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PREFACE

HE transition from the pre chimeal to the chimcal perrod
of traming 18 difficult for the student, he 1s at a Joss to
know how to apply knowledge ganed m the Iabora.
tory to work m the wards He arnves full of enthusiasm,
but 1s apt to become discouraged To brdge this gap we
inststuted, in Manchester m 1943, an introductory course of
lectures which the student attended dumng his first six
months 1n hospital  This course, the main purpose of which
was to flustrate the application of the pre-clinscal sciences
to chnical work, consisted of seventy lectures m the followmg
subjects Pathology (11} Mediciae (23), Surgery (24), Ob-
stetnies and Gynaecology (6), and Child Health (6) This
book 1s based on lectures formmp part of that course
Concarrently with the first three months’ lectures, the
students recewved elementary practical mstructton 1 Fatho~
logy and Bacteniology, and mn the metheds of physical
examination of patients, for the latter the class was divided
mto groups of twelve During the second three months they
held therr first appomtment as medwal clerk or surgteal
dresser
A close liatson was estabhished between the chnical and
pre chinical departments, by attaching junior members of the
chinical staff to the departments of anatomy and physiology,
snarra t greatly app d by students, both because
1t introduced them to chimcal problems at an earher stage of
their course and because there was a sense of contmusty when
they met their pre chimical teachers mn the wards
My experience as an examinet has led me to believe that
there 15 a danger of students bemng so overburdened with
detarled factual knowledge that they can no Jonger see the
wood for the trees [n thus monograph I have made no




vt PREFACE
attempt to cover any part of the field, but have merely tried
to 1lustrate some of the fundamental general principles of
cardiology in relation to the pre-clinical sciences

I am ndebted to many of my colleagues for their helpful
criticism, especially to Dr E Duff Gray, who has also kindly
provided the radiograms, to Professor G A G Mitchell, to
Professor R 'V Chnistie, and to my brother, Professor Edwin
Bramwell Ishould also hke to express my keen appreciation
of the never-failing help and consideration I have received
from Mr G T Hollis of the Oxford University Press

I am grateful to the publishers of Heart, the Quarterly
Journal of Medicine, the Briush Heart Journal, the Lancet,
and the British Medical Journal for permission to reproduce
lustrations from my oniginal papers which they published,
to Messrs Arnold & Co for illustrations from my book
Heart Disease, to Sic John Parkinson for Figure 10, to the
Department of Roentgenology of the Johns Hopkins Hos-
pital for Figure 15, to the medical artist and to the Photo-
graphic Department of the Manchester Royal Infirmary for

some of the diagrams

CB
MANCHESTER
Janvary 1951
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FOREWORD

He Journal of Physiology in 1811 contamed a paper
l by ¥ Crghton Bramwell and Kerth Lucas on the

refractory period of nerve, Thew experuments were
made 1a a cellar at Cambridge where Adura also warked
on the other side of a partiion my mstruments consorted
with Gowland Hopluns'srats The drawns did not operate very
well and the flarmg gas burners were bewildenng, but I
have never ceased 1o be grateful for the miellectual com-
panonship of that cellar From 1920 to 1923 another cellar,
this ime in Manchester, bropght Bramwell and me together
2gain 0 experiments on the pulse wave and the elasticity
of arteries There, and m us company occastonally at the
Royal Infirmary, I learnt a httle of the principles on which
the methods and sdeas of physiology can be employed m
chmeal medicine The memory of our colleboration makes
1 a very special pleasure to give an affectionate send-off to
4 book i which those principles are so evident, and so frut-
fully apphed

AV HILL

UNIVERSITY COLLEGE, LONDON
29 Janary 1951






CHAPTER I
THE CLINICAL APPROACH

HE transition from pre-clinical to clinical work 35 almost

as sudden and as stacthng as that from chrysalis to

I butterfly When the student Jeaves the Jaboratory and

enters the ward, he finds limself in a completely strange en-

vironment, the problems with which he 15 confronted are so

different from those which he had met hitherto that 1t 15

difficult to see how to apply to them the knowledge he has
previously acquired

THE ART OF MEDICINE

Between the pre-chinical and the clinical studies a great gulf
15 fixed, and to help to bridge that gulf ss the purpose of this
monograph The pre-chnical subjects, especially physiology,
constitute one of the essential foundations on which to build
knowledge of clinical medicine I say ore of the foundations
because chinical mediune 15 far more than mere applied
physiology Body and the mnd are mseparable, they con-
stantly react upon one another and, to become a competent
chmcian, 1t 15 essentral to appreciate this fact Men with brl-
iant academic records who, as students, carried all before
them, sometimes make very poor doctors, because they think
only of the disease and 1gnore the patient Qur job 1s to treat
John Brown and not merely *a case’ of heart discase Bill
Smith may be suffening from exactly the same disease as John
Brown, but the treatment he requires may be entirely dfferent,
because the chinical prcture in every case 1s modified by the
psychological bachground of the patient Thase who have had
the task of coaching a team reahze that each man has to be

treated differently, some lack self-confidence and require
By B



2 THE CLINICAL APPROACH

encouragement, while others are over confident and have con-
tinually to be reminded of therr hmitations The same 1s true
of patients, some belittle their suffering, others exaggerate 1t
The neurotic, mtrospective individual arrives at the consult-
ing-room armed with a hist of lis symptoms, he has written
them down for fear lus memory should play him false and
fail to do justice to the seriousness of his complamt The very
fact that he has done so gives the physician a clue to his
temperament In striking contrast to the neurotic 1s the man
who would appear to be almost ashamed of troubling the
doctor and apologizes for wasting his time He sits with
sealed lips and one has to drag the story out of him
Most patients consult a doctor etther on account of some
symptom which 1s producing an actual physical disability, or
on account of symptoms which, though m themselves trivial,
alarm him, because he believes that they are the first signs
of a sertous or perhaps fatal malady He broods over his
troubles by day, they rob him of his sleep by might, and he
develops what we call an ‘anxsety state’ If we take the bull
by the horns and ask him for his own explanation of his
symptoms, he may even confess, ‘I thought, doctor, 1t might
be cancer’ Patients do not realize what an important part
psychological factors play 1n the production of il health,
they naturally attribute all their symptoms to physical causes
Apart from these anxiety states, a patient may be unhappy
1n his home Iife or 1 his work, he may be unable to adapt
himself to his environment Such maladjustment often gives
rise to physical mamifestations of )il health mmmicking those
of orgamc drsease, especrally m war-tume, when so many
square pegs are fitted mto round holes
Another factor that plays a large part in the production of
symptoms 15 physical unfitness The athlete, traming for a
contest, requires plenty of exercise and plenty of sieep, he has
to forgo tobacco and alcohol m order to get fit, for, when
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he 15 out of conditton owing to overwork, oversmoking, or
any other cause, he becomes breathless on exertion and man-
fests other symptoms not unhke those of heart disease The
same 1s true of patients convalescent from an acute 1llness,
such as influenza Hence, 1n assessing the factors responsible
for a patient’s disability, 1t 1s 1mportant to remember that
every case of organic disease 1s likely to be complicated to
a greater or lesser extent by both physical unfitness and
psychoneurosis and that both these complications call for
treatment

Consider the case of a patient suffering from angina pec
toris Disease of the coronary arteries 1s a common bass for
this syndrome, but the fact that the patient 1s overweight,
that he smokes too much, or that his muscles are flabby be-
cause he avoids exercise for fear of an attack, all increase his
disability, while anxiety, lest sudden death may prevent his
making adequate proviston for lis dependants, adds to his
burden

To take another example, a supposedly healthy young man
presents himself for life mnsurance, and 1s turned down on
account of a heart murmur He consults his family doctor
who confirms the presence of the murmur and tells him, quite
rightly, that 1t 15 due to a slight abnormality which has been
present from birth, but he fails to impress on him the fact that
1t 15 of no importance and 1s never likely to cause trouble
Never having been 1ll in his life, the young man 1s naturally
worried He decides to give up sport and to conserve his
energy, with the result that he soon begins to put on weight
and to get out of training He notices that he 1s becoming
breathless gomng upfull and 1s sometimes consctous of his
heart beating, a thing he had never noticed before These
symptoms he naturally attributes to heart disease He accord-
wgly restricts his activaties still further He puts on more
weight and becomes more breathless, and eventually decides
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to consult a specialist who assures him that his heart lesion
may be completely disregarded, but has great difficulty in era-
dicating the neurosis which by now 1s deep-rooted The cause
of the disability 1n such a case 1s not the structural lesion, but
the neurosis, and 1t 1s vital to appreciate this fact, for, whereas
structural damage 1s generally beyond our control, physical
unfitness and psychoneurosis are amenable to treatment

‘When the disability 1s entirely attributable to physical un-
fitness and psychological factors, without any organic basis,
we say that the patient 1s suffering from ‘Effort Syndrome’,
or as 1t 1s called 1n America * Neuro-circulatory Asthenia® In
this condition the response of the circulatory and respiratory
mechanisms to exertion 1s excesstve, the patient’s ability to
perform muscular work 1s decreased and mild exertion 1s
sufficient to cause breathlessness, palpitation, and other symp-
toms, the increase 1n heart-rate after exercise 1s greater than
m health and 1t takes fonger for the pulse to return to its
resting rate

One may compare the various factors which give nse to
symptoms of circulatory msufficiency to a spectrum (Tablel)

TabLe 1
Infra red Visible spectrum Ultra veolet
QOrganic Neuro crreulatory asthema Neurosts
Physical Mental

In the centre 1s the visible spectrum representing neuro-cir-
culatory asthenua, at the red end are the aetiologcal factors
to which I have referred as responsible for producing physt-
cal unfitness, at the violet end, the psychogenic factors In the
infra-red region he the organic diseases, while, at the ultra-
violet, ate the pure anxiety neuroses

DIAGNOSIS

The practice of medicine consists of diagnosis, treatment,
and prognosis In clinical teaching diagnosis takes prece-
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dence, and rightly so, for it is the keystone of the arch, but
to the patient it 1s the least smportant of the triad The ques-
tons uppermost 1n his mund are *Is my condition serious?”
*When shall I be fit to return to my work?” * Will the present
iHness lead to any permanent disabihity?” and *What treat-
ment will help me to get well>” By diagnosts I mean, not
merely givsng a name to the disease, but rather summanzmg
the conclustons which one draws from a critical survey of the
chnical lustory and the physical examnation

In a case of heart disease the diagnosis may be considered
under the followmg headings

1 What structural changes are present?

2 Is there any disorder of function?

3 What 15 the underlying cause of the condition?

4 What 15 the extent of the disabiity?

5 What 1s the patient’s reaction to hus disease?

From the patient’s pont of view—and a good doctor al-
ways looks at things from the patient’s point of view—the
most important aspect of diagnasts 1s the extent of s dis-
abifity and his consequent meapacity, 1n other words the
functional efficiency of his cireulatory mechanism

It 1s convenient to make an arbitary division of disability
mto different grades, which will necessarsly vary m accord~
ance with the nature of the patient’s occupation and mode of
hfe The followng are the grades suggested by the American
Heart Association
Class I No hinmtation of phystcal actvity

¥ Shght hautavon of physical activity
NI Considerable himutation of physical activity
IV Unable to carry on any physical activity without

discomfort Symptoms of cardiac msufficiency even
at rest

=

The pomt which I wish particularly to emphasize 1s that
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the disability 1s a relatrie and not an absolute quantity You
would never dream of comparing a destroyer with a battle-
ship, though both are highly efficient pieces of mechanism
Smularly a patient’s disability varies 1n accordance with his
mode of life An unskilled Jabourer may be prevented from
earning his living by a cardiac leston which would cause httle
mnconventence to a bank clerk Given the same disability, the
prognosis for the manual worker and the brain worker 1s
very different, though the brain worker has his own special
troubles to contend with, the so-called Stress diseases” Iike
coronary thrombosis and duodenal ulcer The extent of a
patient’s disability varies with the degree of impairment of the
efficiency of his circulatory mechanism or, expressed in terms
of achievement, inversely with his tolerance for exercise

Each of the other three aspects of diagnosis to which I
have referred has at one time dominated the chinical picture
the anatomrcal diagnosss 1s concerned with structural Jesions,
such as enlargement of the heart or disease of the heart valves,
the physiological dragnosis with disorders of the circulatory
mechanism, such as high blood-pressure or trregular heart
action and the aetiological diagnosis with the pathology of
the condition—is 1t inflammatory, degenerative, or due to
some congenital defect of development?

Diagnosis rests on a twofold foundation—the climcal his-
tory and the physical exammation, the former 1s concerned
with symptoms, the latter with signs To take an adequate
history 1s far more difficult than to make an adequate physi-
cal examunation I would expect a good house physician to
elicit the physical signs, but 1t requires long clinical experience
to obtam, and to assess at 1ts true value, all the evidence
which can be got from interrogating the patient The begin-
ner must learn the art of cross-examunatton In order to
obtamn tehable evidence 1t 1s important that the physicran
should avoid suggesting to the patient, however mdirectly,
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the answer to his questions With this i mund, he should, as
far as possible, avaid leading questions (1 e questions which
can be answered by “yes’ or ‘no’) Instead of asking a patient
whether us pasm s situated in a certam regon, he should
inquire *Where 15 your pam?”, but with an un-co-operative
or stupnd patient one may eventually be compelled to resort
to leading guestions The good clunctan, like the good chair-
man of commuttee, knows just when to apply the closure he
saves ime by elumnating wrelevant evidence The novice, on
the other hand, 15 afraid to stop a garrulous patient, for fear
of mussing some essential point, and lets im ramble on
wndefintely

Symptoms result from some disturbance of function They
may, or may not, be associated with recogmzable structurat
changes 1n the body Disorders of function often appear be-
before any structural change can be detected and, for that
reason, 1t 15 tmportant to recogmze thew sigmificance, since
1t 15 10 1ts early stages that disease 15 most easily arrested

Some symptoms—patn for example—are purely subjec-
tive, we have no direct means of estumating thesr seventy
Some, such as breathlessness, are not merely distressing to
the patient, but apparent to the observer The term *physicat
signs” 1s best reserved for the findings revealed on examma-
tion, by mspection, palpatton, percussion, auscultation, &e

PHYSICAL METHODS

In the examynation of patients there 1s a danger that the
methods we employ may become stereotyped

The orthodox teaching i the past has been to record the
findings on physical examnation under four headings—in-
spection, palpation, pereussion, and auscultation The be-
giner 1s taught to apply them m a routine manuer, and s
apt to lose sight of the fact that they are merely the means
to an end Admuttedly st 1s essential that he should acquire
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proficiency in techmque, but, once that has been mastered,
he should not apply these methods blindly, but should ask
himself the question, *What ts my objective n this particular
case and how can I best attan 1t?’

For every investigation which the clinicran has to make
there 1s a method of choice, that 1s to say, a method which
yeelds the most rehable information In the hands of the
specialist, this 1s the method which should, whenever possible,
be employed, to the exclusion of all others This method,
however, may involve the use of elaborate apparatus which
renders 1t napplicable in general practice, and 1t 1s important
that we should consider the problem of diagnosis from the
view-pornt of the general practitioner as well as from that of
the cardiologist Let us therefore ask ourselves two ques-
tions (1) ‘How much mnformation can the experienced
general practitioner be expected to ehicit by his unaided
senses, supplemented only by instruments he habitually uses,
such as the stethoscope and the sphygmomanometer?’ and
(2) “What further light can the specialist throw on the diag-
nosis by employing, m addition, the more elaborate methods
of nvestigation such as radiography and electrocardto-
graphy?*

In the case of the simpler physical methods, such as palpa-
tion and percusston, though both may be capable of yielding
nformation on a particular point, the one may be preferable
to the other For example, if one excludes radiology, the
most accurate guwde to the position of the left heart border
15 the apical cardiac impulse, as localized by palpation When,
therefore, the tmpulse can be accurately localized, 1t 1s both
unnecessary and irrelevant to say that the dullness on percus-
ston extends to a certain point, since this method 15 ess reli-
able than palpation, and by palpation we have got ail the
information we require percusston 1s redundant Similarly

with inspection, the apical impulse may be seen mn such and
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such a place, but 1ts position 1s more accurately determined
by palpation In this case, mspection 1s merely a gude to
palpation

Fimally, we must consider critically whether the various
physical methods we use 1n the diagnosis of disease really do
ment the confidence we place i them and are capable of

yielding accurately the information we require, above all, we
must know thesr limitations

TREATMENT

One of the things which strikes the student when he leaves
the laboratory and starts work 1 the wards 1s the difficulty
of obtaiung adequate controls for clinical experiments At
first 1t may seem that the clinictan 1s a loose thinker who 1s
apt to base conclusions on msufficient premusses The prob-
lems of chemustry and physics are so much more clearly
defined than those with which the clinical investigator has to
deal they are not complicated by the psychological, eco-
nomic, and other extraneous factors, which add greatly to the
difficulty m arriving at conclusions, and Imitations unknown
to the pure scientist are imposed upon us by the fact that we
are dealing with human bemgs and must never do anything
which might prove detrimental to our patients

The aim of research, whether 1n the laboratory or at the
bed-side, 15 to make 2 permanent contribution to the ad-
vancement of knowledge, the investigator must satisfy him-
self that the evidence on which his conclustons are based 15
beyond reproach The practitioner of medicine, however, has
a duty to his patients He has to endeavour to relieve suffer-
g and to prolong hife by whatever means are at hus disposal
Such means, although effective, may be purely empirical, but
to refuse to employ them because he does not understand

how they work would be more than foolish, 1t would be
negligent

B 1008 c
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It 1s often extremely difficult, sometimes impossible, to be
sure that the improvement sn a patient’s condstion 1s attribut-
able to the particular drug or method of treatment employed
Rest and skilled nursing alone work marvels in some cases
of heart fasfure and, in attempting to assess the effect of drugs
scientifically, 1t 1s desirable to postpone thetr admunistration
untit the full beneficial effect of rest has been observed, for
1t 1s only then that we can estimate with any degree of cer-
tanty thewr value When, however, a patient 1s admitted to
hospital critically 1, all therapeutic measures likely to help
must be employed at once, delay might endanger ife As
doctors we are entrusted with the care of human bfe It 1s
a great responsibiity Never, must scientific enthusiasm for
the advancement of knowledge tempt us to do anything
which might prejudice a patient’s chance of recovery

1 have already referred to the influence of mind over body
This ntroduces a further complication 1n assessing the re-
sults of treatment Certain drugs are known to have a bene-
ficial effect in certain diseases, they are called specifics, as, for
example, salicylates n acute rheumatisn, mercury in syphilis,
or quinine m malaria Other drugs, such as purgatives and
hypnotics, are given to correct a particular disorder of func-
tion, but 1t 1s important to remember that this 1s only a sub-
sidiary line of attack, the primary objective being to cure the
disease responsible for these symptoms Unfortunately there
are many conditions for which we stili have no specific
remedy, and the benefit for which medicinal treatment may
get the credit 1n such cases 1s 1n fact often attributable to
psychological rather than to physical action Some ‘patent
medicines’ contamn potent drugs and differ only from the
equvalent pharmacopoetal preparations 1 bemng more ex-
penstve, but others are completely mnert Nevertheless, skilful
advertisement may win for the latter an undeserved reputa-

tion owing to the credulity of the public By credulity I mean



THE CLINICAL APPROACH 1
willingness to accept as facts statements which are not pro-
perly authenticated

A therapeutic difficulty frequently encountered in the
practice of our profession 1s nability of the patient to follow
the advice one would hike to give im It may be desirable,
1n the interests of health, for a man to retire, but he may not
be able to afford to do so, and then we must be content with
a compromuse, but, even if hus financial circumstances are
adequate, he may have no hobbues and, if you take away his
work, life will no longer be worth living, we want to enable
hum to live, not merely to exist

‘Social Medicine’ 1s concerned with those economic and
other factors which play such an important part in the main-
tenance of health The Hospital Almoner 1s able to keep the
physician formed of the patient’s home conditions, and to
help the patient to overcome his difficulties 1n endeavouring
to implement the advice he has been given Thus she pro-
vides the lubricant which enables the wheels of therapeutics
to revolve, but m private practice every doctor 1s his
own almoner and must make limself familiar with his
patient’s circumstances, cope with his worries, and be sym-
pathetic even with his 1diosyncrasies



CHAPTER II
CARDIAC ENLARGEMENT

CARDIOMETRY

*Ys the heart enlarged?” Thus 1s the first question we have
to answer m making an anatomical diagnosis, for an
enlarged heart is almost always a discased heart What

we would like to be able to do 15 to weigh the heart and to

express the heart-weight as a percentage of the body-weight,
thus obtaining what 1s known as the heart ratio

Thus ratio 1s fairly constant in each spectes of animal, but
vartes in different species The smallest mammals all have
relatively large hearts on account of their high metabolic
rate Excluding them, the remainder of the mammahan king-
dom may be divided tnto two classes (Table 1I)—those which
are and those which are not capable of prolonged and severe
exertton The athletic animals, such as the deer or the wolf,
have a heart ratio of about 1 0 whereas the sedentary ammals
such as the rabbit or the hedge-hog have a heart ratio of
under 05

TasLe 11
(Modified from Clark, 1927)
Arumals wirh high heart ratios Awmmals with low heart ratios
Heart Heart
Aunumal ratio Antmal ratio
Deer 115 Rabbit {(wild) 027
Badger 108 (tame) 03
Wolf 102 Field vole 037
Weasel 094 Hedgehog 033
Stoat 094  Wild boar 039
Fox 092  Norwcgian rat 04
Seal 092 Sheep (domestic) 042
Red deer 090 Guinea pig 042
Hare 087  Domestic cat 046
Dog 085  Domestic 0¢ 049

Heart wt % 100)
Heart ratio Body wi
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Tahing 300 gm as the average heart-weight of a man of
70 kilos, the heart ratio 1n man works out at 043 Itasrather
humibiating to find that, judged by this standard, from the
athletic pomt of view, we are only on a par with the sheep
and the gumea-pig! But man, I suppose, must be regarded as
a domestic antmal, and sually the heart ratio 1 domestic
amimals 15 lower than i wild anymals of the same species The
heart ratso of the wild duck 1s | 06 while that of the tame duck
1s onty 0 63 Stmularly the heart ratio of the game cock 151 03
while that of the rooster 15 0 68

Tancr HI
(Clark, 1927}
Domesne ammals ¥ ild amnsals
Heart Heart
Anma rato Amgal rato
Barndoot cock 068  Game cock i03
Tame duck 063  Wild duck 106

Unfortunately 1t 18 not possible to weigh the heart duning
life, and we have to be content to measure its size and com-
pare this with the size of the body The simplest companson
to make 1s between the widih of the heart shadow and the
width of the chest, this we speak of as the * Cardio-thoracic
ratio” (Fig 1) Normally the heart width 15 shghily less than
half the chest width, hence a cardro-thoracic ratio of less than
20! suggests that the heart 1s enlarged, but since the heart s
a three-dimensional organ, the cardio-thoracic raho being
a measurement in one plane only, 15 not capable of gving us
more than a rough 1dea of uts size

An aliernative method s to measure the area of the heart
shadow and to compare tius wit the area of the chest This
method should give more accurate results since two dimen
sions are mvolved. but it 15 laborious and 15 subject to two
sources of esror for it 15 often difficult to define the pomt

* Some cardrologists express this ratio as heart chest instead of chest heart
wn whihease 05 15 upper normal it
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at which the shadow of the heart joins that of the great
vessels, and st 1s smpossible to obtam an accurate outline of
the lower surface of the heart where 1ts shadow merges with
that of the hver (Fig 7)

Nyl and his colleagues in Stockholm (1939) have devised
a method of obtaning a three-dimensional measurement of

Fic 1 Orthodsagram of typical normal heart

heart volume, by taking simultaneous radiograms at right
angles to one another, the one postero anterior and the other
lateral A somewhat simular techmque has been adopted by
Benedettr and Bollint 1n Bologna (1935), but these methods
are adapted for research rather than for routine work
The cardio-thoracic ratio varses with the body-build,
short thick-set people (Fig 2), the diaphragm 1s Ingh and the
chest 1s shallow, consequently the heart lies transversely, and
the cardio-thoracic ratio 1s ligh, while in tall, thin people,
with a long narrow thorax (Fig 3), the heart lies more vertt-
cally and the cardio-thoracic ratio 1s low Thus in attempting
to assess cardrac enlargement from the cardio-thoracic ratio
1t 15 essential to take into account the body-build of the
patient
Hodges and Eyster (1926) worhed outstatisticallya formula
for predicting the transverse diameter of the heart from
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weight and height. This predicted value is a more rehable
guide to cardiac enlargement than the cardio-thoracic ratio.
Bedford and Treadgold (1931) found that in 86 per cent. of

& T D Heart -

) y
¢ Internal Duancter of Chest?
Fio 2 Orthodiagram of transversely disposed heast

FTD Heart »

U lntermal Dianeter of Chest 3
Fic 3 Orthodiagram of sertically disposed heart

a senes of 116 healthy adult males the observed transverse
cardiac diameter fell within 21 10 per cent of the predicted
value

Two special modifications of X-ray techmque known re-
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spectively as teleradiography and orthodiagraphy are used
n measuring the heart n order to mimmize distortion from
divergence of the rays (Fig 4)

s s

Fi1¢ 4 Diagram to tllustrate principle of teleradiography

When X ray tube (T;) 1s 6 feet from screen (S .S) rays are

less divergent than when 1t 15 close to body (J3) and the
error of measurement 1s correspondingly reduced

PALPATION AND PERCUSSION

Before the introduction of X-rays we had to rely on our
unaided senses to determine the size of the heart and, in
practice, we still often have to do so Percusston 1s a very
unteliable guide to heart size, because the area of cardiic
dullness 1s greatly modified by the structures which mntervene
between the heart and the surface of the body, the muscular
and fatty tissues of the chest wall, and above all by the varying
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extent to which the heart is overlapped by resonant aerated
tang ussue Tt 1s only in chuldren and thin adults that one can
rely on percussion Palpation is more helpful In many cases
it enables one to locate the position of the apcal cardiac
mmpulse, but 1t 1s only when this impulse 15 a well-defined
thrust which 1s strictly locahzed that 1t s a rebable gwde to
the position of the left heart border This 15 a very mportant
fact which 15 not sufficiently appreciated If the apical 1m-
pulse cannot be accurately located, we must generally be
prepared to admut that, without the help of X-rays, we can-
not say whether the heart 1s, or 1s not, enlarged

Cardac enlargement 1s assessed by comparing the size of
the heart with the size of the chest Radiologically we say
that the heart 15 enlarged if the transverse diameter of the
heart 15 greater than half the transverse diameter of the chest,
chmcally we say that the heart 15 enlarged to the left sf the
apical cardiac impulse 1s situated beyond the mud-clavicular
Iine, but before arnving at such a conclusion we must be
certain that the heart ss not merely displaced Gross displace-
ment by lesons such as a nght-sided pleural effusion or a
preumothorax 1s easily recogmized, but shght displacement
due to shght lateral spmal curvature 15 very apt to be mus-
taken for enlargement

Depression of the sternum may cause ether displacement
of the heart to the left or compression of the heart n the
antero-posterior plane with a corresponding mcrease m its
transverse dlameter

Dunng the war many recruits were referred to me on ac-
count of apparent cardiac enlargement, for which there was
no obvious cause In most cases X-ray examination did not
confirm the presence of enlargement Though occasionally
leftward displacement of the apical impulse was accounted
for by spwnal curvature or by other causes, I am convinced

that, wn the majority of cases, the error was due to the
niow 1s]
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exanmuner basing his opmion on an impulse which was diffuse
and could not be accurately locahized

I said that an enlarged heart ss almost always a discased
heart There 1s one mportant exception The hearts of
athletes who mdulge in prolonged and severe exertion may
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Fic 5 Relation of heart size to body wetght m vartous groups of Olympic
athletes
be distinctly bigger than the average, but 1t would be wrong
to consider their hearts diseased, for they are more, not less,
efficient than the average
At the Olympic Games 1n Amsterdam 1 1928, Regnald
Elhs and I exanuned over 200 athletes who participated in
vartous types of sport and we compared the average size of
the heart with the body-weight n each group When plotted
as a graph (Fig 5) these values all fall 1n the viciity of a
mean curve There 15, however, one exception, namely, the
group of Marathon runners, whose hearts are unduly large
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In fact, companing Marathon runners with other runners we
found that not only were their hearts relatively but absolutely
larger, i spute of the fact that they were smaller men, therr
average body-weight bemng only 60 kilos

Our finding of cardiac enlargement 1n Marathon runners
agrees with that of most previous workers, but are we justi-
fied m regarding this enlargement as entirely attributable to
their traiming? In so domg may we not be putting the cart
before the horse? The Marathon runner needs a big heart
Doubtless his heart hypertrophies as the result of prolonged
traiming, but 1t seems possible that there 1s another factor
concerned May 1t not be that men who happen to have
hearts somewhat bigger than the average make the best
Marathon runners” They start life with a natural advantage
If this be so, 1t 1s not the Marathon running that makes the
heart big, but the big heart that makes the Marathon runner
Another feature peculiar to the Marathon runner 1s that hus
resting pulse-rate 1s generally well below 60 This enables
him to mcrease his cardiac output without an undue increase
1n heart-rate

In this connexion 1t 1s interesting to refer to two recruts
with big hearts whom I examined during the war, they were
youths of 19 and 20 respectively, both were keen athletes
In both these lads the sitting pulse-rate was only 50, a degree
of bradycardia very uncommon at that age This assoctation
of cardiac enlargement with bradycardia 1n young athletes 1s
comparable with what we found m Marathon runners who
were older men, therr average age bemng 27

Some perfectly healthy people have very small hearts, one
of the smallest hearts in our whole series of Olympic athletes
was in the winner of the 100 and 200 metres

From what I have said about the cardio-thoracic ratio 1t
will be obvious that 1t 15 impossible by this measurement
to recogmze with certainty the lesser degrees of cardiac
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examuner basing his opinion on an impulse which was diffuse
and could not be accurately localized

I said that an enlarged heart 1s almost always a diseased
heart There 1s one important exception The hearts of
athletes who indulge 1n prolonged and severe exertion may
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be distinctly bigger than the average, but 1t would be wrong
to constder their hearts diseased, for they are more, not fess,
efficient than the average

At the Olympic Games 1n Amsterdam m 1928, Regmald
Els and 1 examuned over 200 athletes who participated in
various types of sport and we compared the average size of
the heart with the body-weight 1n each group When plotted
as a graph (Fig 5) these values all fall in the vicmity of a
mean curve There 1s, however, one exception, namely, the
group of Marathon runners, whose hearts are unduly large



CARDIAC ENLARGEMENT 21

of the right auricle,! while the left border and the apex of the
heart are formed by the left ventricle Above the heart lie the
great vessels these form the vascular pedicle, on the night
1s the superior vena cava, In the centre the aorta, and on the
left the pulmonary artery Viewed from this aspect the aortic
arch 15 passing almost directly bachwards The only part of
the feft auricle visible from the front 1s the aurtcular appendix
and, 1 order to see the bedy of the left auricle, you have to
turn the model round and look at the back of the heart
Fig 715 an X-ray photograph of a normal heart in a young
person In 1t we can recogmze the outhne of the different
chambers From below upwards, on the right heart border
are the nght auncle (R A ), and above 1t the superior vena
cava (S V C), atthetop of the left border s theaortic knuckle
(Ao ), thatis the part of the aorta forming the transverse por-
tion of the arch passing backwards to the left of the spue
Below the aortic knuckle ts the pulmonaryartery (P A ) which
1s continuous with the conus of the right ventricle, and finally
we come to the apex of the heart which 1s formed by the left
ventricle (L V') In young subjects the pulmonary conus 1s
more prominent than in older people Immedrately below the
apex of the heart lies the stomach (St ) which n this case 1s
outlined by a bubble of gas m the fundus On the mferior
aspect, however, one cannot differentiate between the shadow
of the iver Iying below the right cupola of the draphragm and
that of the heart above 1t
By injecting a radio-opaque substance mto the veins of the
arm and expostng a sertes of films at intervals of one second
Robb (1939) and his colleagues 1n America were able to out-
Ime the ditferent chambers of the heart and the great vessels
This method (angto cardiography) 1s especially helpful mn the
diagnosis of congenital heart lesions (see p 112)
! Anatonusts now call the auncle the atnum  but with occasional excep-

tions such as atnal septal defect  physicians (and radrologists) stsll use the old
terminology
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Fic 7o Teleradiogram of

normal heart of a young sub

Ject 1n the Postero anterior

(P A) position & e with sub-
Ject facing screen )

Fig 7b
Ao ~ aortic knuckfe
P A — pulmonary astery
LV — left ventricle
S vV C =superior venacava
R.A = right aurcle
St = stomach



CARDIAC ENLARGEMENT 23

In different diseases the strain falls on different chambers
of the heart, these tend to enlarge and so to produce charac-
tenistic alterations in the shape of the heart shadow Let me
take a sumple example In patients with aortic stenosis the
left ventricle expenences difficulty n discharging its contents
through the narrowed orifice It has to do more work, and,
like the muscles of the blacksmith’s arm, 1t hypertrophies
This 15 2 true ‘work hypertrophy” of the left ventricle and 1§
represented 1n the radiogram by a leftward extension of the
apical portion of the heart shadow A similar but greater
enlargement of the left ventricle occurs in patients with aortic
ncompetence, this renders the cardiac silhouette somewhat
boot shaped (Fig 8) with an 1ncreased concavity of the left
border

Now let us consider the reason for these changes When
the aortic valve 1s incompetent, some of the blood leaks back
mto the ventncle dunng diastole and, 1n consequence, the
peripheral circulation 15 robbed of a part of its blood supply
In order to make good the deficiency sn the peripheral circula-
tion, the left ventricle has to discharge a larger volume of
blood at each beat 50 that, 1n spite of some leaking back nto
the ventricle, there 1s still suffictent reaching the periphery
Whereas 1n aortic stenosis there s only hypertrophy, in aortic
mcompetence the increased stroke-volume necessttates dilata-
tion as well as hypertrophy, hence the heart 1s Jarger

In the patient from whom Fig 8 was taken the aortic
mcompetence was due to syphilitic disease of the aorta which
had spread to the aortic valves and rendered them incom
petent The vascular pedicle 15 increased in width, this 1s due
partly to dilatation of the aorta and partly to what 15 known
as “uncotling’ of the aorta, the descending aorta which 15 not
normally visible 1n this view can be seen lying side by side
with the ascending aorta

By rotating the patient through an angle of 45° so that s
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FIG 8a Postero anterior (P A)
teleradiogram  from a case of
cardio aortic  syphiis  showung
grossly dilated aorta and enlarged
left ventricle
Note great mcrease it width of the
vascutar pedicle due to ditatation
and uncoting of the aorta the
ascending and descending portions
lying side by stde tnstead of being
supenmposed

Fig 85

Qutline drawag of Fig 8a

Ao A  aortcarch

Desc Ao descending aorta
Asc Ao ascending aorta
LV =Ileft ventricle
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left shoulder comes n contact with the X-ray screen, 1t 1s
possible to visualize the whole course of the thoracic aorta
(Fig 9) In this, the left oblique position, we see the ascendmng
aorta n front, the arch m the centre, and the descending
aorta behind In this patient all three were grossly dilated
The apex of the enlarged left ventricle 1s well seen from this
aspect

Now let me consider the changes observed in the shape of
the heart when the increased burden falls on the nght ven
tricle, taking as an example mtral stenosis Obstruction at
the mutral orifice throws more work on the left auricle which
tends to dilate and hypertrophy The increased pressure 1
the auricle leads to back-pressure on the lungs and, in order
to force the blood through the coungested lungs, the right
ventricle has to hypertrophy Fig 10, which ts a post-mortem
specimen from a patient who had mutral stenosss, serves {0
illustrate certan characteristic features In the first place, the
left heart border 1s straight mstead of concave, as 1t was 1
the case of left ventricular enlargement, and there 1s bulge
formed by the conus of the right ventricle Roughly speaking,
the heart 15 more rectangular Secondly, two components
enter 1nto the formation of the right heart border, of these
the left auncle forms the upper and the right aurncle the
lower arc Fig I1 15 an X-ray taken from a patient with
mutral stenosis, n 1t the shape of the cardac sithouette 15
very similar to that of the post-mortem specimen

When the left auricle enlarges, 1t extends packwards to-
wards the spine, displacing the oesophagus which hes m
direct contact with the posterior surface of the heart, and can
be visualized by giving the patient a mouthful of barum lfa
swallow The most favourable posttion for studymg the le;
auricle 1s the right oblique, 1n which the patient 15 rotate
through an angle of about 45° so that his right shoulder comes

cts.
1n contact with the screen In this position, 1 normal subjects,
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the postertor mediastinum appears as a clear area bounded
in frout by the postenior surface of the heart, and behmd by
the spine, but enlargement of the left auncle produces a

l ;

Fi6 10‘_ Photograph of autopsy specimen of heart from

sickle shaped 1mpression on the oesophagus which 1s dis-
placed backwards (Fig 12) Such backward enlargement 1s
limited by the spine, and when the auricle continues to dilate
1t pushes 1ts way nightwards and makes 1ts appearance on the
night heart border

It may seemt curous that enfargement of the left anncle
should appear on the night heart border and enlargement of
the right ventricle on the left border, but as the heart lesin
the body, these two chambers are situated not to the left and
right but at the back 1nd front of the heart



26 CARDIAC ENLARGEMENT
feft shoulder comes 1n contact with the X-ray screen, 1t 15
possible to visualize the whole course of the thoracic aorta
(Frg 9) In thus, the left obligue position, we see the ascending
aorta in front, the arch mn the centre, and the descending
aorta behind In thus patient all three were grossly dilated
The apex of the enlarged left ventricle 1s well seen from this
aspect

Now let me constder the changes observed in the shape of
the heart when the increased burden falls on the right ven-
tricle, taking as an example mitral stenosis Obstruction at
the mutral onifice throws more work on the Jeft auricle which
tends to dilate and hypertrophy The increased pressure 1
the auricle leads to back-pressure on the lungs and, 10 order
to force the blood through the congested lungs, the nght
ventricle has to hypertrophy Fig 10, which 1s a post-mortem
specumen from a patient who had mitral stenosis, senes 1o
dllustrate certamn charactenistic features In the first place, the
left heart border 1s straight instead of concave, as 1t was 1l
the case of left ventricular enlargement, and there 15 8 bulge
formed by the conus of the right ventricle Roughly speakmg,
the heart 1s more rectangular Secondly, two components
enter 1nto the formation of the right heart border, of thes®
the left auricle forms the upper and the right auricle the
lower arc Fig 11 1s an X-ray taken from a patient with
mutral stenosts, 1n 1t the shape of the cardiac silhouette 15
very similar 1o that of the post-mortem specunen

When the left auricle enlarges 1t extends pachwards to
wards the spine, displacing the oesophagus which les 10
direct contact with the posterior surface of the heart and can
be visualized by giving the patient a mouthful of barum ‘:
swallow The most favourable position for studymg the ‘e‘;
aurscle 1s the right oblique, 1n which the patient 15 rotate
through an angle of about 45° so that his right shoulder comes

15,
1n contactwith thescreen In this position, tn normal subjects
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with Fig 12, compare Fig 13 which was taken from the
patient with aortic incompetence to whom I have previously
referred In this case there was no enlargement of the left
auricle, and consequently the oesophagus 15 not deflected
backwards

When the night ventricle 1s greatly enlarged 1t may form
part of the right heart border This 15 easily recognized on
screening, since systole of the night ventricle 1s synchronous
with that of the left Simularly, great enlargement of the left
auricle may produce a promnence on the left heart border
and wiil then be seen to pulsate asynchronously with the left
ventricle

In certan types of congemtal heart disease such as Fallot’s
Tetralogy the night ventricle 1s enlarged, but the shape of the
cardiac silhouette 15 very different from the somewhat rectan-
gular heart shadow seen 1n cases of mutral stenosis (Fig 11)
In the P-A view (Fig 14) the heart 1s boot-shaped with a
concave mstead of a straight or convex left border It 1s not
unlike the enlarged left ventricle 1n cases of aortic mcom-
petence (Fig 8) In the left oblique position, however, the
enlarged right ventricle can be seen bulging forwards towards
the sternum, and the apex of the heart does not extend back-
wards across the spine Roesler (1943) suggests that the ex-
planation of the difference 1n shape of the enlarged night
ventricle in Fallot’s Tetralogy from that in mutral stenosis 15
that the direction of the outflow tract of the ventricle 1s less
vertical 1n the former than in the latter, since most of the
blood 15 entering the aorta instead of the pulmonary artery

There are two special modifications of radiographic tech-
mque which are occasionally used in examunation of the
heart—' Kymography’ and ‘ Tomography’

In Kymograply an opaque gnid with a senies of horizontal
shts 1s placed between the heart and the film By keeping the
grid stationary and moving the film, a jagged outline of the
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heart shadow (Fig 15) 15 obtamed, each tooth on this jagged
edge being a record of the movement of a particular segment
of the heart surface during systole and diastole Thus exces-
stve or deficient pulsation can be readily detected

14 P-A radiogram from a case of Fallot s Tetralogy (see p 110) showing
!:ggot shaped heart with concave left border, and apex formed by night ventricle

The principle mnvolved 1s very simple, and 1s 1llustrated
diagrammaticallyn Fig 16 AD1sashtinthegnd, theshadow
of the heart border moves from C to B during systole and 1s
recorded as a sphygmogram on the film, which during the
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exposure moves from X to ¥, The distance XY is Jess than
the distance between two adjojming shits, so that each slit

¥
T
L]

——r

Fic 15, Kymogram, mn left obhique position, from 2
case of cardio-aorticsyphibs, showing wideand tortuous

aorta
(Kindly lent by Department of Roentgenology, Johns Hophins Hospital )

——
A BC D E

Fic 16 Diagramtoilustrate princip'e
of kymography
records the movement of a separate segment of the heart
surface In the kymogram (Fig. 15), each of the transverse

bands cotresponds to the movement of one shit Thus the
B 1208 F
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movement of the grid as a whole yields a series of records,
three heart cycles being recorded 1n each sht Great hopes
were entertained that this method might throw new light
on clinical problems These hopes, however, have not been
realized, owing to certain fallacies which the method entails
The size of the mdentations 1n the kymogram depends not
only on the local movement of the heart wall, but also on

T PT,
Fe Fy

Fic 17 Diagram to sllustrate the
principle of tomography

the movement of the heart asa whole, while only those move
ments of the heart wall which happen to be n the plane of the
gnd are accurately recorded

Tomography helps us to differentiate between the shadows
of supenimposed organs If the X-ray tube and the film be
made to move 1 opposite directions parallel to one another,
but at different rates, the only objects which remarn n focus
are those 1n the plane of the axis of a lever controling the
respective movements of tube and film For example, 1f the
tube (Fig 17) be moved from 7} to T, while the film s kept
stationary, the rmage of an object at O would be a blurred
image Fy—Fy, but if the film be made to move 1n umson with
the tube through a distance F; to F, the image of all struc-
tures 1n the pline AB will remain 1n focus while the 1mages
of objects situated 1n planes closer to or farther from the tube
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than AB wiil appear blurred By altering the relative lengths
of the two himbs {70 and FO) of the lever, 1t is possible to
bring into focus objects in any desired plane of the body
while ehminating to a considerable extent the shadows of
objects situated in other planes Tomography has proved
more usefu] i examnation of the lungs than of the heart,
but 1t has certamn himted apphcations to cardiology which
may be further developed 1n the future Caloification of the
heart valves, for example, can be demonstrated much more
clearly in a tomogram than i a ‘straght’ film
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CHAPTER III
VALVULAR LESIONS

N considering the sequence of events which constitute the
cardiac cycle and the manner 1n which they may be modt
fied by disease of the heart valves, for the sake of simpli-

caty I shall confine my attention to the left side of the heart
which chnically 1s the more important, for, owing to the fact
that the pressure 1s ugher 1a the systemic than in the pul
monary circut, the mitral and aortic valves are subject to
greater wear and tear than the tricuspid and pulmonary and
so are more hable to be damaged by infection

INTRAVENTRICULAR PRESSURE

In health ventricular systole follows immediately on aur-
cular systole, n fact the two actually overlap, but, as soon

1¢ 2ntgnl Heart Sounds
- -

Aorta

Aunicle

Ventricle

Fic 18 Intracardiac and aortic pressure

curves (Modified from Wiggers ) (1) mutral

valve closes (2) aortic valve opens (3) aortic

valve closes {(4) mutral valve opens

as the pressure i the ventricle rises above that m the auricle,
the mitral valve closes (Fig 18) This s succeeded by 1sometric
contraction of the ventricle, then the aortic valve opens and
the pressure curves in ventricle and aorta follow one another

closely, at first rising, later faling With the cessation of
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systole the pressure n the ventricle drops suddenly, the
aortic valve closes, and about 01 seconds lIater the nutral
valve opens and the blood which had been accumulating
the auricle throughout systole rushes into the empty ven-
trcle

HEART-SOUNDS

Chintcally, these dufferent phases of the cardiac cycle are
recogmzed by therr relation fo the heart-sounds

Two heart-sounds are audible m alt healthy people Ex-
pressed in the stmplest terms, the firstheart-sound s produced
by contrachion of the ventricles and the second by closure of
the semu-lunar valves Thus the first sound marks the begin-
nng and the second sound the end of the ventnicular systole
How are we to tefl which s the first and which the second”
The second sound 1s generally sharper and Tugher pitched
than the first, but the character of the sounds 15 not always
a rehable gmde. When the heart 15 beating slowly we can tell
by therhythm, for the first sound 1s followed by ashort pause
and the second by a long pause but when the heart acceler-
ates diastole 15 curtasled to a greater extent than systole {see
Fig 27} and the two pauses may be of equal fength Chmeally
the surest way of timing the sounds 1s by the carotid pulse
which occurs 0 1 ds after the nent of ventn-
cular systole and so is almost synchronous with the first
heartsound In graphuc records (Fig 19) the first heart-
sound 15 synchronous with the R wave of the electrocardio-
gram and the second sound with the 7 wave *

TRIPLE RHYTHM
The term *taple rhythm® means that three instead of two
sounds accompany cach cardiac cycle When the additional

* This 1s only approximately true since the electrical and mechanical changes
n the heart are not absolutely synchronous For reseasch purposes a tracing of
the venous pulse or of the apreal impulse 18 more rehiable and has the addusonat
advantage of mdicating the time relations of events occurang during diastole
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sound occurs early m diastole we call 1t the ‘third heart-
sound’, but when 1t occurs during auricular systole we call
1t the “fourth heart-sound’ (Fig 19)

The third heart-sound (or ‘reduplicated second sound’)
may be phystological and 1s probably produced by the sudden
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Fi6 19 Diagrammatic representation of
heart sounds to 1llustrate time relation of
third heart sound (3) and fourth heart
sound (4) to first (1) and second (2) normal
heart sounds
ECG - Electrocardiogram
A — Normal heart sounds
B — Protodiastolic gallop
C = Presystolic galtop
rush of blood into the ventricle when the mutral valve first
opens It 1s heard i many perfectly healthy young people,
but 1t may also be pathological, an additional sound 1n early
diastole known as the *opening snap’ of the mitral valve being
heard 1n patients with mutral stenosis (see F1g 25) The fourth
heart-sound (or ‘reduplicated first sound’) (Fig 20)1s always
pathological and may be a sign of very grave significance 1t
15 ‘the cry of the heart for help’ It warns us that the last
reserves have been called up and that the heart 1s struggling
agamst desperate odds In a consecutive seres of sixty-two
of my patents 1n whom thus sign was present, only fiftecn
Tived for more than eighteen months (Bramwell, 1936) The
presence of a fourth heart-sound generally sigmfies fatlure of
the left ventricle, which 1s due in some cases to inability to

bear the additional burden imposed upon 1t by high blood-
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pressure, or by a lesion of the aortic valve, and 1n others to
grave myocardial damage produced either by an acute nfec-
tion such as diphtheria or by mfarction of the ventricle
following coronary occluston The exact mechanism of pro-
duction of the fourth heart-sound 1s still a matter of dispute,

the R T and P waves of the electcocardiogram

but there 1s considerable evidence m support of the hypo
thesis that 1t 1s produced by vibrations of the atonic ventricu-
lar wall which 15 set in motion by the sudden filling of the
ventricles during auricular systole (Bramwell 1935) The
terms ‘Gallop’ and Canter’ rhythm have been applied to
triple rhythm on account of 1ts resemblance to the cadence
of the sounds produced by a horse galloping or cantering

HEART-MURMURS
Disease may damage a valve cusp rendening the valve in-
competent and so permutting the backward regurgitation of
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blood, or 1t may produce narrowing (stenosss) of the valvular
orifice and so obstruct the forward Ppassage of the blood
Both defects set up eddies in the blood-stream which give
rise to murmurs

During systole of the ventricle (Fig 21a), the mutral valve s
closed and blood 1s flowing into the aorta Hence the valvular
lestons which give rise to systolic murmurs are those produced

SYSTOLE OIASTOLE

yl >“ﬁ

ACRTIC

VALVE Steness tncompetence

VARAL Incompetence. Stenos s
@ )

L A B

arrows ndicate valvular mcompetence

by incompetence of the mutral valve or by obstruction at the
aortic orifice Conversely diastolic murmurs (Fig 21b) are
due to aortic incompetence or nutral stenosis Mitral mur-
murs are distinguished from those produced at the aortic
onfice by the fact that they are most clearly heard mn the
vicimty of the cardiac apex whereas aortic murmurs are best
heard either at the base of the heart or along the left border
of the sternum

Systolic murmurs replace or follow the first heart sound
and so are synchronous with the carotid pulse, while in the
case of diastolic murmurs there 1s an apprecrable interval
between the pulse and the murmur It may, however, be very
difficult to time a murmur with certainty when the heart 1s
beating rapidly, and I am inclined to think that we lay too
much emphasis on the tming of murmurs and too Iittle on
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their character The typcal short, rough, crescendo, presys-
tolic murmur of mitral stenosts which ends n a loud banging
first heart-sound, and 15 often preceded by a low-pitched
wregular rumble, 15 quite unlke the soft blowing apical
murmur which dies away gradually and smoothly 1 a much
more orderly fashion The latter 1s always systolic Likewise
the *machinery murmur’ of the patent ductus (see p 110),
one of the commonest congenital lesions, could hardly be
mustaken for anything else Or agam, the fawt, soft, high-
pitched whiff to the left of the sternum which one hears
many cases of aortic incompetence 15 so typical that there 1
never any doubt that it 1s diastolic The experienced chmcian
recogmzes these murmurs by therr character He does not
have to time them

A damaged valve cannot be tepaired, but a systolic mur-
mur does not necessanly sigmify a damaged valve, systolic
murmurs are heard 1n patients with fever, anaemia, thyro-
toxicosts, and other conditions, but when the underlying
disease 15 cured these murmurs generally disappear

It may be very difficult to decide whether a systolic muir-
mur 15 or 1s not due to orgame disease This problem fre-
quently arose duning the war n the examination of recruits
for the Services Even amongst cardiologists of repute there
exists 2 difference of opimion regarding the sigmficance of
systolic murmurs, though most agree that loud murmurs are
generally organic, but, so fong as such a difference of apmion
does exist, the patient should atways be given the benefit of
the doubt, and fus activities should never be restricted on
account of a systobe surmur, unless there 1s other evidence
of heart disease

The Iast word on systolic murmurs has not yet been spoken
Here 15 a frustful field for chnmeal research by correlating the
murmurs we hear with the stethoscope, and which we can

now record by graphic methods, with the actual condition of
B30 G
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the valves found at autopsy, and with alterations sa the size
and shape of the different chambers of the heart as seen by
X-rays during life

MITRAL STENOSIS

The cusps of the mitral valve spring from a contmuous
curtan, consequently the contraction which follows healing
of mflammation 1n this valve draws the cusps together and
leads to narrowing of the orifice—*mitral stenosis’

In the production of all obstructive murmurs two factors
are concerned—the size of the onfice and the rate at which
the blood 15 flowing through 1, the one 15 static, the other
dynamic No matter how small the orifice, unless the blood-
flow attamns a certamn cntical velocity, no murmur 1s pro-
duced There 1s an nverse relation between the degree of
stenosts and the veloctty of the blood-flow required to pro-
duce an obstructive murmur Anatomically, the degree of
stenosis 1s measured by the size of the onifice, physiologically
by the amount of blood 1t can transmut 1n unit time

Fig 22 ilustrates the importance of the dynamuc factor
Stce this patient had partial heart block (see p 89) the
relation of auricular to ventricular systole vaned from cycle
to cycle, and m some cycles the avrcle contracted alone
without the ventricle The lower tracing 1s a record of the
heart-sounds, and the upper one a synchronous electro-
cardsogram Below I have represented diagrammatically the
sequence of auricular and ventricular systole i the different
cycles In the first cycle () ventricular systole foltows 1m-
mediately on auricular systole In the second cycle (£) there
15 2 longer interval between them, and in the thurd cycle (B)
the auricle contracts alone, there 1s no ventricular response
This sequence 1s then repeated, the fourth cycle (F) beng

simtar to the first (B)
In the first cycle (B) there 15 a loud first heart-sound but
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no murmur 1n the second cycle (£) there 1s a murmur pre-
ceding the first heart sound 1 the thurd cycle (5), in Which
the auricle contracts without the ventricle, there 1s a loud
murmur but no first heart-sound The fourth cycle (&) 1s
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Fic 22 Ph with
gram | from a case of mitral stenosns with partial heart block
@ () PI Diagram

showing relation of aunieular to ventricular systole (d) Out

line drawing of phonocardiogram heavy Itnes show time rela

tion of auricular and ventricular systole to heart sounds and

murmurs

similar to the first (£) We were extremely puzzled when we
first listened to this patient’s heart Why did the sounds vary
in this extraordinary way from cycle to cycle, and why, of
the patient had mitral stenosts, was there no murmur 1n some
cycles? Without a graphic record 1t would have been difficuit
to solve this problem The absence of the murmur 1n the first
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(Py) and thelast (£;) cycles 15 explained by the fact that both
these followed a nussed beat and, during the prolonged
diastole preceding these cycles, the auricle contracted twice
When 1t contracted the second time, 1t was unable to force
sufficient blood through the mitral onfice to produce a mur-
mur, for the ventricle was already full Dunng the ter
nussion, on the othier hand, the auricle contracted (7)) early
in diastole and discharged 1its contents with considerable
velocity mto the empty ventricle, producing a loud murmur.
The variability of the murmur, 1 this case, depended entirely
on the mtraventricular pressure at the time the auricle con-
tracted

In health the rate of blood-flow through the mutral orifice
varies greatly duning the different phases of diastole This can
be seen from the curve of ventricular filhng (Fig 23q),
which the volume of blood 1n the ventricle 1s plotted agamnst
tiume When the mutral valve first opens, the pressure n the
auricle 1s much higher than mn the ventricle, and the blood
which had accumulated in the auricle during ventricular
systole rushes 1 a swirling torrent into the empty ventricle
A distingwished surgeon once told me that, n all tus exper-
ence, nothing had left 2 more vivid 1mpression on his mind
than the sensation of the blood rushing past s finger when
he introduced 1t mto the heart to operate on the mitral valve
During mid-diastole, auncle and ventricle behave as a single
chamber, there 15 Iittle difference in pressure on the two sides
of the mitral onsfice, and the rushing torrent of early diastole
1s converted mto a quetly flowing stream  Fimally, when the
auricle contracts, the rate of blood-flow 1s agamn ncreased
Thus blood-flow from auricle to ventricle ss rapid dufng
early diastole and pre-systole, but much less raprd during mud-
diastole

Severe stenosts hmts the amount of blood which can pass
through the mutral orifice 1n early diastole, the rate of filling
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of the ventricle then becomes more umform (Fig 23b), and
the pressure in the auricle remains much higher than that in
the ventricle throughout diastole, with the result that even
duringmud diastole, the velocity of the blood-current through
the mutral orifice 1s considerable and an obstructive murmur
1s heard throughout diastole When, however, there 15 only

[P EOS QN

B asragis

l Diastole

AS] | Diastole |AS

a b
Fig 23 Ventrcular filling cutve (a) normal (b) mutral stenosis

a moderate degree of stenosis the onifice 1s still adequate to
transmut the slowly flowing stream during mud diastole Con-
sequently this phase 1s stlent, and 1t 1s only when the rate of
blood-flow 1s increased during early diastole or auncular
systole that a murmur 1s produced When there 1s only shight
stenocis the mutral ortfice may be large enough to cope with
the rapd blood-flow 1n all phases of diastole when the subject
1s at rest, but, 1f the rate of blood-flow be increased by exer-
cise, a murmur 3s heard Hence, by auscultation, 1t 15 possible
not merely to dragnose mutral stenoss, but to form a rough
estimate of the degree of stenosis present When stenosis 1s
slight, no murmur may be heard at rest, but a presystolic
(Fig 24) or early diastolic murmur can be elicited by exercise,
1 moderate stenosis there 15 a murmur at rest, but 1t 1s
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confined to presystole or early diastole, mud-diastole being
silent, whereas in severe stenosis a long rumbling murmur
fills the whole of diastole (Fig. 25).

Ofle can carry this hypothesis a stage farther. If the pro-
duction of an obstructive murmur depends on the size of
the orifice relative to the rate at which the blood is flowing
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¥16 24 Phonocardiogram recorded with Matthews s oscillograph and condenscr
mucrophone, from a patent with slight mytral stenosis Pre — presystolic murmar

1 ~ first heart sound 2 -~ second heart-sonnd

through 1t, theoretically 2 murmur might be produced either
by a narrowed orifice or by an increased rate of blood-flow

When the cardiac output 15 increased by exercise, or when
the heart 1s overactive, as m hyperthyroidism, the first heart-
sound may be roughened and accentuated, and then bears a
close simitanty to that of mstral stenosis (Bramwell, 1943)

Thus hypothesis 1s supported by Paul Wood's (1950) observa-
tions on the apical diastolic murmur heard n pattents with
a patent ductus. This murmur 1s due to an ncreased blood-
flow through the mtral orifice and 1s indistinguishable from
that of mutral stenosis, but disappears when the ductus 15

hpated.
This 15 not merely an academic matter, but a problem of
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considerable clinical importanee, for 1t 1s often very difficult
to be certain whether a roughened and accentuated first heart-
sound 15 due to a shight degree of mutral stenosis or merely to
an overacting heart I believe the reason for this difficulty
15 that there 1s no sharp dividing line between physiological

1oseT e 3 Toa

FiG 2> El di recorded withg Matthews s

rom a patient with advanced

mitral stenosxs (1) first heart sound (S M) systohc murmur (?) second
heart sound (3) third heart sound (D M) diastohic murmur

and pathological stenosis, that 1s to say between cases 1n
which the increased rate of blood flow 15 too great for the
normal orifice, and those in which the narrowed orifice 1s too
small to transmit the normal blood flow

In Table IV I have summarized the physical signs in the
vanous grades of muteal stenosis When the onfice 1s normal
and the blood flow 1s normal the heart-sounds are normal
An accentuated and roughened first heart sound may be due
either to a slight degree of stenosts or merely to an overacting
heart A murmur confined to pre-systole or early diastole,
which can only be elicited by exercise, 1s suggestive of a slight
degree of stenosis, but, if present at rest 1t supgests a moderate
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stenosis A full diastolic murmur heard at rest suggests severe
stenosts

TABLE IV
Grades of Mitral Stenoss
Onifice Blood flow Heart sounds

1 Normal

normal Normal
ncreased

Accentuated first heart sound
normai
2 Shght stenosis
mcreased
Murmur in pre systole or early* d astole
normal
3 Moderate stenosts
ncreased
Murmur throughout diastole
4 Severe stenosts normal
* Some cardiologrsts call this the mid diastolic murmur stnce 1t follows the
therd and not the second heart sound
This conception of the various grades of mitral stenosis 1s
2 purely theoretical conception 1t 1s merely as a working
hypathesis Parts of this hypothesis will, I belteve, stand the
test of time, for mnstance, 1 think there can be no doubt that
we are right in saying that the patient whose murmur can
only be elicited by exercise has a lesser degree of stenosis
than one 1n whom the murmur 1s present at rest Other parts
of this hypothesis may have to be modified when new facts
are brought to light
When the auscultatory signs are equivocal, one has to Jook
for other evidence to establish the diagnosis of mitral stenosis
In this lesion the stram falls first on the left auricle, which
tends to dilate and hypertrophy This 1s easily recognized
by radiography (see Fig 12, p 29) Later, bach pressure
on the Jungs raises the pressure i the pulmonary circust and
mposes a strain on the right ventricle, dilatation of which
gives fise to a characteristic alteration 1n the shape of the
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heart, with promuinence of the pulmonary conus (see Fig 11,
p 28) Congestion 1n the pulmonary circuit 1s responsible
for dyspnoea, the charactenistic symptom of mutral stenosis,
and not nfrequently leads to haemoptysis from rupture of
the engorged lung capillaries

The aunculo systolic murmurs of mmtral and tricuspid
stenosis differ from all other heart-murmurs in that they are
crescendo n character The reason for this peculianity has
given nise to much speculation I believe 1t to be that the
ventricle begins to contract before the auricle relaxes so that
the terminal vibrattons of the auricular murmur overlap and
are reinforced by the initial ventricular vibrations of the first
heart-sound (Fig 26)

Ventricular filling normally depends, n part, on auricular
systole and, in part, on the passive inflow from the great veins
durmg mid-diastole under some conditions the former,
under others the latter, 1s the more important When the
heart accelerates, diastole 15 curtailed to a much greater
extent than systole, as shown m Fig 27 This record was
taken from a normal subject—after an mnhalation of amyl
mitrite, a drug which, amongst other effects, produces cardiac
acceleration Eighty seconds after the mhalation, when the
heart-rate was 130 per munute, the whole diastolic portion of
the cardiac cycle was occupted by auricular systole, which
followed 1mmediately on ventrscular systole As the heart
decelerated, diastole became longer, as shown by the mncreas-
ing interval between the T wave of one cycle and the P wave
of the next In these three records 1t 15 0, 0 1, and 0 3 second
respectively The more rapid the heart-rate the greater 1s the
contributron made to ventricular filling by auricular systole
In the first record, not only does aurscular systole occupy the
whole of diastole, but the amount of blood discharged by the
aurcle 1s increased, since the mtra-aunicular volume 1s greater

at the begmning than at the end of diastole, when the aunicle
B 108 H
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normally contracts Under these circumstances the addi-
tional impetus of auricular systole 1s superimposed on that
of the rapid inflow, which normally occurs during early
drastole, yielding a summation of the two effects

§ TP
H

Fic 27 Electrocardiograms and optical carotid sphygmo

after commencement of wnhalatron Heart rate 100 7-P
terval 01 sec (¢) 360 seconds after commencement of
mhalation Heart rate 73 T P interval D 3 sec
AORTIC REGURGITATION
In contrast to the mutral the cusps of the aortic valve are
discrete, consequently, when contraction occurs during heal-
ing of the mflamed valve, the cusps tend to be drawn apart,
with the result that the valve becomes incompetent and blood
regurgitates into the ventricle during diastole, producing a
characteristic murmur
Let us now consider the consequences of aortic regurgita-
tion Since the blood 15 able to escape 1n two directions, back
mto the ventricle as well as to the periphery, the pertpheral
circulation 15 robbed of part of its blood and, since the organ
most sensitive to a deficient blood supply 1s the brain, patients
with aortic regurgitation mamfest symptoms of cerebral
anaemia, such as faintness and dizziness To mamtain an
adequate circulation, under these circumstances, the left ven-
tricle has to mncrease 1ts output per beat, this entails both
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dilatation and hypertrophy, and great enlargement of that
chamber may occur (see Fig 8, p 24)

In aortic regurgitation the combnation of an mereased
stroke-volume of the left ventricle and a low diastolic pres-
sure give to the pulse a pecubar ‘water-hammer® character
to which I shall refer later (p 58)

There 15 another interesting difference between mitral
stenosis and aortic incompetence If one takes 100 cases of
mitral stenosis and represents graphcally the age at which
they are diagnosed chnically, one finds that they conform to
what statisticians call a ‘normal frequency curve’ If we do
the same for cases of aortic incompetence, we find that the
curve has two humps nstead of one  Thus 15 due to the fact
that, whereas mutral stenosis 1s always rheumatic, aortic 1n-
competence may be due either to theumatism or ta syphilis,
1t has a dual aetiology and, while 1t 1s probable that aortic
mcompetence n a patient of 25 1s rheumatic, aortic 1mcom-
petence developing at the age of 40, w a previously healthy
subject, 1s almost always syphilitic
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CHAPTER IV
THE PULSE

ITH each contraction of the heart, a wave of m-
creased pressure passes along the arteries, this we
call the pulse It 15 important to distinguish between
this wave of pressure which 1s transmitted from heart to peri-
phery and the actual movement of the blood-stream The
pulse-wave 15 like a ripple travelling over the surface of mov-
Ing water
The pulse has interested physicians since the dawn of
medicine, when 1t was believed to be due to the rhythmic
efforts of the vital spinits to escape from imprisonment!
Graphic registration by means of the sphygmograph paved
the way to further advances in our knowledge of the subject
Dudgeon (1892), 1n the little book describing his sphygmo-
graph, wrote as follows
The physician of old made tis diagnosis chiefly by observation of
the pulse and tongue But, as the tongue could be rapidly inspected,
and anyone could judge of 1ts foulness or cleanness as well himself,
he concentrated his attention marnly on the pulse, n the feehng of
which there was always scope for affecting the possesston of peculiar
shill and 1nsight To the untitiated, who regarded the doctor as the
depository of occult knowledge, and receved his dicta as though they
were oracles, there was something very imposing 1n his method of
pulse palpation The fingers of the right hand daintily grasping the
patient’s wrist, while the doctor s eyes were riveted on the loud ticking
gold chronometer he held 1n his left hand his head gravely nodding
the while synchronously with the artersal pulsations—all thus formed
a picture calculated to mspire beholders with reverence and awe
The modern patient has, I fear, lost some of this reverence
and awe—he 1s too well informed—but nevertheless he still
expects you to feel his pulse!
Palpation of the pulse tells us 1ts rate, rthythm, and charac-
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ter; and enables us to judge of the condition of the artenal
wall

PULSE-RATE
The pulse-rate in the majority of healthy adults 1s m the
neighbourhood of 70 per minute
A slow heart-rate 1s an advantage for brad) cardia makes
it possible to double or even to treble the cardiac output
without an excessive mncrease in heart-rate, and athletes, who
mdulge 1n those forme of sport mvolving severe and pro-
Jonged exertion, usually have slow pulses the same 1s true of
the ammal kingdom (Clarh, 1927) For example, the resting
pulse-rate of the hare, an exceedingly athletic animal, 15 under
70, while that of 1ts cousn, the rabbut, a sedentary creature,
who never strays far from his burtow, 1s over 200 The
difference 1n rate, in this case, 1s due to the nfluence of the
vagus, for, after section of this nerve, the rabbit’s heart-rate
was found to rise to 321 and that of the hare to 264 To com-
pensate for the difference i pulse-rate, the hare’s heart, rela-
tive to 1ts body-weight, 1s three tumes as large as the rabbit’s
In a previous chapter (p 19) I referred to a sumlar relation
between the size of the heart and the rate of the pulse 1n
healthy young men
At birth the pulse-rate1s about 120 per mnute, throughout
childhood and adolescence 1t falls, but does not reach 1ts
lowest value untit the age of 25
Tuachycardia may be due to various causes, of which the
most common 1s nervousness Many people are scared at the
ery thought of 2 medical examnation and, duning the war,
1 was often asked by Medical Boards to decide whether per-
sistent tachycardsa 1n a recrit was physiological or patho-
logical
n febrile discases the mcreased heart-rate 1s propostional
to the mereased metabolism There are, however, certa
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notable exceptions, such as the enteric group of infections,
which the pulse-temperature ratio 15 upset, the pulse bemng
unduly slow as compared with the temperature, a helpful
sign 1n the diagnosis of these diseases

Varnous tests of cardiac efficiency are based on the re-
sponse of the pulse to exercise The test generally employed,
1n the examuination of recrnts for the Services, 1s to take the
Testing pulse-rate and then ask the subject to place one foot
on a stool, about 18 inches in height, and raise the body 20
times 1n 60 seconds The pulse-rate 1s taken immediately after
the cessation of exercise and agamn one minute after the exer-
cise, by which time 1t should have returned to normal The
most significant figure m all such exercise-tolerance tests 1s the
time taken by the heart to return to 1ts resting rate after
the cessation of exercise It 15 also important to note whether
the exercise provokes breathlessness or other signs of distress

PULSE FORM

Wiggers (1923) has shown experimentally in dogs that the
pressure changes 1n the large arteries near the heart corre-
spond closely to those taking place within the left ventricle,
but, 1n the course of transmission from heart to periphery,
the pulse-wave 15 subject to the damping influence of the
clastic arteral walls This modifies the form of the sphyg-
mogram by rounding off the rapid deflexions, as shown n
Fig 28, 10 which the upper record 1s taken from the carotid
and the lower from the rachal artery of a normal subject In
both records three waves can be recognized The first, or per-
cussion wave (P), 1s due to the arrival of the pulse 1n the
artery, the second or tidal wave (7)), 1s probably reflected
from the peniphery, and the third, or dicrotic wave (D), 1s
produced by the rebound of the blood forced back agamst
the closed senmiunar valves by the elastic recoil of the aorta
i early diastole
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In most patients only the percusston wave can be felt on
palpation of the pulse, but occasionally two waves can be
detected, the second bemg erther the tidal or the dicrotic
The tidal wave 15 palpable 1n some cases of aortic meome
petence combined with stenosts (Fig 29a), the dicrotic wave
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Fic 28 Sphygmograms (optically recorded) from normal subject
Car  Carotrd Rad  radal P percussion wave 7 udal
wave D - dcrotic wave
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FIG 29 (A4) Pulsus bisfertens  (8) Dicrotic pulse
P percusston wave T — tidalwave £ dicroc wave
m condttions such as typhoid fever, 1n which ventricular
systole 1s poorly sustained (Fig 29b) The former 1s known
as the ‘pulsus bisferiens , the latter as the ‘dicrotic pulse’
When two waves are palpable, two sounds mstead of one are
heard accompanying each heart-beat, while the armlet s
being deflated 1n tahing the blood pressure (Fig 30)

The character of the pulse depends on the pressure and the
rate of change of pressure within the artery The most strik-
ing deviattons from the normal type of sphygmogram are
seen 10 patients with lesions of the aoruc valve (Fig 3n
Aortic stenosts limuts the ventricular output during the smihal



THE PULSE 57

stage of systole, consequently the pressure in the aorta rises
more slowly than 1n health and the systolic pressure 1s low
In this condition, smce the ejection phase of systole 1s
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prolonged, the apex of the sphygmogram 1s formed by the
tidal and not by the percussion wave Conversely, when the
aortic valve 1sncompetent, the hypertrophied and dilated left
ventricle discharges an abnormally large volume of blood
mto the aorta early in sysxole and consequently the systolic

B108
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In most patients only the percussion wave can be felt on
palpatton of the pulse, but occastonally two waves can be
detected, the second bemng enther the tidal or the dicrotie
The tidal wave 1s palpable mn some cases of aorttc trcom
petence combined with stenosis (Fig 29a} the dicrotic wave
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Fic 28 Sphygmograms (opticaily recorded) from normal subject
Car  Carotrd Rad  radral P percussion wane T tidal
wave D dicrotic wave
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Fig 29 (4) Pulsus bisfenrens  (8) Dicrouc puise
P percussion wave T — tidal wase D dicrotic wave
mn conditions such as typhotd fever, i which ventricular
systole 1s poorly sustaned (Fig 295) The former 15 hnown
as the ‘pulsus bisferiens’, the latter as the ‘dicrotic pulse’
When two waves are palpable, two sounds mnstead of one are
heard accompanying each heart beat, while the armiet 15
bewng deflated 1n taking the blood pressure (Fig 30)

The character of the pulse depends on the pressure and the
rate of change of pressure within the artery 'The most stnk-
mg deviations from the normal type of sphygmogram are
seen ta patients with Jesions of the aortic valve (Fig 31)
Aottic stenosts imits the ventricular output during the mitial
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The sphygmogram (Fig 32) 1s a record of the pressure
changes m the radial artery at a particular pomnt 1t 1s a
‘pressure-time’ curve We never think of waves on the sea-
shore 1n that way we think of them as we see them mn a
panting or 1 a photograph (Fig 33), where they are repre-

05 10
TIME (SEC)
Fic 32 Normal carotid sphygmogram

e
%
e
FIG 33 Waves breaking on the sea shore
(After woodcut by Oscar Drage )
sented as a pressure-space relation at a particular instant of
time In the photograph we have eliminated time, 1t 15 in-
stantaneous, in the sphygmogram we have elinunated space,
1t 1s recorded at a particular pownt, to represent all three
attributes simultaneously would require a cinematograph
As a wave advances on the beach, the wave front becomes
steecper and steeper and eventually unstable, 1t loses 1ts
balance and crashes over with the formation of breakers
The pulse-wave undergoes ssmilar changes as 1t travels from
heart to periphery and, under certain conditions, 1t also may
become unstable, but 1 a closed system, such as an artery,
materal breakers cannot develop, for the artery 1s full of
flind and there 1s nowhere for the wave to break Under
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these cireumstances the pulse-wave regans its stability by
tran§fcrring part of its energy to new waves which are shot
out in front (F1g 34) and behind it (Bramwell, 1925). These
waves are analogous in terms of mechancal pressure to the
material breakers on the sea-shore. They produce a turbulent

Fic 34 Shadow sphygmograms of waves recorded at different pornts along the
course of a tube filled with mercusy  Tunsng fork marking {00 double vibrations
Pt P P TN

conditton m the fluid n the artery which mamfests stself by
rapid oscillations of pressure, that can be felt as a thrill

On purely mechanical grounds 1t can be shown (Bramwelt
and Hill, 1923) that the condttions favourable to the develop-
ment of this phenomenon are & low dastole pressure and a
steep pressure gradient along the front of the pulse-wave—
the very condstions which are present in pattents with free
aortic regurgitation (Fig 35)

The “water-hammer” pulse 1s not peculiar to aortic regr-
gitation. It also occurs 10 other conditions such as arterio-
venous aneurysm and patency of the ductus arteriosus, i
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which the blood 1s able to escape 1n two directions, part going
to the periphery and part passing back through the abnormal
channel, while 1n some cases of thyrotoxicosis or profound
anaemia the bounding pulse closely simulates that of aortic
ncompetence
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Fig 35 Simultancous sphygmograms of
carotid pulse from a patient with aortic
ncompetence showing vibrations on the
upstroke  HW = hot wire sphygmo
gram Opt = optical sphygmogram

opt

Pulse thythm will be considered 1n the next chapter, and
we may now consider the problem of pulse tension

BLOOD-PRESSURE

The Artersal Sounds By compressing the arm with a
pneumatic armlet we can reduce the tension of the artenal
wall This slows the rate at which the pulse-wave travels
and renders the conditions favourable for the formation of
‘breakers’ It 15 these sudden vanations of pressure within
the artery that set the artenial wall 1nto rapid vibration and
so produce the sharp cracking sounds on which we rely for
estimating the diastolic blood pressute 1n man

Fig 3615 a graphic record of the arteral sounds, taken
during deflation of the armlet As decompression of the arm
proceeds, the artenial sounds at first become louder and
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sharper then, suddenly, they dimnish m mtensity and

change m quabty, mstead of bemg clear and sharp they
become dull and muflled This abrupt diminution sn mten-
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Syst Diast
no 10 90 8y 70 c0 mm Prissure
w armlet
b
Fig 36 {a) Artenial sounds recorded with electrical
i

and stong

below record mndicate pressure i armiet {5) Diagram

showmg amplitude of excursion in fecords w 16
sity and change in quality marks the diastolic end-pont and
with a further fall in pressure of only a few milimetres, the
sounds attam the lower ot of qudibihity and throughout
the remamder of decompression no sound 15 heard

Some hfe-insurance compartes direct their examiness to

take the disappearance of the sounds as the dastole end-
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pomt They do so because 1t 15 more easily recognized than
the transitton from loud to fant sounds

1f, nstead of hstening with a stethoscope, you palpate the
brachral artery immediately below the armlet, you will notice

Note negative pre anacrotic wave in first two cycles 1n each record

that duning the range of decompression when the arterial
sounds areloud and sharp the pulse assumes a ‘water-hammer’
character, but immediately the pressure in the armlet drops
below diastolic the ‘water-hammer’ character 1s lost

Fig 37 15 a graphic record of the pulse 1n the brachial
artery taken during deflation of the armlet over a range of
pressures immediately above and below diastolic Above
drastolic a rapid negative wave precedes the upstroke of the
sphygmogram, but below dustolic thus pre-anacrotic wave
1s absent This negative pre-anacrotic wave 15 one of the
*breakers’ to which I have referred It 1s responsible for pro-
ducing the rapid osctllations of the arterial wall which give
mise to the sharp cracking sounds
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In patients with free aortic regurgitation, 1t may be dif-
cult to estimate the duastolic blood-pressure, for, whereas i
the normaf subject the ‘water-hammer” character of the pulse
is fost when the compressing pressure falls below diastole,
1 the pattent with aortic regurgitation 1f persists, and loud
artertal sounds are heard throughout the whole of decom-
pression Carelwd auscultation, however, reveals that a change
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w the character of the sounds does occur durng the fater
stage of decompression, and this mdicates the diastofic end-
pomt
In patsents with aortic stenosts 1t 1s often mmpossible to
estimate the diastolic pressure, because the reduced rate of
blood-flow through the narrowed orifice renders the pressure
gradient along the front of the pulse-wave so gradual that no
breakers are formed and consequently no sharp sounds are
produced

Nornal blood-pressure In health the basal blood-pressure
vanes considerably ta different ndwviduals In a series of

umversity students aged 16-40(Fig 38) Alvarez{1920) :‘zligng
¥

that the mean systolic pressure was 126 5 mn men and

women
1t 15 commonly stated that the blood pressure rises pro-

gressively with age That this 1s not always the case ts shown
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by Treadgold’s (1933) observations His paper mcludes a
detailed analysis of the blood-pressure readings 1n 2,497 fit
pilots of the Royal Arr Force He found that, in these men,
there was little change 1n the systolic pressure between the
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ages of 18 and 40 Treadgold also showed that, m men of
normal body-build, the blood-pressure did not vary with
height or weight In those who were over-weight or under-
weight, on the other hand, both the systolic and diastohc
pressures varied with the weight (Fig 39) The same applies to

the indwvidual (Fig 40), when he puts on weight and so alters
B1208 K
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his body-build—His blood-pressure tends to rise, ang vice
versa

For msurance purposes it 1s important to know the average
normal blood-pressure at different ages, for the expectation
of hife 1s reduced m subjects with a persistently raised pres-
sure Hilton (1936) states that a rise of 30 mm of mercury
above the average systolic value about doubles the ratio of
actual to expected deaths, and a nse of 50 mm above the
average tnereases this ratto to four times He found that a
third of these premature deaths wete due to cardiac faslure

The average normal values for the systolic pressure given
n the actuarial statistics of two msurance companies Whose
figures 1 have consulted are in farrly close agreement Ac-
cording to one company they rise from 123 mm Hg at 20
years of age to 131 Hg at 50 The corresponding figures
given by the other company are 125 and 135 These insurance
statistics indicate that, 1n the general population, the average
systohc pressure does rise year by year wmstead of remaming
practicafly constant, as Treadgold (1933) found between the
ages of 21 and 40 This discrepancy may be due to the fact
that Treadgold was deahng with exceptionally fit men,
whereas the more sedentary individual tends to lose hus
phystcal fitness as he gets older, i accordance with the well-
Lnown saying that ‘a man 1s as old as hus artenses’ Tread
gold, however, states that even among fit pulots of the Royal
Air Force there are 6 per cent with a systohc pressure of
140 and over

At the other extreme Treadgold found that hypotension
mught be compatible with perfect health, 3 per cent of fit
pilots being hypotenstve

Ellis and I (1931) reached the same conclusion from study-
ing athletes at the Olympic Games 1 Amsterdam m 1928
Four of the twenty-eight Marathon runners exammned, during
the course of their training, had a diastolic pressure below 70,



THE PULSE 67
and one man, whose systolic pressure was only 105 and
diastolic pressure 70, came 1n third mn the race

The problem of hypotenston 15 considered n greater detail
by Rook and Dawson (1938), who regard systolic pressures
between 110 and 100 or diastolic pressures between 70 and
60 as indicating moderate hypotension, and systolic pres-
sures below 100 or diastolic below 60 as severe hypotension
They point out that hypotension may be either occastonal or
persistent, and that, although persistent hypotension 1s rela-
tively rare and 1s usually secondary to some general disease,
1t may be compatible with perfect health

In a later chapter (p 115) I shall have occasion to refer to
the important question of high blood-pressure

1 am often asked ‘What 1s the chnieal sigmificance of the
systolic and diastolic readings® My answer 15 that the sys-
tolic 1s a measure of the mechanical effictency of the left
ventricle, whereas the diastolic indicates the reststance against
which 1t has to work Expressed 1 terms of commerce, these
two readings represent the assets and the habilities of the
heart Just as a falling mcome and a rising expenditure 1s
bound in time to lead to bankruptcy, so a falling systolic
pressure and a nising diastolic indicates that failure of the
circulation cannot be long postponed

ARTERIAL EXTENSIBILITY

If you examine under the microscope sections of healthy
artertes from different parts of the body, you cannot help
being struck by the extent to which they differ 1n structure,
1n some muscular tissue predonunates, 1n others elastic tissue
The reason for these differences becomes evident when one
constders the functions of the artertes The muscular arteries,
as exemplified by the radial or lingual, serve as taps which
regulate the blood-supply to the different organs of the body
n accordance with thetr varying requirements during rest
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and activity, whereas the aorta and its man branches form
a great elastic reservorr, n which a small mcrease of pressure
suffices to producea large mcrease 1n volume, therebyhghten-
ing the work of the heart i discharging its contents, and
converting the mtermitient cardiac output o & continuous
capillary flow
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Fic 41 Curve exhibsting retation of total
volume of an artery (in arbstrary unis) to
pressure of contained bload

The extensibility of arteries cannot be measured directly
n the living subject, but 1t can be calculated from observa-
tions on the veloaity of transmussion of the pulse-wave
(Bramwell and Hafl, 1922} From simifar observations on
wolated human arteries, removed post mortem, 1t 15 posstble
to calculate the extenstbility of the artenial wall at different
pressures and to plot a curve (Fig 41) showing the mcrease
m volume of an artery for any given increase in pressure
(Bramwell, Dowmng, and Hill, 1923) At low pressures the
volume of the artery mcreases rapidly as the pressure nses,
but at hugh pressure 1t ncreases much more slowly, for, at
fugh pressures, the inextensible components of the arteria}

wall come 1nto play This fact 15 of considerable clinscal :im
portance, for, as will be seen from Fig 41, when the diastolic
pressure Is 80 a systolic pressure of 120 (1 ¢ a pulse-pressure
of 40) produces an ncrease n volume of the artery of about
§ per cent When, however, the diastolic pressure 1s 120, the

artenial wall 1s already under considerable tension 3t the end
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of drastole, and 1s much less extensible, hence a pulse-pres-
sure of about 120 (1¢ three times as great) 1s required to
produce a similar ncrease m volume When the dastolic
pressure 1s very high, even an enormous pulse-pressure will
enable the aorta to accept only a relatively small ventricular
output Then, apart from the danger of rupturing diseased
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Fi6 42 (a) Normal sphygmogram
() Absolute sphygmogram from
same case
artertes m the bram by excessive pressure or of imposing an
intolerable burden on the heart, the imitation of the cardiac
output so reduces the oxygen supply to the muscles that sus-
tamned physical effort becomes impossible
Ireferred above (p 59) to the sphygmogram asa ‘ Pressure-
Time Curve’ That 1s not strictly correct It 1s an ‘Expansion-
Tune Curve’, for, owing to the diminution 1n extenstbility
of the artery as the pressure nises, a given excursion near the
top of the upstroke of the sphygmogram represents a much
greater increase wm pressure than an equal excursion near the
bottom
A more accurate picture of the pressure varnations of the
pulse 1s given by what has been termed the ‘Absolute
Sphygmogram’ This 1s a diagram (Fig 42) m which the
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ordinates represent pressure as measured by the sphygmo-
manometer and the abscissae time as shown 1 the sphyg-
mogram It consists of a rectangle Tepresenting the constant
(dwastolic) element of the pressure m the artery, and a super-
imposed triangle representing the changing (pulse) pressure
The fatter corresponds to the chinseal sphygmogram, but de-
prcts pressure instead of volume changes

Aortic
Regurgitatron

Hyperpiesis
M S

200,
100

RESSURE
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S

FIG 43 Abnormal sphygmograms

with corresponding ‘absolute sphyg

mograms
In Pag 43 two clinteal sphygmograms with the correspond-
1ng absolute sphygmograms are given for the sake of com-
panison That an the left 1s typical of aortic regurgiation,
whnle that on the right 15 typrcal of hypertension These two
diagrams serve to wlustrate the difference m behaviour of the
arteral wall when the mutial (drastolic) tension 1s hugh and
low respectively
Arteriosclerosts * Arteriosclerosis® merely means stiffentng
of the arteries Even in perfectly healthy people the artenes
tend to [ose their elasticity with advancing years, they become
less extensible, and consequently an increased pu]se-pres’;:::
1§ necessary to enable the heart to mantam 1ts cutvpul it
1s clearly seen 1 old age Thompson and Todd (1922) SZ'UT‘;e
102 frealthy old men (Chelsea pensioners) aged 73-5. -
reode 1 this sertes was 150,80 The sys;ohc reading 1s
high, but the pulse-pressure 15 raise

"efc}){m i ;ccustomé’d to t(;unk of artertosclerosts as a disease
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of old age, but, n fact, the arteries begin to lose thetr elast-
city early in childhood Hill, McSwiney, and I (1923) made
some observations on this subject 1n a series of 74 normal

FiG 44 Radiogram of Itmbs showing calctf cation of arteries

people We found that the arterial extensibility, as expressed
m terms of the percentage increase in volume per mm -
crease of pressure, dimimished progressively from 0 47 at the
age of 5to 0 17 at the age of 80 (Table V) Between the ages
of 10 and 60 arterial extensibility 15 halved
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TABLE V
Age S 10 15 20 30 4 50 0 0 &
Mean veloarty 52 55559 62 67572 76 80 83 8§55

(Metres per sec )}
Mean extensibility 047 041 036 033 028 024 022 020 018 017

Artenosclerosts 1s the chmcal manifestation of three dis-
tinct pathological entities Of these the most important 15
atherosclerosts, which starts as a fatty degeneration of the
mtima and later spreads to the media It occurs 10 patches
which may calcify and peel off, leaving ulcers, and affects
especially the aorta, the coronary and the cerebral arteres,
but not the muscular arteries of the imbs

The second cause of arteriosclerosis 1s hypertrophy of the
muscular elements of the artersal wall This 1s a particularly
anteresting lesion, since 1t represents the physiological re-
sponse to high blood-pressure, and 1s not only analogous,
but proportional, to the hypertrophy of the left ventricle
found 1n this condition In fact Turnbull (1914) states that,
frommicroscopical exammnation of the hypertrophied arteries,
1t 15 possible to estimate the tncrease 1n the weight of the
heart

Lastly, calctfication of the media may convert the artery
1nto a rigid tube which 1s opaque to X-rays (Fig 44) Unlike
atherosclerosts, hypertrophy and caleification of the muscu-
lar coat tend to occur mn the artertes of the imbs
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CHAPTER V
CARDIAC ARRHYTHMIAS

EPEATEDLY In the hustory of science the mvention of a
R new sastrument, or a new method of vestigation,
has determined the hines along which knowledge shall
advance The introduction of the stethoscope by Laennec, in
1819, interested physictans in heart-murmurs and focused
atention on Jestons of the heart valves Thirty years later the
mvention of the sphygmograph provided a graphic method of
recordng the puise and opened up new posstbilities of study-
ng wregular heart action
This mstrument enabled us to distinguish between vanous
types of mrregulanty of the pulse, particularly that n which
the beats were completely wregular both i time and force,
and that i which the heart’s action was merely intermuttent,
thatss to say, the regular rhythm was from time to time mter-
rupted by a pause, two pulse-beats betng separated by double
the normal nterval What it faded to tell us was the nature
of the disturbance responsible for the arrhythmia
In 1902 Mackenzie introduced the chnmcal pobgraph,
which gave synchronous records of the venous and arterial
puises This made 1t possible to study the ume relatons of
aurtcular and ventricular systole
Mackenzie was a very remarkable man most of hs work-
1ng hife was spent in general practice in Burnley, nevertheless,
during those busy years lus boundless energy enabled him to
find tme for ongma) work and to make contnibutions to
kaowledge, both clmnical and physiological, winch earned
im world-wide teputatron as a master of lus craft Wiile
practising in Burnley, he spent many happy hours in the
Manchester Royal Infirmary, going round the wards and
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discussing climeal problems with his friend Graham Steell,
for whom he had a high regard

The venous pulse 1n the neck can be distinguished from
the arterial pulse by its position, by 1ts character, and by the
fact that, bemng due to a change m volume with very little
change 1n pressure, 1t 1s visible but not palpable

‘When, however, the tricuspid valveisincompetent the rght
ventricle drives blood back into the vems of the neck and

Radial
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FiG 45 Polygraphic record of normal venous pulse

mto the liver, and the venous pulse becomes easily palpable
1 these two situations Simularly, when the tricuspid onfice
1s stenosed, the night auricle hypertrophies, and when 1t con-
tracts 1t drives some of the blood back under considerable
pressure 1nto the neck veins

The normal venous pulse (Fig 45) exhibits three waves
known as ‘a’, ‘c’, and ‘1" The ‘@’ wave 1s due to the rnise
of pressure in the jugular vemn produced by auricular systole,
and the ‘¢’ wave 1s synchronous with and partly attributable
to transmutted pulsation from the adjacent caroud artery
Thus the time 1nterval between ‘@’ and “c¢” 1s a measure of
the interval which elapses between the commencement of
auricular and ventricular systole The ¢1” wave 1s due to back
pressure as the blood accumulates i the auricle behind the
closed tnicuspid valve

Mackenzie found that in the conditton we now call
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aunicular fibrillation, in which the pulse 1s completely trregu-
Jar, no *a” wave was present on the venous tractog, and this
led him to conclude that the aurtcle had failed to contract He
also showed that there were two types of intermittent pulse
In the one, which 15 due to heart-block, there was no ¢’ wave
on the venous cutve, the ventricle having failed to contract,
m the other the ‘¢* wave was premature In the latter the
ventricle contracts early in diastole, before 1t has had time
to filt with blood, and consequently its output 1s so small that
no pulse-wave or only a diminutive pulse-wave reaches the
wrist Another type of irregularity differentiated by the poly-
graph was ‘smus arrhythmia’®, 1 which the three waves of
the venous tracing exhibst the normal sequence, but there 15
a phasic quickening and slowmng of the pulse This often
comcides with the phases of resprration, and can then be
accentuated by deep breathing

The chnical polygraph has now been superseded by the
electrocardiograph, the mvention of a Dutch phystologist—
Eimnthoven Shortly after the First World War I attended a
meeting of the Physiological Soctety in Emthoven's labora-
tory 1n Leyden—the first meeting of the Phystological Seciety,
in the fifty years of its existence, held outssde Britain That
Leyden should have been chosen for 1ts meeting-place1s some
ndication of the respect 1 which Emthoven was held by
British phystologists

The electrocardiogram enables us to follow the progress of
the wave of excitation in the heart from its starting-pomt 1n
the smo-auricular node, through the muscular tissue of the
auricle to the auriculo-ventricular node, and thence through
the A~V bundle of His and its branches which ulimately
supply twigs to every muscle fibre i the ventricles (Fig 46)

In 1ts early days electrocardiography was used chiefly to
distinguish between the different types of cardiac arrhythmia
and, for this, the three standard leads (lead I, R hand 10
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L hand, lead I, R hand to L leg, lead III,L handtoL leg)
were adequate That chapter of the story 1s virtually closed,
for, thanks to what electrocardiography has taught us, we
can now recognize all the common
types of cardiac arrhythmia by the © §-ANode
unaided senses
Today, electrocardiography 1s con-
cerned chiefly with the nvestigation
of myocardial infarctton For this
purpose 1t was found that leads, mn
which one electrode 1s attached to
the R arm or L legand the other (the po 2 e uagram of neuro

muscular conducting mechan

‘exploring electrode’)1s placed durect- B S/A Node = stno-aurt

ly on the surface of the chest, may aunculo ventncular node R
and L=rmght and Ift
yield information not given by the branches of the aurculo
standard leads When the explorng ventrieular bundle
electrode 1s placed over the region of the cardiac apex
this 15 called lead IV More recently Frank Wilson (1944)
has shown that much more accurate information concerning
lesions of the myocardium can be obtamed from ‘unipolar’
leads, i which the indifferent electrode 1s connected through
a reststance to all three 1nstead of to only one limb, while the
exploring electrode 15 applied to a series of ponts on the
chest wall, or attached to alimb Wilson’s unipolar leads have
revolutiontzed electrocardiography, but, for the diagnosis of
the cardiac arrhythmias, they are unnecessary and so I pro
pose to confine my attention to the three standard leads
The normal electrocardiogram consists of a series of de-
flextons named after the letters of the alphabet, P, O, R S, 7,
and U Pisassociated with excitattonn the auricles, Q, R,and
S with the rapid spread of excitation to all the muscle fibres
of the ventricles, and T with the gradual subsidence of
the state of excitation 1 the ventricles The significance of
U 1s still undetermined Thus, the first rapid ventricular
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deflexton marks the beginning, and 7 the end of ventricular
systole

There 1s 2 wide range of vatiation between electrocardio-
grams from different normal subjects (Fig 47), but alf have

certain features 1 common, namely, the time-relations of
the different deflextons and their form In health the tume n-
terval between the commencement of auricular systole and
ventricular systole, as represented by the interval between the
commencement of P and the commencement of the first rapid
ventrycular deflexion, 1s never greater than 0 2 sec Similarly

the tme taken by the excitation wave to activate all the
muscle fibres of the ventricles, as represented by the mtial
group of rapid ventricular deflexions, *the QRS complex , 15
never greater than 0 1 sec In normal records, n the standard

leads I and II, P and T are always positive, though m lead

111 they may be negative

AURICULAR FIBRILLATION

Faradic stmulation of the exposed auricle of a dog brings
the normal cardiac mechanism to a standstll co ordinated
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auricular contraction ceases and 1s replaced by famnt quiver-
mg movements wvolving small 1solated groups of musele
fibres m the quiescent auncular wall Thus we call auncular
fibrillation At the same time the ventncular rate becomes
much more rapid and its rthythm completely uregular

In the normal beart the ‘pace-maker’ (the smo-auncular
node) generates shythnue stmult in an orderdy manner, ata
rate of about 70 per minute, and each stimulus causes con-
traction first of the aunicles and fater of the ventricles In
auncular fibnllavon, the nosmal pace-maker 15 out of action,
there 15 no co-ordinated contraction of the auncles, and
stimuh are showered upon the ventneles at a rate winch may
be as hagh as 500, or more, per mnute It s impossible for the
ventricle to contract in response to all these stmub, but its
rate may mcrease up to abowt 180 per munute, winle is
thythm becomes completely wregular Consequently, from
time to Hme, tw o beats follow each other in rapid succession
When this happens, the venincle contrasts before 1t has had
time to fill with blood Such beats are unpreductive on ac-
count of the small output of the heart, and only a very feeble
pulse-wave, or it may be no pulse-wave at all, reaches the
penphery Thus the heart-rate, as counted with the stetho-
scope at the apex, 1s faster than the pulse-rate at the wnst
the difference between the two counts 1s called the “pulse
defiet’ The larger the number of unproductive beats, the
greater 1s the pulse defient, and the more useless work 18 the
ventsicle requited to perform It 15 merely tinng stself out to
[o purpose

Students are apt to get the impression that the feeble pulse-
beats, felt at the wrst, are due to meomplete contraction of
the ventricle That 1s not so, they are due to incomplete fill
g of the ventricle duning diastole

Ogne of the hypotheses suggested toaccount for the mechan-
s of fibrilation s based on the expenimental observations of
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Mines (1913) who showed that, when a ning of muscular tissue
1s stimulated by a single induction shock, one of two things
may happen Generally, a wave of contraction starts on
either side of the pomt stmulated (Fig 48a) The two waves
travel 1n opposite directions and, when they meet on the far
side of the ring (Fig 485), each 1s brought to a standstill, since
the muscle n front of each advancing wave has recently con-
tracted and 1s, for the time bemg, incapable of responding
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Fic 48 Dragram to ufustrate circus movement
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to a second stimnlus Occaswonally, however, one wave fails
to start (Fig 48c) The other then completes the crrcut of the
entire ring (Fig 484) and on reachmg 1ts starting-pomt, finds
the muscle fully recovered from the previous contraction and
5o 15 able to continue to travel round and round the ring
mdefinitely To this phenomenon Mines gave the name
“ctrcus movement’

Garrey (1914) working wndependently in America o0b-
served the same phenomenon and suggested that this mught
be the mechantsm underlymg auricular fibnilation, a sugges-
tion which some exght years later was confirmed by the work
of Lewss and his associates at University College

If, at any time, the curculating wave finds the muscle
front of 1t still refractory (te incapable of responding to
stimulation), st will be brought to a standstill, and the normal
pace-maker will have a chance to reassert stself Ths would
happen if the refractory pertod were prolonged, and 15 what
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we are attempting to achieve when we prescribe quimdine
Unfortunately quimdine also slows the rate at which the wave
15 travelimg, so that, m spite of the prolonged sefractory
peniod, the muscle may still have time to recoves before the
wave completes the cireurt Whether treatment 15 or 68 nat
successful depends on which of these two actions pre-
domumates
Digstalis, the drug which we generally use in the treatment
of auncular fibnllation, has quite a different action trom
qunidme The benefical effects produced by digitalbis in jhe
treatment of dropsy were first described by the great Bir.
mngham physician Willlam Wahering, m 1785 So uccornte
were his observations, that it would be hard to mprove upm
the masterly description that he gave more than 150 yenrs spo,
Digtalis does not stop fibrillation, 3t merely preventy s
of the «timub from the auricle reaching the ventricle s s
slows the ventricular rate The two sphygmogramssn #ip 49
were taken, the one before, and the other after, treatment with
digitalis In the first record many of the beats are of very
small amplitude, sn the second record all but one of gy
small, unproductive, beats have been ehmmated
These two drugs differ 1n another way Quunichne sy tipitly
chminated from the body, so m order to produce g fuff
therapeutic effect we must give repeated doses af shisy g 5,
vals of time in practice we give 1t two-haurly [hpsy oy, 4,
the other hand 15 « cumulative drug, that s {o A gt 140
of clearance from the bady 1s extremely slow, s 1, 115414
procedure 15 to start with one geain of the povider e ot
two or three imes 1 day With thus dose the fuyf )Iu‘up tfe
effect will no¢ be odtained for several days, but 4§ “b il
be no danger of producing 1OXIC symptoma [y 4y opiony of
cases when the patient s cOndilion 1s 50 graye ¢, .4 rag st
of action 15 cssential much larger doses may £ /

¥
Hrag bt

under such circurnstances in order 10 avoid oyey..d, : i ;
5 1om “ o fresss
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cumulative action, one must be sure that the patient has not
taken any digitalis for the previous two or three weeks In
cases of urgency, we give the drug mntravenously, i the form
of digoxin (1 0 mgm)

It 15 important to remember that there 1s a wide range of
variation between different individuals in therr tolerance for

m vy 1 143 ll;"’

L NN W W Y

FIG 49 Sphygmograms from a case of auricular fibrillation Upper

record before treatment showing complete trregulanty and a large

number of very small pulse waves (marked with arrows) Lower

record after treatment with digitalis showing greater uniformuty in

rhythm and form of pulse most of the small ineffective beats having

been eltrinated
certain drugs Clark (1939) states that, 1n the case of digitalss,
this probably amounts to at least 400 per cent Thus a dose
which 15 msufficient to produce benefit in one patient may
prove toxic to another who 1s unusually susceptible For that
reason, when using powerful drugs, 1t 1s always advisable to
proceed with caution, starting with a moderate dose and 1n-
creasing 1t gradually
With all drugs there are certam well defined boundaries to
the region 1n which we work—the ‘ therapeutic range’ If we
transgress the upper himit, toxic symptoms develop while,
if we are too famt-hearted we may fail to reach the lower
It In my experience, when prescribing digitahs, the latter
1s the more common mmistake
When the patient 1s fully digitalized, only a maintenance

dose (1¢ a dose sufficient to balance the amount eliminated
or destroyed mn the body) will be required An excessive
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mamtenance dose given oter a long pertod 15 the most com
mon cause of digitalis poisoning

Closely related to auncular fibullation s the condition
known as Auncular Flutter Thss disorder also 1s behieved

5 O e e R

W e s v

o ey

L AN R ’ —
FaaatVa alPa LIV TN S
Fre 30 Electrocard ogram show g auricular

flutter n hchthe lzlock 5 for the most part
1

R__®R_B R__R _R_R_R

R

VVRAAL A A AR LA AL smiA \’\N‘*“*

Fic 51 Auncular flutter  tha vary nz entnicular sesponse

to be due to circus movement 1n the auricle but the exaita
tron wave crrculates at a much slower rate than wn fibrillation
generally in the neighbourhood of 250-300 per mimnute and
co ordinated contraction of the auricle occurs In most un
treated cases of flutter the ventricle responds to every second
auncular impulse so that the heart rate 5s in the nesehbour
hood of 125-150 The degree of block at the junctional tissues
may be mncreased by digitabis to 4 1 mstead of 2 1 (Fig 50)
gving 1 pulse rate of about 60-75 per minute with a corre
sponding merease 1 cardiac efficiency Sometimes the pulse

n flutter 1 wregular owing to a virying degree of AV block
(Fig 51
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SINUS ARRHYTHMIA
This (Fig 52) 1s the commonest type of irregular heart
action It 1s not pathological In the experimental animal
vagal sumulation slows the rate of ympulse production
the S-A node The vagus 1s concerned also with the reflex
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FiG 52 Electrocardiogram Lead I1 showing stnus arrhythma

control of respiration and, m healthy children and young
people, 1t 1s not uncommon to find that the heart-rate siows
during expiration and quickens during mspiration This
phasic type of vaniation may persist in Jater life and then, 1
my experience, 1s not infrequently associated with a tendency
to famnting

EXTRA-3YSTOLE

Stumulation of the exposed ventricle by a single mduction
shock guves rise to what physiologists call a ‘forced beat’
This beat 1s independent of the rhythmic sequence of con-
tractions 1n response to stinul coming from the $-A node
The same thing occurs spontaneously mn man These pre-
mature beats are commonly known as ‘extra-systoles” It1s
a musleading term, because 1t 1s only occastonally that they
are actually supernumerary In most cases the premature beat
15 followed by a prolonged diastole, so that the combmed
duration of the cycles preceding and following the premature
beat 15 equal to two normal cycles

InFug 53 the first three cycles are normal, auricular systole
being followed by ventricular systole, but the fourth ventrt-
cular complex 1s premature, It OCCUTS 1m response to a stimu-
lus mtiated by the ventricle, not by the S-A node, and 18
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comparable to a forced beat produced by stimulating the
ventnicle The ventricular complex of this premature beat
differs from that of the normal beats in the prolonged duration
of the tmtial ventnicular deflexion (R ) Thisis due to the fact
that the ventricle which imitiates the premature beat contracts

W e

Flc 53 k showing extra systole
(V Ex) The diagram illustrates the sequence of auncular (Aur )
and ventneular (Ven ) contractions The fourth auncular complex
(P) appears as a notch 1n the T wave of the extra systole
R = normal beat 3 extra systole

Ex Ex £x

B

Fic 54 Radul sphygmograms showing normal rhythm inter
rupted by extra systoles (Ex}

mmmediately, but, 1 order to reach the other ventricle, the
stimulus has to spread either through the septum or up one
branch of the bundle and down the other, thus excitation 1s
delayed The rhythmic auncular impulse (£, Fig 53) which
follows the premature beat reaches the ventricle while 1t 1s
still refractory and 1t 15 not untl the succeeding rhythmic
umpulse arnves that the ventricle again contracts, hence the
‘compensatory pause’

The more premature the extra systole, the shorter 15 the
preceding diastole Consequently ventricular filling 1s defec-
tve and only a very feeble pulse wave, or 1t may be no pulse-
wave at all, reaches the periphery (Fig 54) Conversely,
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during the prolonged diastole following an extra-systole, the
ventricle 1s over-filled and the pulse-beat following the pause

Fig 55 Synchr: Tectr and carotid sph; toshow
1 Normal beat.
2 Small volume of beat due to extra systole (Ex)
3 Large volume of beat following extra-systole

E—

Fic 56 Electr showing sup: extra-
systoles (Ex) 1n which the ventricular complex 1s shghtly
aberrant

is of mcreased amphtude (Fig 55) The patient may be con-
scious of this thumping beat or of the pause precedmg 1t
One of my patients, m whom every fourth beat was pre-
mature, compared the sensation to being 1n a rowng-boat
in a rough sea, He felt as if he were bemng suddenly lifted up
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on the crest of a wave and then, just as the boat righted 1tself,
st struck another wave and shot up agan Clinically, an
intermussion 1 the pulse due to an extra-systole can be
recogmized on auscultation, for, during the intermission, the

Aur
v .
Fic 57 Two electrocardiograms from the same case
The upper record shows normal rhythm the lower
record part of a paroxysm of nodal tachycardia
Aur  auncularsystole Ven — ventricular systole
sounds of the premature beat are heard, followng closely
upon those of the preceding normal beat
When the premature beat 15 imtiated not by the ventricle
but by the auricle, the impulse reaches the ventricle through
the normal channels, and consequently the ventricular com-
plex n the electrocardiogram 1s of the normal form (Fig 56)
Not infrequently the stmulus which mtiates an extra-
systole arises In the A-V node It then spreads upwards to
the auricle and downwards to the ventricle (Fig 57), reaching
the two chambers almost simultaneously, but when the ven-
tricle contracts, the tricuspid valve closes and the auricle,
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being unable to empty 1tself into the ventrcle, drives some
of the blood back into the vemns of the neck Forcible venous
pulsation 1n the neck, due to this cause, 1s sometimes a
troublesome symptom m a conditton to which I shall now
refer—* Paroxysmal Tachycardia’
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Fic 58 El Fig 59

(a) single extra systoles (5) groups of extra systoles
(c) part of paroxysm of tachycardia W — Normal
beat [J— Extra systole

atient
t and
e Jast
d of

The three records m Fig 58 were taken from a p
with nodal extra-systoles In the first record (), the firs
third cyeles are each followed by an extra systole but th
three cycles are normal In the second record (), instea
a single premature beat following the normal cycle, ther€ r°
groups of three or four premature beats occurrng In rapid
succession The third record (), which was taken 2 few
munutes later, consists of a long series of premature beats
without any mtervening normal cycles It 15 what we Cﬂ"h“
“paroxysm of tachycardia’ These three records llustrate he
relationship of extra-systoles to paroxysmal tachycardsa
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Fig 59 1s a sphygmogram showing a short paroxysm of
tachycardia preceded by a spell of irregular heart action, due

to multiple extra systoles, and followed by a run of normal
rhythm

1 ! 1
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Fic 59 Sphygmogram showing short paroxysm of tachycardia

Paroxysms of tachycardia occur quite independently of
exertion or any other obvious provoking cause, and are

characterized by the abrupt onset and termination of the
tachycardia

HEART-BLOCK

In 1883 Gaskell, a great physiologist who sl fectyred 1
us at Cambridge when I was an undergraduate, sho ) o
perimentally the tortosse that, by vagal Sllmu’1a . wed ex-
compression of the tissues joming the auricle and v on, clr by
15 possible to delay, or to prevent, the passage of st entricle, 1t
the one chamber to the other SUbseq“m!ly Erla imult from
in whose laboratory I had the privilege 1o Wcrkﬂger (1905),
was able to produce varying grades of Beart by in 1923-4,
clamping the A-V bundle ock m dogs by

Fig 60 1s a sphygmogram from 5

The Eulse 1s intermuttent, that 1s to SE;“‘;':(;Vlth heart-block
1s from tume to time interrupted by o ommant rhythm
B 108 N Pause of twice the
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normal length, but unlike the intermission due to an extra-
systole, no heart-sounds are audible during the pause, for
the ventricle has failed to contract

The mechanism of heart-block s clearly shawn by the
‘electrocardlogram (Fig 61) Inthe first cycle the P-Rinterval
(as mdicated by the hine under the record) 1s less than 0 2 sec ,

Fic 60 Sph: showing pulse due to partral heart
block with dropped beats
F 4 R R R
P P I P P P

o e e e
e
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Fic 61 Electrocardiogram Lead II from a case of partral heart block

with dropped beats Lines under record mdicate duration of P-Rnterval
m the second cycle 1t 15 almost 0 3 sec , while the third 1m-
pulse leads to contraction of the auricle, as shown by the
deflexion B, but fails to reach the ventricle This sequence of
events 1s repeated 1n the next three cycles A record such as
this gives a remarkably vivid picture of what 1s taking place
within the heart The sertes of impulses passing from auricle
to ventricle 1s like a convoy of wagons crossing a muddy
field, each wagon makes the ruts deeper, the going becomes
heavier and heavier, until eventually the track 1s no longer
passable, and the next wagon has to wait for 1t to be repaired

In *Complete Dissociation’ (Fig 62), none of the auricular
mmpulses succeed In passing the junctional tissues and the
ventricle beats with a rhythm of 1ts own which bears no rela-
tion to that of the auricles Such an ‘1dio-ventricular thythm®
can generally be recogmized chimcally by 1ats slow rate 1t1s
generally under 40 per minute and sometimes under 30
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When the block 1s situated, not between auricle and ven-
tricle, but distal to the A~V node, n one of the branches of
the bundle of His, the excitation wave has to travel down the

Arm M N N RN n
Ven T [ ] - ||

FI6 62 Electrocardiogram showing complete aunculo ventricular
dissociation
In diagram Aur = auncular Ven - ventricular systole
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FiG 63 (a) Normal record (5) Bundle branch block Note spreading and
notching of QRS complex The notching is due to asynchronous excitation 1n the
two ventricles
normal branch of the bundle and through the muscular tissue
of the septum 1n order to reach the affected ventricle Thus
excitation 1s delayed, as shown by the increased duration of
the QRS complex 1n the electrocardiogram, which resembles
that of a ventricular extra-systole The two records m Fig
63 were taken from the same patient the first shows normal

complexes and the second ‘bundle branch block”
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CHAPTER VI
HEART FAILURE

HE term ‘Circulatory Faitlure' 1s generally understood

to signify a condition 1n which the output of the heart

1s not sufficient to meet the requirements of the body,
even at rest This may be the result either of damage to the
heart which renders 1t mechanically incapable of maintaining
1ts output, or of deficient venous filing When the venous
return to the heart 1s reduced, owng to stagnation of blood
1 the capillary area, as i shock, we speak of the condition
as “pernipheral failure’, the term ‘heart failure’ being reserved
for those cases 1n which the heart stself 1s at fault

Heart failure 15 not synonymous with a reduction in cardiac
output, 1t represents rather a defictt n the balance between
supply and demand The requrements of the body vary
greatly in different conditions In thyrotoxicosts, for example,
the increased metabolism makes a greatly increased demand
upon the heart and heart failure may appear even when the
cardiac output 1s well above the average normal figure
Exercise tolerance The healthy heart 1s able not merely to

satisfy the requirements of the body at rest, but greatly to
mcrease its output to meet the additional demand for oxygen
of the active muscles during physical exertion Its capacity to
do so1s called the *cardiac reserve’ The athlete ncreases his
reserve by traiming, whereas the person who leads a sedentary
hfe has a reduced reserve through being ‘out of traming’
Thus the tolerance for exercise 1s a measure of the cardiac
reserve, and the most rehable guide to a patient’s exercise
tolerance 1s an accurate chimical history I always ask recruits
for the Services, ‘Do you play games?” “What 1s the nature
of your work?” and ‘Do you believe yourself to be perfectly
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fit?”, for, of a man plays football every week-end or if he
can follow an occupation mvolving severe physical exertion,
there cannot be much wrong with his heart Physical effi-
ciency tests (see p 55) are only necessary 1 exceptional
circumstances

Limitation of the tolerance for exercise 15 not atways due
to disease of the heart or lungs, 1t also occurs 1n nevrovireu-
latory asthemia (see p 4)

We are accustomed to think of people as exther fit o unfit,
but there are many degrees of fitness, healthy people vary
greatly in their capacity for physical exertion, some are robust
and athletie, others are only suited to a more sedentary mode
of fife A random sample of the population yselds a serses of
types mtermediate between the athlete and the patient with
heart disease, the athlete 15 at the top of the ladder, the
patient with fieart fafure at the bottom, most of us get about
haif way up, by traimng we can mount a few steps hugher, but
if we neglect our health we drop down lower

In addition to vanations due to physique, there are the
himitations unposed by age Men in the sixties ofien wrongly
mmagme that they are suffermg from heart disease, because
they find that they are breathless when they attempt to do
things which previously they could accomplish with ease
They fail to realize that thewr symptoms are due, not to dis
ease, but merely to advancing years Thus nightly to assess
mmparment of the cardiac reserve produced by disease,
numerous factors such as age, habits, and mode of hfe must
ali be taken nto account, for each of these takes its toll before
disease steps in One must compare the ndwidual patient,
not with an arbitrary fixed standard, but with the standard
which he himgelf has set up, as mdicated by the mode of hfe
he had been accustomed to lead, prior to lus iliness ‘Was 1t

actve or sedentary? Is he no longer able to do what he did

prewously?
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Cerebral anaemia resulting from a reduced cardiac output

may cause fatigue and lassitude, but the most sigmficant

mamfestations of impending heart failure are dyspnoea and
pan

Dyspnoea In Fig 64, 1 have represented the relation of

pulmonary ventilation to physical work N 1s the curve of the

Normal Basal Level

—_» Ventilation

—TWork

Fi¢ 64 Diagram to yllustrate relation of
pulmonary ventilation to physical work

N =normal subject € cardiac patient

normal subject 1t does not start from the base line, because,
even at rest, oxygen 1s required to meet the basal requirements
of the body Physical work makes a further demand on the
pulmonary ventilation, which increases, at first slowly, and
then more rapidly, until eventually the subject becomes con-
scious that he has to make an effort to get his breath This we
call “dyspnoea” or laboured breathing In the corresponding
curve C from the patient with heart disease, since the basal
requirements are greater than n health, the curve starts at a
higher level, 1t rises more steeply and reaches the threshold
of dyspnoea earlier than that of the healthy individual But
there 15 another factor which must be taken 1nto account
assessing subjective symptoms such as dyspnoea, namely, the
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nervous threshoid Some people become conscrous of dis-
comfort earlier than others In highly strung, as opposed to
phlegmatic individuals, the threshold of dy spnoea 1s lowered,
whether the heart be diseased or healthy

Pulmonary ventilation 1s controlled by the respiratory
centre whichas affected by both nervous and chemieal strmuls
In patients with heart disease the former, but in healthy
indwviduals the latter, play the more mportant part The
nervous stimult may be vagal reflexes from the congested
lungs, or may come directly from the higher centres of the
bram the chemical control of respiration depends on the
varation m the hydrogen-ion concentration of the blood

The actual process of muscular contraction 1s anaerobic,
and depends on the conversion of glycogen nto lactic acid
with the liberation of energy This 1s followed by what is
called the ‘recovery phase’, during which Jactic acid 15 dis-
posed of, partly by oxidation to carbon droxide and partly
by reconverston into glycogen During exercise, the contrac-
tion and recovery processes take place concurrently, and so
long as the removal of lactic acid keeps pace with 1ts produc-
tion, an equiltbrium 1s established and exercise can proceed
As soon, however, as the oxygen-supply becomes inadequate
to provide for oxidation of the lactic acid, this substance
accumulates m the tissues and, as A 'V Hill and Lupton
(1922-3) expressed 1t, the body ‘goes 1nto debt’ for oxygen
The panting which follows the cessatton of exereise 15 neces-
sary to pay off this debt, by supplyng sufficient oxygen to
provide for the removal of the lactic acid which has accumu-
Jated 1n the body during exercise In patients with heart
disease, however, the most important factorin the production
of dyspnoea 1s pulmonary congestton This reduces the vital
capacity of the lungs and the tolerance for exercise

Paroxysmal dysprioea Sometimes dyspnoea occurs spon-
tancously, apart from exertton, and may even wake the
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patient from sleep This 1s known as ‘ Paroxysmal Dyspnoea’
or ‘Cardiac Asthma’, and 1s due to sudden congestion 1n the
pulmonary circuit, which 1s recognized clmuically by the pre-
sence of moist sounds at the pulmonary bases and radio-
logically by increased density of the vascular shadows in the
Iungs This type of dyspnoea 1s Liable to occur 1n patients 1n
whom failure of theleft ventricle1s associated with a normally
acting right ventricle, while the latter maintains the input of
blood to the lungs, the former 1s unable to keep pace and
pass the blood on to the systemic circuit In most cases of
heart failure both nght and left ventricles are mvolved, but,
when there 1s systemic hypertenston or a leston of the aortic
valve, the stram falls primanly on the left ventricle

Dyspnoea unrelated to exertron may occur in patients
with uraemia or diabetes owing to a disturbance of the acid-
base balance

Patients often say that they are ‘short of breath’, when
what they really mean 1s that they find 1t difficult to take a
full breath, or as they sometimes express 1t ‘to get to the
bottom of their breath’ In such cases the patient may be
observed to sigh for no apparent reason This irregular sigh-
Ing type of respiration 1s a manifestation not of heart disease
but of general nervous exhaustion It 1s much more common
in women than i men and 1s especially prone to occur in
those of a highly strung nervous temperament The mcidence
of this symptom has, 1n my experience, greatly mcreased n
recent years, presumably owing to the prolonged strain of
the conditions under which we have been living during and
since the war

Vital capacity During quiet respiration about 0 5 1 of arr
passes to and fro through the larynx at each breath This
1s called the ‘tidal air” At the end of expiration the chest
still contains about 30 1 of air Half this—the ‘reserve’

or ‘supplemental air’—can be expelled by a forced deep
B1os o
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expiration, but the other half—the ‘restdual air’—remains in
the lungs Conversely a forced deep nspiration will increase
the amount of arr taken mto the lungs by about 151 This
15 called ‘complemental air® The sum of the reserve, com-
plemental, and tidal air 1s called the * Vital Capacity® of the
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Fi6 65 Dragram to sllustrate components of vital capacity

lungs and 1s the volume of air expelled by the deepest possible
exprration following the deepest possible inspiration (Fig 65)

Chinically, estimation of the vital capacity 1s of value not
only m respiratory but also 1n cardiovascular disease, for
pulmonary congestion, due erther to back pressure m mitral
stenosis or to failure of the left ventricle to empty the lungs,
reduces both the alveolar volume and the pulmonary dis-
tensibility Thus vanations observed mn serial estimations of
vital capacity indicate an mcrease or a decrease n pulmonary
congestion

As 1n all such tests, 1t 1s essential to obtamn the ntelligent
co-operation of the patent, for, unless he fills and empties
tus lungs as completely as possible, a fallacious reading will
be obtaned

CONGESTIVE HEART FAILURE

When the output of the nght ventricle fails to keep pace
with the venous inflow, the venous pressure rises, and we
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say that the patent 1s suffering from ‘Congestive Heart
Failure’

For research purposes the venous pressure 16 measured by
troducing into a vem a cannula connected {0 2 manometer,
or by cathetenization of the nght auncle Clincally, we recog-
mize ratsed venous pressure by engorgement of the vews
the neck The normal venous pressure 1s so low that the veins
m the neck coltapse if the head and shoulders be raed
shightly above the level of the night auricle, but, in congestive
heart faslure, they remam engorged even when the patient
sits up As the pressure in the right aunicle rises, the cardiac
output sncreases 1t accordance with Starhag’s law, but there
1s 2 it to the pressure the auricle can cope with and, once
the maximal output has been attained, a further nise in venous
pressure leads to a dumrushed cardiac output It 15 at this
stage that venesection 1s beneficial and conversely, transfusion
dangerous, since 1t adds sull further to the venous pressure

Other chimical mamifestations of congestive heart failure
are enlargement of the liver, oedema, and ascites The liver
18 very sensitive to a rise in venous pressure and enlargement
18 easily detected by palpation

Pure mght-ventnicular farlure 15 generally secondary to
chrome pulmonary disease or to obstructive lesions i the
smaller pulmonary vessels and, in the absence of associated
left-sided fatlure, does not give nse to dyspnoea, since there
18 no pulmonary congestion In patients with mitral stenosts,
an the other hand, breathlessness is the presenting symptom
This 15 due not to left heart faure but to back pressure on
the lungs, producing pulmonary congestion

Oedema Tn congestive heart faslure, sfowmg of the circula-
tion ate results 1 captfary stasis and malnutnitton of the
capillary walls, while back pressure from venous engorge-
ment causes a nise n capilary pressure Thys feads to exuda-
tion of flurd from the capstiaries into the subcutaneous ussues
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There 15, however, anather very important factor i the pro
duction of cardiac oedema, namely, salt retention, due tc
renal imparrment, resulting probably from venous engorge
ment, Reaser and Burch (1946) have shown that a norma
subject can excrete very much more radio-active sodim thar
a patient with congestive heart failure Salt restriction 1s
accordingly a primary consideration in the treatment of these
cases

Oedema occurs 1n assoctation with many conditions other
than heart disease, of which the most common 1s nephritis
Cardiac and renal oedema differ m their distribution In
cardtac cases the distribution of the oedema 15 determmed
by gravity and consequently 1t appears first 1n the dependent
parts of the body (1 ¢ 1n the feet and ankles 1 patients who
are up and about, but 1n the lumbo-sacral region and 1n the
back of the thighs 1n patients who are bedridden) 1t 1s more
pronounced in the evening and, at first, 1s noticed only
when the patient has been on his feet all day, disappeaning
by morning, after the night’s rest By contrast, renal oedema
may be more conspicuous on rising in the morming and tends
to be more generalized i 1its distribution

The body 1s capable of retaining a considerable volume of
fluid 10 the tissues before oedema becomes apparent Con-
versely, the disappearance of oedema does not signify that all
the surplus flid has been elmmated This 15 clearly shown
by a record of the patient’s weight

Cyanosts When the circulation rate 1s reduced, the blood
travels more slowly through the capillaries and the utilization
of oxygen by the tissues 1s correspondingly mcreased Hence
there 15 a higher percentage of reduced haemoglobn in the
capillary blood and this first manifests itself by blueness of
the lips

i vatro the normal blood, completely saturated, contains
20 volumes per cent of oxveen (te a Itre of blood will take
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up 200 ml of oxygen), but, m passing through the lungs, 1t
only gets saturated to the extent of about 19 volumes per
cent Normal artensal blood 1s therefore 1 volume per cent
unsaturated A further 5 volumes per cent of oxygen is re-
moved in the capillaries Hence the venous blood 1s 6 volumes
per cent unsaturated We may take the mean desaturation
value of the capiffary blood as equal to 3 5 volumes per cent
(3¢ midway between the value of artersal and venous de-
saturation) Lundsgaard (1919) has shown that cyanosts
appears when the capillary blood contans 5 gm of reduced
haemoglobin per 100 ml , that 1s to say when 115 6 7 volumes
per cent unsaturated, since each gramme of haemoglobin
combuaes with 1 34 ml of oxygen

Apart from wmncreased utiization of oxygen wn the tissues,
cyanosis may result from defective oxygenauon of the blood
1n the fungs, as 1n emphysema, or from shunting of the bload
from the night to the left heart either directly, as 1n cestamn
congenital heart lesions (sce p 110), or indwrectly by passing
through unaerated lung tissue, as m pneumonia

Obviously 1t 1s only when cyanosis 15 due to defective
oxygenation of the blood m the fungs, that we can hope to
achieve much by oxygen therapy, since, m cyanosis due to
other causes, the artersal blood leaving the lungs 15 already
fully saturated with oxygen

MYOCARDIAL ISCHAEMIA

When the output of the heart 15 msufficient to meet the
oXygen requirements of the body as a whole, lactic acid ac-
cumulates i the tissues and the patient becomes short of
breath, but when the defective blood-supply affects an sso-
lated group of muscles the presenting symptom 1s not
breathlessness but pan

MacWilliam and Webster (1923) showed that 1f a tourn-
quet be applied to one arm and the subject be told to clench
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bath fists repeatedly, pamn soon develops 1 the muscles of
the forearm on the affected side and makes further movement
of the fingers of that hand impossible

Similarly, when the lumen of the arteries of the lower Itmbs
18 narrowed by disease and they become like corroded pipes,
the blood-supply to the muscles ts curtatled, and the patent
develops what 1s known as *intermitient claudication”, after
walking a short distance he 1s pulled up by cramp m the calf
muscles, if he walks on the pan becomes more severe, but 1f
he stops and rests it soon passes off and he 1s able to walk
another short distance before the pam recurs Likewise, when
the blood-supply to the heart-muscle 1s reduced by coronary
obstruction, the patient’s activities are limited by pamn in the
chest—‘angina pectoris’

‘Angina of effort’ 1s strictly analogous to intermittent
claudicaton for, after walking a certain distance, the patient
complams of pain 1 the chest, which increases m seventy 1f
he persists, but passes off if he rests Less commeonly angmal
pain occurs at rest as the result of emotional stimul and,
sice this pain ts generally relteved by vasodilator drugs we
believe that 1t 15 due to muscular spasm of the coronary
arterses If, however, one of the coronary branches be com-
pletely occluded by a blood clot, the pain 15 not relieved by
restng, since the area of the heart wall supphed by the
affected branch ts permaneatly cut off from its blood-supply
and mnfarction results

Many patients who have suffered from angma of effort
ultimately die of coronary occlusion The two conditions are
clearly related and have a common pathology, namely coro-
nary atherosclerosts Gulchrist and Hall (1938) submitted a
series of patients suffering from angma of effort to an exercise
test of sufficient severity to induce a mild attack of pmn

They took electrocardiograms before and after exercise and
were able to show that, 10 most €ases, duning the process of
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recovery, the electrocardsogram exhibited a senes of 7-wave
changes stmilar to those seen following coronary occluston,
but, whereas m the Iatter these took days, weeks or even
months to develop, i ther patients they occurred m a matter
of minutes Simular observations have recently been recorded
by Paut Wood et a1 {1950) Morgan Jones and Wade {1949)
have produced electrocardiographic evidence that many
patients whose symptoms would suggest a diagnosis of an-
gina of effort, actually have a pre-existing cardiac nfarct

Myocardial sschaemia, however, may be produced by vari-
ous conditions other than coronary atherosclerosis—it may
be due to obstructson of the mouths of the coronary arienes
by syphilitic aottass, ot merely to low pressuren the coronary
circust The heart differs from all other organs of the body
in that s nutntion depends not on the systolic but on the
diastolic pressure Dutimg systole the blood 15 squeezed out
of the coronary vessels, and 1t 15 only during diastole that
1t can pass freely through them, hence 1t1s the diastohc pres-
sure which determines the effective filkng of the coronary
system In pattents with free aortic regurgitation the diastohc
pressure may be very low, hence these pauents are hable to
suffer from myocardial ischaemia and cardac pan - Likewise,
dunng a paroxysm of tachycardia, owing to the dunsmished
cardiac output, the coronary pressure may fall sufficiently to
produce myocardial ischaenua Lastly ischaemna of the myo-
cardm may be due to deficency of haemoglobin m the
bload stself and patients with severe anaema are hable to
suffer from anga, though there 1s reason to beheve that, m
such cases, the anaemia 1s merely an aggravating factor and
that the patient will not suffer from cardiac pain unless there
be associated coronary disease

The discovery that cardue pam s due to myocardial
sschaera has led to an unfortunate confusion of termuno-
logy Angna pectoris has long been recognized as a very
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important form of heart disease and was, at one time, re-
garded as a distinct chnrcal entity; but, if we apply the term
‘angma’ to pawn produced by ay of the various patholog:
cal processes which give rise to myocardsal ischagmua, 1t can
have no place 1n the aetiological classification of disease, 1t
1s merely a symptom For that reason I prefer to reserve the
time-honoured title of *angina’ for the disease due to coro-
nary atherosclerosis, which may mamfest stself erther by
angina of effort or by coronary occlusion, and not to apply
1t to the ather conditions 1n which cardiac pamn 1s merely a
symptom

MacWilham (1889) made another important observation
on this subject He showed that, in ammals, if the blood-
supply to the heart be reduced by clamping one of the coro-
nary arteries, the ventricles may fibrillate and, since ventr-
cular fibnllation brings the circulation to a standstill, the
ammal dses Probably that 1s the reason why patients with
angina pectons are so hable to sudden death, therr ventricles
fibrillate on slight pravocation, on account of the defective
blood-supply

The enormous demand which the coronary circulation may
be called upon to meet 1s shown by the observations of
A 'V Hill (1927) on tramed athietes He found that duning
severe physical exertion the output of the heart mught be ten
times what 1t 1s at rest, and he calculated that, to do this
amount of work, the oxygen consumption of the heart-
muscle alone must be as great as the total oxyges consump-
tion of the whole body at rest It 1s not surprising, therefore,
that any hmatation of the coronary blood-flow will produce
a corresponding hmitation of the cardiac reserve
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CHAPTER V11

THE AETIOLOGY OF HEART
DISEASE

HE facts and hypotheses upon which our present con-

ception of heart disease rests are based on clinical and

expenimental observations dating from Harvey's dis-
covery of the circulation of the blood These are the bricks
of which the edifice of cardsology 15 butlt, but st 1s the manner
m which the bricks are put together that gives a building 1ts
style and character to see its dfferent features 1n therr true
perspective we must stand back and view 1t from afar Simi
larly, i medicine, st s only with the lapse of tume that new
facts and hypotheses assume their right proporttons i the
clinical preture The young clhimician 1s apt to be carried away
by enthustasm for new * discoveries” regarding which his more
mature colleague prefers to keep an open mind

In the hfetime of the present generation the emphasis has
twice shifted from one aspect of diagnosis to another, wecan,
50 to speak, recognize three distinct schools of cardiac ‘archr-
tecture’ Up to the end of last century the archatect was a
morbtd anatomust, whose aim 1t was to elicit, at the bedside,
physical signs which would enable lim to diagnose 1 his
patients the structural lesions seen in the post-mortem room
The most obvious of such signs were heart-murmurs, hence
the umportance attached to lesions of the heart vafves
Just as Laennec's discavery of the stethoscope focused

attention on auscultation, so the sphygmograph and the
sphygmomanometer awakened interest 1n disorders of cardiac
function, and clinicians began to pay more attention (o symp-
toms and less to physical signs, the response of the heart to
effort became the measure of its efficiency James Mackenzie
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{sce p 74) was the great exponent of this school His central
theme was heart fadure By carefully following up the after-
istonses of his cases Mackenzie convinced humself that mur-
murs were of httle importance m prognosss, and that the
expectation of hfe was worst, not m patients with loud
musmurs, batin those who complamed of shortuess of breatlt
or pain 1 the chest on exertion, those whose pulses were
grossly wregular, and those who had oedema

Stace the First World War our viewpaut has again shufted
and, whereas for Mackenzie heart fadure was the central
Teature, we now believe that the underlying cause of the heart
farfure 15 ¢ven more importaat, for each actsological type of
heart disease has its own natural lustory and. consequently,
its own prognostic and therapeutic problems The sigmifi-
cance of structural lestons and of disorders of function, on
the other hand, 1s largely determined by the aeticlogrcal type
of heart disease with which they happen to be assocated

Take, for example, the relation of auricular fibnflation to
congestive heart faifure Machenzie showed that fibrillation
was often the cause, and not, as his predecessors beheved,
the result of heart fadure It therefore took precedence mn
Mackenzie’s view over alf other features, save the heart faiture
wself, because 1t was regarded, and nightly so, by him as the
precursor of that condition We now know that auricular
fibrillation may be merely a transient disorder In patients
with Graves disease, for example, when the thyrotoxicoss
1s controlled by subtotal thyrowdectomy, normal rhythm may
not only be restored, but permanently re estabished It 1s for
that Teason that the undettymg cause of th2 dsorder has
come to be regarded as even more important than the dis
order itself In Mackenzie’s day the diagosts would have
been ‘heart farlure resulting from auncular fibrillation’ now
s “ thyrotovic auncular fibrillation wath heast failure’ To
take another example, congestive heart farture, assoctated
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with an attack of bronchitis, may disappear when the bron-
chitis subsides, whereas that which develops mn the later
stages of cardio-aortic syphils 1s always progressive The
important feature 1 these circumstances 1s the bronchutis
or the syphulis, the heart failure 1s merely an episade 1n
the course of the disease, 1 the one case transient, m the
other ternunal

Heart disease may be either congenital or acquired the
fatter 55 due to various causes which may be classified 1n three
main groups—(1) inflammatory, (2) degenerative, (3) secon-
dary to disease elsewhere Neoplasms of the heart are ex-
tremely rare

In an eatlier chapter (p 4) I referred to the cardiac
neuroses and to neuro-circulatory asthema, with these we
are not concerned here, sice they are not due to disease of
the heart, though they may be associated with 1t

CONGENITAL HEART DISEASE

The foetal circulation During mtrauterine hie oxygenated
blood leaves the placenta through the umbrhcal vein, which
opens nto the left branch of the portal vem Most of this
blood, however, short-circunts the hver by passing through the
ductus venosus to the mfertor vena cava Of the blood-stream
entering the night atrium from this source, only about one-
quarter goes to the nght ventricle, the remaining three-
quarters bemng diverted by the valve of the ferior vena cava
through the foramen ovale to the left atrum (Fig 66), and
thence to the left ventricle and ascending aortd, to supply
chuefly the head, neck, and upper extremities The venous
blood returning to the night atnum by the superior vena
cava, on the other hand, follows the post-natal route and
enters the right ventricle but instead of gomng to the lungs,
which are still functionless, 1t 1 mostly diverted to the aorta
through the ductus artersosus to supply the trunk and lower
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extrenutes, some returnung to the placenta by the umbiical
arteries

Oxygenated blood from the placenta mixes i the mfertor
vena cava with venous blood from the trunk and lower
extremities, while blood m the aorta, distal to the ductus
*COARCTATION

FI6 66 Dsagram of foetal heart to slustrate
course of cuculation and common site of
coaretation of aorta

8¢ C ~ soperior vena cava {VC mfenor

venacava 4 =aorta D ductus arterjosus

P4 = pulmonary artery RA = night aterum

LA ~ ft atnum RV nght entnice

LV — left ventcle

artertosus, is further deoxygenated owwg to muxture with
venous blood from the head and upper extrermuies Henee,
in the foetus, the blood-supply to the trunk and Jower limbs
1 Tess hughly oxygenated than that to the head and upper
hmbs this accounts for the retarded development of the
Jower as copared with the npper parts of the body at birth
When the umbsfical cord is hgated, the lungs come to
action and the blood from the right ventricle that previausly
entered the ductus arteriosus ts aspirated to thelungs Finaily,
closure of the foramen ovafe and of the ductus completes
the transformation from foetal to post-natal condstions
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Congenital abnormalities in the heart may be due to defec-
tive or arrested development in early foetal Iife, to persistence
offoetal channels which normally cease to functionafter burth,
or occastonally to intra-uterine mfection, and recent work has
shown that rubella, contracted by the mother m the early
months of pregnancy, may give rise to congenttal cardiac
malformations mn the foetus

When gross congenital anomalies are present, survival
beyond imnfancy 1s rare There are, however, certatn lesser
defects, such as patency of the ductus artertosus, patency of
the atnal or ventricular septum, and coarctation of the aorta
which, although they throw an addittonal burden on the
heart, are compatible with the attainment of adult Iife, and
may for many years produce lttle or no disability Mere
curtostties, bike congental dextrocardia, do not affect the
expectation of Iife

Not mfrequently congenital defects are multiple, and this
may make exact anatonucal dagnosis extremely difficult

Cyanosis Some patients with congenttal heart disease are
cyanosed, others are not Cyanosis 1s an unfavourable sign
Two factors may contribute to is production—mpng of the
artertaland venous blood, and a deficient blood supply to the
lungs This 1s well illustrated by * Fallot's Tetralogy”, the most
common leston 1a *blue babies’, 1n which pulmonary stenosts
feads to hypertrophy of the right ventricle, and a right to left
shunt ss established through a defect in the ventricular septum,
the aorta overniding the septum and communicating with
both ventricles When there 1s a communication between the
(wo sides of the heart, the blood normally flows from left to

right, since the presspre 1 the systemc 1s higher than in the
pulmonary circut, and 1t 18 only when the pressure 1n the
right side 15 higher than 1 the left that the lungs are short-
crrcuited and the patient 1s cyanosed Estimation of the cir-
culation time helps to confirm the presence of a night to left
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shunt, for, when this exists, the arm-to-lung and arm-to-
tongue times are approximately equal, while normally the
latter 15 about double the former

The common types of shunt are a patent ductus arteriosus
or a patency in either the atral or the ventricular septum Itis
interesting to study the mechamical consequences of these
three lesions In the case of the patent ductus, some of the
blood from the aorta enters the pulmonary artery Hence the
blood-flow through the lungs 1s 1ncreased and the left ven-
tricle recerves more blood than the night ventricle Conversely,
1n the case of an atnal septal defect, part of the blood which
should have gone to the left ventnicle 15 diverted to the nght
atrum and the right ventricle 1s overfilled at the expense of
the left When the defect 15 1n the ventricular septum, the
night ventricle receives blood not only from the right atrium
but also from the left ventricle, but, since the whole output
of the nght ventricle goes to the lungs and 1s returned to the
left side of the heart, the left ventricle 1s overfilled to the
same extent as the nght Thus, 1f ¥ be the normal output of
the ventricle and S the blood-flow through the shunt, the
effect of these three lesions may be expressed as follows

Output
Right ventricle  Left ventricle
Patent ductus V-8 < V+S
Atnal septal defect V+S > V-s
Ventricular septal defect V+S = V+S

Cathetenization of the heart has proved helpful in distin-
guishing between these three types of shunt, the catheter
being rtroduced through a vem m the arm mto the superior
vena cava and pushed on, under fluoroscopic control, mnto
the night atrium, the night ventricle, and finally the pulmonary
artery This enables us to measure the oxygen saturation of
the blood 1n these varnious situations If the oxygen saturation
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ton first of the right and then of the left side of the heart and
Tecognition of abnormal commumications between them

ACQUIRED HEART DISEASE
INFLAMMATION

Rheumatic, syphihitic, and streptococcal infections are the
most important aetiological factors n this group, but peri-
carditis 15 sometimes tubercular, and acute lesions of the
myocardium may result from diphthena Other mfections
Play only a munor part 1n the production of heart discase

Acute rheumatic carditis may mvolve the myocardium, the
endocardium, and the pencardum, 1t often occursin associa-
tion with acute articular rheumatism or chorea but, mn
childhood, the heart rather than the joints may bear the brunt
of the mnfection and, when arucnlar and nervous symptoms
are yuinimal, the condition 1s apt to escape recognition, fever,
tachycardia, and anaernia bemg the only signs of infection

Valvular lesions are the most obvious manifestation in the
chronic stage of theumatic heart disease Where there 1s but
shight damage these may give nse to no symptoms, mutral
steniosis and aortic incompetence not nfrequently being dis-
covered 1n the course of a routine exammnation m patients
unaware of any disability or of previous rheumatic mfection
Heart lesions ndistinguishable from those due to rheumatic
mfection may follow scarlet fever

In cardio-aortic syplulis the site of election 1s the first part
of the aorta Although often the resulting aortitis produces
po disability and 1s only discovered at autopsy 1n a patient
who has died from some other disease, the mnfection may
spread towards the heart, producing mcompetence of the
aortic valve or obstruction of the mouths of the coronary
artenies, a lesion to which I referred 1 an earlier chapter
(p 103)as one of the causes of cardiac pain Aorfic incompe-

tence developing in a previously healthy middle-aged subject
B 1w Q
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1s generally syphiitic A sequel of syphilitic infection now
becommg less common, owing to more eflective anti-syphilitic
treatment, 1s aneurysm of the thoracic aorta

Chincally cardio-aortic syphilis remains latent for a fong
pertod and does not generally give rise to symptoms til ten
or more years after the primary infection, by which time the
damage 1s done hence treatment 15 essentially prophylactic
(1e treatment of the primary mfection)

The streptococcus vindans, a normal inhabuant of the
mouth, is responsible for most cases of subacute bacterial
endocarditis Prior to the introduction of penicilin, this was
the most tragic of all forms of heart disease, for 1t often
atfacked young adults and there was no known therapentic
agent capable of arresting its progress To-day, provided diag-
nosis be not unduly delayed, the infection can be controlled
1 mostcases, but unfortunately abouta third of these patients
die later from heart failure, which 1 some cases appears to
be due to the mechanical effects of a progressive valvular
stenosis A valve previously damaged by rheumatic infection,
or a congemtal malformation, 1s said to provide the most
favourable mdus for the streptococcus viridans, but it 1s a
curtous fact that the underlying lesion 15 generally of a trivial
nature I have never seen thus disease arise mn a patient with
heart fasture, and, 1n those with mutral lesions, a systolic
1s much commoner than a diastolic murmur This makes
one wonder whether the valve really was damaged prior to
its 1nvasion by streptococcus vindans, for rhewmatic infec-
tion generally produces stenosis

More acute types of bacteral endocardtis which run a
very rapid course may be due to a haemolytic sireptococcus,
the gonococcus, the pneumocaccus, or to other organisms
Paeumococcal endocarditis )s sarely diagnosed during hfe,

as the cardtac manfestations are overshadowed by those of

the associated pulmonary leston
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DEGENERATION

After the age of 40, heart disease 15 most often duc to
coronary atherosclerosss or to hypertension To the former
1 have afready referred (p 102) n connexion with angma
pectotss and coronary occlusion

High blood-pressure 15 a very common cause of il-heaith
sn the second half of ife Sometimes 1t 1s secondary tochronse
Bright’s disease or to other types of renal disease such as
pyelo nephntis, but frequently 1t appears (o arise spontane-
ously and 15 then called ‘essential Iypertension” We still
have much to leasn about this condtion, but the wark of
Goldblatt and hus colleagues (1934) suggests that it may be
due to renal wschaemia, which results i the secretion by the
damaged hidney of a vaso constrictor substance ‘renin”
Further research on animals by Wilson and Byrom (1941}
suggests that a victous arcle may be established, damage to
one kidney causing hypertension which 1 tuen, damages the
vessels of the other kidney caustug mcreased renal ischaemia,
and so leadwig to a further nise n blood-pressure

Fortunately essential hypertenston 1s a relatively bemgn
condition, many patients remaunng free from symptoms for
years after hypertension 1s first discovered Some ultimately
de from heart farlure, others from cerebral haemorrhage
*Malignant Iypertension’, 1 which the diastolic pressure
may be very ngh, runs a much more rapid course, usually
proving fatal within two years generally from renal fwlure
1t 15 probably merely a vanant of the benugn form, but tends
ta develop at a rather eather age and mamfests charactenstic
changes  the fundus occuls

‘SECONDARY" HEART DISEAST
In view of the close partnership between heart and Jungs
1t 15 not surprising that, n chronic pulmonary disorders such

as emphysema, the stramn on the night heart from mcreased
PR (%
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reststance 1n the pulmonary circutt should cause permanent
damage, producing the so-called ‘ cor pulimonale’, and tead-
ing ultimately to heart farlure

Thyrotoricoss, especially i older subjects, 1s often associ-
ated with auncular fibnilation and heart failure, i fact n
all cases of fibrillation which cannot be accounted for by
rheumatic or degenerative heart disease, the possibility of
thyrotoxicosis should be considered

Acute heart faiture with oedema due to vitamm B, defi-
ctency 1s occastonally seen mn chronic alcoholics and 1s similar
1 aetiology to the heart fadure of tropical beri-bert (Jones
and Bramwell (1939))

Patients suffering from profound anaenna may complamn
of dyspnoea, oedema of the fect, and palputation symptoms
which, especially when associated with a systolic murmur and
cardiac enlargement, are apt to lead to a mistaken dragnosis
of heart disease Many years ago Balfour (1882) applied the
term *curable mitral insufficiency” to ths condition

Whether the anginal pain of which patients with anaemia
somettmes complamn 1s entirely attributable to haemoglobmn
deficiency, or whether 1t occurs anly when there 1s associated
coronary disease, 1s sull sub judice
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