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PREFACE

HE devélopment of the intracardimc catheter as a physio-
T_logiml instrumentapplicable to man has opened upa vast new
field of rescarch on the problem of the failing human heart. The
heart can be approached directly and its output and haemo-
d)mmic)&hzvicux are now subject to mote direct observation
than ever before. Some older ill-defined concepts of heart failure
have been consolidated and many have been discarded as 2 result
of the newer observations. In the Post-graduate Medieal School
of London, during the past eight years, w e have made a systemauc
study of patients with various forms of heatt failure with these
new techniques. From ume to time we have ventured to report
on our findings, but the growth of expenience wath the technique
1n our own School and elsewhere has made many of our earlier
ideas scem over-simple. We should emulate Fuller Allbnght and
say that ‘any hypothesis propounded is liable to change without
nouce’. Working hypotheses are made on the basts of known
facts and the application of current physiological opinion, but the
inexorable development of fresh factual observation and altenng
conceptions compel parallel changes 1n outlook, The view
previously expressed that primary venous pressure reduction
mught be lasgely responstble for determuning success or failure of
digitalis therapy 1s no longer acceptable. One attraction of
this hypothests was that 1t afforded a possible explanation of
therapeutic successes and falures: but mere usefulness 1s no
substitute for accuracy and the whole problem is once agan 1n
the meling pot Observation is mote smportant than nter-
pretaton while hypotheses may be lost, factual observations
have been gained and ded and technical p 1n more

accurate recording of intracardiac pressures has now been added
I welcome the mvitaton of the editors to review the present

situation jn the light of the new knowledge which is now
available,
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vi PREFACE

‘There is no doubt that in the early days of cardiac cathetenza-
tion most workers were over-impressed by small changes in
output which can now be regarded as devoid of statistical
significance. With the use of a somewhat bold technique there
was too great a desite to use &// the available figures and draw
whatever conclusions scemed possible. Now that the safety of
the procedure has been established and widely accepted we
realize from 2 much wider experience that eaclier deductions were
being made from too small numbers of observations. A much
more critical approach is necessary. Greater numbers of observa-
tions will be necessary before many of the outstanding problems
can be seen 1n proper perspective.

The work here reported could never have been done without
the loyal co-operation of the department staff and rescarch
assistants, 1 wish to mention particnlarly Professor E. P. Sharpey-
Schafer, Dr. S. Howarth, Dr. Paul Wood, and more recent
workers, Drs. Ahmed, Baylss, Kelly, Retd, Etheridge, and
Hyman Personal contact and free discusston and critictsm with
Drs André Cournand, Dickinson Richards, Eugene Stead, J. V.
Warren, ] Lenégre, and Lars Werko have helped to mould the
optntons expressed  Professors Lenegre and Loubattéres kindly
put some unpublished data at my d

Tt 15 appropriate that this short monogmph should be published
1 the Amencan Lectute Sertes  The research matertal has been
presented mn lectures 1 vanous parts of the United States, and I
specrally wish to acknowledge the honour of giving the following
lectures:

Henry Jackson Lecture to the New England Heart Association,
1 8

92}7ucst Lectures to the Califorma Heart Assocration, 1948

John H Musser Lecture 1n Tulane University, New Ortleans,
1948.

9;1“)“ Lectuses, Johns Hopkins Hospital, Balumore, 1948

] MeM
London, 1950
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PHARMACOLOGY OF THE
FAILING HUMAN HEART

CHAPTTR
GENERAL 1DEAS ON HEART FAILURE

THE 1dea of depression of cardiac output as a necessary conse-
quence of organic heart discase was courageously banished
by Harrison! some fiftcen years ago. ke was willing to accept the
evidence, based at that time on somewhat indircet methods of
estimation of cardiac output in man, that the output of the heart
need not necessarily be low in patents with heart discase even in
heart falure. Catheter studics hayc now established quite clearly
that certain types of heart failure may even be assoaated with a
resting cardiac output above the normal Jevel which in a placid,
recumbent adult averages about §-3 ltres per minute. Heart
fallure from the haemodynamuc point of view may thus be sub-
divided 1nto low output and high output types.t:2

In the low output group we find those which ate the result of
intrinsic heart disease such as valvular and ischaemic discase,
Hypertensive heart discase alse falls mnto the same category,
PP Iy the hanical overt g of the heart by in-
creased artterial resistance plays a patt 1n the production of an
ultimate cardiac breakdown of the same type as that seen when
the cardiac embarrassment has resulted from distorted ot leaking
valves.

By contrast the high output type of cardiac fatlure takes place
1 condiions which call 1 the first mstance for an increased
cardtac output, Such states include:

1. Sevete anaenua,
2 Beri-ben,

3. Emphysema,

B
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4. Mechanical overloading of the circulaton:
(a) artetiovenous aneurysms;
(b)) widesptead Paget’s disease of bone.

It will be understood that anaemia and emphysema ate, for
different reasons, accompanied by decreased oxygen-carrying
power of the blood, and adequate tissue oxygenation may only be
achieved by a more rapid circulation. In the group 4 of the abovc
conditions the arculation is bered by an additi
“parasitic’ circulation which, by producing a long-term
ment, may ultimately lead to failure. All the manifestations
which the clinician recognizes as heart failure may appeat in this
‘high output group’—patticularly venous congestion, petipheral
oedema, and dyspnoea. The two groups of heart failure may be
differentiated clinically, as patients with the high output vauety
usually have warm extremuties and full or bounding peripheral
pulses The extrinsic cause of circulatory embarrassment, €.g.
amaermia or emphysema, is usually recogmizable. The practical
importance of recognition of the two groups 1s that treatment is
different It should be directed to the cause of the failure in the
high output types

When the output of the heart has fallen to a low level 1n heart
failure the clinical picture 1s different. The extrenuties tend to
be cold and blue and the peripheral pulse small  Occastonally 17
extremns the nose and finger-tips may become cyanotic or even
black central veins like the jugular are engorged while peripheral
vens like those at the elbow may contract down to mere threads

While the sub-diviston of cardiac fatlure tato these two con-
trasting haemodynamic types may often be clearly recognizable,
1t should also be realized that they are not completely and sharply
demascated 1n all mnstances.® It should be kept 1n mind that 1n
the more advanced stages of emphysema heart failure, for
example, the cardiac output may sometimes be observed to fall
below the normal vatuet It might be thought that thy rorovicosss
would fall mnto this high output group, but, in our experience,
when thyrotoxicosts 15 accompanied by gross venous congestion
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and oedema the output has been low? Experience of this type of
fatute 35 limited nowadays by she cfficiency of modera aati-
thyroid femedies. In the carlier stages of thyrotaxicosts, how-
ever, the cardiac omput, as expected, is well above notmal, Early
manifestations of cardiac fadure may make their appearance in
the Jow output’ group before the resting output has fallen very
much and even while the output is still within normal limits.
Thas applies particularly to patients-who develop left ventricular
faiture 25 a zesult of hypentensive or aortic valve disease. Tnisuch
paients attacks of dyspnoca and pulmonary ocdema occur while
the ourput of the heart is notmal or cven shightly zbove the
normal average. We may imagine that the relanvely efficient
right heart is driving the enfeebled left ventricle, but the output
of the larter is only maintained at the expense of extreme pulmon-
ary vascular engorgement which results in breathlessness.

Depression of the resting cardiac output s cherefore absent in
the eatly stages of most forms of heart fajlure, and significant
diminution of cardiac output is only seen in the late stages. Itis
obyvious, however, that in all conditions leading to fadure the
Yieart 18 snder foad 2nd 18 capacity to sustam extra work is de-
creased. Tt is difficult to define heart falure except in some such
terms as follows: the beart 15 fathng when its capacity to erease
output is seriously smpaired and when ontput 1s only mamtamed at the
expenst of a raised senons-filling pressure; the late stages are characterryed
by an output which ts fallng below the previons Jevel, nath furtber
HIcreale I8 Syshenic venous songestion

‘The mechanism by which the venous pressure nise takes place
15 a matter of some interest ? It ss clearly nat & simple back pres-
sure effect, at east 1n the early stages of cardiac fabure, 23 nigni-
ficant 113es 10 venows pressure are found when the output of the
heart 15 normal or hugh,  Under these ciscumstances blood ts
Aot sccumulating on the venous side of the circulaton from
fatlure of the heatt to transfer biood into the amenes. An
alternanve explanation seems to be that physiologscal mechanisms
for the maintenance of an adequate cardiac output come into
action and among these adaptations we must postulate a veno-
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motor mechanism which raises the venous pressure sufficiently high
marntain to the output of the heart at the required level (Fig. 1)

It seems likely that the early rises of venous pressurc take
place first on exercise. It has been shown that sustained nses of
venous pressure following exercise only occur in cardiac patients’
In normal subjects the rise in venous pressure in exercise is small
and is very quickly restored to normal immediately the exercise
ceases.f*® The raised venous pressure of exercise becomes
sustained as the diseased heart fails to recover from the stramn
The benefictal effects of rest in the early stages of heart failure are
in keeping with this conception.

Although we shall have hittle more to say about physical sest
as a therapeutic remedy in cardiac failure, it is probably as
important in the régime and management as all the other reme-
dies put together. Eatly warnngs of failute, such as nocturnal
dyspnoea and mabtlity to walk up hills, may 1n certain 1nstances
be very considerably alleviated 1f the patient can spend his week-
ends in bed. When physical rest to the heatt is being considered
it is well to remember that the resting output of 2 normal sadivi-
dual1s lower dusing quiet standing than in complete recumbency.
As the pattent with noctutnal orthopnoea knows, the optimum
position to relieve hus heart 1s sitting on the side of his bed. Rest
to the heart at certamn critical stages of heart failure 1s best
provided when the patient 1s propped up or sitting up 1n a cardiac
bed or 2 high armchair

In addion to the above types of heart fatlure which are
characterized by an overload effect created esther by extrmnsic
factors or intunsic abnormalities of a chrone vatiety 1n the valves
of the heart or the myocardium, there ate other types of heart
falute which may result mainly from some more acute ratnnsic
disease of the heart muscle. These include diphthentic and
rheumatic myocarditis. At the acute phase of such dseases the
general trend of opion is that relatively little may be expected
1n the way of therapeutic cffects from the remedies applicable to
more chromc types. The failuse which accompanies these spectal
varieties of heart disease has not yet been studted from the
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haemodynamic and pharmacological point of view with the
newet techniques.

It is important, however, to keep the myocardrum strongly in
mind throughout our therapeutic approach to cardiac patients.
It is only in the immediate responsiveness and ultimate adapt-
ability of the myocardium that our hopes lie for any ameliotation
1n the course of most forms of organic heart disease. The
following common types of clinical experience may illustrate the
meaning. Manifestations of cardiac failure with pulmonary and
systemuc venous congestion may appear during the course of
acute myocardial infarction. With rest and care these may
ultimately clear up and the patient return to useful Life forapertod
of yeats. The anatomical basis of this recovery is probably
‘physiological’ hypertrophy of the remaming myocardial fibres.
Less dramatically, one may encounter patients with calcified
aortic valves or narrow mutral valves who have lived into the
stxth and seventh decade before cardiac failure becomes manifest.
In many instances we have evidence that the anatomical em-
barrassment has been present for, perhaps, twenty years, and yet
the process of adaptation seems to be complete and compatible
with sedentary or moderate work over this long period, Con-
versely, 1n those patients with rheumatic heart disease who go
rapidly downhull with a progtessively severe disabl overa
pertod of five to ten years, post-mortem examination frequently
reveals smouldening rheumatic carditts  Strmularly, 1t seems clear
that heart faillure 1n thyrotoxicosts 1s not entirely the result of
prolonged tachycarda 1n such pattents but 1s rather a consequence
of some metabolic disturbance 1n myocardial contraculity. It ts
also a matter for speculation why the heart breaks down ulu-
mately in patients with hypertension  Chronic benign essenttal
hypertension may be well tolerated for decades, and then,
without further apparent rise 1n the systemic artenial pressure,
heart failure suddenly supervenes. Myocardal factors 1n such
patients have not yet been convincingly demonstrated anatomic-
ally, but there can be little doubt that some other critical event
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bas occursed turning a simple physiological compensatory
hypertrophy into an enlarged dilated fating heart.

Frnally, we should emphasize 2 difference in adaptation to two
types of overload. It was shown experimentally by Matlter™ that
the ssolated mammatian heart could tolerate an increased work
load created by a raised minute volume very much beteer than 2
similar work load imposed by § d anerial p The
normal heart can probably adapt very readily to a demand for
1ncreased ovrpnt up to five times or more the resting normat
valoe, 1f, hov ever, the output remains constant but the acterial

is ¥ d acutely, doubhing or trebling the arteral
ptessm: will at once lead to faiture. Thesc ponts may be ilus-
trated again from clinical expetience, An acute rise of artenal
pressure occurting, for example, in acute nephrits, may be asso-
aated with dyspnoea and faifure, although the pressure tise 1s guite
amodest one, Conversely, patients with traumatic arterio-venaus
aneurysms may tolerate large increases of testing cardiac output
through many decades. The author has observed one patient
who had 2 femoral anteno-venous communication following a
gunshot wound tn 1918. He was capable of acuve work and
considerable activity untul 1947, when he alarmed hus physician
by developing auricular fibrillaton At thus stage cardiac
catheterization was done; there was no venous congestion but
the restng caxdxac ourput was 1201 htrcs per nunute. The patent

d app it dan i d resting output of this order
for over thirty years, and 1n spite of the coincidence of aunicular
fibnllation did not, even then, develop any mamfestattons of
cardiac embarrassment. A somewhat simiar stare of affaies 15 seen
in atnal septal defects. ln this condinon 2 large volume of
blood pouted through from the left anncle to the nght may be
added 10 the blood returming to the heart via the systemic aircula.
tion The restmg output of the nght ventricle m such patients
may be rawsed perhaps as high as three times the normalt Yet
these subjects are often capable of leading active hves. I have
kuown 2 young man with this condi who played
football once a week. Increased output then is much less likely
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to stramn the heart, and it is a less important factor in determuning
failure than an increased penpheral vascular resistance.

Responses to drugs and other methods of treatment 1n cardizc
failure vary with the differing aetiological varieties of the syn-
drome. Not orly may the response vary from one actiological
group to another, but it may also be dependent upon the stage of
failure and perhaps to some extent on the speed of development
of cardiac failure in any single aetiological group. Hearts which
have ceased to make any response to members of the digitalis
series may tespond, albert temporatily, to the administration of
theophylline-ethylene-dtamine,



CHAPTER Ii

THE BEHAVIOUR OF THE FAILING HEART:
RESPONSES TO VENESECTION AND
MERCURIAL DIURETICS

ARLING'S law of the beart, Just before the first World War,
Starling studied the factors regulating the output of the 1solated
mammalian heatt  He established what was called the Law of the
Heart, which indicated that the output of the heart was deter-
mined by the diastolic fibre length.?* The longer the myocardial
fibtes, within physiologscal Iimuts, the greater the contractile
response. With a greater inflow of blood into the ssolated heart
during diastole the fibres of the heart chambers were stretched
and the output pet beat was correspondingly increased. The
venous inflow in turn was largely dependent upon the venous
filhng pressure. From the data he obtaned Starling was therefore
able to show a fairly direct linear relationship berween venous
filling pressure and cardiac output (Fig 2). There was, however,
a little doubt about the exact part played by the pressure factor
stself i determuning fibre length  Starhing humself conctuded that
chastolic tension within the ventnicle was not the decsding factor,
but the optrcat methads of regsstering duastolic p which
Starhing used were later subjected to criicism by Wiggers.
Wiggers concluded that steength of the ventricular beat was
dependent on very small changes in diastolic tension, the recognt-
tion of which was rot possble by the methods whick Starhng
had used® Wiggers' investigation secemed to establish the
influence of filling pressure 1n determining the output of the
heart, In xecent years the general applicability of Sratling’s Law
to the mammalian heart 1 5124 has been called 1n guestion, and
from the work of Warren and Stead™ 1t 15 quite clear that Star-
kng’s Law no longer holds the d posttion in physsol 1

9
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integration of the circulation once ascribed to it. The output of
the normal heart is certainly subject to nervous and hormond

T NORMAL
-
2
o
E
3 X TOUT
HIGH OU
9 FAILURE
<
a X
o
-3
L
LOW OUTPUT
FAILURE

VENOUS FILLING PRESSURE ————>

Fic. 2 Hypothetical Stacling curves 1n normals, high output fadure and lov
output fature  The normal heart may tncrease its output to a high level wih
increased venous filling pressure  In anacouc heart fadure the high output i
probably mamntaned at lease 1 part by an wncteased filling pressuse Further m=
crease of this Alling pressure may lead 104 decrease i output  In sevese low output
heart faiture the heart has 10 most 1nstances passed fo a stage at which increments
of pressure fead to decreases tn cardiac output. The zesponse s usually 2 fall 1
output with increased venous return and, conversely, venesection may Jead 10

p n outpue, (R duced from Clintcal Sceme )

control and regulation. The influence of venous filllng pressure
may only play a small and rather subsidiary part 1n the regulation
of cardtac output within the physiological range 1n normal ntact
man.

There are, none the less, many crcumstances in which the
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influence of venous filling pressure on the heart in man may be
clearly d d. The most imp of these are:

1. The influence of posture. In the upright position the venous
retutn to the heart is made more difficult 20d the pressure in the
grear veins close to the heart falls. As a result of this fall in
filing pressute the output of the heart declines. In 2 normal
resting recumbent adult the output of the heart may be §-3 litres
per munute, failing to 4 litres per minute on quict standing.*

2. Cournand and his colleagues’® have shown that the pulse
p and theref bly the stroke output, of the right
ventndcle varies with !hc rcspxmory cycle in 2 manner consistent
with Starling’s Law.

3. The decreased cardiac output of haemorrhagic shock
responds quite dramatically to intravenous saline or blood
infusion, the output nsing with increases in venous filling
pressure 1*

4. In some normal subjects clearly defined rises of cardiac
output with increases of venous filing pressure produced by
saline infusion may be seen.?

Statling’s Law 15 a special application of 2 fundamental physio-
logical property of striated muscle. Whle 1t may be concealed by
many other physiological adaptative t of a nervous
and humoral varnety it almost certatnly plays a role 1n the adapta-
tion of the heart to disease. When the output of the diseased or
embarrassed heart tends to fall from the opumum there is
mcreased residual blood tn duastole, the m) ocardial fibres are at
once hed, and this hing 15 probably the

lus to enl and hyp phy 7 In thc P of
circulatory failure, whether of cardiac omgin or penpheral
(haemorthagic shock), Starlng’s Law may play a domunaat
physiological role. For example, 1n pencardial effusion the
external pressure of fluid on the heart may render venous filling
tnadequate,'s A raised venous pressure in such instances can be

v 4
asa '’ p

¥ Lowering of such
ratsed venous pressure may bc harmful while raising the venous
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filling pressute may help to maintain adequate cardiac filling and
therefore adequate cardiac output. Transfusion is necessary in
the treatment of haemorthagic shock to raise the low filling
pressure and thereby the cardrac output. In many instances of
circulatory failure with high cardiac output (anazemis, etc.), 2
raised venous pressure possibly plays a part in maintaining the
output of the heart at a necessatily high level® (Fig, 2).

Ogerload farlure. Using the isolated Heart of a dog, Starling
showed that, while increases in venous filling pressure raised the
cardiac output, this relationship only held over a certain physio-
logical range. If the venous pressure was raised to a point at
which the heatt began to be overstretched, then no further rise
in output would take place, while still further increases in venous
filling pressure would be accompanied by a definite fall in cardiac
output.? Starling had created a type of cardiac failure which
could be called ‘overload’ failure (Fig 2).

We have at present reasonable grounds for believing that many
forms of cardiac farlure 1n man ate the result of 2 somewhat
simular mechanism  The evidence that the failing human heart
behaves as though 1t were overloaded conststs of the following:

1. Transfusion, 1if given too rapidly to the anaemuc heart, may
induce sestous fatlure.? In such instances the venous filling
pressure was observed to nise while the cardrac output simultane-
ously fell (Fig. 3). Attacks of left heart failure have also followed
intravenous infusions in hypertenstve and mitral disease.21

2. Exercise which, in normals, 15 accompanted by a shght nse
1n venous p 15 accomp 1 by a considerable mise of
venous pressure in patients with heart fatlure,? but in such pauents
the output of the heart may fall rather than increase.2?

3. The increased central venous pressure of recumbency may
induce left heart fatlure within a few hours This may be the ex-
planation of attacks of paroxysmal nocturnal orthopnoea.

4 The reduction of venous filling pressure may be accom-
pamcd by clinical improvement and relief of cardiac farlure, =

(a) This may be the mechanism of relief in the upright
position in attacks of paroxysmal nocturnal orthopnoea.
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Fic. 3 The effect of transfusion in anaemuc heart fallure, A patient with severe
was givena of ss0¢¢. of d !
The high nght aunculas pressure (open cireles) was rased seill further and the
carduc output (dots) fell from nearly 1o btres per munute o § litres per munute, A
severe attack of carduac falute followed with dysprosa and pulmonaty congestian
(Reproduced from the Lances )

1%]

(#) The dramatic relief which is sometimes given by vene-

section may be explcable in terms of removing 2 cardixc
overload,

Ve 15 a tume-k d

temedy 1n cardiac
fatlure. To be effective 1t must amount to at least 300 c.c., and

perhaps 500 to 6oo c.c. 15 best. Bleeding of this magnitude will be
accompamed by a considerable reduction in venous pressure, and
1t has now been well established that, accompanytag the induced
fall in venous pressure, the cardiac output may rise constderably®
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.2 (Fig. 4). The simplest hypothesis to account for the effect
of venesection is based on the conception that the failing heatt
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FiG 4 The effect of vencsection tn hypestensive cardiac fallure During the
withdranal of blood, pressure m the nght auricle fell and the cardiac output secadily
climbed from 2 6 to 4 3 litres pes minute  Simultancously there was a fall m astertal
pressure  (Reproduced from Cirmcal Scrence )

is overloaded in the manner suggested by Stathing. Relief of
venous d ion 15 ac panied by steady mprovement
in cardiac output.

Another factor, however, 1s involved in venesection. Although

the cardiac nutput increases. the arterial pressure 1n these instances
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is found to fall as the venescction proceeds.® This means that
.. 03 iS acc F '.!byl “L 1 dil 1, 'rhc
heart may thus be unloaded from both ends—venous and arterial.
Whatever the detailed explanation may be, it is difficult to avoid
the thought that simple mechanical relicf of an overstretched
myoeardium is the major factor involved in bringing about the
striking relicf which may follow venesection.

Someshat similar effects may be achieved, as already indicated,
by the upught position and the way in which the orthopnoeic
pattent with left ventricular failure treats himself by adopting this
position merits detailed study. Pncumatic cuffs round the thighs
may dam back blood in the veins of the legs and also produce
some relief: the efficacy of such measures in increasing the cardiac
output has been shown by the writer and his colleagues.®
Central venous pressure may be reduced 6 or 7 cm. saline by
the application of thigh cuffs and the cardiac output may rise
sigruficantly.

The beneficial action of venesection 1s probably best seen in
hypertensive and ischaemic heatt disease. In these conditions we
probably see the purest form of myocardial overloading which
may be relieved by adjustments of filling pressure. In valvular
heart disease, whete, for example, the aortic and mitral valves are
narrowed, relief of the distending overload by venesccuon may be
less dramatic owing to fixed anatomucal obstruction, and the

procedure may have lttle 1nfl in ing flow through
narrowed orifices. It will be noted later that valvular heart
disease also gives less £ bl to other th

agents,

The influence of venesection on pulmonary heart discase is
also much less favourables Tt seems quite probable that 1n
severe emphysema where the venous pressure and cardiac output
ate somewhat above the normal average level that the raised
venous pressure may at thus stage be part of the ‘compensating’
mechanisms maintaining the output at the high level necessary
for oxygenation of the tissues (F1g. 2). Reduction of this raised
venous pressure may be accompanied by a decrease in cardiac
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2 %5 (Fig, 4). The simplest hypothesis to account for the efec
of venesection is based on the conception that the failmg hear
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in cardiac output.
Another factor, however, 1s tnvolved 1n venescetion, Although

the cardiac output increases, the arterial pressure 1n these mstances
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but there is a good deal to suggest that at the peak of the diuresis
the blood volume may be reduced.® If such reduction of blood

volume does occur it may
leadto a ‘venescction-like’
action with consequent
cardiac output improve-
ment. In this manner
general clinical improve-
ment may be initiated by
mescurial diuretscs by the
following chain of events:

1. Increased elimination
of water and salt,

2. Secondary reduction
1 plasma volume,

3 Reduction of venous
pressure.

4. Reduction of cardiac
over-distension.

5. Cardiac output im-
provement.

6. Increased renal blood
flow,

7. Futther increase 1n
water and salt elimtnation
and clearance of oedema
from improved carduac
and renal funetion.

These hanical
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Fic 5 The effect of sodmm mersalylate on
nght auncular pressurc and cardiac output 10 2
cascof ischaemic b

Four to 7 hours after the mjection the nght
aurscular pressure fell considerably and the car-
duac output had risen from 2 4 to 3 8 litees per
minute  After that the nght suncular pressure
rosc agan and the cardiac outpu\t/eﬂ shightly.
(Reproduced from Chmeal Scaence 3

partly responsible for the

q of ial diurests may be
1 +

result-

ing from mercurial diuretics, but in certain 1nstances of cardiac
fadure we are all aware that mercurial diuretics spectacular at the
beginning may later cease to act effectively. It 15 worth pondering
whether 1n such patients the hacmodynamic response to the
drg may be insdequate or poer, whike stakurg and sastaired
~Swreuc responses may be achieved in those in whom the heart
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output with little benefit to the patients. It is also obvious that
venesection in the presence of peticardual effusion or constrictive
pericarditis is unlikely to be accompanied by any clinical improve:
ment, but rather the reverse, as it would tend to seduce 1
necessarily high venous pressure.

Mercarsal dinretics. ‘The action of organic mercurials on the
kidney is well established. They act on the tubule cells of the
kidney where they reduce the reabsorption of water and salt
from the glomerular filtrate.?® The effect of mercurial diuretics in
promoting the elimination of large volumes of urtne in oedemz
tous cardtac patients is well known. If this were the only action
of mereurials their use in cardtac failure might be regarded 3
purely symptomatic treatment The mere reduction of oedem®
fluid per se might not be expected to do anything to ameliorate
the other circulatory disturbances which would remain unalteset
underlying faults Nevertheless, clinteal expesience showed that
mercurial diuretics could often be used 1n pattents with cardisc
failure with very considerable general therapeutic benefit, quite
apart from the reduction of discomfort caused by the ocdem2
Even ta the absence of demonstrable peripheral oedema, met:
cural dwretics were found to reduce the frequency of artacks of
nocturnal dyspnoea in pattents with left ventricular failure.

With these facts 1n mund the action of mercurmal duretics was
studied by Pugh and Wyndham # Carduac catheters were I
the nght auncle for pertods up to 10 or 1z hours in cardnc
pattents 1 order to study the ctrculatory teacttons to duresis-
As most mercurial preparations contain added theophyllife, it was
necessary to give a mcrc\t;ll'glfprepaunon which contaned node
of the latter substance VIt became quite clear that during 2
mercurtal diurests the pressure 1n the night heart fell, often very
considerably, and with this venous pressure reduction the output
of the heart tended to nise (Fig 5). This pressure-reducing action
ot mercural diurettes has also been noted by Lenégre and his
colleagues.®

Thete 1s nothing 1n the pharmacological Literature to suggest
that mercurials have any direct stmulating action on the heart,



CHAPTIR IIf
THEOPHYLLINE-ETHYLENE-DIAMINE

THEOPHYLLINE—clh)lcnc—dmminc, perthaps better known
under its numerous trade names, has gained 2n cstablished
phcc 1n taxdmc therapy. ]n common \xilh othcr xanthine

acyon on thc lenc}s “This action has been studied by various
renal cl hai and although in the initial stages
renal blood flow may bc increased, the diuresis often outlasts the
increased circulation rate through the kidney. There is some
evidence of increased glomerular filtration, but decteased tubular
_seabsorption is the main mechanism involved 1n increasing the
flow of urine 2

In addition to this action on the kidney, theophylline-ethylene-
duammune also has an important action 1n abolishing Cheyne-Stokes

T Thc hylene-d: Ty of the drug

) the dullary y centre while
theoph)lhn: scems to prolong this acuon" (Fig. 6).

A third acuon of theophylline-cthylene-dtamine is on the
coronary vessels, which 1t is sad to dilate and, indeed, 1n the
1solated heart or heart-lung preparation the coronary blood flow
may be remarkably increased as a result of the action of theo-
phyline  The drug also has a strmulating effect on the myo-
cardum, which has often been demonstrated in the 1solated heart
or the animal heart 1 su, but there has often becn some doubt as
to the 1mponancc of th\s stimulating action, Boyer claimed that
this adrenaline-lik 1 phylline may in fact

actton of th
be the primary action on the heart, with coronary vasodxlatauon
2 dary consequence resulting from the
needs of the myocardum.?3 Work 1n Carl Schmudt’s department
seems to confirm this view
Cheyne-Stokes breatt 1s particularly likely to occur in
patients with severe left ventricular failure due to hypertension,




18 CARDIAC PHARMACOLOGY

has responded well to relief of the venous distending over-
load.

Mercurials are an integral patt of a régime of therapy in
atients with congestive heart failure which has been developed
7 Gold and his associates® at Cornell. The patient is put at
=d-rest or at rest in a chatr. The diet consists solely of 4-6 glasses
" mulk daily. He recetves an adequate water intake of at least
quarts daily. He is digitalized and also given a daily intra-
uscular dose of mercuhydrin, The coutse is guided by body
etght. When he becomes ambulant the diet is increased, but
»oking salt and table salt are avoided. The 1nterval between
jections of the mercurial 1s lengthened, once the weight chart
is shown that no further weight loss follows each mercunal
jection, This outline plan 15 2 reasonable one which is followed

prinaiple by many physicians.

The 1mportance of salt restricton in helping to reduce oedern2
s been fully substantiated. It has been shown from the work
*Mernil*! and others that the kidney tubules in heart fatlure
absorb sodium more avidly than the normal kidney. A negative
It balance, i.e. loss of sodmm, may be achieved (1) by mer-
irials which 1ncrease elimnation of sodwm, or (z) by reduang
dum intake. Under the latter ciry the small 1t
" sodum eliminated by the kidney 1 heart falure may be
ough to achieve results somewhat stmular to those produced by
zrcuttals,

There 1s, however, a disadvantage to the over-vigorous use of
is salt-depleting régime. Salt depletion leads to serious impats-
ent of kidney function,®? and, especially in hypertenstve and
teriosclerotic patients, uraemta may be precipitated. The
zime of mercunals and salt restriction, therefore, should be
ed with full knowledge of its possible disadvantageous conse-
lences. The action of mercurials 1 precipitating attacks of
wt should not be forgotten2?




CHAPTER 1L
THEOPHYLLINE-ETHYLENE-DIAMINE

'HEOPHYLLINE-ethylenc-diamune, pethaps better known
under s numerous trade names, has gained an established
place n cardiac therapy. In common with other xanthine
dertvatives, sUhas been recognize ‘a dwretic having a direct
action on the kudneys. This action has been studied by various
ténal clearance techoiques, and although in the inmial stages
renal blood flow may be increased, the diuresis often outlasts the
increased arculation rate through the kidney. There is some
evidence of increased glomernlar filtration, but decfased tubular
seabsorption s the main mechanism involved in increasing the
flow of unne,®
In additon to this action on the kidney, theophylline-ethylene-
diamine also has an lmpomnt acuon 1n abolishung Cheyne-Stokes
Tespisati Thc thylene-d P of the drug
1y the medullary y centre while
lheoph}lhnc seems to prolong this acuon“ {Fig 6).

A third action of theophylline-ethylene-diamine is on the
comnary vessels, which 1t 1s said to dilate and, indeed, 1n the
1solated heart or heart-lung preparation the coronary blood flow
may be rematkably 1ncreased as a result of the action of theo-
phylime The drug also has a sumulating effect on the myo-
cardiumm, which has often been demonstrated 1n the 1solated heart
or the animal heart 1 1115, but there has often been some doubr as
to the importance of this sumulatng action. Boyer clamed that
thus adrenaline-lke simulating action of theophy line may in fact
be the pnmary action on the heart, with coronary vzsodxlatauon
2 e Iting from the
needs of !hc myy ocardmm 35 Work 10 Carl Schmdt’s department
seems to confirm this view.3¢

Cheyne-Stokes breathung 1s partcularly lkely to occur 1
paaents with severe feft ventncular failure due to hypertension,
19
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THEOPHYLUNE-LTHYLENI-DIAMINE ar
coronaty artetiosclerosis, and aortic valvular disease. In this
group the immediate th ic effects of theophylline-
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output 10 hypertensive falure. o 5 gramme theophylline-ethylene-damunc
wtravencusly s followed within § minutes by & precipusace fall in nght auncalar
pressurc and the eardiac output sises steeply from a 10w 1o normal figure This 15

eproduced from Chreal Seience )

ethylene-diamuie can be dramatic, as a result of combined
P yand latoryactions. In hyp ve cardiac farluze,

1n partticular, the b d;
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diamine is rapid and striking (Fig. 7). The venous pressue fills,
often within five minutes, while the cardiac output goes up
steeply from low to normal figures.?” ‘This action seems to be
entirely dependent on the theophylline part of the compound,
only insignificant changes resulting from the admunistration of
ethylene-diamine, When compared with the results of mechanical
lowering of venous pressure by congesting cuffs round the
thighs, the cardiac output response to theophyllinc-ethylene-
diamine was always greater (Fig. 8). This indicates that the
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cardiac output increase is due to a stimulating action of theophyl-
Ine on the myocardium, and that the action is not explained by
any peripheral venous pressute-reducing effect of the drug. The
action of theophylline on the normal heate is also a stimulating
one, but the action is ient and unless freqs s
are taken it may casily be overlooked.

1t 13 perhaps interesting to note that the cardiac stimulating
effect of the xanthine derivatives was first suspected by
Curschmann in 18733* He observed violent pulsation of the
heart in a2 young woman who had attempted to procure an
abortion by drinking a decoction of half a pound of coffee.

There are several further interesting points about the circu-
Iatory action of theophyliine-ethylene-diamine 10 cardiac failure:

1. The responses are generally better in pauents with hyper-
tensive heart fatdute than in patients with miteal stenosis3? Inthe
latter dsease it is possible that the valvular obstruction mposes
2 limut on the possibility of catdia¢ output 1ncrease as a result of
cardsac stimulation,

2. Tts action 15 transient, lasting 20-30 munutes as a rule, but
the speed of action 15 of peculiar benefit durng attacks of
patoxysmal orthnopnoea due to left heart failure. Recovery from
such attacks once produced may, of course, be maintained, but
thus 15 not necessanly the result of any prolonged pharmacological
action of the drug,

3. Theophyline-ethylene-diamine may also produce dramatic
temporary responses in the dy g heart. On the day of death we
have f quently recovery of consciousness
and coherence from the use of the drug, but usually within half
2n hour the panent slips back into a state from which no further
fecovery 1s possible There also seem to be instances 1n \vhxch

when dxgoxm has apy ly faled to prod any
tesponse in the hour following m)emun. theophylline wlll
iniuate quite ifi ha dynamic

Y provement.
Digoxin and theophylline may be given in succession with
summation of their two actsons (Fig, 9).

The action of theophylline-ethylene-diamune is best seen
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following intravenous injection. The full dose is o5 gramme for
an adult, but it must be injected slowly in j0-40 ml. saline. If

23,
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Fi6 9 Summation of the actions of digovn and theophy llne-cthylene-diamine.
Digoun produced a striking fall 1n nght auricular pressure and fise 1n cardise
output  Further changes 1n a similse direction were produced by theophylline-
ethylenc-diamine  (Reproduced from Clomeal Seience )

injected rapidly, 1ts actton on the respiratory centre 15 such that
it precipitates hyperpnoca and perhaps dyspnoca A good
technique in patients with Cheyne-Stokes respiration 1s to 1nject
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2 quarter of the total syringeful during the phase of apnoca over
four successive cycles of the wating and waning respiration. It
will usually be found by the third injection that the phase of
apnoea has been greatly shortencd or has disappeared.

The increased strength of contraction of the heart after
theophylline is so striking that it scems unfortunate that this
action cannot be prolonged. lts action following intravenous
1njection tends to be transient and may often pass off within
half an hour. In refractory cases of cardiac failure it may be tried
by mouth in doses of o3 gramme thrice daily in addition to
digitalis, Ths is probably the maximum dose which can be
tolerated, and, unfortumtcly cvcn this dose is frcqucndy the
cause of much gastro-i irritation, with abdominal colic
and diarrhoea as bl symp which cessa-
tion of administration. A recent suggestion to overcome this
difficulty is injection of the diluted drug through a fine catheter
which the patient may be taught to pass into his own rectum.
The writer, however, has no experience of this method.

In view of the stumulaung action of theophylline on the heart
it is well to sound a note of warming on its use as 2 coronary
vasodidator Boyer 1s probably cortrect when he states that the
increased coronary flow 1s 2 secondary consequence of myocardial
snmulatson  Efforts to show that the drug modifies the myo-
cardial degeneration following ligation of the coronary arteries
bhave not been very successful ¥ Mernll® records the induction
of cardiac pain and sudden death after the injection of amino-
phyllin in coronary thrombosss, and the stimulatng action of the
drug may well add to such risks,
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following intravenous injection. The full dose is o5 gramme for
an adult, but it must be injected slowly in 30-40 ml. saline. If
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injected rapidly, 1ts actcon on the resprratory centre ts such that
it precipitates hyperpnoea and perhaps dyspnoea A good
techaique in pattents with Cheyne-Stokes respiration 1s to inject
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of the problem in human heart failure by means of cardiac
catheterization was utgently needed.

1. The signifcance and validily of cardiac output and intra~cardias
pressure measurements. 1t is necessary at this point to state quite
clearly the significance of some of the quantirative measurements
which may be obtained by cardiac catheterizanon. It is now
reatized that some of the carliet tesults obtained by ourselves and
others may not have been outside the limits of experimental
error. An intra-cardiac catheter does nat nvamably yield a
completely mixed sample of teturning venous blood. Blood
from the coronary sinus flowing into the right auricle has 2 more
reduced oxygen content than mixed venous blood, and a catheter
lying near the coronary sinus may give a sample which is quite
musleading. It was stated some time ago!? that about one sample
a twenty mught differ so grossly in oxygen content from a
sample taken immediately before that it could clearly not be used
for cardiac output caleulation. It is necessary {4) to leave the
catheter unchanged in position once a favourable position has
been reached: for relisble samples the right ventricle s better
than the rght auncle, and the best position is probably the
pulmonary attery; (5) to take duplicate samples or samples n
close successton at all critical points of an expenmental observa-
ton. Close agreement of paired samples or an even upwatd or
downward trend of output increase the value of the estimations.
With these precautions, cntical analysis of paired successive
samples analysed in 2 Haldane apparatus for the oxygen un-
satutation has yielded the following estimates of possible error:®

Coeffictent of vanation of pared samples for

oxygen unsaturaton =% 35%
Cocfﬁcxcnt of vanation of oxygen uptake by
ty from before and

aﬁc: the usual experimental period of onehour = & 5%

By adding the varmances (35* -+ 3%) and taking the square root,
the coefficient of varation of a single output estimation is
+ Gpercent Whete single estimations only are made a difference



CHAPTER 1V
DIGITALIS AND STROPHANTHUS

HE conditions under which digitalts bodies_ exercse 2

favourable influence ‘in heart failure still remain very
mystertous and 1l understood. Clinicians have been aware for
decades that its benefictal action, while somettmes dramatic and
striking, has on other occasions been apparently completely
lacking. A succession of opintons has been forthcomung to trf
to account for the apparent discrepancies and unpredictabiity of
action. Mackenzie held that therapeutic benefit was latgely
determmuned by its slowing action on the heart, and that its effect
was therefore most pronounced 1n cases of auricular fibrillation.**
Mackenzie’s pupil, Lewss,* sustained this tdea until near the end.
of lus life. There was, nevertheless, adequate evidence from
clinical studses that digrtalis could produce quute striking benefit
1n pattents with sinus rhythm in whom the slowing actton Was_
less prominent and sometimes iasignificang.¢® ¢ There Was
adequate pharmacological support for a stinulating actton of
digttalis bodies on the myocardium, particularly when the heast
had faled under certain experimental conditions.#% 46 These
experimental conditions included (#) spontaneous weakentng
after 3 time of the isolated heart or strips of papillary muscle
suspended in saline, (4) heart failure snduced by the actton of
large doses of camphor, chloral and simular substances. There
was, however, no justification for assumng that the forms of
heart fatlure seen clinically reproduced a metabolic and functional
state of the myocardium comparable to that produced 1n the
pharmacological laboratory  The unpredictability of action of
digitalis bodtes in clinical heart fatlure certainly rendered 1e quite
certamn that the stimulating action was often either absent ot to0
slight and transient to be obvious. Further direct investigation

26
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of choice and Hamil ** cond:
(Hanssen),’ or strain gauges®! may be used. Very exact contour
zecords are difficult to record at the outer end of a long catheter,
but close approximations to the systolic and diastolic pressures
ate obtained.

1f we take a level § em. behind the sternal angle as the mid-
point between the anterior apex of the heart and ts posterior
border,** the int icular d li at the end of
dastole fluctuates closely round this zero level in supine normals,
while the systolic pressure ranges from 15-30 mm. fig. above
this point. In barrel-chested individuals the mid-part of the
heart may lic considerably lower than this atbitrary point, and
this has to be taken into account in consideting pressutes in
emphysema,

‘The optical records of right ventnicular pressute are of grear
interest in heart failure  Diastolic pressure within the ventncle
is usually rased in parallel with pressures withua the nght
auncles? In fact, dustolic pressures within the ventucle ate
only slightly below the pressures within the auncle during the
period of ventricular fithng (Fig. 10). Cournand claims that the

Fio 10, Constrictive peacarditis Left hand tracing shows the pressutes within
theaunicle The hgher peaks septesent auncular systole 1t will be noted that the
pressutes reached correspond almost exactly with the peaks of pressure recorded
fram the ventriele 1n dustole. ‘The sensittvity of the manometer has been reduced
chile takung the ventricular pressute record
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of 12 per cent (twice the standard error) must be insisted on for
significance,

In patients with heart failure consequent on broachutis and
emphysema, owing to inconstancy of lung ventilation, the
arterial oxygen saturation undergoes quite considerable fluctus-
tions which have not yet been staustically analysed, but it is well
to remember that single cardiac output determinations in this
condition are probably not signtficant unless they differ by at
least 20 per cent. These figures apply to smgk estumations of
cardiac output. When more numerous tight heart samples are
taken, of course, the significance of smaller differences may be
established, but the coefficient of variation cannot be reduced
under 5 per cent without repeated estimations of oxygent uptake.
Conststent changes in one direction following some test procedure
1n a series of samples may help to establish the validity of small
changes in output.

I diac pressure ements. Right atrial pressute may
be measured as 2 mean value with a water manometer. To be
satisfied with the readings, respieatory fluctuations should be
present and the catheter used should allow a free flow 2nd fatly
rapid settlement of the manometer to a stable leve]. The catheter
should be flushed between readings. With the patient mn 2
steady festing state, spontaneous fluctuations of more than
1 cm, are unusual. If a cardiac patient 1s restless, however,
considerable fluctuations are possible, and observations made
during a disturbed pertod must usually be discarded Quuetness
and a steady base line are necessary befote valid observations are
obtained: under such condittons a rise ot fall of 2z cm. water is
probably significant.

Right ventricular pressure may be measured as a mean value.
Pulsattons are more vigorous in the manometer and special care
must again be taken to easute that pulsations are ‘free’. Should
the catheter tip within the heatt have 1ts opening temporarily
blocked by contact with the heart wall during contractton, the
peak of. intra-ventriculat pressure will not contribute to the ‘mean’
pressure and a false low reading will be obtained

Optical recording of nght ventricular pressure 1s the method
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of chosce and Hamil i+ i
{Hanssen) 30 or strain pauges®? may be used. Very exsct contour
records ate difficult to record at the ouer end of 2 Jong catherer,
but close approximations to the systolic and distolic pressures
are obtained,

If we take a Jevel 5 em behind the stermal angle as the mid-
pomnt between the anterior apex of the heast and its postetiot
border,#? the ntra-ventnicular disastolic pressure at the end of
diastole fluctuates closely round this zero level in sapine natmals,
whle the systolic pressure ranges from 13~30 mm. Hg. above
this pownt  In barrel-chested ndividuals the mud-part of the
heart may hie considerably Jower than this arbitrary pomnt, 26d
this has 1o be taken mto account in considenng pressures in
emphysema,

The optical records of nght ventricular pressure are of great
anterest 19 heart falure  Diastolic pressure within the ventncle
is usually rassed in parallel with pressures withsn the nght
auncled® In fact, diastohe pressures within the vemncle are
only shightly below the pressures within the aunche during the
penod of ventnicular filling (Fig. 10} Coumnand clasms that the

fttzconof

N 116 10 Canstnicnve pencarding Left-hand tracing show.s the pressures within
cauricle  The higher peaks represent suriculss sysiole It wall be noted that the
anum zeached entrespond almost exactly with the pesks of pressure fecosded
rom the veauacle 1n dastole  The senwitvsty of the manometef has been: zeduced
while taking the ventnenlar pressure record
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end-duastolic pressure in the ventricle parallels the mean nght
auricular pressure, and in the great majority of cases this is true’
an obvious exception is tricuspid valve incompetence.

Systolic pressure within the tight ventricle corresponds to
systolic pressure 1n the pulmonary arteryts (Fig. 11) The
pulmonary artery pressure js nearly always raised in cardic
failure (Fig. 12). It rises erther as a consequence of vasculas
obstruction 1n the lungs 1n pulmonary heart disease, of a5 2
result of raised pulmonary venous pressure from the left ventricle
or aurtcle, for example, in hypertenstve disease or mutral stenosis.
There are only rare exceptions to the rule that the pulmonaty
arterial pressure is raised in heart failure.

The rise 1 pulmonary atterial pressure may be very consider-
able duning attacks of dyspnoea due to left ventricular failure
We have seent such systolic pressures rise to over 8o mm, mercufy.
When patients on the verge of left heart failure make any muscular
effort the pressure in the pulmonary artery tises in contrast with
normals 1n whom mild exercise 1s accompanied by an incsease in
cardiac output without tncrease 1n pulmonary arterial pressure.?*
Rest, as mught be expected, brings down the pressure 1n the right
heart 1n patients with lefe ventricular fatlure. Dyspnoea and any
state of alarm may cause the pulmonary artery pressuse to rise in
such patients. Again we should emphasize the necessity of
making all base-line observations under condrtions of rest, east,
and comfort for the patients, and only judging the effects of
drugs or other p d after a satisfactory steady state is
reached

Before going on to discuss the reactions of the human heart to
digitalss bodes 1t should be emphasized that the situation is most
complex for vartous reasons Digitalis has 2 number of actions
on the heart and circulatton, but from the haemodynamuc stand-
point we nced only consider the following.

(a) it stimulates stronger contractions in certan types of faling

myocardum;
) 1t slows the ventricle by vagus action or by producin,
®) Y vagy Y P 4
partial heatt-block especaally 1n auricular fibrllaton,



S

DIG\TAUS AND STRON(AA\'TH\

aanssasd Juniy sranws ap se vB ¥ s A B ponoenuod 30P4 fpmpowus Sanssard oNOBEP pua UL
Juunp apunE W Bt o o puodsa10Y e Suunp apuIeas g o v S e Axwuound 3 U ot quAs APOEE?
puodsaiod spuudt 24 w sasnssand 2O s yead 2 o 2N suompuo> NPt 3opun 3 spuoays £ v DpIIUAR B o
 sosnssad 20 snoys Juidest puryaqSs aptpd Kaoyeaudsai ® ‘Suunp A28E Kasuowed 39 & 3nssosd ot 10U Surown pUTPL
, nwuSopeonP \paoaas 33801 . oyt JF0EI TR fq ssansad PO yppa woneds a0 328 3 o1t

e




CARDIAC PHARMACOLOGY

3z

AnyBys 1pyandino oepzw sy, aaniy seromLIA 353 3o Foene paonpur e siusadas sty
a1y S w39 03 L§ wosy ks prq spuwA 393 S w1 2inssasd Mokshs L, ~monsaBuos Arma

FE[ONIUIA 353 JO JpEne U padopadp pey uoned Syl PUE UISK pey snss
IPIILIA I 2P Ur sarnssard jonwod sy SBOYS 3] Y3 UG PpIoddx BN

U3s13 Os[E pry aanssaid moiTp-pus s
ownd ‘eaoudoguo quw aimpie

22d raawe oy wixoBip B € U saige sanun waA- S n]

nssad oL aungeg wwy Sarsuousd(y Ay #x oy

M

i
|

- 3.

——
—

_@

i
W

v, A ST

,
t

ob—2-|

s

]




DIGITALIS AND STROPHANTHUS

{¢) it tnduces ectopic thythms;

(d) it raiscs arterial pressure; .

{£) ® ey teduce veaqus pressure independently of ardise
output change.

Any ont of these actions pigy octur independently of the others: a7y ore
of them may fail to oceur in certain asrcwmstances (Table). Responses
may vary according 1o the etiologieal varicty of heart duscase, and
according to the stage of the discase. This is one reason for the
dfficultzes which have asisen in interprenation of Tesals and the
confustng divergencics of opinion as to what constitutes 2 typical
1esponse

2 The stimmlating action of digitalis on the failing riyocardssrs. It is
widely agreed that digitalis bodies have little measurable effect on
contractility of the normal myocardium.«$3- 3¢ The output of the
heart 1 notmal a2nimals tends to fall, and in man the action of
digoxin or ouabain 1n normal subjects is usually to produce no
change in cardiac output although on some oceasions there is a
slight fall in the venous pressure with a fall in cardiac output.
Although there has been a good deal of evidence in the fiterature
that digitalis produces a slight venous pressure fall i normal
saumale®® and mangé this occurrence is now recognized as being
much less constant than was originally thought. The venous
pressute reduction which takes place 15 often small, 2-3 em. of
saline at most. Such changes of pressure, however, may represent
changes in diastolic tension within the ventricles of some physio-
Jogieal significance 1f we accept Wiggers' interpretation of
Statling’s Law of the Heart. However, the doubts cast on the
stmple applicability of Starling’s Law to the normal human heart
#8 st25 151 tecent years has now made it dufficult to accept without
teserve the sumple explanation which seemed likely some years
20 that cardiac output and venous pressute fall 1n parallel as the
result of digitalis action in normal man. We can go no further
ar the present day than to say that digitalis has no stimulating

action ble by output in the normal heart, but
that sometimes venous pressure and cardiac outpur may fall in

parallel
D
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DIGITALIS AND STROPHANTHUS 33

When a favourable response to intravenous digoxin or lanato-
side C is achieved in patients with heart failure, the injection
is followed within 20-30 minutes 25 2 rule by a fall in
right atrial pressure, accompanied Jafer by a distinct and signi-
ficant sise in cardiac output® * (Fig. 13). This action has been
demonstrated repeatedly, and it seems to be the most constant
immediate response ushering in the clinical improvement so often
seen following digitalization.

The manner in which these changes are brought about was the
subject of some initial perplexity. It was found, for example, that
comparable increases in cardiac output might be induced by
similar reductions in venous pressure produced mechanically by
venesection or by congesting cuffs round the thighs® (Fig. 14).
This opened up once again the possibility, suspected previously
by Dock and Tainter, Katz and others, that 2 prumary venous
pressure-reducing action of digitalis might be of importance and
that cardiac output increase mught be secondary to this. When
more detaled compansons were made, however, there was 2
difference. Cardiac work after digowun was greater than that after

(Fig. 13). As d above, v 1s often
accompanied by lowenng of artenal blood pressure while
digitalization may even raise the artenal pressure. When this
factor of blood-pressure change 1s taken mto account in calcu-
lating the wotk of the left ventnicle, it 1s clear that the work of
the heart 15 greater after digoxin than after venesection.® About
the ume we reported these findings, further work was done with
ouabatn by Bloomfield, Ellis, and others,7 showing thatin vanous

types of heatt failure this substance could increase the card.lac
output without any

g venous p

A stumulating action of ouabam was thus established which was
quite independent of any effects on venous pressure (Figs. 16 and
17} This work with ouabain, which has been confirmed,5* made
1t highly probable that the differences in cardiac work after
venesection and digosin were in fact due to a direct sumulanng
action of digoxin on the failing human myocardium. Following
further work 1n our own school we have also become aware of
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When a f: ble resp to int digoxin or lanato-
side C is achieved in patients with heart failute, the injection
is followed within z0-30 minutes as a rule by a fall in
nght atsial pressure, accompanied Jater by a distinct and signi-
ficant rise in cardiac output® ** (Fig. 13). This action has beea
demonstrated repeatedly, and it seems to be the most constant
immediate response ushering in the clinical improvement so often
seen following digualization,

The manner in which these changes arc brought about was the
subject of some initial perplexity. It was found, for example, that
comparable increases in cardiac output might be induced by
sumular reductions in venous pressure produced mechancally by
venesection or by congesting cuffs round the thighs® (Fig. 14).
This opened up once again the possibility, suspected previously
by Dock and Tainter, Katz and others, that a pnmary venous
pressure-reducing action of digitalis might be of importance and
that cardiac output 1ncrease mght be secondary to this When
more detaled comparisons were made, however, there was a
difference. Cardiac work after digoxin was greater than that after
venesection (Fig. 13) As menuoned above, venesecuon 1s often
accompanied by lowering of arterial blood pressure while
digutalization may even ratse the artenal pressure  When this
factor of blood-pressure change 1s taken 1to account 1n caleu-
lating the work of the left ventricle, 1t 1s clear that the work of
the heart 15 greater after digoxin than after venesection.®® About
the ime we reported these findings, further work was done with
ouzbain by Bloomfield, Ellis, and others,}? showing that1a various
types of heart failure this substance could increase the cardiac
output without any accompanying venous pressure reduction.
A sumulating action of ouabain was thus established which was
quite independent of any effects on venous pressure (Figs. 16 and
17). This work with ouabain, which has been confirmed,** made
1t hughly probable that the differences in cardiac work after
venesection and digoxin were 1n fact due to 2 direct sumulating
action of digoxin on the fating human myocardium. Following
further work 1n our own school we have alsa become aware of
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Effect of venesection

%INCREASE 40
CARDIAG
WORK
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Effect of 1'5mg digoxm LY.
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CARDIAC

wark 60
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-4 -3 -2-10 +5 +10 +20 30
RIGHT AURICULAR PRESSURE CM SAUNE ABOVE STERNAL ANGLY

Fic 15. Companson of vencscction 2nd digoxin on the work of the left
ventncde Work 1 calcutated by multiplying casdizc cutput by smean artesul pres-
sute Venescetion produces a 10-40 per cent increase in work while digoxn
produces a 20-80 per cent increase 10 work  (Reproduced from Climieal Saence )
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numezous instances in which intravenous digotin produces no
fall 1n venous pressure and no change in cardiac output during

RAPR
ems. gbove 5 A,

P )

0 0 30 40 5

minutes.

T16. 16 The response to ouabain in hypertensive heart duseate, Following
24 Mg ouabain th diae output und dute nse which precedes
nght aunculat pressure fall. At the end of 20 munuces a further 0 25 mg 1
follawed by 4 further e in cardiac ourput without any sgmficant venous
pressure fall. - (Reproduced from Chinweal Saenve)

the period of observation; anaermic heart failure 1s an examplest
Cournand and tus assocates have also shown that, in selected
instances of left ventnicular farlure, the output of the heart may
be increased without any sigmsficant change 1n end diastohc
tension in the nght ventricle, and therefore no change 1n the
venous filung pressure 2

This ac 1 of new d has blished beyond
doubt myocardial stimulation by digstalis 1n certmn types of
faling human heart, and this action may occasionally beindepend-
ent of systemac venous pressure teduction, The proofof this direct
myocardial acuon was mose easily forthcoming with owabain
than wath digown itsedf. This raises the possibility once more
that the old claim made by Vaquez*® and by Fraenkel®d that
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Effect of venesection
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Fic. 15, Companson of venesection and digoxin on the work of the left
ventncle. Work 1s calculated by multiplying cardiac output by mean artersal pres-
sure Venesection produccs 2 Yo-40 per cent increase 1n work while digomn
produces 2 20-80 per cent increase 1n work. (Reproduced from Climcal Serence )
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numerous instances in which intravenous digovin produces no
fall in venous pressure and no change in cardiac output duting
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Fic 16, The responsc to ouabaw 1n hypertenuive heartdisease, Following

the period of observation; anaemuc heart failure is 2a example.5®
Cournand and his associates have also shown that, in selected
instances of left ventricutar fmlu:c, the output of the heart may
be d without any sigy change 10 end duastolic
tension 10 the night ventricle, and therefore no change in the
venous filling pressure.$?

This accumulauon of new evideace has established beyond
doubt myocardial stimulation by digitalis in certain types of
fating human heart, and this action may occasionally beindepend-
ent of systemac. venous pressure reduction, Theproofof this direct
myocatdial action was more easily forthcoming with ouzbaia
than with digoxin stself. This raises the possibility once more
that the old claim made by Vaquezt® and by Fraenkels! that
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Fic 17 Companson of venous-pressure reduction with ouabai tn a case of
hypertensive heart discase  Reduction of senous filng pressure by mechameal
means (cuffs on thighs) had no significant influcnce on cardiac output  One mg
ouabain mtra-venously rassed the cardiac outpur consilerably at a simular level of
venous pressare  (Compare that scen at §o-Go minutes) An tmmediate con
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strophanthus had a stronger myocardial semulating action than
digitalis may be worthy of reconsideration. The timing of the
Tesponses to intravenous injections of digoxin and lamatoside C
on the one hand and of cuabain on the other is certainly different.
The first response to digovin is a faif in right heart pressuge before
any measurable rise in output, while the catly response to ovaban
15 2 tise in cardiac outpuet (Fig. 18) and right ventricufar pulse
pressure®? The digitalis denvattves usually take 20-40 munutes
ot fonger to bring about 2 recognizable acion, while oubain
effects come on in abour y-15 minutes. The speed of action of
otsbain may be quite dramatic and the drug @n cuse rapid
distppearance of such features 35 pulsus altemnans and tnple
thythm: the rapid onsct of action may have somethung to do
with different solubilities of the two drugs, ouabain bang water-
soluble 2nd digoxin alcohol-soluble. The older hterature con-
taned firtle satisfactory work on the comparauveactionofdigitalis
and strophanthus denivatives: there was a cermain inchnauon to
dlustrate the myocardial sumulanng acnon of digitalis bodies
by strophanthin and onabain expenments. Although some recent
experiments by Loubatiéses #2 tend to show that while digitaline
restores the tone {diastolic teaston) of stnps of fahing papiilan
muscle, 1t does not have as strong an action as ouabain in mereas-
ng the magnitade of systolic Onlya few expeniments
ace tHustrated however, and the work of Canell and Gold,'*
Walker, Lourte and Buen, ** and Walton, Lears and Jones'*
appears to indieate linle quanutanve difference tn the acuon
of the vanous glycosides.

3. Reduction of terons pressure tn the abserce of cardrac outpat
tharge, and ather right beart pressave responses. It was often noted that
digoxin might reduce the venous pressure 1n cerain patients with
carduc fature wathout any increase in cardiac ontput dunng the
period of observation 3+ 25 81 Even when cardiac ontpur did 1o-
crease 1t was often ob d dut 2 pi venous p
{all preceded anv statisticall cardiac output clz:mgc."
At first these abservations scemed to tend support to the 1dea that
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DIGITALIS AND STROPHANTHUS 43

venous pressure reduction was independent of cardiac output
improvement and might be an imponant primary action of
digitalis? Since primary venous pressure reduction ean no longer
be invoked to explain the vasiety of cardiac output responscs to
dugitalis, it is necessary to account for venous pressure seduction
in the absence of cardiae output increase in some other way,

In a recent study of nght ventricular pressures in patieats with
bypertensive and ischaemic heart disease$ in one third of the
cases we have observed the nght ventriculas pressure to fall signi-
ficantly in the absence of 2 measurable increase in cardiac output;
the fall an pressure in these patients affected the nght ventricular
systolic pressure iderably while the diastolic p fell by
26 mm. mercury. The latter sepresents quite an impostant
change in duastolic filling pressure of the right ventricle, while the
much greater f:“ in systolic right ventricular pressure represents
3 great ted in pul y arteral p This relef of
pulmonary vascular engrorgement was accompanicd by subjective
telief of dyspnoea. The fallin diastolic Giling pressure of the right
ventricle was paralleled by a fall 1n central venous pressure,

These observations are sllustrated in Figs. 19 and za. They
give more detail to the hacmodyname picture than we possessed

before, The pul y vascular engorgs (tise in systolic
nght el p )] ded derably the degree of
systemic venous engotg {end-d it n the

fight ventricle), r.e. the pauents had Yeft vcmncuhr fatlure. 1 a
Pattent were to develop left ventricular failure snddenly, hus
heart would fail to empty properly, and the residual blood
remanung aftes the weak contraction would be added to the
incoming blood from the sull normally functioning right ven-
trucle  The left ventricle wonid become more distended with each
beat untid 1t was sufhciently stretched to fall 1nto step with the
nght ventricle again and the sttoke outputs would become
equalized ‘Thus would occur in 2 few beats and at the expense of
2 stepwise increase 1n put y vascular p venous,
capilary, and artetral  We can explain the action of digoxin ilhus-
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DIGITALIS AND STROPHANTIUS 4%

trated in Tigs. 15 and 20 a5 2 reversal of this process. Digoxin
may 2ct on the falling left ventricle, causing it to expel slightly more

' CONTROL AFTER DIGOXIN
CARDIAC -
QUTPUT 3.7 Limin 34
RV.Ps 43 mm.Hg 26
endd. Q5 mm.Hy -2

Fia. 20 Hypestenyive earduc futue From above down—tespiranon, might
ventneular pressure, ol Iy before treatment
s mdicared by the fugh nght ventnculat s)smhc pr:ss\nc (43 mm Hg) Db
presute, with the end-<diastolc pressure, fell ugmicantly Balf an hour atter
19 mg digoxin. Cardiac output remamned unchanged of posuibly fell shghtly

blood than the right, bt anly for a few beats untal the pulmonary
venous pressure has fallen, when the two sides of the heart once
more fall into step ‘The Fick method 15 ncapable of detecung
such 2 tempotary snequality of output of the rwo sides of the
heart, and we only observe the end result—outpnt unajtered but
pulmonary vascular pressures reduced.

In this acton the normal nght heart shows no tesponse to
digown and 15, 1n fact, behaving 1n 2 completely physiologieat
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fashion, When left heart failure develops with a secondary nse
in pulmonary vascular pressures, the right heart is put slghdy

DNorms/ Left Heart Failure

T 122 I
I N
)\
ZImIY
pal\l Jalv/
A
Ll dn Iv..I' 2bd 4

Fi6 21 Diagrammatic representation of normal pressures 1n the night ventricle
and pulmonary attery in notmals and in left heart failure, The high pressure 1 the
pulmonary artery 1s probably determined by high pressure tn the pulmonaty vems
Digown restores this state of affairs towards the noomal

under straw and the venous filling pressure mses to meet the
demands. With relief of pulmonary hvpertension, the diastolic
filling pressure of the right ventricle falls, and wath it the central
venous pressure comes down a few centimetres of watef
(Frg. 21).

Inequality of action of digitalis on the two ventrcles, with
differential stimulation of the left ventricle, may thus account for
some of the lous and puzzling resp which p; 1
led us to make a tentative suggestton that venous pressure changes
after digovin mught be primary. Reduction of pulmonary vasculas
pressures may well be due to shifung of blood from the lungs by
increased cardiac output as suggested by Cournand and his
collaborators ¥ But the cardiac output increase 15 not necessanly

—
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either sustained or measurable; it may only last 2 few beats. Werkd
and his colleagues have recently shown that even when the output
of the failing left heart does go up, as an immediate response to
lamatoside C, the pulmonary blood velume is not measurably
altered#* Perhaps reductions in pulmonary vascular tone are
involved. Alternatively, it would appear that 2 very small volume
reduction in the lung vascular bed may be accompanied by a
considerable fall in pul y vascular p Volume-
pressure relationships in the lung vasculature require more
detailed study before the sequence of effects after digosin can be
properly evaluated,

While the series of events illustrated in Figs. 20 and 21 is
taken as a common reacuon in left heant failure, there are other
pattems of behaviour of fght heart pressures and casdiac out-
puty?

() Observations in Cournand’s laboratory** have shown a few
mstances of left heart failure in which the output of the heart
nses with a fall of prcssuxc mn the pulmomry vessels, but with
no change 1 right v
experience this type of pressute reaction is unusuz!

(b) In valvular heart disezse and some mscs of chronic cor

le the are compl. dby an ive clement
and an increase i right ventricular pulse pressure follows
digoxin. This is simular to the reaction to ouabain described by
Bloomfield 2nd his colleagues.” In 2 mixed series of cases with
valvular disease forming the majonty, Lagerlof and Werko also
emphasize this type of reaction after lanatoside C44* We also
see this reaction sometimes after digoxin % The increased pulse
pressure may be indicative of stimulation of the nght ventmncle.
Fig. 19 shows how a faling left ventncle may respond 1n a
similas way with an increase in pulse pressute but without
change 1a cardiac output.

(¢) Occasionally a full intravenous dose of digoxin is followed
by a temporary nise in artetial pressure which precipitates fusther
left venincular falute with nises in both systolic and diastolic
pressure in the nght ventncle (Fig. 12).

In our
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fashion. When left heart failure develops with a secondary rise

in pul y vascular | the right heart 1s put shghtly
Norme/ Left Hesrt failure

& +‘@j
()| ’

Fic 21 Duagrammatic represcntation of normal pressures m the nght ventricle
and pulmonary artery in normas and 1n left heart failurc. ‘The hagh pressurc i the
pulmonaty artery 1s probably determincd by high pressure 1n the pulmonary veins
Digoxn sestores this state of affairs towards the normal

iy Y

under strain and the venous filing pressure ises to meet the
demands  With relief of pulmonary hypertension, the diastolic
filltng pressure of the nght ventnicle falls, and with it the central
venous pressure comes down a few centimetres of watet
(Fig. 21).

Inequality of action of digntalts on the two ventricles, with
differential stimulation of the left ventricle, may thus account for
some of the lous and puzzling resp which pr i\
led us to make a tentative that venous p changes
after digoun might be prtmary. Reduction of pulmonary vascular
pressures may well be due to shifting of blood from the lungs by
increased cardiac output as suggested by Cournand and hus
collaborators.’® But the cardiac output increase is not necessarily
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in experimental animals foll doses of digitahis bodics raisc d:u:
arteriat pressure # Whether such an action was demonstrable in
man of not was for some time
disputed. Using modern pre-
parations, however, there is
no doubt that full doses of
digoxin and of ouabain are
often followed by a signifi-
@t rise of arterial pressure
(see Fig. 19). This rise of
arterial pressure may or may
aot be accompanted by an
increase in carduac outputh
and on amalysis, therefore,
1t may or may not mean
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resistance  according to ar- £ he £
cumstances. Carotid sinus 5% 23 Companson of the wnfluence o

slowing of the ventnicula rate on reduction

regulation of blood pressure
seems to be disturbed by
digitalis * With doses below
the maximat therapeutic in-

of nght auncular pressure 1n patients with
wnus thythm (circles) and auncubae fibndl-
aton (dots) Whie greater slowing 13
achieved there fs no diference i the degree
of venous pressure reduction and aunculat

P - N ibs N Laonce
fection dose (1+ mg. dlgoxm, fibnluyon. (Reproduced from the )

16 mg lanatoside C, 075 mg. ouabun), this blood-pressure
rassing response 1s less bikely to accur.

Thas reaction of the arterial pressure 15 important for varous
reasons. 1t occurs early, coming on within 3-8 munutes, and when
Present 1t may overwhelm some of the other actions of digytalis,
Tt may even precip a temporaty b oft
with a nise 1n both the venous pressure and pulmonary vascular
pressures, We have seen attacks of left ventricular failure which

doubtedly followed the iny of digown or ouabain in full
doses, and which completely overshadowed the other more
beaeficial pharmacolagyeal action of the drugs (Fig, 12) The
blood-pressure rasing action, however, is likely to be transient,

and 1t may pass off completsy in 15-30 minutes, when the fall in
E
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4. Heart rate reduction and cardiac ontput change. The old idea
that clinical responses to digitalis were determined by slowtng
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F1c 22. Compatison of the mfluence

of slowing of the veatricular rate on
carduac output i patients with sinus
thythm (errcles) and auricular fibrllation
(dots) A greater degree of slowing 1
achieved 1n auricular fibnllation, but the
influence on cardiac output 1s sunlar 1n
the ewo groups  (Reproduced from the
Lancet )

of a rapid heart has been sub-
jected to further analysis by
Kelly and Bayliss.®* Reduction
of venous congestion and im-
provement of cardiac output
ate quiteas frequentandsteiking
in patients with sinus thythmas
1 those with auricular fibritla-
tion 1n whom a greater re-
duction of ventricular rate is
achieved (Figs. z2 and 23)
The widespread clinicel m-
pression that results are better
1n patients who have auricular
fibnllation may depend on the
fact that pulse rate reductton
by digitabs in the presence of
fibnllation affords a simple
guide to optimum dosage The
panent who 1s 1n heart failure
with sinus rhythm offers no
such easy objective guide to
dosage and may fluctuate be-
tween under-dosage and toxic
etfects from over-dosage This

may lead to the impression that the drug 1s of less clinscal
value in such patients In the early stages of digitalis actron the
ventricular rate reduction in auricular fibrillation seems to be
vagus 1n ongin as 1t can always be completely abolished by
atroptne in a full mntravenous dose (1-2 mg.). Thus is 1n keeping
with the observations of Porter*® and also of Gold and his
associates®? that the direct action on the bundle of His develops
later 1n the course of digitalization

s. Blood-pressure ratsing action. It has long been known that
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in experimental animals full doses of digitalis bodies raise the
arteria} pressure®® Whether such an action was demonstrable in
man ot not was for some time

dispwed. Using modern pre- 1

parations, however, there is o, 10

no doubt that full doses of 3¥

digoun and of ouabain are ES 8

often followed by a signifi- 3¢

cant rise of arterial pressure gﬂ A

(see Fig. 19). This tise of sg
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and on amalysis, therefore, .
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cumstances, Carotd sinus
regulanion of blood pressure
seems 1o be disturbed by
digitalis ®  With doses below
the maximal therapeutic in-

16, 23, Comparison of the mflucnce of
slowing of the ventricular rate on reduction
of right suriculiz pressure in patients witk
#snus shythm {ciscles) and aunculas fiball-
aton (dots) Whic greater slowing 15
achieved thete 13 00 diffcrence in the degree
of venous pressure reducrion and auricular
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jection dose (13 mg. digoxin, Fbellation” (Reproduced from the Larces)

16 mg, lanatoside C, 075 mg, ousbain), this blood-pressure
raising response 1s less likely to occur
This reaction of the artenal pressure is important for various
teasons, It occurs early, coming on withun 3-8 miautes, and when
present 1t may overwhelm some of the other actions of digitalis.
It may even preipstate a tesnporary exacerbation of breathlessness
with a pse 1n both the venous pressure and pulmonary vascular
pxcssurcs. We have seen attacks of left ventricular failure which
btedly followed the 1nj of digomun or ouabarn in full
doses, and which completely overshadowed the other more
Benefical phatmacological action of the drugs (Fig. 12). The
blood-pressute rasing action, however, is bikely to be transtent,

and 1t may pass off completely in 15~30 minutes, when the fall in
E




50 CARDIAC PHARMACOLOGY

petipheral venous pressure and rise in cardiac output may
become apparent (Fig. 17). The rise in arterial pressure, particu-
larly following the injection of ouabain, may be accompanied by
curious sensations 1n the head. Patients describe the sensation of
bursting or of some curious intolerable feeling, but once again
this may be transient. In one instance, however, in a patient with
cardiac fallure and some accompanying mental confusion, ouabain
administration was followed by increased seventy of the con-
fusional symptoms, increased restlessness, and garrulousness.
It has been suggested that ouabain has some cerebral vaso-
constrictor action.

6. The production of ectopic beats. This well-known propesty of
digitalis constitutes one of the possible risks which must be taken
when the drug is used 1n the therapy of severe heart faslure. There
can be few physicians who have not expertenced the sudden
demise of a cardiac pattent within half an hour of digitalization,
particulatly with masstve dosage. Three such instances have
occurred 1n patients under the writer’s care 1n the last 10 yeats.
In two the condition was recogmzed as ventricular tachycardsa.
The second and more common complication 1s the development
of pulsus bigemmus. The latter condstion is especially liable to
develop 1n the later stages of matral stenosis and 1n pattents with
some form of severe myocardial disease, It scems that pulsus
bigeminus has never been induced by digitalis dosage 1a prevt-
ously normal amumal hearts.?® Pulsus bigemunus, therefore, 15
probably the combined effect of digitalis and severe myocardial
disease. Once 1t occurs the physicran ts 1n a dilemma, Continua-
tion of digitalis may be followed by death, and withdrawal of the
drug usually matks the end of any possibility of benefit from this
particular remedy. The arregulanity may perstst for weeks after
digrtahis has been withdrawn, and on attempting to restart
digitalis even with very small dosage, bigemuny 1s likely to recur.
Bigeminal thythm may, of course, occur 1n certain pattents with
severe myocardial disease independently of digitalis admurustra-
n, and 1n its presence it can never be wise to give digttalts,

d the patient to treatment by

tio
Bigeminy, therefore, c
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semedies other than digitalis and it usually marks the final stage
of myocatdial breakdown when digualis has ceased to be of
beacfit.

7. Speed of action: cumndation. Much of the new information on
the fesponses of the failing human heatt to drugs has been
obtained duting spells of observation lasting approximately onc
hout and on oceasions longer. Active preparauons of digoxin
are usually followed by a venous pressure fall which is manifest
within 20 minutes and is followed latee by a rise in cardiac output.
Definite responses of cardiac output and venous pressure ate
present in half to three-g of anhour, 1 tde C, accor-
ding to Stead,™ appears to act 1a & similar time period, and the
carlest manifestanon is also a fall in nght awnal pressure.
QOuabain, on the ather hand, acts much more rapidly. Its effects
may be seen within five minutes in many iastances and the
cardiac output rise may be the first manifest response. Digtaline,
used by Lenégre and his colleagues, appears to act in half to one
hour,” While quite remarkable and defimte improvements in
cardiac output and relief of venous congestion may be demon-
strable within an hour, st is not yet estabhished that these reactions

sepresent the full and plete 1t Other
methods of cbs:rvmg cardiac output ovcl pcrxods of days ma\
on chinical 1mp: with

increases 1n output and further diminunon of congeston of a
degree beyond those produced by intravenous digoxin within the
hour ™ A great deal of work wall have to be done to establish
the patt played by digitahzation in these later ameborations.
Once the victous arcle of cardiac fallute has been successfully
broken by f of digutals preg bed rest
alone may contribute much to the completson of the cure,

The well-known tendency of digitalis to be cumulative is a
trovblesome bugbear to the physician, particularly when he 1s
dealing with 2 cardiac breakdown mn a patient who 15 alteady
recerang the dmg Tt s possble that 100 muoeh attention to shis
may 1ohibsit effective treatment  Ray and La Due?® have shown
that 1t is quite possible to achieve graufying therapeutic results by
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peripheral venous pressure and rise in cardiac output may
become apparent (Fig. 17). The rise in arterial pressure, particu-
latly following the injection of ouabain, may be accompanicd by
curious sensations in the head. Patients describe the sensation of
bursting or of some curious intolerable fecling, but once again
this may be transtent. In one instance, however, in a pattent with
cardiac fajlure and some accompanying mental confuston, ouaban
adminstration was followed by increased severity of the con-
fustonal symptoms, increased restlessness, and garrulousness.
It has been suggested that ouabain has some cerebral vaso-
constrictor action.

6 TIJe proa’m/mn of ectopic beats. This well-known property of
di one of the possible risks which must be taken
when thc drug is used 1n the thctapy of severe heart fatlure There
can be few phystcians who have not experienced the sudden
demtse of a cardiac patient within half an hour of digitalization,
particularly with masstve dosage. Three such nstances have
occurred 1n patients under the writer’s care in the last 10 years.
In two the condition was recognized as ventricular tachycardsa
The second and more common compheation is the development
of pulsus bigeminus. The latter condition 15 especially liable to
develop 1 the later stages of mitral stenosts and in patients with
some form of severe myocardial disease. It seems that pulsus
bigeminus has never been induced by digitalis dosage 1n prevt-
ously normal aumal hearts ° Pulsus bigemunus, therefore, 13
probably the combined effect of digitalis and severe myocardzal
disease Once 1t occurs the physician 1s 1n a dilemma. Continua-
tion of digitals may be followed by death, and withdrawal of the
drug usvally masks the end of any posstbtlity of benefit from this
particular remedy. The irregulanty may persist for weeks aftes
digitalis has been withdrawn, and on attempung to restart
digitalis even with very small dosage, bigemuny 1s lkely to recur.
Bxgcmlml ,},yﬂun may, of course, occur in certain paucnts with
severe myocardial disease mndependently of digitalts administra-
tion, and in its presence 1t can never be wise to give digitalss.
Bigeminy, therefore, condemns the patient to treatment by
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emedies other than digitalis and it usually marks the final stage
of myocardial breakdown when digitalis has ceased 10 be of
benefit.

7. Speed of action: cxwmulation. Much of the new information on
the responses of the failing human heart to drugs has been
obtained during spells of observation lasting approumately one
hour and on occasions longer. Active preparations of digoun
age usually followed by a venous pressure fall which is manifest
within 20 minutes and is followed later by 4 rise in cardizc output.
Definite tesponses of cardiac output and venous pressurc are
present in half to three-quarters of an hour. Lanatoside C, accar-
ding to Stead,” appears to act in a simular time period, and the
cathest mamfestation 15 also a fall in right strial pressute.
Ouabain, on the other hand, acts much more rapadly. Its effects
may be seen within five minutes in many instances and the
cardiac output tise may be the fiest manfest response. Digitaline,
used by Lentgre and his colleagues, appears to act in half to ane
hour”t Whie quite tkable and definute imy in
cardiac output and relief of venous congestion may be deman-
strable within an hour, it 1s not vet cstabhshcd that these reactions

represent the full and plete th Other
methods of obscn g catdiac output ovu pcnods of days may
on climcal improvement with bl

ncreases 1n output and further dimunution of congesuon of 2
degree beyond those produced by intravenous digoxin within the
hour 72 A great deal of work will have to be done 1o establish
the part played by digitalization 10 these later ameborations.
Once the vicious arcle of cardiac falure has been suceessfully
broken by intravenous any of digitalis preparations, bed rest
alone mav contribute much o the pl of the cure.

The well-known tendency of digitalis to be cumulative is a
troublesome bugbear to the physician, parncularly when he 1s
dealing with a cardiac breakdown 1a 2 patient who 15 already
recerving the drug It 1s possibie that too much attention to this
may intubit effecuve treatment  Ray and La Due’™ have shown
that 1t 15 quite possible 1o achieve granfying therapeutic results by

i
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giving additional doses of digitalis to patients who, in their view,
have passed into failure because they were not receiving enough.
In such patients one must proceed with caution and use small
doses of more rapidly eliminated preparations such as strophan-
thin and ouabain. Ray and La Due hold that even electro-
cardiographic evidences of digitalis effects need not contra-
indicate further digitalis administration.

The length of this section is a revelation of our fundamental
ignorance of the mode of digitalts action. Our knowledge of the
way in which this important substance works is still emparical
More knowledge of the mechanisms of muscular contraction and
their breakdown 1n fatigue will be needed before we can sce the
1ssues clearly. Visscher™ was of the opinion that the heart worked
with greater effictency after digitalts, i.e a greater proportion of
1ts metabolism appeared a5 external work, Katz,” on the other
hand, clatms that the heart does more work and that change 10
effictency is less important. Finkelstein? has recently showsn an
1ncreased oxygen usage by the heart under digitalis  An excellent
teview of the metabolic action of the cardiac glycosides has been
published by Wollenberger 762

Stewart and Cohn’? showed that successful digitalizatson
reduced the size of the heart. Reduction 1n size may sometimes
be very rapid and striking., Whether thts represents a change 1
‘tone’ is debatable. It may equally be a secondary result of
recovery from heart falure 1n other ways, with disappearance of
the ovetloading, overstretching influence of the high filing
pressure.

There remain multitudes of problems to be solved 1n relation
to digitalis action Their study in 1ntact man will continue to be
proﬁtablc, for 1n the course of such investigations we shall con-
tinue to Jearn more about the fundamentals of heart failure, and
the significance of the vanety of 1ts clinical mamsfestations.



CHAFTIR V
SPECIAL THERAPEUTIC PROBLEMS

TO regard digitalis 25 2 panaces to be pushed in all forms of
cardisc embarrassment is just as irrational as to recommend
liver therapy in alt forms of anaemia. Suceess is only likely to be
obtained in certain types of patient, and betw cen those who make
a dramatic clinical response and those in whom the drug fails to
act utterly lies an itl-defined group of patients where digitalization
still remains a therapeunc trial, where success sometimes is
achieved but may equally frequently be absent. "The reason why
digitalis sometimes works and sometimes fails still seems to be
unkaown, Itis difficult to enunciate any sure guiding principles,
but the following statements seem to be generally true:

1. Digmalis 15 likely to increase cardiac output in the low
output type of failure, te. fatlure accompanying hypentensive,
ischaemic, and valvular heart disease.

2. The responses ate better and more dramatic 1n the early
attacks of failure than in the later stages where the heart seems to
have Jost 1ts ablity to produce ot mamtan a response.

3. In high output types of congestive falute (emphysema,
amemia, arteriovenous aneurysms) digitalis 15 much less likely to
be p d by i climeal imps 5

Hypertenstve beart disease. In the easly stages hypestensive heart
fathuce may be manifested by attacks of noctutnal dyspnoea and
slight breathlessness on effort At this stage considerable benefit
tesults from digutalis administration. Later, when fature 15
sufficiently severe to demand bed rest, digialis still continues to
yield worthwhile results. These patients can often be dramatcally
elieved and have peniods of relatve well-being, but with the
inexorable progress of the disease ntervals become shoster and

attacks of failare more intractable at each successive hospital
admission

33
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giving additional doses of digitalis to patients who, in their view,
have passed into failure because they were not receiving enough.
In such patients one must proceed with caution and vse small
doses of more rapidly eliminated preparations such as strophan-
thin and ovabain. Ray and La Due hold that even electro-
cardiographic evidences of digttalis effects need not contra-
indicate further digitalis admintstration,

The length of this section 15 a revelation of our fandamental
ignorance of the mode of digitalis action. Our knowledge of the
way 1n which this important substanice works is still empirical
Mose knowledge of the mech of lar contraction and
their breakdown in fatigue will be needed befote we can see the
1ssues clearly Visscher™ was of the optnion that the heart worked
with greater efficiency after digitalis, i.e. a greater proportion of
1ts metabolism appeared as external work. Katz,”® on the other
hand, claims that the heart does more work and that change in
effictency s less important. Finkelstein™ has recently shown an
1ncreased oxygen usage by the heart under digttalts. An excellent
review of the metabolic action of the cardrac glycosides has been
publtshed by Wollenberger.7s?

Stewart and Cohn’? showed that successful digitalization
reduced the size of the heart Reduction 1n size may sometimes
be very rapid and striking  Whether this represents a change 1n
“tone’ 1s debatable It may equally be a secondary result of
recovery from heart faillure 1n other ways, with disappearance of
the overloading, overstretching influence of the hgh filling
prcssure.

There rematn multtudes of problems to be solved in relatton
to digitalis action Their study 1n ntact man will continue to be
profitable, for in the course of such investigations we shall con-
tinue to learn more about the fundamentals of heast failure, and
the significance of the vanety of 1ts clinical mamsfestations.
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digitalis either reduced the venous pressure ot raised the cardiac
output, or both.

Cor pulmonale, Heart faifure of pulmonaty origin is proving to
be aa extremely complex affair.é* ™ Cases can be broadly sub-
divided into (4) obsteuctive and (b} asphyxial varicties. In the
former the cause of the falure lies in some form of obstructive
vxscuhr disease in thc lungs v.\hxch may rcsuk fmm pnm:r}
i y hyp
carcinomatosis, pulmonary b\\hamms, and the hke. The
asphyxial or anoxic vaneties result from bronchuis and emphy-
sema, and also in the course of other discases intesfering with
air entry to the Jungs, such as peribronchial carcinoma due to
Iymphatic spread of tumour into the lung tissue, the primary site
of such grawth usually betng in the abdomen, especially stomach
and pancreas. In additton to these there 1s an acute form of
pulmonaty heart falure resoling from packed pulmonary
¢mbol The of these cond will be idered
in turn,

Obstrucuve putmonary heart fature follows the common
pattern of other types of low output fature. The output of the
heart 1 advanced stages tends to be low with a high venous
pressure. As there is no interference with air entry into the lungs,
thete s, th iy, no difficulty about oxyg of such
blood as passes thxough the alveolt  The artenial oxygen satura-
von therefore remains normal. Howc\'cr, in the advanced stages
of this vaniety there may be dep of oxygen
Possibly the uneven flow of blood through vanous parts of !hc
fungs created by obstructive vascolar disease leads to defects 1n
haemo-respiratory exchange. Digitabs is certanly worth a tnal
1n this group but, like severe obstructive valvular disease affecting
the left heat, the responses are not likely to be etther gratfying
ot well sustained.

The asphyxial form of cor pulmonale  As & tesult of modern
nvesugation the mode of development of heart falure tn
emphysema appears to be more complex than was otiginally
thought. Many patients with quite severe emphysema, as indi~
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Ischaemic heart disease. This condition responds well in the
eatly stages, responses being comparable with those seen in
hypertensive heart falure. A special problem arises in the
management of congestive heart failure accompanying a recent
acute myocardtal infarctton. The fear of precipitation of ventri-
cular tachycardia or fibrillation has inhibited many physicians
from giving digitalis to such patients. The writet’s impression
is that the development of dyspnoea and venous congestion in
such patients is a clear indication for digitalization and the results
in such patients are gratifying: some advise giving digitalis on a
background of quimidine admrnistration, as the latter wall dimaish
the chance of precipitation of ventricular tachycarda.

Valvular beart disease. Taken as a group, pattents who have
developed cardiac farlure as a result of valvular marrowing or
incompetence do not make the same satisfactory chintcal responses
as patients with hypertensive ot 1schaemic heart disease. Clinical
improvement must be gauged against some knowledge of the
natural history of each valvular disease. Once patients with
aortic stenosis and aortic incompetence have developed heart
failure the course 1s usually fairly rapidly downhill if systemic
venous congestion is present. It would appear at this stage that
the valvular trouble tmposes a burden from which no relief 1s
possible In mutral stenasts the natural history of the disease has
an extraordinary number of variations and the digitalis responses
ate equally varied. Sometimes they are striking and sausfactory,
and on other instances only small degrees of benefit are achieved
the 1ncreases 1 carduac output which resule from digitalization
are often small, but, none the less, the pattents may contnue to
lead somewhat gestricted lives aver long periods of years

Acute nephritss We have confirmed the experience of La Due
that the venous pressure 1s ratsed in pracucally all instances of
acute nephritis and settles with recovery.” It has been noted that
this raised venous pressure may not fall with digitalization, but
this 1s not universally applicable. We have encountered instances
where cardsac failure has become really serious, and 1n such cases
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digitalis either reduced the venous pressure or raised the cardiac
output, ot both,

Cor pulmonale. Ficart failute of pulmonary origin is proving to
be an cxtremely complex affair.t> ™ Cases can be broadly sub-
divided into (s) obstructive and (b) asphyxial vaticties, In the
former the cause of the failure lies in some form of obstructive
vascular discase in the lungs “}uch may rcsulz ﬁom pnm:\q
pulmonary hypcnensxon,

Y b|lh1nn<| nnd the hkc The
asphyxial or anouc varicties result from bronchitis and emphy-
sema, and also in the course of ather discases interfering with
air entry to the lungs, such as peribronchial catcinoma due to
Iymphatic spread of tumour into the lung tissue, the primary site
of such growth usually being in the abdomen, especially stomach
and pancreas. In addition to these there 15 an acute form of
pulmonary heary failure resulting from packed pulmonary
embolism. The treatment of these conditions will be considered
in turn,

Obstructive pulmonary heart failure follows the common
pattern of other types of low output fatlure. ‘The output of the
heart in advanced stages tends to be low with a ugh venous
pressure  As there 15 no interference with ais entry into the lungs,
there 15, th lly, no d: Ity about oxyg of such
blood as passes through the alveolt. The arterial oxygen satura-
tion therefore remains normal. However, 1n the advanced stages
of this vatiety there may be depression of oxygen saturation.
Possibly the uneven flow of blood through vanous parts of the
fangs created by obstructive vascolar disease leads to defects 1n
haemo-tespiratory exchange Digitalis 1s certainly worth a trial
1 this group but, like severe obstructive valvular disease affecting
the left heart, the tesponses are not likely to be etther gratifying
or well sustained.

The asphyxial form of cor pulmonale. As 2 tesult of modern
investigation the mode of development of heart faure in
emphysema appeats to be more complex than was originally
thought. Many patients with quite severe emphysema, as indi-
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cated by high residual air values, may have quite normal pulmon-
ary artery pressures. The pressures, however, do tend to tise
more readily on exercise, indicating what Hickam and Cargill®*
call ‘nigidity” of the pulmonary vascular bed. When such patieats
develop acute exacerbations of their bronchitis the arterial oxygen
saturation may fall quite severely, and accompanying this the
pulmonary artery pressute tises to very high levels. It is possible,
also, that super-added asthma may be accompanied by some
pulmonary vascular constriction. Diminution of oxygen in the
arterial blood also calls for an increase of cardiac output, and no
doubt the increased work of the heart combined with a poor
oxygen supply involving the myocardium as well as other tissues
also play a part 1n the production of cardiac failure.

In this asphyxual type the patients are noted to have warm
hands and bounding peripheral pulses, although in the most
advanced stages, often with a falling blood pressure, the circula-
tion may be depressed to muute volume figures below the
normal. The conditton remarns peculiarly intractable. We have
favoured oxygen tents as being the most rational approach in
these patients, Digrtalis is certainly extremely disappomting, It
may reduce the venous pressure, but cardiac output improvement
15 often absent and, mn fact, the cardiac output may fall.# Rises 10
cardiac output have, however, been recorded by Cournand and
hts co-workers even in the high output stages, but the responses
were small and of doubtful significance # With my colleagues in
this school we have only obtamned nises 1 cardiac output 1n the
advanced low output stages In the earhier stage, with rassed
cardiac output, ncreases have been observed with ouaban. The
old clinical observations of Vaquez and Lutembachert? indrcated
that it was 1n this group of conditions particulasly that digualis
would fail, but that ouaban might sometimes 1utate a shight
clincal success. Wollenberger?®® draws attention to pharmaco-
logical experiments which indicate a poor digtalss response 1n
heart failure induced by anoxia  This may have some bearing on
the g lly poor resp in ‘cor pul le’ and 1n anacmitc
heart falure. If one of the important actions of digitalts 1s to
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increase oxygen utilization by the heart,’ it is understandable
that it might be expected to fail if there was little o no more
oxygen available in the coronary blood. “This is conceivable in
anacmia and emphysema.

Ante cor pulmerale. When the venous pressure is raised as 2
resuls of packed pulmonary embolism the clinical picture usually
tesembles that of shock. The patient’s blood pressurc has fallen
and the pulse is of poor volume, The output of the left heart
is presumably low, teduced in a manner similat to that of
haemorthage. The pressure of blood in the great veins near the
heart 15 increased and the right heart is under strain working
against i d resi in the pul y vascular bed. So
far as the heart is concerned we have hitherto adopted a policy
of non-interference. If the patient sutvives adaptation occurs by
ordinary phy: smlognul means and ulnm:xcly the pulmonary
emboli are organized and ly slowly absorbed. It is just
possible that there may 1n some instances occur a stage in which
a faral tssue mught conceivably be averted by some form of
cardiae sumulation.  Stace condittons here may so closely

ble those produced by sudden overloading of a previously
pormal heart, rapidly acting ouabain may be of value, but this
is simply speculanion.

Peruardial disease, as a cause of cardiac failure, 1s uncommon
but important, The heart is embarrassed by being held 1n a rigid
case of fibtous tissue often calafied, It is prevented from con-
tracting fully by this external mechanical case. Digitalis therapy
is of kittle or no value, changing, as a rule, neither the output noc

the pressute ‘The treatment 1s surgical, and may be phenomenally
successful.

Congenttal heart disease 13 only farely a causc of failute. The
blue vaneues are embarrassed by poor oxygen supply to their
penpheral ussues. In some nstances with an overload on the
right heart from severe pulmonary stenosts, failure may develop.
Dng:tahs thempy 15 likely to bc disappointing.

! acute Ieft lar faslure. This d ic develop-
ment 10 patients with hypettensive ischaemic heart disease and
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cated by high residual air values, may have quite normal pulmon-
ary artery pressures. The pressures, however, do tend to rise
more readily on exercise, indicating what Hickam and Cargill?2
call ‘rigidity” of the pulmonary vascular bed. When such patients
develop acute exacerbations of their bronchitis the arterial oxygen
saturation may fall quite severely, and accompanying this the
pulmonary atery pressure rises to very high levels. It 15 possible,
also, that super-added asthma may be accompanied by some
pulmonary vascular consttiction. Diminution of oxygen in the
arterial blood also calls for an increase of cardiac output, and no
doubt the increased work of the heart combined with a poor
oxygen supply involving the myocardium as well as other tissues
also play a part in the production of cardrac failure.

In this asphyxial type the patients are noted to have warm
hands and bounding peripheral pulses, although 1n the most
advanced stages, often with a falling blood pressure, the circula-
tion may be depressed to mnute volume figures below the
normal. The condition remains pecubiarly intractable. We have
favoured oxygen tents as being the most rational approach in
these pattents. Digitalss is certanly extremely disappornting. It
may reduce the venous pressure, but cardsac output improvement
is often absent and, 1n fact, the cardiac output may fall.¢ Rises 1
cardiac output have, however, been recorded by Cournand and
his co-workers even in the high output stages, but the responses
were small and of doubtful signficance #¢ With my colleagues 1n
this school we have only obtamned r1ses in cardizc output in the
advanced low output stages In the earlier stage, with rased
cardiac output, increases have beent observed with ouabamn  The
old clinical observations of Vaquez and Lutembachers indicated
that 1t was in this group of conditions particularly that digtalis
would fatl, but that ouabain might sometimes inmate a slight
clinical success. Wollenberger’s® draws attention to pharmaco-
logical experiments which mdicate a poor digralis response 1
heart fatlure induced by anoxsa  This may have some bearing on
the generzlly poor responses 1n ‘cot pulmonale’ and in anaemic
heatt farlure. If one of the mmportant actions of digttalis 15 to
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patient’s own inclination to stand up when be gets an atrack §s
equal to a physiological venesection, blood being pooled in the

heressed Qupen
mx oomur e e

Retun of
Y. ‘f;ayw 4
ahre of Dyadrons
frreased hd

Corcdac Load, \ Putnonary
Congestan

Forphery! Yasoconstaction

4Rse of Actendl Fressure

FiG 24 Scheme of the seqy of events 1n thedevel, of feft 1

fulure i recumbency 1t 14 not yet cenain bow the rise 1 artens) pressore tkes
place during atucks of lefe ventnculae fadure Tt may be refles from pressor re-
eepeors 1n the neighbouthood of the fading heart,

lower balf of the body. Vcncsccuon however, can be a messy
dure, 2nd 1n the P 1t 15 not hkely to be
undcrmk:n as frequently as 1t should Thc real sovereign remedy
is morptune. Exacily how thus breaks the vicous arcle ir is
difficult 1o say We have scen morphine succeed when theophyl-
hne has faled. Respiratory depresnion possibly plays a part
together with diminution of the pauent’s apprehension  The
pressure in the right heart falls, the artenal pressure also subsides,
the left heart recovers from the strain and the pulmonary oedema
digappears. 1a the follow-up treatment after the attack, digtaliza-
tion, of course, 15 necessary and once maintenance dosage has
been established the frequency of thesc attacks will be greatly
reduced. The tégime of 1ec
Gold and his assocsates 15 2lso of great value 1n thus pasticular
type of cardiac farlure,
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aortic valvular disease presents many phenomena of great interest.
If the patient has been recumbent he suddenly becomes aware of
intense dyspnoea or suffocation, He sits up struggling for breath,
and in a severe attack may insist on standing up out of bed. The
face becomes pale and is often sweating, the extremities are palld
and cold, sometimes blue. The blood pressure always nses in
the attack. Along with this the venous pressure neatly always
seems to be raised on inspection of the neck veins. In extreme
cases gross pulmonary oedema develops with audible moistue at
the bases or all over the lungs with the expectoration of frothy
and even blood-stained sputum, ‘There is a vantety of opinton as
to whether this conditon 15 accompanied by any broachual
spasm. Breathing 15 often audibly wheezy at the bedside, but on
auscultation over the lungs sibili are neatly always absent. It 15
quite possible that some degree of bronchial obstruction results
from congestion of the bronchial walls through the anastomoses
between the pulmonary and bronchual vascular systems. We bave
had opportunities to study such attacks when the cardiac catheter
has been 2 sun. Although the artenovenous oxygen difference
sncreases which, other things being equal, would be reflected 1n
a decreased cardiac output, 1t 1s posstble that the mcreased
metabolism 1n the dyspnoetc phase may, by increasing oxygen
consumption, actually determine a rise 1n cardiac output above
the preceding level The whole cardiovascular storm 1s certainly
itiated by left ventricular farlure, dyspnoea making further
demands on the heart with 2 possible small cardiac outputncrease,
and 2 vicious circle 1s thereby created (Fig. 24)

In treatment these mechanisms have to be kept 1n mind, and
1t 15 important to emphastze that full intravenous doses of ouabain
or digoxin may, from their hypertensive action, temporanly make
the condition worse. For this reason full doses ate best avoided
Among the direct cardiac remedies which have been studied 10
preceding chapters theophylline-ethylene-dtamumne 1s the best but,
as stated there, 1t must be tmected slowly or its resptratocy
sumulating action may cause the patrent to feel more dyspnoeic
Probably venesection 15 2 better method of treatment and the
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