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In any consideration of coronary insufficiency it is
only natural that we should turn briefly to the early
history of the gtudy of the coronary arteries and coronary
disease. The first clear dcscription of the coronary
arteries as such, seems to be found in a work by Harvey,
"De Motu Cordis", first published in 1628 and here,
although Harvey was able to describe the vessels or cansals
he had not recognised their funciion in supplying the
nutrition of the heart muscle. It is to Heberdeglgowever,
that we have to turn for the first clear concise description
of the group of clinical symptoms associated with coronary
disease. In his book "¢he Cause and Cure of Disease"
published about 1789 he devotes a chapter to this condition
under the heading "Pector Dolié“. In considering his
observations we have to remind ourselves that they were
made nearly 200 years ago and yet for clarity of deseription
they comprise an amezing publication. e might even
remark that in some regpects little advance has been made
in elinical observation to-day, although our scope for
investigation both by the electrocardiograph and X Ray has
been considerably widened.

Heberden had noted the relationship betweeﬁ exertion
and the onset of pain "particularly if uphill" and even
the relationship of the pain to food. He had also

observed the disappearance of the pain with rest and its

1.



substernal and often epigastric character with radiation
to the arms. He had even observed how the pulse rate
was seldom increaéed during the attack, and had observed
aberrant forms of radiation such as into the right arm;
Wwhat of course he was unable to recognise was the onset of
coronary occlusion and his desgription of how ultimately
all "suddenly fall down and perish almost immediately™ -
" was to him only some severe form of this same malady. He
had noted even the extreme length and duration of the
symptoms in some cases and the association with emotion,
but he makes no final attempt to explain the condition
although an aortio cause isg suggested to him by Jenner, the
pathologist.

It seems that the relationship of coronary arter¥ '

: disease to the pain was discussed by Jenner and Hilliéf at
about this time, and it was Jenner who found ossified goronay
arteries in his great friend Hunter who had died during

an attack of angina, and who had suffered from angina
pectoris during his lifetime.

As early as 1799 rarry is found to give a clear
degeription of the coronary arteries as a cause of myo-
cardial ischaemia, and a littl‘e later Allan Bu.rns(,a ) the
Glasgow anatomist, in 1809 in & publication on disease

of the heart adopted the coronary artery theory of

Parry. (Levy).




In Europe about the middle of the nineteenth century
"Herzchwiele" or myocardial fibrosis was being freely
accepled as a common lesion particularly in Germany
(c{%heim, Welgert and‘zeigler) and this‘theory was later
revived by Mackenzie.

In Prance the end results of coronary occlusion were
being set forth in 1896 by Lir. Réne liare in a publication
- "L'Infarctus de Myocardie et gses consequances"” and we have
to wait for a clearer conception of these conditions until
the discovery of the electrocardiograph by Tinthoven in 1911.

Mackenzie(ﬁ)in his "pPrineiples of Diagnosis & Treatment
in Heart Disease", alludes to the exhaustion of muscle from
ingufficiency of blood supply as the possible cause of the
pain. He had noted the central origin of the pain and
attributed the sense of suffocation to a spasm of the
muscles of the chest wall.

It was not however till 1911 when Lewis published his
"Glinical Disorders" and later gtill in 1915 on the
publicatipn of his Dbook "Clinical Electrocardiography' that
the investigation of this condition could be said to be on
& sound basis.

‘Since the days of Heberden much work has been done on
this subject but we owe it to Heberden for'having put the
¢linical 3ata in its firgt collective form,

In consideration of this condition we have to admit
that the differential diagnosis of cardiac pain can be one
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of the most difficult we are likely to encounter in the

whole practice of medicine.

PAIHIIAYS 01?7 CARDIAC 3BErSIBILI.lY.
Before we commence any consideration of Coronary
conditions it is only natural that we should regard first
of all the mechanism whereby pain of cardiac origin is

conveyed to our consciousness.

iraSHVA1lIOH.

In the cardioaortic innervation we may say that we
have two separate nervous systems viz:- the vagal and the
sympathetic, both of which come into close contact at
various parts of their course, and in some parts actually
anastomose. A further anastomosis occurs between the
sympathetic fibres and certain somatic nerve fibres from
corresponding dermatomes entering the same sgg@enta3.levels.
Both systems, vagal and sympathetic,
are developed into a vast network of
fibres of penvascalar distribution
and accompany these blood vessels to
practically the whole head, neck,
thorax and abdomen. At special
localities and specified points each
system develops well defined nerve
strands, ganglia, and plexuses of
nerves with frequent anastomotic

branches between the two systems.

1 SiEafince” '
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The Cervical Trunk and G-anglla.

The upper part of the sympathetic supply to the heart
cornes off a bilateral longitudinal tract which has several
such ganglia along its length on each side and lies behind
the carotid sheath.

The thoracic ganglia are ten in number, but onl” the
upper four or five are concerned in the distribution of card
iac pain. These ganglia are united to the corresponding
spinal nerves on each side. Each nerve has a visceral
branch or white ramus Jjoining it to the corresponding
sympathetic ganglion, and a link of connection eorists
between the first and second thoracic nerves.

The Superior and Inferior

These act as strands for b t<itnal netv

transmission.of impulses between

the cervical sympathetic ganglia,

the cardiac plexus. The superior
nerve on each side anastomoses with e
the superior cardiac branch of the
vagus and with both laryngeal - Vol(i,nf S n't 1/
nerves.
The inferior or small sympathet e leaves

the inferior cervical ganglion on the left side and passes
behind the aorta but on the right it passes behind the
innominate artery anastomising on each side with the re-

current laryngeal nerve. Another nerve sometimes present
5.



is the fourth accegsory sympathetic cardiac nerve or the
‘"nerve of Valentine".

"white Rami".

Four or five white rami Jjoin the corresponding
thoracic ganglia to corresponding segments in the spinal
cord and these carry afferent fibres and efferent fibres
which enter the spinal root ganglia of the posterior
division of each thoracic nerve. \

An interesting fact is that no white rami exist
above the level of the lst thoracic sympathetic ganglia,
therefore all impulses above thig must first descend to
this level before éfossing into the cord.

A ﬁore recently discovered set of grey rami on each
gside travels from the cardiac and pulmonary plexus back
through the posterior mediastinuwa to the 2nd, 3rd and 4th

and occasionally 5th & 6th thoracic sympathetic ganglia.

Bfferent 3ympathetic.

of tne efferent sympathetic little is known except that
impulses pass via white rami to ganglia in the sympathetic
chain and from this chain new groups are formed communica-
ting wita pefipheral structures and visceral structures
(heart).

In the study of referred cardiac painwe find that
visceral afferent fibres from the heart and aorta are
brought into relationship with somatic afferent fibres at

the common entry i.e., the upper thoracic levels ag a rule
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TH3- - TH4 on the left side. These are the usual
derrnatones involved in cardiac pain, but occasionally
08 and tH5 are involved. In addition various uncommon
districts are also liable to be associated with the pain
and these will be described 1later.
The area of anterior dermatomic

segments from 0'3 to THé6 are shown in

red and these one might regard, as the
usual areas of referred anginal pain.
The .posterior aspect shows a similar arrangement.
These illustrations show the usual areas of cardiac
pain which is, as a general rule left

sided. They cover the cutaneous

surface of the posterior region

and are continuous with the - CAralit o
ventral aspect of the arm down

to the web between 4th % 5th

fingers including the ventral

area of the left finger.
Referred anginal pain stays
within this boundary but there

are notable excexotions. One
very interesting fact is that

on very few occasions does one

find the posterior aspect complained of as the seat of pain.



The usual areas are frequently the upper zone
supplied by the brachial plexus and upper cervical nerves
¢2, 63, ¢4 and ¢5, involving the surface of the upper chest
and shoulders and ¢6, 07, 8 involving the ventral outer
aspect of the arm.

T'he vagus consists of & large and extensive gystem of
which the cardioaorfic fibres are only a part. It seems
to be undecided whether the vagus nerve really does transmit
pain from the heart, and its chief function appears to Dbe
that of supervision and regulation of cardiac aotivity;
including the lungs and gastro intestinal tract. It has
been shown by surgery that severing of the sympathetic
nerve alone can be sufficient to abolish the pain in
some cases of angina.

The vagal innervation enters the cardioaortic plexus
and also connects with many other plexuses in the thorax.
The sympathetic and vagal systems have numerous inter-
connections and both systems are linked to many networks
in the thorax, neck and head, and in fact impulses from
them may be registered in almost any noncardiac plexus.

We may therefore assume that cardiac impulses are brought
into rélationship with oesophageal, laryngeal, pharyngeal ~ .«
thyroid and pulmonary plexus; mnot to mention the brain
itself. Anastomosis aleo occurs between ihe recurrent

laryngeal nerve and the ansa loop and between the superior
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cervical ganglion anid the Jugular and nodosal ganglion of
Vagus. When we consider the pomplexity oi relations exist-
ing between the cardiac plexus of nerves and the sympathetic
and vagal system with their widespread distribution; it is

not difficult to understand the magnitude ol the upset
resulting in some cases from anginal selzures. Then we
consider the relationship to different nerve plexus of spinal
origin it is eagier to understand why the pain tends to appear
in certain defined areag although the aberrant distribution

of pain is not always easy to understand.

Coronary Arteries.

fhe right and left coronary arteries arise from the
aortic sinuses immediately above the margin of the aortic
semilunar valves.

a

Left Goronary Artery.

fhe left coronary artery shortly after its origin gives
off the circumflex branch and then proceeds as the anterior
descending artery. this last named artery courses down the
anterior interventricular sulous to the apex around which it
passes into the posterior interventricular sulous and extends
upwards from a fourth to a third of the distance to The Dase
of the ventricles. Ocelusion of the branch vessels means .
infarction involving a varying amount of the anterior portion
of the left veniricle and adjacent interventricular seplum,
the apex, and such portions of lhe posterior apical aspect of

the left ventricle as are supplied by this artery.




The ¢ircumflex Branch.

This branch follows the coronary sulous for &
variable distance turning off to supply the left third
or half of the posterior portion of the basal 3/5ths
of the left ventricle.

The Right Goronary Artery.

Thig artery runs into the coronary sulous until it
reaches the posterior interventricular surface. Here it
gives off a large branch - the posterior descending
branch penetrating the interventricular septum.
Generally the right coronary artery continues in the
coronary sulous to reach the posterior surface of the
left ventricle. Here it divides into two or more
branches which course towards the apex but do not reach.
it. "he coronary circulailon is subject to a great
number of variations in distribution, mbstly involving
the circumilex branch of the left coronary and the right
coronary and sometimes even both arteries may arise from
a common trunk in the aorta. fhese anomalies can and do
play a tragic role in the outcome of acute coronary
ocelusion (Barnes) and occlusion of one of these vessels

supplying a large arsa of heart muscle results in a
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large infarct which may he fatal.
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By far the most important of these anomalies concerns
the blood supply to the posterior aspect of the left
ventricle. The circumflex branch of the left coronary
artery may extend to supply all of the posterior and
basal portion of the left ventricle including the
posterior interventricular septum. The right
coronary artery 011 the other hand may exceed its
usual distribution and reach beyond the margin of
the left ventricle as well as supplying the apex
of the ventricles. In such cases it can easily be
seen how extensive would be an occlusion of one or

other of these abnormal vessels. Campbell in Quainls



Anatomy has put the frequency of distribution of these

vessels in diagrammatic form which is worth reproducing.

ZJufnWuw rf and C>f iorcmnj /trhno fc farfnar asb*ct of rh I>lls irnhar/<ip

t ifit L #(/

Urrtfs NIfrh ctrdicqiabitc  AdllitrUi (ni <\UAIvIJ

A. in 20/u right coronary supplies all posterior left
ventricle.

B* in 54p right coronary supplies only posterior part 1
ventricle.

G* in 1470 right coronary stops at posterior septum
P- in 4yj circumflex hr. of left coronary supplies all
posterior left ventricle and posterior part

of septum.

E. in 8a circumflex supplies most of left and right
ventricles (posterior)



CORONARY INSUFFICIENCY.

COronary'insufficienc? implies some degree of
impéirment of obfonaryvsubply énd'although in most cases
an orgahic_baekground xists, it can also be purely
functional . | |

In the discussion of the causation of tﬁis condition,
it is useful to bear in mind the enormous duty imposed on
the céronary gystem even in health. The amagzging
efficiency of the cardiac pump and the still more amazing
ability of the coronary system to supply the oxygen
requirements of the heart at such extremely varying rates,
makes us realise to what =xtentl all exertion is limitéd by
the efficieney of the coronary flow. Bramwell'5]states'
"that one litre of blood will carry about 200 C.C. of oxygen
and by the analysis ol the arterial and venous blood it
can be demonstrated that at rest the tissues will extract
35% of the oxygen passing through them. Since at rest
the oxygen consumption of the body is about 250 C.C. per
minute, the output of the left ventricle must be about four
litres per minute. During severe exertion states
Bramwell, the oxygen consumption amounts to 4.4 litres
per minute, that is nearly 18 times the resting
requirement;

Under such conditions the dilatation of the
capillaries will perha s allow a greater increased
utilization of oxygen but this might bs counteracted
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by increased circulation of the bhHlood in the lungs with
consequent lowering of the oxygen éaturation. If we
include the right ventricle also we find that on

exertion the total cardiac output reaches the enormous
figure of 68 litres of blood per minute. “he work done
by the heart may be reckoned as the product of this output
and the blood pressure.

Allowing for a 20,0 efficiency we may calculate the
amount of oxygen required by the heart alone for this
amount of work. e find that during severe exercise the
heart muscle alone may consume as much oxygen as the
remainder of the body at rest. Tven the highly trained
and physically fit athlete is therefore entirely limited
in the extent of his exertion by the efficiency of his
coronary circulation and it is not at all difficult to
appreciate what little interference with this coronary
system would be required to induce symptoms of myocardial
ischaemia particularly when the heart is at work under
load.

Aortic Theory.

It is easily shewn by reference to the literature
of the past, that the coronary arteries or the result of
impairment thereof has not always been acceplted as the

prime cause of anginal pain.
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Heberden's original theory hinted at the possibility
of an aortic origin of this pain, and certainc ases of
anginal pain have shewn aortitis at autopsy, but it does
seem that in most cases of aortitis e.g. syphilitiec
aortitis pain is seldom experienced unless the openings
of the coronary arteries are actually involved in an
inflammatory process or unless definite aortic regurgita-
tion with a subsequent low diastolic pressure is present.
Albuxt(6%aintained that the pain was due to distension of
the first part of the aorta with subsequent stretching of
the nerve endings in the aortic wall. T'indings at
autopsy have shown great discrepancies in this aortie
theory and there seems little doubt that aortic lesions
generally have been found to be unagsociated with pain
during the patient's lifetime. In arterio~scierosis
and rheumatic disease involving the aorta,pain is not
usually a prominent feature, although in many cases
arterio seclerosis is found where a history of anginal
pain is obtained.

Lewis(vaisousses experiments on animals in his
recent book “"Pain" and demonstrateg how puncturing of
the aorta in dogs appears to be painless. There does
appear however 1o be some proof that distension of the
aorta can produce pain, and this theory of causation

still has some adherents. we must bear in mind the
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pain of aneurism of the aorta although probably most of
the symptoms here are due o pressure.

Coronary Spasm.

Goronary Spasm might be described as a second theory
of causation, and it does seem that there are many good
reagons for the association of the pain with spasm of the
coronary arteries, even if it be only accepted as one of
the initiating factors in the condition. Lewis gives
an illustration ol experiments conducted on the animal
~and shows that traction on the coronary artery can produce
pain and signs of limping of the left leg in the dog,
but that ligation of the coronary artlery appears to be
painless. In this same treatise Lewis goeg to
'cénsiderable length to discuss a series of experiments
conducted in conjunction witih Pickering & Rothschild
on this same subject. Here he maintains that the spasm
occurs after the onset of pain and not during it. A
comparison is drawn between the. spasm of the coronary arter-
ies and the spasnm of peripheral arterioles in Raynaud's
disease or in Intermittent C¢laudication. Lewig maintains
that in Raynaud's disease it is only where nutritional
changes or focal neurosis have occurred that pain is
experienced, and that this pain is confined to the area of
the necrosis only. It is quite coneeivable that such

focal necrosis occurs in heart nuscle also, and that some
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of the pain is located in such areas of muscle damage
when these areas are deprived of normal blood supply.
It has been suggested by some authorities on the other
gide of the Atlantic that coronary spasm of any marked
degree is extremely unlikely in vessels which are in all
probability, the seat of extensive solerosis and that
the coronary artery is so limited in its supply of muscle
that such a gpasm would not be great at any time.

There does not appear to be universally much
support for this statement, and in fact, it is all rather
negatived by observations on a case of Intermittent
Claudication. During such an attack the Dorsalis Pedis
~artery can actually be seen to contract iﬁ the foot,
although in some cases it may even be the seat of advanced
arterio solerosis;

Dilatation of the Coronary Artery.

Another theory put forward by some is that the pain
ig due to dilatation of the coronary artery proximal to
the spasm, and there seems to he 1little doubt that this
is a factor, and it has been shown that during animal
experinments the coronary’artéries can actually be seen to
dilate. 0f the two latter theories the consensus of
opinion appears to be that both spasm and dilatation of
the affected coronariss are at least, in some small way,
aggsociated with the initiation of the pain.

In many cases of coronary insufficiency it is not

17.



uncommon, to come across examples of extreme vasomotor

- sensitivity associated with symptoms of coronary
ingpfficiency, and one is always inclined to suspect
that it is at least a predisposing cause. Such wide
variations of vasomotor sensitivity in the fornm of migraine,
hemianopias of various types; numbness of the hands and
feet are frequently associated with anginal pain, and one
always makes a special enquiry as to tlhie existence of such
symptoms in all cases suggestive of anginal pain. It has
always seemed to me that it would be worth while to conduect
a series of cold pressure tests on these cases of simple
angina of effort, and I have no doubt that the results
would shew that a high percentage of cases have the very
sensitive vésomotor systems suggestive of The Hypertensive
Diathegis.

It is shewn very conclusively by Lewis in his book
"Pain" where he describes his experiments conducted with
the help of Pickering & Rothschild, that spasm of the
coronary artery can only be an initiating factor.

Here he condusts experiments chiefly on skeletal
muscle and the results are so ably tabulated as to leave
little doubt in our minds that the cause of the pain is
to be found in the muscle itself. Lewis points out that
the spasm of the arterioles is not directly related to the

pain, since Dby restrictingl%he hlood flow to the muscle



and releasing it again, he found that the rate of blood flow
into the restricted limb during the first few seconds of
release, was greatly in excess of the normal. Since at
this precise moment, pain was being experienced, it was
obvious that the pain was not agssociated with constriction
of the arteries.

. In this same chapter Lewlis goes on to deseribe what
one might call his epoch making experiments by restricting
the blood flow to skeletal muscle at work. He demonstrates
very clearly that muscle working in a restricted blood
supply develops pain in 24-43 seconds, and becomes too
disagreeable for the conduct of exercise in from 60-80
seconds. These figures are found to be surprisingly
constant, and one important fact .emerges, that the pain,
in common with the pain of coronary insufficiency was
continuous i.e. it did not come and go, and no cramp

or stiffening of the muscle was observed. On release of
the circulation the pain vanighed in about 3 seconds.
Another important point brought to light by these
experiments was, that if the exercise and regtriction were
continued the pain persisted at about the same level until
the circulation was restored. fhis led to the natural
assumption that the pain was due tc some substance either

of a chemical or physiological nature within the muscle
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and formed when the muscle was ﬁorking in anaerobic
conditions and only removable or changeable by the blood
£1ow. |

To suspect lack of oxygen as the prime cause of the -
condition was the natural and logical step following these .
findings. We come therefore to what is now regarded;
chiefly on the basis of Lewis! work as the cause of pain
in coronary insufficiency, namely lack of oxygen supply
to ﬁhe heart muscle and certain chénges oceurring within
the heart muscle as the result of this deficienecy. When
that muscle is working in a limited oxygen supply Lewis
shows us clearly in subsequent experiments that this
oxygen lack, "per se", is not sufficient to induce pain
in the limb, if it be at rest; and in fact continuous
arrest of the circulation even to the point of cyanosis

(if the limb be kept warm and at rest) is not enough to

produce the pain.

herefore Lewis concludes that this pain must be due
to some process starting within the muscle and connected
with its contraction, but not excluding the idea of oxygen
want as a promoting faétor. We know that pain can develop
in muscle well supplied with Dblood, if that blood be
deficient in haemoglobin, such as in anaemia or if that
blood supply be deficient in oxygen. Lewis came to éhe
conclusion therefore, that this_substance is Tormed within
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the muscle fibre and musf diffuse out to the tissue spaées,
and thus act on the nerve endings situated there. This
substance Lewis has called the "P" or pain producing
substance. It is obviously formed during contraction
of muscle and must gradually rise in quantity until the
threshold for pain for that particular individual is
reached. From this point it still increases with exercise
and can be altered or dispersed with the returning blood
flow in 3 seconds. Factor P can develop in normal muscle
ﬁith adequate blood supply, but does not rise above the
pain threshold. Lewis shows that a latent period ocecurs
between the ocelusion and the appearance of the pain, |
during which he assumes the P substance to be rising in
the tissue spaces to the level corresponding to the level
in the muscle fibres. He puts forward the suggestion
"that the reason for the absence of pain where there is no
arrest of circulation may be due to an adequate interchange
between the tissue space and oxygenated blood in the
vessels.

In applying these findings to cardiac musele it is
not difficult to see where even a slight restriction of the
blood supply to the myocardium would very readily induce
pain iﬁ an organ which is so constantly functioning although
the vascularity of heart muscle is considerable. We
¥now that coronary inSufficiency can be induced in the
normal healthy individual‘by violent exertion of a

21.



magnitude sufficient to produce & great discrepancy between
the oxygen want of'the cardiac muscle and the ability of
the coronary circulation to cope with the demand. I think
we should regard this P substance somewhat in the light of
a protective or defensive mechanism against»cardiac over-
strain. e know it has been demonstrated that distensi~
bility of and subsequent pain from the aorta is such a
mechanism, but it seems to me that nature hag provided.a
very efficient safeguard in the formation of this pain
producing substance in cardiac muscle. Some close
affinity exists between the P substance and lactic aecigd,
and it is maintained that a constantly reversible process
of lactic acid to glycogen takes place within the heart
muscle.

Lewis follows up these findings by injecting laectic
acid into muscle and is able to demonstrate the similarity
of the resulting pain both in duration and character to the
pain induced by ischaenia. In cardiac muscle any fibrosis
or damage must be a factor in the limitation of exchange of
oxygen between the muscle space and the circulation and it
might conceivably be one of the reasons for the continuation
of the pain or at leagt may be a factor in its earlier
production.

If this ischaemia be too long continued myocardial
infaretion with damege to hgart muscle can ensue.
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Some authorities attempt to suggest that all cases of
the "anginal syndrome” result from an initial infaretion
either recognised or unrecognised. This appears to be
a wide sweeping statement which can be disputed but there
seems little doubt that more recent methods of electro-
cardiographic investigation seem to suggest that this
must be the case in 59 - 60w of cases. This is no
doubt due to the extensive use of posterior chest leads,
and these leads certainly have the advantage of being able
to .demonstrate posterior myocardial infarction with a
higher percentage of accuracy than the classical leads and
leads IVF or 1 VR alone. However, it does appear that
certain cases of what one might call simple coronary
insufficiency do exist as a clinical entity, distincﬁ
from cases resulting from coronary occlusion. This group
seem to have a slightly less intense e¢linical history and
the prognosis appears to be better.
‘ In this investigation an attempt has been made to
assess the relative value of the olinical, electro-
cardiograph and X Ray findings in this condition of
coronary insufficiency and to try to isolate the dominant
features of each source of information which can be of
value ag diagnostic aids.

It has been maintained by some authorities that
where abnormal eleotrocaraiographic findings appear the
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‘prognosis ig not so favourable and the clinical findings
are more‘definite. This I have no doubt may be the case,
but the great difficulty is to establish Jjust what electro-
cardiographic findings are acceptable as abnormal.

We have therefore established that the cause of the
pain in coronary insufficiency is due to a disproportion
in the supply of blood and oxygen to the heart muscle
and the demand for oxygen on the part of the muscle itself.
The two most important results of this are ischaemia and
anoxia of the heart muscle. Local anoxia secms to be
the accepted cause of pain and prolonged ischﬁemia may
produce fibrosis, hypertrophy and subsequent congestive
failure. the most usual cause of this restriction of
coronary supply is arterio-sclerogis of the coronary
arteries themselves. There are usually two coronary
arteries, the right and left, leading directly from the
aortic wall, and although a very limited collateral supply
does exist, oﬁe ig justified in classing these arteries
~ag end arteries.

Some authorities\helieve that a certain amount of
backward supply may occur through the Thebesian veins,
but this does not appear to be generally acéepted, and
the heart muscle depends almost entirely on the coronary
arteries for its blood supply- Therefore, any disease
blocking the coronary arteries must ocecur in the length

of the vegsel or at its mouth. In the first condition
24.




this narrowing may be a part of a general arteriosclerosis
involving the whole of the arterial system, or it may be
part of a local disease or atheroma involving the aorta
alone, with obstruction of the coronary ostia or spread
into the coronary vessels; as for example in syphilitiec
aortitig. The fact that the coronary vessels are
frequently involved in such an accident, and of such a
serious character, is an indication of the unusual stresses
which these vessels are called upon to bear. he position
of the coronary orifices, situated as they are Jjust above
the aortic ring exposes them momentarily to great stress
during the closure of the aortic cusps. This pressure
lagts for a very short time and is quickly relieved by the
elasticity of the aorta, but of course it is constantly
ocecurring.

We must also remember the extensive distribution of
the coronary vessels throughout the cardiac musculature
which is constantly undergoing contraction, and thus
gub jecting the vessels to alternate compression and relax-
ation. The main coronary vessels and sub-epicardial
branches not subjecet to pressure are filled with blood
under systolic pressure and cannot be emptied, but the
principal coronary circulation occurs during diastole.

It is hardly surprising that we find as the result of this

extraordinary stress that these vessels can in some cases
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develop a thickened intima in very early life (even in the
teens) and what is more important that this may occur quite
apart from the existence of arterio selerosis elsewhere.
I believe that similar findings occur in arteries
subjeet to similar stress in other parts of the body
e.g. uterus, ovaries, intercostal and hepatic arteries but
none shewing such extensive thickening as the coronary
vessels. The left coronary and its descending branch
appears to be most frequently involved in thigs type of
lesion, and particularly the first 3 or 4 centimetres of
its length where coronary occlusion is found to occur in
the greatest number of cases, and it is significant that
at this particular site the left artery gives off its
main branch turning at risht angles as it does so. The
right artery peculiarly enomgh does not appear to
have the same tendency to involvement in this way.
An article by Leary (%é worth quoting:-
"In my series, advanced coronary sclerosis at
12 and 15 years of aze, and coronary deaths
at 24 - 29 years of age, and early in the
thirties determine the issue beyond gquestion.
Lany of the victimg were young, healthy
athletic types with no stizma of senility.”
As Lewis has pointed out where we have contraction
on the part of the heart muscle in limited oxygen supply
we have pain, and as chronic disease narrows the lumen of
the coronary artery, we have a chronic myocarditi.s:

gradually resulting from recurrent attacks of myocardial
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ischaenia. This condition is described by many writers
as chronic or protracted coronary insufficiency. As the
blood supply becomes more restricted we have gradual atrophy
of the muscle fibres with replécement by scar tissue and
this one might describe as chronic coronary insufficiency
aé distinet from the acute condition or coronary occlusion.
This occurrence where a sudden cutting off of the blood
supply before any collateral circulation can be established
leads to acute ischaemia with subsequent necrosis of the
muscle fibres and supporting connective tissue, followed
by an inflammatory exudation. Midway hetween these two
lesions must lie a condition which might be called petechial
thrombosis ﬁith minute necrosis of muscle fibres in small
local areas, but with stimulation of the supporting connect-
ing tissue. Phis hag bheen described by some authors as
miliary infarction or miliary myocardosis - the former
appears to be a very suitable description of this conditionm.
It is always possible for a thrombus blocking the coronary
artery to undergo canalization with re-establishment of
the circulation, but as a rule, the circulation is re-
establighed by the development of some coilateral supply.
In this connection it is interesting to note that some
authorities maintain that»the collateral circulation is
much greater where the subperiocardial fat is great and

hence that acute myocardial infarctions are less freguent
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and less extensive 1n the aged adipose subjects.

It is maintained that athero-sclerosis as distinet
from arterio-sclerosis is marked by the presence of foam
" cells in the subendothelial layer of the intima of the
coronary vessels. Phig whole condition is now known
to be due to excess of cholesterol and is assumed to be
due to some error in cholesterol metabolism. Uhis may be
agsociated in some way with the reported frequency of
oceurrence of anginal symptoms and gall-bladder disease,
since choleoystitis and angina are both liable to be
confused one with the other, but are supposed by some
authorities to occur together although this ig still
doubted by many.

fhe obstruction of the coronary vessels by an embolus
or piece of vegetation from an aortic valve is not un-
common. Other conditions can produce an inadequate
coronary flow apart from athero-sclerosis such as;:-

1. Athero-sclerosis with calcification and narrowing

2. Syphilis of the aorta with stenosis of one or
both coronary orifices

Do Emboli or thrombi from the mitral or aortic
valve

4. Rheumatic fever with involvement of the coronary
walls

5. Periarteritis nodosa with coronary involvement
Other causes of a systemic and general nature will

be discussed under appropriate headings.
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We must bear in mind that various clinical
conditions apart from spasm or disease of the coronary
artery can induce coronary insufficiency. We can roughly
divide these into two separate groups:-
‘1; Cardiac conditions

v

& 2. Systemic or general conditions.

CARDIAC CONDIXIONS.

goronary Sclerosis.

Here we have naturally and primarily diseases of the
cofonary arteries themselves, such as arterio-sclerosis
which may be limited or rapidly progressive. Where the
condition is limited we have slowly progressive or some-~
times stationary symptoms of coronary insufficiency or
mild "angina of effort", in some cases continuing for .
many years without change or efen no symptoms at all.

The rapidly progressive sclerosis producing caleifi-
cation of the coronary artery is usually associated with a
history of an angina of rapidly inc:easihg frequency and
severity. This condition is very much more prone to occlu-
sive changes either as the regsult of the gradual silting up
0f the vessels by advanced sclerosis or due to the suddeh
formation of a throibus with subsequent myocardial

infarcetion.
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gzphilis of Aorta.

Syphilis of the aorta leading to involvement and
stenosis of the coronary arteries is usually confined to
the firgt few millimetres of the aorta and is a frequent
cause of coronary insufficiency;

Bmbolisnm.

Embolism of the coronaries following the impaction
of vegetations separated from the mitral and aortic valves
or obstruction of the ooronary ostia by a thrombus covering
a patch of sclerosis at the root of the aorta can likewise
produce coronary ohstruction.

Rheumatic FPever.

Bheundtie fever with involvement of the walls of the
coronary arteries and subsequent thrombus formation therein
is another gsource of coronary obstruction.

Aortic Diseases.

Aortic valvular disease gspecially stenosis is the
common cause of coronary insﬁffioiency producing as it does
a diminished blood flow into the aorta and thence to the
coronary artery. 'A similar result ensues in aortic
regurgitation, and here we have a low diastolie pressure
in the aorta with a diminished flow to the coronary
vessels. Aortic regurgitation is a more frequent offender

in this respect than agrtic stenosis.
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- SYSTEMAC CAUSES.

0f these, one of the most important is anaemia, producing

as it does a blood supply deficient in oxXygen carrying
capacity either ag the result of a low haemoglobin or
diminished red cell count. O0f these two, lack of haemoglo~
bin is by much more the usual factor in the causation of
pain. If the coronary flow is somewhat decreased as the
result of coronary sclerosis then the affect of anaemia is
much more likely to be felt. In these circumstances the
coronary system may be slightly damaged and function quite
adequately under normal conditions, but may fail wder
adverse conditions, and as the result of successive demands
following exercise. This ig often seen following sudden
haemorrhage in post operative conditions or is occasionally
encountered in menorrhagias. I have in mind at the

moment a patient with a typical history of angina or effort
who has had attacks of substernal pain induced by giving
blood as a donorf The haemoglobin percentage here was 90
red cell oouﬁt five million, so that one can assume that

her coronary sclerosis was made more obvious by a temporary
fall in volume only.

We know that sudden haemérrhage can induce acute

coronary insufficiency of sufficient severity to produce
anginal pain and electrocardiggfaphio changes even in the

normal heaft, and that these changes are of a transient
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nature disappearing with treatment. Thig is equally

‘true of pernicious anaemia, where a diminution in red cells
more than diminution in haemoglobin is the cause, and I have
seen many cases of substernal pain or pain suggestive of

the anginal syndrome clear up with the appropriate treatment
of liver injections etec. lLiierocytic anaemias associated
say, with peptic ulcer, are equally responsible for similar
onset of pain, and in fact, it is sometimes difficult to be
sure whether one is dealing with +the pain which is due 1o
the wlcer or a pain of cofonary insufficiency-

" In older patients with peptic ulcers and haematemesis
the danger is not only that coronary insufficiency may
ensue, but that coronary occlusion may follow & haemorrhage
since we are frequently dealing here with already sclerotic
vessels and therefore probably coronary sclerosis of an
advanced type- In the question of reduction of oxygen
capacity of the blood we must remember various other
factors, mostly of a tloxic naturé vvhich can reduce or
alter the oxygen carrying cajpacity of ithe circulatory
gsystem. Carbon monoxide poisoning producing as it does,
the inert carboxy haemoglobin has been knmown to produce
attacks of anginal pain. We have élso the records of
pain of.tbis type induced by working in chemical fumes or
in dusty‘atmaspﬂeres, and I am inclined to believe that in
these cases the effect of the fumes may be more pronounced

on the oxygen carrying capacity of the blood than any
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effeect on the nmyocardium.

It is suggested by some American writers that the
changes produced in the eleetrocardiograph as the result of
inhalation of tobacco smoke are the result of oxygen de~
privation only and not due to any toxic effect of derivatives
of the tobacco.

I have in nind at the moment one patient who dates the
onset of her attacks of anginal pain on effort from her
employment two years ago in a chemical factory where, I
undergtand the fumes are mostl@xSulghur“diniéé.

In this connection we mﬁst always remember anaesthegia
as a cause of anoxia, and I understand that electrocardio=~
graphic regords pursued mostly in the United States during
anaesthesia have shovm typical electrocardiographic changes
associated with coronary insufficiency, and that anaesthetiec
deaths resulting in ventricwlar fibrillation are the direct
result of this.

inother important and what one might call physiological
factor influencing the amount of oxygen in the blood is the
question of high altitude. (Cardiac pain and electrocardio-
graphic changes have been found to occur amongst mountaineers
and pilots, and also amongst workers in mines, where of
sourse, low oxygen intake is a predisposing factor indueing
& myocardial ischaemia. Wwe nmust not forget that a pain

simulating the pain of ang

gina pectoris can be induced in
the normal healthy individual by violent exercise following
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a full meal. No doubt, in this case, we have a diop in

the coronary circuiation due to the demand of the splanchnie
vessels for a greater supply of blood for digestion. At the
- gsame time another factor may come into play, i.e. the pushing
up of the diaphragm following the meal with subsequent
rotation of the heart and possible reduction in the coronary
éirculation by rotation of the heart about its axis.

Thile discussing the question of food in relation to
this type of pain, we must bear in mind the whole question ¢
of food allergy as a definite factor in causation. Several
cases are quoted in the American Journals Whefe apparently
true anginal attiacks have been completely cured by the
avoidance of certain foodstuffs to which the patient was
allsrgic. .fThe effect of cold on the coronary circulation
is well known and is usually regarced as an aggravating
feature in all cases of coronary insufficiency.

A naval officer who has spent a good deal of time on
various Arctic explorations tells me that it 4s a common
occurrence for at least 20% of the ship's erew to suffer
intense substernal pain on coming suddenly on deck from the
warm ward room, particularly in the presence of icebergs.

I undergtand that a.method of gradual acclimdtisation is
employed, by spending a short time in a2 cold room before
going on deck.

Other toxic factors such as arsenic and lead are oiten

associated with this type of pain, and we can include in
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this group,coffee, tea and adrenalin. The whole question
of tobacco as a causative factor seems to be under debateﬁ/
-but there seems little doubt that certain individuals are
sufficiently susceptible or allergic o some substance in
tobacco smoke which can produce the pain simulating angina
pectoris. I have not seen a definite case with true anginal
symptoms clear up o1 cessation of tobacco, but I understand
that one or two ca.ses of pain simulating angina and resulting
from tobaceco have been found at the Heart Hospital, London. §
Experiments carried out in the United States and illustrated
"in Graybiel & Whitég) shew a definite drop in the height of
the T waves in Leads 1 and 11 after inhalation of tobacco
smoke, and it is suggested here thaf the action may be due to
parasympathetic paralysis similar to that found aiter atropin
administration, or to diminished oxygen intake.

We must remember that alterations in cardiac rate are
liable to produce diminished oxygen carrying capacity - of the
blood, and increassd anoxig of part of the heart muscle, due
to decreased diastolic filling with drop in'stroke volwse.,

We have thus established a relative deficiebcy in coronary
flow, and this is especially so in Paroxysmal Tachycardia
although rarely in simple tachycardia.

In hyperthyroidism we have this condition oceurring
fairly frequently, and some cages of anginal pain have been
completely relieved on ablation of the thyroid; In the

latter condition, no doubt, another factor is the increased
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metabolic rate and greater demend on the part of the body
for oxygen. |
' At the other end of the seale we have ocoasional cases

oceurring in & bradycardia or in the slow circulation of

REALLE S A LA LA o 1 AL I dh i S U e T

nyxoedena, and 1 have one or two cases in my own records
where pain similar to that of angina has cleared up on
thyroid therapy. These details will be discussed more
fully in the chapter on Differential Diagnosis.
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CORONARY OCCLUSION or THROMBOSIS .

No consideration of coronary insufficiency is possible
without discussing the whole question of coronary throm-
bosis with whieh it is closely allied, and in some cases
ingeparable. The recent work on this subject has furnished
concrete evidence of the part played by the disorders of the
coronary artery in the production of the pain of ocelusion.
Usually the clinical picture is dramatic in the extreme, and
appedrs ofﬁen like & "bolt from the blue" in middle aged
persons who have never had any cardiac pain. It uswally
comes on after a large meal or sometimes after the patient
has gone to bed. It will be more fully discussed in & later
chapter, but it is important that it should be mentioned at
this stage, since the differential diagnosis between it and
coronary insufficiency is liable to crop up frequently during
the course of our discussion. An interesting communication
on this whole subject is to be found in the American Heart
Journal, January 1942. Here Bg;g) raisges thg problem of
whether myocardial infarction is merely a fortuitous
occurrence or is preceded by symptoms of definite cardiac
disease. He maintains that in cases where the development
of arterial disease was comparatively slow there was time
for the establishment of an adequate collateral ecirculation

so that when one of the coronary arteries was occluded

infarection of the myocardium did not take place.
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Blumgart in the same article maintains that when
patients who are previously well suddenly develop angina
particulafly at rest one nmust suspect coronary narrowing obr
occelusion. It is the conviection of the writer (Boas) that
such patients who are ordinarily regarded as having angina
have at the outset experienced organic damage to one or
other of their coronary'arterieé lsading either to permanent
ngrrowing or ocelugion of the vessel.

Blumgart and his associates called attention fo cases of

prolonged attacks of classical angina not followed by fever

. or any other evidence of infarction, and showing no.post

morten changes. These attacks he maintained 8re due to
coronary failure producing an irreversible myocardial
ischaemia coinciding with increased demands on the heart
muscle, and provoked by abnormal rhythm, emotion or exertion,
or insufficiency of flow following shock or haemorrhage.
Thege writers raise the very interesting possibility of
haemorrhage inté the wall of the coronary vessgels as a
factor in the sudden production of coronary occlusion.

This certainly appears to throw some light on the occurrence
of these cases of myocardial infarction where no history of
arteriosclerosis or hypertension is obtainable, and where

no previous history suggestive of coronary insufficiency

can be obtained. It is suggested that in some cases

indirect trauma of the heart may also account for the onset
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of coronary thrombosis and there does appear to be sufficient
clinical data to support such conjecture. In fact the

ma jority of cases of coronary occlusion are found in the
abgence of anything suggestive of previous coronary
ingsufficiency and where no limitation of exercise tolerancé
can be found prior to the occlusion.

It is worth recalling that in our previous discussion
it is mentioned that the coronary arteries can be the sole
focus of athero sclerosis where no generalised arterioscler-
osis or hypertension is manifegst.

Boas discusses the possibility of a direct blow on the
chest wall produeing occlusion of the coronaries or injury
gsufficient to produce stenosis and supports this by severél
illustrations-

In sumning up, we can only come to this conclusion
that any upset of the balance betﬁeen}the nutritional needs
of the heart muscle and the adequacy of the coronary blood
flow, if sufficiently long continued or stfficiently complete,

can produce myocardial infarction with subsequent necrosis.
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CLINICAL ASPECTS OF ANGINAL PAIN.

The investigation of cases of anginal pain or the
pain of coronary insufficiency is one of the great problems
facing the practitioner. No condition can have quite so
‘many alternative causes which may so closely simﬁlate it,
and no history can present a greater task in its elucidation.

Tor some reason difficult to assess, obtaining a clear
higtory of anginal pain seems to be fraught with great
difficulties, and can be a very considerable test of
patience. In spite of all attempts to avoid it, we find
ourselves compelled to resort to leading questions in an
attenpt to get any satisfactory and concise history.

We mightsay that in no condition can a leading question
be more dangerous than in this sometimes complex malady,
since most patients have frequent reference to current
literature and books of a semi-medical nature, and are very
prone to build up for themselves a clinical picturé which
requires little encouragement to distort. llany times it
would often seem as if the patient were being deliberately
vague and obtuse, but we must always bear in mind that even
with the best will in the world the symptonms can be
extremely variable in the mode of onset and eharacter.

It is not as a ruls difficult to assess when the patient
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is giving us an honest expression of his or her symptoms
even though there may at times appear to be considerable
digerepancies. In no condition is it so important that
direct contact with the patient be established and where
the actual description of the intensity or anxiety
experienced be only conveyed directly by the patient.
Levé?)in his book stresses this point that a "second-
hand description"” of the symptoms is often of little
value and that no reading of notes or records can quite
take the place oif hearing the patient's own story.

Dr. John Parkinson in discussing this type of case
states that it is not "where the pain is, but when it ig"
that matters, and this appears to be ithe outstanding feature
in the diagnosis of anginal pain, although certain definite
and suggestive facts can be obtained from the consideration

f the character of the pain.

I have found in this condition an almost unlimited
variety of descriptions of the pain distribution and
causation, and herein lies the intense difficulty facing

us in the consideration of this particular malady.

CHARACITR OF PAIN.

- o — = ——

Usually the patient comes %o the consulting room
complaining of a pain varying in intensity from a mere
discomfort which hardly makes much difference to the

41.



normal routine at one end of the scale. At the other

end of the scale the patient will describe & gnawing, twist-
ing, throbbing, vice-like pain, which causes him to stop

for a few minutes or longer according to the intensity

of the pain.

The description of being "gripped in a vice" or the
gsensation of the chest "being pressed upon' with such
considerable force that even breathing becomes difficult
ig a frequent finding. Occasionally the pain is described
as “twiSting“ in nature by some patients in their attempt
to put into words what must indeed be & pain of frightening
intensity. vOf all the variety of deseriptions of the pain,
one feature seems to stand out, némely the ceontinuity or
continuousness of the pain.

As we shall see later many cardiac and non-cardiac
pains can produce discomfort of a similar nature, but
usually we find some alternation in the pain, and some
intermitteﬁey or“stabbing”characteristics. In coronary
insufficiency, once the pain has been estblished it |
continues without ihterruption although with gradually
'diminishing intensity on rest or on the application of
treatment.

When we consider this feature in the light of Lewis?
experiments on "Pain production in Ischaemia lMuscle" the

great similarity between the two types of pain becomes
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very obvious. It has always been a matter of some
surprise how patients will continue with this condition
often for many months or longer before medical advice

is sought. In most instances the'explanatign usually

is that the patient attributes these pains to "indigestion",
and in fact, it is not unusual to find him prepared to
associate many discomforts of this type with gastro intes-
tinal causes, and that somehow the stomach seems to be the
“"root of all evilg". There is however some Jjustification
on the patient's part for this assumption, since we do
¥now that attacks of anginal pain are often associated
with gagtric symptoms. We know also that anginal attacks
are more likely to occur in association with a meal since
we have as the result of the latter a refle¥ reduction in
the cdronary flow. We must also bear in mind the
possibility of displacement and rotation of the heart
following & full meal with consequenti impedance of the
coronary circulation.

Many of these attacks are associated with eructation
or‘with subsequent aerophagy and it is therefore very
natural on the patient's part to feel that he is suffering
from indigestion and in many instances this accounts no -
doubt for the patient's attempt to "work off' the attack.
It is often surprising to find how many patients will give
8 history of being able to carry on in spite of the pain

' although having to reduce the rate of their efforts. This we
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will admit only occurs in & few early cases where we mighﬁ
describe the condition as a discomfort rather than a pain.
The big majority however, do find that the condition will
not disperse by further exertion aithough we find cases
where very drastic regults in the form of obvious myocardial
infarction have followed in the wvase of a determined
patient who will notlgive ig to the pain.

The term "angor animi" or fear of deatli used to be
agsociated with the condition but it is now recognised as
a very occagional accompaniment and indeed is not uncommon
in other conditions. However, there is no doubt that the
gsense of constriction of the chest does appear to give a
earful®aspect to the pain and often intense mental anxiety
is experienced, occasionally bringing the patient to tears.
Phe inability to talk or speak to anyone whilst the attack
is on, is a characteristic feature of this condition

although it is only found in advanced cases.

DISTRIBULYION OF PAIN.

In trying to assess the distribution of this pain we
can place the various localities in order of frequency
encountered in practice, and here we find ourselves faced
with a much greater variety than in our discussion on the
character of the pain. Nevertheless in spite of this,
certain well defined areas of distribution can be ascertained
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which are of a great help in the diagnosis. We find a
tendency on the part of certain literature to use the term
precordial in discussing cardiaec pains generally but this
is a very misleading term to use at any time.‘ The word
precordial means covering an area over the heart and has a
disadvantage of implying & wide area which might be either
front or back, since we have a precordial areé on the
posterior aspect of the chest wall. In fact some authorities
actually suggest that the auriocle can be percussed in the
back, although there is some doubt 1f this can be reliably
performed. The word® supra mammary infra, or submammary,
substernal and so on are much wore suitably employed in an
attempt to define exactly pains of this nature, or if vague,
the word cardiac pain is more suitable.

Usually we find that the patient comes to see us
complaining of this characteristic pain in some area of
the chest following exertion or emotion, and it is extremely
useful. to ask the patient to define the area by pointing
to the seat of the pain with one finger and it is surprising
how often this procedure can clarify an otherwise vague
description. fhe classical description of pain of coronary
insufficiency usually implies that the'pain.is éubsternal

in type.
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1. SUBSTERNAL PAIN.

This we would be inclined to rate first in order of
precedence and usually involves a pain either radiating
down the whole length of the sternum or located in the
lower end of the sternum or just over the Xiphi-sternum.
At the same time we are by no means preparecd to accept
this ag a frequent occurrence, and thig type of pain is

followed a close second by pain of the supramammary type.'

1. SUPRA NMAMMARY WYPE.

Here the patient will point to an area a little to
the left of the sternum and somewhere about the third or
fourth rib, sometimes shewing radiation into the left
axilla. This t/pe of pain can often be quite localised,
with radiation to the left mid axilliary line or can bhe
of & more diffuse nature covering more or less the areas
of the second, third or fourth thoracic nerve roots.
Both these types of pain are found in association with
certain well defined characieristic radiations, and next
in order of frequency we would be ineclined to include |
distribution either substernal or supramammary with one
or more of the following radiations, although more

often than not there is no radiation. (Lewis)
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2. Radiation into Arms.

The usuval radiation of anginal pain noted in this
series is on the inner agpect of the left arm as far as
the left elbow only, and we have bheen surprised to find ‘
how many cases will give this particular type of distribu~
tion coupled with 1 or 2.

S Radiation extending throughout arm
' to fingers.

This type of distribution we are inclined to classify
next in order involving usually the left arm and following
the distribution of nerve G7 and 8 as far as the fourth or
£fifth finger of the left hand. This is a fairly common

distribution.

4, Radiation into both arms.

Thisg is a comparatively infrequent distribution but

does occur and when it does it uswally involves the ulner

. - Qistribution in bhoth arms.

5. Radiation into the Dhaclk.

Next in order of frequency we could specify as
radiation into the posterior aspect of the left
chest wall usually subscapular. This type oI
case can be on occasions most misleading, and
we must bear in mind that it is not uncommon
to find a pain of this type with radiation
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into the pbsterior axilliary region described

as the prime focus of pain.

6. Radiation into posterior aspect
of arm.

It 1s suggested by some authorities that the
posterior asgpect of the arm is seldom involved but we
could not endorse this from our experience. (uite a
few cases were found where the patient described the
digtribution of the pain as extending from the left
shoulder down the outside of the arm to the elbow -
in fact we might say this distribution is really

surprisingly common.

ABERRANT TFORMS OF DISTRIBUTION.

Next we come to a series of unusuwal distributions
of pain which are perhaps the most difficult of all to
elucidate. FPirst of all we might classify these as ‘
follows:;-

7. Radiation into neck.

This particular form of unusuval distribution usually
results in pain in one or both sides of the neck in the
posﬁerior aspect (usually both) and can sometimes produce
muscular spasm of the 8celenus aAnticus muscle and can
simulate spasm of this muscle dus to other causes. One
case was r-corded where pain was experienced on the left

side of neck for 14 days prior to the occurrence of a
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myocardial infarction, and here the pain only becanme

substernal two days before the acute incident.

8. Radiation into the Jaw.

This is not common, but can be misleading when it
does appear, and can often be the only dorm of pain

occurring on exertion.

9. Epigastric distribution.

This is an occasional aberrant form which can often
be confugsed with gastro-intestinal conditions although it
ig usuvally associated with a certain amount of pain over

the lower sternal region.

10. Abdominal »ain only.

This group can be exceedingly difficult when en-
countered, and only recently a patient was seen complaining
of pain in the right hypochondrium following exertion
and relieved by Nitrites, with definite Electrocardio-
graphic changes (BBB) and hypertension. This can be
gimulated in some cages by patients shewing some degree

of failure with slight enlargement of the liver.

.-

BILAYERAL DISTRIBUYION OF CHESY PAIN.

We must bear in mind however the patient who
complains of a pain stretching across the whole chest

during an attack, usually however if we adopt the poliecy
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of asking the patieﬁt to point with one finger, we usually
find that the predominant focus of this pain is either
directly substernal or left supra-mammary, but the
presence of bilateral pain, is more suggestive of

thrombosis.

LEFT INWFRA-MAMMARY PAIN.

We have purposely left this particular 1ocatioﬁ of
pain to the last of this series, since of all the pain
foei it is least frequently associated with pain gf
coronary disease. In fact the presence of the pain in
this location is always much more suggestive of a pain

of non-anginal type, but again not invariably so.

HYPERALSTHESIA.

The presence or absence of Hyperaesthesia of Hyper-
algesia can be useful in differentiating anginal pain from
other conditions. Some deep tenderness does persist .
for a very short time following an anginal seigzure but is
usually transient and its continued duration makes us
suspect the occurrence of coronary thrombosis. The
persisting ache for hours or days is more characteristic
of cardiac neurosis although,rare variations can occur;
Numbness in the arm does exist following attacks of

anginal pain and one patient was seen who described
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severe mottling of the skin both after and prior to
~attacks of anginal pain that day. It is suggested by
gome authorities that the pain which only amounts to a
slight discomfort is Jjust as serious from the point of
view of prognosis as the pain of considerable intensity.
This raises this very vast question of the extreme
variation in sensitivity on the part of different individ-
uals to pain impulses. e know that such great variation
and sensitivity does exist in certain individuals in a
quite inexplicable way and is by no means a matter over
which the patient has any degree of control. Recently
a cage of Haematemesis was noted in a patient who we
might have felt inclined to desecribe as a hypersensitive
type. On X ray investigation an extensive duodenal
ulcer was found although the patient had been completely
devoid of any gastric symptoms. This type of case is
commonly seen in general practice and is illustrative of
this peculiar variation in sengitivity of different
individuals to pain. |

Millaélggiscusses this question of the sensitivity
of the individual very fully in his book. He draws our
attention to examples of primitive rights exorecised by
various South American tribes where environment and up-
bringing is such that a considerable degree of stoicism
has been evolved. Heredity and disposition do weigh
considerably in this particular matier sinece we have
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wide variations in the stability of the nervous system in
different individuals. - At the same time we feel more
ineclined to think that it is a fortuitous occurrence that
certain people do have a higher threshold for pain than
others. O0f course we know that certain people are
inclined to make more fussg over pain than others. We
might in this discussion raise the whole gquestion of the
difference in sensitivity of the two sexes, and it seens
a well recognised fact amongst cardiologists that cases
of anginal pain are brought to notice more readily in

the man than in the woman. The capacity to tolerate
pain is not so great in man, probably because he is of a
more complaining nature and is less tolerant of any

discomfort.

YHE OCCURRENCE OF THE PAIN.

Generally speaking this pain can he induced by
effort or exertion or some particular emotional upset.
These are the usuval accepted causes, but a very wide varia-
tion exists in the degree of effort required in different
patienté. On exertion we maturally have as the result
of increased oxygen demand on the part of the heart a
greater disproportion of supply and demand of oxygen via

the coronary circulation. e must regard this particular
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feature of "when" the pain occurs, as one of the corner-
stones in our diagnosis of coronary insufficiency. Some
- authorities make an attenpt to differentiate between
various degrees of effort induecing the pain.

Vasquez is quoted by Milléédgs supporting the
division of anginal pain into two groups viz:- hangina
of effort and”angina of reposei Daniel Opu in this same
article is quoted as further subdividing”angina decubitué

i v

into'éngina of reposé while awake and éngina of repose
while agleep. his seems to me to be an unnecessary sub-
division since all are manifegtations of one and the same
condition in various stages in ite progression. At the
same time we must admit that pure cases of Angina Decubitus
can occur in bedridden cages of advanced aortic disease.
We do know also that typical attacks of anginal pain do
ocour during sleep as the result of some intense emotional
storm with its consequent effect on coronsary circulation,
and where these cases demonstrate "Angina of Effort”
while awake. ‘

ihe pain is usually induced by effort or emotion of
an exceedingly varying degree. One patient was seen who
could induce an attack while picking up her handbag from

the floor and yet could manage, with quiet walking for a

reasonable distance to avoid the onset of pain. This is an
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unusuval manifegtation and as a rule pain induced by arm
movements only is rather suggestive of an extra cardiac
cause. At the other end of the scale cases occurred
where only lifting heavy weights or doing heavy work
such as gardening or sawing wood could precipitate an
attack. In between these two extremes we found that ihe
ma jority of cases induced pain by walking, clim?ing or
hurrying ete. One feature of this condition which has
always been a certain amount of surprise is how we can
get such extremes of effort producing pain in the one
patient as quoted above.

miller(lggggests that great variation of exercise
tolerance can oceur in each individual, but we would be
inclined to differ with him on this point. There are
certainly many cases which apparently suggest that this
might be so but on & more careful enquiry a very consider-~
able degree of constancy of the pain Tor each‘individual
can be foﬁnd. Many patients will certainly tell us that
they may go for some days without pain but on careful
enquiry we will usually obtain the adwmission that they
have restricted their exertion and perhaps have not heen
doing the type of exertion which normally brings the pain
on. e find that if the patient has some particular
exertion which he must do daily. a history of constancy
can usuglly be obtained. The tyne oi pain induced say
on climbing the stairs to the gtation first thing in the
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morning or hurrying to catech the train is often & very
ugeful guide in diagnosis. This type of pain induced
on exertion in the morning soon after a hurried meal and
constant in its occurrence can be a very useful indication
here. Usually the pain appears later in the day on some
similar exertion and there is no doubt that the relation
of the exertion to the early meal particularly at a tinme
when the atmospheric temperature is lower produces a
combination of circumstances most likely to show up any
diminution in the corohary supply- A similar situation
often arises at night with a fall in temperature and one
patient was seen who invariably had an attack of pain on
going out'for a walk in the evening. |

4t the same time we must be prepared to admit that
wide remissions in the intensity of the condition and
in the degree of exercise tolerance do occur, and in
fact we might almost say that a seasonal variation can
be observed in some cases probably due to atmospheric
temperature and pressure.

Mackenzie discussed this factor of variability and
admitted that it was impossible to account for it. He
found that the attacks disappeared for week or months
at a time but he felt that gleeplessness, worry or
systematic over exertion could induce & recurrence of the
attacks. Nevertheless, we are always more inelined to

suspect cardiac neurosis as against anginal pain where

55.



frequent variation in onset and intensity ocecur.

We have already hinted that cold is a factor in the
diminution of exercise tolerance and it ig surprising
to find how frequently this well recognised feature does
oceur in a series of cases investigated. The history
of pain on going upstairs into a cold bedroom or entering
a cold bed or getting out of bed during the night is
amazingly common although we have often got to put a
leading questiqn in order to ascertain this fact.

We do know from various experiments that 7 wave
changes can be produced in the electrocardiagram by
drinking ice cold water and ST changes also have been
observed. Another factor influencing the frequency of
attacks is the relationship of effort to meals. It is
a well recognised fact that even the normal healthy |
subject can experience some substernal discomfort
following violent exertion after a large meal. We know
that the demand on the part of the.splanchnic vegssels can
reduce the coronary circulation and therefore it seems
obvious that where some impairment of the coronary circu-
lation is already present any reduction in the coronary
flow will make itself felt at this time. At the same
time, the liability to confusion of substernal pain with
indigestion makes this a very disconcertihg feature which
will be discussed later.

We are therefore prepared to admit that & certain

variation can occur in the facility with which these pains
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can be induced, but not of sufficient magnitude to disturd
what we must regard as one of the dominant features of the
diagnosis of anginal pain namely the relative constancy
for each individual of the amount of exercise or emotion
Tequired to produce the pain. Emotional upset was not
found to be & very frequent cause of this type of pain and
where 1t occurred as a sole cause was exiremely rare, but
it was not Wncommon to find such patients have an attack
during the air raids experienced here. It is suggested by
some authorities that where euotion is the prime cause of
the pain the condition is a comparatively benign one, and
support was Ifound for this statement.

The next important point in considering pain of
this type is the relief of pain with rest, and this seems
to be a fairly reliable and constant feature. The time
varied from a few minutes to 30 minutes or more and some
even longer, where no actual coronary thrombosis appeared
to have ensued. Yhis of course is a very difficult matter
to discuss, gince it is obvious that where the ischaemia
is too long continued thrombosis or even minute areas of
thrombosis may be occurring from time to time. It seems
feasible to assume that where the duration of the pain is
longer the myocardial ischaemia mugt obviously be of greater
extent, or perhaps the flexibility of the coronary system
may be more impaired. Some authorities suggest that a

duration of over 15 minutes must meke one suspect that
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coronary thrombosis has occurred, but this is much too
stringent a test, although it would appear that a pain of
short dwration, other things being equal, should be
regarded favourably.

fhe whole theory of "second wind' in relation to the
the pain of 'angina' raises a point that is worth further
study. e know that in the athlete the occurrence of
"second wind" is a physiological reaction to extreme
exertion, and it.has been suggested that this is due to
some dilatation on the part of the coronary vessels.

The patient will have an attiack on first going out to
business in the morning or will have to pause during his
first walk of the day and then will be able to continue
with greater effort and less liability to pain. The
tendency to stop and look in a shop window or to pretend
to "look at an aeroplane" till the attack passes off is of
course a regular feature of this condition.

It has been suggested by some that where one conmes
across this '"second wind' history that it means a greater
coronary reserve, and that the coronéry arteries are not
sufficiently sclerotic to prevent their dilatation but
the possibility of this being indicative of a good prog-
nosis seems to be doubted by most. Although the
mechanisr here seems to be somewhat obscure, various
writers on the other side of the Atlantic seem to lay

quite considerable stress on the favourable prognosis
58.



of such casges.

The important feature from the diagnostic point of
view in the consideration of the pain in coronary in-
suffielency is vhat relief is obtained from the pain and
sense of constriction either immediately on rest or soon

afterwards.,

VASOMOTOR SENSILTIVILY.

Mackenzie states that "some people have & nervous
system unduly sensitive to stimulation". Many cases
give a definite history associated with vasomotor
instability with a variety of changes sometimes prior to,
during or after the attack. It is very natural to assune
extreme sensitivity of this type, and in fact many of these
cages where no other organic.cause can be founéd, must be
regarded as being due to an intense vasomotor spasm. This
we know to be the case by record of the blood pressure
readings, taken during attacks, and where in some cases
vasomotor crises of 320mm systolic have been found. In fact
the extreme rapid rise of hlood pressure during an atlack
and the rapid fall afterwards imply vasomotor sensitivity
as a background to this condition anc this blood pressure
change is one of the diagnostic features in contra
distinction to the persisting drop in pressure in coronary
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occlusion. We find vasomotor changes such as migraine,
hemianopias, hemicranias, flushing, tingling, etc.

during and following &n attack.

HYPERTENSI ON .

The agsociation of hypertension with the anginal
syndrone is a very important one and where it is found
it is a useful guide in disgnosis. TLewis maintains that
in the first instance the disease is part of an atheromatous
change in the vessels of the body generally and in the
coronary arteries in particular, and ILevy maintains that
arteriosclerosis is the most frequent cause of coronary
thrombosis. An invegtigation by Parkinson & Bedford into
one hundred cases of anginal pain (private & Hospital) found
forty nine psr ce=snt to have hyperfension. HOypertension can
exist apart from arteriosclerosis but it seemg to be
generally accepted that continued hypertension does produce
arteriosclerotic changes in the blood vessels. Levy shews
that arteriosclerosis can occur at any age and that diet,
infections, tobacco and indeed many toxic factors can be
found to be responsible. fhe association of arterioscler-
osis with diabetes, glomefulo nephritis and hyperthyroidism
is eagily demonstrable. There gseens to be no definite
proof that worry as & cause can be directly attributed

to the production of hypertension, but heredity does appear
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to play a very considerable part indeed. This subject is

discussed more fully on considering coronary sclerosis.

DYSPNOEA .

llost cases with coronar; insufficiency and anginal
pain complain of dyspnoea as a dominant sympton and it is
usually suggested that dyspnoea ag an indication of failure
terminates the pain, this is not altogether true in prac-
tice. It i8 by no means uncommon to find both
dySpnoeé and anginal pain exist together but as a rule
the combination is more frequent in the ageing patient with
some indication of either valvular disease or myocardial

disease or both.

Response to Nitrites.

The response to coronary vaso-dilators such asg
trinitrin, amylnitrite, or cardophyllin can be useful
as a guide to diagnosis in doubtful cases, although
frequently the regsponse igs not always absolute.

Some cases state that relief is definitely obtained
while others will describe a great diminution in the pain
but some residual discomfort. There relief is not
obtained we are always inclined to doubt the diagnosis of
coronary insufficiency. e usuvally advise the patient
to chew the tablet frequently and if possible before under-
taking any exertion which normally causes the pain. The
61.



experienced patient usuwally does this of his own accord’
and often will be found to chew a tablet say in the
¢inema prior to his walk home. In the reasonably
intelligent patient the response to trinitrin can often
be of decisive value in diagnosis, and cages even get
relief from a tablet taken night and morning only. In
view oif the comparatively transient action of trinitrin
(two hours at the most) this has always been a matter of’
considerable surprise (o me. In fhe definite case of
anginal pain due to coronary insufficiency relief is usually
obtained within a few minutes unless coronary occlusion
has complicated the picture, when of course no response is

obtained from this remedy.

DURALTON O SYMPT OMS .

A great variation in the duration of the symptoms is
commonly found in this condition, although I find a
peculiar constancy in the period of time elapsing before
the patient comes to the consuliing room. (Qften thres to
six months can elapse befoie a pafient decides that the
recurring pain cannot just be a form of indigestion,
althoughr of course a fair number are seen within days or
weexs of onset, particularly if that onset has been heralded

by a coronary thrombosis.
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It is surprising however to find certain cases continue
for many years with little or no aggravation of symptoms and
I know of one case where definite anginal symptoms have been
experienced for at least 26 years with no apparent increase
in intensity of frequency. This particular patient isg an
example of how careful regulation of work can prevent
deterioration in such conditions. He was seen at the Heart
Hospital many years ago and advised to reorganise his life
within the range of his corodmnary capacity and now never does
anything liable to induce his pain. “his type of case is
no doubt a greal exception and as a rule some tendency to
deterioration can usuvally be found. The whole guide to
prognosis in these cases is undoubtedly the rate at which
exercise tolerance is increasing or decreasing. It is often
useful to try to assess the distance in feet or yards which
the patient can walk before inducing the pain, and some
comparison can usually be obtained in this way. WThere the
pain is only produced by say walking uphill against & wind
it seems that the outlook ig better particularly if the
resulting pain only amounts to a substernal discomfort.

On the other hand where exercise tolerance is waning rapidly
and such slight moverments as coughing, sneezing ete. induce
the pain, then the outlook is unfavourable, and sooner or
latertangina decubitus"with terminal occlusion may ensue;

63.




Many cases of anginal pain however do improve and in
some cases the symptoms havé been known to disappear com-
pletely. This is more usual in angina of effort following
a first coronary occlusion where perhaps recanalisation of
the clot or establishment of collateral circulalion ensues.

Rare cases also have been known where "angina of effort"
has completely disappeared following & coronary occlusion
with, it is assumed, destruction of the nerve endings in the

area oIl muscle previously the seat of ischaemia.

.

DILFFERENTIAL DIAGNOSIS.

In the investigation of cardiac pain in generai
practice we must firgtly consider its differentiation from
‘other types of thoracic pain which can so often closely
simulate it. In practice this can present one of the
biggest problems in medicine, particularly when such cases
are seen in the routine of a busy practice and where no
special facilities are available for detailed investigation.

We can roughly divide other similar pains into two main
groups namely (1) Those of cardiae origin and (2) Those due

to extra cardiae causes.
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CARDIAC CAUSES.

i

Myocardial Infarction.

0f these perhaps the condition which is most frequently
encounter=d and confused with anginal pain of chronic
coronary insufficiency is myocardial infarct. In fact we
are quite safe in saying that in a certain proportion of
cases actual separation of the two is impossible, since
both conditions are due to the same cause.

It is indeed a faet that a very large percentage of
cases of chronic coronary insufficiency are associated
with infarction due to odclusion at some time in their
history. It has even been suggested by some authorities
across the Atlantic that a history of myocardial infarction
would be obtained in all cases of angina of effort but we

have every reagon to doubt such a sweeping statement,
gsince cages are frequently encountered where no indications
either clinically or by electrocardiograph investigation can
support the occurrence of an infarct.

Usually the history is quite different from that of
chronic coronary insufficiency and an abrupt onset and pain
of much greater psrsistence is more frequent than in the
more benign condition but nevertheless great variations
edn be fouﬁd. Yhe pain usuvally persists For an hour or
more and even for days and a considerable degree of sub-~
sternal ache ensues.

This precordial hyperalgesia is
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a very useful indication and is not found to the same
extent in chronie coronary insufficiency, and we could go
go far as to say that in a known case of angina the
ocecurrence of intense hyperalgesia following a paroxsym
rather implies that coronary occlusion may have complicated
the picture. Hyperalgesia of course, is a frequent
accompaniment oi the left submammary pain of the non-
anginal tyge, but is an unusual accompaniment of the true
angina of effort.

fhe pain of infarction often occurs suddenly during
the night or following some severe exertion and is usually
associated with a high degree of collapse or peripheral
shock and vomiting. At the same time it is customary
for the patient to atiribute his attack to "acute indigestion"
and not infrequently the patient has already worked out to
his own satisfaction the particular food stuff which has
céused the attack. Lhe pain is often entirely substernal
or epigastric but a pain ac- oss the chest or even confined
to the left supra mammary region with radiation into one
or both arms is not uncommon.

The restlessness of the patient is a characteristic
feature of the condition distinguishing it from the motion-
less attitude of angina. No relief from nitrites is
obtained and usually some morphine preparation is required.
Signs of a temparary cardiac failure such as some oedema of
the lungs with palpable liver or spleen can be found. A

low blood pressure is almost invariably an accompaniment
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altﬁough this may not oceur at once, but when it does so
it is uwswally sufficiently great to make a sharp distinction
from the considerable rise found during the anginal paroxysm.
Changes of rhythm and rate are often found and although
usually of a temporary nature make the prognosis less
favourable. A rise in temperature can often be ascertained
after about 24 hours, but this can sometiwes be very slight.
Leucocytogis of 10000 or over is & useful indication
and it 1s suggested that anything about 20000 indicates a
massive infarction with poor prognosis. The rapid rise of
gedimentation rate and slow fall are gupposed to indicate a
good prognosis, but ocecurs in other conditions.
A pericardial friction rub after about 24 hours may
occasionally be heard, but is rare, and only persists for
a day or two at the most, but it can make the differential
diagnosis from acute pericarditis very difficult. The
latter however is usually more widespread and does not
disappear in such a short time, although the pain and
similarity of ST changes in the cardiograph can be very
confusing. A silent thrombosis can occur with similar
rise in temperature and agsociated symptoms, but with no
pain; and it is here that the electrocardiograph can be
0f the utmost value. Some cases can be sufficiently benign
or the patient's threshold for pain sufficiently high for a

coronary thrombosis to pass almost mnnoticed or at least
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unheeded; Only a day or two ago a patient appeared at the
Heart Hospital with a story of momentary collapse while
performing an acrobatic feat on the stage in a London
theatre. This patient theﬁ continued with the performance
but he presented himself at the Heart Lospital two days
after the occurrence where an extensive myocardial
infarction was diagnosed, and he was surprised to be told
that he had to return to bed at once.

ilany patients unfortunately do not seek medical aid
at all and carry on often until angina of effort ensues
about a month afterwards, and a history of persistent pain
at the onset can often be obtained only after a series of
leading questions.

It is suggested that at least fifty percent of cases
of "angina of effort" can be found to shew evidence of old
myocardial infarcts on electrocardiograph investigation,
using the classical chest leads and there seems little doubt
that using the posterior chest leads a much higher percentage
will obtain. Coronary thrombogis is most frequently found
ag a precursor of angina of effort and some degree of angina
usually follows all cases of thrombosis, but often diminish-
ing after a few months. 00nvefsely a fair number of cases
with a history of chronic coronary insufficiency develop a
coronary occlusion at later stages and often as a terminal
condition bui it is more or less impossible to tell which

cases are going to develop thrombosis. However, age and
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the existence of hypertension are found to be definite pre-
disposing factors in the production of occlusion and cases
over fifty years of age with high systolic or diastolic
pressures shew & high incidence of coronary occlusion.

This type of case illustrated below is not uncommon:-

Mr.T. aged 58 years. A Commissionaire.
Seen during an attack of severe and
constant pain over the left breast
radiating to ulnar agpect of left
arm and of 24 hours duration. 4his
pain was induced by an attempt to
saw wood in his garden. Patient
was obviously in great distress and
regpirations were rapid and laboured.
Cough with rusty sputum was also
obgerved. Previous history of
substernal pain on exertion such as
lifting, or fast walking not lasting
longer than 20 minutes. This con=
dition had obtained for nearly 10
yearg and he had been most careful
to avoid onset of pain, and had
always inhaled amylnitrite during
paroxysm which gave him relief.

Exemination. B.P. 140/90 but definite
history of hypertension 185/’
obtained.

Heart sounds faint with definite signs of
consolidation of left base.

Rate 72 Regular. 7 emperature 101

Clinical diagnosis was made of coronary thrombosis
with left basal pneumonia.

G showed typical changes of posterior basal infarct.

He was finally admitted to hospital when I understand
a second thrombosis occurred which proved fatal.
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In those cases where coronary thrombosis has ensued the
patient is usually conscious of a difference in thg
intensity and character of the pain from his usual anginal
paroxysms . In the case just quoted the patient remarked
that he always had palpitation after his attlack of anginal
pain but no such occurrence had been observed on this
ocecagion.

It seems very obvious that each éttaek o f myocardial
ischaemia no matter how transient it may be might induce
some degree of myocardial damage and that repeated attiacks
can gradually produce a myofibrogsis which sooner or later
will lead 1o failure. Herein lies the great importance
in advising the patient to avoid the onset of pain at all
costs and the advantage of a reasonable period of rest
following an attack. Herrmanggzévises the patient to.
rest as long as ten times the length of the pain and points
out that those cases do best where a readjustment of their
lives to a lower tempo is possible. The differentiation
of two closely related conditions namely the anginal pain
of chronic coronary insufficiency and the mild coronary
occlusion can be extremely difficult. The distribution
of the pain is relatively similar although much more
persistent in the coronary occlusion and often more
epigastric in type. “he spread of the pain of an acute
coronary occlusion can be most confusing when the abdominal
form of radiation is experienced.
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Phe possibility of an acute cor pulmonale occurring
and simulating closely coronary throumbosis must be borne
in miﬁd although here some focus of emboli such as the leg
or some post-operative state can usually be observed.

e can roughly summarise the characteristics of
coronary occlusion which can help in differentiating this
condition from coronary insufficiency alone.

(1) It is usually more intense

(2) lMueh greater persistence

(3) The shock is greater

(4) Oceurs during night or after severe exertion

(5) Associated signs of temporary failure

(6) Disordered rhythm frequent

(7) Regtlessness of patient

(8) Rise in temperature

(9) Fall in blood pressure

(lO). Leucocytosis usumal

(1L1) ©No response to nitrites

(12) Riging sedimentation rate

(13) Blectrocardiograph findings usuvally positive

' CARDIAC NEUROSIS.

Perhaps the next condition in order of frequency
which is liable to be confused with the anginal syndrome
ip cardiac neurosis in one of its many varied forms.

Some of these conditions at one time were labelled "pseudo

angina" but this term is a definitely misleading one and
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the term'éngina'éhould never be employed because of its
associatioﬁ with a serious and incurableAmalady in the
mind of the lay public. In the above grbup of cardiac
neuroses with pain we have various vagomotor spasms, the so
called effort syndrome, and neuro vascular asthenia and

possibly so called nicotine angina.

Here we have & pain which although in many ways like
that of true angina is usually more diffuse in its distri-
bution and much more varied in its character. ZExtreme
inconstaney of occurrence of the pain is a dominant feature
and as a general rule the pain is left sided and usually
confined to the left submammary area. Although in angina
we do get considerable variation in the day to day inci~-
dence, in no way is this variation comparable to that of
cardiac neurosis. Bramwell(gziikens the irregularity of
the symptoms in neurosis to that of.nervous dyspepsia in
which the patient is extremely 1ll one day and comparatively
well the next. He stresses here the fact that although
the patient with angina may transgress his normal limita-
tions with impunity when his mind is preoccupied just as
the athlete may surpass his performance in practice under
the emotional stress of the contest, yet broadly speaking
the exercise tolerance of a patient with'anginawremains
remarkably constant.
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This however is not the case in the cardiac neurosis
and this great variability is indeed most helpful in
discriminating between these conditions. Radiation of .
the péin in neurosis is not very frequent but does occur.
The pain itgelf ig usually described as a sharp stabbing
pricking sensation or sometimes as a dull ache in the left
subnammary region, but radiation to the back and in some
cages to the left arm is found. Bramwell stresses the
symmetrical distribution of the pain of angina as against
the asymmetrical distribution in neurosis, but this is not
a reliable gulide, since many cases of anginal pain are
found confined to left side only. Lewié25guggests that
in endquiring as to the character of the pain it is usgeful
to leave a decision until the patient has had oeccasion to
pay special heed to the particular points raised and this
is a very useful suggestion since many patients can on first
questioning be surprisingly vague about thelir gymptoms.
Lewis is inelined to stress more the purely substernal
chgracter of the anginal pain and does not emphasise unduly
its symmetrical character. e must bear in mind the
possibility of a cardiac neurosis superimposed upon
definite organic disease and this is by no means infrequent.
Another big problem is the ease of access to medical litera-~
ture which a patient (particularly of the neurasthenio‘type)
can obtain to-day, and which definitely encourages him to
"gild the 1ily". such a case as the following illustrates

this fairly well:-
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Mr.JgB. Aged 35, A faectory worker, complained of
three attacks of pain in his chest since 1941,
the last attack 3 days ago. Pains described
as coming on suddenly and of a “shooting"
character lasting 2-3 minutes and passing
off gradually; followed by "twinges" of
pain for a few hours afterwards. Sometimes
deseribed pain as "bursting” in nature.

He has had periodic blackouts. During
attacks he described "waves of pain" passing
down the left arm sometimes to the elbow and
again involving the whole hand which goes
numb . Pain came on while sitting quietly
in chair and seemed to have no relation to
exertion.
B.P. 125/60. Rate 65. -
Tendency to obegity and sweating.
Inee Jerks exaggerated.
there is a considerable neurasthenic background
in this case.

% findings were negative, except for left axis
deviation.

This type of case is, in all probability, a cardiac

neurosis with a superimposed exaggeration of symptoms,

the latter, no doubt, being intentional.

We discharged him from hospital and told him that he had

no heart disease and he has now returned to work; and when

seen two days ago was not complaining of any discomfort.
Cardiac neurosis is a more freguen$ gcecurrence in

the young woman and it seewms that true anginal pain should

be diagnosed very rarely in the woman at all, before

middle age. One feature which was observed frequently

was the oceurrence of pain afier the effort especially

when the patient was tired and often persisting for a
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considerable time. In the anginal pain the onset is
usually during the effort or immediately after, and is
relieved.soon by rest. The severity in neurosis is

never nearly as great as in the anginal type nor is the
peculiar sense of constriction of the chest so intense.

In these cases one usually found an associated history of
overwork or excegsive worry associated with various
vasomotor disorders. Flatulence or heart-~burn, palpitation
and shortness of breath with sighing respirations olten
appear in conjunction with the pain of neurosis. It was
customary to find the patient complain of inability to
take a deep breath and hyperalgesia of a wide precordial
area was exceedingly common and wag a useful diagnostic
feature in the comparison with the anginal syndrome proper,
although exceptions to this rule can always be found.

As an example oFf this type of case we have the following: -

Mrs 7. aged 42 years. Complained of period-
ic attacks of aching pain under the left
breast radiating into the left axilla
and sometimes also to the posterior .
agpect on the left side.

Qccasionally radiation was
experienced to the left shoulder
and posterior aspect of arm to
the elbow. Had frequent numb-
ness of hands and feet and

often pronounced sweating of =
extremities. as short of breath
on c¢limbing stairs but only gets
pain 11 tired, usually after
sitting dovm. 7This patient
dated her whole coniition

from the loss of her only son

at Dunkirk.

.-
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Examination. 8ighing respiration
was noticeable.

B.P. 150/90 rate 80 regular.

On Auscultation accentuation
2nd aortic only finding.

OG- normal.

This patient stated that her condition was always
aggravated at period times and this was a common complaint
in thig condition. She had also a history of profuse
bleeding from cuts or dental extraqtions and at period
times. It seemed that this might have some conneciion
with her other vasomotor manifestations.

As a rule we find a neurotic woman witi.. an unstable
nervous system elther as the result of physical or mental
fatigue or a hectic exigltence with a tendency to palpita-
tion or tachycardia. Cases of this type were frequently
seen during the period of the heavy bombing of London as
the result no doubt of the constant siress at that time;
qe musf be careful not to confuse this type of case with
the tachycardia of hyperthyroidism since tachycardia as
a rule is one of the prominent features of the cardiac

neurosis.

EF 0L bYUDROME.

This condition is & form of eardiac neurosis
originally regarded as essentially found in young men
thrown into the stress of war who had previously led very
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sedentary lives. We mﬁst remember however that effort
syndrome is by no means purely confined to soldiers and
many:cases of it are found in eivil life. A ieft sudb mammary
pain with palpitation, breathlessness and giddiness are
perhaps the outstanding feature. It seems that the differ-
eptiation between effort syndrome and neuro-circulatory
asthenia is very difficult and very often both conditions
co~exist. P“he exaggerated response to effort and pro-
nounced dyspnoea on moderate exertion without any underlying
organic cause, are frequent manifestations with or without
left submammary pain. Hyperaestheska or hyperalgesia of

a persisting type 1s a common accompanimeni also.

Irequently some definite toxic Tactor can be located and

the incidence of incipient tuberculosis has been found to

be high in this type of case. As a rule a considerable
nervous instability provides the background and the
exaggerated response lo elfort can often be extremely
helpful.

LeWiézGnggests a simple hopping test which raises

ithe normal ﬂeart rate of healthy young peoéle to 90 or 100
subsiding in & minute or less. In milder cases of eifouxt
syndrome he states that a Jump to 120 or 130 or even much
more 1s to be expected, with a subsequent delay in return
much beyond the normale. Thig is an extremely complex
condition and to quote Dr.john Parkinson "the mere fact

that we can call it "effort syncérome’ does not imply that
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we know any more about it." gases of "effort syndrome"
agssociated with the stress and strain of war are quite
common to-day.

The following case makes an interesting example: -

Mr.i.P. Aged 23. Rate 96 normal rhythm.
First complained of irregularity of
heart while resting or running in 1940.
At this time was stationed at
Reykjavik, Iceland, where he was
admitted to hospital for observation
but finally discharged aftesr negative
findings.

He is a very sensitive type oi youth
and was greatly upse. by his ex-
periences ag a soldier in Horway
vhere he had Lo march on one oc-
casion 59 milez in %6 hours.

NWow describes a stabbing pain
under the left breast with fre-
quent bouts of palpitation and
complains of fatigue. On examina-
tion no abnormal findings were
obtained.

BEG showed a few auricular extra-
systoles with tachycardia.

This case is interesting in view
of a recent letter in British
Medical Journal on the frequent
occurrence of effort gsyndrome in
Iceland. A4he possibility of the
long winter nights with their
opportunity for introspection
and the arduous nature of ihe
country are discussed as a con~
tributory factor but not
necessarily the cause.

The exaggerated response to effort which is more
frequently found in neuro-circulatory asthenia might be

illustrated by the following case:-
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Mr.i. Aged 18. Aireraft worker.
Rate 72. Seen complaining of
pain under left breast with
occasional"giddy turns"™; got
out of breath easily if he
hurried and complained of
being eagily tired. States
also that on deep breathing a
pain was experienced in left
submammary region. Fine
tremor of hands and knee
jerks exaggerated.

Auscultation apical systolic
murmur with double or split
first sound.

Pulse rate on resting 68 but on
hopping test 120 returning to
normal in over two minutes.
B.P. sitting 130 systolic
Diagtolic 60 but on standing
110/50.

Some degree of orthostatic Hypotension exists here.

Some such cases have been known to shew an inversion of
T3 or even 13 and 172 but never 71, although this is a
rare finding and as a rule in these cases little abnormal
findings are obtained except perhaps an occasional
systolic murmur with a diffuse impulse at the apex.
Usually some degree of coldness of the handgs and feet
or free sweating of the axillae or some other vasomotor
@bnormality is .x esent. ‘

(27) o ia

Herrman slates that it is a ceommon occurrence
for a patient to admit that he has never paid much
attention to his cardiac condition until he was informed
by some examining phyzician, of the existence of a cardiac
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disorder. This no doubt, is only too frequent and we
must bear in mind that the existence of a genuine
cardiac lesion must facilitate the development of a
cardiac neurosis and it is not infrequent to come
across both conditiong in the one patient. Hermanr:
quotes Viko & Conners who have made a gtudy of this
particular Iield and who are convinced that suggestion
from the physician was invariably the precipitating
factor in the development of a cardiac neurosis where
a neurotic background exists.
(26) '

Lewlsg stiresses the fact that many of these cases
of cardiac neurosgis are actually suifering from un-
recognigsed chronic infections and that the conﬂition.
of their nervous system is such that any pain is
poorly tolerated. In this same article Lewig stresses
the much greater frequency of cardiac neurosis amongst
women under 45 years of age and insists that a diagnosis
of angina should be made very infrequently in thié
clags of patient.

The co-existence of a cardiac neurosis with a
cardiac lesion might be illustrated by the folloving

case; -
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Mrs S. aged 47 years. Had history
of recurrent attacks of rheumatic
fever since 17 years of age. Now
complained of left submemmary pain
with radiation down inner agpect of
left arm to the elbow. Sometimes
all the fingers of the left hand
would go dead. Pain could bhe
induced by exercise such as
lifting or such emotional upset
ags a fright. It often persisted
for hours leaving a definite

tenderness over ihe whole pre-
cordial area. T"requently the
pain occurred at night or on
resting when she was tired and
wag accentuated at period times.
Attended "fomens Hospital' for
gsimilar condition in 1918. 1iras
quite definite that no fixed
amount or ltype oi exertion can
induce the pain and it often
disappeared for months only

to return if she was excegssively
worried.

Auscultation Presystolic murnur at
apex with accertuation of firsgt
sound.

B. P. 105/85

- 3G normal

Here is a cage of a mitral stenosis with what
appeared to be a superimposed cardiac neurosis although
some of these cases can be extremely difficult to assess.

Dre John rParkinson in discussing the follow up “
conducted on the majority of cases of so called D-A;H:
in the last War states that the big majority were still
found to be in good health 20 years afterwards, although
many were still oomplaining’of some cardiac disorder.
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Sueh a cage as the following is not an infrequent
finding in practice:-

Mr. D. Aged 46 Shopkeeper. Complained
of "Peeble feeling" and "heaviness"
over the heart in left submammary
region. Always complained of being
short of breath if he hurried. Is
flabby type wit: neurasthenic back-
ground. as invalided out of army
in last war with so called D.A.H.
(collapsed while strelcher bearing
during training) Complained of
frequent attacks of lumbago and
sciatica. liow described his
pain as 'stabbingmcharacter and
often lasting whole day. MNo history
of palpitation.

Auscultation systolic murmur
audible at apex.

B.P. 120/80 |
G normal except for definite left axis deviation.
The suggestion byiBramwelfzﬁﬁwi the duration of
the white tache on the skin is maintained for a ghorter
time in patients with irritable hearts than in normal
controls, suggests here a close agsociation with
vagsomotor sensitivity. In toxic or infective cases
it was found that as the patient's health improved the
tache was foundzto persist longer. It is certainly
quite customary in practice to find neuro-circulatory
asgsthenia follow acute infectious conditions or be
agsociated with any septic focus such as teeth,
tonsils ete., and quite a few such conditions clear
up on the removal of the primary focus of the infection.
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is a post-influenzal manifestation it is a frequent
occurrence usually disappearing after convaleg.ehce.

General Debility. ~ fhe term general debility is

a very useful one to apply and in spite oi its vagueness
it is not infrequently the only term which can guite

\
desceribe certain conditions. Such patients frequently
complain of a dull ache over the heart although usually
submammary and accompanied by a profound sense of
fatigue. Usually they describe the pain as occurring
late in the afternoon or evening and persisting long
after they have gone to bed and thiskvery frequent
in women abbut the menopause and is accompanied by
flushing, nefvousness 6r palpitation. the full
importance of palpitation as a prime complaint by the
patient can be a useful guide to diagnosis, and is
more frequently found in association with a cardiac
neurosis than organic disease. ralpitation does not
always appear to mean irregularity of action and where
this term is employed it usuvally means a precordial
throbbing or a general consciousness of throbbing
whether that astion be regular or irregular. It is
thersfore a greater consciousness of the heart's action
most of all, which appears 1o be the definition of
palpitation to the lay mind. It haé alwaés been a
vmatter of great surprise how often we can come across

a case of gross cardiac irregularitiesg where the patient
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is quite unaware of any alteration of rhythm or rate.
Gases of awricular fibrillation or regular and irregular
extra systoles have been noted of which the patient was
quite oblivious. e know of course that all cardiac
irregularities require careful investigation in order to
decide which are indicative of organic disease, but where
a history of fainiting, giddiness and other nervous mani-
fegstations is coupled with palpitation as a sympton we
are always inclined to suspect a neurosis until proved
otherwise. The presence of sighing respiration or some
degree of tachypnoea are likewise more suggestive of the
benign condition. Radiation of the pain in cardiac
neurosis can be extremely confusing since on occasions
it can conform to the outline of the anginal syndrome.
This however is rare and as a rule a wide and bizarre
distribution can be ascertained overlapping the ordinary
recognised areas of referred cardiac pain.

The existence of a left submammary pain of general
debility is not confined entirely to woman. This type
of case is not uncommon to-day.

Mr.W.A. Aged 44 years Railway Employee.

Complains of left submammary pain

and palpitation on exertion or

often @t rest in bed. Described

this as sharp pain of a stabbing

character lasting for a few

gseconds and followed by a certain

amount of aching. Gets frequent

palpitation on exertion and while

resting in bed. Goes to gleep

with hands under head to avoid

effects of irregular heart
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action. TFinds on any slight
exertion or with any excitement
pulse rate increases consider—
ably. gStates that he feels
exceedingly tired and is working

7 days a week. ILong history of
neurasthenia following the last war
when he was blown up by a land mine.
Knee Jjerks exaggerated. (o&arse
tremor of hands. Is heavy smoker.
fhis patient periodically has
nervous breakdowns although

never of a serious nature.-

B. P. 140/105
Pulse 80 regular
Auscultation W.A.D. ECG normal.

DISTURBANCE OF RHYIHM.

In this group we have variqus types of mild or
severe cardiac pain associated with either sudden
inerease or decrease in the heart rate. Peculiarly
enough & simple tachycardia seldom produces cardiac pain
unless we are dealing with a high rate or with the tachy-
cardia of hyperthyroidism. It is not uncommon however
to find various types of left sub-mammary pain associated
with.a simply tachycardia, but here the tachycardia is
only an expression of the general nervous condition of
the patient. In hyperthyroidism we do get occasional
examples of & substernal pain attributed, no doubt, to

one or two factors apart from the mere increase in rate.

4
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In this condition the excessive heart rate produces a
greater demand on the part of the myocardiwn for increased
oxygen, but here an increased metabolic rate had already
made increased demands on the oxygen capacity or the blood.
Likewise a diminished oxygen saturation must result from
the increaged rate of circulation through the lung thus
aggravating an already deficient supply to the myocardium.
We have therefore a relative insufficiency established,
with, in some cases definite anginal symptoms. Usually
however these cases only demonstrate such symptoms on the
onset of auricular fibrillation. This type of case is
not infrequent
Mrs T. Aged 26 years. Has complained of
palpitation gince 1939 following in-
fluenza but has always had a large
thyroid since school days. Has had
several attacks of rapid pulse with
"{thumping”® associated with pain under
sternum ané under left breast. was
geen during an attack of fibrilla-
tion when she complained of left
submammary pain on erertion or if
tired, sometimes radiating down
inside of arm to the elbow. Often
the pain persisted all day but
would disappear by the morning.
On administering iodine & bromide
she improved and when seen recently
her pulse was 68 regular and she
was free from pain.
As a rule attacks of Paroxysmal ‘achycardia are
frequently associated with pain oiten of the anginal type,

such ag in the following case:;~-
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Mrs H. Aged 44. Rate 120 Regular.
complained of frequent palpitation
of two years duration usually after
exertion. TFollowing a fall down-
stairs with child in her arms
she had severe attack of palpita-
tion and was admitted to hospital
as naroxysmal tachycardia.

3ince then hag had frequent attacks
of "rapid heartheating" with
gevere aciing under the sternunm
after her attack. Between the
attacks she complained ol lack of
energy and palpitation on exertion.
Occasionally tihe pain radiated to
the back on the left side. This
is & highly strimg serson who
suffered considerably during the
bombing of Iiondon, and dates her
condition partly to ithis.

Auscultation .A.D. B.P. 150{/90 =GC normal.

Decrease in cardiéc rate can occasionally produce
a pain of coronary insufficiency although by no means
invariably the case, and in fact the inereased stroke
volume as a rule compensates for the slow rate in these
cages. Here is a cage of Jinus Bradycardia with such
a hlstory--

Mrs L. Aged 45. Complained of lack of energy
and great dyspnoea following & nervous
breakdown two years ago. Then seen
recently her pulse rate was 44 and Blood
pressure 160/80. Now gets pain left
submammary type radiating to the back
and often down medial aspect of left
arm to the upper Torearm on any
moderate exertion. Frequenily com-
plained of fingers o both hands
"going dead".
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Pain sometimes came on when she got
out of bed, or occurred if she

hurried and again often when she

had gone to bed ii garticularly

tired.

Sometimes coughing would induce pain,
but there seemed to be no one definite
factor responsible. ‘

Auscultation no abnormalities.
e Sinus Bradycardia

On screening a considerable cardiac enlargement was
observed; a not uncommon finding in slow rates.

AORLIEC DISEASE.

Pain of a substernal type is often encountered in
aortic disease either of a syphilitic or rheumatie
origin, and it is not uncommon to find it associated here
with the different lesions of the aortic valve.
Paroxysmsof pain oif an anginal type are often experienced
and are due in some casgses 1o involvement of the coronary
ostia in the disease process or exbtension of the disease
to the coronary arteries themselves. Usually some
indication of the existence of sortic disease such as
supra sternal pulsation, accentuated heart sounds with
appropriate murnurs or alteration in blood pressure
readings and development of aortic configuration on

£ Ray can be ascertained.
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Aortic gtenosis. In this condition usually found in

the middle aged or o0ld person anginal pain can be an early
~and sometinmes only indication of the disease. The rough
aortic systolic murmur propagated into the neck vessels
with lowered systolic pressure can be fairly conclusive
evidence clinically. The following type of case might
illustrate this:-
Mrs 2. Aged 72 years. Rate 96 regular. Became
conscious of heart three months ago when she
‘began to keep stopping for breath. ‘“hen began
to exnerience pain across lower chest on
walking. This was confined mostly to left side
and disappeared aiter stopping for a few
minutes-. Her dyspnoea is becoming progresgively
worse and the pain now comes on even i¥ moving
about the house.
B.P. 110/78
Auscultation musical aortic systolic murmur
conducted into neck.. 3Some oedema of ankles.
Slight coughe. Low . = pulse pressure due to
aortic stenosis.
®3¢ Left bundle branch block of type L.
Here undoubtedly is a case where extensive coronary
insuffieiency is the result of the spread of aortic
disease to the coronary arteries or diminished flow in
the coronary circulation as result of a low systolic

de

pressure. This condition has undoubtedly led to
extensive and progressive myocardial damage as indicated
by the existence of left bundle branch biock as seen on
electrocardiogram but might be due to a generalised’

arteriosclerosis or coronary sclerosis. She is now
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having pronounced dyspnoea with other signs of failure.

The reverse process can likewise océur in aortic
regurgitation where the fall in diastolic pressure can
be sufficient to produce impairment of the coronary flow.
In those cases of advanced regurgitation it is maintained
that only an intermittent coronary circulation exists,
and as the result substernal discomfort or pain on
exertion is a common ané early sign usually associated
with some dyspnoea. The following case 1s such an
example: -

Lre L. aged 42.years. Liilk Dealer. ‘Complained
of "gripping pain” across chest as 1f someone
had caught hold of him; coning on usually if
walking, but not always appearing with this
exertion. Had to stop for few minutes till
it passed off. 1Jad tendency to occur if
walking at night, but same distance and place
will not produce pain in morning or afternoon.
Pain of 6 months duration but had been conscious
of "knocking of heart" Ifor years, and has
become short of breath. v

Auscultation. pPronounced diastolic mwrmur
at aortic area and audible left oi gternunm
"3rd interspace"”

A relative mitral incompetence was suggested hy
a presystolic murpur at the apex. Apex beat

wag digplaced downwards but: just outside - .
the nipple and was very forcible suggesting left
ventricular hypertrophy.

B.P. 270/70 Rate 65
3G shewed left bundle branch block with notching of
QRS complexes in Leads 11 and 111, no doubt resulting

from continued hypertension with subsequent ventiricu-
lar hypertrophy.

90 .



In some cases where anginal symptoms and an aortic
diastolic murmur are found we are always justified in
suspecting a luetic origin.

Here is an advanced case of aortic incompetence with
~ hypertension. The high degr~e of hypertension pre-
gsupposes gome involvement of the coronary arteries in the
arterio sclerotic process supported by definite evidence
of advanced myocardial damage in the bundle branch block.

Aortic stenosis associated with hypertension and
anginal pain in the younger person can be illustrated by
the following casge;~

Mrs P. Aged 44. Complained of pain at lower

end of sternum on walking or climbing stairs
Had to stop each morning on way to
gtation to allow pain to pass off.
Onset of pain particularly aggrava-
ted in cold weather or going into
a cold room or cold bed. This pain
was of two years duration and seemed
to have developed since her employ-
ment in a chemical factory. Very
frequently pain would follow her
entry into the factory in the
morning but was usually associated
with effort.
B.P. 170/70 ~ Rate 80 Regular

Auscultation Pronounced aortic systolic
murmur conducted o neck vessels.

ICG is virtually normal except for
tendency to left axis deviation.
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EXTRA CARDIAC CAUSES.

.-

ABDOMINAL CONDILIONS .

In view of the fact that anginal selzures and
coronary thrombosis are so frequently associated with some
gasgstro intestinal upset the differentiation of these two
conditions from certain abdominal disorders can at tinmes
be exceedingly important. On certain occagions in
practice one is called upon to disceriminate on the spot
between & severe attack of angina, a coronary thrombosis,
and some other acute abdominal accident. In some cases
indeed it may be almost impossible to meke an accurate
differential diagnosis between say an acute coronary
oeclusion, and a perforated gastric or duodenal ulecer.

We might also include with these such Conditions as acute
pancreatitis, cholecystitis and perhaps a spastic colon.
In cases where this great difficulty does arige it appears
to be the accepted principle that a laparotomy should

be performed even though the possibility of it belng a
coronary thrombosis might make such a laparotomy
definitely hagzardous.

e must remember that the electrocardiographic
findings do not always show positive changes immediately
following coronary occlusion and therefore such
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investigation cannot always be useful. At the same time
there are certain broad clinical indications which can be
a definite help in attempting to assess the cause in such
an emergencye. As a general rule in the perforétion

we can often ascertain some history of previous digestive
disorder but we must bear in mind also, the frequency

with which anginal pain can be mistaken for indigestion
chiefly because of its greater liability to occur after a
meal. e know algso that the silent ulcer is by no means
uncommon, and we must remember the not infrequent
agsociation of a true anginal attack of coronary
insufficiency with an acute haematemesis owing to the
sudden drop in blood pressure although il is suggested that
such attacks do not occur with & normal coronary circulation.

Usually however, the pain oif the perforation is much

more essentially abdominal and the extension is invariably
downwardg,nor is the same degree of rigidity found in the
coronary thrombosis and the vomiting does not simulate that
of the acute gastric crisis. The obliteration oif liver
duliness is usually in sharp distinction to the occasionally
palpable liver of the coronary thrombosis. Sometimes
however involvement of a pelvic organ has been known to
produce thoracic pain but this is rare and the upper

organs of the abdomen are always more liable to produce

an acute crisis more readily owing to their @ouble inner-

vation, sympathetic and parasympathetic. The pulse and
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temperature changes are not valuable aids in the differential
diagnosis here but there is no doubt however that in
practice a certain experience is developed in the considera—
tion of the facies of the acute abdomen which is never quite
simulated inAthe coronary occlusion. A most useful guide
is the extreme suddenness of the abdominal acecident and

the greater amount of eollapse and shock. Very oiten we
will find that the patient with coronary thrombosis has
struggled downstairs (if in bed) to make himself a cup of
tea, or in some way attemptedto alleviate his condition;

but in the perforation no such breathing space is possible.
In this group of acute surgical complications ureteric
calculus cén produce similar clinical symptoms, butl perhaps
the most difficult condition is the acute cholecystitis or
empyema of gall bladder. Here the problem ié all the more
complicated because a definite relationship is supposed to
exist between coronary occlusion and cholecystitis, although
many authorities doubt it. Phis relationship is sressed

by Rolleston & McNee(zgﬁo enphasise the frequency of
radiation to the arms in angina and to the back in gall
bladder. Parkinson & Bedford(zggso stress the frequent
association between these two conditions but sr.Parkinson

recently stated that he had been unable to find any such

reXationship, after extengive investigetions.

94.



Bramvell maintains that focal sepsis in the gall bladder
may affect the myocardium in the same way as focal sepsis
in teeth, nasal sinuses or elsewhere, and that many anginal
conditions do obtain prompt relief from cholecystectony.
We also know that gallbladder disease predisposes to
arterial change of a degenerative nature particularly
refergble to the cofonary arteries and due no doubt to
some error in cholesterol metabolism assdciated with such
- conditions.

Meny simple forms of gastro-intestinal upset can
simulate the pain of coronary insufficiency, and are
frequently encountered in general practice. In this group
we can include a simple gastralgia agsociated with a
flatulent dyspepsia. This can be a particularly complex
problem to solve since many of the early cases of anginal
pain are not only associated with dyspeptic symptoms but
are frequently followed by thenm. It is notl uncommon to
find the pa‘tien‘l; tell us that relief from pain follows
eructation even though his condition may actualiy be
anginal in type. leny of the early signs of coronary
insufficiency develop more. readily with exercise after a
meal but likewise a dgspepsia or substernal disconmfort may
be induced by hurrying or some violent exercise in the same
" fashion in the normal individual. In these cases the pain
is usually associated with the lower end of the sternum
although in both forms its may rediate into the arm.
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Certain of these cases of so célled dyspepsia may be a
coronary insufficieney produced by intesgstinal flatulence
foreing up the diaphragm and the heart and diminishing

coronary supply by rotation of the heart on its axis.

Again the pain of general debility can often be associated
with a history of gastric or duodenal ulcer such ag in the
following case: -

Mrs 7. Aged 33 years. Complained some months
ago of epigastric pain aggravated by food
X Ray investigation showed definite
ulcer on lesser curvature. = Was
treated with rest, diet and
aludrox etc. Is now free from
her "stomach pain" and is able
to get about but feels weak
following her period of low
diet. Has since developed
substernal pain after exertion -
"quite different from her stomach
paint Describes pain as sharp
and seems to "draw the blood from
her face". This pain comes on
if she is tired after an exertion
but not during it. Has a previous
history of experiencing a "dead"
feeling in the centre of her chest
on feeling cold, of some years
duration. Often has to stop
for shortness of breath but
not for the pain. On examina-
tion Rate 120 regular.

B.P. 150/100
BCG normal.

I have no doubt that this is a pain due to general
debility following her low diet and mno direct relation

to exertion can be established.
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We must remember also that the digestive process by
its demand on the splanchnic circulation can thus diminish
coronary flow and where excessive exercise follows, a
physiological coronary insufficiency may be induced.
Conversely where actual coronary sclerosis does exisi
it may be more readily brought to light by this diminution
of coroﬁary circulation after meals. The important
point here is that if the patient still has the pain
if remaining quiet after a meal or if the pain occurs on
exertion with the stomach empty then the cohdition is

-more probably anginal.

CARDIO SPASHM.

While considering this question of abdominal pains
we must bear in mind the similarity to angina of the pain
produced by a spasmodic contraction of the oesophagus.
It has been suggested by some auihorities that all pain of
angina pectorik is in reality produced by oesophageal
spasn. Morrison & Swalﬁzl;re quoted as having induced
what they believe to be attacks of angina by inflating
balléons in the oesophagus and thereby producing distension.
These two workers evidentily made X Ray investigations of
The oesophagus in patients with.attacks of substernal pain
and found spasm to be a common disorder in the cases
studied. The similarity of the pain induced by oesophageal
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gpesm is very cloge to that of angina dbut where the
cegophagus 13 the causge however, a difficulty in swellowing
during the sttack can usually be discovered, and no rellef
ig obteined from nitrites. They go so far as to state
that where 3pon£aneous atteacks of anglnal pailn occur
without association with exertion and not relieved by
nitrites they should be regarded as oesophageal gpasm
until proved otherwise . The authors point out the
freéuenoy of occurrence of such spasm in nervous
jndividusals ,heavy smokers and persons with gell bleadder
diseage; and in this group we might be justified in adding
neoplgsmg . The following case is an exemple: -

S, Aged 6% years. Buginess Man .
Complained of ‘intense subgternal vpain
of one month's duration occurring az
goon as he gterted to eat, and he !
often had to "stop everything" and i
"tears would roll down his face” .
After & minute or two it pas.ed off
and he was able to continue the
remainder of the mesal.

For a short time any attempt at
swallowing was intengely diffiecult
during the paroxysm,

Hed lost & good deal of weight

(1 stone in 5 weeks) and complained
of lack of energy. ‘

Mr

Examinsation Ausecultation N.A.D.

X Ray findings here shewed gome delay
with barium swallow and on screening
and fi1ilm large filling defect on
gregter curvature nesr cardiac end of
stomach.

Radiological disgnosis was neoplasm of
the curvature of the stomeach.(fsser
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In this case the similarity of intensity and dis-
tribution of the pain to that of angina is very close indeed,
but the intense difficulty in swallowing helps considerably
in the differentiation.

~

Other ilediastinal Conditions.

A sternal location of the pain ig frequent in sub-
diaphragmatic pleurisy or pleural effusion or in adhesions
in this region and herniation of the diaphragm is another
condition productive of similar pain. The pain of acute
pulmonary embolism is anginal in type and can be readily
confused with that of coronary occlusion. Here the
intense dyspnoea, cardiograph changes with probably
haemoptysis can be of some help in the diagnosis. The
acaentuation of the second pulmonic sound can often be
elicited although this is by no means diagnostic. A
sudden pneumothorax can often simulate greatly the pain
of coronary occlusion, but here the electrocardiogram can
be diagnostic in conjunction with I Ray findings.

The persisting ache of hypsrtension is another
‘confusing condition and although induce@ or aggravated by
exertion it is considerably less severe in type. The
following case is such an example:-

Mrs M. Aged 66 years. Gomplained of ache across
lower chest usually after exertion, and of sone
years duration. vhis was by no means constant
or severe. three years ago had colporraphy

performed which was followed Dby acute arthritis
29.




in arms leg and neck. This had now subsided
but blood pressure was 240/120 and she com-
plained only of pruritis and chest pain.
Seen recently with pulse of 90 regular,
fundi vessels’ wiry, discs clear.

Blood urea 86.6 Urine negative for

albumin but sp. gr. 1010 in all

specimens. (Arteriosclerotic

kidney).

Auscultation acecentuation of first mitral

sound accentuation 2nd aortic with soft
systolic murmur.

@ normal.

Substernal thyroid is another condition which either
from pressure or the tachycardia can produce a certain
amount of substernal discomfort. The neck fullness
on swallowing with head forward and raised, and the
wedge shaped shadow under the sternum on X Ray

coupled with tremor ete. can be almost diagnostic.

Diseases of Chest Wall.

These are the most frequent clauses of precordial
pain encountered in general practice, and we could put
first general strain of the pectoral muscle. Myalgias
of the pectoral muscles and various rheumatic conditions
would naturally include rheumatism of the sternal
~articulations and these one might say come next in
frequency. Here the agsociation of the pain with
moveizent and tenderness of the muscles on deep pressure

with the muscles on streteh is often fairly diagnostic.
100,




Myofibrositis and eveﬁ an early mastitis can
occasionally be confused although in the former the pain
is usually worse on getting up in the morning and passes off
as the day goes on.

Intercostal neuritis or neuralgia can often be
extremely confusing and one of the American Journals
quotes an instance of a doctor who was convinced that he
had angina until the eruption of herpes clarified the whole
condition. Rare conditions such as various infections
of the sternum or bony parts of the thorax such as
osteomyelitis, periogtitis or neoplasm can produce pain

gsimilar in type-.

Nerve Root Pains.

In certain rare cases radiation of anginal pain can be
found extending into the left arm and fingers, without any
substernal or cardiac distribution. This should always
be borne in mind when & diagnosis of brachial neuritis is
being made, and it is worth enquiring into any association
of an arm or neck pain with exertion. Cervical arthritis
can produce this type of pain usually in the deltoid and
trapezius muscles as the result of involvement of ¢4, ¢5
and 6. Again we may also have pain in ‘these muscles
referred from a diaphragmatic pleurisy by way of the Phreniec

nerve into the fourth, &rd and even the 5th cervical nerves.
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Usually however, the characteristic’ spread of the anginal
pain is limited to a relatively small territory of the

left anterior axilla supplied by the 2nd thoracic nerve and
the inner aspect of the left upper arm and forearm down to
the central aspect of the little finger supplied by the 2nd
and 1lst thoracic nerves forming the "ulner distribution".
Pain in the left arm from other causes is usually more
extensive and overlapg the areas of the musculo cutaneous,
the radial, the musculo spiral or the median nerve as well
as the ulner nerve.

Neuritis of the left cervical and the brachial plexus
can follow fractures or dislocations of the shoulder or may
result from pressure on the plexus oi tumour or vertebral
caries; "he association of brachial neuritis with post
influenzal conditions, toxaemias, anaemias or vitauin
deficiencies is well known. Sometimes neuritis of these
lower cervical nerves will involve the sympathetic trunk
producing Horner's syndrome with contraction of the pupil
narrowing of the palpebral fissure, partial loss of
accommodation to light and other vasomotor changes in
thg neck and chest. Where this condition is associated
with injury to the cervical sympathetic nerve it is
clagsed as Xlumpke's paralysis. Gervical ribd is another
ocause of unilateral neuralgia and may involve either the
cervical or brachial plexus. Occasionally spasm of

the secalenus anticus can be found in association with
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chest pain such as in the following case:-

Mr. G.E.B. Aged 58. Engineer.
Complainsg of shortnegs of breath
3 months duration with frequent
palpitation. Has recently had
occagional attacks of substernal
pain radiating to both sides of
neck with sudden twisting of head
to the right. iIhis usually lasts
a few minutes then passes off
ocecurring often about once or
twice a week. It appears to
have no relation to exertion.

Auscultation N.A-D.

B.P. 120/65 Rate 76 Regular

G normal but pronounced Left axis

Deviation.

This case was regarded as a possible bizarre
distribution of anginal pain but subsequent observation
appeared to negative such a conclusion but negative find-
ings are not conclusive in this type of case.

In pain due to pressure from a cervical rib relief
can often be obtained by trying pressure of the hand
behind the neck in such a way as to push the cervical rib
forwards from the ecsrviecal plexus. X Ray invéstigation
is usually definite here.

Syringo-myelia can produce & neuritis of left
cervical distribution, But dissociated anaesthesia 1.e.
loss of temperature and pain sense with persisting tactile

Sense is usually diagnostic.

/
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gpondylitis of the upper thoracie or cervical
vertebrae can be exceedingly confusing since this condition
can be aggravated by exertion or unfavourable posture
and is relieved by immobilisation. Cord lesions may or
may not cause neuritic pain but usuvally the pain here 1is
bilateral with some spastic signs below the lesion. It is
not infrequent to find anginal pain radiate to the face,
neck and head, and it is suggested by some writers that
these pains may be cardio-aortic in origin and that the
sensory portion of the 5th and 10th nerves may carry the

pain.

POXIC FACTORS .

Various toxic factors can, by their effect on the
nervous system produce pain in the heart which may simulate
very closely the pain of angina. Tobacco is a great
offender in this respect although there seems to be great
difference of opinion as to whethér an actual angina'can
be produced by it, but certain people are definitely
susceptible to something in tobacco which can produce
considerable cardiac discomforti. Very often the dig-
comfort involves the hypochondrium with some chest pain,
pallor and sweating. Herrman‘zgﬁaintains that some
substénce in the tobacco does restrict coronary flow in
People susceptible and quotes experiments showing frequency

of positive pateh tests with tobacco in~cases of coronary
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disease. ‘ihere is no doubt that some association appears
to exist and many writers have tried to prove an association
between tobaceco and the ocecurrence of coronary thrombosis,
but the most recent opinions seem to cast considerable doubt
on this agsociation. |

Coffee is anotiher frequent offender, and Levégﬁﬁaintains
that anginal attacks from caffein are comparatively
frequent and can be found to ocour at rest and elear up
entirely on giving up coffee. Adrenalin and Insulin
are both capable of producing paroxysms of anginal pain
and an attack is not uncommon on the sudden development
of diabetic coma&. Gout and diabetes are two conditions
where neuritis is a common complication but we must also
béar in mind the frequency of coronary disease in these
two conditions, it being suggested by some writers that a
high percentage'of diabeticssubsequently develop coronary
thrombosis. lienopausal conditions, particularly where
agsociated with a hypochromic anaemia and increase vasomotor
sengitivity can produce many types of heart pain but usually
of the submgnmary type.

Milleézg%égests that many cases of vague abdominal\
conditions where in d espair surgical treatment such as
removal of appendix or gallbladder is resorted to only to
find théir pain continue are probably anginal with an
aberrant distribution. Here is an example of abdominal

pain; -
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Mrs C. Aged 63 B.P. 180/100
Has complained of pain in the
right hypochondrium for the past
6-8 weeks only coming on during
exertion such as walking ete.
and relieved in a few minutes
with rest. Dyspnoesa increasing
recently cum some oedema of
ankleg. Has had palpitation
or fluttering of heart for
nany years.

Auseultation no abnormality, response
to nitrites almost immediate.

FCG shows left bundle branch block.

CAUYPTCAL ANGINAL PAIN.

Before concluding this chapter we must bear.in mind
that certain rare cases of peculiar distribution of the
pain do ocecur in angina. These have been recognised by
many writers and appear tc be in two separate groups
(1) whe eccentrically placed pain and (2) the chronic

left shoulder pain.

1. Recentric Pain.

Various cases are recognised where the pain seems to

involve the arms only but still has the same relation to

exertion as the centrally placed pain of angina.

35

J. Spillane & Paul yhite ° summarise these findings in

their article in the British Heart Journal and suggest
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the possiyility of an 1ischaemia of the forearm muscles.
1t 13 a very interesting suggestion although the exaoct
mechanlsm appears to be unknown. Robertson & Katz£3§%38
are quoted in this same article as having induced psroxysms
of enginal pein in 19 out of 24 anginal petients by
restrictlon of circuletion in the grm for 5 minutes at a
pressure of 50 m.m. above the gystolle presgure., Their
regults .uggest that by producing one element of the
gpontgneous attack the paroxysm can likewilse be induced
in itg entirety. The Interesting feature of these cases
is that on many occasions this 1is the only form which the

anginal seizures take, often for a period of years before

the true anginel paroxysm develops.

2. Pergistent Shoulder Pain.

Classical Angina Pectoris or infarction is
occasionally complicated by this shoulder pain. In thiy

gserieg severel cases were found where a neck or shoulder
pein was pregent gometimeg for & week or two prior to s
myocardial infarction. Some'cases-are on record where
such pains are pregent for meny weeks or even years . Thisgs
pain hag no relation to exercise and is not relieved dy
trinitrin, Some American Writers degoribe & wrist paln as
a forerunner of an anginal seizure,

}Thié peripheral location of the.pain prior to

1ts centrel development 13 not infrecuently found and
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may be illustrated by the following case:-

Mr.C. Aged 66 years. A Cellarman. Had complained
of a subgsternal pain while walking or doing
any moderate exercise. fhis condition had
been present for 8-9 yearsg but had become much
more pronounced since he came to Harrow from
Margate two years ago. He found that a
distance of 50 yards —alking brought on
his pain and he had to gtop to get relief.
0f recent moniths even coughing at night or
attenpting to do any gardening would like-
wise produce discomfort.
fhe interesting feature in thig case was the
ocecurrence of the pain along the lateral
aspect of both thighs before and after the
substernal pain. Cn some occasions dis-
comfort persisted in the thighs Tor some
hours after his attack.

Dyspnoea is becoming a pronounced feature
particularly the last 12 months.

Auscultation sortic diastolic murmur with
suspicion of gallop rhythm.

B.P. 150/80 Rate 80 regular.

GG shews low voltage in classical leads with
high P2 and »3,T3 is diphasic.

Here . a high degree of d epression of the ST segment
in leads 1 & 11 is strongly suggestive of some chronie
coronary insufficiency. The high pointed B2 & P3
support a diagnosis of auricular enlargement -~ no doubt

‘part of general cardiac enlargement.(F'7@
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ARTERIOSCLEROSLS .

In making any approach to the study of coronary
digease and its effects on the myocardium we are, in most
cages, diseussing the effecis of anteriosclerosis generally
and of the coronary arteries in particular. We know that
all cases of coronary sclerosis are not always associated
with general arteriosclerosis but it is generally recognised
that it is above all things the most frequent occurrence.
Paul'WhitéZ%hJﬂstrates the results of his investigation
into a series of caseg of coronary insufficiency and shews
thét in his experience nearly every case of angina was
found to have arteriosclerosis of the coronary arteries and
rarticularly the left anterior descending branch as the
- principal finding. His exceptions were
1. Athero sclerosis =~ a few cases
2. TIuetic aortitis involving the ostia often

without involvement of the artery -
a few cases '

3. TIxireme rheumatic regurgitation in young
persons ~ a few cases

4. sSub acute bacterial endocarditis with
vegetations involving the coronaries -
one case

5. Congenital anomaly ~ one case

It is obvious from the above findings that coronary

arteriosclerosis is a frequent finding and in White's
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opinioy it occurred in over 90, of the cases investigated
by him. In Glasgow in 1000 necropsis Allan found a
coronary 1esioﬁ trifling or severe in 37.1% visible to
naked eye alone (Levy).

It is suggested by most authoriiies that diabetes
glomerulo nephritis and hyperthycoidism are frequently
found in agsociation with ithis condition. Y'he suggestion
that the present hurry and bustle of modern life with its
© great emotional stress may have some etiological association
with arterio sclerosis is rather contradicted by Lev&zs%ho
points out the existence of this condition in mummied
corpses of the Egyptians who lived 3000 0dd years ago.

A definite association with occupation however geems to
be established although contrary to expectation the
professional and executive classes do not head the list
although they come very high in this order. 1In LeVy's(ze)
investigation the foreman and skilled worker class seem to
suffer most readily from this condition. T1he association
of hypertension with arteris sclerosis is of course common
and there seemsAevery redson t0 believe that continued hyper-
tension favours degenerative changes in the arteries. It
Seems that the effect of angiotpnin of renal origin may be
due, not entirely to its vasoconstricting action but also
10 a stimulation of the myocardium with increase in the
Volume of ventricular sYstoles.» And it is suggested by
Philip Hill & Gowes Andrewégzﬁat here may be one of the
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important causes of arterial hypertension. The whole
question of heredity is an important one, and there seens
little doubt that this ia 8 strong factor in the occurrence

of arterio sclerosis and hypertension.

YHE ELECTROCARDIOGRAYHIC INVESTIGALION.

In the investigation of casges with a history suggestive
of coronary insufficiency we have three separate sourc=s of
information viz:; the clinical findings, electrocardiographic
findings and X Ray findings, and the relative significance
of these is the objeet of this investigation.

The first, and in most cases the most important sourse
- of information is the clinical findings. In many cases
these findings can be sufficiently diagnostic in themselves,
particularly where the distribution and ococurrence of the
rain conform to the recognised form. This is naturally
simpler in the more advanced cases of anginal pain, but
there are, unfortunately, still many cases where the clinical
findings are by no means unequivocal especially where the
symptoms are of comparatively short duration. This
grouping does not, of course, include those cases where &
Tecent but definite clinical history of coromary thrombosis

can be agcertained.
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When we are faced with & case giving no definite or
conclusive clinical findings we must perforce rely more
~on the second and third sources of information, namely
the findings of electrocdrdiography and radiocardioscopy.

The latter two sources of information are, after all,
merely subsidiary means of gaining further knowledge of
the patient's condition but in no wise snould‘be'considered
apart from the clinical background.
| The electrocardiogram, if interpreted cautiously and
with due reference to the patient's history can often give
ug additional information which at times can be. very
coﬁclusive, but we must bear in mind that there is no
.typieal electrocardiogram of coronary arteriosclerosis.
The electrocardiogram gives us a picture of the state of
the myocardium and since thig can be influenced by many.
conditions other than the circulatibn of the coronary
arteries, cafe must be exercised in the interpretation of
such records. Various anaemias, fevers, toxzemias, drugs
ete. can produce changes in the myocardiw: and hence in
electrocardiogram and with this in mind, we must therefore
be careful in attempting to meke any sweeping statement
regarding the state of the coronary circulation without
due congideration of all informmtion from other sources.
At the same time we find that certain electrocardiographic

changes are more frequently associated with coronary
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disease than others, and in using the electrocardiogram we
must try to assess first what particular changes we are
prepared to consider as diagnostic features of value.
In order of importance the following findings can be useful
in support of a dpubtiul clinical history:-

(1)

(2) Signs of healing myocardial infaretion

R

igns of recent myocardial infarction

(3) Signs of old healed myocardial infaretion

(4) Signs of myocardial damage or necrosis
and repair of a chronic nature

(6) 9gigns of deficient coronary supply and its
effect on the myocardiwn showing as
permanent changes or slowly evolving
changes '

(6) Signs of affection of auricles only in
coronary insufficiency

(7) Signs appearing only on induced anoxaemias
(8) Signs appearing only arfter exercise, but
with return to normal on rest

This grouping is a most comprehensive one and can
inelude nearly all possible electrocardiographic changes;
gince it is possible for coronary insuffieiency To produce
almost any form of deviation from the normal. Without
however going into what might be called t@e very fine
points of this science, we can at least hope to consider
what main changes we can accept and the relative

8ignificance of such changes.

‘
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There have been so many publicationg on this subject
and some authors are so proné to r=ad into the electro-
cardiogram wﬁat ig gtill a matter of doubt, that we must
adhere to what we can regard as diagnostic aids without
the consideration of changes which are in the present
state of our knowledge unreliable. In fact it seems that
in the past a greal deal of harm has been done to the progress
of this science by rash pronouncements)on minor changes in
the elextrocardiogram.

In the first group, namely those cases showing signs
of recen% myocardial infaretion, the electirocardiogram can
be of definite help5

This however is by no means always the case, and a
record made tooearly (say 24 hours) can sometimes miss the
development of such changes.

In a minor infarect, or where the area involved does notl
happen to be in a part of the heart which shews readily, the
changeg can be extremely transient - a few days at most,
with complete and rapié return to normal. This, we must
admit, is the exception, but in &4ll cases it is always
advisable to hafe a follow up record madé within a few days
Since it is the procesé of evolution of the electrocardiogram
in myoeardial. infarct which is one of its diagnostic features.
The typical changes vary in the time of their occurrence hut
. 8enerally appear from about twenty four hours after the

incident, to something like ten or twelve days.
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The duration and extent of the changes depend so much
on the location and exbent of the infaret and the extent
of the collateral supply; the latter factor being perhaps
the most dominating factor}of all-

It is not uncommon for autopsy findings to shew
ocelusion of one or both coronary arteries where no incident
suggestive of an acute coronary accident was recorded during
the patient's 1i fetime. hese casesg are frequently found
%0 have considerable collateral supply and to be almost

independent of the normal coronary circulation.

The Coronary Electrocardiogram..

The part of the curve normally most affected by this
condition is the ST segment and it rapidly undergoes sig-
nificant changes in elevation or depression above or bhelow
the ﬁase line. this change in the shape of the SI' segment
is of the greatest importance and in these cases the segment
usually passes to the top of T by a straight line or by a
curve which is concave towards the base line in the elevated
segment.

It seems io be the theory acce@ted by recent authorities
such as Pardee and katz and others that the ST changes are
The reaction to degeneration or necrosis of the myocardium
produced by the myocardial ischaemia. The 37 segment

changes represent the current of injury and are understood
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to be produced by changes at the junction of the necrotic
tissue with healthy tissue. Tissue which has been totally
destroyed does not produce such a current and it is for this
reagson that we must be careful in interpreting a return to
normal on the part of this segmenl as signifying that
recovery hag taken place.

It might be that necrotic tissue has been replaced
by fibrous tissue which has no electrical reaction and
therefore no such current oif injury is produced. The whole
approach to the interpretation of the electrocardiogram in
such cases ig gimplified if we consider the elements which
go to make up this so called “coronary electrocardiogram’
bearing in mind, of course, the fact that wide variations
are possible and also that certain other conditions can give
such a reéord- ihe elements of the coronary electrocardio-
gram consist of certain changes in the ST segment and in
the © wave. The 37 segment changes consist of either
elevation or depression of the segment above or below the
isoelectric 1line but as élready stated, the actual shape
of the sggment ig of suprene importance:.

Thig characteristic shape of the 3T segment congists
of a filling in of the normal upward or downward concavity
before the peak of the ¥ wave, so that the line runs
either in a‘straight line to the peak of ¥ or is slightly
bowed. This is usually associated Wifh a displacement

0f the segment beyond normal limits in the direection of
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the © wave. Advanced forms of left or right axis deviation
can shew somewhat similar 37 changes but here the BT Jjunction
is usuwally below zero level or above in the opposite lead,
and the 387 segment has its normal concave appearance. ‘his
is a particularly imporﬁapt point and arises later on in

the discussion.

Corresponding % wave changes prodﬁcing the gso called
“coronary'T wave" are usually found associlated with such ST
ghanges in infarction." Yhe chief feature of this wave is
a slight upward convex shoulder and then an inverted T wave
with symmetrical sideg and gharp point. ‘'he important
feature ig the slight upward rise above the point of origin
prior to the down stroke of the i« wave. Yhis wave may,
or may not, be diphasgic. It is posgible for certain other
conditions to give a coronary © wave but in most cases it
is due to coronary disease. The apex oi the ¥ wave is
usually downwards and may be accompanied by downward i in
other 1limb leads alt.ough these ¥ waves may not be of
eoronary types. Tf such changes occur in Lead 111 only
then the diagnostic value is slight, but if accompanied by
1 inversion (not necessarily coronary %) 1in Lead 1l or an
i1soelectric 2 it is much more significant. The coronary
T wave is found in the precordial leads during healing
stages of anterior infarct but not when the diaphragmatic
Surfacé is involved unless accompanied by antserior infarction
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Such then are the characteristic changes of the
coronary ST and 4 waves and these groupings appear in
greater or lesser degrzes in many electrocardiogranms
agsoclated with coronary disease.

By far the most definite changes associated with
cardise pain are those of ihe acute myocardial infarct.
Here ag & rule the clinical findings can be fairly suggest-
ive but this is by no means always the case, and where any
doubt exigts that an acute coronary accidenl may have
occurred the electrocardiogram can oiten be very degigive.

“he changes occurring in infaretion can be tabulated
as follows:~

Recent Effects.

ST segment elevations or depressions with character-
istic concavit: or convexity of the segments.
0f these the anterior and posterior -infarctions
bave their characteristic changes.

Anterior left ventricular infarct.

Barly. 1. Convex elevation of 584 segment
Leads 1 and 1V

2. (Concave depression of 3T segment
Lead 111

3. lay or may not be ¢ wave in Lead 1
4. R4 may or may not disappear

Lat e, .
1. 8T segments tend to return to normal

£ g waves dip late, sometimes inverted
Leads 1 and 1V and even in Lead 11

3. R4 usually absent
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Basal or Posterior or Diaphragmatic Infarction.

Barly. 1.

2.
B
4.

- Later. '
l.
2,

Late changes.

Elevation 3t segment Lead 111
Depression 3¢ segment Lead 1 and
After hours or days Lead 1 and IV

return to normal or have too
high waves

Q waves in Lead 111 with sharp

inversion of ¥ waves in Lead 111

BE& tends to return to normal

QS and inverted T3 only remain.

In healed cases after many months all evidence of

the infarction may disappear except for the following

changes:; -

Anterior Group. 1.

2.

Posterior-Groﬁp. 1.

2.

Absence of R4

11l and 74 often remain inverted
or diphasic or flat

FOC¢ tends to return o normal

Q3 and T3 changes offen remain the
only evidence.

It is usual for Lead 11 to simulate the lead shewlng

the elevated segment only to a lesser degree, but un-

fortunately such definite characteristie changes only

appear in a certain proportion of cases. liany atypical

forms of this pattern

are found and in some cases patterns

of combined infarcts are found.
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When we are dealing with the elevated Svy segment 1
type of case with the later development of the ooronéry
7 wave in this lead, it is common to find & broad ¢ wave
develop in this lead with a deep § wave Leads 11 and 111
this has given rise to the term Q1 11 type of anteriér
infarction. ,

In the reverse pattern‘with coronary T wave in Tead 111
the @ ﬁave usually develops in this lead. Frequently the
QRS consists solely of a wide downward deflection or (S
in the third lead. This has given this group the term
Q3 13 pattern. The QRS changes are more permangnt and
hence these { waves are often the only remaining evidence
of an old infarction.

The chest leads usually simulate those of Lead 1 and
in the anterior infaretion the chest leads usually (though
not invariably) give us most information.

In the posterior infarction the chest'leads often
give little information and may be quite normal. It is
not uncommon to find a large pointed T wave in the chest
leads with a healing infaretion and this is often regarded
as a gignificant feature on invegtigation of cardiac pain.
It is however, only to be regarded as such if it is found
to undergo definite process of evolution.

The disappearance of the R wave in the chest leads is
of great significance and is one of the remaining signs

0f myocardial infaretion, especially if taken from the
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‘apex where R is usually large.

In the posterior or diaphragmatic infarction the R wave
ig usually present because the degenerated portion of the
muscle is not immediately below the electrode. The
importance of such definite findings in our investigation
cannot be overestimated, since it is not uncommon for
myocardial infarction to he atypical clinically. The
prolongation of myocardial ischaemia from whatever cause
can produce infarction and therefore a typical history
with the characteristic location and radiation of pain
is by no means the rule. It is common to find a history
of angina of effort follow myocardial infaretion, and some
authorities go so far as to state that 65/% of cases of
angina of effort have a myocardial infarction as the
initiating factor. (Rosenbaum & Lavine§14)

Indireect cardiac trauma producing a prolonged myo-
cardialJischaemia with a limited infarct is a frequent
occurrence. This méy be due to an upset of the balance
of coronary supply and myocardi&l need, but might be due
also to some indirect injury to the coronary wall such as
a8 petechial haemorrhage into the intima. It is suggested
by other writers that this infarction follows exercise
(Jokl & Susnmrn(éﬁgnd ig due to a physiological drop in
blood pressure following the rise with exertion. This

would seem to apply only to eases where actual limitation

of coronary supply already existed or where considerable
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myocardial hypertrophy was present.

It has always seemed that the type of case with
infarction occurring after prolonged exercise has a better
outlook than where infarction occurs during rest since
probably a greater limitation of coronary circulation is
implied by the latter.

Ihe typical infarction usually does occur at rest
and such is the following example.

Mr-A. Business man - aged 68 yrs

WJl Been 24 hours after attack of
intense substernal pain with
eno radiation occurring during
the night lasting about 3o
minutes followed by considerable
discomfort for many hours.
History of some substernal pain
on exertion (moderate) at in-
frequent intervals often after
meals.

B .P (wu/)160/100 Ho other abnormal
signs but pulse rate found to
be 40, a history of hypertension
B was obtained.

'The 3G-0 shows characteristic
depression of SII and SI4 with
elevation of S2?2 and 313.
with developing inversion of
. I3vwith prominent Q3, indica-
il tive of posterior Infarction.

B .P(was)185/
Phis patient was under the impression that his
condition was due to indigestion and indeed he had already

made up his mind as to its causation.
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'The,eléctroeardiogram here was very helpful and
typieai‘changes characteristic of the posterior or
diaphragmétié infarction were evident with an associated
rhythm disorder. In this case a complete heart block
with regular ventriculér rate of 40 and auricular rate
about 805 was observed.

The agsociated disorder of rhythm is a common feature
of the posterior infarction since the blood supply to the
septum is usuvally involved and hence the conduction system
frequently shows some impairment. Various rhythm dis-
orders are a frequent accompaniment of the posteriof |
infarction partly because of involvement of the septum
and partly due to the faet that the conduction system as
a whole is much more susceptible to ischaemia than the
heart muscle. Various grades of conduction defect can
appear either as a trénsient or permanent feature following
infarction. These include such disorders as the above
with varyiné dezress of 4 V block and ocecasionally bundle
branch block or incomplete bundle branch block.

‘This cage then seems to illustrate not only the
typical early Sv changes of posterior infarction but also
associated rhytam disorders all of which can be hélpful
in diagnosis of an atypical clinical history. In fact
in this case the history was so uncharacteristic that,
but for the elsctrocardiogram,it might have been missed,
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since by the next week or two the pulse had reverted to
normal rhythm and an electrocardiogram shewed a further
step in the evolution of this type of change namely normal
rhythm with prolonged AY conduction time (.32 seconds)
Here the 81 changes are- returning to normal with the
development of a pronounced
coronary 1 wave in Lead 111

with still prominent Q/3.
A lower grade of heart block

immnm has now developoed and is shewn

as prolongation of AY conduction
only with long PR interval, but
each p wave followed by a
ventricular wave

Such a record suggests involve-
ment of the base of the sept-urn

25

Phis illustrated the importance of the electrocardiogram
in any. case of sudden appearance of a thythm disorder,
since heart blocks, auricular fibrillation or flutter
and even multiple ectopic beats can result from a coronary
thrombosis

A very frequent finding in this series has been the
occurrence of a prodromal period of anginal =x>ain preceding
a definite clinical attack of coronary thrombosis and it is
important that any sudden attack of anginal pain should be
treated as an incipient infarction and bedrest insisted

uporiat once. Sometimes such a minor precursor of the

maior attack may be an actual coronary thrombosis and
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may not always involve the branches or myocardial area
involved in a subsequent attack. This prodromal period
of aggravated pain often extends for several days but
unfortunately the patient does not always report until
the major accident occurs. The following case might
illustrate this point;-

Mr-W. Aged 63. Retired business
man was suddenly seised during
the night with substernal pain
radiating to posterior aspect
of both arms as far as, the
elbow. He gave a history of
substernal discomfort which he
thought to be indigestion for
2 days prior to his attack.

A history of hypertension was
obtained although when the
record was taken his B ¢? ¢ was

12¢/100

97313

On examination no other
abnormalities were found

The Electrocardiogram shewed
a rapidly evolving pattern of
posterior infarction with
already (48 hours) sharply
developing coronary'A wave

in Leads 11 and 111.

This shews the typical sof elevation in Leads 11 and 111
and depression in Lead 1, with associated Q,3 and Q2. The
chest lead here is normal. Phis patient subsequently
developed a left sided hemiplegia probably thrombofic or
embolic in origin. Perhaps the drop in systolic pressure
may account for the occurrence of such thrombotic accidents
following a coronary thrombosis and it is an important

point that many such cases not only shew a drop in blood
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pressure at the time, hut often continue to show low Hood

pressure reading sometimes even permanently. This patient
made a good recovery hut with some degree of residual
anginal pain on even mod?rate exertion.

It has always heen a matter for speculation whether
any particular type of infarction is more prone to leave
residual discomfort on effort hut it has not heen my
experience to establish any such relationship; and it
seems that the extent of the primary infarct and probably
the degree of collateral circulation must he the governing
factors. In this consideration we must include of course
the existence of any other indication of myocardial damage.
Where such findings obtain then of course the outlook
is less hopeful. The following case is an example of
a coronary thrombosis superimposed on an auricular

fibrillation, an uncommon occurrence.

Mrs B ¢ Aged Admitted to
Hospital complaining of sub-
sternal pain radiating to left
arm. This was a known case of
fibrillation and had had some

pain on exertion
371958

The electrocardiogram here
shews elevation of Sfl and 3T2
with depression of ST3 and 4.
Right axis-deviation is evident,

Here a prominent Q1 and
obtain. The low voltage may
be due to the state of her
myocardium following the

B4.+725.++™M infarct.

Subsequent history on dis-
charge was not obtained.
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These cases serve to illustrate the more characteristic
findings of myocardial infarct and where such finaings are
obtained the electrocardiogram can be of decisive value,
even in a case with little or no clinical findings of a
characteristic nature.

Tthe matter however becomes much more complex when we
try to assess the value of the atypical changes in the

electrocardiogram, which unfortunately can be many, and

where a combination of different infarctions superimposed

can neutralise some of the diagnostic features of the
record. In some cases prolonged anginal »ain preceding
a major attack may be of suffiéient severity or duration
té produce some myocardial damage in other areas.
In some casges the infarction may be a simultaneous in-
volvement of the anterior and diaphragmatic surfaces of the
heart.

In the recent stage of such combined infarctions the
ST segment is frequently elevated in all 3 leads although
uswally most marked in Lead 11. In such records a large
@3 may be present and in the precordial leads the R wave is
small or absent with some elevation of the ST segment. In
the healing stage these cases may present a normal record
in the limb leads with an absent R or diaphasic % wave in
the chest leads. 3uch records are liable to be confused
with a peri- carditis but here no ¢ wav= develops and usually

the gy changes are most pronounced in mead 1.
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An infarction of the lateral wall :{ the left
ventricle usually produces a depression of ST 1 and ST 2,
but no elevation of ST 3 and a depression of the ST
segment in the chest leads* This type of infarct is
prone to undergo a very rapid process of evolution and can,
at times, closely simulate the record of hypertension with
TI changes. ¢ The combined infarction most frequently shows
the posterior changes occurrlL ng in the limb leads with the

anterior changes appearing in the chest leads and, I
(65)
believe Katz page 182 £ states that the reverse is

exceedingly rare.

The following record is an illustration of this type:-

Mrs G* Aged 57 years- Seen complaining
of sudden attack of supramammary
pain occurring in bed at night, with
no radiation. Here a definite pro-
dromal period of severe pain in a
similar location was observed for
several days prior to her attack*

Seen 48 hours after her severe
attack which had persisted for
several hours and which was relieved
by morphia

On examination split first sound with
pronounced accentuation of second
aortic sound were the only abnor-
malities .

pP-p. was then 210/100
The electrocardiogram here shewed
definite elevation of ST 2 and ST3

with tendency to inversion in T3
and some depression of STl also
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Here are typical posterior changes in the limb leads
but in the chest lead we find definite ST elevation and
absent R wave characteristic of the anterior infarction.

It seems reasonable to assume that such changes occurred
comparatively reoenily although it is not uncommon to find
& recent infarction superimposed upon the record ol an old
healed infarect.

Apart from the above‘recognisable types of unusual
change certain atypical forms can appear which do not fit
in into any particular grbup- Such changes may involve
the 37 segment and T wave in a minor form, but all changes
due to infarction have one important diagnostic feature
namely their process of evolution, usually with a sﬁbsequent
goronary 1 wave. iess frequently R1 and R3 may become
smaller and ¢l or @3 may become larger yel no characteristiec
feature may develop. 3uch abnormal changes may be due to
the fact that the infaret is small or involves an area not
coinciding with the usual areas of infarciion. Some authors
classify these changes and Katz described & 1IN and Tp lype
where coronary curves exist but where 37 and T wave changes
are the same in Zeads 1 and in lead 111. In the Tn type
an elevated 37 contour is present in all l1imb leads and in
the late stages an inverted T is present in all limb leads.
Sometimes a { wave méy be present and the chest leads are
variable. In the ip or positive T\types the reverse

occurs but this is very rare.
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These changes therefore can be of diagnostic value in
the study of cardiac pain but their value diminishes the
further they become removed from the orthodox changes, and
it must be remembered tﬁat there are many causes other than

coronary sclerosis which can produce some of these changes.

A

Voltage of YRS and 1. Waves.

The mere presence of low voltage QRS is no definite
indication of myocardial disease since it can be produced
by such conditions as diabetes, myxoedema general debility
and others but it is nevertheless an important finding in an
investigation of this sort. fardee(?ggge 172 ) quoting
Barratt (?) states that when low voltage of the QRS was
found inccombination with the low voltage of the T wave
92% (in his geries) had evidence of cardiac disease.

‘He emphasises however other causes of such low voltage
¥ waves of an extracardiac nature.

The presence of large ¢ waves may occur in myocardial
hypertrophy or in coronary occlusion or in lesions of the
bundle branches. A sméll 7 wave on the other hand should
not of itself be regarded as a definite indication of
myocardial damage except in lead I but should always be
considered in relation to the QRS wave and where this also
ig small the cause may be of a toxic or metabolic origin.

If we find a large or normal RS assoclated wit' a small °

7 wave then we can assume a greater probability of myocardial
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disease. If, on the other hand significant notching of
the QRS occurs, the tendency for a large I wave is very

great and not even myocardial disease can produce a small p

(66)

in such an arrangement. pardee (page 175 )

Ihe suddenappearance of low voltage of QRS and 1 wave
is frequently the result of a myocardial infarct and certainly
should call for a careful investigation of the clinical
history in such a case. It should he further remembered
that in some cases a low voltage can remain as a permanent
feature following a myocardial infarct particularly if that
has been extensive.

The following case is an illustration of such low
voltage changes occurring immediately after myocardial
infarction -

ir. J.J.9Q. Aged 67.
pPhis man had a history of occasional
attacks of pain in left mid axillary
line occurring on strenuous exercise
such as hurrying for a train but not
with normal exertion.
Was seen two days after an attack of
intense substernal pain radiating
along ulnar aspect of left arm to
elbow and persisting for IE hours
but relieved by morphia.
Here the story is complicated by a
previous history of'gastric ulcer
with haematemesis
the possibility of a perforated ulcer
had to be considered particularly
as the attack was associated with
vomiting.

131.



As already discussed the characteristic pain and local-
isation in the chest were of gr~at assistance. A history
of hypertension was obtained hut when seen the B-P. was
130/ 75.

In this case the HO>- was of diagnostic importance
and shewed the changes of an anterior infarction with

extreme low voltage in the limb leads. The character-
istic changes were most pronounced in the chest lead
where the absent R wave and SI elevation with developing
coronary T wave were evident. The occurrence of low
voltage in diabetes with coronary disease can sometimes
lead to difficulty* these two conditions being un-
fortunately associated together and not infrequently such
diabetics experience some degree of cardiac pain. This
applies equally to myxoedema and here not infrequently
similar conditions obtain.

The following case is a record taken from a case of
myxoedema following subtotal thyroidectomy two years before*. -

This patient gets a
considerable degree of
substernal pain on
moderate exertion
although this condition
is improving clinically
on small doses of
thyroid but as yet no
improvement in re-
duction of general
cardiac enlargement
appears on screening.

EGG- shows tof* ampli-

tude of QRS and I
waves.



Other possible factors in the production of low
voltage can be of a purely mechanical nature such as
depression of the bagse of the heart by mediastinal tumour
or upward pressure of the diaphragm from various abdominal
conditions producing a transverse lie of the heart.

On the other hand any general condition producing im-
pairment of the physiological state of the myocardium can
result in lowered (RS voltage and although coronary
sclerogis is perhaps the greatest offender in this respect
we must remember that such conditions as tuberculosis,
rheumatic fever ,anaemia pericardial effusions and infectious
diseases can produce a similar condition by impairing the
" coronary flow or in the case of pericarditis by the insulatirg

effeact of the effugion.

Healing stages of myocardial infarction.

Following myocardial infarection the electfocardiogram
undergoes a characteristic evolution usually returning
towards the normal. This process involves the gradual
return of the ST segment to the isoelectric level and the
7 waves to their normal size and position. This process
of evolution may become arrested at various stages in its

progress, (usually the later stage) and a condition

depieting chronic or protracted coronary insufficiency
may remain. Thig arrest usuwally takes place at the

coronary i wave stages but. it is not usual for the U
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segment to remain abnormally elevated or depressed beyond
a certain period of time, but in certain cases this too
can occur.

Ahe following case is an example of coronary T wave
changes in a healing posterior infarction.

Mr.U* Aged 55 Seen complaining 1

of precordial pain on exertion

of few days duration and with

pain on left side of neck for

about 14 days before this.

'fhis patient was sent home to

rest and the following day ~9681068

developed intense substernal

pain with no radiation.

B.P* 120/90 and on auscultation

no abnormal cardiac sounds were

present but extensive crepita-

tions were audible over the

lung tissue along the left

cardiac border. 66
Considerable tachycardia was
present Rate 120 and this
persisted for about 14 days
At this time the following
SCG was taken and shewed the
characteristic changes of a
posterior infarction with
depression of SAl and
elevation of 31 2 and 3t 3
with deep inversion of f£2
and 13 of the coronary type.
Ahe chest lead shewed
depression' of 31 segment
and 1 wave.

40

73

Such 1 wave changes seldom remain as a permanent
feature and no doubt this record will undergo further
changes towards normal before any residual 1 wave could

be regarded as a permanent indication of protracted

coronary insufficiency.
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These i waves usually shew the characteristic contour
of the coronary 1 wave often remaining for a considerable
period up to a year or more following the infarction,
hut in most cases the tendency is for a return to normal
1l waves within a period of months. The anterior infarction
tends to leave an inversion of 1'l and the posterior infarct
an inversion of 13 and T4; with the ST segment more or less
at normal level. On the other hand a very large 1 wave
is perhaps one of the most useful indications of protracted
coronary insufficiency, with perhaps the exception of
definite ST changes.

This record is taken three and a half months after a
posterior infarction and at this time the patient was
complaining of substernal discomfort on exertion, but
diminishing in intensity.

4857

2494

5973

Here is a typical example of the high T wave in the
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chest lead of coronary type, with definite coronary 11 waves
in lead 11 and 111, with prominent Q3 and small ¢2.

In this iDarticular case a further record taken one
year afterwards shews later evolution of 1 wave changes
which were found to he unchanged at the end of another
twelve months. Here the changes obviously have become
stabilised with a now normal chest lead and only inversion

of M3 and T2 with prominent Q3 and small Q2 remain.

SsaoeSSeaw”h these changes~ of chronic coronary in-
suffieiency we usually find typical Q waves in leads 1 or 11
or 111 and absent R wave In the chest leads. Such I wave
changes are especially significant in this investigation
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since they are often the only indication of coronary
disease. Thé deseription of this stage 8s protracted
coronary insufficiency by certain writers seems very apt
and these various stages in the evolution of the electro-
cardiogram are important. he early 4 and ST changes
correspond to the late changes of the infarction, and
finally the ¥ wave is seen to undergo a process of increase
and decrease (the so called waxing and waning of the T wave)
before it reaches a stable stage.

fhe rate of 37-7 evolution from abnormal i1o normal
gives us some indication of the rate of the healing process
and likewise the waxing and waning of the 1 wave is some
indication of the stage which the healing process has
reached. Any sudden interruption of this normal process
6f evolution of the % wave particularly if associated with
ST changes may be an indication of a further myocardial in~
faret. In some cases the T wave may not reach great
voltage before the onset of the waning stage, but finally
a stage is reached when the ¥ wave becomes the dominant
feature of the electrocardiogram. This tendency on the
part of the electrocardiogram to return to normal is usually
a dominant feature but is not invariably the case, nor
is it by any means certain that such a return to normal
is "per se" an advantageous factor. It seemed however
in this series that cases shewing such coronary T wave

changes as a lasting feature were more prone to anginal
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pain, but this appears to be a matter still under discugsion.
One important error can occur in mistaking the early
evolution of an acute myocardial infarction for a chronic
goronary insufficieﬁcy, gince these two conditions can
sonetimes give similar records. It is important therefore
to follow up ihe record in any case of doubt with & record
taken at an interval of a few days.

In this group of changes associated with chronie or
protracted coronary insufficiency we find occasionally,
sieh QRS changes as ventricular preponderance heart blocks
and various arrythmias. It must again be remembered that
coronary sclerogis is not alone in producing a limited
coronary supply and that such conditions as pericarditis,
pulmonary embolism, acute nephritis, severe anaemias
digsecting aneurism and certain drugs can produce similar
changes. In this group of chroniec coronary insufficiency
the more characteristié changes such as coronary T wave
g waves and low ¥ wave occwr frequently. A low T wave
particularly occurring in Lead 1 or 11 can often be a
transition stage between an inverted and an upright © and
is always regarded with great suspicion. This record is
an example of chronic coronary insufficiencey in a man aged
53 years.
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Complaining of pain across

chest on exertion, such
I l walldng, ofthree
months duration. This

patient gave a history of
a severe attack of pain
while returning from work

1525"4362534151425 which persisted the whole
- day and which was the fore-
runner of his present
subst ernal discomfort.
" "When this record was taken

® his B.P. was 170/90
The only abnormality on
auscultation was the
233 accentuated second aortic
sound.
Ilf{ 130G here shews coronary
T wave in lead IV with
small Q4 and Q3
Here an isoelectric T 1 with coronary type 1 waves in
all other leads gives a record of healing or healed infarct
of the posterior type. A further record taken some months
later shewed very little change and one is Jjustified in
assuming that some degree of permanent coronary insufficien-
cy exists in this case although no doubt this record may
shew a greater return to normal. On the other hand the
patientls story indicates a waning exercise tolerance,

which is more suggestive of a chronic state. The following

case might illustrate this.
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Man aged 43 complaining of

a pain in his chest with
substernal 1location,

occurring on cycling to

work. This pain had continued
for some time , sometimes
occurring in bed, on one
occasion 1lasting most of the
night

He was confined to bed by hij

Doctor for five weeks and
since then now has pain on
walking for 8 -10 minutes
only, when he has to stop
and rest

When seen at the time this
record was taken his B.P.

was 135/90, an accentuated
first mitral sound being the

only abnormality.

On screening he appeared to
have some enlargement of
left ventricle and low
diaphragm .

This type of oase can be exceedingly
difficult and the severe attack of pain only seven
weeks ago does not appear to have been due to an
actual infarction but the 1low Tl in this record is

L

certainly suggestive of some chronic coronary

insufficiency
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Other changes associated with coronary insufficiency*

notching and Slurring.

notching or slurring is a frequent occurrence in

coronary sclerosis and is of diagnostic importance if

sufficiently pronounced.

It is important to remember

that in dealing with QRS changes we are considering

changes indicative of a more permanent damage to heart

muscle, since any changes here are due to altered pathways

of the electrical impulse in the cardiac muscle. Such

alterations appear as a slur or notch of the QRS or widen-

ing of the 'R wave indicative of delayed interventricular

conduction. notching of the QRS is of significance if

high up near the peak of QBS and is still more significant

if associated with T wave changes- in which case it is

strongl suggestive of coronar-y disease.
Iy 99 2025”4 Y

III 1615

[+

Mr. Ge Aged 55

This is a record from a
patient with a definite
myocardial infarction two
years ago. He now complains
of some substernal pain on
exertion.

When seen his B-P. was 1%6/100

Ihe EGG taken at the time
shewed some notching of QftS
in lead 111 and definite
notching in lead IY associa-
ted with coronary 1 wave,
and some degree of intra-
ventricular block with QftS
of .10 sec.



Lead 1 shews an isoelectric

T wave and all these findings
confirm the diagnosis of
chronic coronary insufficiency
although such slurring and
noteching of the chest lead is
not always regarded as being
abnormal, and notiching can
occur as & normal variant in
“lead 111 where the QRS is
small and where Rl is approx-
imately equal to RZ2.

It is interesting to note that in the same recorad
notching occurs in the same position of time in each QRS
and is sometimes manifested as a notech in one lead or a
glur in the other.

.

The increased duration of QRS.

Caseg shewing varying degrees of widening of QRS wave
beyond .12 of a second occur not infrequently in coronary
ingufficiency and are of considerable clinical significance.
llany cases giving a clinical history of pain on exertion
are found to shew varying degrees of axis deviation,
usually the left, associated with hypertension or aortic

disease and intraventricular block-.

i'he Hypertensive Electrocardiogram.

The existence of hypertension produces definite
progressive changes in the electrocardiogram, all of
which can oceur in association with coronary insufficiency.
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In some cages hypertension can shew no abnormalities in
the electrocardiogram, and as a general rule pain was not
8 dominant feature of this type. As hypertropliy of the
Ventricle develops a definite left axis deviation appears
in the electrocardiogram with gradually increasing R1

and 33. A later stage of left ventricular preponderance
is agsociated with large left wentricle and depression of
the 3% segment in lead 1 and then in lead 1 and 11.

The 87 segment is deviated in the same direction as the

T wave in contradistinetion to the coronary curve where
the 3% segment is opposite to the T Wave} In the more
advanced stage sone degree of Q3S slurring and notching
with intraventriculér block occurs, and finally éven
definite coronary 1 wave changes suggestive of myocardial
injury can appear. P"hese S%T-% changes are grouped by
some writers under the termIQentricular strain“although
there seems to be some objection to this term. These
changes occur more readily in left axis deviation than
in the righv, since the right ventricle is not capable

of hypertrophy to the same extent as the left. T he
developing intraventricular block is here probably dug to
hypertrophy and not the result of a conduction defect.
Some authorities maintain that the 7 wave inversion is in
the nature of a relative coronary insufficiency (Katz)

- owing to an increase of ventricular muscle beyond the
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capacity of the coronary vessels to supply it'. Pardee/ﬂ)p’.é’en
discussing ventricular hypertrophy maintains that s
‘widening of the QRS in advanced left ventricular pre-~
ponderance can be as great as .12 of a second‘without

any actual defect in conduction, but tﬁis whole question

01 whether a left ventricular hypertrophy can, if long
continued, produce the condition of left bundle branch
block seems to be still a matter for debate. Tor our

purpose in the investigation of these cases there seems

~little doubt that where these changes occur supported by &

suggestive clinical history the outlook is relatively
poor, and statistics shew a comparatively high mortality
ratevwhere such 4 wave changes ass?g%%ted with hypertehsion
and wide QRS are found. (Dressler p463)
Masters (47) Guotes several examples ol the evolution
of typical bundle brgnch pattern from left axis deviation
over a period of years, yet on the other hand, many cases
of extreme léft ventricular enlargement can shew & normal
QRS duration, and in fact many hypertensive cases can shew
a normal electrocardiogram as stated above. The following
record is taken .from a case showing developing hypentensive
electrocardiogram.
Man aged 44 Complaining of
headaches, giddiness etec.
with some precordial dis-

confort.
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He was found to .be hypertensive
B.P. 220/100

llo renal changes or retinal
changes.

On auscultation an aortic 2nd
sound was found to be accentuated.

X Ray findings shewed typical
aortic configuration with large
left wventricle.

ECH shews QRS normal duration
with depressed ST 1 diphasic T1
with pronounced left axis devia-
tion and high voltage ARS

It is interesting to note how often an accentuated second

aortic sound can continue after a fall in blood pressure.

In this case he was considerably improved clinically by a

lumbar sympathectomy with B

*p. 150/90 three months after-

wards. Here the accentuated aortic sound with large left

ventricle were still obvious after treatment.

The advanced form of wide QRS with inversion of f1 and

T2 with no axis deviation seen in the following case: -

This record was taken in the
case of a man aged 42 years
with advanced aortic regurgi-
tation and general cardiac
enlargement. He was subject
to considerable anginal pain
with considerable dyspnoea of
six years duration. A high
degree of hypertension existed
270/ 70 the wide pulse pressure
due ter the aortic regurgitation
Considerable slurring QRS com-
pPlexes with great degree of
widening suggests considerable
myocardial damage and some
delay in AV conduction.

145.



PB interval 32 seconds.
The absence of pronounced

left axis deviation may be

due in this case to the effect
of hoth right and left ven-
tricular enlargement.

Hypertension can he similated hy a high position of
the diaphragm x>roducing an upward displacement of the
heart and giving a record of left axis deviation on "the
electrocardiograph. The following case is taken from a
patient aged 52 years - a Free French Air pilot who had
until a few weeks previously heen flying at high altitudes.
He Y*as seen in Hospital complaining of left suhmammary

pain occurring mostly in hed
and often peristing throughout
whole night. He described the
sensation of a flow of hlood
inside the 1left arm in
association with the pain.

He was of a highly strung
disposition and gave a history
of nervous breakdown in 1936
with similar symptorns. On
examination no abnormality was
found on auscultation.

B-P. was found to be 120/ 80
HOG- shewed no abnormality
other than left axis devia-
tion with inversion of T3.

The asymmetrical type of T3
inversion was noted and on
screening this patient

shewed a high diaphragm

with wide chest.

Subsequent HOG records taken
shewed no change in this
contour and it was assumed
that the changes' were due to
transverse heart.
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It is usual for such records to shew an inversion of
p3 as well as 13 changes and left axis deviation where the
abnormal position of the heart is a causative factor.

It is iDOSSible of course for hypertension to exist
with considerable clinical manifestations without pro-
nounced electrocardiographic changes.

This is a case of hyper-
tension in a woman aged 4-5,
of some years standing.

P.P. 210/100-

This patient now gets per-
sistent ache under sternum
011 exertion, also at rest.
On screening typical

aortic configuration of the
heart was3 present.

The EGG- shews considerable
degree of left axis devia-
tion with early changes
chiefly depression of RT1
and RT2 with corresponding
elevation in RT3 but so far
110 T wave changes.

Such changes are frequent in this series and are of
considerable value in assessing the degree of cardiac
involvement in a suspicious clinical history.

In right axis deviation the wide QRS is not common
and this condition is not of such great diagnostic im-
portance since it is not found frequently in association

with cardiac pain, except perhaps in cases of mitral

regurgitation following enlargement of left heart before
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involvement of right. Right axis deviation is more
usually found associated with conditions involving strain
of the right ventricle, such as mitral stenosis, cor-~
pulmonale,embolus oi the pulmonary artery and in these
cages dyspnoea iz the more predominant symptom.

Where chest pain does occur the appearance of right

axis deviation in the elesctrocardiogram calls Ifor an
investigation into the function of the lesser circulation
since not infrequently such conditions as pulmonary
embolism can produce a chest pain and sudden appearance of
a right axis deviation aithough not invariably so. Some-
times a large S1 can appear with this condition without
right axis deviation, and not infrequently a ¢ wave
develops in Lead 111. tYhe recognition of these patterns
of advanced left and right ventricular preponderance and
their differentiation frdmﬁbundle branch block is important
here gince.these conditions are all frequently occurring
in association with cardiac pain of coronary insdfficiency.
Ir advanced lef: ventricular hypertrophy the 3% segment
and RT junction are usually eantirely below the electric
line in lead 1 and above it in lead 11l1. In lead 111 the
3T segment is concave upward and the associated QRS andrm
waves are usually of large voltage. the ' wave also does
not as a rule conform to the coronary 1 wave.

In right axis deviation an inversion of 13 occasionally
oceurs then folldws the iuyersion of w3 and T2, usuvally
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with a normal ¢(RS.

The causes of left ventricular hypertrophy include
aortic regurgitation and stenosis, hypertension coronary
arterio sclerosis and occasionally mitral regurgitation.
This particular group is more frequently associated with
clinical symptoms o coronary insufficiency such as
cardiaec pain-. Right ventricular hypertrophy is usually
associated witn pulmonary disease, emphysema, tuberculosis,
certain congenital abnormalities, pulmonary stenosis,
septal defects, patent ductus arteriosis, mitral stenosis
and mitral regurgitation. The latter only producein .
right ventricular hypertrophy through dilating the left
ventricle so that the early signs of mitral regurgitation
are usually left ventricular hypertrophyendCardiac. pain

is not a frequent accompaniment of this group.

Importance of ¢ and 1 wave changes.

Many cases of coronary sclerosis shew large Q waves
in Lead 111 bubt this ¢ wave can only be accepted as ,
gignificant if it conforms to certain accepted limits.
It seems to be recognised that.a 0%, to be of diagnostic
valme, should be at least 250 of the largest R in any
limb lead. If righti amxis deviation is present or if the
R wave is followed by an 3 wave, or 1% the QRS 1s of the
M type, then the 0% hasg not ﬁhe same value.
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Likewise a {42 of three millimetres or more or even
A small Ql can be regarded as abnormal especially in
a right axis deviation. The larger the Q% in relation
to the gize of the @RS the greater is the chance of
coronary sclerosis bul 1t seems doubtful if we should
include those (®S waves with an absent R wave (the QS
waves) in this group. Then an abnormal (3 is asgociated
@;th a 13 or T2 inversion then the chances of an under-
lying coronary sclerosis is much greater. fThe lurge Q3
is a frequent‘finding in patients with the anginal syndrome
but it should be remembered that it can occur in rheumatié
hearts; pericarditis of rheumatic origin, and pulmonary
embolism.

‘Where a Q wave varies with respiration sometimes dis-
appearing this does not seem to affect its diagnostic

importance.

‘-

puration of Q3.

It is maintained by some writers that where the
duration of a Q3 exceeds .04 of a second or more coronary
selerosis maj be assumed to be present, particularly if

the @3 is associated with a Q2.

T wave volvage.

Any condition producing a depressed state of the
myocardiwum of which coronary disease is one can induce
lowered © wave voltages, but this can be produced by
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rheumatic fevers, chronic valvular disease or even failure.
If low voltage T is found with notched QRS it is wusually
the result of diffuse disease of the myocardium, it is
important here to differentiate between low amplitude

(in one lead) and low voltage (in all leads). Low
amplitude of the T wave in one lead is frequently a
transition stage in the evolution of an inverted or ab-
normal T wave and as such is of great diagnotic importance
particularly if occurring in Leads 1 and 11 or in the chest
leads. A low fl1 is a common finding in patients with the
anginal syndrome in thie series, and sometimes this remains
as a permanent feature in successive records, thereby
suggesting that in itself it is an indication of chronic
coronary insufficiency.

The following cases can illustrate

Mc'.Q-'. Aged 57 years. Rate 80
B*P. Seen complaining of pain
across chest but predominantly
substernal with radiation
along ulnar aspect of left arm
to middle fingers, of three
months duration. This occurs oo oo
now on walking a distance of mrﬂ_ llalrﬂli“|<|1
100 yards and disapxDears'rwith
a few minutes rest.

The onset here appears to have;
been gradual and no dramatic
incident suggestive of in-
farction can be ascertained. 7282 . L.
This patient gave a history il £1M111111¢Mihin
.12 months ago of occasional
tightness of chest on
exertion and EGO taken then hd bd
shewed no essential diff-
erence from the present. 4
Here undoubtedly is an
indication of a chronic
coronary insufficiency, the
151. record shewing an isoelectric
or low Tl with diphasic 14 as the only abnormality.



In some eases a low 11 or absent R in the chest lead may
he the only indication of coronary disease. The
following case was seen with a history of recurrent

attacks of pleurisy along the
pleuro pericardial border.
Here the onset is usually
dramatic with left sub-
mammary pain radiating
down left arm (ulnar
distribution) into 1left

axilla. The patient is
frequently seized while
at work.

On examination a pleuro
pericardial friction rub
appeared lasting about two
days. Because of the
peculiar radiation of the
pain an electrocardiogram
was taken four weeks after
a recent attack.

The record shewed absent

R wave in the chest lead
from the apex with low

Tl, high peaked P wave

in lead 11 and lead 111 with
some degree of AV block PR in
val .24 of a second.

Here the tendency to right
axis deviation with high p
wave suggests a mitral
stenosis and this was
supported by screening.

Auscultation shewed accentuation of first mitral sound

The record also supports a history of some old myocardial
infarction.

BUNDLE BRAHGH BLOCK-

The occurrence of certain abnormalities of the T
wave and .<RS together constitute a group of electro-
cardiagraphic changes found with considerable frequency
in this series, and is of supreme diagnostic importance.
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it is only possible to diagnose this condition by means
of the eleotrocardiogram and Cowan (1930) is quoted by
Bramwelgégg stating "You must use wet 1ly if you want to
catech the bundle branch block". This finding is of
great significance particularly in cases of anginal p8in
gince it considerably alters the prognosis.

fhe typical bundle branch patiern congists

(1) of abnormally wide (RS with some slwrring 6r
notching |

(2) the largest u’S is uswally oppositely directed in
leads 1 and 111 i.e. the discordant type, but
others have the QRS 1 and 111 in the same direction
i.e; the concordant type

(3) the PR interval is usually normal but a benign
type with short ¥R interval described by Hunter
Papp & Parkinson (48) exists but varying degrees
of AV bloclx are Found in this condition.

It is now regarded that this condition is due to
some defect in the conduction system compelling the
impulse: to spread slowly through the muscle of the
septum so that it does not reach both ventricles simul-
taneously. Prom the chief deflection in the leads
it is possible to deiermine which ventricle is activated
first. A recent method of differentiating Bundie Branch
Block from the advanced form of ventricular hypertrophy
is described by Eardee(ggg consistsin the calculaiion of
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the delay in the occurrence of the peak of the R wave
from‘the commencement of the QRS in the chest leads taken
from both sides of the sternum and the apex; rardee
maintaing that a degree of delay of the R wave over the
right ventricle (right of the sternum) is attributed

to right bundle branch and conversely in left bundle
branch block the peak of R is much earlier over the
sternum and to the left of the sternum than over the

apex and beyond.

This delay in‘the ocecurrence of the peak of the R
can be as much ag .08 of & second after the commencement
of the RS in bundle branch block but never occurs to
this degree in other forms of intraventricular block such
as advanced left ventricular prepongerance although these
may show as much ag .06 of a second.

Left Bundle Branch Block is found in two types

Type 1 ©The discordant type Lead 1 ¢hief deflection

is R though a small ¢ may appear and 7 wave is usually
down Lead 111 chief deflection is 8 though there may be
a smaller R, the © is upward.

Type 2 The concordant type

Lead 1 is the same as for discordant type

Lead 111 chief deflection is R and there is a small
S; T usually upwards.

A considerable degree of notching occurs in the QRS

4

and this seems to be a useful guice to the degree of myo~-

cardial involvement. Tn this series vhere a great

A




16254675

degree of widening or notching of the QRS was found,

the general progress of the patient seems to have "been
more rapidly downwards, and where bundle branch block
appears without much widening of the QRS the history
seems to have been more benign. It is a singular fact
that in investigating cases with the anginal syndrome
left bundle branch block was the usual finding, and in
view of the frequency of conditions producing left
ventricular preponderance such as hypertension and aortic
disease with clinical symptoms of coronary insufficiency
there would appear to be some association between left
ventricular hypertrophy and the occurrence of bundle branch
block.

Ilhe following cases can illustrate the type of
record obtained in quite a few patients with coronary
insuf fip iency: -

Mrs P. Aged 72 years. Rate 96
Became conscious of heart sis
nonths ago, had to keep stopping

for breath began experience
octurnal dyspnoea.

"42515257510303430

Dhree months ago began to get
pain across chest and lower end
of sternum on effort.

831373737919731973
On examination rough aortic

systolic murmur conducted to
neck vessels.

B*P- 110/78 Apex beat displaced
downwards to left.

ROG- here shews left bundle branch
block discordant type Type I
GRS duration .16 of a second.



The degree of dyspnoea is no doubt indicative of
general enlargement of tlie heart with a high degree of
myocardial damage”nino douht her aortic stenosis is a

factor in her coronary insufficiency.

Mrs J. Aged 58. Complains
of substernal pain
radiating under left
breast to bach and down
posterior aspect of left
arm to elbow.

512 167376127319

pain induced by quiet walk-
A ing or emotional upset
such as air raid etec.

ihis patient dates her
history from fall on
chest two years ago when

99994 ribs were fractured.

HOG- shews left bundle branch
block with wide and

notched QRS and ventricular
extra systole in lead 11

Type I.

Auscultation no abnormality.

B«Pe /50/ V

This case raises the interesting question of the
possibility of cardiac trauma in the production of
myocardial damage or damage to bundle branches.

The following' case is a record from a patient
with more advanced anginal symptoms and here of

late dyspnoea has become the predominating feature.
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Mr. M. Aged 70. Complains
pain on exertion 12 months
duration now occurring with
gentle walking few yards.

pain is epigastric in type
radiating along medial
aspect of "both arms to elbow

Auscultation
abnormality.

ho significant

B.P .90/100.
BOGr shews left bundl'e branch
block with wide QRS .20 of a

second. Type I.

The following record is of a slightly different type

since here the CARS is

notching or slurring occurs.

157.

.12 of a second and no significant

Mr.S. Aged 72. Grives a
history of attack of chest
pain 2 years ago with some
slight discomfort under
sternum on hurrying only.
Whether his earlier attack
was a coronary thrombosis is
noV"difficult to make out.

B «Pe 180/100

Interesting feature of this
case is the presence of inter -
mittent claudication more pro-
nounced in left leg.

Similar symptoms of inter-
mittent claudication appear

in the case of his daughter,
and probably his coronary
insufficiency might be in

the nature of a vasomotor
gpasm.

30G shews left bundle branch
block of the usual type with
low f1 # significant finding.
Type II.



It seems to be generally accepted that in complete
bundle branch block the (RS should be greater than .12 of
a second. llany cases of.left ventricular preponderance
shew a QRS as wide as 42 but not more and should be
regarded as inc¢omplete bundle branch block. In so called
arborisation bloeck which is supposed to be due to damage
to the sub-endocardial ramifications oi the branch the
QRS complex is usually of small voltage and is wide with
considerable notching. This type is found frequently in
myocardial disease but is not frequently associated with
cardiac pain.

Various degrees of incompilete block can be found and
a pattern with a wide S wave\is‘supposed to have & more
hopeful outlook, and is occasionally found in normal

hearts.

Right Bundle Branech Block.

This condition is found rarely and was not found
in any case in this series of cardiac pain.

Bayley has described four types and ¥ilson hag
described a Ififth. “his can be tabulated as follows:~-

vype 1 Lead 1 Chief deflection broad 8
with small R1, T is upward.

Tead 111 Chief deflection R which is
broad and noiched with downward T

yype 11 Léad 1 Broad s but R larger than S
T is upward

Lead 111 Chief deflection is R which
igs broad and notched with o
~  downward.
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‘

Type 111 TLead 1 Large R. Dbroad 8.

Lead 111 Slender downward spike of
some gize preceded by small
upward deflection and always
followed by broad swamit T may
be downvrard or upward.

Type IV Lead 1 Chied deflection is R
followed by broad smaller S
§ upward or cowmvard.

Lead 111 Small R followed by broad
inverted spile. o upward or

dovmward

(Wilson) 1Type V Lead 1 R and 3 both of small
amplitude T upward or
isoelectric

Lead 111 DBroad 8 with upward 7

There seems to be no special clinical significance
attaohed‘to'any particular type of bundle branch block
although the left type appears to be the more usual
finding in cases with anginal pain. This is no doubt

due to the fact that the conditions producing left axis -
deviation such as hypertension,or aortic disease, are

more frequently found in association with cardiac pain.
Right bundlerbranch block seems more frequently associated
with conditions producing right ventricular strain such

ag pulmonary conditions, mitral stenosis already enumerated.
There seems little doubt that the finding of bundle branch
“block diminished considerably the prognosis althoﬁgh

rare cases have been known to continue for many years

with this condition, but generally speaking cases with‘
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anginal pain shewing bundle

Prom this series it appears

wide and notched QRS have a

of their clinical condition

branch block do badly.
that those oases shewing

more rapid deterioration

and are usually associated

with symptoms of coronary insufficiency and dyspnoea.

Disorders of Rhythm

Certain disorders of rhythm are frequently

associated with pain of the anginal type, such as

paroxysmal tachycardia, simple tachycardia with high

ventricular rate, and even rare cases of bradyoardia.

An attack of paroxysmal aurioular flutter

fibrillation can produce substernal pain although

it is an unusual association

NI

N[r B . Aged, 60

this patient gets attacks
of rapid beating of the
heart during any emotional
upsets such as air raids
etc This is associated
with substernal pain of
varying degree of intensity
and which passes off with
return to normal rhythm

This record was taken
during such an attack and
shews coarse fibrillation
with complete irregularity
of rhythm

The record taken at normal
times shewed sinus rhythm
w/'ith an occasional

68683918370491080108 completely dropped beat

I
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It is an unusual occurrence to find anginal pain
associated with auricular fibrillation and where
fibrillation is persistent the pain usually disappears.
As a rule such conditions suggest involvement of the

auricle as the dominant feature in the coronary

disease and pain therefore is not prominent.
Simple tachycardia if associated with a high

ventricular rate can often produce substernal pain

particularly if associated with hyperthyroidism.
The following case is an example

Mrs A . Aged 40
Complains of substernal
pain on any exertion
often when sitting
still. This has
persisted for 5 months
with intermissions

There 1is a neurasthenic;
background here and she
gives a history of
nervous breakdown some
years ago

B.P. 120/80

ECG- shews simple
tachycardia

Bate 120 regular rhythm!
Bradycardia
It is not usual for cases of simple bradycardia
to experience substernal pain since it is generally

recognised that any deficiency in coronary circulation

i3 compensated for by greater systolic impulse, in
fact such cases often shew pulse volume 508 greater
than normal, and the actual excursion noted in systole

on/
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fluoroscopy can 'be as much as 1.5 or more centimetres.
(70)
(Roes ler)

ihe following however is such a case

Mrs L. Aged 47. Complains of

lack of energy with great - === -
dyspnoea, nervous "break- A
' down two years ago. A J  J\

ANY

Complains of left suh-
mammary pain radiating
into "back and ulner
aspect of left arm.
This occurs on moderate
exercise and sometimes
in "bed.

Examination B .P. 160/80.
Rate 44.

On screening systolic

diastolic excvirsion at

least 1 centimetre with

considerable enlargement

of the heart - a usual

finding in bradycardia.
Other types of arrythmia can result from coronary disease.
This can include multiple ectopic beats,varying degrees
of heart block, auricular fibrillation and flutter follow-
ing in a case of anginal pain.

In some cases complete heart block can be present ior
some years and the only indication may be a slow regular
rhythm. In these cases the nutrition of the centre
controlling the idioventricular rate can be altered by

impairment of the coi’onary circulation sometimes of a

temporary nature. In such cases the regular ventricular

l62.
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contraction becomes irregular and often stops for

varying periods at a time - the so called Stokes Adams

attacks.

I'he following case is a record from a patient

with such a condition: -

303486

Mrs W- iiged 60 Seen in Hospital with
attacks of unconsciousness occurring
frequently and varying in intensity
She gave a history of substernal pain
on éxertion with considerable dyspnoea
B*P* 120/100 Rate 40 with periods
of absent pulse associated with
her attacks of unconsciousness; these
lasting 60 seconds or more.

SOG here shewed left bundle branch
block with complete AV block although
Lead 1 suggests a 2 - 1 heart block,
but Lead 11 shewed regular auricular
rate of 120 with ventricular rate of
60 but no evidence of conducted
auricular impulse. Lead 111 shewed
complete absence of ventricular
contractions and this persisted for
sixty seconds, when the patient
recovered consciousness.

fhis condition was probably some impairment of

coronary circulation with diminished nutrition of
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conduction system. The patient recovered and was

discharged in a few days.

i

Exercise and Low Oxygen Tests.

Attempts.have been made recently to induce myo-
cardial ischaemia by low oxygen administrafion
or exercise in an attempt to find some definite
cérdiograph changes which could he construed as
proof of the existence of coronary disease.

Experiments conducted by Rothschild & Kissin by
édministration of low oxygen mistures showed that both
pain and cardiograph changes could be produced.
Similar experiments have been conducted by Barrach,
Steiéé?Jet alia where low oxygen mixtures 10j% (with
90, nitrogen) were administered in lknown cases of
coronary sclerosis and here similar results were
obtained. Wilson & Johnson}gigdueﬁed similar
experiments dnd emphasised the increase of S
deflections in lead 11 and 111 with pronounced down-
ward deflections in these leads.

One important finding was that the changes were
similar in magnitude to the changes following occlusion
but that where the changes in ocelusion were discordant

those of coronary insufficiency were concordant.
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Lev§5ggs investigated this very carefully aﬁd
found definite changes in patients with diminished
coronary reserve nol present in the normal His
conclusions are that, where the pain appears during the
first 10 minutes of anaxemia coronary disease is very
likely. His electrocardiograph findings in 1100 eases
were as follows:-

1. Arithmetic sum of RST deviations in all four
leads 3 m.m. or more

2. Partial or complete reversion of & wave in
lead 1 accompanied by RSY deviations of
1l m.m. or more

e Complete reversal of the T wave in lead IV
regardless of RSYT deviation

4. Parﬁial reversal of direction oi % wave in
‘lead IV F accompanied by RST deviation
of 1 m.m. or more
In some cases reciprocal RSYT changes do ocecur and
it is suggested by some American writers where this is so
we may be dealing with a patient wiio has previously had a
coronary occlusion. Yhe important thing from the
diagnostic point of view is the rapid retwn {to normal
on the cessation of the induced anoxemia. Barneé54guotes
the findings of 7ood & Co. in their investigation, whefe
significant changes were found in only 50jv of patients
during an attack of anginal pain and their cardiograph
findings were as follows:~-
1. Altered ST segment of U wave.
2. Evidence of conduction defects in AV bundle or

bundle branches. ’




Sherf & BOyéE¥2y great stress on the type of segmént
change rather than the amount. Masteré5éﬁrkawise
stresses the R3T depression as an indication of coronary
insufficiency ineluding with it 1 wave inversion. He
puts forward an interesting suggestion that in the
infaretion the damage extends throughout the whole cardiac
muscle from endocardiuh to pericardium and implies that
elevation of the R3Y segment is associated with epicardial
damage only and depression with sub-endocardial damage.

Thererseems to be little doubt from the study of the
findings of these various workers that definite and

concrete changes do occur in coronary insufficiency with

this test but only in a limited number of cases.

»

‘

EXERCISE YEST.

A similar method of indueing relative coronary |
insufficiency by means of exercise has been adopted
and seems to me to have the greater advantage and
simplicity of application. Sherf &jBoyé5ﬁkldiscussing P
the application of this test point out that 60% of cases
of anginal pain show normal electrocardiographs. They
also demonstrate that T and S7 changes can occur in the

untrained person after strenuous exercige, bul not in

the normal individual on mild exertion. In patients with

coronary sclerosig on mild exertion they found marked
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acceleration of heart rate and depression of 87 2 and 3
with even ¢ wave changes for a short time (10 ~ 30
minutesg) after exercise;

As the result of these findings by various workers
it can now be assumed that the changes in anginal cases
on exercise regemble changes occurring in a spontaneous
attack of paroxysmal pain. They regard as a positive
test depression of 87 segment in Lead 11 and 111 and
lowering of the 4 wave.

(57)

Pwiss & Socklow describe their regults of this test
in patients with and without angina and came to the
conclusion that some factor in addition to the anoxemia
is concerned in the production of anginal pain making it
impossible to predict accurately whether or not induced
anoxaemia will cause pain. They found ihét out of a
fotal‘56ﬁ only showed significant cardiographkgg?nges and
their findings agree with those of Sherf & Boyd in
layiﬁg considerable stress nol so much on the actual ST
change as on the contow of the 31 segment. lany of the
cases with angina show a flattening of the main portion
of the segment with a quick return to the isoelectric line
gimilar to coronary disease and they maintain that where
this is found in spite of the depth of the deviation
coronary insufficiency may be presumed to be present(
P?he important feature is that such changes do not appear

in the normal but we must bear in mind thal certain
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(58)
slight physiological changes can occur. Wood and his

agsociates found little change in the (RS complex in
healthy subjects after exercise except when carried to

the point of exhaustion, some right axis deviation then
occurred. In the normal he foundiﬁaverted v wave tends

to become upright while an upright 4 wave becomes increased
in height, but in no control subject did emercise produce

a deepening of an inveried & wave or a deviation of the o
segment from the isoelectric line.

In attenmpting to apply such tests in general practice
we are faced with the difficulty that any induction of
anginal pain merely for records is quite unjustifiable
but & slight degr~e of éxercise short of pain production
can in some cases give some results. It is worth remember-
ing that these changes are a measure of thg coronary
circulation and not of the angina pectoris.

Levy quotes Housner & Sherf(59%ho maintain that the
RST disgplacement may outlast the chest pain and can be
“induced by an amount of exertion insufficient to produce
it. Here therefore is an indication of how we can upply
this test in private practice without necessarily
indueing an anginal atiack.

Very recent work on this subject has been an atiempt
to standardise the amount of exercise required and
Master, Friedman & Dack(soﬁave pubiished the results of
their investigations using a fixed number of steps in
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accordance with the patient's age, sex ete. ithis

seems & very sound method of approach and appears to

me a

real attempt to make this test of definite value,

but still is fraught with some danger. Their findings

are regarded ags positive if;-

of a

‘

1. i'he ST segments are depressed by more than .5
of a m.m.

2. Change from a previously inverted & ©To a
flat or upright 4.

S. Occasionally multiple premature beats or wide
RS or deep (& wave. :

4. Prolonged PR interval or heart block.

T“hey summarise their findings ariter investigation

serieg of cases in the following manner;-

1. Depression of 35T segment.

2o Lowering of inversion of ¥ wave similar to
anginal attack or in acute coronary in-
gufficiency such as hemorrhage, shock etc.

S No significant elevation of 8% is observed

4. Changes unlike occlusion since no { waves
appear

5. With few exceptions no reciprocal 31 changes
in leads 1 and 111

6. Pain during test does not matter

7. Changes last only a few minutes up to 8,
sometimes only 1 minute.

8. 7.P. interval shortened (diastole shortened
due to exercise).

9. ay get U wave.

Ce Depression of .5 m.m. of 37 does not appear
much (PR interval taken as isoelectric)
but never appears in the normal.

169.




In applying these tests in practice the amount of
effort was so graduvated as to avoid the productioh of pain /
and was based on one group of 20 movements or double this
if the case happened to be of a mild nature. the ma jority
of results were found to be indecisive, consisting mostly ‘
of depression of the & wave or ST segment in one or more H
leads; partieularly in lead IV. It seems that this is 5
the least decisive change occurring in this condition, é
but nevertheless ¥ wave or 3% depression did not ocecur in w
geveral normal records. . /
'hese tests were conducted with the patient on the

couch and with the electrodes in’'situ', eliminating /

therefore any changes due to altered pogition of patient /
|

or connections but not of course allowing for diaphragm /

changes of position.
The application of the exercise test was however #
found to be disappointing in actual practice. This may :
|
be due partly to the fact that all the cases seen in
this series were investigated in general practlice J
and any attempt "to experiment"” in such a way as to induce
pain or perhaps the danger of én occlusion is To be j
deprecated in private practice and in fact at any time. /
For that reason the amount of exercise was never carried

(except in a few cases) to a degree sufficient Yo induce

precordial discomfort. J
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It was found that no constancy of results could
be obtained from these tests and meany cases with an
undoubted history of coronary insufficiency were found
to produce entirely negativé results and cases which !
did shew positive changes were already shewing diag-
nostic features on the electrocardiogram even at rest,
but in no case were these changes able io throw much
light on a doubtful history.

The following case wag an example of advanced
anginal gyndrome with pain on walking
80 to 100 yards of several years dura-
tion, and now shewing considerahle
diminution in exercise tolerance.
Here the EGG at restl shewed »ronounced
depression of 812 and 313 with high
pointed 4 waves in leads 11 and 111.
Phis man has aortic regurgitution with
general enlargement o7 the heart - the
P waves no doubt being an indication
of auricular enlargement. A low
voltage QBS and T in all leads is :
suggestive ol considerable myocardial i
damagey and a high pointed T4wave. « L
(upright but of coronary type is ’
suggestive of some coronary disease.. f
On exercise some slight depression of y
372 and ST3 is noted with diminution
|
1
1

in T4 and increased prominence of the
U wave in the chest lead.

The most significant change here was the
depression of ST4 of 1 mm on exerclse, This
appeared in two seperate tests on the same
patient and was never observed in any normal
record., In this case some precordial
discomfort was present during the test.
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(lie following case was an exercise test applied
in the case described on page 146 . Here the
clinical history and electrocardiogram gave no support
to a diagnosis of coronary insufficiency but the type
of T wave inversion in Lead 111 although not character-
istically coronary was worth investigation since this
pilot was proposing to fly again at high altitudes,
sometimes without oxygen. IChe findings here were

nega-tive.
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477

737377

The following records were taken in a caje with
precordial pain following pneumonia where the clinical
findings again, although negative, suggested the
possibility of some coronary disease. The pain occurred
on exercise but was most pronounced on getting up in
the morning and tended to disappear as the day wore on
Although the history is strongly suggestive of some
condition such a3 myofibrositis of the chest wall an
exercise test was applied, but no significant change

was observed.
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54

21 30196068

3533

025218

0165 6333

It would appear as the result of these cases and
others, that this test is still too vague to be of any

practical value from the point of view of everyday use

and we are justified in concluding that the degree of
coronary insufficiency is not directly related to the
degree of pain produoed, and no doubt , many cases of
coronary insufficiency exist where no discomfort is

experienced. Thi3 is borne out by the frequency with

which an acute coronary occlusion occurs in the absence

of any previous history of angina of effort, and where



coronary disease is subsequently found to be present.
Ho doubt this factor is the susceptibilit, of the
individual to pain.
fhe following was a case of definite clinical
history of anginal pain -
Mr. H. Aged 40. Seen complaining of pain on exertion

of five years standing but becoming more obvious
the last two years since talcing up more strenuous

life of employment as knife grinder. lhis pain
is left submammary in type but appears to come on
with walking and is relieved by rest. An. associated

pain on outer aspect of left shoulder appears with
these attacks.
On examination no abnormality was observed
3 «P. 110/80 with some degree of tachycardia
Rate 100
Ihis patient had pronounced kyphosis
fhe radiograph is shewn on page A
30G shews right axis deviation no doubt in this case
due to abnormal position of the heart.
On exercise short of pain production no significant
changes were recorded.

375950



As the result of a series of such exXxercises it seemed
that as a practical method of investigation these tests
were of little value. No doudbt in Hospital where time
might be available for repeated tests at varying
intervals following the exercise their value might be
considerably enhanced but in General Practice the
utility of this method of investigation was not proved
to be great.
Most changes occurring were of a minor nature

and consigted of slight depression of the ST segment in |
the limb leads or with slight lowering of the T waves
but in no instance did an isoelectric ¥ wavg'or positive
T wave become negative. The chegt leads shewed the
most definite changes and in a few cases definite
depression of the 8% segment wasg noted up to 1 millimetre
or more with obvious lowering of the T wave. Increased
prominence of U waves was noted in several cases,
although the full significance does not yet appear to

be undergtood.

| It would appear that one factor which might
negative the value of such tests would be the position
of the diaphragm following exercise and it is maintained
by Roesrle§7ggat the diaphragm does not return io its

normal position for a considerable time after exercise.
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EFFTCT OF AYTPITUDE IN CORMVARY INSUFFICIENCY.

The whole question of coronary insuffigiency is
going to be one of vital importance in the future,
-particularly now that high altitude or stratosphere
flying is becoming the recognised method ol air travel.
he aptitude of certain individuals for flying at these
altitudes naturally véries considerably, and depends
among other things on the capacity and integrity of the
coronary circulation. o doubt the bhig commercial lines
of the future will provide a hermetically sealed cabin
with & constant supply of oxygen in the right con-
centrations and what is equally important at the right
temperature. Nevertheless for some time 1o come, when
the public embrace flying as general means of transport
gsuch eldborate machines will not be available, and in all
probability enormous altitudes requiring sealed cabins
may not be resorted to. It will therefore be a matter
0f the utmost importance to be able to assess the
capacity of the individual for high or moderate
altitudes and no doubt a great deal of work is Dbeing done
to-day in our services which must for obvious reasons
remain unpublished. e have for these reasons to turn

to information available mostly in the United States if

we wish to consider the effects of high altitude on
T



cardiac conditions.
o (61) * -

Experiments conducted by Capt. M.S Wwhite, U.s.Air
Arm, Texasg, make very interesting reading, and show how.
early attempts were made by means of rebreather apparatus
to simulate the anoxia experienced at high altitudes.
’he changes occurring in the electrocardiograph on both
the normal and abnormal individuals were noted with a
vidw to determining the presence or absence of heart
disease. A study of patients with anginal disease
receives special attention and it was found that varying
degrees of anoxia precipitated attacks of anginal pain,
with findings eimilar to »revious workers. It was
ageertained for example that definite depression of the
ST segment and inversion o:i the T wave in Lead 1 and IV B
should be used as an index of coronary insufficiency
alone. These studies were carried out during relatively
short period of oxygen deprivation simulating in degree
the conditions obtaining while flying at high altitudes.
Purthermore, in order to confirm these findings a series
of actual tests were performed and electrocardiograph
records made in actual flight and at different aliitudes
and different rates of climb.

Oone group made the ascent to 15000 feet without
oxygen and the other group with oxygen- Records were

made on ground level, and at various altiiudes in constant

temperature, the plane being heated and maintained at
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that temperature during the flights. "he conciusions

were
»
1. 45 normal subjects remaining at 15000 feet ifor
a two hours period without oxygen showed
definite BCG changes wostly decrease in
voltage of 4 wave in all leads and increase
in rate. ’
This was first noted at 5,000 ft. becoming
progressively greater with altitude.

2. A slow rate of ascent slightly lessened the
changes

3. After continued fliight at 1500¢ ft. for two

: hours an apparent compensatory mechanism
operates wiih slowing of the heart rate
and increased voltage ol U wave

4., U waves developed in slightly more than one half
of the cases ilnereasing witlh increased inoxia.

5. All changes were reversed by the administration
of oxygen.

6; Support is given to the tleory that myocardial
anoxia is a contributeory factor in the signs
and symptoms of coronary artery disease

As & result of these experiments it was suggested
that oxygen should be applied for all flying personnel
over 5000 feet but 7500 is suggested ag a practiicable
level for general application of oxygen.

A study by Graybiel et alFbiL the effects of high
altitude on cardiac patients is worth consideration.
Graybiel swamarises his findings in the case of 13 knowm
cardiac cases taken to altitudes up to 14500 feet

4

without oxygen. Pew patients complained at all up to

this level except 3 who fainted. the pulse rate was
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the same as in control subjects but the elestrocardio-
graph showed pronounced decrease in ' wave with slight
¢R3 and PR changes. He came to the conclusion that
cardiae patients were definitely endangered only if
the oxyzen concentration fell below 12, that is above
14500 feet.

It is interesting to observe that information
reaching us from Germany since ithe war shows their
research along similar lines. ihe American Aviation
Journal quotes the work of Albers D & A Kbcﬁssfn their
study of elecfrocardiograph changes at high altitudes
and showing similar results. they found that under
9000 metres 3% changes were not pronounced and
lowering of the ST interval appeared in about a fifth

of the cases. They also found decreased voltage of

P wave with inereasing altitude especially above 5000 -

6000 metres and mostly in iead 111. They point out
that changes in the 8T interval or © deflection demand
that a person be treated with a certain amount of
caution and frequent observation. )
Interesting work also has been done by Luft‘Uf64)
demonstrating a process of adaption. taking place in the
cardiocirculatory system at high altitude. He found
that repeated ascents showed increased lolerance <o
altitude and prolonged stay on high mountains, for
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example, capsed more pronounced and definite tolerance
to altitude. Increase in pulse frequency in short
ascents was noticed aifter 4000 ~ 5000 metres, but where
Pilote had lived for some time at great altitudes such
as mountaineers do, the increase in rate only occurred
over 6000 metres and that some definite gain in

altitude tolerance can be achieved by adaption.

X RAY FINDINGS .

The examination of the heart by fluoroscopy and
radiography can gometimes give additional information
in eoronary insufficiency although in this particular
condition the X ray has a linmited value. Perhaps the
most important and frequent changes observed are those
agsociated with hypertension or arteriosclerosis.

fhe recognition of these changes can occasionally
be of supreme diagnostic importance in cases where a
previous high blood pressure has given place to a low
one following failure or myocardial inférction; In
other ¥nown cases the degree of cardiac involvement can
often be of great prognostic value.

The so called aortic configuration or "Coeur en
sabot" shewing enlargement of left ventricle with
sccentuation of the normal concavity of the left ven-

tricular border and wide vascular pedicle can be
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frequently recognised¥* She following case might he
regar ed as a typical example of hypertensive heart
disease in a patient with a history of myocardial
infarction two years ago and now shewing angina of
effort.

Shis patient is already described on page Ixz

Here a prominent left ventricle is
seen with obvious convexity of the
right border of the ascending aorta,
with prominent aortic knuckle and
increased density of the aortic
shadow* i'here is considerable

elongation of the aorta and
obvious unfolding of the aortic
loop with prominent descending
aorta seen alongside the
ascending vessel. i'his patien
is' hypertensive

B»P* 180/100 with a family
history of hypertension.

One dominant feature of these
records is the apparent
curvature of the whole
vascular contour due mostly
to the convex prominence of
the Rt border of the
ascending aorta.

In some cases where doubt is felt about a

findings on X ray can support an existence of hyperten-
sion or arteriosclerotic vascular changes¥* The follow-
ing case is that of a woman aged 40 with a history of

substernal x>ain arl& tightness in the chest occurring

on walking quietly<
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This patient gives a history of sev
pain four months ago persisting fo
several days and which appears
to have marked the commencement
of her pain on exertion. She
gives a family history of her
mother with ”“anginal” attacks
and high blood pressure.”

The B.P. here was 140/100
and the E3G- shewed low voltage
QRS and T waves in all leads
with some left axis deviation.
This case presented great Lculty 3ince the age
and sex of the patient were naturally against a finding

of coronary disease but the X Ray findings shewed a

prominent aorta but with a filling in of the normal
concavity of the left cardiao border with prominence

of the left auricle suggesting general enlargement of
the heart.

On the other hand the diastolic pressure at the
upper limit of normal suggest the possibility of an
arteriosclerotic background which is supported by th*
changes on X ray of the aortic shadow.

The so called hypertensive changes are found in
aortic stenosis or regurgitation in which conditions
the anginal syndrome is frequently encountered although
the diminished prominence of the aorta in aortic
stenosis can be of assistance. calcixication ox ohe
aorta and even of the coronary vessels can occasionally

be observed in sui:>port of a diagnosis ox co”onaiy disease
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"but this is a rare finding. c

ihe possibility of deformities of the thoracic
cage associated with pressure or displacement of the

heart giving the anginal syndrome is worth consideration
S

l'he following case is that of a mar
aged 45 complaining of substerna:
pain on effort of six months
duration.
B-P. 150/90
Here a considerable degree of
kyphosis exists with funnel
shaped chest and a greatly
elongated heart shadow.
This patient is a bronchitic
subject and shews increased dens
of normal lung striation.
lhe wide vascular pedicle
is obvious and it is
questionable whether the
coronary insufficiency in
this case may be -due to
impaired coronary circula-
tion as the result of cardiac
displacement.

(Ehe persisting substernal ache of hypertension without
definite indication of coronary insufficiency could be
illustrated by the following case:-

fhis is a case of a woman aged
49 years with hypertension of
some years standing who com-
pPlains of pain across the chest
often for days at a time.
(This is aggravated by effort
but is present even on resting
(Ehe B»p. was found to be 240/120
with accentuation-of second
aortic sound. the radiograph
she?/ed a prominent left
ventricle and increase of
vascular pedicle and
prominent aortic knuckle¥*
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Some cases of hypertension do not shew such changes
and in fact may have a normal cardiac contour . This may
be explained as Roesler suggests by the faot that many
such cases are only at the stage of paroxysmal hypertension-
or perhaps we may be dealing with hypertension in a normally
small heart; but generally speaking the above findings are
useful as additional evidence
One type of case can cause confusion here, namely the
high diaphragm with apparent enlargement of the 1left
ventricle due to upward displacement of the heart,

producing a transverse lie of the whole organ . The

following case 1is such an example:-

This patient aged 45 complains of
esome pain of supramammary type
on exertion and freauent attacks
of "palpitation” .

B.P. 120/80 Rate 100

Knee Jerks were exaggerated with
a fine tremor of hands.

The ECO here shewed an
isoelectric T3 with inversion of
P3 and pronounced left axis
deviation-, no doubt due in this
case entirely to the abnormal
position of the heart and not

to hypertension, and this was
confirmed by X Ray, shewing

high diaphragm.

In the recognition of extra-c rdiac causes of chest pain

the X Ray can be invaluable . In such conditions as
pericarditis, thoracic tumours etc. X Ray findings can
throw considerable light in certain cases of doubt.

Other evidence of o0ld cardiac injury can sometimes be
recognised in the form of cardiac aneurism, aortic aneurism
etc. but it must be remembered that enlargement of the

aorta can occur in aged individuals without any

arteriosclerosis (Roesler) . (72)



CONCLUSIONS.

TGS B = S B e N e - - . -

A serles of cases was taken as th@ basis of this
investigation‘and the predominant elinical features in
_each were noted. In all, cages electrocardiographic
records were made and some cases were chosen also for
fluoroscopy. An attempt was made to correlate the
clinical, electrocardiographic and fluoroscopic findings
and to ascertain what outstanding features of each mode
of investigation could be régarded ags of diagnostic
importance. These cages were chosen because of some
similarity of the clinical history to the accepted
findings of coronary insufficiency and in some cases
of doubt electrocardiographic records were made before
and affer exercise.

phe characteristic feature of the anginal case
was found to be priharily the location of the pain.

In most cases tiis was found to involve the substernal

or upper epigastric region at some time in its course.
Radiation into the arms, neck, leg or jaw was by no means
a constant feature and the centripetal type of pain

was a rare finding. Transient coronary insufficiency

seemed to be associated with substernal oppression o#
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discomfort only and radiation into the arms was found
more frequently where a myocardial infarction had
complicated the picture. “his sense of comdriction
over the centre of the chest was found to be & very
constant feature. The sudden onset of anginal pain
on effort without any dramatic incident was found not
infrequently to be a premonitery indication of an
approaching myocardial infarction.

The association of pain with effort usually involving
walking was found to be characteristic of chronie
coronary insufficiency and where the pain was induced by
arm movements only, one wa&s more inclined to suspect an
extra-gardiac cause although this was not invariably the
case. The duration of the pain was found to vary within
very wide limits and cases giving a history of pain
persigting over an hour or more sometimes found to shew
no evidence (recent or later) of infarction.

Many cases of chronic coronary insufficiency were
found to originate in an incident suggestive of an acute
aoronary occlusion but equally in some cases no such
accident caﬁ be found to have occurred although the onset

may have been sudden. Cases of myocardial infarction
were found to ocour most frequently in the older patient
while at rest and those cases where this followed

excessive exercise were rare and were usually found to

be more benign.

187.




Many cases of myocardial infarction were found to shew
pulmonary congestion on the left side 6nly;particularly on the
plraaro-pericardial margin of the lung with 1ittle or no
basal congestion and with no obvious pericarditis. This
was observed in several cases and the explanation does not
seem clear. It was assumed that this may be due to
compression of lung tissue along the left cardiaec border and
is obviously not due to failure which when found produced
bilateral bagal congestion in some cases. Abnormal
location of pain for some weeks prior to the onset of an
infarction was observed in a small number of cases. This
wag found mostly to be pain on one or both sides of the neck.

Examination of the heart in coronary insufficiency was
.often found to be of little help although certain findings
were of assistance. 7?he presence of aortic disease
either regurgitation or stenosis was found in a small
percentage of cases and occasionally a systolic mumur at
the apex was heard. Generally speaking the findings are
negative but an accentuation of the second aortic sound
can often be accepted as indication of hypertension and
was found in some cases where the systolie pressure was low.
Cages %ere'found where this sign persisted after a fall in
blood pressure following a myocardial infarction.
Occséionally a split first sound or gallop rhythm was
ageortained but this was a rare finding. The sudden

appearance of pronounced rhythm digsorder was found in
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one or two cases to be associated with myocardial infarction.

Hypertension was a significant finding and where
present was usually found to be associated with a poorer
prognosis, particularly if significant changes of advanced
hypertension and its effect on the heart app=ared on the
electrocardiogram. Some cases were presumed to be hyper-
tensive where accentuated aortic second sound was heard or
the aortic configuration appeared on fluoroscopy.
Prolonged anginal pain agsociated with low systolic and
often low diastolic pressure was a frequent finding in
acute myocardial infarction, and some known hypertensive
cases were found to have low blood pressure readings two
and three years after & nyocardisl infarction. It seemed
that a small percentage of cases gave a clinical history of
acute infaretion with no significant findings on the
elestrocardiogram. This occurred in cages where the
general disturbances were mild and it was presumed that
these infarcts must oceur in an area which does not shew
on the electrocardiogram.

Sedimentation rates were taken in oniy a few cases

since it was felt that this was not a definite diagnostic

feature.

Electrocardiographic findings.

over 507 of cases with the anginal syndrome were

found to have electrocardiographic changes of a definite
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nature. Included in this group were cases of acute myo-
cardial infarction with recent or late changes. TLeft axis
deviation was a frequent finding but was only accepted as
significant if the stage of pronounced left ventriocular
preponderance with high voltage QRS or the later stages of
ST depression in leads 1 and 11 with inversion of T1 and T2
were found. In the latter group of cases protracted
coronary insufficiency was agsumed to be present and where
widening of the ¢RI beyond .10 of a second was noted the
rate of deterioration in the patient's exercise tolerance
was found to be rapid. When this widening was

aggooiated with notched QRS this was found to be more
pronounced; and where left veniricular hypertrophy was
agsociated with aortic disease the outlook was considerably
less favourable than where these changes were associated
with hypertension alone. A high proportion of cases in
thé»later age groups was found to shew various degrees of
intraventricular block or bundle branch block. Here again
a wide QRS with significant notching was found to be
aggociated with dyspnoea and a rapid deterioration of the
condition. TILeft bundle branch block seemed to be the
predominant finding in this age group, and no case of

right bundle branch block was recorded. Since many of
these cases had a history of hypertension this appeared

to lend support to thé theory that bundle branch block can

develop from the advanced hypertensive electrocardiogran,
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and may not be due in all cases to & lesion of the conduction
systen. Here again significant notching was usually
found to be agsociated with considerable dysponoea.
Generally speaking notching or slurring of the ¢R8 if
found in leads 1 and 11 was more frequent in the advanced
anginal casse.

Low voltage of the (RS was found in several cages
following infarction but was usually associated with some
other definite electrocardiographiec change.

The finding of the coronary'i wave was considered
of great diagnostic importance and was present in meny
caseg giving the anginal syndrome, but not infrequently
a high pointed © wave only present in the chest lead
wags found in cases where a past infarction could be
presumed. lany cases shewed coronary I waves as &
permanent and stationary feature oftem without any
obvious history of an acute occlusion. 1his was
particularly so where the voltage of such waves was not
high and it was presumed that such T wave changes can
ocour as a manifestation of a chronic process of healing
and decay in the underlying myocardium. This same
condition obtained with low T waves particularly in Lead 1
and although repeat records shewed an isoelectric © wave
to0 become positive some cases retained this as a permanent
feature; It wag therefore assumed that an isoelectriec
7 need not be a manifestation of an acute infaretion but
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may represent chronic coronary insufficiency. An inversion
of 23 was only regarded as being significant if it was
definitely of the coronary type, and then preferably in
copjunction with some other feature such as inversion of
T2. Cases of known myocardial infaretion with permanent
inversion of © waves of the coronary type were observed
over & period up to three years and it appeared that where
such changes had remained the patient was more prone to
the anginal syndrome than in cases where the eleotro-
cardiogram had returned to normal. his did not appear
to agree with the accepted findings of some suthorities on
this subject.

A prominent @ wave was found in several cases of the
anginal syndrome and was regarded as a significant finding
indicative of 0ld infaretion and where a wide Q wave
appeared the symptoms seemed to be more rapidly progressive.
An absent R wave in the chest lead was found in a few cases
where no other indication of infarction was obtained beyond
the clinical history.

Disorders of rhythm were found to produce coronary
insufficiency and in this group paroxysmal tachycardia and
simple tachycardia were freqﬁent. One case of sinus
bradyeardia with substernal pain on exertion was found.
conversely certain disorders of rhythm were found to occur

in coronary insufficiency and were probably the result of
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diminished myocardial nutrition. In this group multiple
ectopic beats flutter or fibrillation could be ineluded
although only paroxysmal fibrillation was found to be
aggociated with pain.

Various degrees of heart block transient or permanent
were also found in known cases of chronic coronary
insufficiency.

In those cages where no significant changes appeared
on the electrocardiogram but where the clinical history
was suggestive of coronary disease an attempt was made to
agoertain the changes ocourring after exercise. This was
found to bé disappointing since no constant changes were
obtained. Some cageg shewed definite depression of an
upright T wave associated with ST depression of .5 to 1
millimetre in extent. 4Jhis occurred in some cases with
little or no discomfort whereas on the other hand some
cases giving pronounced discomfort shewed no significant
changes. It was felt as the result of a short series
of such experiments that pain is not of necessity an
indication of the degree of myocardial ischaemia and
that some other factor undoubtedly operates. This no
doubt is the sensitivity of the individual to pain.

T7his test was also handicapped by one important feature
namely the inadvisability of carrying such tests too

far and thereby inducing a myocardial infarctionm.

‘
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This whole factor of the patient's semsitivity to pain
appears to negative the value of graded exercise according

to height, weight, ete., as applied by some authors in this

sphere.

X RAY FINDINGS .

Generally speaking fluoroscopy is not of such value
in these cases as electrocardiography but it can nevertheless
be very helpful. DPerhaps its greatest use in this type of
case is in the recognition of the hypertensive heart where
no such findings appear clinically. Here a broad wide
vascular pedicle with tortuous aorta and prominent aortic
knuckle ocoupled with si ns of left ventricular enlargement
can often be an indication of past hypertension. Increased
density of the aorta with diminished pulsation can be help-
ful in supporting the diagnosis of arteriosclerosis although
it must be remembsred that some cages of hypertension can
shew a long narrow heart with no obvious enlargement of the
left ventricle. In the left oblique position the wide
aortic window with overlasping of the vertrzbral column
by the left ventricle can often support the presence
of hypertension or aortic disease. Calcification of the
aorta or even of the coronary arteries can be very rarely
geen. Oceasionally the presence of éardiac aneurism
following an infarction can lend support to & previous

history of infaret.
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