompanying the Bundle of
Btanley-Hent and His, discovery concerning,
of Paukul, 295,
— Non-meduallated, effecting Co-ordination of
Heart-beats, effects of Paralysis of, 234,
Narves, Conduetion of Stimuli by, *evidenced by
Kronecker's Notes, 221 ef seq.
— in Lizards" Hearts—discoverad by Imchanitzky
—Funetion of, 225,
Nervons System in Flants, Author's Prize Essay
cited on, 208,
Notes by Professor Kronecker (Appendix D.),
221 el seq.

(Epesa, causad by Continuous Pressure on
Yascular Walls, 224,

Oliver's new Sphygmomanometer, 216.

Oxygen, not an increass of Work dons by Heart,
b5 :

Pars In Heart enfesbled by Arterial Disease,
how cansed, 220,

Paralysis of Non-madallated Nearve-Plexuses
aifscting Co-ordination of Heart-beats—ocon-
sequences, 224—how overcome, Kronecker's
Experimants, 225.

Pauknl, Dr, discovery of, on Btanley-Kent and
Hia's Bundle, in connestion with Co-ordination
of Heart-beats, 325,

Polsoms, how acting on Vegetable Organisms—

e o ke 6

P T, Gibson i p

Pmiaglmq?anuuﬁ. Bystem of Rabbit—HKronecker's
Exporiment on, with Ssline Solution—various
conditions, 227, :

Potain's Sphygmomanometer, ease with which
appliad, 218,

Pregn?ura, Continnons, on Vascular Walls—(Kdema
caused by, 226,

FProtoplasm, Functions of, 207.

FProtoplasm, Animal—higher and lower—Fumnc.
tions of, 208 ef seq.

— Vegetable, Contractility and Conduction of
Stimuli by, Anthor's Expariments, 207,
Pulsations, Auricular an Ventricular—{Co-

ordination of — functlon in regard to, of
Purkinja's Cells, 211.
— Btimuli, in relation to—Bowditch's Law—
Kronecker's proof of, 222-1.

Pulse—Rhythm in—advantages of —sxperiments
of Kronecker & Hamel proving, 287,

Purkinjo's Cells, functions of—recent views, 211,

(fig-) 210.

Rappmir—Portal Venous Bystem of—Kronecker's
Experiment on, with Saline Solution—various
pressures, etc,, 227,

THERAPEUTICS OF THE CIRCULATION

Babbits' Hearts, Fibrillation in, sometimes

spontansously overcome, 284,
Ranvier's description of the Neuro.museular
Cells in the Fresh-water Hydra, 208 of se.
Refractory Poriod of the Heart, Kronecker's
discovery, 228,
Rest of Yascular Walls secored by Ehythm in
Pulse, advantages of, 224,
Ehythm in Pulse, advantags of, Experiments of
ronécker & Hamel proving, 227.
Riva-Rocol's Bphiygmomanometer,
— — Martin's modification of, 218, 218 —deserip-
tion, directions, ate., 214-6.
— — Mummery's modification of, 216,

BADLER, #2¢ Ludwig & Sadler.
Eléig];:ﬂ Solutions, effect of, om Cardiac Euergy,

— —in Portal Yenous System of Rabbit, flow
of—various conditions—Kronecker's Ex-
iment, 237,
Sehwalbe, Observation h{! on slight Striation in
Involuntary Muscle of Dog's Bladder, 210,
Self-mazsage of Heart, Kronecker on, 291, 293,
Sensitive Plant {J‘J‘imu pudica), Author's
Eu:riparlmants on the efects om, of Stimuli,
Serum as & Restorative of Cardine Energy, 222,
Serumaibumin, sole material enabling the Hearb
to beak, 221.
Serumglobulin, in relation to the besting of the
Heart, 221,
Solutions of Inorganic BSalts — effsct of, on
Pulsation of Heart, 222,
Splanchnic Bystem, Circulation in, Kronecker's
Experiment, 226-7.
Stimuli,
— Condunetion of,
— — from Auricles to Ventricles, present view,
211.
— — by Worvous (as well as Museular) Channels,
evidenced by Kronacker's Notes, 221 ¢f zeq.
— — by Vegetable Protoplasm, Author's Experi-
ma?agts, BOT.
— Constant (e.g. Chamical) Intermitting ethet
Ef, how proven, Kronecker's Experiments,
A8

— Frequent (intermitting) Reaction to, of the
Heart—one consequence, 228,
—in relation to Pulsations, Bowditch's Law,
Eronecker's proof of, Z22-5.
Btopeock for use with Von Basch's Insttument,
218

e ol e, 2

-— '8 8L Wi 1

— St Bmbryo, 210, :

— of Purkinje's Cells, 211, (fg.) 210.
Suetion-action of Cardinc Systole, Indicated by

Briicks, 221.
Bystole in Amphibian Hearts, effect of, on
Nutrition, Kronecker on, 222
— in Auricle, immediate Sequence of the same
in Yentricla, 225,
— Non-irritability of the Heart during, Kron-

ecker's discovery, 298, )
—Euc;sinn-al:tion of, Indicated by DBriicke,
281,

Teraxisixg of the Heart, 228, 334,

YVaausli
i ﬂ;mu—nun-al’ﬁmblva on Heart Cavities under

loenl Stimulation, 226,

i = Sk i i o
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CLASSIFIED LIST OF ILLUSTRATIONS
ACCORDING TO SUBJECTS

NotE.—The first Numerals after the word (fg. rale: to the number of the [llustrations,

and the secon

AppoMEX, in Normal State, and in Advanced
Dropsy—Diagrammatic Section of, fg. 178,
149,

Abdominal Contents, ses Position In regard fo,

infra

Ameeba nlekly changing its form, fig. 27, 25.

_!mrt-nﬂ thfemmn ul‘—z;mg.d i}ltgiclat%unﬁumal
position of—Diagram to show 52,1

Aortic Regurgitation (sce also under Pulse),
poenrrence in, of Syncope—Diagram to {llus-
trate, fig. 817, 102, tendency in, to Byncope—
Diagmm Illual.mtiug, fig. 168, 121.

.&thﬂrﬂmmntma Cerebral Artery—=Section of, fig.
123 -

Amq:mtrlnu]nr Bundle of Stanley-Kent &
Hig, seen from Bight Ventricle, fig. 988, 211,

Broop, amount of, flowing from Veins of Blceps
of Dog during Tetanus, fig. 229, 219,
— distribntion of, in the Body, Four great areas
for—Diagram 3‘hr.'mrlug Jig. 18, 15.
— Rapidity of Flow of, through Vessels of Muscles,
fig. 12, 14.
Eln-ud-jamuum in Dnﬁ)ﬂurmal o Jig. 188, 158.
— — a5 affectad igitalis, earlier stage, fig
154, 158, ‘Jabar atuga JSig- 185, 1564,
— — as affected by Rlectrical Stimulation of
Vagus—hefore administration of Digitalis,
Jig. 186, 164 ; after this, fig. 187, 165,
— affeet on, of Amyl Nitrite, fg. 100, 161.
— — of Digitalis, fig. 188, 156, £ see figs. 183-T,

153-5.
— —of Hydroxylamine Hydrochlorate, fg. 181,
162

— — of Isobutyl Nitrite, fig. 189, 161,

— — of Massage, fig. 105, 184.

— equal—Nervous Apparatus to which dus—

qulgmm showing, fg. 11, 18.

ressure Measuring Inutmmmtﬂ.

runton’s Apparatus for ascertaining Cor.

rectness or amount of Error in an Anerofd

Ephygmomanometer, fg. 108, 81.

— — — arrangement for nging a broad Riva-Rocei
Band with Von Basch's or Potain's
Bphygmomanometer, instead of a Mer-
enrial Manometer, fig. 101, 78,

— — — Method of com bining Ludhig s and Fick's
Eymographs for mglstaring Blood.pros-
sure and Pualse, fig. 76, O

204

Bl Dﬂﬂ

the page.

Blood-pressuie Measuring Instruments—Contd.
_— H%ﬂhn'ﬂmﬂdiﬂﬂd iva-Rocel Band, fig. 100,

— — Burdon-Banderson’s Cardiograph for Apex-
beat , Jig. 107, B4,

_— G&rﬂiau Zounds, by which tracings in fig. 108
WETS u-ht-nmai {5, BB.

— — Dudgeon's Bp mugrnph fig. 128, 82,

— — for estimating Blood-pressure in Capil’aries,

fig. 80, 60,

—_— Ficﬂ‘s A'ppz.ra'ma for measuring and record-
ing Changes in Volume of Organs, fig. 80,
6.

— — — Ky ymogra h, fig. 7, bb.

— — Gasrtuer's unumntar,ﬁg a5, T2,

— — — Portable form of the nma, fig. 96, 78.

— — — — Mpde ﬂtuEh}Euthﬂ latter, fig. 97, TE.

— — Gibson's Clinfeal Folygraph _#p. 238. 217

— — Hérizon's Ephygmumu.uumu%ﬁ

— — for Indicating mode of Guntmtinn nl‘ _'Elaut.
or nature of Pulse-wave, B2 ef seq.

— — Janeway's Sphygmomanometer, fig. 234, 212,

— — Lau igital Bphygmograph, fg. 124,
g8.

— — — Manometer, fig. 9, 11.

—— Ludwig 8 E}'mﬂﬂfﬂp]h Ao, 8, 10; fAg. T1,

e Ham;nr's Apparatus for measuring Blood-
pressure in a Finger, fig. 92, 60,

— — — Cardiograph, fig. 106, 84.

—— — Hmem amometer, fig. 70, b8,

—_—— lmpmrﬂd Meatallic Manometer, fig. 102,

—_— ‘.Flag!atrarmg Metallic Manometer, fig. 72

= ...—Sphy h, Ag. 120, 90; mode of
app ying tEﬂ umuo{g.’lﬂlr 91.

— = — Transmitting form the above, fig. 123,
g1,

— — — Tambour, Tracings of Osecillations mada
with, fig. T4, 66.

— — — — for recording Movemonts, fg. 104, 82,
_—— Tr;lnsmittlng Sphygmograph, fg. 123,

— — Martin's mudtllut—lﬂn of R{m =Rocei’s Sphyg-
momanomaeter, fg.

—_—— Mmurtn‘l Hammuhar—mcilhtinﬁ: In; fig.
T3,

—— Huun's Ergogmph,ﬁy- 164, 188.
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Frog, Heart of—Conlinued.
— — Movements of — Investigation of — Instru-

ments for
‘— — — Bowditch's, fig. 21, 21,
— — — Brunton's, showing effects on, of

Heat, Cold, and Polsons, fg. 20, 20.
— = — — Kronecker's Perfusion Cannula, with
anterior part removed 80 as to show
the Baptum, fig. 98, 22,
_——— I..l.;-:iglg & Coats® Apparatus, fg. 170,

— — — — Willlams' Apparatus for Investi.
gating Action of Drugs on, figs. 23,

L

— — Pariodic Rhiythm of —Pulsations oceurring
in Groups, separated by Intervals of Com-
plate Quiescence, fig. 48, B4,

— —in which Sections have besn made at jone-
tion of Venouns S8inus with Aurieles, and
uit:. Ji.ugicixalu-v:ntrimﬂar Groove—Diagram
of, 175, 19.

— — Buogessive Contraction of Cavities
Diagram to show, fg. 16, 18,

_— ‘-’ﬂgl%tricla of, with Bidder's Ganglia, fig. 80,

LT nﬂggtﬂgu, of Hlactrical Btimulation, fig.
, 88,

— ———pf HElectrical Stimulation
during Diastole (Raduplication of
Beat), fig. 40, 88.

— — — —of Electrical Stimulation after Re-
fractory Fariod has passed (He-
duplication, ete.), fig. 80, 38.

— — — Inereasing Contractions of, with Suecces-
sive Btimull, fig. 89, 26.

— — — Punleations of, when gseparated from
Auricles by ssetlon at Auriculo-ventri-
cular Groove—Tracing of, fg. 44, B4,

—_—— S[.:ﬁlml Eﬁnﬂg‘lim Cell from Pnenmogastric of,

7. =, Z4.

— — Vanous Binus—effects on, of Mectrical Btimn-

lation, fig. 42, B4.

— Lungs of, effect of Heat and Cold on—Author's

Apparatus for ascertaining, fig. 68, 52,

HEeAT and Cold, as affecting Pain of Inflammation
—Diagram o show, fg. 167, 171

Heart of Healthy Man—before Exertion, fig. 157,
1328, after Exortion, fg. 1658, 128,

Hydra, fresh.water—Neuro-muscalar Cells from,
Ag. 229, 208,

IxFLaMMmaTION, offtct on, Fain of, of Heat and
Cold, jig. 197, 171.

Kipxey, effect on, of Yenous Congestion and of
Obstruction of Ureter or Tubules on the Kidney
—Diagram to show, fig. 178, 149,

Laver, Artificial Cirenlation throngh, of Blood—
affect of, nnder different Pressures—Diagram to
show, fig. 14, 16,

— Return through, of Venous Blood from Btomach

:2:1 Intostines—Dingram to show, jfg. 181,

Lung, ses Congeation, £ Frogs' Lungs.

Lymph Circulation Muscular Action in aid of—
Longitudinal Sections of Muscles (1) in Relaxa-
tion, (2) in Contraction—effects of, on Lymph
Circulation—Dingram of, _F'E.’g B, 8.

Tranaverse sectivn of oluntary Musecls, to

show Pumping action exertad on Muscle-
juice and Waste Products, during action
=Diazram of, fg. 2, 7.

in—
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LEP‘:! %a.m“' Injected, from fascie lafe of Dog,

Muionormacs, st work, figs. 227 & 228, 208,
l[usug;n, offect of, on Blood-pressure, first cans-
ing slight Rise, then distiuct Fall—Tracing to
show, fig. 165, 184,
— — on Flow of Blood through Muoscle—Diagram
to show, fig. 168, 188,
—_—— iutlgg,liglrw&um Fatigue—Tracing toshow, jig.
— Mechanical Exerciser, for use in combination
with Mosso's Ergograph, fig. 166, 185,
Ligs!agetum;;n?n!&n:ibud Movements, elfect of—
uige-tras showin I .0 H '
TR RS i
edugs, action on, of Poisons—method of Tiecal-
LSEJ:“E' Diagrammatic representation of, fig. 85,

— (Awrelie aurita) from which Ganglin have
been removed, and Bell cut into long strip
with cross cuts, to block passaga of Con-
E!;actllu and Tentaculsr Waves, fg. 56,

— Contrackions in Tissue of, Increasing when
Btimulated by repeated wealk Shoeks of same
intensity, fig. 82, 26.

— (Sarsia), Watural Bize, jiy. 28, 25, the sama
inverted, fg. 20, 25,

— (Tiaropsis), about one-third Natural Size, with
strip of Contractile Tissue eut from Bell, but
loft attached at one end—Dingram of, fg. 84,

25.
Mental Activity, affect of, on Volume of Blood in
Arm—Diagram to show, fig. 146, ¥12.
Migraine, Arteries eoncerned in—Diagrams of,
in Normal State, fg. 149, 116.
— Dilatation and Contraction of, during attacks,
Jig. 150, 116, ,.ldif 151, 117.
Musgles, Longitudinal Seetion of, in Relaxation
and in Contraction—Diagram uf,ﬁﬁg 8, B

= 'I-n;ﬂmllﬁgurl—i-ﬂapidib}' of ﬁw of Blood through,
- ¥ L]

Muscnlar Contraction,

— — as affectod by Fatigue, fig. 56, 45,

— — — by Heat and Cold, fg. 66, 45,

—_—— mp&::ltua for Registering, fig. 62, 46.

—_—— trocnemiug of Frog, (¢) Normal, fig.
54, 45, (b)) Enormons, of the same—dus
to Cafteine; fg. 178, 142,

— —of a Muscle with Stimuli of Increasing
Btrength, fig. 67, 48.

— — Pam '“‘5 action oxertad on Muoscle.juice
and Waste Products during—Diagram of
Transverse Section of Voluntary Muascle
toshow, fig. 2, T.

— — Rovolving. Cylinder for Becording Move-

. 63, 47.
— — Transverse (Hypothetical)— Dingram to
illustrate, fg. 44, 44.

Neoro-mosovnan Calls from the Fresh.water

Hydra, fig. 220, 208,
; which Action of Heart

Nervons Agﬁlmtm,
and Vessels is Co-ordinated so as to maintain

an equal Blood-pressure—Diagmm to show,
Jig. 11, 18.
— — Hypothetical, in the Heart—Author's Dia.

gram of, #g. 19, 18,
— Mochanlsm Eﬁ which Action of Heart may
ba deprassed by Irritation of Stomach—

]l:lslz.gmm to show, fig. 108, 187, fg. 208,
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Fic, 48.—Periodic Rliythm of Frog's Heart, the
Pulaations oecurring in Groups separn
Intervals of Complete Quisscence, Brunton &
Cagh, 84,

Fro. 44. — Tracing of Pulsations of Ventricle
geparated from Auricles by Sectionat Aurioulo-
ventrienlar (Froove, after Banvier, 84,

Fig. 45 —Diagram of Author's Instrument for
ascertaining Competence of Mitral or Tricuspid
Yalves, and illustrating action of Musculi
Papillares, 56.

Fig. 46.—Heart in full Systols, showing Mibkral
and Tricuspid Oritices s0 Diminished by
Muscular Contraction that the Valves close
them easily, 87.

Fia. 47 —Same Heart as in Fig. 46, from another
point of view, 87.

Fic. 43.—Heart fally Distended, showing I[n-
sufficiency of Valves to close Mitral and
Tricuspid Orifices, 87.

Fic. 40. — Diagram to illustrate Hypothetical
Transverse Contraction of Muscle, 44,

Fin. 6. —Yessels in Wab of Frog's Foot in Normal
Condition, after Lister, 45.

Fic. 5l.—8ame Yessels as in Fig. 60, after
Irritation, 46.

Fig. 52.—Apparatus fur registering Muscualar
Contraction, 46. y

Fia. 68.—Revolving Oylinder for recording Move-
mants; 47.

Fi. 4. -Tmnil:|¥ of Normal Contrackion of
Gastrocnemias of Frog, 48,

Pro, 56.—BEffect of Heat and Cold on Muscle, 48,

Fria. 6o.—Efect of Fatigue on Muscle, 45,

Fro. 57.—Tracing of Contractions of Musele with
Btimuli of increasing Strength, 48,

Fios. 68-07.—EMects of Cold and Heat on Heart,

B0, B1. o
Pra. 68.—Author's Apparatus for ascertaining

effect of Heat and Cold on Yessels of Frog's

Luangs, 62, .

Fig. 69.—Author's Schema of the Circulation, 58.

Frc. T0.—Marey's Hemodynamometer, 53.

Fia. T1.—Ludwig's Kymograph, 4.

Fio, 72, —Registering Metallic Manometer of
Marey, 65, :
FiG. TEirl—Tming of Oscillations in Mercurial
Manometer, 5. :
Fro. T4&.—Tracing made with one of Marey's

Tambours (Oacillations), 66,

Fre. 75.—Fick's Eymograph, 54.

Fic. T8.—Diagram to illustrate Author's Method
of combining Ludwigs & Fick's Kymographs
for Registering Blood.-pressure and Pulae, B7.

Fio. T7.—{e) Simple Instrament for Measuring
Blood-pressure in Artery, () improvement on
this, 58.

FIa. T8.—Shows mode of applying simple Sphygmo-
manometer by pressing it directly on Falpating
Finger instead of on Artery, and feeling Artery
nearer Hand, 59,

Fig. T8.—Shows Instrument (for Measuring Blood.-

gure) in which Movements of Spring are
mnmad and read off on Dial, 69. _

Tie. 80.—Instrument for Estimating Pressure of
Blood in Capillaries, 60, i

Fia. 81.—Sphygmomanometer of Heérisson, after
Marey, 60. : .

Fic. £2.—(a) Early form of Von Basch's Bphygmo.
manometer, (¢} Author's cheap modification of,
Bl.

Fin. 88.—Von Basch's Sphygmomanometer and
Stand, deawn from one In Aunthor's possession,
62,
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Fio. B4.—Von Basch's Sphygmomanometer,
Anerofd pattern, from specimen in possession
of Author, 63,

Fig. 8b.—Potain’s modification of Yon Basch's
Anerold Bphygmomanumeter, 4,

Fio, 86.— 8 of applying Potain's Anerold
Bphygmomanometer, o4,

Fio. 87.—Most recent form of Von Basch's
Aneroid Bphygmomanomater, 5.

Fig. 88.—Olivers Sphygmomancmeter, 85,

Fio. 80.—Fick's Apparatus for Measuring and
Recording Changes in Volume of Organs, after
Marey, 6i.

Fia. $0.—Maoss0's Plal;]u.':amﬂifrn h, 67.

Fig. 0l.—Combination of Plethysmograph with
Marey's Metallic Manometer, 63,

Fio. 02.—Marey's Apparatos for Measuring Blood-
pressure in Finger, 69,

Fig. 88.—Mosso's Sphiygmomanometar, 70,

Fig, 4, —Plethysmograph of Hallion & Comte,
Tl.

Fi6. 95.—Gaartner's Tonometer, 72,

["I.EIS Mi.—Gaertner’s Tonometer, portable form,

ik
Fro. 97.—Mode of using Gasrtner’s Tonometer, 73,
Fia, 08.—Combined FPotain's & Gaertner's Appar-
atus for Estimating Blood-pressure, 74.
Frc. #0.—Riva-Rocei’s Bphygmomanometar, 76,
Fie. 100.—Author's modiiied Riva-Hocei Band,

77

Fra. 101.—Aunthor's arran ent for nsing Broad
Riva-Bocei Band with Yon Baseh's or Potain's
Sphygmomanometér, instead of Mercurial
Manometer, 78,

mﬂt.'n lﬂirﬂ.—Mura:."s Improved Metallic Manom-
eter, TO.

Fig. 108.—Author's Apparatus for Ascertaining
Correctness or Amount of Error in Aneroid
Bphygmomanometer, 1.

Fig. 104.—Marey's Tambour for Recording Move-
ments, 82,

Fic. 106.—Cardiac S8ounds, by which the tracings,
Fig. 108, were obtained, 83,

Fia. 108.—Marey's Cardiograph, 84.

Fua, m'i",—Bunr.on-Eandumuna Cardiograph for
Apex-beat, B4,

Fi5. 108.—Tracings of Ventricular Systole (1) and
of Aortic Pulse (2), 56.

Fio. 100.—Diagram to show Analogy of Senile
FPulss to Ventricular Beat, after Marey, B5.

Fig. 110.—Sphygmogram showing effect of In.
creased Tension ou Pulse, after Maray, 86.

Fra, 111, —Tracing of Normal Pulse, 80,

Fic. 112.—8hows Ehre-& tracings of J:'[aall:.h:.r Pulsze,
with wvarving degrees of Tension, after Mamy,

&6,

Fic. 118.—Efect of Fever on Pulse, after Marey,;
BT.

Fie. 114.—Tracings of Pulse at different stages of
Intermittent Fever, 87,

Fie. 116.—Tracing from case of Aortic Rasgu.rgih-
tion, showing Hook at top of tracing, &5,

Fio. 116, —Tracing showing Dichrotism, 88.

Fia, 117.—Radial Pulse before Hmmorrhage, after
Marey, 80,

Fio, 118.—Radial Pulse from same patient, afier
Hmmorrhage, after Lorain, 88,

Fig. 110.—Hotardation of Pulse in different
Arteries, after Marey, S0.

Fic. 120 —Marey's Spliygmogra h, 80,

Fic. 121.—Mode of applying Marey's Bphygmo-
graph, 91. .

Fin. 122,—Marey's Transmitting Sphygmograph,
81.




LIST OF ILLUSTRATIONS

Fio. 128.—Dudgeon's Sphygmograph, 92.

Fio. 124.—Laulanié's 1al ﬂylly%mgn?h, 08B.

Fig. 126.—Diagram to illustrate Bricke's wiew
of Suction Action of Veutricular Systole in
drawing Blood from Veins into Anricle, 84,

Fio. 128.—Diagram of Transverse BSeetion of
Thorax during Inspiration and Cardiae Systole;
shows tendency to iformation of Vacuum in
Plenral and Pericaidial Cavities, 85,

Fio. 137.—Diagram of Transverse Section of Chest
during Expiration and Cardiac Diastols, show-
ing Pressure-of Walls of Plenral and Ferleardial
Cavities against each gther, 85.

Fio., 128, —Hsection of Atheromatous Cerebral
Artery, after Ziegler, B6.

Fio. IEB.—%SIIIIB as Fig.1.) Artery and Vein in
common Sheath, to show effect of Arterial Pulse
in aiding Venous Circulation, 87.

Fio. 180, —Tracing showing Stoppage of Heart by
Stimnlation of Vagus (Gaskell), 05,

Fig, 181.—Tracing showing Diminished Ampli-
tude and Slowing of Polzations without com-
plete Etop%?a, during Iriitation of Vagus, 00,

Fio, 182 —Pulse-tiacin showing efect of
Massage and Gradual Movements, 100.

Fig. 1833, —Tracing showing Diminighed Ampli-
tude of Contraction without Blowing or Btuppage
during Irritation of Vagus, after Gaskell, 101,

Fig, 184.—Bhowing Increased Cardiac Action
from Stimulation of Vagus, after Gazkell, 101.

Fia. 1856 —Bhowing effect of Cold upon Arteries,
after Winternites, 101.

Fie. 186 —(Bame as Fig. 112.) Bhows effect of
Warm Clothing in Dilating Arterioles, Quicken-
ing Pulse, and RudlmmﬁHigh Tension of 1 to
Low Tension of 8, after Marey, 104,

Fig. 187.—(Bame as Fig. 118.) Effect of Fever on
Pulse, 1

Fio. 185.—Tracings from Left Ventricle and
Aorta, showing Slow Pulse in Aorta, due to
ench Alternate Beat of Ventricle being too weak
to overcome Fressure within Aorta and life
Acrtie Valves, after Marey, 107.

Fic. 180.—Diagram to show Aflerent Channels
ggﬁmugh which the Vagus may be stimulated,

Figs. 140-4,—Pulse-tracings from case of Polson-
ing by Digitalis, showing Pulse Variations, 109,

Fro. 146,—Diagram to illustrate Goliz's Experi-
ments (effect of Shock on Heart), 111,

Fio. 146.—To show Contraction of Vessels in
Left Arm produced during process of Multiply-
ing 245 by 16, 112,

Fia. 147.—Tracing from Brain, Tpright Position
and Inclined Forward, 112.

Fro. 148.— Attitude topm';ant Fainting, 113.

Fro. 140.—Ddagram of Carotid, Temporal, and
COeelpital Arteries in Normal State, 116.

Fio. 160.—Diagram of Arteries during Migraine,
showing Dilatation of Carotid and Spasmodie
Contragtions of Temporal Arteries, 114,

Fic. 161.—Diagram of Arteries during Migraine,
shiowing Dilatation of Carotid n‘uf Temporal
Arteries, and Spasmodic Contraction of ascend-
i]l;E:Ir frontal branch of Anterior Temporal Artery,

Fio. 16} —Diagram to show nsual Position of
‘E{ﬁ:rmur which indicates Atheroma of Aorta,

Fi0. 158.—(Same as Fig. 10.) Disgram to illus-
trata Tendency to Syneope in Aortic H f-
tation, 121, i il e
Fia. 164.—Diagram of Healthy Heart in Diastole,
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Fig, 166, —Diagram of Heart with Incompetent
Aortic Valves, 121,

Fia. lﬁ&FDlgi,Tn1:1 of Heart with Ineompetent
Aortic and Mitral Valves, 192,

Fio. 167.—Fhotograph by Rintgen Rays (Skis-
gram), showing Heart in Healthy Man befors
Exertion, after Bchott, 128,

Fia. 168, —8kilagram (Photograph by Rintgen
Ih%a} of Heart of same Man as Fig. 167, after
Violent Exertion, showing Temporary Dilata-
tion, after Bchott, 128,

Fro, 158.—Tracing of Pulse fiom case of Mitral
Incompetence, after Marey, 126. _

Fig. 160.—To show Lifting of Abdominal Con-
tents during Inspiration in Supine Position,151.

Fig. 16l.—Diagram to show Horizontal Motion
of Abdominsl Contentsin Upright Position, 181

Fra. 162 —Dingram of A ¢ and Nerve in Bheath
of Connective Tissue, to illustrate Self-mazsage
of Artery and Nerves, 182,

Fro. 168.—Diagram to show effect of Massaga on
Flow of Blood through Muscle, by Brunton &
Tunnicliffe, 188.

Fia. 164.—Mosso's Ergograph, 188,

Fig, 166.—Tracing showing effect of Massage on
Blood-pressure, first causing slight Rise and
then distinet Fall, by Brunton & Tunnicliffe, 184,

F16. 166.—To show Relief from Fatigus produced
by Massage, after Maggiora & Vinaj, 185.

Fia. 167.—(Same ag Fig. 132) Pulse-tracin
showing offect of Massage and Gradua
Movements, 188,

16, 168.—Diagram to show Nervous Mechanism
by which Action of Heart may be Depressed by
Irritation of Btomach, 137.

Fia, 169.—Diagram to show effect of Flatulence
on Heart, 188.

Fliii&?ﬂ-—LudWig & Coats® Frog-heart Apparatus,

Fia. 171.—Tracings showing effect of simpla NaCl
solution in Weakening Pulsations of Apex of
Frog's Heart, after Ringer, 142,

Fia. 173, —8hows effect produced upon Beat of
Frogs Heart fod with NaCl solution, by addition

. of trace of Caleium Chloride, after Ringer, 149,

Fio. 173.—Tracing showing Enormous Contrac-
tion of Gastrocnemins of Frog by solution of
Caffeine, 142,

Fig. li'.i.—l‘-*iamnm to show action of Digitalis on
Frog's Heart, 144,

Fia. 17h.—(Bame as Fig. 48.) Heart fully Dis.
tended, showing Insufficiency of Valves to close
Mitral and Tricuspid Orifices, 148.

Fro. 1T6.—(Fama as Fig. 46.) Heart in full
Systole, showing Mitral and Tricuspid Orifices
80 Diminished by Muscular Contraction that
Yalves close them easily, 148,

Fig. 177.—(Bame'as Fig. 47.) Same Heart as in
Fig. 176, from another point of view, 148,

Fia. 178.—Ddagram to show effect of Venous
Congeation and of Obstruction of Ureter or
Tubules on Kidney, 149,

Frg, 178.—Diagrammatic Sectlon of Abdomen—

(@) Normal Btate, {F? in advanced Dropay, 148,

FiG, 180.—Diagram of Rauvier's Experiment on
Dropsy, 160,

P, 181.—Dingram to show Heturn of Venous
Blood from Stomach and Intestines through
Liver, 161.

Fia, lﬁ.—Dingmm to show Relation between
Blood-pressure and Beecretion of Urine after
administration of Erythrophlenam, 152,

Fio. 188, —Tracings to show first stages of action
of Digitalis (Brunton & Meyer), 158,
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Fin, 184.—Tracing from same animal {Dog) after
administration of Digitalis, 1568,

Fro. 1856, —Tracing from same animal when action
of Digitalis is more prononnead, 154.

Fia, IBﬁ-.—Tmctn% of Blood - pressure of Dog
during arrest of Heart by Electrical Btimulation
of Yagus bafore Injection of Digitalis, 154.

Fio, 187.—Same experiment as in Fig. 186, but
after Injaction of Digitalis, 156.

Fio, 188, —Tracinge of Blood- pressura showing
action of Digitalis, 166.

Fic. 180, —Tracing showing action of [sobukyl
Nitrite on B -prassure, 161,

Fig. 1940.—Tracing showing action of Amyl Nitrite
on Blood-pressure, 161.

Fig. 181, —Action of Hydroxylaming Hydmehlo-
rate on Blood-pressare, 162,

Fig. 102, —Tracing to show Incréased Rafliﬂi’ﬁr of
Circulation in Carotid of Horse during Mastica.
tion {Marey), 166.

Fic. 193.—Pulsations of Fontanells in Infant six
weaks old while Bucking (Salathé), 167.

Fio, 194.—Diagram of Yaso-motor Nerves of
Rabbit's Ear, 169,

Fio, 195.—(Bame as Fig. 60.) Blood-vessels in
Normal Condition {Lister), 170,

Fic. 106.—(Bame az Fig. 61.) Same Vessols aftar
application of Irrifant and commencement of
Infammation (Listar), 170.

Fie. 197.—Diagram to show effecta of Heat and
Cold in Lessening Pain of Inflammation, 171.

FIE. lﬂS.—mﬂingmm to show Congestion of the

ung, 178,

FiG. 199, —Diagram to explain action of Counter-
irritation, 173,

Fii. 200.—Showing effeck of Cold upon Arteries,
178, a

Fic. 201.—Rectum and Hemorrhoidal Plexns—
Diagram of Yeins forming part of Fortal Gircula-
tion, 176,

i, 202, —Case of Exophthalmic Goitre, 181.

Fic. 203.—{Bame az Fig. 183.) Diagram to show
Nervous Mechanism by which Action of Heard
may b depressed by [rritation of Stomach, 184,

Fios, 204-14.—Tracings of Pulse in Angine
Pectoris, 187. g

Fre. 2156.—Diagram to illustrate Entero-hepatic
Cirenlation, 150,
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Fig. 216.—Diagram showlng Afforent Nerves b
which Vomitlng Centre may be excited ta{
action, 161.

Fio, 217.—Diagram fo illustrate Occurrence of
Syncope in cases of Aortic Regurgitation, 192,
Fiz, 218.—Diagram of Cardinc %mum before

and after a Bath (Schott), 198,

Fia. Eli.—Puha-tm[ri?, showing effect of Mas-
sage and Gradoated Movements (Hamel), 194.
Fio, 280 —Pulse-tracing to show effect of Exer-

cises, 104.

Fips. 201-4. —Tracings from Pulse of Patient
aged 82, with Gouty Kidney, of falling Heart,
affect on, of Nanheim Baths, 195,

Fro. 226, —Distribution of Arteries in Brain

_(Ross), 202,

Fre. 2236, —Cerebral Cortex showing Distribution
of Function (Osler), 202,

Fra. 227.—Cell from Brain of Woman a 100
years, being devoured by Macrophags (Metch.
nikof), 208,

:E'{Lui .I—Euﬂtrlnn %Lﬁm“ﬂlghh“h invaded by

acrophags, from body of old man aged #0 years
(Meatchnikot’), 208,

Fro. 220, —Nearo-muscular Cells from the Fresh-
water Hydra, 208.

Fre. 280.—Frimitive Bundle from a Mammalian
Embryo fab(mt third month), examined in
Strongly lodizsed Serum, 300,

Fio. 281.—Cells of Involuntary Muscle from the
ﬂgdﬂerof the Dog, showing traces of Striation,

Fic 232 —Purkinje's Fibres, from a BSheep's
Heart, 210.

Fic, 238, —Atrio-ventricular Bundle of Btanley-
Eent and His, zeen from the Right Ventricle,
211,

Fi6. 234.—Janeway's Sphygmomanometer, 212,

Fio. 285.—0. J. Martin's modification of Riva-
Roeei's Sphygmomanometer, 218,

Fio. 236.—Lockhart Mummery's modification of
Riva-Rocel's Sphygmomanometer, 216,

Fro. 287.—Oliver's new Sphygmomanomatar, 216,

Fie. 233, —Gibson's Clinical Polygraph, 217.

Fia, 280, —Amount. of Blood flowing from Veins
of Bieeps of Dog durlng Tetanus, 219.

Fig. 240.—Cells taken from & Heart in Fibrilla-
tion, 207,
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being the Twentieth of Kirkes'. With nearly Seven Hundred Illustrations,
including some Coloured Plates. Large Crown 8vo. 135 nei.

. . . One of the bost mannals for the student which we possess . . . the book Is an emivently
trustworthy one, and will prove a valuable foundation for, and introduction to, the large treatises
on physiology."—The Lancet.

** The popularity of this excellent student's text-book is shown by the fact that a new edition is
called for every year."—Brilisl Medical Journal. ;

A PRIMER OF PHYSIOLOGY. By Prof E. H. StarLing, F.R.S.
Illustrated. Fcap 8vo. 1Is.

S¥NOPSIS OF CONTENTS :—I%TRODUCTORY — STRUCTURE — THE Foob — DIGESTION — THE
CIBCULATION OF THE BLooD—DBREATHING—EXCRETION: THE FUuxcrioss oF THR KIDxEYE—THE
SEIN AxD ITE Usks—Tne HisTorY oF THE Foob 18 THE Bouy—THE CHEMICAL FaACTORIES OF THE
BopY—THE DEFERCE OF THE BOOY AGAINST MICRO-ORGANIEME—THE POVEIOLOGY 0oF MovEMEXT ;
Tue MuscLEs; T CEXTRAL NERVOUS SvsTEM—FEELINGS.

THE TREATMENT OF SOME ACUTE VISCERAL INFLAM-

MATIONS, AND OTHER PAPERS. By Davip B. Legs, M.A.,
M.D. (Cantab.), F.R.C.P. (Lond.), formerly Scholar of Trinity College, Cam-
bridge ; Senicr Physician to the Hospital for Sick Children, Great Ormond
Street ; Physician to St Mary's Hospital. Crown Svo. 6s nef.

“ Dr Lees' * Treatment of Some Acute Visceral Inflammations * will prove & welcomes addition to
the literature dealing with the treatment of visceral inflammations. His experience is very wide,
and the suceess which has followed the various methods advocated for the relief of dilatation of the
heart, pericarditis, and other local inflammatory processes, proves the correctness of the principles
upon which his treatment is based, . . . We warmly commend the perusal of this volume, not only
to practitioners, but to medical students."—Dritish Medical Journal,

A MANUAL OF PATHOLOGY. Handbook for Students.
By SipNEY MarTIN, M.D,, F.R.S., F.R.C.P., Professor of Pathology, Univer-
sity College. With numerous Woodcuts from Micro-Photographs.  Medium

8vo. 155 mel

0 Thig work iz of such high excellence, and the difficult task of giving a complete survey of such
a rapidly growing subject as general pathology bas been so well accomplished that, in spite of the
eriticism we have ofterad, we can heartily recommend the work to students of pathology. In
general terms it maintains the high standard of the school from whicl it emanates."—The Laneed.

i T excellent, and superior, we think, to any other work of the kind in the English'language.”—

Hospital.

A TREATISE ON MEDICAL JURISPRUDENCH. Based on
Lectures delivered at University College, London. By G. VIVIAN POORE,
M.D. With [llustrations. 8vo. 12s nef

« Rarely have we found a text-book mors eharming to read, and at the same time displaying
such a thorough grasp of knowledge of the subject. By means of the free employment of illustra.
tive cases, drawn from the records of the law courts and the suthor's personal experience, the dry
details are endowed with lively interest, which is likely to imprint them on the student's memory.
. . . Weothoroughly endorse this plan. . . . We offer our warm congratulations to Dr Poore un
having written one of the most readable and instructive manuals in medical juris rudenecs yet prb-
lshied, and we feel sure that it will meet with the success which 1t deaarves, ' —The Lanect,
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FROM ME MURRAY'S LIST

THE NERVOUS SYSTEM OF VERTEBRATES. By J. B.
JounsToN, Ph.D., Professor of Zoology in West Virginia University, Witl
180 [llustrations. I5s wel

it Tha book iz thoronghly scientifie in its treatmant of the numerons parts of the nervons system
dealt with., Tt must not be supposed, however, that it is written in yrolitbitive language. Such
an idea would be altogether a mistaken ons. In fact, any medical student or practitioner who pos.
sogaes an elamentary knowlsdge of anatomy may read this voluome with profit and not a littls
pleasure. Much care has evidently been expended on its production, which reflects great eredit on
anthor and publisher alike. As an introduction to the study of the nervons system, we can
imagine nothing so suitable as a perusal of this interesting volume. It i8 written by one who is
evidently a master of his subject, and every chapter bears the impresa of knowledge obtained at

first hand."—MNedical T'imes,

THE BACTERIOLOGY OF MILE. By HAROLD SWITHINBANK, of the
Bacteriological Research Laboratory, Durham, and GEORGE NEwMAN, M.D.,,
F.R.S.E., D.P.H., Medical Officer of Health of the Metropolitan Borough of
Finsbury, and formerly Demonstrator of Bacteriology in Kin%'s College, London.
With Special Chapters also by Dr NEWMAN on Spread of Disease by Milk and
the Control of the Milk Supply. With Chromo-Lithographs, Woodbury Type
reproductions of Photographs of Cultures, and cther Illustrations of Bacteria
and of Apparatus, and also Charts illustrating epidemics. Royal 8vo. 255 met.

" Onght to find a place in the library of every medical officer of health, and of every milk-pra-
duger, Helentific in method and lueld in exposition, the anthors have given us a really invalnable

toxt-book. . . . Wears glad to commend this book as one of the most valuable of recent English
eonbributions to the selenca of publie health."—Spectator,

BACTERIOLOGY AND THE PUBLIC HEALTH. By GeorGe
NewsmaN, M.D.,, F.RS.E, D.P.H. With numerous Illustrations. Medium
8vo. 2Is mel

** The present work, thongh nominally a third edition of ¢ Bacteria in relation to {he economy
of Nature, Industrial Processes, and the Public Health,' {s virtually a new book, writien with the
object of supplying all that is necessary for the siudent of hygiene and the officer of health to
kuow, 80 fat as avery-day problems of sanitation and preventive medicine demand. R b
Newman has dona a work in produeciog a treatise which places st the zervice of the com-
munity what is known about ail thess topics."—Daily Telegraph,

THE RECENT DEVELOPMENT OF PHYSICAL SCIENCE.
H}fﬁl\". C. D. WaeTHAM, M.A., F.R.S5. Illustrated. Large Crown 8vo.
7s nel,

IstropvorioNn—Tae PrinosormicAl. BasiE oF Povsicat SciExceE—THE LIQUEFACTION oF
(GASES AND THE ADSOLUTE ZERO OF TEMPERATURE—FUSION AXD SOLIDIFICATION—THE PROBLEMS
oF Borurmion—THR CoxpUorion oF ELECTRICITY THROUGH GASES—RADIO-ACTIVITY—ATOMS AND
ETHER—ASTRO-PHYRICS—IXDEX,

PHYSICAL DETERIORATION: ITS CAUSES AND CURE.
By Mrs WATT-SMYTH. Large Crown 8vo. Gs ne,

1 TE in to ba questioned whether the Committes now inquirlng into the alleged deterforation of
the national physique will ba able to add very much of value to the admirable volume by Mrs
Watt-Smyth."—Pall Mall Gaezetle,

NOTEWORTHY FAMILIES—(SCIENCE). An Index to Kinships in
near Degrees between persons whose achievements are Honourable, and have
been publicly recorded. By Francis Garton D.C.L., Hon, D.Sc. (Camb.),
F.R.5., and EDGAR SCHUSTER, Galton Research Fellow in Natural Eugenics.
Crown 8vo, 6z id

THE TRAGEDY AND COMEDY OF WAR HOSPITALS.

Described from personal experiences during the South African War. By
S1sTER X. With Illustrations. Square Demy 8vo. 6s mer,
RECENT ADVANCES IN THE STUDY: OF VARIATION,

HEREDITY, AND EVOLUTION. By RoserT H. Lock, M.A,

Fellow of Gonville and Caius College, Cambridge. With Portraits and other
IMustrations. Crown 8vo. 78 6d net
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knowledge in all branches of Science. In the prospectus of the first
number which appeared in July 1go6, it was pointed out that the necessity
for such a Journal was to be found in the fact that with the specialisation
which necessarily accompanies the modern development of scientific work
and thought, it is increasingly difficult for even the professional man of
science to keep in touch with the progress achieved and the trend of
thought in subjects other than those in which his immediate interests lie,
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educated public interested in scientific questions. * Science Progress,” to
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