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I INTRODUCTION.

Cardiac disease stands supreme and unopposed
as a cause of death. A small but ever increasing
proportion of these cardiac deaths is due to disease
of the coronary arteries. Coronary artery disease
was recognized in the 17th century, but the clinical
features of occlusion of such a diseased artery have
been appreciated only during the past 40 years.
Although a new entity to the clinician, coronary
artery occlusion with myocardial infarction was far
from being a new disease. Pathologically myocardial
infarction had long been recognized in both the acute
and healed stages. Cardiac aneurysm formation was
also well known to the pathologist. In 1749 De
oenac had referred to thin walled parietal aneurysms
of the left ventricle. ' Cardiac rupture was also
recorded and no doubt was associated with myocardial
infarction. Even a King of England was not spared =
George II. died of a ruptured heart. Why then did
the clinical features, so dramatic, and sudden in
their onset, pass unrecognized or wrongly interpreted?

Once established, "coronary thrombosis" was
diagnosed with increasing frequency, and the anterior
descending branch of the left coronary artery soon

vied with the lenticulo-striate artery, as '"the arteny

of sudden death". There is little doubt that the
incidence of "coronary thrombosis" has increased

remarkably / . |
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remarkably over the past 3 decades. Both sexes and
all ages may be affected, but the basic lesion =
arteriosclerotic change in the coronary arteries =
is commonly not well established until middle life.
The victims are frequently men in the prime of their
lives, in their most productive years, whom the
comnunity and the family can ill spare. Many an
economic or social problem follows in the wake of a
"coronary thrombosis".

Aetiology, treatment, and prognosis are
therefore of the utmost importance, not only to the
individual, but to society. A study of these pro-
blems has prompted submission of this thesis.

A historical review of myocardial infarction
is first presented (section II.). The material is
arranged in the sequence - early history, aetiology,
clinical features, course and complications,treatment
prognosis - immediate and remote, pathology,

electrocardiography, and roentgenkymography . The

Ly

incidence of "coronary thrombosis" as the certified
cause of death has been determined by a study of the
annual reports of the Registrar-General for Scotland
between the years 1937 and 47 (Section III.).
Aetiology is stressed again in section IV. and the

results of a clinical approach to the problem are

presented. Embolic coronary artery occlusion is

discussed [/ i
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discussed separately (Section XV.) and the incidence
of this complication in subacute bacterial endocarditis
is noted.

Two series of cases are then presented for
comparison. The first comprises 100 cases of
myocardial infarction treated conservatively, and the
second, 70 cases who received anti-cocagulant therapy
during the first 3 weeks, but who were otherwise
similarly treated. In sections V. to XII. the two
series are analysed in detail and compared both at
the time of the myocardial infarct and during the
succeeding months and years. The features important
in determining the immediate and ultimate prognosis
in the conservatively treated series, and the compli-
cations which may follow myocardial infarction, are
discussed. They provide a standard with which the
series treated with anti-coagulants may be compared.
The advantages, or otherwise, of anti-coagulant therapy
during the first 3 weeks are thereby assessed.

Section XIII. deals with the changes observed in blood
clotting after myocardial infarction, and indicates a
rational basis for anti-coagulant therapy. The most
recent advance in treatment - specific anti-shock
therapy - is briefly summarised in section XIV. The
electrocardiographic features of 65 cases are present-
ed and analysed in section XVI. This section is not

intended /
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intended as a comprehensive study of electrocardio-
graphy in myocardial infarction, but records the
incidence of the various diagnostic features,in these
65 cases. Finally, after the conclusions (XVII.)
and summary (XVIIL) the clinical details of 35 cases
are presented. (section XIX.)

Diagnosis and differential diagnosis, and the

established methods of treatment are not discussed.




Le
IT. HISTORICAL REVIEW OF MYOCARDIAL INFARCTION.

(a) Barly History :
The belief that the heart was the ruler

|over all other organs and as such was immune from
disease was handed down from the time of Hippocrates
(quoted from Herrick, "Diseasesof Coronary Arteries
and Cardiaec Pain' 1936.) Physicians were slow to
' recognize that no immunity hedged in this king.
Heberden (1772) was the first to deseribe a symptom
complex due to disorder of the heart, but even he did
not recognize that disease of the coronary arteries
was the primary factore This was left to Jenner and
Parry (1799) who considered that calcification of the
coronary arteries was the essential lesion.
Infarction of the myocardium due to coronary
artery occlusion was originally considered to be in=- |

compatible with life and to be the cause of the sudden

death so common in those afflicted with angina

pectoris. Osler (1910), in discussing his seventeen
autopsies of cases of angina pectoris states that ‘

"Blocking of a (coronary) branch with a fresh throm- j
|

bus is very common in cases of sudden death in anginaT"

Hamman (1926) also states "Coronary occlusion has been

considered an episode in the progress of angina .
!Pectoris, a harrowing episode it is true, and yet but
ithe dramatic ending of an interesting and varied
%clinical story."

Pathologically myocardial infarction was

recognized /




2.
recognized during the latter half of the 19th cen-
tury (Weigert 1880, Ziegler 1881, Cohnheim 1881,
Huber 1882 and Leyden 1883~84,) but clinically it was
not established as a condition which could be diagnos

ed during life until the early part of the present
century. The first tentative diagnosis during life
was made by Hammer in 1876. Commenting on the case,

| he writes "I thought that only a sudden progressively
 increasing disturbance to the nutrition of the heart
itself such as cutting off the supply of nourishment
could produce such changes as this case showed, and
that sueh obstruction could be produced only by a
thrombotic occlusion of at least one of the coronary

arteries. From lack of ground for any other satis-

factory explanation I was carried away by this thought."
Autopsy confirmed his suspicions. It showed a
‘thrombuﬁ occupying the right sinus of Valsalva and
occluding the mouth of the right coronary artery.

In 1890 Huchard published autopsy records of
185 cases of coronary sclerosis, in which ean be ‘
found all the clinical and pathological features of }
coronary ocelusion. René Marie, in his thesis ‘
"L'Infaretus du Myocarde et ses Consequences." (1896)

described the pathology of both myocardial infarction

and cardiac aneurysm, but did not co-relate the clini:

|eal and pathologieal findings. Krehl's monograph

' (1901) upon diseases of the heart muscle shows a much

clearer /
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clearer interpretation of the ‘clinical records and
pathological findings. (These original articles have

not been referred to personally.)

Dock (1896) was the first to report cases of
myocardial infarction diagnosed ante-mortem and
proved at autopsy. His fourth case merits recording
in some detail. - The patient, an elderly male, had
experienced exertional dyspnoea for 3 months. One
week before death he had a very severe pain in the
heart region and fainted,becoming pulseless and very
dyspnoeic. Evidence of left ventricular failure de=-
veloped. Pericardial friction could be heard at the
apexs Death occurred suddenly while he was straining
at stool. At autopsy, the coronary arteries were very
arteriosclerotic, and the anterior descending braﬁch
of the left artery, and a branch of the circumflex

artery were both blccked by thrombus. The myocar-

dium was infarcted, with an apical pericarditis and a
thin layer of endocardial thrombus formation.
Commenting on the case Dock states "In this case the
relation of the coronary sclerosis to the gradually
developing dyspnoea, and of the infarction to the
acute attack a week before death is clear. The case‘
also illustrates the fact that a heart extensively

necrosed may continue to act for some time fairly

well, if exposed to no sudden strain, thus explaining

the early stages of these cases in which large fibrous

areas are found post mortem in the heart. It is |
. |
also / |
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also a fine example of atheroma limited almost en-
tirely to the coronary vessels."

It is prebable that, in establishing the
clinical entity of coronary thrombosis, and in sug-
gesting that it is not immediately fatal, Dock has
received less credit than is his due.

In 1910, Obrastzow and Strascheska described
the clinical features in detail, emphasising the
triad of retro-sternal pain, dyspnoea and orthopnoea,'
and epigastric pain. They drew attention to many
features now considered impertant, - a gallop rhythm,
pericardial friction, faint heart sounds, Cheyne- |
Stokes breathing, etc.. However they believed that
infarction led to an early death.

Herrick (1912) dreﬁ attention to the fact that
obstruction of a coronary artery was a recognizable
clinical condition, and that it was not necessarily
fatal - "But there are reasons for believing that
even large branches of the coronary arteries may be
occluded ~ at times acutely occluded - without result-
ing death, at least without death in the immediate
future. Even the main trunk may at times be obstruct-
ed and the patient live." In support of his statement
he reported 5 cases living for 3, 7, 12, 12, and 20
days after the onset of their symptoms and alsc made

extensive reference to the literature both clinical

and pathologicale His clinical grouping of cases is I
still applicable today and will be referred to later =
in / '
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' tions, and on this occasion had a more receptive

5.
in this review. After a lapse of six years (1918,

published 1919) he enlarged on his original observa=- |

audience. In the same year, Levine and Tranter
(1918), guite independently of Herriek, reported on
two cases. Libman was also aware of the condition,
having discussed Herrick's 1912 communication, and in
1919 he published his own observations. Corrobora-
tive evidence was soon supplied by Fred Smith (1918,
1920 and 1923) by reason of his experimental work on
dogs. Electroecardiographic changes were recognized
in the dogs, and also by Pardee (1920) in human
beings. Coronary thrombosis had become firmly es-
tablished as a revognizable eclinical entity.

In 1926 Hamman gave a brief review of the
development of knowledge of this econdition, and de=
seribed the symptoms in considerable detail, dividing
them into four groups:-

l. The immediate symptoms associated with the|

oeelusion: the  anginal seizure.

2+ The symptoms assoeciated with the myoeardi
damage: myoecardial insufficienecy.

3« The symptoms associated with the myoeardzai
infaret. |

|
4, Additional symptoms = chiefly gastro-in-

Iteatinal and vaso-motore.

|
He emphasised how embolie phenomena may assist diag-

'nosis, and, in a discussion of the pathologieal

anatomy, drew attention to the importance of coronary|

arteriosclerosis.
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Levine and Brown (1928) were the first to re-
port on a large series of eases - 145 « and to
analyse in detail the various elinical features.
Since then many papers have appeared, and all mani=
festations of the disease and its treatment have been
discussed. Mention might be made of thoseby Conner
and Holt (1930), Meakins and Eakin (1932), Cooksey
(1935), Willins (1936(a)), Blumer (1937), Bean (1937
& 38 (a) & (b)), Mallory, White, and Saleede-Salgar
(1939), Bland and White (1941), Levine and Rosenbaum
(1941 (a) & (b)), Rathe (1942), Wood and Barnes(1942)
Nay and Barnes (1945), Hellerstein and Martin (1947),
and Katz and Mintz (1947).

In Britain, knowledge of this new condition
lagged, and when Sir James MaceKenzie published his ’
monograph on angina peetoris in 1923, he included a

number of cases of coronary thrombosis. Without

doubt eighteen cases had sustained a myocardial in-

faret %&ghin 2 and other cases, the clinical records!
suggest/an upset. Forty cases died suddahly or werJ
found dead in bed, in whom a coronary thrombosis may“
have been the terminal event. Gibson (1925) and j
McNee (1925«26) were the first to report cases in /

the British literature, but soon Parkinson and Bed-

Coombs (1927), Gilehrist (1929-30), Bramwell (1930)
Parkinson (1932), Hay (1935), Bedford (1935) Cowan
(1936) and Palmer (1937 ) added to the literature. |

ford (1928 (a)) published a series of 100 cases. ‘
|
|

' (b) Aetiology /
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(b) Aetiology :
All reported series indicate that males are
more prone to develop ecoronary thrombosis than are
females. The sex ratio varies from the 2°2:1 report-

ed by Katz and Mintz (1947) and by Bean (1937) to the

113°3:1 of Parkinson and Bedford (1928). Details are

given in Table I.

TABLE I. Sex ineidence of coronary thrombosis ree-
ported by various authors.

5 Sex Ratio.

E Authors. Male : Female Ngmber of
. ases.
Levine & Brown(1928) 3626 3 1 145
Parkinson & Bedford(1928a) 13.3 il 100 |
Conner & Holt (1930) 0 S in 287 |
Willius (1936a) 7 : 1 370
Bean (1937) 2323 1 300
Master et al. (1939b) 34 1 500 .
Katz & Mintz (1947) Re2 iy 1 572 C
Master (14 series) (1939b) 4.6 1 2803 |
Average of 20 series Fe00 1t 1 4857 J
The six series added to the 14 analysed by Master in f
1939 are those of Rosenbaum and Levine (194la), Rathec
(1942), Smith(1942), Chamberlain (1946) Katz and Mintz‘

(1947) and wright (1948).
. Myocardial infaretion has always been considereb
to be a disease of the middle-aged and elderly.

Master (1939b) analysed 12 series comprising 1761 cases
and / |
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and found the maximum incidence in the 6th decade
(35%), but only a slightly lower incidence in the
7th decade (32%). Five out of the twelve series had
their maximum incidence in the 7th decade. Katz and
Mintz (1947) found the incidence in these two decades
practically equal = 32.7% and 33+6% respectivelye.

When the sexes are considered separately,
there is a striking disparity in their respective
age incidence. Males invariably show a maximum
incidence in the 6th decade. Table II. A, records
incidencé in the 6th and 7th decades,and the percentage
in the under 60 years and over 60 years groups,among
males.

TABLE II. Age distribution of cases of coronary
thrombosis among (A) Males,& (B) Females.

%Incidence in each Age Group.

6th Under Over 7th
Authors. Decade 60 yrs. 60 yrs. Decade
A Males
Conner & Holt (1930) 41 765 1 23.5 18.5
Willius (1936a) ALy L0 62 . 1 1L37.9 30.6
Master et als (1939b) 35.9 66.4 33.6 26.6
Rathe (1942) 1 46 o4 37
Katz & Mintz (1947) 32¢2 56.6 43.4 29.3
B Females.
Conner & Holt (1930) 46 65 5 22
Willius (1936a) 28.3 34.8 5s2Y 41,3
Master et ale. (1939b) 34.9 58 4z 34
Rathe (1942) 24 41 59 36
Katz & Mintz (1947) 311  40.5  959.5 42.8

The average age of males waried from the
54.7 years of Master (1939b) to the 58.4 years of
Katz and Mintz (1947).
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Females on the other hand generally show a
maximum incidence in the 7th decade, and it is un=
common for cases to occur in patients under the age
of 50 years.

Table II. B,gives details of the age inéidence
of females. Conner and Holt (1930) and Master

| (1939b) do not bear out the maximum incidence in the

7th decade. 65% of Conner and Holt's 44 cases were |

under 60 years, but the maximum incidence was in the
56 = 60 year group. Master (1939b) repofting on |
112 females; found the incidence in the 6th and 7th |
decades to be practically equal - 34.9% & 34% re- I
spectively and the average age was 56 years.

In the early literature, isolated cases occurr
ing in young adults were periodically recorded.

(Smith and Bartels 1932, Cullinan and Graham 1934, :

IDurant 1937, Blazé 1937, Smith and Hinshaw 1937,

| White, Glendy, and Gustafson 1937, Miller and Wood

'1943)- In recent years large series of cases have |
been reported by Glendy, Levine and White (1937), (

Yater et al. (1948). The grouping of men in the ‘

French and Dock(1944), Newman (1946), Poe (1947) and

armed forees has facilitated this work. The most

|recent series by Yater and his associates comprises
| 866 cases which occurred in the United States armed
‘forces during the recent war. All cases were between
| the ages of 18 and 39 .

i Myoeardial infarction occurring during {

adolescence /
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adolescence is very uncommone. Apart from those re-|
ported by Yater (1948) 13 cases have been recorded.
(Zacks 1943, Jukl and Greenstein 1944, Evans and
Graybiel 1948, Shivelhood 1948, and MecDougall 1949).
Only two were female.

Even infancy and childhood are not exempt from
this disease. Myocardial infarction has been re- f
ported in an infant dying 104 hours after delivery
and in another @ying 66 hours after delivery. In
this latter case, the coronary arteries showed a
generalized medial sclerosis. This was most marked
in the Tegion of the infaret and the vessels were
occluded by thrombus (Raviech and Rosenblatt 1947).
Other cases have been recorded in older infants -

|
one died at 7 weeks (Hughes and Perry 1929), one at

4 months (Ramsay and Cumrine 1931), a third at 9
months (Ellis 1935), and a fourth at 11 months (Scot#
and Miller 1946). Ellis' case showed cardiac aneur%

|
ysm formation. The exact state of the vessel wall \

in the thrombosed segment is not clear from all re- |

ports, but in one case, the changes suggested throme |

|

boarteritis obliterans. In no case was there
arteriosclerotic change. Stryker (1946) discusses J
|
childhood, and quotes eight aetiological factors.

|
These are(l) medial calcification with fibroblastic

|
proliferation of the intima; (2) Polyarteritis

occlusive coronary artery disease in infancy and

nodosa; (3) Arteriosclerosis; (4) Syphilitie |
arteritis; (5) Embolism; (6) Congenital abnormalie|

ties; (7) Rheumatic arteritis; (8) Hypertension.
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The incidence of previous hypertension is
variously reported - 28% by Howard (1934) and 74%
by Chamberlain (1946). This variation is in part

|
|

due to different criteria for hypertension adopted
by some authors. Most accept a diastolic level of
90 mm. Hg. or over but some require a level of 100

mm. Hg.. Details of the incidence of hypertension

are given in Table III. and of the sex distribution |
in Table IV. ;

ABLE III. Incidence of hypertension preceding

myocardial infarction.

% incidence Number of

Author. of Hypertension cases.
*Levine & Brown (1928) 40 145.
| Conner & Holt (1930) 33.9 287.
| Howard (1934) 28 165.
| Bean (1937) 49.3 300.
Master (1939Db) 62.4 500.

White & Bland (1941) 34 200. |

Levine & Rosenbaum (1941) 57 208. J

Master (1943) 69 538. |

. Chamberlain (1946) 74 160, |

Katz & Mintz (1947) 3549 572. |
Yater (1948) 19.1 866.

&
Only cases showing a diastolic pressure of over

100 mm. Hg. are included.

TABLE IV. / .
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TABLE IV. Incidence of hypertension preceding
myocardial infarction in the two sexes.

|

% Incidence of Hypertension.

Author Male Female
Master (1939b) 5645 80.
Levine & Rosenbaum (1941) 44 86.

Levine and Brown (1928)state that hypertension is
probably the most common aetiological factor.

Master (1943) found an incidence of 69% in 538 cases
analysed. He considers that hypertension plays a
paramount role in increasing the incidence of corone

ary occlusion (1939b). In his series, hypertension

was present in 28 per cent. of the males and 25 per

cent. of the females under the age of 35 years. .
|
|
This percentage increased with age, reaching 80 per

cent. in men over 75 years and 90-100 per cente. in

women over 45 years. To emphasise the importance

of hypertension in the aetiology of coronary thromb%

|
s8is, he analysed 14 reports totalling 42,000 cases,‘

dealing with blcod pressure levels in the general

|
populatione These indicate that for both sexes, ]

|
5 per cent. of those under 25 years, 206 per cent. |

under 55 years, and 45 per cent. under 65 years have
hypertension. At all ages the incidence is less i
than among those sustaining a coronary thrombosis.

Also, the incidence of coronary thrombosis among the

hypertensive male population is much greater at all

ages /
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ages than among the normotensive males. In both
groups it increases with age, up to 64 years, and

| then falls away slightlye Hypertension was more

common in those sustaining recurrent or multiple
iinfarcts - 64% of men and 80% of women, but Mastef
(1943) considered that the height of the blood pres- |
sure aftee the attack did not significently influence

:the future course of the patient with regard to subse-

quent angina pectoris, heart failure, coronary occlu-

|sion or death. !
All reports indicate that in the younger age |
groups, hypertension is less common. Glendy, Levine,
and White (1937) report an incidence of 16.6%, but i
;their eriteria for diagnosis were a systolic blood
%pressure of 160 mme Hg. or over, and a diastolic |

level of 110 mm. Hg. or over. Yater (1948) reported

that 19.1% of his series had a diastolic level of over
89 mm. Hg.. This compares unfavourably with his l
control figure of 3.8% for a similar age group. -{

Paterson (1939 and 1941) considers hyperten-i

sion, either sustained or temporary, of extreme impor-

tance in aetiology.

Pre-existing angina pectoris has been reported
|

in from 22.4% (Willius 1936a) to 72.9% (Katz & Mintz |

1947) of cases. The incidence varies, depending on

the completeness of the case histories. Table V.

gives details of a number of reported series.

TABLE V. /




J

l4l
TABLE V. Incidence of angina pectoris preceding
myocardial infarction.
Author. Incidence of Angina
Pectoris.

Parkinson & Bedford (1928a) 62%

Conner & Holt (1930) 26.1%
willius (1936) 22.4%

Bean (1937) 336%
Rosenbaum & Levine (1941) 72%

Bland & White (1941) 62+5%

Katz & Mintz (1947) 72+9%

The incidence in the two sexes is approximate

ly equal.

Diabetes is commoﬁ, being reported in most
series of cases. The incidence varies from 8% (Smith|

et al. 1942) to 23¢7% (Levine and Brown 1928).

Conner and Holt (1930) found the majority of their
cases with diabetes to be in the 50-60 year age groupr
but Master (1939b) considered that diabetes is more |
common in the older patients - it was present in 17% #
of their cases over the age of 60 years, and in only |
4.8% of those under 50 years. It is definitely more

common among females - 26% as against 6.7% for males

(Master et al. 1939). Katz and Mintz (1947) found i

diabetes in 36 males (9.18%) and 49 females (2?.22%).;

Levine and Brown (1928) consider that ine=
ereased body weight is of some importance in

aetiology /
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aetiology and quote insurance company statistics to
prove their point. They state that "The body weight
of patients is of some importance in considering
aetiological factors. It has been gquite striking to
us that coronary thrombosis does not commonly occur
in the thin individual. After the age of 40 years
it is now well known that vascular disease of one kind
or another is the most frequent cause of death,and
in this connection, disease of the coronary arteries
plays no insignificant role. Recently it has been
shown by statistics compiled by insurance compandes
that those who are accepted as normal risks at the
ages of 40 years or over, who are 20 to 40% over=
weight, have an increased mortality of 30 to 80% re-
spectively in the following decades". Bean (1937)
could find no characteristic build or weight. Gold-

smitht and Willius (1937) in a particular study on

T

this subject found that individuals who had hyperten
sion tended to be more overweight than did those who

had a normal blood pressure. Yater (1948) considered

that obesity was not a factor in the young adult.

Heredity is of considerable importance. Gold-
smith and Willius (1937)found that out of 300 cases
165 (55%) had a family history of cardic-vascular
renal disease. Levine and Brown (1528) state

"Heredity is of considerable importance in the

aetiology of this disease. A large number of the

patients /
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patients here discussed have family histories indica-

ting great susceptibility of the vascular system to !

Idegenerative disease. The typical patient is a wellj
]set person some-what overweight, often of considerablé
physical strength, who enjoyed unusual good health.”
"No accurate figures were obtained in this

study as to the exact frequency of a family history

of coronary or vascular disease. Suffice it to note
Ithat after a considerable experience with this condi-
tion, it is amazing how frequently one finds various

members of the same family suffering from early vascu-

lar hypertension or coronary disease." 48% of 5
Rathe's series (1942) gave a family history of vascu- |

lar disease.

Syphilis is considered to be of very minor

|
[importance, although Warthin (1930) reported that J

arteriosclerosis of the coronary arteries is more
!common in the latent syphilitic than in the non-syph—‘
ilitic. Only Conner and Holt (1930) found a high in%
cidence of syphilis in their cases - 14.2%. Katz and

Mintz (1947) found 4 out of 572 cases. Other arter-l
|

ial diseases = peri-arteritis nodosa and thrombo-

angiitis obliterans - are equally rare. (Logue and

Mullins 1946, Samuels and Feinberg 1930, Fathree and

|ines 1938, and Greenfield 1941). Polycythaemia is |

Fccaaionally reported (Boyd 1933, Miller 1939). |

Eobacco and alcohol have been shown to be of no aetio-

1ogical importance (White and Shaber 1934, Master,

pack /7
|
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Dack and Jaffe 1937b). Recently it has been shown

that inhalation of nicotine in cigarette smoke

causes the liberation into the blood of the anti-

]diuretic hormone of the posterior lobe of the pitui=-
ary gland. (Bulbring et al. 1949). The anti- f
diuretic principle also causes vaso=constriction, buti
| the reduction in coronary blood flow is likely to be i
considerable only in sensitive individuals who smoke |
‘heavily. These observations in no way cast doubt on

the above conclusions of White and Master.

That there is a seasonal incidence in onset |
[

of coronary thrombosis is suggested by Bean and Mills |
(1938) and Hoxie (1940). Both authors found that, in
'the northern temperate region of America - Philadel=-
phia, Pittsburgh, New York, Boston and Cincinnati =
and in the subtropical climate of Los Angeles, acute

attacks of coronary occlusion are definitely more

frequent in winter and early spring than in the late

isummer and early autumn.

Levine and Brown (1928) draw attention to ‘

'two other factors in aetiology :=

| |
(1) The infrequence with which coronary |
|

thrombosis is encountered in cases of established aur11

cular fibrillation.
(2) The rarity with which it occurs in sub-

|
!Jects who have rheumatic heart disease. -

Karsner and Bayless (1934) believed that

%rheumatic /i
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rheumatic fever predisposed to the premature develop-
ment of coronary arteriosclerosis, but the reverse
view was later proposed by Gross and Oppenheimer
(1936)s These latter authors considered that the
occurrence of rheumatic fever and coronary thrombosis
in the one subject was fortuitous. Ten of the 866
cases reported by Yater (1948) had rheumatic valvular

| disease.

Embolism of a coronary artery is a rare event

except in bacterial endocarditis. Saphir (1932) and|

' later Hamman (1941) have reviewed the literature and ;
'reported their own cases. Hamman discusses 40 cases|
and gives six possible sites of origin of the embolus:

These are (1) a thrombus or atheromatous material in g

coronary artery; (2) a thrombus coévering an arterio-

sclerotic plague at the root of the aorta; (3) bacter=-

!ial vegetations on the mitral or aortic valve (the |

\mOSt common cause); (4) intra-cardiac mural thrombi;

3(5) thrombi in pulmonary veins; (6) parodoxical ‘
embolism. He considers that the two outstanding |

features of coronary embolism are that (1) in most |

cases death is very sudden, or indeed instantaneous. |

|
'This is due to the absence of disease of the coronary |
| |
‘arteries, the heart being quite unprepared by the '
[

igradual development of an efficient collateral circu-
lation, to withstand the effects of occlusion of a
large branch; (2) Although the immediate prognosis

is poor, should the patient survive, then the ultimate

prognosis is good, there being no vessel disease.

The /



19.

The work of Manning and his associates

(1939) on reflex coronary artery spasm following

sudden occlusion of other branches, may have some !
|

bearing on the frequency with which sudden death oc=
curs in these cases of coronary embolism.
They compared the mortality rate following

sudden occlusion of a major coronary artery in

anaesthetised and non-anaesthetised dogs. Ceclusion
of the anterior descending branch of the left coron-
lary artery caused death in less than 10% of the |
anaesthetised dogs, but in 40% of the conscious dogs.
For the circumflex branch, the figures were 25% and
75% respectivelye. They considered that the great

increase in mortality of the conscious dogs may be

the result of reflex spasm of collateral arterioles
and small arteries, producing additional areas of |
| ischaemia. All the animals dying suddenly in the

conscious state showed the sequence of ventricular

extra-systoles, tachycardia, and fibrillation.
Opdyke and Selkurt (1948), observed reflex spasm of

the coronary tree after coronary occlusion in only 2

out of 10 anaesthetised dogse Electrocardiograms
itaken from the "non=ischaemie" areas of the ventricu-

lar muscle did not show changes suggestive of ischae-l
mia. l

Premonitory symptoms of acute coronary occlu-}
'sion have been reported since 1626 onwards. (Kahn |

|
(1926 50/
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1926, Willius 1936b, Watzkin 1944). Hay (1933) was
aware of these symptoms. Feil (1937) and Sampson
and Eliaser (1937) alsoc drew attention to them.
Master (1941) recorded their presence in 44.2% of |
260 casess The most common symptom was substernal
or praecardial pain or discomfort, but other symptoms
recorded were fatigue, weakness, gastric distress,

| dyspnoea, palpitation, nervousness, and dizziness.
The praecardial pain consisted of (1) sudden ap=
pearance of typical angina pectoris; (2) sudden ac-
centuation of a previously existing angina, or (3)
attack of anginal pain occurring at rest. Such
symptoms usually appeared in the 24 hours prior to

| the attack, but in some cases preceded it by 2-3

| weeks. The anatomical basis for these symptoms was

presumed to be a gradual occlusion of the lumen of |

the coronary artery by progressive or recurrent intra:

mural haemorrhage, or by primary thrombosis on a

|
pPlaque, which might take hours or days for completion.

The initiation and progression of the coronary artery‘
occlusion occurs irrespective of physical activity or
lack of it, but during the process, effort may induce

myocardial ischaemia with production of paine !

Master and his associates (1937P and 1939%) |

5believe that the time of onset of the clinical pie=- |
‘ture of myocardial infarction is fortuiteus. In 193?
they investigated the activities of 1440 cases of

coronary /
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coronary occlusion, and decided that :
(1) Occupation and social status do not in-
fluence the incidence of coronary thrombosis.

(2) Physical activity and excitement are not

' factors in the onset = 60 of their cases had been
Ibedridden for weeks or months because of some chronic.

illness. .

(3) Operation may have scme influence in pre-

cipitating attacks.

(4) The attacks are well distributed through-;
out all hours of the day and night, with peaks at
2 a.me and 10 pems - also indicating that activity
is not an aetiological factor.

(5) There is no evidence that physical effort
or excitement produced intimal haemorrhage. It was
found at necropsy as frequently in patients who had

been bedridden prior to the occlusion, as in those

who had been physically active.

In sharp contrast to the findings of Master as‘
to the importance of occupation and social status are‘
the views expressed by Ryle and Russell (1949). |
Studying the statistics available in the Registrar- ‘
(Generals Occupational Supplement for 1930-32, they 897
'ported that the mortality rate from angina pectoris ‘
(coronary thrombosis was not classified as a separatei
disease in 1930-32) for both men and wives, decrease?
with descent in the social grading. For males in ]

class /
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¢class I. (professional workers) the mortality is
137% in excess of the average for all males aged 20-
65 years; in class III. (skilled artisans) it is 4%
in defect of the average; while in class V. (une

skilled workers) the mortality is 33% below the ex-

but the extremes are less - +55% for class I. and

-18% for class V. A separate study of the occupa-

tions comprising the various social orders is even
more instructivé. Among mzles, physicians and sur= ‘
geons show the highest standardized mortality rates
from coronary vessel disease - 368. Proprietors of
whole-sale businesses ; Judges, barristers and

solicitors; come in at a much lower level = 235 and

L2]

227. By way of contrast, agricultural and gardener'
labourers show a standardised mortality of 32, while
workers in chemical processes are even lower at 20.
The mortality ratio of male professional workers to

male manual workers is far higher than that of men

to women. Geographically also Ryle and Russell de-

monstrated a definite zoning of mortality from coron-}
ary vessel disease, the highest levels being found in!
the densely populated areas and the lowest levels in %

the rural areas.
In a separate paper Master (1938) reports 35 {

cases of coronary thrombosis occurring post-operative-
1y, half the cases developing within the first 3 days
after operation. All were proved either at autopsy

or /
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or by classical eleectrocardiographic changes. 66% ;
died but in only 8 cases was death attributable dir- |
ectly to the occlusion. The factors possibly lead- [
ing to the occlusion were considered to include sur-
' gical shock attended by a diminution in blood volume
and a drop in blood pressure, tachycardia, dehydra-
tion, and infection. Bed rest was not a factor.
Winternitz and his colleagues (1938) in their
investigation of the development of arteriosclerosis

subjected coronary arteries to intra-=luminar pres-

sures of 500 and 1000 mm. Hg. without precipitating |
- |
capillary rupture in the arteriosclerotic plaqgues.

The observations of Master (1937b and 1939a) and of

Winternitz are not, however, universally accepted.

EPaterBon (1939 and 41) is the proponent of the theory

| stressing relationship of exertion to the onset of

coronary thrombosis. He, it was, who first demonstr%-
ted the continuity of the intimal capillary haemorr- ‘
hage in the arteriosclerotic plague with the thrombus(
in the lumen. (1936). He considers (1941) that: !
(1) The pressure of the blood within the
arterial lumen,
(2) the strength and elasticity of the capile

lary wall, and
(3) the rigidity of the supporting tissues of

the plague,
are the three factors governing the integrity of the

capillary wall. A raised blood pressure, either

‘Permanent /
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permanent or temporary as in effort, may therefore
precipitate rupture of the capillary and initiate
the process of thrombotic occlusion of the vessel.

Boas (1939 and 1942) and Blumgart (1945) also consid-

er that effort is of aetiological importance. The
capillaries growing from the lumen of the coronary
artery into the arteriosclerotic plagues are peculiar
in that they have no shock absorbing arteriole to
protect them from the arterial blood pressure. They
are exposed to a continuously high pressure and to
periodic fluctuations in pressure, which, Paterson

believes, may facilitate or precipitate their rupture

L]

(¢) Clinical Features:

The classical clinical features have been
admirably described by Herrick (1912 and 1919),
Hamman (1926), Levine and Brown (1928), Gilchrist

(1929-30), Parkinson (1932), and many others. The

patient is seized with sudden severe substernal pain }
!which rapidly increases in intensity. His chest f
{feels tight as if gripped in a viee; he is short of|
breath, sweats profusely and may feel sick. He is |
restless and cannot find a comfortable position. It

| 1s the worst pain he has ever had and may radiate to

!the shoulders, arms, neck, jaw or epigastrium. ‘
Nitrites have no effect on the pain and morphine is

|required for its relief. He may feel that he is |
about to die. Such is the classical picture, but b;

no /
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no means all cases present in this manner. The
atypical and mild cases deserve close attention.
Hamman states "In patients presenting the cardiac
symptoms of arteriosclerotic heart disease, any
sudden aggravation of the symptoms should arouse sus=
picion" and "In patients past middle life, without
valvular disease, the abrupt onset of myocardial in=-
sufficiency should stimulate a careful search for
other symptoms of coronary occlusion." As an aid to
diagnosis fever and leucocytosis are important. A
progressive increase in the blood sedimentation rate
during the first 1-2 weeks and the behaviour of the l
blood pressure during the same period are probably ofi
greater significance.

| Mild cases are discussed by Levy (1931). He
was impressed by (1) the relative youth of his 8 cases
(all of whom were under 50 years) and (2) the rapid
\rate of recovery, both subjective and objective. The
atypical case may present in a variety of ways -

(1) mild indigestion; (2) peripheral site of pain -

'wrist, jaw etc., with no chest pain (Bramwell 1930);
|

(3) chest pain in an unusual site - in the back be-

|
tween the shoulderblades, beneath the clavicles, in the

axilla, etc.; (4) the pain may be entirely abdominal

in situation, and may simulate that produced by an |
lacute abdominal emergency (Levine and Tranter 1918, |
%ohler 1933, Hay 1933, Connell 1939); or (5) there |
may be no pain and some other symptom such as dyspnoea,

weakness, /
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weakness, fainting or palpitation takes its place
(Hay 1933, Cookson 1942). Post-operatively pain may
not be a prominent feature (Master et al. 1938).
iBedford and Parkinson (1928a) state that when infarc-
tion supervenes in a case with pre-existing signs and
symptoms of heart disease, the clinical picture may
be less distinctive. Pain is not a prominent symp-
tom; it is either absent, or quite overshadowed by |
dyspnoea. A sudden exacerbation of the signs of
failure may be the only evidence of infarction.
Many painless infarcts have been reported. (Stroud
and Wagner 1941, Davis 1932,a & b, Babey 1939, Kenned&
1937)s Bean (1938a) found sudden dyspnoea or rapid-

ly developing left ventricular failure; sudden weak1

ness; syncope; sudden onset of palpitation; as the

substitution symptoms for pain. These were present |

| in 28% of his 300 cases. Chamberlain(l946) reported
| no pain in 21% of his 100 cases. Hay'!s figure was |
higher - 38% (1933). Corham and Martin (1938) in a |
study of the clinical history of 100 necropsy cases }
of myocardial infarction reported that 42 had exper= |
lenced no pain. These patients were mainly among ;
| the older age groups, and fewer were hypertensive or |
had suffered previous effort pain, than in the groupi
experiencing pain at the time of infarction. 1In '
their series there were 29 cases of old healed in-
| farcts and it is in this group that a history of paiq
| 18 most commonly absent. Twelve of the painless

cases /



27 «

cases were in a group of 17 showing fibrotic narrow-
ing of the coronary arteries without actual thrombo-
sis, and old infarction without pericarditis. Acute
infarcts causing death tend to be accompanied by
pain. Kennedy (1937) considered that the frequency

of painless infarcts had been overstressed. In a

oF

study of 152 cases, he reported that in 91% of recen

and in 64% of old infarcts, there was classical cor-
onary pain. !
The acute étage of the myocardial infarction|l
may be completely overlooked, and a diagnosis be
made in retrospect when a cemplication, particularly
an embolic episode or sudden death from rupture of
the infarct occurs (Jetterand White 1944, Friedman
and White 1944). The former has been stressed by
Levine and Brown (1928) and others (Hay 1933 and

Dozzi 1939).

(d) Course and Complications:

The clinical course pursued varies widely.

In 1912, Herrick divided his cases into four groups.
(1) Cases in which death is sudden, seemingly in- |
stantaneous; (2) Cases in which the attack is angin-
al, the pain severe, the shock profound, and death i
follows in a few minutes or several hours at the
most; (3) Nonefatal cases with mild symptoms,
difficult and almost impossible to recognize; (4) |

Cases / '
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Cases in which the symptoms are severe and distinctiv

(1]

enough to be recognized, in which the accident is
usually fatal, but not immediately and not necessarily

S0« |

Levy and Bruenn (1936) considered that (1) in|
12% of the fatal cases of coronary sclerosis, death |
occurred suddenly; also (2) 91% of casés of sudden
death from natural causes, resulted from disease of
the cardio-vascular system; and (3) of the deaths
from sudden heart failure, 65% were due to disorder
of the coronary arteries.

Cases which survive the critical first few
days may have an entirely uneventful convalescence or
this may be marred by a number of complications, par=-
ticularly heart failure, arrythmias, or an embolic or
thrombotic episode or episodes. Death may occur at

any time, and from a variety of causes.

Master and his associates (1937a) found evi-

dence of heart failure in 93 out of 140 consecutive
cases (66.4%). Rosenbaum and Levine (1941la) conside#-
ed that 75% of their 208 cases showed some objective
evidence of failure. Katz and Mintz (1947) reported
a lesser incidence - 121 cases out of 572 (21.1%).

In many cases, the failure progresses steadily in

spite of treatment, and death is inevitable. On the
other hand, improvement may occur and the patient l
survive, usually for a few months, but in some ine

stances /
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instances for a number of years. Master (1937a) con
siders that heart failure is least common after first

infarcts, but that the incidence increases with each

| sueccessive infarct.

Heart failure Mortality
1lst infarcts 53% 11%
3rd infarct 88% 50%

Embolic and thrombotic episodes have been
reported by all authors. These may adversely ine

fluence prognosis, greatly handicapping a recovering

| patient, or, they may prove fatal. such episodes

comprise (1) the sudden occlusion of a systemic arte
ery, in the brain, kidney, spleen, mesentery, or ex-
tremities; (2) development of a fresh coronary
thrombosis; (3) pulmonary infarction and (4) peri-
pheral phlebothrombosis, notably in the calf veins.
Hellerstein and Martin (1947) have recently reviewed

the literature and reported their own series of 160

T

autopsy cases of myocardial infarction. Analysing
the autopsy reports of 8 authors comprising 924 cases
-~ Table VI. - they found endocardial mural thrombus
in 44% of cases.

TABLE VI. /
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TABLE VI. Incidence of mural thrombi found at ,
autopsy in cases of myocardial infarction.

Number of Cases with |

Authors. Autopsies Mural Thrombi
Wolff & White (1926) 23 7
Parkinson & Bedford (1928) 83 14
Levine & Brown (1928) 46 38
Lisa & Ring (1932) 100 34
Meakins & Eakin (1932) 62 29
Appelbaum & Nicholson(1935) 150 81
Bean (1938) 300 142

Hellerstein & Martin (1947) 160 65 |

Total 9?& 410 = 4@%

However sudden arterial occlusion is not necessarily
embolic in nature. In their.own series, Hellerst.eini
and Martin found 54 such episodes in 65 cases with
mural thrombus and 57 episodes in 95 cases without
mural thrombus. The 111 thrombo-embolic episodes
occurred in 73 cases i.e. 45.6% of the series. This
figure indicates that the clinical recognition of
such episodes in no way parallels their incidence.
Analysing the clinical reports of eleven authors -
Table VII. - they found peripheral emboli or infarcts
in only 11.5% of 1,605 cases.

TABLE VII. /
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TABLE VII. Incidence of thrombo-embolic complications
in clinical series of myocardial infarc-
tion.

No. of Number with Peripheral

Authors. cases. Emboli or Infarcts.
| Gordinier (1924) 13 3
Anderson (1928) 9
Parkinson & Bedford(1928) 100 8.
Levine (1929) 145 17
Conner & Holt (1930) 287 42,
Hyman & Parsonnet (1932) 51 3%
Howard (1934) 165 17
Blumer (1937) 175 27
Master et al. (1939b) - 500 29.
Nay & Barnes (1945) 100 14.
Peters et al. (1946) 60 10.

‘Total 1805 185 = 11.5%

Foot note to table: From the series of Nay and Barnes
14 patients are included as having embolic phenomena.

All thrombotic lesions have been excluded, three ap-
parently on autopsy findings = two cerebral and one

femoral. Clinically it is prbbable that these epi=

sodes were considered embolic, making the number of

patients affected 17.

Autopsy Analysis of the distribution of the peripheral

| arterial occlusions shows that the kidneys, spleen,

brain, extremities and masentefy are involved in that

order of frequency. Table VIII. records the findings
|

of 8 authors (page 31l.)
TABLE VIII. /
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Involvement of the brain, mesentery, and limbs were
the most serious.

Turning aside from peripheral arterial occlu- |
sion, pulmonary infarction and a recurrence of corons
ary thrombosis are more common and are potentially
more serious. Pulmonary infarction may arise in
three ways: (1) embolism from mural thrombus in the
right ventricle or right auricle; (2) embolism from
a peripheral vein, and (3) a local thrombosis.
Analysing 10 series comprising 1,146 autopsied cases,
Hellerstein and Martin record an incidence of pulmon=-
ary infarction of 23.9%. Massive pulmonary infarc-
tion causes or contributes to death more commonly
than do peripheral arterial episodes. Nay and Barneg
(1945) in a detailed clinical study of 100 cases re- |
port 15 cases of recurrence of myocardial infarction.
This was more common in those previously normotensive
than in those previously hypertensive. Wright(1948)..
in his control series of 368 cases records extension
of the original thrombosis in 9% and a fresh thrombo-
sis in 6.5%. Peripheral phlebothrombosis occurs in
about 6% of cases (Hellerstein and Martin 1947).

The advent of anti-coagulant therapy has stimur
lated search for all forms of thrombo-embolic compli-
cations and the incidence reported in recent control

series is higher than in earlier reports.

TABER DEe W / |
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TABLE_IX. Incidence of thrombo-embolic complica-
tions after myocardial infarction: re-
cent clinical seriese

Number with
Thrombo-em-
No. of bolic Epi- % Inci=-

Author. cases. sodes. dence.
| Nay & Barnes (1945) 100 370
Peters et al. (1946) 60 1751
Glueck et al. (1948) 44 27..
Greisman & Marcus(1948) 100 21.
wright et al. (1948) - 368 92
Total 672 187 27 .8%.

—— —_———
—— —_———

All such episodes are most common in the first few
weeks after myocardial infarction. Nay and Barnes
report that 87% occur between the 4th and 20th days.
Phlebothrombosis is most common between the 10th and
16th days.

The effect of digitalis therapy in increasing
the number of embolic complications has been stressed

by Askey and Neurath (1945a).

Arrythmias occur mainly during the first few
days and are transient. They are more common in
severely 111 patients who have previous cardiac

damage resulting from hypertension or previous myocarr

| dial infarction. They are more prone to develop in |
women and their frequency increases with age (Katz

and / ?
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and Mintz 1947, Master et al. 1937-38). Persistence
of arrythmia may be followed by heart failure.

Master reports 46 instances of arrythmia, excluding
extra-systoles, occurring in 42 out of 300 patients =
an incidence of 14%. In an analysis of 800 reported
cases he finds an incidence of 17%. Table X. gives

details of a few series.

TABLE X. Incidence of arrythmias following myocar-
dial infarction.

Number of Total % Incidence
Cases show- Cases. of Arrythmia,

ing Arryth-
mia.
Levine & Brown(1928) 51 145 35
Parkinson & Bedford
~ (1928a) 14 100 14
Master (1937-38) 42 300 14
Katz & Mintz (1947) 94 572 16.4

Master (1937a) considers that the arrythmias
may arise in three ways -

(1) reflexly from the functional derangament attens
dant on the acute injury to the heart, or directly
from an irritable focus in the damaged area.

(2) 1in coronary thrombosis a strain is placed on
the auricles which may account for the initiation of

lauricular flutter or fibrillation. In addition, the

right coronary artery may be thrombosed and the blood
supply to the right auricle interfered with. |

(32ens
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(3) the conducting system may be the site of in-
Jury, particularly in thrombosis of the right coron-
ary artery which, in 62% of cases, supplies the sino-
iauricular nodey, and in 92% supplies the auriculo-ven-
tricular node, and the posterior part of the inter-
ventricular septums These percentages are obtained from
Gross (1921).

Any type of arrythmia may occur and more than
one type may occur at differing times in the one
patient. Auricular fibrillation is the most common,
occurring in 33 of the 51 cases recorded by Levine
and Brown (1928), and in 22 of the 46 cases recorded
by Master (1937-38). Askey and Neurath (19452) re-

L 4

port on 84 cases of auricular fibrillation - 29 trans-
ient and 55 persistent - occurring in 1247 cases of

coronary thrombosis. In 40 of the 55 cases of per-
sistent fibrillation the arrythmia coincided with the
onset of the myocardial infarct whereas in 27 of the
29 transient cases the arrythmia developed some time

after the onset. Evidence of preceding cardio=-vascu-

lar disease favoured persistence of the arrythmia.

Prognosis was definitely worsened by persistence of
‘|the fibrillation, the mortality being 89.4% in the
;persistent cases and 58.6% in the transient cases.
Embolic phenomena were also more common in the group
with the persistent fibrillation, than in the transient
group; and in both groups than in the cases with

normal rhythm. Administration of digitalis favoured |

]persistence e
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ersistence of the arrythmia whereas quinidine alone
favoured its disappearance.

Heart block - either partial or complete - is

probably the next most common arrythmia. Nine cases
occurred in Master's series (1937-38). Salcedo- '
salgar and White (1935) found heart block in 13.1% of |
328 cases of coronary thrombosis - 3.6% auriculo-ven-

tricular block, 8.9% inter-ventricular block, and 0.6%

both forms combined - but the cases were not studied

during the acute stage. Kerr (1937) reviews the
literature and gives an overall incidence of auriculo-
entricular block, partial and complete, as 7.4% in
436 published cases of coronary thrombosis. He states
at although the prognosis in coronary thrombosis in

eneral is adversely affected by the complication of

W

eart block, clinical recovery and disappearance of the
lock is by no means unknown. Conner and Holt (1930).
|onsider that patients with evidence of arborisation
and bundle branch block do poorly. Stokes~Adams at=-
tacks are rarely encountered.

The combined incidence of the various tachycar-

o

iias is only slightly less than that of heart block.
Ventricular tachycardia is probably the most common
type. Levine and Brown (1928) encountered 6 cases.
They discuss the clinical diagnosis and treatment in
some detail. Katz and Mintz (1947) report ventricu-

lar tachycardia in 5.3% of their arrythmias, but
Master / .
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Master (1937-38) found it only once in 46 arrythmias.
In his series, auricular tachycardia, and auricular

| flutter were more common, each occurring thrice.
Table XI. (page 38) illustrates the incidence of the

commoner arrythmias in a number of series.

Sudden death may occur at any time during the
early weeks after myocardial infaretion. This may be
due to =

(1) sudden arrythmia, probably ventricular
fibrillation or a Stokes-Adams attacke (2) recurrence
of myocardial infarction; (3) a major embolic episode
or (4) rupture of the infarcted area. This last
event is recorded in most series, and has been repor-
ted in detail by White (Jetter and White 1944, Fried-
man and White 1944). He records an incidence of
3¢7% in all infarcts, and states that rupture rarely
occurs after the end of the second week. It is more
common in the elderly patient. He also draws atten-
'tion to the possible influence of exertion in causing
rupture of the infarct. In an analysis of the cause

of death in 115 consecutive cases of sudden deaths in

inmates of a mental institution, he found 22 cases of
\recent myocardial infarction. Of these 22, 16 show-
ed cardiac rupture at the site of the infarct. Myo-

cardial infarction had not been recognized during life

and in only 2 cases had there been a brief spell of

'bed rest prior to death. |

|
1

Rarely -/ % |
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Rarely perforation of an infarcted inter-ven-
tricular septum occurs (Wood 1944). This is common-
ly followed by the development of congestive heart
failure and early death, but one case is recorded
that survived 4 years 10 months (Wood and Livezey
1942).

A rare complication which may occur.is car-
diac aneurysm formation. This is seldom recognized
during the immediate convalescent period. It is more
common after anterior infarcts than after posterior
infarcts. Parkinson and his associates (Parkinson,
Bedford and Thomson 1938) discuss the aetiology and
clinical features in some detaile. Such a complica-
tion is not necessarily associated with early death,
and instances of long survival have been recorded |

(Codounis 1948).

Troublesome shoulder pain is frequently ex-
perienced - sometimes soon after the infarct, but
more often during the first few months after discharge.
(Edeiken and Wolferth 1934, Spillane and White 1940,
Ernstene and Kinell 1940, Shott 1947). As a rule it
is unilateral and felt on the side to which the coron+
ary ischaemic pain radiated, or still radiates. There
is considerable limitation of movement, particularly

abduction, and external rotation. Associated with

the shoulder pain, there may be pain, stiffness and
tingling in the fingers and hand. (Askey 1941). The|
hand K / '
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hand and fingers may be swollen and the long flexor
tendons of the finger may contract. The pain is very
| intractible and is not greatly influenced by analge-
sics, heat or massage. It is considered to be akin

to causalgia.

(e) Mortality :
Reports of immediate mortality (i.e. within

| the first 6 weeks of onset) vary widely, from the 53%
of Levine and Brown (1928) to the 16.2% of Conner and
Holt (1930). These latter authors were only consid-
ering first attacks in which the prognosis is better
than after subsequent attacks. Table XII. records
some of the series.

TABLE XII. Immediate mortality rate after myocar-
dial infarction.

{the /

Author. No. of Cases Mortality Rate.
| Levine & Brown (1928) 145 53 %
| Conner & Holt (1930) 284 16.2%

Master et al. (1936) 267 16.5%

n (1937a) 140 21 %

*Bland and White (1941) 200 19 %
Levine & Rosenbaum(1941) 208 33 %
Wood and Barnes (1941) 128 46.9%
Newman  (1946) 50 78 %,
Katz & Mintz (1947) 572 21.8%

¥Yater et al. (1948) 866 50.1%
Wright et al. (1948) 368 24 %

* In these series the mortality rate is calculated over
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the first 4 weeks as opposed to the first 6 weeks
in the remainder.

In the two series reporting myocardial infarction in
young adults - those of Newman and Yater the great
majority of deaths occurred within 24 hours of the
onset. Thirty-three of Newman's 39 fatal cases were
found dead or died almost immediately after a cole-
lapse. Three hundred and seventy-five of Yater's
434 deaths took place in the first 24 hours.

Death occurs most commenly in the first day,
being either sudden or rapid*ih onset; or in the
first few days when there is commonly a persistent
severe degree of peripheral circulatory failure.
Master (1935) states that if the first day is sur-
vived, then recovery is likely. In the subsequent
weeks, deafh pay be due to heart failure - either
left ventricular failure or congestive heart failure;
to the recurrence of the infarct, or some other major
thrombo~embolic complication; te the occurrence of

an arrythmia, or to rupture of the infarct.

In a study of 140 consecutive cases, Master
(1937a) reported a mortality rate of 30% in cases
showing evidence of heart failure,and a rate of only
4% in cases showing ne evidence of failure.

The major factors influencing the mortality

rates are (1) Age of the patient; (2) Number of pre-|

vious infarcts; (3) State of the patient at the time of

|
the infarcte. All have a bearing on the adequacy of the

circulation /
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circulation to the remaining myocardium,and on the
efficiency of that myocardium. The high mortality
rate in young adults is probably associated with the
lack of an adequately developed system of inter=coron+

ary anastomosess

(f) Prognosis :

Prognosis is discussed by Levine and Rosen=
baum (1941 a & b), Wood and Barnes (1942), Master et
ale (1935 and 1937a), Bedford (1935), Conner and Holt
(1930), Cowan, (1936), and many others. They are in
general agreemente In a consideration of the immed-
iate prognosis, Levine and Rosenbaum consider that a
number of factors are associated with a poor outlook =
(1) Severe and persistent pain; (2) 3evere degree

of shockj (3) Marked drop in Blood Pressure particu-
larly to below 100 mm. Hg«; (4) Pulse pressure of

20 mm. Hg. or under; (5) Pulse rate of 100/min. or
over; (6) Orthopnoea; (7) Cyanosis; (8) Detection
of gallop rhythm or tic-tac rhythm; (9) Marked leu-
EOCYtOSis; (10) Fever of over 100°F. particularly if
maintained for 4-5 days; (11) Development of evidence
of heart failure; (12) Cardiac enlargement.
Development of arrythmias, and the occurrence of

thrombo-embolic complications add to the gravity of

he conditione They conclude by stating that the ime

ediate outlook is extremely difficult to predict. ‘
There is practically no criterion that is infallible, |

16 8 |
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but weighing all the information available, together |
with the general appearance of the patient enable s
the physician to make a fair estimate.

The ultimate prognosis and life expectancy
of the patient has been discussed by Hay (1934),
Cooksey (1935), Willius (1936), Cowan (1936), Palmer|
(1937), Bland and White (1941), Levine and Rosenbaum
(1941P) and others.

Bland and White have followed 200 cases of
coronary thrombosis during 10 years or more. Of the
162 who survived the initial attack, 50 were still
alive at the end of 10 years, and the longest period'
of survival was 25 years. 112 died during the first
10 years, 30 in the first year, and 34 in the next 3|
years. Consideration of the individual cases show
that -

(1) 34% of the survivors made a complete recovery
and of these 56% survived 10 years.

(2) 39% developed effort pain and of these only
30% survived 10 years.

(3) 27% developed exertional dyspnoea and all
died within 10 years.
The majority of deaths were associated with coronary
insufficiency or congestive heart failure. The three

factors influencing the outcome were -

(1) Sex - few women survived 10 years.
(2) Age at onset - the younger patients had a

better prognosis. Those surviving 10 years had an ‘

|
average age at the onset, of 51 years, and those not |
|

surviving /
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surviving 10 years, 57 years.

(3) Hypertension ~ over the years it adds a bur-|
den on the heart, and few hypertensives survived‘lo .
years. |

Willius (1936%), in a consideration of 370

casesy concluded that the cardiac death rate in-
creased progressively with each recurrent occlusion.
Conner and Holt (1930) have shown that liability to 4
second attack diminishes with time; 50% of all se~ |
cond attacks develop:within 12 months of the first. !
Smith's figures (1942) show an even higherkpercentagj
of recurrences within the first year. Over a 3 year
follow up 80% of recurrences of infarction took place

in the first year.

Cooksey (1935) reports on 53 private cases with
32 survivors, 25 of whom have been restored to their |
previous occupations. He considers that a period of
many weeks convalescence, with appropriate restric-
tion for a full year following the acute episode. is
of great importance in management.

Cowan (1936) states the case very aptly - "Pro-
longation of life for 2 years or more seems to indi-
cate that the original lesion has healed and that
danger lies in the underlying pathological state

rather than in the past infarct. ; in the possibil-

ity of the recurrence of a fresh lesion rather than
from progressive changes in the ancient one."  Pro-
gnosis is improved if : (1) The patients are in the!

younger /
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younger age groups; (2) the initial attack has been
moderate in its severityj (3) the B.P. is not un-
duly high; (4) the heart is not appreciably en-
larged; (5) the electrocardiogram is normal in
character; (6) adequate care has been taken at the|
time of the acute attack; (7) the patient reacts
favourably to his disability and is willing to co- :
operate.

Hay (1934) considers that two facts stand out
in assessing prognosis and progress - (1) the fre- |
quency with which life is ended suddenly; (2) the
ominous significance of a progressive tendency to
dyspnoea and congestive heart failure.

A number of cases of long survival have been
reported. White (1933 and 1937) records survival for
175 and 244 years, but the record is that of a man |
who survived for just under 40 years after his in-

farct, and was working to within 3 years of his

death (Drake 1940).

(g) Treatment:

Treatment is relatively stereotyped and-\
is adequately summariséd by Hay (1935) - (1) Mor-
phine, repeated as desired; (2) rest in bed for a

month or more, the bed rest being complete during

the first few weeks; (3) treatment of shock with
heat both externally and internally, the head low |
position, /
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position, and caffeine intravenously or 5 minims of
adrenaline intra-muscularly; (4) treatment of ab-
dominal distension by restriction of diet, enemata,

and laxatives; (5) oxygen'if there is cyanosis;

(6)sedation, both during the day and at night; (?)a
morphine if nocturnal dyspnoea ensues and (8) treat-
ment of the complications -~ persistent auricular
fibrillation = digitalis; ventricular tachycardia -
quinidine; heart block - ephedrine % gr. orally or
adrenaline 5 minims intra-muscularly. Levine and
Brown (1928) state that "the treatment of coronary
thrombosis is mestly concerned with the care of the
complications which arise." They considered that
if evidence of congestive heart failure developed,
particularly in the presence of auricular fibrilla-
tion, digitalis should be given; apart from that
digitalis is best avoided, as it is more likely to
do harm than good. Fishberg (1934) considers that
digitalis is contra-indicated as - (1) it increases
the excitability of the heart muscles, predisposing
to ventricular tachycardia or fibrillation; (2) it
increases the force of contractions of the muscle,
predisposing to rupture of the infarct; (3) it in-
creases the liability to embolization; (4) it causes
coronary artery vaso-constriction.
Askey and Neurath (19452) investigated 84 cases

of auricular fibrillation occurring in coronary throm-

bosis. Forty-four were treated with digitalis |

alone, /
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alone, and a further twelve with quinidine and digi-
talis. Eleven had quinidine alone. They found
that exhibition of digitalis caused no increased
liability to sudden death from ventricular fibrilla-
tion or cardiac rupture, but that there was a defin-
ite increase in the number of systemic emboli.

Forty=eight of the cases were in congestive
heart failure - 32 received digitalis alone and 31
diedy 13 from clinically recognised fatal embolism.
Of the 16 other cases, 1l died and none had a fatal
emboluse The authors concluded that digitalis ade
ministéred alone for congestive heart failure with
auricular fibrillation and myocardial infarction
would seem contra-indicated.

De Takats (1944) has demonstrated another
action of digitalis of possible importance in these
cases = the production of an increased clotting ten-
dency in the blood. This was confirmed by Massie
(1944 ) but gSokoloff and ferrer (1945) could find no
effect of digitalis on the clotting time of whole
blood. Recently Flinn (1948) has shown that there
is no change in the Lee-White coagulation time or in
the prothrombin time of whole or diluted plasma, in
digitalized patients. However, digitalization had
a definite effect in diminishing the anti=-coagulant
effect of heparin in human beings. }

Prophylactic use of quinidine to prevent ven~-

tricular fibrillation has been suggested,but is not

generally / !
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generally used as a routine measure. (Wood and i
Barnes 1941, Levine 1947).

The importance of oxygen was stressed by
Baroch and Levy (1934) who considered that at times
it might be life-saving. Others have used it with
success. (Kilgore 1933, Hick 1934). '

The first major innovation in treatment was
that of Master (1935), when he introduced the low
calorie diet. While confined to bed, patients were
given a diet containing approximately 800 calories
daily, and had a daily fluid intake of 1000-1200 c.cCs .
The diet was well balanced, and contained 80 Gms. |
of carbohydrate, 50 Gms. of protein, and 30 Gms. cf
fat. While the diet is being taken, the B.M.R. is|
reduced to -20% to -35%; there is some drop in body
weight; the pulse rate and B.P. are reduced,and |
with these the work of the heart is reduced. Clini}
cally it was obéerved that the patients lost their |
pPain more guickly and there was less tendency to |
gastro-intestinal complaints. In 1935, &85 attack%
occurring in 75 patients and, treated with this dieﬁ,
were reported. The mortality rate was 9.5% for all
attacks, and only 2% for first attacks. Such a re-
Stricted diet is not, however, universally used and

is replaced by a light diet.

Narcosis during the first few days has been
suggested /
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suggested (Buchbinder 1944), particularly if the pain
is very severe and the patient restless. Treatment
is carried out with the patient in an oxygen tent.

Hourly inhalations of carbon dioxide are given, and
morphine 1/6th gr. and atropine 1/150 grs. are given |
subcutaneously, 4 hourly. Barbiturates are given |
intravenously as required. Three thousand c.cs of |
fluid are given daily either orally or subcutaneouslﬂ,
and calories totalling 1600 in 3 days are supplied bj
milk and eggs. This method of treatment results in

a great reduction of metabolic activity by (1) relaxa

tion of body musculature: (2) almost total depriva-
tion of food, and (3) abolition of pain and apprehen-

sion.

Undoubtedly the most important advance in
treatment has been the introduction of anti-coagu-

lants. This form of treatment was suggested by Best

in 1938. One year later, in conjunction with
Solandt, he provided experimental evidence that myo- |
cardial infaretion with thrombus formation in the ‘

coronary tree, and endocardial mural thrombus forma-

heparin., Cost and difficulty of administration pre-

tion, could be prevented by the administration of

vented its introduction into clinical use, and it wasi
only when dicoumaral became available that the great |
theoretical possibilities of anti-coagulant therapy
became a practical proposition.

The /
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The first reports of dicoumarol therapy ap=-
peared in 1945 and 46 (Wright 1945 and 46 a & b,
Peters, Guyther, and Brambel 1946, Nichol and Page
1946). It was used during the first 4=6 weeks with
the object of abolishing thrombo=-embolic complications
Peters (1946) reported that in 50 treated cases, 2
died, and one instance of clinical embolism occurred;:
compared with a 20% mortality and 16% incidence of
embolism in their 60 control cases. Wright(1946b)
lconcludea that the thrombosing and embolic tendencies
appeared to have been interrupted byrdicoumarol.

Such reports were very encouraging and dicoumarol

therapy became adopted as a routine method of treate-

ment in most centres. In 1946 a committee was set up
in America to assess the value of anti=coagulant treat
ment in coronary thrombosis. Sixteen centres partici
pated, all adopting the same routine of treatment. To
prqvide an adequate control, only cases admitted on
0dd days received anti=-coagulant therapy. The first
800 cases have been recently reported (Wright, Marple
and Beck 1948). The control series (368 cases) and
the treated series (432 cases) were roughly comparable:
Of the treated series 81% received dicoumarol alone

and 14% heparin plus -dicoumarol 5% received no

Inti-coagulants. The death rates for the two series

ere (=

control series e..... 24%

treated series ..... 15%
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The greatest improvement in the treated series was
in the number who suffered one or more major thrombo-
embolic complication before death - such deaths oc=-
curred in 10% of the control series and in 3% of the
treated series. The greatest reduction in mortality
was in the cases over 60 years. Under 50 years, the
mortality rate was not appreciably altered, but the

number of thrombo-embolic complications were greatly
reduced. The actual incidence of these complica-

tions was =
control series 25%

treated series 11% of which 3.5%
occurred before treatment and l.5% during the first
3 days of treatment, i.ec. only 6% occurred while
treatment was theoretically adequate.

The authors conclude that anti-coagulants shoul
be used in all cases of coronary thrombosis unless a
definite contra~-indication exists. Treatment should
be continued for 4 weeks or for at least 4 weeks
after the last thrombo~embolic episode, and should be
begun as late as the 2nd or 3rd week after the onset
of the infarct. Tables XIII. and XIV. summarise the
results of reported series. (pages52.& 53).

d

TABRLE S/
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TABLE XIITI. Deaths in cases of myocardial infarc-
tion treated with anti-coagulantsand
in control cases.
Anti-coag. Cases. Control _Cases.
Author Number Deaths. Number Deaths.
Treated. Treated.
Wright (1946) 76 15 & =
Nichol (1947) 68 11 - -
*Peters (1946) 50 2 60 13
Parker & Barker
(1947) 50 = 2
¥Greishman & Marcus 75 7 100 35
(1948)
Glueck (1948) 44 44 20
Reich & Eisenmen-
ger (1948) 24 - - -
*McCall (1948) 71 9 - -
Wright (1948) 432 65 368 88
Total 890 127 572 156
Mortality Rate = 1l4.3% = 27.3%

cluded.

TABLE XIV.

*Cases dying within 48 hours of admission are not in-
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TABLE XIV. Incidence of thrombo-embolic complica=
tions occurring in cases of myocardial
infarction treated with anti-coagulants|
and in control cases. |

Anti-Coagulant Control
Cases. Cases.

Number Number with Number Number with

Author Treated. Thrombo~Em= Thrombo+Eme
bolic Epi- bolic Epi-
s8odes. sodes.

Nichol (1947) 68 2 - -
Peters (1946) 50 1 60 10
Parker &

Barker(1947) 50 4 = =
Greisman & :

Marcus(1948) 75 3 100 21
Glueck (1948) 44 3 44 12
McCall (1948) 71 2 - -
wright (1948) 432 48% 368 92

Total 790 63 572 135
Incidence = 8% = 2306%

*22 of these complications oceurred in patients not
under the influence of anti=-ccagulents.
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Dicoumarol has also been used prophylactie-
cally to prevent a recurrence of coronary thrombosis

Cotlove and Vorzimer (1946) stated that dicoumarol

was probably of no value in preventing or minimising:
coronary thrombosis, but this is not the general op—;
inione. Nichol and Fassett (1947) have treated 5 i
cases of recurrent coronary thrombosis for 6 to 32'

months. Four are alive and well, but one died of a

recurrence at 21 months while lax with his treatment
Peters (1946) also considered prophylactic use of
dicoumarol.

The possibility that dicoumarol might have a

deleterious effect on the rate of healing of myocar-

[ #1)

dial infarcts was investigated by Blumgart (1948) an

Levy (1948). Using dogs, in whom experimental myo
cardial infarction was produced, Blumgart was able to
show that dicoumarol did not influence the healing

process.

Quite apart from the obvious clinical use-
fulness of anti-cocagulants, their administration i
rests upon a sound experimental basis. Meyers and
Poindexter (1946) have shown that after the acute
phase of coronary occlusion there is:a definite trend
towards shortening of the prothrombin time of a 12§%
dilution of plasma in saline, which continues for |
several weeks during the period of infarction.

Ogura and his associates (1946) using the Waugh, i
Ruddick (1944) heparin retarded clotting test, have

shown /
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shown a marked clotting tendency developing about

the 3rd day, reaching a maximum about the 12th day,

and returning to normal on the average about the

17th day after the coronary thrombosis. There was
some individual variation as to the speed of onset
of this change and also as to its duration. The |
clotting tendency was appreciably more marked than
that shown by (1) non=cardiac patients confined to

bed, and (2) other cardiac cases confined to bed.

This period of enhanced clotting coincides with the
period shown by Nay and Barnes (1945) to be most imJ
portant for. the occurrence of thrombo-embolic epi-ﬁ
sodes. Recently a marked increase in plasma fih-

rinogen (Meyers 1948) and also of serum muco-protein
(S9imkin, Bergman and Pringmetal (1949) has been shown

to occur after myocardial infarction.

It is strange that a method of treatment dir-

ected at maintaining the prothrombin content of the

blood at 100% should be reported and considered help
ful. Doles (1947) observed that following coronary|

occlusion the prothrombin content of the blood rapid
ly fell to 70% of normal or lower. By restoring the

prothrombin content to normal with large doses of

Vitamin K, and then maintaining it at & normal level|
he obtained very satisfactory results - relief of |
pain, restoration of the B.P. to its original level,
and absence of recurrence of infarction. In recent|

years /
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years he has had no need for digitalis or guinidine.
A few cases showed a hypo-prothrombinaemia which
could not be corrected by Vitamin K, and in these E
cases, recurrence of infarction and congestive heart;
failure were liable to occur. COut of 55 adequately
treated cases, he had 2 deaths - a mortality rate of|
3.6%. Embolic phenomena are not mentioned. The |
prothrombin estimations were done by the bedside |
method of Smith et al. (1940). The changes ob- |
served in the prothrombin content have not been con-
firmed by other observers. In view of this, and of i
the proved effectiveness of reduction of prothrombin?
by dicoumarol, the claims by Doles must await furtheg
investigation.
|

The most recent advance has been the treatment
of shock by transfusion. Originally specific anti-
shock therapy was discouraged (Gilbert 1944, Falk
1942). Hay (1935) considered that heat, both exter-
- nal and internal, the head low position, and the

Judicious use of adrenaline were the only measures

that should be adopted. It is well recognized that

shock is common (Master, Dock, and Jaffe 1937%), and

. |
that it may of itself cause death. A systolic B.P.

of 80 mm. Hg. or less is of grave significance, |
(Master et al. 1943), recovery being uncommon. i
Wiggers (1947) has shown that if hypotension induced |
IeXPerimentally in dogs by bleeding,persists for 135

minutes, /



minutes death results even though the blood volume

|
|
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be restored by transfusion. There is myocardial
depression with progressive insufficiéncy of the
heart.

Prinzmetal and his associates (Corday, Berg-

| man, Schwartz, Spritzler and Prinzmetal 1949) have |
investigated experimentally the effect of shock on aE
myocardial infarct due to coronary artery occlusion. |
Normally the ischaemic areais supplied from collater;
al vessels. If shock is present - (1) the concen-

tration of blood in the ischaemic area is markedly
|
reduced, both in the endocardial and pericardial sur=-

face; (2) the guantity of blood in the normal myo-:
cardium is also markedly dimirished, lowering the prd-

gressive gradient in the collateral vesselsy (3)the |
ischaemic area becomes cyanosed and balloons during
|

systole.. Electrocardiographic changes could be reﬁ

|
|
Treatment recommended is - (1) transfusion of|

corded, demonstrating the ischaemia.

whole blood, plasma or glucose salinej (2) pressor
agents - adrenaline 3-4 minims every 15 minutes, caf-|
feine, or coramine. Treatment should be instituted i
as soon as possible as the longer the hypotension ex—!
ists; the more coronary insufficiency and myocardial
damage will result. In many patients severely shock-
ed after coronary occlusion, the organic damage to the
heart is such that death is inevitable regardless of |
treatment; likewise others with mild shock will

recover /




i ;

. 58.

lrecover without specific treatment. Between these
two extremes are the cases where treatment of shock
Ls life-saving. The danger of treatment lies in that
%eart failure may be precipitated, but this is less
likely to occur, the earlier treatment is instituted.
Schwartz (1947) records one case in profound
 shock, treated by transfusion with recovery and no
evidence of failure. Levine (1947) also records one
| case. Katz (1947) recommendsthis type of shock

treatment.

' (h) Pathology:
Patholegically it has been repeatedly demon

Strated that apart from embolism of a coronary artery

|

or the rare involvement of a coronary artery by peri=-

!arteritis nodosa, or thrombo-angiitis obliterans,

|
|myocardial infarction only occurs in the presence of

marked coronary arteriosclerosis. Horn and Finkel-
' 8tein (1940) state "Arteriosclerosis was observed in |
every instance in which a partial or complete arterial
;occlusion was found. In not a single instance had a
thrombus developed in a normal artery. Judging from
ithe morphological analysis, coronary artery occlusion
'is an incident in arteriosclerosis". The rate of

Idevelopment. of the arteriosclerotic process is the

fundamental factor determining when a clinical coron-
iary thrombosis will occure. Coronary artery disease |
| ; t
iwithout tibial, cerebral or aortic lesions - an

!exceptional/ |

T
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' rule in men under 40 years (French and Dock, 1944).
IGross (1934) has demonstrated the remarkable thickness
of the coronary intima compared with that of the rade
‘ial, tibial, cerebral or visceral arteries, even in
| infants. He has also emphasised the increase in
' thickness with age, and the variability in depth of
‘the intimal layer, from place to place in the same
:artery, and in different persons of the same age. ‘
| Dock (1946) considered that the familial and sex dif-
!ferences in tendency to coronary disease might be re-
ilated to inborn variations in the thickness of the
| coronary intima. He studied twelve infants of each
sex, dying within 24 hours of birth, taking sections
' of the right coronary artery, and of the circumflex
'and anterior descending branches of the left coronary
;artery, and was able to demonstrate a definite sex
|difference in thickhess of the intima. Sixty-one
per cent. of the females, but only 32 per cent. of
| the males, had no trace of intimal thickening. Among
'the males, the intima was on the average 26,5 per cent.
| the thickness of the media, whereas the average figure
for the females was only 8.2 per cent.. Males there-
lfore begin life with three times as much coronory
'intima as females. Dock also stated that, from a

Study of a small number of cases, this sex difference

'is no less at maturity than at birth. He considers |

'that the anatomy of the coronary artery plays a decisL

|
:ive part in preparing the way for arteriosclerosis,

;and 7d [
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and accounts for the difference in the incidence of
myocardial infarction among the sexes. The females
born with a thick coronary intima are the potential
vietims of coronary thrombosis. This work awaits

confirmation.

As previously stated, Paterson (1936) was the
first to demonstrate how intimal haemorrhage in an
arteriosclerotic plague could initiate thrombus for-
mation in the lumen. This has been confirmed by
Wartman (1938) Winternitz et al. (1938), Horn and
Finkelstein (1940) and Nelson (1941). Wartman also
showed that intimal haemorrhage could cause haematoma
formation in the plague and block the lumen without

secondary thrombosis.

Saphir (1935) and later Blumgart (1940) and hi
associates have shown that before uncomplicated angina
pectoris or myocardial infarction occurs, at least
one major coronary vessel has been occluded. Using'

the injection and dissection technique of outlining

the coronary arteries described by Schlesinger(1938)
and with roentgenograms of the unrolled injected
heart, Blumgart studied the coronary circulation in

125 consecutive autopsy cases. Thirty cases had

congestive heart failure, or myocardial infarction.
His investigations permitted the following conclusions:

(1) functional inter-coronary anastomotic channels
develop only when and where required. Their

development /
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development is not related to age; (2) such anasto-
motic circulation may so well compensate for occlu-
sion, or marked narrowing of a major coronary artery
that the blood supply to the heart remains adequate
for the ordinary activities of life. Coronary occlu-
sion per se may be gquite symptomless; (3) in twelve
cases of uncomplicated angina pectoris 25 occlusions
of main coronary arteries were found. In 3 cases,
all three main coronary arteries had been occluded,
and in only 2 cases was only one main artery occlud=-
ed; (4) in angina pectoris complicated by antecedent
or co-incident congestive heart failure or valvular
disease, there were relatively few occluded coronary
arteries - only one old occlusion; (5) recent or old
coronary artery occlusions were found in the absence
of angina pectoris in 13 cases, but only 12 main
coronary arteries had been occluded prior to the
final illness in these cases, - as opposed to the 25
main occlusions in the 12 cases with angina; (6)
the site of infarction in the heart bears no neces-
sarily constant or immediately obvious relationship
to.the location of an occlusion or occlusions in the
coronary arteries - a fresh occlusion of the right
coronary artery may produce an inrarct in the left

- ventricle i.ee "infarction at a distance"; (7) the

clinical consequence of occlusion of the coronary

arteries are significamtly influenced by the original

pattern of the coronary arteries in any given heart.

Much [/ |
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Much earlier Gross *(1921) had stated that inter-cor-|
onary anastomoses developed as coronary arterio-

sclerosis progressed, and that coronary artery oc= |

clusion might occur without interfering with the
blood supply to the myocardium. He considered thati
the heart of a man at 60 years was better prepared i
to withstand the effects of coronary artery occlu- i
sion, than the heart of a man at 20 yeafs. i

The extent of infarction which follows coron—!
ary artery occlusion depends upon the following fac-i
tors - (1) the size and location of the vessel or
vessels occluded; (2) the rapidity with which oc-

clusion occurs; (3) the condition of the general

circulation and the coronary circulation; (4) the
age of the patient.

The pathology of the infarct and its speed of
healing have been studied by Mallory, White and
Salcedo-Salgar (1939). The rate at which healing

occurs is in part dependent on the size and position

of the infarct, and in part on the state of the re-

maining vessels. Small infarcts are almost com- |

Pletely healed after 5 weeks, whereas large infarcts
are healed or undergo no further discernible change }
after 2 months. Rupture of the infarct is most ‘
common during the first weekj and may occur during |

the second week, but is rare thereafter. Endocardial
|

mural thrombué may be present as early as the 5th [

day and organization has commenced by the 9th day.

Cushing /
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Cushing (1942) draws attention to infarction
of the auricular muscle. He reviews the literature
| and reports 31 cases in 182 cases of myocardial ine

farction occurring in 2704 consecutive autopsies.

Twenty-three of the cases had been electrocardio-
graphed and 17 showed evidence of disturbed auricular
|activity. Twenty-six (BQ)% showed mural thrombus
formation. Gross occlusion of an atrial artery was
demonstrated in only one cases Hellerstein (1948)
also draws attention to atrial infarction with its
diagnostic electrocardiographic findings. Pulmonary

thrombo=embolization frequently occurs. Rupture of

_the atrial infarct has been reported (Clowe et ale.
11934).

! A novel concept in the localization of the
area of infarction is that of Robb and Robb (1935 and
1939 & & D) who consider that the muscle bundles of
the ventricular muscle, or parts of these bundles,
are the units infarcted by occlusion of a vessél.
Blectrocardiographically they recognize four types of
infaret; (1) infarction of the superficial bulbo-
spiral muscle - depression of the R - T segment in
|standard lead I., and its elevation in lead III.;

(2) infarection of the superficial sino-spiral muscle

|~ elevation of the R - T segment in both lead I. and
lead III.; (3) infarction of the deep bulbo=spiral

muscle - take off of the R - T segment from the peak ‘
of the R wave, or from near the peak, in all leads, |

aspecially / |
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especially in the presence of low voltage initial
deflections; (4) infarction of the deep sino-spiral
muscle - depression of the R-T segment in lead III.
and its elevation in lead I. They considered that
superficial muscle injury resulted in severe pain,
and, if anteriorly placed, in the development of
pericardial friction. A moderate fall in blood

pressure takes place over a few days. Deep muscle

injury on the other hand, is associated with variegas:
ted and atypical pain and there is an abrupt, profound
fall in blood pressures Superficial muscles may be
infarcted repeatedly and the prognosis remain good.
Deep muscle infarction is serious and the prognosis
grave, deep bulbo-spiral involvement being frequent-
ly associated with sudden death. The pathological
and electrocardiographic grouping is over—simplifiedl
however as they state that mixed lesions are common..
Lowe and Wartman (1944) also consider that musclé
bundle infarction is a definite entity.

Finally from a pathological study of a numberl
of clinical cases of myocardial infarction, it be-
came apparent that infarction could occur without
coronary vessel occlusion, and at times without
coronary vessel disease (Gross and Sternberg 1939,
Friedberg and Horn 1939, Price and Jones 1943,
Pirani and Schlichter 1946). Such infarcts were

subendocardial in position and widespread in distri-|

bution. From this there arose the concept that

prolonged [/
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prolonged insufficiency of the coronary circulation
without occlusion of a vessel could cause muscle
damage and even extensive necrosise The third
clinical syndrome of "coronary insufficiency" or
"coronary failure" was thus evolved. Acute coron-
ary insufficiency has been described in detail by

Master and his associates (1941 and 1944) and by

Freedberg (1948). It exists whenever there is a dis

proportion between the coronary blood flow and the

oxygen demands of the heart, and is provoked by fac=-

tors which increase the work of the heart, e.g., ex-|
ercise, emotion, tachycardiaj or which reduce the l

L] - - 1
goronary bloed flow, e.ge. aortic stenosis or incom=

petence. If the inadequacy of blood flow is of suf;
ficient degree or duration, the ischaemia results in
irreversible changes in the myocardium, the parts

furthest from the blood supply being most affected,

Particularly the papillary muscles and interventricu-
lar septum. The infarction is subendocardial in
position, and on occasions is extensive.

The clinical picture is commonly less severe
than when coronary thrombosis has occurred. Most
cases show evidence of previous heart disease -
hypertension,cardiac enlargement, severe coronary
Sclerosis, long standing aortic valvular disease,etc..

|
Recovery is more rapid and complete, and complica=

tions are less common than in myocardial infarction

due to coronary artery occlusion. Electrocardio-

graphically /
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Electrocardiographically the changes are generally
of short duration and involve only the S T segments

and T waves.

(i) Electrocardiography: '
Electrocardiography is essential in an in-
vestigation of coronary vessel disease, particularly
when myocardial infarction has occurred. In the
doubtful or atypical clinical case it may be of dia-
gnostic importance. Herrick (1919) was the first
to observe the characteristic changes after myocar-
dial infarction obtaining his record on May 3rd,
1917, 41 days after the acute episode. At the end
of his article he suggests "May it perhaps be pos-
sible to localize a lesion in the coronary system
with an accuracy comparable to that with which we
locate obstructive lesions in the cerebral arteries?!
Had he said "localize a lesion in the ventricular
muscle™ it would be correct to say that the hope so
expressed is now frequently realized. By the use

- of multiple unipolar praecordial leads, the area of |

infarction can be accurately mapped out in many cases
omith (1918, 1920, and 1923) carried out ex=
tensive experimental work on dogs and reported al-

terations of the T wave and of the R - T segment oc~

curring more or less constantly after ligation of thﬁ
branches of the left coronary artery. Pardee (1920%
observed & similser change in man and designated this |

| the /
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the "corenary T wave'". Five years later he ampli-
fied his observations, and stated that the character-
istics of the electrocardiogram in myocardial infarc
tion were the presence in one or more leads,usually
enly in one, of a downward, sharply peaked T wave
with an upward convexity of the S-T or R-T interval;
the T wave did not start from the zero level, turned
away quickly from its starting point in a sharp
curve, and ended in a sharply peaked T wave somewhat
larger than normal. When the change in the T wave
occurred in lead III. only however, he considered
that this was not significant. An associated T in
lead II. was required, before T inversion in lead
IIT. signified myocardial infarction.

Parkinson and Bedford (1928b) found, as had
Pardee, that the R-T segment arose above or below the
iso-electric line in leads I. and III. and that it
oecurred "constantly in opposite directions in these
two leads, thus R-T elevation in lead I. is associa-
ted with an S-T depression in lead III. and vice
versa."  Moreover they showed that R-T deviation
might occur not only in a single lead, but simultane-
ously in leads I. and II., or II. and III., in which
case the deviation was in the same direction in the
two leads. They recognised various contours of the
R-T interval, and emphasised that when R-T deviation

was marked. T waves, strictly speaking, were not

evident. Disappearance of the R-T deviation took

place [/
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place before the negativity of the T wave was well
developed. Not only did they demonstrate the pro-
gressive characteristic Fhanges in the R T segment
| and T waves but they drew attention to the QRS change
and to the low voltage of the initial delections.

Although they (Parkinson and Bedford) divided
the curves into two types - T; and T3 according to
whether the T waves were inverted in lead I. or lead
IIT., they did not associate either type with infarc-
tion of a particular area of ventricular muscle. The
first broad electrocardiographic localization of in-
farction into Ty or anterior and apical infarction,
and T3 or posterior and basal infarction reﬁulted
from the work of Barnes and Whitten (1930) at the
Mayo Clinic. Wilson, and his associates (1933)
confirmed this finding and stressed the associated
% wave changes. Much of the experimental work on
myocardial infarction was carried out in Wilson's
laboratory (1§33-34, 1935 (a) (b) (c), 1938), and the
fact that multiple unipolar praecordial leads were
used from 1930 onwards added to the value of their
periodic communications.

The use of praecordial leads in the diagnosis

of myocardial infarction in man was first suggested

by Wilson in 1930. Two years later Wolferth and

[ 41]

Wood reported on lead IV. = a chest lead taken with
the electrodeson the front and back of the chest. |

| This gave positive results in some cases showing no |

change [/ |
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change in the standard leads. In 1933 they ampli-
fied their preliminary report (Wood et al 1933), and 4
year later drew attention to the huge T waves some-
times found in the praecﬁrdial leads in infarction.
Katz and Kassim (1933) have also reported on lead
IV. It was recognized however (Wood and Welferth
1933) that a small proportion of undoubted infarcts
could give a normal electrocardiogram. In 1925
Pardee had suggested that a certain minimal area of
myocardium had to be inveclved to affect the electro-
cardiogram, while a lesser area might still cause
pain.

Further clinical reports have appeared from
Bohrung and Katz (1938), Kossman and de la Chapelle
(1938, and 1939 a & b), Cutts et al. (1941), Dressler
(1943) Baer and Frankel (1944), and Burton(l945.). Prae:
cordial leads were standardised in 1938 (report by
the committee established by the American Heart assoc
ciation and by the committee representing the Cardiac
Society of Great Britain and Ireland) and in 1944
Wilson reported in detail the use of the unipolar
type of lead. Unipolar limb leads had also been de-
scribed by Goldberger (1943). With this increase in

the number of leads available and their standardisa-
tion, electrocardiographic diagnosis of myocardial
infarction became more accurate, and localization of |

the infarct more exact. Myers and his associates }

inte ./

i(1948 a & by, and 1949, a,b,c,d) now classify infarct.si
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into seven groups pathologically and are in the pro-
cess of demonstrating the electrocardiographic chang-
es associated with each location. These groups are
(1) antero-septal (2) large antero-lateral (3) an-
tero-posterior, (4) septal (5) posterior (6) post-
ero-lateral (7) lateral. Considerable overlapping
of the groups occurs. High lateral infarction has
been discussed by Wilson and his associates (Rosen-
baum, Wilson and Johnston 1946). Infarction is sug=-
gested by the left arm unipolar lead in the absence
of diagnostic signs in the routine praeceordial leads.

Exploration of the praecordium at higher levels above

V3 V,» V5 and V4 demonstrates the infarct.

In 1948 Dressler amplified his original report
(1943) on the diagnostic importance of Tq being lower
than T3. This pattern is observed in both the earl-
iest stage of myocardial infarction and as a late
sign. It may persist for years after the acute cor-

onary episode, but is no more specific for myocardial

infarction or coronary vessel disease than is inver=
sion of the T wave. Dressler also suggests that thi%
finding may indicate infarction, in the absence of
changes in the routine praecordial leads, and further
exploration of the praecordium may reveal a high in-

farct. Clinically, cases showing this.change, are

usually mild. 1
b |
The association of cardiac infarction and bundle

branch block is not uncommon. When left bundle

branch /
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branch block is present it may be impossible to make
a diagnosis of cardiac infarction. Wilson (1944)
has shown that when the infarct includes the ventri-
cular septum, leads facing the left ventricle show
the Q waves characteristic of infarction. In the
absence of septal involvement, such leads show an in~
itial positive deflection. Right bundle branch
block on the other hand, does not as a rule obscure
signs of infarction. Recently Somerville and Wood
(1949) have analysed 60 cases of myocardial infarc-
tion, 41 showing left bundle branch block, and 19
right bundle branch block. #48% of the cases of
left bundle branch block and 93% of the cases of
right bundle branch block showed evidence of infarc-
tion. In the presence of left bundle branch bloeck,
anterior infarction was revealed as freguently with
standard leads as with multiple chest leads and uni=
polar limb leads, but in the presence of right bundle
branch block signs of anterior infarction were some-|
times seen only in the chest leads. The signs of
posterior infarction were practically confined to the
standard limb leads and the left leg unipolar lead
whether the block was in the right or left bundle.

branch.

Occasionally there occur anomalous changes, ]
such as the temporary return to normality of the eleé-
trocardiogram in cases of proved infarction. This
has been commented on by Master (1947) but his paperi
has not been accessible for reference.

Changes /
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Changes associated with the presence of a car=
diac aneurysm have been reported. Eliaser and Konigs-
berg (1939) recorded three varieties of curves.

(1) A downward directed major deflection in lead I,
with inversion of the T wave and upright P wave; up=-

right ventricular complex in lead III. This was pre

sent in 27.3% of their cases, and they considered
that its presence was presumptive evidence of a car-
diac aneurysm; (2) the ventricular complexes in
leads II. and III. are directed downwards, while in
lead I. the major deflection is upright, and may or
may not be of low voltages This was present in
36+4% of their cases; (3) left bundle branch block -
present in 18.2%. Crawford S1943) could not confirm
these findings. Nordenfelt (1939) stated that pro-
bably there were no electrocardiographic changes

which are so typical of cardiac aneurysm that they

allow of direct diagnosis, but he described a combina
tion of changes, which if they remained unchanged for
a long period in a patient with a previous history of|
acute myocardial infarction might suggest chronic
aneurysm or extensive fibrosis on the anterior wall
of the left ventricle. The changes were (1) a rela-
tively low Ry, and deep 52 and 333 (2) elevated

S T segment in all leads; (3) negative T; and posi-

tive T, and T3; (4) often there is a clear Q-
(5) 1in lead IV. R is absent and S deep, S T is ele-
vated, and T is upright.

auricular /
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Auricular infarction is éommonly evidenced
electrocardiographically - as clinically - by distur-
bance of auricular activity. In Cushing's series
(1942) the following changes were recorded - auricu= |
lar fibrillation 9 cases; auricular flutter 2 cases;
auricular extra«systoles 4 cases; wandering pace
maker 1 casej; sinus arrest 1 case. Depression of
the P @ interval occurred in only 5 cases. Six F
cases showed no evidence of auricular damage.
Hellerstein's case (1948) showed a changing auriculanr
mechanism with coarse auricular fibrillation, vary-
ing degrees of AV block, and elevation of the P = T4
(P R) segment in leads II. and III. |

Acute coronary "insufficiency" is characterised
by depression of the S T segment in two or more leads
and possibly the development of T wave inversion in

those leads. @ wave changes do not occur. Within a

few days or weeks these changes retrogress and disap-
pear (Master 1944, Master et al. 1944, Freedberg et 4
al. 1948).

Master (1942) in a follow up study of 202 cases
of myocardial infarction reported that in 21% of

cases the electrocardiogram had returned to within

normal limits within 1 year of the acute attack. In

other cases the T waves had become normal but abnor-|
mal Q waves persisted. Not infrequently the only ‘

remaining sign of infar¢tion in these 21% of cases was

an abnormality of ventricular contraction which could

be /
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be observed fluoroscopically or with the roentgen-

kymogram.

(J) Reoentgenkymographys

In 1939 Gubner and Crawford reported on
their observations with the roentgenkymogram in 45
convalescent cases of coronary thrombosis, while a
year later Sussman and his associates (1940) dis-

cussed their findings in 200 cases of typical coron-

ary artery occlusion. The characteristic abnormalit:
ies in left ventricular pulsation so recorded are
(1) localised diminution or absence of pulsation;
(2) complete systolic expansion or paradoxical pul-
sation; (3) partial systolic expansion indicated by
expansion early in systole or a delay in the comple-
tion of systole; (4) marked diastolic splintering.
These changes were found in 75% of Sussman's cases.

They are likely to be permanent,being found in both

recent and old infarction,but progression and regres

Sion of the changes have been noted. A persistent-
ly normal kymogram does not exclude the possibility
of myocardial infarction. In most cases,abnormali-

ties appear within 3 weeks of the attack, if they

appear at all, but occasionally characteristic chang
es do not appear for several months. Gubner and
Crawford (1939) state that it is difficult to explain

why in one case the pulsation is absent and in an=-

other, paradoxical pulsation occurs; also why both

types / |
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types may occur in different segments in the same '
patient. A possible explanation lies in the vary-
ing degree of endocardial lamination of the infarct

with mural thrombus; in cases in which pulsation is

absent there may be dense mural thrombus, whereas |
paradoxical pulsations are more likely to occur when
there is no mural thrombus and the thinned area of |
infarction can be distended with the systolic rise }
of intraeventricular pressuree. |
Dack (1940) has correlated the clinical course,
electrocardiographic changes, and roentgenkymographic
observations in the same 200 cases, and was able to
report that (1) the kymogram is usually normal when
the attack is mild and the recovery good. Regres-
sion or complete disappearance of kymographic abnor-

malities is a good prognostic sign. The kymographic

abnormalities are usually marked when the attack is
severe and the recovery incomplete; (2) the kymogra%
not infrequently presents abnormalities characteris-i
tic of myocardial infarction when the electrocardio-i
|

gram is normal or atypical. On the other hand,the
kymogram may remain normal or return to normal, while
typical electrocardiographic abnormalities persist.
These two methods of examination therefore supplement{
each other; (3) posterior infarction produced ab- ‘
normalities in the postero-anterior kymogram as ofte?
as did anterior infarction. In only a minority of

cases of either anterior or posterior infarction were|

abnormalities /
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abnormalities visualized better in the left oblique |
position than in the postero-anterior position.
When multiple infarcts were present, or one infarct
involving both surfaces of the left ventricle, the
frequency and degree of kymographic abnormalities in%
creased; (4) at post mortem examination, systolic |
expansion in four cases could be correlated with a
large area of infarction or thinning of the left i
ventricle. Diminution of pulsation occurred in one
case in which there was a small posterior infarct,
and in another in which there was diffuse fibrosis.
Dack considers that the roentgenkymogram should prove
to be of most diagnostic value during the acute stag?,
when the clinical course and electrocardiogram are |
not typical of coronary artery occlusion, and follow-
ing recovery, when the characteristic signs of ine-
farction have disappeared. In these cases of bundle
branch block reported by Gubner and Crawford (1939)
the kymogram showed an area of infarction.
Fluoroscopic examination of the heart in a

group of 80 cases with cardiac infarcts revealed !

abnormalities which corresponded closely with those
observed in the roentgenkymbgrams. (Master et ale !
1940).

IITs 2o
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III. THE ANALYSIS OF THE IMPORTANCE COF MYOCARDIAL

INFARCTION AS A CAUSE OF DEATH.

The increasing inéidence of deaths from corone
ary thrombosis has been commented on by Master(1947) |
in America, and Ryle and Russell (1949) in this |
gountry . Master calculated that, at a conservative
estimate, 120,000 deaths occurring in the U.S5.A. in
1942 were due to coronary thrombosis, and assuming
that the death rate was 15%.y the total number of
attacks was in the region of 800,000. If the sex
ratio were 3:1 in favour of malés, then 1 male in
38y and 1 female in 115, over the age of 40 years,
sustained a coronary thrombosis in that year. Mas=
ter attributed the increase in incidence of the dis-
ease since it was first described to (a) lengthening

o% the span ﬁf life; (b) ageing of the population ;
(¢) improved diagnosis and treatment, and (d) accu=
racy in terminology. In his opinion there was no
significant incidence of coronary thrombosis in any
social class or occupation.

As the title of their article "The Natural His=-
tory of Coronary Disease. A clinical and epidemiolo-
gical study" suggests, Ryle and Russell have studied
both angina pectoris and coronary thrombosise The
statistical section of their paper comprises an

| analysis of the Reports of the Registrar General for

| Bngland and Wales during the period 1921-45.  The |

| Statistical patterns shown by the two sexes are !

similar /
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similare. Each 5 year age group between the ages of
40 and 75 years showed an increase of approximatelyl
250% in the mortality due to coronary vessel diseasq
in 1931-39 as compared with 1921<30. The increase
continued and in 1940=-45 amounted to approximately
450%. In middle-life = between 40 and 55 years =
the male death rate had increased more rapidly than
that for females, whereas in old age, the position
was reversed. In 1940=45, the male death rate at
age 40-50 years was more than 5 times greater than
that for females; at 55-60 years the ratio dropped
to 40, and at 75 years it was less than 2. After
allowing for changing fashions in diagnosis, ammend-
ments to the internatioﬁal classification of causes
of death, and the lengthening span of life, Ryle and
Russell concluded that the increase in deaths due to
coronary thrombosis was real. Although the increask
was striking they considered that it was now less
rapid than in the period before the war (1939-45).
Prior to the appearance of Ryle's paper, it had
been decided to study the reports of the Registrar
General for Scotland and compare the years 1937 and
1947. This period was chosen for two reasons, (a)
by 1937 coronary thrombosis would probably be recog-
nized as an entity by practitioners generally through-

out the country, and (b) accuracy in diagnosis would

probably not have increased greatly during the de-
cade following 1937. Prior to 1941, the Inter- |

national [/ (
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International classification used in death certifi-

cation did not distinguish between coronary thrombo

sis and angina pectoris, the two being grouped as

"Diseases of the coronary arteries, angina pectorisf'.

In 1941 the present classification came into force i
separating the two diseases. It then became the |
practice for the Registrar General to return to the |
certifier every death certified as due to angina !
pectoris, enquiring if it were due to "disease of
the coronary arteries.” The result was that prac-
tically every death had to be reclassified to cor-
onary thrombosis (personal communication from of=
fice of Registrar General for Scotland 1949). Sinc
1946 the Medical Superintendent of Statistics has
combined the two caises as "Diseases of coronary i
arteries, and angina pectoris.” Consequently
deaths in 1937 classified as "Diseases of coronary
arteries, angina pectoris", may be compared with
those classified as "Diseases of Coronary arteries,
and Angina Pectoris™, in 1947.

In the 10 years from 1937, the population of
Scotland has increased by 2.87% - males 3°08%., and
females 2+67%. - but the increase is not spread
evenly over the decades. Between the ages of 5
and 34 years there were fewer males and females
alive in 1947 than in 1937, but from 35 years on-
wards the population has increased (with the excep=|

tion of males between 55 and 64 years, who show a

very / |
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|
very slight decrease). This change is shown diagra=-
- matically in figure 1. It is most marked over the {
age of 75 years, i.e. ageing of the population is |
taking place. This increase in the population 0ver‘
the age of 35 years provides more candidates for corJ
onary thrombosis, and will in part explain any increase
in incidence of the disease. |
As shown in Table XV., the increase in deaths
classed as due to coronary artery disease has been
striking.
TABLE XV. Comparison of deaths due to disease of

the coronary arteries, (and) angina
pectoris in 1937 and 1947.

Year Male Female.
1937 1142 614
1947 2989 1834
Increase 1747 1222
% Increase 162% 199%

Figure 2 shows that the increase has been spread
evenly over the intervening years. It is also rela-
tively evenly spread over the age groups except among

the young and the very old. (Table XVI.)

TABLE XVI. /
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TABLE XVI. Increase in deaths from coronary artery
disease between 1937 and 1947 as shown
by each 10 year age group.

(A)  MALE.

Age Group 1937 1947 Increase % Increase.
15-24 2 2 0 0
25=34 3 15 12 400
35-44 34 124 90 265
45-54 157 398 241 154
55=64 316 826 510 161
65-74 413 1025 612 148
75-84 198 535 337 170
85+ 17 64 47 276

{B) FEMALE.

Age Group . 1937 1947 Increase ZIncrease.

15=24 ik 0 =i &
25-34 4 6 2 50'
35-44 6 il 11 183
45-54 37 104 67 181
55=64 158 412 254 160
65=74 269 - 755 486 181
75-84 125 454 329 263
85+ 13 88 75 577

Figure 3 illustates how little part the change in the
Population in each age group has played in the in-

crease in deaths due to coronary artery disease.

The /
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The total number of deaths, over the age of
10 years, in Scotland in 1937, and 1947 were approxi
mately equal, but deaths from all forms of cardiac

disease have shown an increase.

TABLE XVII. Comparison of the total deaths, and
cardiac deaths in 1937 and 1947.

% of Total Dea
Year Total Deaths Cardiac Deaths due to
Cardiac Diseas

ths

M. F. M. F. M. F.
1937 29,310 29,536 7,099 7,230 24 24 .4
1947 29,342 29,074 9,240 9,283 31.4 ° 31.9

Cardiac disease causes more deaths than all forms of
tuberculosis, cancer,and intra-cranial vascular les=-
ions. These three diseases have shown an increase

in incidence over the decade, but it is less than th
shown by cardiac disease, and is quite dwarfed by th

increase in death due to coronary vessel disease.

TABLE XVIII. /

«
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TABLE XVIII. Comparison of the relative importance

ST of tuberculosis, cancer, intra-cranial
vascular lesions, cardiac disease,and
coronary artery disease, as a cause
of death in 1937 and 1947.

Disease 1937 1947 % Increase
No. of % of Total No. of % of Total over
deaths deaths deaths deaths decade .

Tubercu- i

losis 3262 554 3,659 626 112

Cancer 7791 13.23 9,049  15.99 } 16

Imtra- I

cranial 6394 10.86 7,918 13.55 23

Vascular

Lesions

cardiac

Disease 14,329 24.35 18,526 31471 27

Coronary

Disease 1,756 2.98 4,823 8.22 177

Among both males and females, the proportion
of the total deaths which is due to cardiac disease
increases with age. This increase in cardiac deaths
between 1937 and 1947 is evenly spread over the age
groups. On the other hand, the proportion of total
deaths which is due to coronary artery disease shows
a different curve. Among males, the highest propor-
tionate incidence is reached in the 6th and 7th de-
cade, while among females, the ﬁeak is in the 7th

decade. (Figures 4 & 5). The percentage of cardiac

deaths which are due to coronary artery disease 1is |

also shown in figures 4 & 5. Proportionately coron=|

ary [/
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coronary artery disease is more important as a cause |
of cardiac deaths among the younger males than among

the elderly males. In 1947, 55% of the cardiac |
deaths in males in the Hth decade was due to coronary
artery disease, and in the 6th decade, the proportio@
was only slightly less =« 54.5%. Among females the
peak is in the 7th decade, and in 1947 this reached
33%. |
From this study, the following conclusions
may be drawn - (a) deaths due to cardiac disease
have increased slightly between 1937 and 1947; (b)
deaths due to coronary artery disease have increased

greatly between 1937 and 1947; (c) the increase in

deaths from coronary artery disease is out of all

proportion to the ageing of the population which has

taken place; (d) coronary artery disease is most im=-

w

portant as a cause of death in the 6th and 7th decad
among males, and in the 7th decade among females;
(e) when cardiac deaths alone are considered, coron-

ary disease is most important in the 5th and 6th de=-

uz
-

cades among males, and in the 7th decade among female

T 507
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IV. AETIOLOGY. |

In view of the increasing toll of lives
exacted by coronary artery thrombosis with myocardial
infarction, the problem as to aetiology of the condi-4
tion is of paramount importance. In the following
| pages, the main factors known to play some part are
summarised; our own experience regarding these facte-
| ors is briefly stated; and two additional aspects
which have been investigated are reported in some

. detail.

(a) Factors of Known Importance.

(I.) Disease of the Coronary Arteries.

This is the primary factor as thrombosis does not

occur in a healthy artery. With the rare exception

|
of peri-arteritis nodosa and thromboangiitis obliters-

ans, arteriosclerosis is the fundamental lesion. ThJ
rate of development of the arteriosclerotic process
is the factor determining when a clinical "coronary
thrombosis"” will occur. Coronary artery disease
without tibial cerebral or aortic lesions - an excep-
| tional finding after the 6th decade - is the rule in
men under 40 years (French and Dock 1944) ¢ The de=-

gree of arteriosclerotic change varies in each artery

and in different sections of the same artery. Common

ly the anterior descending branch of the left coronary

artery is the most affected. Thrombotic ococlusion
of a coronary artery follows a capillary haemorrhage'

in =y [



| teries, such an occlusion is not necessarily followed

| of arteriosclerosis does hot come within the scope of

J
o \

|
|
in one of the arteriosclerotic plaques (Paterson 1936P

but as the arteriosclerotic arteries are not end ar-

by muscle infarction. Commonly two or more sites

of arterial occlusion can be demonstrated in each |

case of myocardial infarction (Blumgart et al 1940).
Although of primary importance, the aetiology

this thesis, and will not be discussed.
(IT.) Sex. Males are affected about four
times as frequently as females. (Dock 1946) suggestﬁ

that this sex difference is due to an inborne differ-

ence in thickness of the intima of the coronary arter

ies (as stated in the historical review, page 59 ). |

(III.) Age. '"Coronary thrombosis" is a dis-
ease mainly of the middle aged and elderly. Males
are affected at a younger age than females.

(IV.) THypertension. This is present prior to
myocardial infarction in over 50% of ¢cases. Master
(1939b) considers it to be of paramount importance in
increasing the incidence of coronary artery occlusionk

(V). Angina Pectoris. Commonly about 40% of

cases have complained of effort pain prior to their

infarect.

(VI.) Family History of Vascular Disease.

Levine and Brown (1928) were impressed by the fre-

quency with which this was founde. Goldsmith and

Willius (1936a) reported its presence in 55% of their|

| cases., ﬂ

CVEL) 7

?
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(VII.) Diabetes. This is not frequently pre~
sent, but is most common in the elderly female.

(VIII.) Body Weight. Probably this is of
;little or no importance.

(IX.) Social Status and Occupation. Master

(1947) considers that no social grade and no occupa-

T

tion render a person more liable to myocardizl infarc
tion than any other. "Acute coronary artery occlu-
sion is no respector of persons; the rich, the poor,
the labourer, the executive, or the ordinary men at

the desk are all possible victims."™ Ryle and Russel&
(1949) however, believe that occupation and social
status are of great importance particularly among

males, the middle aged professional man being the

candidate par excellence. ‘

( (X.) Established Auricular Fibrillation)
)JThese
( (XI.) Rheumatic Heart Disease )

would appear to have some protective influence, cor=-
cnary thrombosis with myocardial infarction being un=

common in both conditionse.

(b) Data derived from analysis of 170 cases.

(I.) ©Pathology. Fortysix autopsies were
carried out on cases dying soon after a myocardial
infarct. With one exception all showed well marked
arteriosclerosis of the coronary arteries. This one
exception was the sole case of embolism of a coronary

artery encountered in the cases analysed. The patient

was a woman aged 63 years with mitral stenosis, '
|

auricular [/ l
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Iauricular fibrillation and congestive heart failure.
Her coronary arteries were healthy.

(IT.) Sex. 1In the two series, there were 116
| males and 54 females, the sex ratio being 2°15:1.
This ratio is artificial as twice the number of beds

| were available for female cases as for male cases.

(III) Age. Of the 116 males, 89.(76.7%) were|
50 years or over and of these 70 (60%) were in the

50-65 years age group. The average age was 55.7

iyears. Among the 54 women only 9 (16.6%) were under

|60 years. The average age was 64.4 years.

(Iv.) Hypertension. Fifty (43%) of the 116
|

males, and 33 (61%) of the 54 women were known to

have been hypertensive, but in 42 male cases (37%) |
|

L ]

and 15 female cases (28%) the level of the blood press
sure prior to the myocardial infarct was not known.
|On1y 24 males (20%) and 6 females (11%) had been nore-
motensive.

(V.) Angina Pectoris. Fiftyfour males (46.5%)

and 29 females (53.7%) had suffered effort pain.

(VI.) Family History. 1In only 50 cases, re= |
corded mainly in the past 23 years, are there adequatg
details for analysis. Twenty-two (44%) had a family
history of vascular disease, (shock, sudden death, or
heart attack). A positive history was more common

among the females than among the males. Twelve of 3:

LA~

males (37.5%) gave a family history of vascular dis- |

ease, as against 10 of 18 females (55%). This high |
familial |




| familial incidence of the various forms of vascular |

| population is known. As a rough guide, two series

89. |

disease becomes significant 6nly when the incidence

of vascular disease among families in the general

of 100 consecutive cases (excluding cases of myocar-
dial infarction) admitted to Wards 25 and 26 of the
Royal Infirmary Edinburgh during the summersof 1947

and 1948 have been analysed. In a number of cases, |

details of family history were incomplete, only facts
relevant to the patient's illness (e.g. tuberculosis)
being recorded. In the first series 18 cases, and in;
the second 17 cases, gave a history of illness among
parents, brothers or sisters, which could be attribute
ed to vascular disease. Probably this is a minimum

figure and greater attention to detail in recording

family history would show a higher dncidence. ;
However these investigations would suggest tha&
1 in every 2 victims of myocardial infarction will |
give a family history of vascular disease, as oppose%
to 1 in 5 of the general population. |

(VII.) Diabetes. Only two males (1l.7%) and fodr

females (7.4%) had diabetes.
(VIII.) Bedy Weight. Thirtynine males (33.6§)
and 31 females (57.4%) were overweight. |

(IX.) Social Status _and Occupation. In i
|
|

this small series these two factors have not been
investigated.

(X.)  Established auricular Fibrillation. Only
One case had auricular fibrillation prior to the

myocardial /
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myocardial infarct. This was the elderly female wit£

rheumatic heart disease who sustained an embolic oc- |
|

clusion of a coronary artery. Hypertension is com- |

!monly the factor associated with auricular fibrilla=-
' tion in the elderly. During the past 10 years 662
cases of hypertension have been admitted to Wards 25

and 26 in the Royal Infirmary Edinburgh. Of these,
21 (12 males and 9 females) had associated auricular
(fibrillation = all were elderly; none had & valvular:
'lesion; not, one had sustained a myocardial infarct.
On the other hand 107 of the remaining 641 hyperten-
'sive cases had sustained a myocardial infarect, either

at the time of admission or prior to admission, i.ee.

'1 in 6 of the hypertensive cases in normal rhythm had

at one time a myocardial infarect. Although the num-

‘ber of cases with co-existing hypertension and auricu-
1
lar fibrillation is small, it is significant that none

suffered myocardial infarction.
(XI.) Rheumatic Heart Disease. Apart from the

elderly female already mentioned, there were no cases
of rheumatic heart disease.

In view of the fundamental importance of arter-

iosclerosis of the coronary arteries in the develop-
Fent of coronary thrombosis and myocardial infarction,

the relative immunity enjoyed by elderly subjects with

rheumatic heart disease might be due to the absence of

marked arteriosclerotic changes. During the past 10 |

|
years, therehave come to autopsy from wards 25 and 26 |

hoyal /.
|
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Royal Infirmary Edinburgh, ten patients with rheuma-

tic heaat disease who were 40 years of age or over.

'Five were male and five female. Four were over 60

years, two being hypertensive. \Only two (20%) show-i
ed naked eye atheroma of the coronary artéries - one
female aged 60 years, and one male aged 45 years. In‘
both cases the changes were slight - in the male, a
section of the anterior descending branch of the 1eft
coronary artery, one inch below its origin showed !
atheromatous thickening, whereas in the female one |
branch of the circumflex artery was affected. ‘
other vessels were normale. The female is of inter-
est in that the area of muscle supplied by the affecti
ed vessel was infarcted, although no thrombus was
found in the vessel; the remaining myocardium was |
healthy. This female is not included in the series
of cases of myocardial infarction on which this
thesis is based, as she was admitted in congestive
heart failure, 8 weeks after the infarct and died
from a pulmonary embolus.

A randam selection from the ward records of
thirty autopsy cases (16 female and 14 male) in
patients over 40 years = none of whom had sustained a
myocardial infarct - showed arteriosclerosis of the

coronary arteries in 19 cases (6333 per cent.).

Of the 16 females, eight had arteriosclerosis and
eight had healthy vessels, whereas only three males
had healthy vessels. The average age of the two

groups /
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groups of females was the same but the males with
arteriosclerosis averaged 6 years older than those
without. Twelve of the thirty cases had hyperten-
sion and only two of these did not have arteriosclero
tic coronary arteries.

This incidence of coronary arteriosclerosis in
the 10 elderly patients with rheumatic heart disease
is less than that shown by a random series of 30 el-
derly patients. This would suggest that coronary
afteriosclerosis is less common in cases who have had
rheumatic fever and would afford an explanation of
the rarity of coronary thrombosis with myocardial in-
farction in the presence of rheumatic heart disease.
It must be emphasised, however, that no firm conclu-

sion may be drawn from such a small number of cases.

(c) Factors of Possible Importance in Aetiology :

Two factors of possible importance have
been investigated clinically and are herewith report-
ed. They are (1) the resistance of the skin capil-
laries on the patient's admissién and during the sub-=
sequent weeks, and (2) the changes in blood coagula-

tion found on admission.

(I)e Capillary Resistance. This was deter=
mined by the negative pressure method described by

Scarborough (1941). The minimum negative pressure

in mm. of mercury, which, when applied to three |

Separate / |
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separate areas of skin on the right forearm for 30
seconds, will produce 1, 2 or 3 petechial haemorrhag-
es is accepted as the capillary resistance. Three
standard areas are used. (1) on the outer side of
the mid=line of the forearm, 4 cmse. below the flexure
of the elbow (area I), (2) on tﬁe inner side of the
mid-line at the same level (area III), and (3) in the
mid=line of the forearm, 2 cms. above the flexure
of the wrist (area V). It is conventional to record
the results as a fraction, the numerator indicating
the negative pressure, and the denominator the num-
ber of petechiae produced e.ge 220 400. area V
55580 Y
I
is recorded beneath areas I.'and ITT. Area I. is
commonly the most fragile. Details of the normal
range of capillary strength using thismethod are
given on page 101.

Fifty patients were investigated as soon as

possible after their infarct. This varied from a
few hours to a few days. Thirty=-five (70 per cent.)
had a low capillary resisténee. All had been re=
ceiving a good general diet. The degree of fragility
was in no way related to age or state of shock, but
was more common in the hypertensive than in the non-
hypertensive patients. Twenty-four of these cases

had a raised blood pressure; in six the previous

level was unknown, and in five it had been within
normal limits. Of the 15 cases who had a satisfactory
|

capillary /

|
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capillary resistance, only six were definitely hyper=-
tensive (40 per cent.); in six the previous level of
the blood pressure was unknown, and in three it had |
been normal e although the figures for the capillary
resistance of these patients were in the range common=

ly accepted as normal, it is quite possible that they

were below the accustomed level of these patients.

During recovery and convalescence, several case
showed little change in capillary strength, this bein%
maintained at a low level during the 6 weeks of obe-
servation. (Figure 6). Others showed a definite
steady increase in resistance during the first week
after the infarct, and with minor fluctuations, this
new level was maintained. (Figure 7). It is pos=
sible that this fragility of the skin capillaries in=-
dicates a generalised weakness of the capillaries
throughout the body. Rupture of a poorly supported

intimal capillary in an arteriosclerotic plague may
well be facilitated by this weakness.
The capillary resistance shown by two patients

/a
who have sustained/recurrence of myocardial infarctio

is of interest. One male had a recurrence 5 weeks
after the first infarct, and 10 days after going to a

convalescent home. Nine hours after the first

infarct his skin capillaries were fragile - ;%Q o 2%91
o

and in five days this had improved, the capillary

strength / |
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Figure VI.

Case showing fragile skin capillaries
during the weeks after myocardial
infarction. The patient was an elder-
ly diabetic
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strength being 250 335 One day after the se-
1, (530 2
1

cond infarct the skin capillaries were again fra-
gile = 170 260, but showed an even greater ine

Lo 450714 1 :

2

crease in strength over 7 days than on the first oc-
casion. (Figure 7). The second case, a female,
has had two recurrences. O0On each of the three ad=-
missions, her skin capillaries have been very fra=
gile. Twice there was a definite increase in capil.
lary resistance during recovery, but on the third
occasion there was little variation while she was in
hospital. after each infarct her blood pressure
has returned to its previous hypertensive level.

Investigation: of a limited number of patients

confined to bed for a variety of reasons would sug-

LE

gest that mere rest in bed has little effect on im=-
proving the capillary resistance. One case of cor-
onary thrombosisy a hypertensive male aged 60 years,
included in the 35 with "fragile" capillaries,; had
been at rest in bed in hospital, under treatment for
left ventricular failure, for 4 weeks prior to his
infarct, During the succeeding week, his capillary
strength rose to within the normal rangee..

The study would suggest that (1) the capil-

lary resistance is frequently low at the time of on-

set of a coronary thrombosisj (2) the fragility of]
the [/ l
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the capillaries is not related to the degree of
shock or to age; (3) hypertensive patients show
fragile capillaries more commonly than do non=hyper=
tensive patients; (4) following the coronary throm-
bosis, increase imn the capillary resistance may oc-
cur. Also the two cases sustaining a recurrence of
infarction show a suggestive relationship between on-
set of the infaret and fragility of the capillaries.
That both should show a normal cépillary strength
some weeks after the infarct would suggest that there
is a cyclical variation in capillary strength and
that coronary thrombosis is liable to occur during
the phase when the capillaries are fragileo
Schweppe, Lindberg and Barker (1948) have

stated that capillary strength does show a cyclical
variation in hypertensive patientse. Beaser, Rudy
and Seligman (1944) have shown that capillary fra=
Bility is more common in the hypertensive than the
non~hypertensive case, and that the maximum inci=-
dence of fragility is found in cases in the 6th and
7th decades. Diabetics show an even higher inci-
dence of capillary fragility than do the hypertensive
casess

This factor of increased capillary fragility
may partly explain the importance of hypertension and

diabetes in the aetiology of coronary thrombosis, and

may also be responsible for the high incidence of
this disease in the 6th and 7th decades. |

Were / X |
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Were it possible to produce a permanent in-
| crease in capillary strength, it is conceivable that,
if capillary fragility plays a part in_aetiology, the
incidence of coronary thrombosis might be lessened.
A large number of factors influence capillary resis-
tance. Rutin has been claimed to restore capillary
strength in hypertensive patients showing a low re-
sistance (Griffiths, Couch and Lindauer, 1944, Shanng,
1946). However this improvement may occur in only
50 per cent. of cases, (Schweppe, Lindberg and Bark-
er,(1948). The effect of Rutin on an individual
case can not be predicted. Nevertheless, a long
term investigation of a series of selected hyperten-
sive patients who respond to its administraticn
would be of considerable interest, particularly with

reference to the incidence of coronary thrombosis.

This may point the way to one method of prophylaxis
of coronary thrombosis. Such a me thod however
would still be dependent on the rate of development

of the arteriosclerotic process.

II. Changes in_Blood Céagulation : The second

method of clinical approach to the problem of aetio-
logy has been an investigation of the clotting

changes shown by the blood. Using the Waugh Ruddick
(1944) heparin retarded clotting test, fifteen cases

have been investigated during the first 24 hours after

the onset. Eight showed normal clotting. Six

showed / |
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| showed definitely enhanced clotting, and the fif-
teenth gave a result in the lower limits of normal.
Only two cases, one with normal clotting, and the
one at the lower limit of normal, had a normal capil-
lary resistance. All the others had fragile capil-
laries. In this test, blood is added to solutions
of heparin in saline of strengths of 1/10th unit to
7/10ths unit heparin / % c.c. saline. Nine tubes, <
one empty, one with 5 c.c. saline, and seven with
5 CsCe Of the seven strengths of heparin solution arl
set up and 1 c.c. of blood is added to each,after a
clean vene-puncture. The clotting time of each tube
is then determined at a room temperature of 18-20°C.
Normally tube 9 (7/10ths unit heparin) clots last in
about 60 minutes, but if enhanced clotting be present
all the tubes will be clotted in about 30 minutes or
less. (Figure 8).

A4S a general rule, an enhanced clotting tendency
develops about the 3rd or 4th day after a myocardizal
infarct, but may be delayed until several days later,
or occasionally may not develop. In the 6 cases
mentioned above, who showed this change on the first
day, it is possible that the enhanced clotting pre-
ceded the coronary artery thrombosis and was respons
sible for its development. Fullerton(1949) has sug-
gested that the lipaemia following a fatty meal may Dbe

-3

associated with accelerated clotting and induction of

thrombosis in the coronary arteries. Post-operative}y

|
the [/ |
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the occurrence of coronary thrombosis has been de=
| scribed by Master.(1938). He does not suggest that
there is an upset in blood coagulation but the in-
| crease in circulating platelets and in thromboplastin
from the traumatised tissues probably play some part.
The normal clotting and anti=clotting mechan-
ism in the human body are complex. It is probable
that the mast cells of Ehrlich secrete heparin or a
like substance and provide much of the anti-clotting
mechanism. These cells are grouped around the cap=
illaries and small vessels throughout the body with a
maximum concentration in thé liver and lungs. From
this peri-vascular position they can pass their se-
cretion directly into the blood-stream and are there-
fore "glands of internal secretion." It is con-
ceivable that this &ystem of cells be the subject of
disease or dysfunction, as is any other endocrine
gland, and that this disease or dysfunction manifest
itself in an upset of the clotting mechanism. The
normal physiology of heparin secretion is unknown,bﬁt
it is not impossible that in the elderly the efficienr
Cy of the system of mast cells be lessened and the
protection against intra-vascular clotting be thereby

reduced. spontaneous clotting would probably not

occur but any breach in endothelial continuity would

tend to be followed by superimposed thrombus formation.
Whether or not an upset in the clotting ‘

. mechanism be responsible for a coronary thrombosis, [

|
there / !
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fhere is little doubt that recurrence of infarction
tends to occur during the first two or three weeks
after the onset while the blood shows a marked clott-
ing tendency. Four cases investigated had a recur-
rence while greatly enhanced clotting was present.
Figures 9 and 10 illustrate two of these cases.

One other case is of interest, although not seen un-

til 1 months after the onset - Mrs E.T. aged 36 years

previously perfectly fit, had a myocardial infarct
the day after the birth of her baby. The labour
had not been prolonged and there had nuot been an ex=
cessive loss of.blood. ohe was not hypertensive,
but had arteriosclerotic peripheral and retinal art-
eries. The coronary arteries were probably also af-
fected. Trauma to the tissues during labour had
possibly liberated sufficient thromboplastin to upset

the normal "clotting = anti=clotting" balance and

initiate thrombosis in a diseased coronary artery.
although an enhanced clotting tendency may
be important, myocardial infarction may also occur
even though the blood be rendered relatively incoagu-
lable with dicoumarol. One middle-aged male was
admitted ten days after a myocardial infarct and had
a recurrence after eleven days on dicoumarol. His
blood showed a prothrombin time in the middle of the

therapeutic range. His capillary resistance was

increasing and was almost within the normal range.
His peripheral vessels were extremely arteriosclerotlc

and / '
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The graph records the clotting time of
tube 9 (7/10ths unit of heparin / & c.¢C
saline) of the Waugh-Ruddick heparin
retarded clotting test, at intervals of
a few daysj,after myocardial infarction,
and demonstrates the development of a
clotting tendency. A recurrence of
myocardial infarction occurred while the
enhanced clotting was present.
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Figure X. As in Figure IX, the clotting times
of tube 9 are recorded, and the develop-
ment of a clotting tendency is demon-
strated. A recurrence of myocardial
infarction with death occurred while
enhanced cletting was present.
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and the history suggested that his coronary vessels
were ;everely affected - he was greatly limited by
effort pain, and had been taking 240 tablets of
nitroglycerine each week for some time prier to ad-
mission. In this instance a coronary vessel had
become blocked without thrombus formation. Wartman
(1938) has described such a method of coronary artery
occlusion. Massive haematoma formation in the depth
of an arteriosclerotic plague bulges it outwards and
occludes the lumen completely.

Undoubtedly the onset of coronary thrombosis
is dependent on the development of arteriosclerosis
of the coronary arteries and on its speed of progres=
sion. Variation in capillary strength, particularly
in hypertensive and diabetic subjects, may however
facilitate capillary rupture in an arteriosclerotic
plague, while an upset in the clotting mechanism
promoting intraevascular clotting may increase the
likelihoed of superimposed thrombosis on a ruptured
Capillary, or may conceivably initiate thrombosis in
an arteriosclerotic vessel, even in the absence of
capillary rupture.

In a personal communication (1950) Dr Scar-
borough states that in healthy, young and middle-aged
People the normal capillary resistance in the three
standard areas on the right forearm is =

Area [/

L]
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Area I. 250-400 mm. Hg. negative pressure
" III. 300-450 "
i V. 350-500 "
There is no doubt however that in the elderly, nor-
mal figures may be considerably lower and it is not
correct to accept the above standard as applicable

to healthy persons over the age of 60 years.
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Ve ANALYSIS of 100 CASES of ACUTE MYOCARDIAL

INFARCTION TREATED 'CONSERVATIVELY .

(a) Clinical Details :

(1) Age and Sex.

seventy infarcts occurred in males

and thirty in females,giving a sex ratio of 2°33:1.
(As previously explained, page 88, this ratio is arti=
ficial and is probably about half the true ratio.)
lThe Age distribution of the cases is shown in Table
XVIII. The average age of the entire series was

58 years being 54.5 years for males and 65 years for

femaless

IaBLE XVITI. Age and sex distribution of 100 cases
of acute myocardial infarction.

Age Total Died within 6 wks. Survivors

Yrs Male Female Male Famale Male Female.

30 1 - - - i -
35 4 - 2 - 2 -
40 6 - 1 - 5 -
45 9 2 3 & 6 2
50 8 1 2 - 6 ik
55 14 3 7 Al 7 2
60 16 7 8 5 8 2
65 6 10 3 5 3 5
70 ) 2 4 1 2
75 3 . 2 1 1 -
Total 70 30 30 16 40 14
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(2) Immediate mortality.

Forty-six cases = 30 males and 16
females died within 6 weeks of the onset of the ine
farct. This mortality rate is high. It is lower
among males (43%) than among females (53%). The

average age of those dying was only slightly greater

than the total average for each sex =~ males 55 years,

and females 606 years. Twelve males died during the
first 24 hours after the onset. Their average age

was 52 years.

(3) Blood pressure level prior to the infarct.

Twenty-seven males (38.5%) and fourteer

females (47%) were known to have been hypertensive

before their myocardial infarct. A diastolic blood
ﬁ pressure of 90 mm. Hg. or more was taken as evidence
hypertension. In a further 41 cases =~ 30 males and
11 females - the previous blood pressure level was
not known, while only fourteen males (20%) and five
females (17%) were known to have had a normal pres=
sure. Table XIX. records the age distribution of
the patients in the three groups.

TABLE /

=

of
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TABLE XIX. Blood pressure level prior to myocardial
o infarct in 100 cases.

Male Female
Hyper- NOT' o= Hyper—  Normo-
Age tensive tensive Unknown tensive tensive Unknown

30 - - 1 = 8 ]
35 3 - 1 - £ |
40 - 3 3 - - '
45 2 3 4 1 . I
50 4 - 4 1 oA J
55 4 4 6 > ) j
60 8 2 7 3 <

65 3 1 1 6 1 %
70 2 - il 1 3 1
75 1 : 2 A d 2
Total 27 13 30 14 5 11

e o o e e . . . e e A i S e, S S o e o . i . . . S i S e, B S . R e S . o o e . T R i S e S S

The hypertensive males were older than the average
for the series - they averaged 59 years, whereas the
normotensive males were younger than the average =
53 years. In spite of this the same proportion of
the normotensive and hypertensive males died in the
first 6 weeks = 40%. Table XX. records the numbers

dying in each group.

TABLE XX. [/



105.

TABLE XX. Mortality rate in the first 6 weeks ace
cerding to the blood pressure level
prior to the myocardial infarct.

Male Female
Total Deaths Total Deaths
Hypertensive 27 11 (41%) 14 6 043%)
Normotensive 13 5 (38%) 5 2 (40%)
B.P. unknown 30 14 (47%) 11 8 (73%)

s e e S

(2) Angina Pectoris prior to the Infarct.

Thirty-four males (48.5%) and fourteen
females (47%) had complained of effort pain prior to
the myocardial infarct. Their average ages were
similar to those of the whole series (56 years and 65
years, respectively.) Ten males and five females
died. They averaged 62 years and 69 years respec-
tively. Mortality was higher, however, among those
giving no history of previous effort pain.

% Mortality.

Male Female.
BEELOrt pain swoes 29% 36%
No effort paim... 55% 69%

Those with no history of effort pain died at a younger
age than those who had suffered effort pain -
Male Female
Average age of ) (a) with effort pain 62 yrs. 69 yrs.
)

those dying ) (b) no effort pain 57 yrs. 65 yrs.

Premonitory symptoms are not included in this analy- |

sis of effort pain. |

(5) 7/ |
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(5) Body Weight.

Twenty males (28.5%) and thirteen fe-
males (43%) were overweight. Nine males and five
females died; <five or these males were under 60
years, whereas all the females were over 60 years.
The obese males died at an earlier age than the non:
obese = 57 years as against 60.5 years.

(6) Diabetes_etc.

One male and one female had diabetes.
Both survived. Two males and one female had syphil
ise All three had aortic incompetence and all
three died. One female had rheumatic heart disease
- mitral stenosis with auricular fibrillation and
congestive heart failure. Her myocardial infarct
was embolic in origiﬁ. One other female had myxoe-
dema.

(7) First,second,and third infarct.

seventy cases were admitted with their
first myocardial infarct; twenty-five with their

second infarct and five with their third infarct.

TABLE /
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TABLE XXI. age and sex distribution for lst, 2nd

and 3rd myocardial infarct.

Male Female
age  1st 2nd 3rd lst 2nd 3rd

30 1 - - - - -

35 3 - 1 - - -
40 4 i 1 - = =
45 5 4 = 1 3t -
50 6 2 - A - -
5 10 4 - 2 1 -
60 12 4 - 5 2 %
65 4 0 il 8 2 -
70 1 1 1 3 2 1
75 Sl S 1 - -
Total 49 17 - 21 8 1
The mortality rate within the first 6 weeks of the

onset increased after each successive infarct.

This is shown in Table XXII.

Table XXII. Mortality rate following lst, 2nd and
3rd infarct.

% Mortality.

Male Female
lst infarct 35% 43%
2nd infarct 65% 75%
3rd infarct* 50% 100%

*  The number of cases is too small to give accurate

figures for comparison with the lst and 2nd infarcts.

(8) 7/ |
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(8) Cardiac Grade prior to the Infarct.

|

|
Using the method of estimating cardiac }
function suggested by the American Heart Association
the patients were grouped according to their cardiac
grade prior to the infarct. Symptoms appearing for
the first time within 2 weeks of the infarct were
not considered, as it is probably that these were
premonitory in natures. Eighteen cases were entire-
ly symptom free but the great majority -~ 60 cases =
had some slight limitation of their activitiese.

Thirteen were severely limited, and seven were in

congestive heart failure.

TABLE XXITI. Cardiac  grade prior to the myocard-
ial infarct.

aAge Male Female *
T —IIA IIB i IlL T 112 IIB . TIf
30 1 - = 5 = 2 2 5
S%aanl i - 2 Sl = -
40 3 3 = = = : T =
e 2 1 s IR - -
50 1 8 = & 1 i 2
| D el 2 e 1 -
60 Rl 2 = R 3 1
R Y = = o 1 -
70 - 2 i, - - 4 3 1
75 - 3 = = 3 1 & 1

Total 15 43 7 5 S T 6 2

s . e et el e e G e el ey e e
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* In the case of two females, the previous cardiac

grade is unknown.

The grade I males averaged 51 years of age,
| whereas the grade IIA males averaged 59 years, and
the grade IIB, 58 years. The grade III males aver=
aged only 47 years. Females did not show any strik-
ing variation in the average age of the four groups.
The mortality rate increased with each descent in

cardiac grade, reaching 100% in grade III.

TaBLE XXTIV. Immediate mortality after myocardial
infarction according to the cardiac
grade prior to the infarct.

Grade I Grade IIA Grade IIB Grade III

M- F M 7 AR F M F.
Total . Jilis: - o2 s s gl gl 750 6 Dl
Number
Mortal-

ity Rate 13% 33% 42% 41% 71% 83% 100% 100%

(9) Time of onset :
The time of the symptoms of myocardial in-
farction was accurately known in only 51 cases.

Twenty-five began between 8 a.me and 8 pe.ms, and

twenty-six between 8 pems and 8 a.m.. The early morn-

ing and the early afternoon were the two peak periods

Nine cases began between 2 a.me and 4 a.m., and ten

between 1 pem. and 3 p.m-;
(L0 iy
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10. Presenting Symptom :

Pain was the predominant symptom, being
present in 82 cases - 55 males and 27 females. The
substitution symptoms or features were -

(1) sudden dyspnoea = 5 casess

(2) tight feeling in chest and dyspnoea - 2 casesh

(3) weakness, tightness in chest and dyspnoea = 1 case.

(4) collapSe. « « & o « &« w w e 2 CASESs
(5) sudden unconsciousness . . . 3 cases.
(6) worsening of congestive heart failure - 3 cases,
(7)) "snd@en death s » s s v w-s « 2 Casess
Thirteen of the 18 painless cases died, a mortality
rate of 72%.

In 66 cases the pain was described as being
either substernal or across the front of the chest
with the point of maximum severity beneath the sternum.
Thirty-four cases had pain in the arms - in the left
arm only, 18 cases; in the right arm ohly 1 case;
in both arms 15 cases. Other sites in which pain
was experienced were (a) the inter-scapular region
10 cases; (b) both sides of the neck, & cases; (c)
left side of neck only, 2 cases; (d) Jaw 4 cases ;
(e) epigastrium 4 cases; (f) beneath the left breast,
4 cases; (g) left shoulder 3 cases; (h) left side

of chest 2 cases; (i) right side of chest, inferior

angle of right scapula, back of left side of chest,

both shoulders, root of neck, Yeft upper abdomen, and
l

| Lleft ante-cubital fossa to wrist, 1 case each. l

S |
 Bixteen/ '
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2ixteen cases experienced pain in a site
other than across the front of the chégi/in the mid
line beneath the sternum. Nine had pain on other
parts of the chest. In three it was epigastric in
position, while in the four remaining cases pain was
felt (a) at the root of the neck; (b) at the left
shoulder; (c) from the left ante-cubital fossa to
the wrist and (d) in the left upper abdomen.

(11) Electrocardiography :

In 85 cases, one or more electrocardio
grams were obtained. The chest leads in 73 cases
were of the CF type, and in the great majority of
cases only leads C2F and IVF were recorded. In the
12 remaining cases, unipolar chest and limb leads
were recorded in addition to the standard limb leads.
The records in this series will therefore not be

anélysed in detail. The location of the myocardial

infarct as indicated by the electrocardiographic
pattern is shown in Table XXV.
TAaBLE XXV. Electrocardiographic localization of

the site of myocardial infarction in 89
cases, and mortality rate for each

group .
Male Female.
Anter- Poster- Atyp- anter- Posterws atyp-
o} o ior. ical. ior. ior. ical.
Total Num-
ber. 25 19 11 19 7 4

% Mortal- .
1y 36%  31.5% 27% 28.5% 57% 75% |
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In addition 3 cases showed evidence of
bundle branch block without other evidence of infarce
tion; one case showed both anterior and posterior
infarction; and in one other the record was entire
ly normal. This last case, a male aged 64 years,
had an otherwise 'typical myocardial infarct both
as regards history and clinical course. The average
age of the males in the three main groups is of in=
terest. Those with an atypical electrocardiogram
averaged 51 years, those with an anterior infarct,55
years, and those with a posterior infarct 61 years.
In both the "anterior" and "posterior" groups, the
elderly tended to die and the young to survive, =-
those dying averaged 6l.5 years and 65 years respec-
tively. |

(12) Degree _of shock at the onset:

The severity of the shock present at
the time of the onset of the infarct could be esti-
mated in all but 6 cases. It was graded as being
(1) marked, (2) mild, or (3) absemt, by a study of
(a) the general appearance of the patient,particularly
Fhe colour of the skin and mucous membranes, (b) the
profuseness of sweating, if present, (c) the sensa-
tion of weakness or exhaustion experienced by the

patient, (d) the character of the pulse and its rate;

(e) the blood pressure and pulse pressure, and (f}
the rate and type of respirations. In 30 cases, the |

shock /
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shock was marked, in 27 i was mild, and 37 cases

were not shocked. 4s shown in Table XXVI.y a sev=
ere degree of shock is associated with a high mortal
ity. The duration of the shock is also important

as in four females, its persistence was the major

factor in causing death.

TABLE XXVI. Correlation of mortality rate and
severity of shock at the onset in
94 cases of myocardial infarctiomn.

Male Female.

Degree of Narked oIlight AbSent NMarked oSIight Absent.
shock.

Number 21 20 25 9 7 12

Mortality 81% 25% 24% 66% 57% 50%

among the males, and to a less extent among
the females, those who had a severe degree of shock
and died were of the average age for the series,but
the deaths, among those showing a mild degree of
shock, or no shock at all, were among the elderly.

(13) Heart Sounds :

The character of the heart sounds
heard during the first few days after the infarct

are listed in Table XXVII.

TABLE XXVII. [/ |
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TABLE XXVII. Character of heart sounds in 100
cases of myocardial infarction.

Type of Heart Total Died in Ward.
oound . M. 7. M. F.
Gallop 3 3 3 2
Tic=Tac 3 3 3 2
Faint 31 9 9 6
Poor Quality 12 5 5 4
Inaudible 4 = 4 Iy
Normal 15 8 2 2
Not Recorded 2 2 1 -

Most commonly the heart sounds were normal but fainty
Gallop rhythm and tice=tac rhythm were not frequently
heard, nor was it common for no leart sounds to be
detected. This was fortunate aé such findings are
associated with a high mortality. Among those
having faint or normal heart sounds, the elderly
tended tc die, and the young to survive.

(14) Blood pressure after the_infarct.

Blood pressure records are available
for analysis in 90 cases. Five of the remaining
ten cases died before the pressure was estimated,and
in the other five, no pressure could be recorded.

These also died. Table XXVIII. groups the lowest

Systolic blood pressure levels recorded in the days
following the infarcte |
TABLE XxvIirr. /
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TABLE XXVIII. Lowest systolic blood pressure re-
corded after myccardial infarction
in 90 cases.

Total Died in Ward
M F M F

B.P+ above 100 mm. Hg. 45 21 14 9

B.P. below 100 mm. Hg. 16 8 8 6

The mortality rate was considerably increased when
the systolic blood pressure fell to under 100 mm. Hg..
In each group, except that of females with a systolic
pressure of under 100 mm. Hg., the deaths occurred
among the elderly. This was most noticeable among
males with a systolic pressure greated than 100 mm.
Hg.; those dying averaged 61 years, and those sur-

viving 53.5 years.

(15) LRulse pressure after the infarct:

The pulse pressure records were divided
into (a) 30 mm. Hg. or more, (b) 20-30 mm. Hg. and
(e¢) under 20 mm. Hg. Table XXIX. shows the distri=
bution in these groups.

IABLE XXIX. Pulse pressure records in 86 cases of
myocardial infarction.

Total Died in ward.
M. F. M. F.
Over 30 mm. Hg . 44 22 2. 10
20~30 mm. Hg. 12 3 6
Under 20 mm. Hg. 2 3 1 3

In / |
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In 4 cases, no diastolic level could be recorded.
All four died. The mortality rate increased as

the pulse pressure fell - 31% over 30% mm. Hg., 47%,
20-30 mm. Hge., and 80% under 20 mm. Hg. When the
pulse pressure was over 30 mm. Hg., age was of im=-
portance in prognosis - the elderly in both sexes
died. On the other hand; when the pulse pressure
fell to under 30 mm. Hg., age was not important.

(16) _Pulse rate after the infarct:

Records of pulse rate are available in
all cases. These were grouped, according to the
most rapid rate at any stage after the infarct, into
(a) over 120/min., (b) 100-120/min., and (c) under
100/min.

Table XXX. Most rapid pulse rate in 100 cases of
myocardial infarction.

Total Died in Ward.

) Me F [ Mo Fo

Over 120/min. 6 6 6 “
100 - 120/min. 26 11 15
Under 100/min 38 13 9"

¥a
oeven died in the first 24 hours.
Mortality rate increased as the pulse rate increased.

In cases showing a rate of under 100/min., or over

120/min., age was of little consequence in determining
|
the / |
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the outcome . With pulse rates of between 100 and

120/min., however, age was of extreme importance =

Male Female
Average age of (a) those dying 63 yrs. 70 yrs.

(b) those surviving 54 yrs. 59 yrs.
In 43 of the 49 cases with a pulse rate of 100/min.
or more, the most rapid rate was recorded within the
first week after the infarct. Twenty-seven of
these 43 cases (63%)died. Of the six cases having
a pulse rate of over 100/min. at some time after the
first week, four (66%) died.

(17)  Heart size:

Heart size was determined in 93 cases,
clinically or by XRay examination of the chest, or
in some cases only by autopsy examination. Seventy
Cases had enlarged hearts, while 23 had no detec-

table enlargement.

IABLE XXXI. Heart size in 93 cases of myocardial

infarction.
Total Died in Ward
Mn Fo M’ F.
Cardiac Enlargement 49 2] 26 11
No Enlargement 18 5 2 .1

The mortality rate was higher when cardiac enlarge=~

ment was present than when there was no enlargement.

The males showing a heart of normal size were on the‘

avarag e J ~|
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average 53 years younger than those with a large
heart. The two female groups were of the same age.
Correlation of the heart size with the cardiac grade

present prior to the infarct is of interest.

Males Grade I. Grade IIA.
Total Died Total Died
No Cardiac Enlargement 5 - 13 2
Cardial Bnlargment 9 2 28 14
The combination of cardiac enlargement and a grade
IIA functional capacity was associated with a high
mortality. No male in grade IIB or IIT had a heart
of normal size. The findings among the females
were essentially similar except that one female in
grade IIB had a heart of normal size. she survived|

(18) Degree of leucocytosis:

Records of the leucocyte count done
in the days following the infarct are available in
74 cases. These have been grouped as (a) above

10,000 /ceme. and (b) under 10,000/C.m..

IABLE XXXII. Highest leucocyte count recorded after
74 .cases of myocardial infarction.

Total Died in Ward.
M. F. M. F.
Over 10,000/c.m. 22 13 9 5
Under 10,000/c.ms 31 8 8 3

a/ ' |
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A fatal outcome was more common in the cases dee=
veloping a leucocyte count of over 10,000/cem., than
in those with a count of under 10,000/c.m.. In each
group, both male and female, the average age of the
fatal cases was greater than that of the survivors.
eeg+ Cases with a count of under 10,000/c.m.. -

M. F.
average age of (a) those dying 63 yrs. 72 yrs.
(b) those surviving 54.5 yrs. 60 yrs.

(19) Blood sSedimentation Rate:

In only 45 cases was the blood sedi=-
mentation rate estimated. ITwenty-three cases had a
maximum reading of over 25 mm/hr. and of these eight
died. Twenty-two had a maximum reading of under
25 mm/hr. and of these five died. In several of the
Cases, however, only one or two estimations were mede,
and the tfrue maximum was undoubtedly missed.

(20) Body temperature :

Records of body temperature are availe

able for analysis in all the cases. The maximum re-
cordings have been grouped as (a) over 100°F (b) up
to 100°F. ang (¢) normal.

TABLE XXXIII. Maximum temperature recorded after 100
cases of myocardial infarction.

1 Died in Ward
.Tota 7. i o
Over 100°Fr 11 6 4 2
Up to 100°F 26 8 8 6
Normal 33 16 1Bh= g 2

——

1. Nine died in the first day. 2. one died
within 30 hours. i
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The elderly of both sexes tended to develop a high
temperature. among males with a temperature of
over L00°F., those who died averaged 65.5 yrs. of
age as against the 55.5 yrs. of the survivors. Iﬁ
the group with no rise of temperature, age was of no
importance in prognosis.

(b) Treatment:

A routine system of treatment was adopted
for the entire series. The measures consisted of
(a) rest in bed in the most comfortable position -
generally flat with 2 pillows. (b) No activity on
the part of the patient for 3 weeks and then a very
gradual return to activity. (c¢) Morphine for re=-
lief of pain, (d) sedation with phenobarbitone dur-
ing the day and a quicker acting sedative at night.
(e) Light diet. (f) Attention to the bowels, with
enemata if required. (g) Graduated exercises for
the limbs and breathing exercises, under a physio-
therapist fromthe 4th week onwards. (h) Treatment
of the complications as they arose - digitalis mer-
curial diuretics, oxygen and morphine as needed for
heart failure, quinidine for ventricular tachycar=

dia ete.s At the end of the S5thweek, or during
the 6th week the patient was allowed up, and after

d few days was discharged home to convalesce.

(e) Course after myocardial infarction:

(1) complications. ©Only 48 of the 10C casep
had / '
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had an uneventful convalescence, complications oce
curing in 33 males and 19 females. Fifteen males
and fourteen femzles showed more than one complica-
tion. Table XXXIV, (page 122) lists the various
complications. Heart failure was the most common,
occurring in 31 cases = eighteen of congestive
heart failure and thirteen of left ventricular fails
ure. Only four of the 31 cases survived. Thromba
embolic complications occurring during the first 6
weeks are listed in Table XXXV. (page 123). Thirty
episodes took place in 24 patients = 13 males and
11 females. Recurrence of myocardial infarction
was the most common event, occurring twelve times
in ten casese Apart from one case of pulmonary in-
farction, and another of thrombo=phlebitis, all epi-
sides in males over 60 years occurred in males who
died. Recurrence of myocardial infarction occurred
in four elderly mesles all of whom died, and in four
young males, all of whom survived. Afe was of less
importance among the females, as only one case under
60 years suffered any embolic complication.
The various forms of arrythmia encountered
are listed in Table XXXVI. (page 124). [Nineteen
arrythmias occurred in fourteen cases - ten males

and four females. Ten cases died. apart from

two males aged 50 years and 59 years, all the cases

were 60 years or over. Auricular fibrillation and‘

paroxysmal /

%
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TABLE XXXV .

Thrombo~embolic complications occurring
in the first 6 weeks after myocardial

123

infarction.

Cere~ Pulmon- Thrombo- Recur- Periph- | Mesen-
bral ary In- Pnlebi= rence eral Em-| teric
Embo- farct. tis. of Myo- bolism. | Embol-
lism. cardial ism.
Infarc-
tion.
1
Total 2 1t 1 8 1 -
Male
Died
in
Ward 2 - - 4 15 -
Total 1 & 3 2 2 1
Female
- Died
in
Ward ~ 3 - X 1 =
1

In two cases each

sustained two recurrences of

myocardial infarction. One diede.

2

One case had two pulmonary infarcts. She died.

TABLE XXXVI.

/
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paroxysmal auricular tachycardia were the most common
occurring five times each. On two occasions the
auricular tachycardia was associated with a 2:1 aurie
culo=ventricular blocks One male who survived show-
ed three forms of disturbance of auricular activity =
auricular fibrillation, auricular standstill, and a
marked disturbance of the sinus rhythm. The other
three survivors showed (1) complete heart block which
later disappeared, (2) Wenchebach periods and (3)
auricular fibrillation.

(2) Cause of death:

Death occurred most commonly on the
first day or within the first two weeks. Twelve
males (40%) died on the first day, and 21 (70%) in
the Tfirst two weeks; no remale died on the first
day, but 13 (81%) died during the first 2 weeks.
Table XXXVII. (page 126) lists the causes of death
In several cases, more than one factor played a part,
but only the main factor is listed. Heart failure
was the most common cause, accounting for 50% of the
/deaths

/after the first day. Left ventricular failure and
congestive heart failure were equally common among

the males, but in the majority of the female cases,
peripheral congestion had developed prior to death..

In 5 cases, death occurred suddenly and for no ap=

parent reason. Rupture of the infarct was found at
autopsy in two of these cases. Six other cases died

suddenly /

?
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\BLE XXXVII. Cause of death in 46 cases of myocar=
dial infarction.

=
[;

First C.HJ.F. L.V.F. Recur- Persis- Arryth- Hemi-~ Sud- Urae=

24 hrs. rence. tent miae pleg- den. mia.
ohock . ia.
Male 12 5 2 = 1 1 3 1
emale - 7 1 1 4 1 - 2 =
otal 12 12 6 3 4 2 1 5 1

‘suddenly - five were in congestive heart failure and
were being treated with digitalis, while the 6th had
a recurrence of myocardial infarction. Only one
death could be attributed directly to an embolic epi=-
sode. This was a cerebral embolus which caused a
complete hemiplegia. In four women, persistence of
& severe degree of shock for several days after the
onset was the major factor in causing death.

(3) Digitalis Therapy:

Digitalis was used to treat 16 cases -
; twelve in congestive heart failure, three in left

| ventricular failure, and one male with paroxysmal aurs
| icular tachycardia. This male had become unconscious
and was in fact uraemic. Four céées recovered - two
males in congestive heart failure with paroxysmal

arrythmias (one complete heart block and one auricular

fibrillation); and two cases (one male one female)

; I
in left ventricular failure. One other male responded

e well / |
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well to digitalis and was recovering, but died of a
fresh myocardial infarct, four weeks after the digi-
talis was stopped.

Only one thrombotic episcde = a case of
thrombo-phlebitis = occurred while digitalis was
being given. Two other episodes = one a recurrence
of myocardial infarction, and the second a case of
thrombo=phlebitis - occurred 5 days after a course
of digitalis had been stopped. No embolic phencmena
occurred. Of the eleven cases who died while receive
ing digitalis, or in the gap of the few days between
digitalis courses, six died suddenly. In éne, death
was associated with a recurrence of myocardial infare¢-
tion, but in the other 5 cases, no cause of death
was established. These five cases comprise nearly
half the cases of sudden death in the entire series
(11 cases).

Mercurial diuretics were used in 6 cases of
congestive heart failure to supplement digitalis
therapy. Quinidine was used twice - once to treat
paroxysmal ventricular tachycardia, and once for
baroxysmal supra=ventricular tachycardia. Both

cases died.

(b)  Pathology:
Thirty=five of the 46 cases dying in the

first 6 weeks came to autopsy. In all but one -
the case of rheumatic heart disease - the coronary |

arteries / |
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arteries were the seat of arteriosclerosis of moder- |
ate or marked degree. In eleven cases a recent
thrombus was found blocking an artery. The blocked
arteries were (a) anterior descending branch of left
coronary artery, 7 cases, (b) circumflex branch of
left coronary artery, 2 cases, (c) main left coronary
artery 2 cases, (d) right coronary artery 1l case. In
one case two recent arterial thromboses were found.
This incidence of fresh thrombosis in the coronary
arteries may be low, as in 9 cases no specific mention
of a search for a thrombus was made in the autopsy re-
port. Bndocardial mural thrombus had formed in l?
cases. In one there was thrombus formation in both |
ventricles,while in one other the right auricle con-
tained a thrombus. Sixteen of the eighteen cases with-
out mural thrombus died in the first week,seven in the

first day. Those with mural thrombus formation died

at intervals of from 1 day to 5 weeks after the onset

Three of these cases dying on the first and second

days showed mural thrombus which was probably associa
ted with an earlier myocardial infarct, and not with
.the infarct causing death. If cases dying during

| the first week be excluded, the incidence of mural
thrombus formation becomes much higher - 13 out of 15

| cases (87%) were affected. Ten of these 13 cases

showed peripheral and pulmonary infarcts - 6 in the

kidneys, 5 in the lungs, and 3 in the spleen. Only ﬂ

four of these episodes had been diagnosed clinically.|
5,



129,

In one case in which both lungs were involved, the
condition was a local thrombosis. Only one case
without mural thrombus showed a peripheral infarct =
in the spleen. In neither case in which rupture of
the infarcted area occurred was there mural thrombus
formation.

The weight of the heart was known in 31 cases.
It ranged frem 300 Gms. to 750 Gms.. All but three
were over 400 Gms., with the majority weighing between
400 Gms. and 500 Gms.. In 20 cases the infarcted
area was described as "large'", "massive" or "exten=
sive", while in the remaining 15 cases it was of mod-
erate size or was small. The finding of a massive
infarct at autopsy was not associated with the con-
stant presence of any particular clinical feature or
group of features during life. Of the 20 cases,
three had been in cardiac grade I. prior to their in=
farct, 13 were in grade IIA, 1 in grade IIB,y ard 2 in
grade IIT. One was not classified. Shdck was marked
in only 8 cases at the time of onset, and in only 5
: did the systolic blood pressure fall to under ;QO MMe
Hg.. 5ix cases had a pulse pressure of under 30 mme
Eg.. The most common finding was a rapid heart rate
| = 14 cases had a pulse rate of over 100/min., and of
the remaining 6 cases,one had complete heart block,
and .am other auricular tachycardia with 2:1 A.V.

block., The character of the heart sounds was known

| in all but one case. 7 had faint heart sounds, 6 |

had /
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had poor cuality sounds, 2 had gallop rhythm, and
two had tic-~tac rhythm, while in the remaining 2
cases the heart sounds were of normal character and
intensity. Congestive heart failure supervened in
10 cases. The cause of death varied. Two died

on the third day and 2 others on the 4th and 5th
days from persistence of a severe degree of shock.
One developed a hemiplegia and died, while another
became uraemic. Twe died of left ventricular
failure, and two of congestive heart failure. Nine
deaths occurred suddenly. Two were associated with
rupture of the infarcted area and one with a fresh
myocardial infarct; three others had been feceiving

digitalis.

VI. /
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VL. THE IMMEDIATE PROGNOSIS in MYOCARDIAL
INFARCTION.

The 100 cases reported in section V. have been
analysed with the object of assessing the relative
value of the various clinical features in determining
the immediate prognosise. "Immediate®" is used to
signify the first 6 weeks after the myocardial in-
farction, while the patient is in bed in hospital.

No single feature determines the outcome in any case
and it is only by a consideration of the composite
picture presented by all the features in each case
that the immediate prognosis may be estimated.
The three factors of major importance are

(1) the cardiac grade prior to the myocardial in-
farct, (2) the age of the patient, and (3) the size
of the heart. These provide information -&$ to the
state of the myocardium prior to the infarct and form
the foundation on which a prognosis is to be based.

If a patient is in cardiac grade III when
myocardial infarction occurs, death is inevitable and
may be very rapid. (Figure 11). Grade IIB is only
slightly less serious. If death does not occur quicks
1y, there is, with rare exceptions, a progressive in-
Crease in the degree of cardiac failure. In these

rare cases which recover, the myocardial infarct is

Presumably small, and rest in bed, possible with the

aid of digitalis, enables the patient to compensate ﬂ

for / : I|



1 MALE.

FEMALE.

70 |

60

cn
o

INCIDENCE .
>
o

(Y]
o

PERCENTAGE

~
(@]

R

(8]

AN

- |

CRADE I. GRADEIA. GRADEIB.  GRADE I

Figure XI.

The distribution of the conservatively|
treated cases in the cardiac grades
prior to myocardial infarction is
illustrated. The proportion of cases
dying in each grade is shown in black.
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for the myocardial injurye.  Death is uncommon in the
patient who has had no previous cardiac symptoms,
i.es the Brade I case, only occurring if there is som
major complication or massive myocardial damage.
The patient in grade IIA is the most difficult to as<
sess. Here it is that all clinical features must be
studied. Certain individual features are of greater
importance than others, but all must be allotted
their correct relative value on each occasione.
Age is of extreme importance to the male,but
of lesser importance to the female, probably because
the majority of female cases are concentrated into a
smaller, older age group. Analysis of each individ-
ual feature of myocardial infarction, shows that with
certain exceptions, the elderly die and the young
recover., The exceptions shown in this series were
(a) cardiac grade III prior to the infarct, (b) mark
degree of shock at the'onset, (¢) gallop rhythm, tic-
tac rhythm, or inaudible heart sounds, (d) pulse
pressure of under 30 mm. Hg., (e) pulse rate of over
120/min.y (£) no previous history of effort pain,
(g) presence of obesitye Features (a) to (e) are
only found in the seriously or gravely ill and are
associated with a poor prognosis at any age. By way
of contrast, analysis of the cases showing (a) good

quality heart sounds, (b) a systolic blood pressure

ed

of over 100 mm. Hge., (c) a mild degree of shock at

the / l
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the onsety, and (d) a pulse rate of 100=120/min., all
bring out the importance of age. (Figure 12)., The
males who had good quality heart sounds but died
averaged 60 years of age, while those who survived
averaged 52 years. The corresponding ages for the
females were 65 years and 61 years.

Heart size 1s closely associated with age and
cardiac grade. A heart of normal size is commonly
found among ths young, and it is with inereasing age
that enlargement occurses Similarly patients in

cardiac grade I commonly have a héart of normal size,

j =1

but in grade IIA cardiac enlargement is frequent, ang
in grades IIB and III it is the rule rather than the
exceptione. In grade IIB only one case, a female,
had a heart of normal size.

Grade IIA males with a heart of normal size

seldom die if the first day is survivedes Even a red
currence of myocardial infarction (twice in one
patient) did not seriocusly retard convalescence in
two cases. In the presence of cardiac enlargement
however, the grade IIA male is in much greater dang=-
er of deathe Of the 28 males in this group, 14 died.
The average ages of those dying and those surviving
were closely similar (6l years and 60 years respec=
tively). Three died on the first day, and one died

in uraemia. Of the remaining ten, three developed

heart fajlure which proved fatal, and in seven, de=
|

terioration and death were due to some complication «
|

Tupture / 1
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rupture of the infarct (2 cases), recurrence of myo=
cardial infarction (4 cases), and an embolic episode
(hemiplegia 1 case). Two of the cases sustaining a
recurrence of infarction died within a few hours: of
the onset of symptoms, but in the other two cases,
death was delayed for 4 days. Both died suddenly,
one unexpectedly and for no apparent reason, but the
second was having paroxysms of supra=ventricular
tachycardia. oudden death from a recurrence of myo=
cardial infarction occurred as late as the 5th week.
Of the fourteen males in cardiac grade IIA who had
cardiac enlargement but survived the myocardial in=-

| farct, only four had a coﬁplicated convalescence =
cne had a pulmonary infarct, one developed left ven-
tricular failure but responded to digitalis, two had

paroxysmal arrythmias with congestive heart failure,

but also responded to digitalise. Thrombo-embolic
complications particularly a recurrence of myocardial
infarction would appear to be important in deciding
the outcome among males in cardiac grade IIA who
have also cardiac enlargement.

Of the females in cardiac grade IIA who died

(7 cases) only one was known to have a heart of normal

Size, She died 30 hours after the onset of her symp
toms. Three had large hearts; one died on the firsg

' day, and the two other cases died from heart failure.

Three other females in grade IIA died whose heart

size / |
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size was unknown= two from persistent shock, snd one
from a recurrence of myocardial infarction. Ten
females in cardiac grade IIA survived. Seven were j
known to have enlarged hearts, and of these only two
showed complications - one had a pulmonary infarct,
and the other developed left ventricular failure
which was relieved by digitalis. Complications of
a thrombo=embolic nature would therefore not appear
to be important in influencing the cour se of the grade
ITA female = at least in this small series.

gex is of minor importance in prognosis
compared with age, cardiac grade, and heart size.
Over the age of 60 years proportionately more females
died than did males = 15 out of 24 femalea (62+5%)
as against 15 out of 28 males (53¢5%).

The presence of effort pain prior to a myo=
cardial infarct carries with it a slightly lower mor-
tality rate than wheﬁ there has been no such com-
pPlainte (Figure 13.) ‘This may be due to the
Breater development of a collateral circulation in

those with effort pain. Similarly the absence of

Pain at the time of the myocardial infarct is associa
ted with a much higher mortality than when pain' is
present = in this series 72% of those with painless

'infarcts died while only 40% of those with pain died.

A history of previous myocardial infarction,
Particularly if recent also worsens the prognosis -

3% / ;
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| 37% died after their first infarct, 68% after the
second, and 60% after the third (5 cases only).
Except in the young, patients who had sustained a
previous myocardial infarct had an enlarged heart.

Certain features are almost invariably as-
sociated with a fatal outcome. These are persis-
tent gallop or tic-tac rhythm, and a state of pro-
found shock with inaudible or very faint heart sounds
and an unrecordable blood pressure (or a blood pres-
sure in which a low systolic level can be recorded,
but not a definite diastolic level)e Remarkable
recoveries may sometimes occur however, from a state
of shock only slightly less marked.

Other featurds commonly associated with a poor
prognosis are (1) faint or poor quality heart sounds,
(2) a systolic blood pressure of under 100 mm. Hg.,
(3) a pulse pressure of under 30 mm. Hg.,(4) a
Pulse rate of over 100/mine., (5) a marked leucocyto=
sis, and (6) a high blood sedimentation rate. Of
these, the pulse rate, pulse pressure,and the systol-
ic blood pressure,are the most important, but all ac=-
quire an increased significanee when several, or all,
occur together in the one person. In the elderly,the
importance attached to each feature is greater than

in the young . As isolated findings, faint heart

sounds, a marked leucocytosis, and a high blood sedi-|

‘mentation rate, have little adverse influence on |

pPrognosis. /
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on prognosis. It is in the setting of the individe
ual case that each feature becomes important, produc-
ing the composite clinical picture of recovery or de=
terioration.

A good prognosis can generally be given in
the absence of the features already listed i.e. if
the shock, at the onset is slight or absent, if the
systolic blood pressure is over 100 mme. Hgo.y and the
pulse pressure is over 30 mm. Hgo.y if the heart rate
is slow, and if the heart sounds are of good quality.

Convalescence may be interrupted at any
stage however by a variety of complications. In this
series 24% suffered a thrombo=-embolic complicaticn,
and arrythmias occurred in a partly overlapping 14%.
Thrombo=-embolic complications may gravely disable the
recovering patient, and may at times cause, or con=-
tribute largely to,death. As previously stated, the

grade ITA males with cardiac enlargement constitute

the group in whom prognosis is most seriously influen
ced by such complications. Arrythmias, particularly
if persistent, may be responsible for the develop-
ment of myocardial insufficiency with evidence of
heart failure, while certain forms of arrythmia may
cause sudden death. Heart failure occurred in 31
cases and of these 27 (87%) died. In only 18 cases

however was heart failure the main or sole factor

Tesponsible for death. Digitalis was used in treats

ment on 16 occasions, five times with benefit. Of |

the / |
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the eleven who died while receiving digitalis, six
died suddenly, a very high proportion of the sudden
deaths in the entire series (11 cases). Thrombo=
embolic complications reputed to occur frequently
while digitalis is being given were conspicuous by
their absence = only one case of thrombo=phlebitis
occurreds Digitalis therapy of heart failure de=
veloping after myocardial infarction carries with it,
therefore, the risk of sudden death. Quite apart
from digitalis therapy sudden death may occur at
any stage, but is most commen in the first two weeks.
Rupture of the infarct, an arrythmia, recurrence of
myocardial infarction, or a major embolic episode,
may all be responsible.

To summarise, the immediate prognosis in
acute myocardial infarction is based on a considera=
tion of (a) the age of the patient, (b) the cardiac
grade prior to the infarct, (c) the size of the

heart, (d) the degree of shock which develops at the

onset, (e) the character and audibility of the heart
sounds, (f) the degree of fall of the systolic blood
pressure (g) the pulse pressure, (h) the pulse rate,
and (i) the occurrence of complications particularly
heart failure, thrombo-embolic episodes, and arryth=

mias.

VX, 5 7 |
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VII. FOLLOW UP _of 50 SURVIVORS of ACUTE

MYOCARDIAL INFARCTION.

Fifty of the 54 cases surviving the acute
myocardial infarct have been traced (37 males aﬁd 13
females)e Twenty=six are still alive and 24 have
died. Twenty=eight have been seen again during the
months and years after their infaret and two have re-
ported by letter. Twenty of those dying were not
seen again. Information as to their clinical course
and the date and cause of their death has been sup=
plied by the general practitioner concerned, in 15
instances, while the Registrar-General for Scotland
has supplied the date and cause of death in the re=
maining 5 cases. The clinical details of the follow
up are therefore incomplete and the figures in the
following pages are minimume |

(1) Age at onset.

The age at the time of the myocardial in-
farct is shown in Table XXXVIII.

TABLE /
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TABLE XXXVIII. Age distribution of 50 cases sur-
viving acute myocardial infarction,
subdivided to show (a) subsequent
fatal cases and (b) survivors.

Male . Female.

Died otill Died otill
Subsequently Alive Subseguently Alive

30 - ik e =
35 1 it = "
40 1 4 2 =
45 3 2 = D
50 3 3 1 L
55 2 3 1 1
60 1 7 2 -
65 2 ot 3 1
70 1 - 2 -
75 1 L 2 4
Total 15 22 9 “

T e e . S e e o . e e o Bt e i e e e i . e S T T . T T T T i T B S . . i . . . . . W e

The average age at the time of the myocardial
infarct of those dying subsequently was 56 years for
the males and 64 years for the females, in contrast
to the 53 years and 52 years respectively of the sur-
vivors.

(2) Period of follow up:

The period over which the cases have Dbeen

followed ranges from 2 months to 10 years 7 months.

1 No case still alive has been observed for less than

S
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8 monthse The average duration of survival of the
37 male cases is 3 years 6z months, and for the 13

females, 3 years = month.

TABLE XXXVIII A. Duration of survival after myo=
cardial infarction.

Male. Female.
Died Still Died Still
subsequently Alive Subsequently Alive
[

0 =12 yr. 5 = - he
s |

|12 = 197, 2 1 3 -
1= 1% yr. 1 2 1 =
13 = 2 yrs. - i 2 -
2 = 2% yrs. - 0 - 2
23 = 3 yres - 2 5 -
3 = 3% yrs. 2 5 - 1
3% - 4 yrs. = 2 . =
4 - 4% yrs, 1 2 1 -
43 = 5 yrs. 1 " A 2
5 = 6 yrse 1 1 1 -
6 ~79 YIS 1 2 - =
7-8 yrs. = = = 1
8 = 9 yrs. 2 il 1 -
9 - 10 yra. - v - - =
10 = 11 yrs. E 2 - =

(3scy




3 years (54)
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(3) BSubseguent Deaths :
The deaths took place between 2 months and
8 years 9 months after the infarct. Duration of
survival and cause of death are listed in Table XXXIXb
TabLE XXXIX.  Duration of survival of 24 cases dying
after myocardial infarctiocn and cause
of death.
Duration of Survival Cause of Death.
Male Female As certified by the General
Practitioner.
2 (56) Angina Pectoris L
12
10
52 . (75) Coronary Thrombosis.
13
52 (67) Diphtheria.
o ik
12 (57) Coronary Thrombosis™®
e
12 (46) Coronary Thrombosis.
29
52 (70) @Gangrene of the leg follow-
ing femoral artery thrombosis.
2
g 12 (68) Congestive heart failure.
12 (68) Coronary Thrombosiss
=)
i 2.+ (67) Coronary Thrombosiss
528 Lar) Coronary Thrombosise
3
12 (50) Coronary Thrombosis.
i3 ,
12 (63) Coronary Thrombosis.
19
521529 Coronary Thrombosis.
20
12 (63) Cerebral Thrombosis.
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TABLE XXXIX. (Continued)

puration of Survival Cause of Death.

Male Female as certified by the General
Practitioner.

3 yrs. (54) Coronary Thrombosis.
3 yrs. (60) Bronchiectasis.
4 yrs. (44) Coronary Thrombosis.

4% yrs (59) Coronary Thrombosisle
52 yrs  (49) Angina Pectoris.

5%% yrs(66) Coronary Thrombosis.
65 yrs  (48) Coronary Thrombosis.
8 yrs (73) Left ventricular failure.

84 yrs(70) Coal gas poisoning **

8% yrs  (51) Angina Pectoris.

Age at the onset of the myocardial infarct treated
in hospital is given in brackets. 1. Information
supplied by the Registrar General for Scotland.

Five males died in the first 6 months and 8 in the
first 13 months. No females died within 6 months of
the onset, but 4 died during the first 13 months,
i.e. 50% of the deaths to date, took place within
13 months of the acute myocardial infarct. Of

the total deaths, five resulted from conditions
unrelated to the heart = cerebral thrombosis,femoral

artery thrombosis with peripheral gangrene in a
Paralysed /
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paralysed leg, coal gas poisoning, diphtheria, and

.profuse haemoptysis from brénchiectasis. The remainr

ing 19 cases, however, all died a cardiac death. Six

of the eight males dying during the first 13 months

died of a recurrence of myccardial infarction and on
died of angina pectoris; two of the four female
deaths during the same period were due to a recurrenc
of myocardial infarction. Of the remaining 7 male
deaths 3 were certified as being due to a fresh myo-
cardial infarct and 2 to angina pectoris; while 3
of the 5 remaining female deaths'weré also due to a
fresh myocardial infarct. In the first 13 months

9 of the 12 deaths were due to myocardial infarc-
tion, or angina pectoris, while in the succeeding
years, 8 of the 12 deaths had a similar cause. Only
two cases died from progressive heart failure.

(4) Cardiac Grade after Myocardial Infarction.

The cardiac grade after the myocardial in-

e

farct is known in 42 cases (32 males and 10 females)

and is listed in Table XXXX.

IABLE XXXX. Lowest cardiac grade after myocardial
infarction in 42 cases.

Died after Discharge. sStill Alive.

M. . M. F.
Grade TI. . - 4 -
b & 6 3 16 4
II B 4 2 2 - |
IIT - 1 - -

Twelve / i



145,

Twelve males and four females had to be regraded
after the infarct, their functional capacity being
reduced - seven males passed from grade I to grade
ITA, and five from grade IIA to0 grade IIB; two
females also passed from grade I to IIA, one from
grade IIA to IIB, and one from grade IIA to III.

The cardiac grade in which the patient is classed
after the myocardial infarct is of considerable ime
portance. Those remaining in grade I have all sur-
vived. Of the 29 in grade IIA twenty are still
alive, but of the 8 in grade IIB, six are dead. The

only case in grade III has died, i.eo

grade I 100% survivale.
IIA 69% survival. i
IIB 25% survival.
EET 100%  death.

(5) Ability to return to work :

| The four males still in grade I were aged

31 years, 36 years, 60 years and 64 years, at the
tige of their myocardial infarct. Three are still
at work, while the fourth, aged 64 years has retired
The patient aged 60 years actually does more strenu=
Cus work than he did before his infarct; while the
one aged 36 years thinks nothing of going for a day's
shooting on the hills. Uf the 37 males surviving the

myocardial infarct, 21 are known to have returned toi
|

some form of work. Only 4 of the 15 cases dying

subsequently /
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subsequently were known to have worked again,and in
no case was the work strenuous. On the other hand
17 of the 22 males still surviving have returned to
work, and in 5 cases, the work may be classed as
strenuouss. Of the women, 2 of the 4 survivors are
fit for their housework, but the other 2 do not do
much. Only 4 of the 9 females dying were fit for
much housework. Two did none at alls

(6) Complications after myocardial infarction:

Complications are common during the months
and years following the myocardial infarct. Among
the 15 males dying subsequently, the clinical course
of 3 is completely unknown, but 11 of the remaining
12 cases had one or more complications prior to death.
The twelfth died only 2 months after his infarct.
Among those still alive, complications are equally
common, occurring in 20 of the 22 male survivors.

TABLE XXXXI. Complications arising after myocardial
infarction in 34 males.

- Died Still
Subsequently Alive Total.
Angina Pectoris 7 A 15
Recurrence of 2 - -
Myocardial Infarct % _
Hypertension 3 10 13
Left Ventricular Failure 2 2 G
Congestive Heart Failure
(Mild) - 2 2
ATTythmig 2 4
Cardiac Aneurysm - 1 1
Thagl

Cardiat Neurosis L #

———
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Eleven of the fifteen males suffering effort pain
after the myocardial infarct, had also experienced
pain prior to the infarct; (six are dead and 5 still
alive). In the remaining 4 cases with effort pain
the disability caused is slight and all are still

alive. Five who had suffered effort pain prior to
their infarct, were free of pain thereafter (2 died
subsequently bup 3 are still alive). Seven of the
thirteen cases who developed hypertension had been
hypertensive prior to the myoccardial infarct (six are
still alive); one had a normal blood pressure (he
is dead); and in five cases the previous level of
the blood pressure was unknown (4 are still alive).

at least 3 cases who had been hypertensive prior to

-

the infarct had no return of hypertension thereafter
The arrythmias recorded were, auricular fibrillation
1 case, (dead)jventricular tachycardia 2 cases (one
still alive one dead); nodal rhythm 1 case (still
alive). The ventricular tachycardia was only proved
by electrocardiography in one case. ' In the second
case, short paroxysms were suspected on clinical ex=
amination, but only fairly frequent ventricular ex-
tra-systoles were recorded electrocardiographicallyt
This male died 10 dayé after the examination, death
being certified as due to angina pectoris.

Among the females the complications have

been of a similar nature. The clinical details of
2 cases who have died are unknown. |

TABLE XXOXII. / |
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TABLE XXXXII. Complications occurring in 11 fe-
males after myocardial infarction.

Died Still
subsequently Alive Total

Angina Pectoris ) 3 L 4
& Coronary Insufficiency%

Recurrence of ) T - 1
Myocardial Infarctiong

Hypertension L 2 3
Left Ventricular Failure . 1 - 1
Congestive Heart Failure i - il
Cardiac Aneurysm ~ 1 I
Hemiplegia & Femoral ) 14 - 1
Artery Thrombosis 3

severe Arthritis 1 - 1
Diabetes 1 I

All four cases with anginal pain after the infarct
had préviously experienced such pain. Only one casT
whos e activities were moderately unrestricted after
the infarct was free of the effort pain which had
formerly limited her activities. 'The three cases
developing hypertension had all been hypertensive
prior to the infarct. Three others known to have
been hypertensive had no return of hypertension.

(7)  Electro-cardiographic changes:

In 27 cases, the electrocardiogram has been

repeated at intervals after the myocardial infarct.

Thirteen /
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Thirteen records are still diagnostic of infarction
(9 "anterior" infarcts and 4 "posterior"). 1In ane
other, evidence of left bundle branch block persists.
Four records though not quite within normal limits
are no longer diagnostic of myocardial infarction

(3 "posterior",cne "atypical"). Eight records have
returned to within normal limits (3 anterior, 3 poste
erior, 2 atypical). One has been normal throughout:
geturn of the record to normality is not associated
with freedom of symptoms however. One male who died;
and whose record was perfectly normal, was extremely
disabled by effort pain.

X=Ray examination has been carried out in &
number of cases but the technigue for estimation of
heart size was not used. The films have therefore
not been analysed for change in heart size over the
years after the myocardial infarction. The two
cases of cardiac aneurysm show up well on X-Kay ex=
aminations One is on the posterior surface of the
heart and was only detected on routine X-Ray examinas

tion.

(8) After care :

(]

Management of the cases observed during th
follow up has comprised (1) advies as to the type of

work to be undertasken and when it should be begun,

(2) provision of adequate rest and sleep by sedation
when necessary, (3) reduction inweight of the obeseﬂ

\4) / |
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(4) prescription of nitroglycerine or a longer acte
ing drug e.ge.erythrol tetra-nitrate, for the relief
of effort pain, (5) treatment of anaemia if present,
(6) digitalis (and mercurial diuretics) for heart

failure, (7) 1lastly, but by no means of least impor

tance, maintainance of the patient's morale. Proper

management can do much to improve the lot of the
patient who has had a myocardial infarct. It is
advisable to allow as much activity as is consistent
with good judgment, letting the patient enjoy all thi
he can of life within the limits of his handicap.

VITXei 12

| ]
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VIII. THE ULTIMATE PROGNOSIS IN MYOCARDIAL

INFARCTION.

In the convalescent stage after acute myo-
cardial infarction, the patient looks to the future.
What does it hold in store for him ? Will he be fit|
to work and support his family ¥ Will he be fit for
his 0ld job ? What are the chances of a return of
the same trouble ? These are the vital questions.
The 50 cases reported in section VII. have been analyp
sed according to the clinical features shown (a)prior
to the myocardial infarct, (b) during the period in
hospital, and (c) during the months and years after
the infarct, in an attempt to indicate the features
of importance in estimating the ultimate prognosis.

() Sex and Age :
The first striking feature is the importanc

o

of sex. Unly 15 of 37 males (40.5%) have died,
whereas 9 of 13 females (69%) are dead. This sex
difference is undoubtedly bound up with the older age
of the female victims of myocardial infarction, but
age is not the only factor. Of 13 males who were

60 years or more at the time of the infarct, only 5
have since died, whereas of 8 females 60 years or
over only one is still alive. The thirteen females

had /
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had an average age of 6l years at the time of their
infarct, in contrast to the 54 years of the males.
The nine females who died averaged 64 years and the
four survivors 52 years. This disparity in the
average ages of those dying subsequently and those
8till alive is alsc apparent, though to a less marked
degree when the various features determining male
prognosis are studied. The 15 males who died aver-
aged 56 years at the time of their infarct as opposed
to the 53 years of the survivors. -

AS the number of female cases studied is
small, subdivision provides two groups which are too
small for accurate determination of the facters fav-
ouring survival or subsequent death after myocardial
infarction. The male cases alone will be analysed
in detail.

(b) Factors present prior to the myocardial infarct:

The following factors have been associated
with surfival after the infarct rather than with
subsequent death.

(1) Absence of effort pain prior to the infarct:

Of 16 males who had not experienced ef-
fort pain prior to the infarct, only 3 have died ;
whereas of 21 who did complain of effort pain, 12
have died. These twelve averaged 57 years at the

time of their infarct as against the 51 years of the

nine survivors. Males with no effort pain prior to
a4 myocardial infarct are more likely to survive

subsequently 7
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subsequently than those with effort pain; while of
those with effort pain, the young tend to survive
and the elderly to die.

(2) Ko history of previous myocardial infarction.

Twenty=nine were admitted with their
first myocardial infarct and of these 19 are still
alive, = their average age is 53.5 years, while
that of the 10 who died is 56 years. Six gave a
history of one previous infarct « three have died
and three are still alive. The average age of the
two groups is the same viz. 51 years. Two had suf-
fered two infarcts prior to admission. Both are
dead. Subseqguent survival is more common after
first infarcet than after second or third infarcts.

(3) Bodyweight within normal limits. Only

9 cases were obese prior to their infarct, but of
these 7 have died. Twenty-eight were not obese and
of these 20 are still alive; they are younger than
the non-obese who have died, = 52.5 years as against
55+5 years. Obesity prior to myocardial infarction
1s associated with subsequent death, and absence of
obesity with survivale

(4) Cardiac grade I prior to myocardial in-

farctions Of the twelve males in grade
I prior to their infarct only one aged 57 years has

died. The eleven survivors averaged 48 years.

Twenty-three males were in grade IIA. Twelve have
died and 11 are still alive, the average ages of the
two / |
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two groups being similar. Two males in grade IIB

have both died. Males in cardiac grade I tend to

survive after myocardial infarction while those in

grade ITA have only a 50% chance of subsequent sur=
vivale

(5) Hypertension prior to the myocardial infaret.

Only 15 males were known to have had
hypertension prior to the infarct but of these 10
are still alive. Sufbrisingly the dead'averaged
53 years as against the 60 years of the survivors.
Nine were known to have had a normal blood pressure
prior to the infarct, and of these 5 are dead. None
were elderly but the younger cases have survived.

In 13 cases the previous level of the blood pressure
was unknown. Eight are still alive and again the
young have survived and the elderly have died. Those
previously hypertensive have a better chance of sure
viving subsequently than those with a normal blood
pressure or in whom the blood pressure is unknown

prior to the infarct.

(¢) Factors arising immediately after the myocar-

dial infarct :

[

The following factors have been associate
ed with survival rather than death after the myocard-
ial infarct. Other factors have had little bearing

on the ultimate prognosis.

(1) Absence of shock at the onset: Of 18 l
?

Cases showing no evidence of shock 12 are still aliv|
whereag / ||
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whereas of the 14 showing a mild degree of shock,
gseven have died. These seven were slightly older
than the seven survivors - 54 years as against 50
years.

(2) Good quality heart sounds: Twelve had

heart sounds of normal character and intensity; only
four have died. But of 6 with poor guality heart
sounds only 2 have died. Eighteen had faint heart
sounds and of these only 10 are still alive. These
ten survivors are much younger than the eight who
died = 52 years as against 59 years. Those in whom
the heart sounds remain of normal character and in=-
tensity at the time of the infarct tend to survive
subsequently more often than do those in whom the
heart sounds are altered in character or intensity.

(3) Systolic blood pressure above 100 mme. Hg.:

Twenty-eight cases had a systolic blood pressure of
over 100 mm. Hge and of these 18 are still alive.
The 10 who.died were elderly, averaging 57 years as
against the 51 years of the survivors. Nine had a
Systolic blood pressure of under 100 mm Hg. and of
these 5 have diede Those with a systolic blood
pressure persistently above 100 mm. Hge. tend to surs=

vive gubsequently more often than do those in whom

the pressure falls to under 100 mm. Hg., at any stage

(4) Ppulse rate of under 100/min.. Tweniy-

Seven cases had a pulse rate of less than 100/min., \

and 7 ! .|
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and of these 17 are still alive. Their ages aver-

age 2.5 years as against the 58 years of the 10 dy=

ings Ten had a pulse rate between 100=120/min. ang
of these 5 have died. Those with a pulse rate of |
under 100/mine tend to survive subsequehtly more coml
monly than do those in whom the pulse rate rises above
100/min.. |

The various factors which are important in
immediate prognosis but have not proved important in
ultimate prognosis are (1) Heart size - twenty-one
had enlarged hearts and of these 12 (57%) are still
alive. Fifteen had no cardiac enlargement and of
these 9 (60%) are still alive. These latter 9 are
younger than the 6 without cardiac enlargement who
have died = 50 years as against 55.5 years. (2)
Pulse pressure during the acute phase, the degree of
leucocytosis, the degree of fever, and the rise in
the blood sedimentation rate have all proved of

little consequence. (3) Complications occurring in

hospital have played little part. One third of those

dying subsequently suffered one or more complications
while in hospital, whereas almost half of those still
alive also had one or more cémplications. The type
of electrocardiogram too, has no bearing on the final
outcome.

(d)  PFactors developing after the myocardial in-

farctiom:

The following factors have been associate#

|
With survival, |
|
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(1) cardiac grade I or IIA after the infarct:

Of theee still in grade I (4 cases),all are still
alivee Twenty=two were grouped in grade IIA and
only 6 have died, whereas of 6 in Grade IIB, only 2
are still alivee

(2) Ereedom from recurrence of myocardial ine

farction This is the crucial factor

governing prognosis. Not a single survivor has had
a recurrence. JSeventeen of the 24 deaths were due
to a recurrence, and 3 of these 17 cases had earlier

had another non=fatal recurrence.

(3) Freedom from effort pain after the infarct:

seven of the 15 males dying subseguently had effort
pain whereas this was present in only 8 of the 22

survivors, and in 4 cases was very slight.

(4) Development of hypertension after the infarct:
Ten of the survivors are known to have become hyper-

lensive, whereas only three of those dying were hy=

pertensives This latter figure is a minimum one

as the blood pressure readings were not known in all
the cases who diead. Probably this factor is not
important in determining recovery, but is more an
€xpression of myocardial recovery.

(5) Regression of the electrocardiographic

signs of myocardial infarction: As only
[

4 records were obtained in those dying the true im= |

Portance of & return to normality of the electrocar-

diographic /
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electrocardiographic picture cénnot be assessed. Inl
2 of these 4 cases, the record was within normal
limits, while in 6 of the survivors, the record had
also returned to normal. Such a change is not how=
ever associated with freedom from symptoms.

(e) Discussion:

It would therefore appear that the ultimate
prognosis after myocardial infarction may be estimat-
ed with reasonable accuracy. The sex and age of the
patient and the efficiency of the myocardium are the
factors of primary importance. In the natural
course of events, myocardial efficiency decreases
with age. After a myocardial infarct, this natural
process is likely to be hastened. The elderly there
fore tend to die after a myocardial infarct more
readily than the young. This would serve to explain
in part, the. sex difference in subseguent survival
after myocardial infarction, as relatively few fe-
males are affected before the 7th decade of life.
Myocardial efficiency is good if (1) the following
factors were present prior to the infarct (a) no
effort pain, (b) no previous myocardial infarcts,

(¢) the patient was in cardiac grade I; and (2) if
the degree of injury sustained at the time of infarc-

tion was slight as suggested by (a) absence of shock,

(b) good quality heart sounds (c) systolic blood
Pressure of over 100 mm. Hg., and (d) & pulse rate o

unden / Al
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under 100/min.. 1In the subsequent course after the
infarct corroborative evicence of a good prognosis
is provided if (a) the patient remains in cardiac
grade I or IIA, (b) he does not develop effort pain
or does so only to a mild degree, (c) hypertension
develops . Absence of obesity both before and after
the infarct is important, in that no avoidable burden
is imposed upon the myocardium.

By way of contrast, the ultimate prognosis
is poor if (a) the patient has suffered effort pain
prior to the infarct, (b) if he has had one or more
previous infarcts, (c) he is obese (d) he is in
grade ITA or worse grade IIB prior to the infarct,
(e) the extent of myocardial damage at the time of
infarction is extensive, and (f) he shows evidence
of heart failufe after the infarct.

No matter how carefully the pros. and cons.
are weighed in each individual case, there remains
the one unknown factor, which in a moment, and at
any stage, may upset all predictions. This '"sword
of Damocles" is a recurrence of myccardial infarce
tion. In this series 17 of the 24 deaths were pro-
bably due to a recurrence of infarction. Im all,
20 recurrences took place and 17 were fatal. No
case still surviving has had a recurrence. Commonly

90% of all recurrences take place within a year of

the onset (13 months in this series) but there is no

time limit after which a recurrence will not take |
plac:e & . [
15 i
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In a comparison of the factors important
in immediate and ultimate prognosis, it is interest-~
ing that the presence of effort pain prior to the
infarct should be a favourable sign in estimation of
immediate prognosis and an unfavourable sign in es=
timation of ultimate prognosis. This is understands=
able, and even to be expected, as (1) the presence
of effort pain would suggest that a collateral cir-
culation is already partly established and (2) that

the efficiency of the myocardium is impaired.

Tt/
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IX. ANALYSIS of 70 CASES of ACUTE MYOCARDIAL
INFARCTION TREATED WITH_ANTI-COAGULANTS.

| (a)! Clinical Details:

(1)  Age and Sex: Fortysix cases were male and

24 were female. Age distribution is shown in Table!
|

|
XXXXITI.

TABLE XXXXITI: Age and sex distribution of 70 cases |
of acute myocardial infarction treat-
ed with anti-coagulants. |

Yrs. Male Female Male Female Male Female

Age. Total. Died in Ward. survivors.
f— I

35- 1 - - - 1 -
40- 2 - s = 2 -
45- 4 A : - 4 -
50- LA 2 nl 2 10 -
99~ 8 1 1k - 7 1
60- 13 10 3 2 10 8
| 65- T 5 2 4
70 4 1 - 3 ¢
Total 46 24 7 9 39 15

e T T o o e e e e > S e = P ———— e T e e —— = — == T =TT ST T

(2) Immediate mortality: Sixteen cases = 7 mal#

and 9 female - died during the first 6 weeks after
!

the infarct, a mortality rate of 23%. The male mor-

|tality rate was much lower than the female mortality

|Tate - /
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rate = 15% as against 37.5%. The average age of
the 7 males dying was higher than the average of

the series - 62 years as against 57 years, but the
females dying had a lower average age than that of i
the series - 62 years as against 64 years. This
was due to the two female deaths in the 50-54 year
age group.

(3) Blood pressure level prior to the infarct:

This is shown in Table XZOKIV.

|
TABLE XXXXIV. Blood pressure level prior to myo-

| cardial infarction in 70 cases |

treated with anti=-coagulants. |

Male Female |
Total Deaths Total Deaths
Hypertensive 24 3(12¢5%) 19 6.(31%)
Normotensive 10 2(20%) 1 -
Unknown 12 2(17%) 4 3(75%)

Fifty-two percent. of the males and 79% of the fe-
males had been hypertensive prior to the infarct.
Their average ages are those of the general series.
(4) Angina Pectoris_prior to the infarct:
Twenty males (43%) and fifteen females (62.5%) had

complained of effort pain prior to the myocardial |
infarct. Again, the average ages were those of the

general series. Only 4 males and 3 females died. |

They averaged 60 years and 58 years respectively.
Among /
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Among those with no previous history of effort pain r

26 males and 9 females, - 3 males and 6 females diedL
% Mortality.

Male Female
Effort pain ° 20% 20%
No effort pain 11% 67%

Those giving a history of effort pain died at a
younger age than did those with no pain -

Male Female
Average age of ) (a) with effort pain 60 yrs. 58 yrs.

|
those dying ) (b) no effort pain 64 yrs. 64 yrs.

|
| These two observations contrast with the finding in |

the series of 100 conservatively treated cases.

Premonitory symptoms were present in 27

cases - 18 males and 9 females. The male cases ex- |

periencing these symptoms were younger than those in;

|
|
|

whom the onset was sudden, averaging 54 years as
against 59 years. The two groups of females were }
of the same age - 64 years. Only 5 cases experienc4
ing premonitory symptoms died - 2 males and 3 female%.
| Both the males were elderly. A fatal outcome was

| more common in those not experiencing premonitory

| Symptoms.
% Mortality.
Males. Females.
Premonitory Symptoms ..... 11% 33% |
Sudden Onset .eecceseseso 18% 40% |

(5) Body Weight : Nineteen males (41%)
and eighteen females (75%) were overweight. Two

males /
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‘males and seven females died. These two obese males
were younger than the five non-cbese males who died -
60 years as against 62.5 years.

(6) Diabetes etc.: One male and two females

had diabetes. All three were elderly but all sur-

'vived the infarct. Three males had syphilis; one |
|

died. i

(7) First,second,or third infarct: Forty-eight

| cases were admitted with their first infarct; thir-
teen with their second infarct; and six with their
third. One male experienced his fourth infarct,

| and one remarkable female was admitted three times
after her third, fourth and fifth infarcts.

ITable XXXXV. gives details of the mortality in each

group.

TABLE XXXXV. Mortality after lst, 2nd, 3rd, 4th, and

| 5th Myocardial Infarcts. |

Male. Female. J

Total Deaths Total Deaths.f

a

lst Infarct 32 3 16 7 ‘|
end 10 3 i

320 3 - 3 e
4th o 1 1 1 =
| 5th " 2 = 1 =

The /
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The numbers are small except for those experiencing
| their first infarct, but the increase in mortality
commonly found after each successive infarct has not
taken place.

(8) Cardiac Grade prior to the infarct: As in

the series of 100 cases, symptoms appearing for the
first time in the 2 weeks prior to the infarct, were
not considered in assessing the cardiac grade.
Fourteen males had experienced no disability prior
to their infarct; the activities of 23 had been

Slightly restricted; and only 6 had been severely re

stricted. One male was in heart failure prior to 't.heI
ginfarct ¢ his fourth. Seventeen females were in

-Egrade ITA; six were in grade IIB; and one was in

égrade EIL. Table XXXXVI. records the number dying

'in each grade.

TABLE XXXXVI. Cardiac grade prior to myocardial in-
farction in 70 cases treated with
anti-coagulants with the deaths_in

each grade.
Grade Male. Female.
Total Deaths Total Deaths.
| I 14 2 (14%) - -
IIA 23 1 (443%) 17 8 (47%) |
118 7 3 (43%) 6 -
ITT 3 1 (100%) 0 1 (100%) |

|
There is no progressive increase in the mortality from

grade I to grade III as observed in the series of 100 |

conservatively treated cases.

GO/
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|
(9) Time of Onset : This was accurately known in

66 cases. In 33 cases symptoms began between 8 a.m.
and 8 p.me, while the other 33 cases began between

8 pom. and 8 a.m. Thirty-three patients were in bed
at the time of onset. |

(10) Presenting symptoms: Pain was present in

66 of the 70 cases, though in one case it had been
slight and was overlooked, embolic phenomena being
the presenting feature. sudden dyspnoea; sudden
weakness and dizzyness; sudden weakness and sickness
and sudden loss of consciousness were the complaints
in the four painless cases. Three died while in the

ward .

In 60 cases the pain was described as being

| Substernal in position or radiating across the fronti

of the chest. Of the 6 other cases, four experienc-
ed pain only on the left side of their chest; in one
it was entirely epigastric in situation; and in the
6th it was felt in the back between the shoulders.
Radiation of pain to the arms was common - to both
arms in 11 cases, the left arm alone, 1l cases, and

the right arm alone 5 cases. In 4 cases pain did

cases, right shoulder 1 case. Eleven experienced

pain in the throat, 4 on the left side only, and 2 |

had pain in the jaw. Only 3 cases had radiation in-

to the epigastrium. |
Cax) 7
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(11) Electrocardiography: One or more re- |
cordings were obtained in all 70 cases. Localiza-

tion of the infarct is shown in Table XJOOIVII.

|
TABLE XXXXVII. Electrocardiographic localization oﬁ
the site of myocardial infarction in
70 cases and treated with anti-co- |
agulants, and the mortality rate in
each group.

Male. Female. ;

Anter- roster- Atypl- Anter- Poster- Atypi-
@ iers ““ior. cal. ior. ior. cal.
iTotal Number 27 10 5 11 8 3 |
]% Mortality 7.4% 20% 40% 36%  37.5% 33%}
| |
|

| and posterior infarction. Two cases - one male and

One female who died showed evidence of both anterior |

| one female - had a high lateral infarct; one male |

i
showed left bundle branch block, and one male had a |
normal record. This last male had a typical history

and clinical course and since the infarct has develo#-

|
ed heart failure. Four cases - 3 male and 1 female
' = had a right bundle branch block, but also showed ‘
evidence of anterior infarction. 4ll four died. ‘

| The average ages of the three groups, anterior,

| posterior and atypical, were similar, in both sexes. |

(12) Dpegree of Shock at the onset: The se- ‘

verity of the shock at the onset was estimated and |
graded in the manner described in section V. page 1ll2.
It could be assessed in 66 cases. Twenty-six cases

| showed /
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showed a marked degree of shock, and of these 9 died.

| Sixteen showed a mild degree of shock and only one

|
died; while of 24 with no evidence of shock 3 died.

|‘l‘aﬂ:;le XXXXVIII. summarises the findings.

myocardial infarction and mortal-
ity rate in each grade.

| TABLE XXXXVIII. Degree of shock at_the onset of
|

Male. Female.

Marked Mild Absent Marked Mild Absent

Number 16 a8 10 5 6
Mortality. 31% 9% 55% 40% - 33%

Although the trend is similar to that shown in the
conservatively treated cases, the mortality rates arel
lower. The average ages of the cases in each grade
are similar, and the elderly have tended to die and
the young to survive.

(13) Heart sounds: The varieties of heart

Soundsheard in the first few days after myocardial in
farction are listed in Table XXXXIX.
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' Inaudible

Character of heart soundsin 70 cases |

of myocardial infarction treated with |

anti=coagulants. _

Total Died in Ward |

Male Female Male Female i
! Gallop 4 4 1 2
| Tic-Tac 1 2 1 -
Faint 20 4 2 2
Poor Quality 3 6 2 4
Normal 17 8 - -
1 - 1 -

In each group, among males, the cases who died were
older than the average.
other hand, age did not influence survival. |
(14) Blood pressure afte;_ggg_igggggg : The
lowest systolic blood pressure recorded in the days

following the infarct is analysed in Table L.

TABLE L.

The lowest systolic blood pressure record-

Among the females on the

ed in 70 cases of myocardial infarction ‘

treated with anti-coagulants.

Total Died in Ward
Mo FO ¥ M' F'
B.F. over 100 mm. Hg- 30 18 3 5 !I
B.P. under 100 mm. Hg. 16 6 4 ¢ i

Among the males, those with a systolic

of- - oy

blood pressure
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of over 100 mm. Hg., were younger than those in whom

the pressure fell below 100 mm. Hg. - 56 years as

i
against 6l.5 years. In each group however the young

survived and the elderly died. Females showed no f
i

pattern according to age. |
(15) Pulse pressure after the infarct: The

| mgjority of cases, 51 in all, had a good pulse pres=-

sure, but 10 died. The mortality increased with the

fall in pulse pressure. |

TABLE LI. Pulse pressure records in 70 cases of myo-
cardial infarction treated with anti-coagu

lants. )

Total Died in Wward.

Male Female Male Female
Over 30 mm Hg. 30 21 4 6
20-30 mm. Hg. 13 2 2 2
Under 20 mm. Hg. 3 1 1 1

J.

The average ages of the males in each group are simi-

lar - 55 years, 56 years, and 55 years, - and in each
group the elderly died and the young survived.
16. Pulse rate after the infarct: The most

rapid rate recorded after the infarct is subdivided
into two groups in Table LII.

TABLE LII. [/
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The males with a heart of normal size were on the |
average 8 years younger than those with an ehlarged
heart - 50 years as against 58 years. The females

too were younger when the heart was not enlarged -

|
|
|
|
|
60 years as against 64.5 years. Correlation of ‘
|
cardiac grade prior to the infarct and heart size i
show that of males with an enlarged heart and (a) in‘

cardiac grade I,one of eight has died, (b) in cardia

¢
grade ITA, one of eighteen has died, (c) in grade i
IIB three of six cases have died, and (d) in grade |
|
E

III the only case has died. These findings for males
in grade IIA contrast markedly with the findings in
the series of conservatively treated cases reported
in section V.(page 118).

(18) Degree of leucocytosis: This was esti- |

mated in the days following the myocardial infarct in

67 cases.

TABLE LIV. Degree of leucocytosis after myocardial
infarction in 67 cases treated with anti-
coagulants.

Total Died in Ward

Male Female Male Fem.s;.lei_I

1
!

Over 10,000/c.me 29 16 6 6
Under 10,000/c.me 17 7 1 -

A fatal outcome is more common when the leucocytosis

eéxceeds 10,000/c.ms than when it is under that figure.
The /
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TABLE LII. Most rapid pulse rate after myocardial
infarction in 70 cases.

Total Died in Ward
Male Female Male Female.
| Under 100/min. 12 8 6 5 |
| Under 100/min. 34 16 i 4

5

[

/mia from incipient gangrene of a foot.

Fifty percent. of the males and 62.5% of the females
with a pulse rate of over 100/min. have died. Thesﬂ

males were elderly compared with the survivors - aver
aging 61 years as against 57 years. The one male
who had a pulse rate of under 100/min., but died was
also elderly - 65 years. Of the 20 cases with a

pulse rate of over 100/min., the most rapid rate was

recorded within the first week after the infarct in
14 cases. Seven (50%) of these 14 cases died. Only
Six developed a pulse rate of over 100/min. after the|

first week, and of these 4 (66%) died . In one sur-

(Y
!

viving case, the tachycardia was associated with toxa

(17) Heart size: This was known in 64 cases

IABLE LIII. Heart size in 64 cases of myocardial in
farction treated with anti-coagulants.

= Total “Died in Ward
Vale Female Wale™ Female

Cardiac Enlargement 34 18 6 6

No enlargement 8 o - 2 |

Ther v
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The two groups of males are of the same average age -

57 years, and in each the elderly died and the young
survived. |

(19) Blood Sedimentation Rate: This was esti-

mated at intervals in 69 cases. i

TABLE LV. Most rapid blood sedimentation rate fol-

lowing myocardial infarction in 69 cases |
treated with anti-coagulants. |

' Total Died in Ward

g Male Female Male Female

Over 25 mm./hr. 34 16 5 6
Under 25 mm./hr. 11 8 2 3

In 27 cases the highest reading was over 50 mm./hr..
The two groups of male cases averaged 57 years and 58

years respectively, and in each group those dying

averaged 62 years. |

(2) Body Temperature: This was known in all {

cases., ‘

IABLE LVI. Maximum temperature recorded after myo-
cardial infarction in 70 cases treated ‘

with anti-coagulants. i

Total Died in Ward
s Male Female Male Female
Over lOOOF. 11 ? = 4
Up to 100%, 11 12 4 4 |
Normal 24 5 3 1

The /
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The males and females having no fever were slightly

males, those dying in each group were elderly and |
the survivors were young - e.g. of males with a tem-
perature of under 100°F., those dying averaged 61.5 |
years, as against the 53 years of the survivors.
As with most other features the females showed no

such age patterne.

(b) Treatment:
The methods were those adopted in the con-
servatively treated series (listed on page 120)plus

anti-coagulant therapy during the first 3 weeks

after the myocardial infarct. Both heparin and
dicoumarol were used in 64 cases, and dicoumarol ‘
alone in 6 cases. Apart from 2 cases, the heparin
was given intravenously 8 hourly, and was continued
until the dicoumarol was effective. The 2 excep-

tions received 6 hourly injections. In the first 7
cases treated, the unit dose of heparin varied be-

tween 5,000 international units and 8,000 units, but |
thereafter no injection of less than 10,000 units was
glven. Adequacy of heparin dosage was decided by

eStimation of the clotting time of whole blood, one

hour aftep the‘in,ject.ion. Using the Lee=White methoh,

|
F1913>) a time of 20 minutes or more was considered |

Satisfactoryx. Commonly 4-5 days elapsed before the |
-*-o-..._____ |
The preparation of heparin used throughout the in-
VeStigation was the Roche product "Liguemin".  One|
hundreg millegrams of this preparation is the equi-|

valent of 13,000 international units.
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|

dicoumarol became effective. It was then continued |
during the first 3 weeks after the myocardial ine-
farct. In all cases 300 mgms. of dicoumarol were
given on the first day and 200 mgms. on the second

day. Commonly 200 mgms. were also given on the
third day, but a number of cases received only 100 |
mgms.y Or rarely none at all. Thereafter the daily?

dose varied between O & 200 mgms.. Throughout the 3 |

weeks of treatment the daily dose was regulated by |
daily estimation of the prothrombin time. This was
done by the Fullerton modification of the Quick
method (1940) using venom a8 the source of thrombo-
kinase. If the haemorrhagic complications of dicou=-
marol therapy are te be minimised, it is essential

| that all estimations of prothrombin time are done by
the one person, that a standard technique is used,
and that a normal control is done daily. In spite
of these precautions, bleeding will occasionally oc-
cur, owing to individual variation in response to

the drug. In this series of 70 cases, all prothrom-
bin estimations were done by one person (myself), and
at the same time each day - before breakfast. This
last precaution was taken as Fullerton (1949) be-

lieves that variation in the blood lipoid content

influences estimation of the prothrombin time when |
venom is used as the source of thrombokinase. }
During the first year of the investigation a pro-

thrombin time of 18-20 seconds, from a normal person |

was /
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was adopted as the standard. Thereafter it was found
more suitable to have a contrel prothrombin time of
about 25 seconds. At this level, the range of pro-
thrombin times indicating that the desired reduction
in prothrombin content of the blocd has been achieved
is wider, and dicoumarol dosage may therefore be more
accurately assessed. In dicoumarol therapy the ob-
Ject is to reduce the prothrombin content of the blood
to 20-30% of normal and to maintain it at that level.
Such is a difficult task, and there is little margin
for error, although bleeding complications are not
likely to occur unless the prothrombin content is re-
duced to under 10% of normal.

A period of 3 weeks anti-coagulant therapy wag
decided upon for 3 reasons (1) the clotting tendency
which develops in the blood after myocardial infarc-
tion (briefly mentioned in section IV. page 98 and to
be discussed later in section XIII.) seldom persists
for more than 3 weeks, (2) the majority of thrombo-
embolic complications occur during the first 3 weeks,
and (3) the action of dicoumarol persists for several
days after administration of the drug has ceased.
Only one case was treated for more than 3 weeks. In
this man, dicoumarol was given continuously for 11
Weeks (Case number 20 page 308 ).

(¢) Course after Myocardial Infarction :

(1) Complications: Only thirty-four of the
SEVeIly cases had an uneventful convalescence. A total|

of / |




176.

of 69 complications occurred in the remaining 36

cases. Thirty-four complications occurred in the
16 patients who died and thirty-five in 21 survivors.
Two or more complications occurred in 26 cases.

Table LXVII. on page 177 lists the various complica-
tions. Heart failure was the most common complication,
occurring in 13 of the 16 fatal cases and in 10 of

the survivors. In these 10 survivors there was a

good reéponse to treatment.
Thrombo-embolic complications occurring during|

the first 6 weeks are listed in Table LVIII.

Sighteen episodes occurred in 12 cases, but of these

5 took place before anti-coagulant treatment was

begun, and one, two weeks after treatment was complet-

ed, leaving twelve episodes in 9 patients while anti-
coagulants were being given. One female who suffer-!
ed 3 episodes - a recurrence of myocardial infarctionI
@ pulmonary infarct, and a splenic infarct, received[
quite inadequate heparin dosage, and in fact only 9
episodes occurred in 8 patients (11% of the series)
while the anti-coagulant therapy was theoretically
adequate. The hemiplegia which developed in 2 males

May have been haemorrhagic in origin as in both, the

Prothrombin time was high and one showed haematuria
' |

:later in the day on which the hemiplegia developed. |
However these 2 cases must be included in the 8 ex- i
Periencing thrombo-embolic episodes. None of the mal?
caseg developing a thrombo-embolic complication died,

Whereas /
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TABLE LVIII. Thrombo-embolic episodes occurring g
after myocardial infarction in 70
cases treated with anti-coagulants.

Recur- Pulmon- Cere- Periph- Splen- Hemiplegia

rence. ary bral eral ic In- YHgemorrhagic.
Infarct Em- Embolus farct.
bolus
Total 2 2 15 3 - 2
Male
Died
in - e = - - - -
Ward '
Total 1 3 1 2 1 o
Female
Died
in I 3 1 2 1 @
Ward

whereas all the affected females died. Recurrence of
myocardial infarction which was the most common event
in the conservatively treated series, only occurred
once while anti-coagulant therapy was adequate.

Seven patients - 3 male and 4 female - exper-
ienced one or more arrythmias (Table LIX. page 180).
Auricular fibrillation was the most common, occurring
in 4 cases. 1In one, a male aged 63 years who was

going into congestive heart failure, treatment with

digoxin resulted in the superimposition of frequent

paroxysms of ventricular tachycardia, but administra{
tion of quinidine prought about a reversion to normaﬂ
Thythm. Three cases showed two varieties of arrythj
mia - auricylar fibrillation and auricular flutter, |
auricular fibrillation and partial heart block,

auricular /
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auricular fibrillation and ventricular tachycardia;
while one case showed three varieties of arrythmia -
paroxysmal auricular tachycardia, stokes-adams at-
tacks, and complete heart block. The four females
affected all died, but only one male died. He showed
the three varieties of arrythmia on the morning of
his death. All were elderly.

(2) Cause of death :

Eight of the 16 deaths were due to
heart failure. In 5 the failure was of the left

ventricle, and 3 were in congestive heart failure.

TABLE ILX. Main cause of death in 1€ cases of myp-
cardial infarction treated with anti-coag
ulants.

C.HF . L.V.F. Sudden Arrythmia Hemiplegia

Male 2 3 3 1 =
Female 1 2
Total 3 5 5

(Only the main cause in each case is listed. Three

dying suddenly and 1 dying of an arrythmia were also
in early congestive heart failure, one other dying
Suddenly had mild left ventricular failure).
Seven of the remaining 8 deaths occurred suddenly.
Two were probably due to an arrythmia - paroxysmal
ventricular tachycardia,and a Stokes-adams attack ;
While one resulted from rupture of the myocardial

infarct
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infarct. No cause was found in the other 4 cases.
The sixteenth death took place a few days after a
cerebral embolus which had caused a complete hemi-
plegia. Not a single death occurred on the first
day. Five took place in the first week,seven in
the second week, two in the third week, and two in
the fourth week.
(3) Digitalis_Therapy :

Digitalis was used to treat 16 cases,
of whom 10 were in left ventricular failure,and 6 in
congestive heart failure. One of the latter group
was the male with auricular fibrillation previously
mentioned. Death occurred in eight cases - five
with left ventricular failure and three with conges-
tive heart failure. Three of these cases, although
deteriorating, died suddenly. Embolic phenomena
occurred in two females while digitalis was being
given. One had paroxysmal auricular fibrillation
and auricular flutter, and was receiving inadeguate
dosage of heparin; the other had experienced embolig
Phenomena before starting on anti-coagulants and
again before starting on digitalis.

Mercurial diuretics were used in 8 cases,six
times to supplement digitalis therapy. Quinidine

Sulphate was given to the two cases exhibiting

ventricular tachycardia. One died 2 hours after

the / \
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the first dose, but in the other normal rhythm was

restored.

(a) Pathology: Only 9 of the 16 cases came to
autopsy. All had markedly arteriosclerotic coron-
ary arteries and in 6 a fresh thrombus was found i
blocking an artery = five in the anterior descend=- i
ing branch of the left coronary artery, and one in
the right coronary artery. Endocardial mural
thrombus was present in only two hearts -« one the
inadequately treated female who had the paroxysmal
arrythmias and embolic phenomena; and the second, a
female who had a very extensive myocardial infarct
covered in one part by a thin _layer of thrombus.
She was in congestive heart failure at the time of
death, having been admitted after her third infarct
within 1 month. Peripheral infarcts in the spleen
and kidneys were found in the inadequately treated
female but in no other case. One case dying in
congestive heart failure showed terminal thrombosis
in one small pulmonary artery.

The hearts weighed from 250 Gms. to 530 GmSe,
only twoweighing under 400 Gms.. In all cases, the
infarcts were "large" or "extensive". Three died
from congestive heart failure, and four from left

ventricular failure. The two remaining cases died

suddenly = one from rupture of the infarct and one |
|
from an arrythmia. r

s TR
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X COMPARISON of the IMMEDIATE PROGNOSIS in

the CONSERVATIVELY TREATED SERTIES and the

SERIES RECEIVING ANTI-COAGULANT THERAPY.

(a) Composition of the two series: The two

series comprise waiting day admissions to the Royal

|
Infirmary Edinburgh and were unselected,with the ex= |

ception of a few cases showing a contra-indication to
anti-coagulant therapy. They differ in the detailed
incidence of many features, as listed below. Some
differences would favour a higher recovery rate in
the control series, others in the treated series.
However, when considered as a whole the twoseries are
not dis-similar. As they were not observed over
the same period of time they are not acceptable for
statistical analysis. For convenience the conserva-
tively treated series will be referred to in the text
as the "control series" and the series receiving anti-
ccagulant therapy as the "treated series".

The two series differ in the following re=-
spects :

(1) Age: The males in the treated series
averaged 57 years as against the 54.5 years of the
control series. In the treated series there were
fewer males under the age of 50 years than in the con-

trol series.

(2) Previous Hypertension: Was more common

in the treated series than in the control series, |

occurr ing /
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occurring in 52% of the males and 79% of the females
as opposed to 38.5% (male) and 43% (female) in the |
control series.

(3) Previous Effort Pain: was more common
among the females in the treated series (62.5%) than
among those in the control series (47%).

(4) Obesity: was more common in both sexes
of the treated series = 41% (male) and 75% (female),
than in the control series - 28.5% (male) and 43%
(female ).

(5) Two cases in the treated series were ade
mitted after their 4th myocardial infarct and one
again after her fifth infarct.

(6) In the control series there were seven
cases in cardiac grade III prior to their infarct, as
opposed to 2 cases in the treated series.

(7) A higher proportion of the control series
had painless infarcts - 18% as against 6% in the
treated series.

(8) A severe degree of shock at the time of
onset was more common in the treated series than in

the control series = 37% as against 30%.

(9) A pulse rate of over 100/min. after the

infarct was more common in the control series - oc=-

curring in 49% of cases as opposed to 30% in the

treated series.

(10) A high leucocytosis, a rapid blood sedi-
mentation rate, and a high temperature after the in- |

farct /



185,

infarct were all more common in the treated series
than in the control series.

(11) Electro-cardiographically anterior ine
farcts were more common among the treated males and
posterior infarcts in the treated females, than in
the control series.

Probably the most important difference between the
two series is in the incidence of a pulse rate of
over 100/min. As discussed in section VI. this fea-
ture is important in assessing the immediate prognosisi
The possibility that this®lower incidence in the
treated series may be the result of the anti-coagu-
lant therapy will be commented on later.

(b) Mortality Rates: In the control series 30

males and 16 females died during the first 6 weeks

w

after the myocardial infarct = the sex mortality rate
being 43% and 53%. In marked contrast, only 7 males
and 9 females in the treated series died during the
same period, the sex mortality rates being 15% and
37«Yrespectively. Were statistical methods of
analysis applicable to the investigation the reduction
in male mortality is highly significant (calculation
of the )(2 gives P as less than 0.01). On the
other hand the reduction in the female mortality rate
18 not statistically significant. The duration of

Survival after the myocardial infarct differs in one

important respect in the two series, namely that in ‘

the control serijes 12 males died. on the first day, %

Whereas /
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|

whereas in the treated series there were no deaths |
on the first day. If these 12 cases be excluded |
from the control series, the male mortality rate

drops from 43% to 31%. This is still considerably
in excess of the 15% male mortality in the treated

series, (but the difference would no longer be of

statistical significance P being between 00,05 and |

Oel)e i

(c) Incidence of Thrombo-Embolic Complications:

One or more thrombo=embolic complications occurred
in 24% of the control series. In the treated series
only 11% experienced such an upset while anti-coagu=-
lant treatment was effective. This reduction is
considerable but statistically it is within the
bounds of a possible chance happening. More striking
has been the fact that in the treated series none oq
the males involved died,although only two were under

60 years of age. In the contrel group,thrombo-embolic

episodes in males over o0 years were associated witm
a fatal outcome in 7 of 9 cases (although the epi- |
sodes were not necessarily directly responsible for
death). The three females in the treated series
who suffered thrombo-embolic complications, all had |
serious complications and all died. They were

elderly being aged 65 years,b6 years and 67 years.

In the control series on the other hand, 11 females
suffered thrombo=embolic complications, and of these
i

only 5 died. ' |

in [/
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In the discussion on immediate prognosis
after myocardial infarction in section VI. it was
stated (page 134)that "thrombo-embolic complica-
tions, particularly a recurrence of myocardial infarc-
tion would appear to be important in deciding the
outcome among males in cardiac grade IIA who have al-
so cardiac enlargement". Of 28 males so classed,
14 died,y 4 from a recurrence of myocardial infarction
and one after a cerebral embolus. Only one episode
- a pulmonary infarct - interrupted recovery in the
14 survivors. In no other group did the occurrence
of thrombo-embolic complications so influence the
outcome. In the treated series, eighteen out of 23
males in grade ITA had a large heart. Not one suf-
fered a thrombo-embolic complication and only one
died. In a comparison of the immediate mortality

among the males in the four cardiac grades only males

in grade IIA have shown an improvement with anti-coag
ulant therapy - (Figure 14). The over=-all mortality
rate of the grade IIA males (i.e. cases with no card-
lac enlargement, plus those with cardiac enlargement)
dropped from 42% in the control series to 4% in the
treated series.
Among the females in the control series,

thrombo=embolic complications were not important in

influencing prognosis in any group. A marked reduc-

tion in female mortality as a result of a reduction

in the frequency of thrombo-embolic episodes is |

therefore ,
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therefore not to be expected. Subdivision of the

| females cases in the two series into their respective
cardiac grades (Figure 15) shows,rather surprisingly,
that the mortality rate among the treated females

has been improved only among those previously in car-
diac grade IIB. No doubt this is partly due to the
one female who was admitted and treated with anti-
coagulants after her 3rd, 4th and 5th myocardial in-
farcts and who survived each one. She was in grade
IIB prior to each infarct. However it may be that
this improvement is due to the anti-coagulant ther-
apy and not to a chance grouping of patients.‘

(d) Discussion: Were anti-coagulants to bring
| about an improvement in prognosis, quite apart from
lessening the freguency of thrombo-embolic complica-
tions, this would be an added reason for their ad-
ministration. The clinical features important in
assessing immediate prognosis were discusséd in sec-
tion VI. A comparison of the mortality rate for
each feature in the two series may give some indica-
tion whether anti-coagulants do influence the prog-
nosis, other than by reducing thrombo-embolic compli-
cations, or not. The feature invariably associated

with a fatal outcome - presistent gallop or tic-tac
Thythm, and a state of profound shock with inaudible

or very faint heart sounds, and an unrecordable blood

"
P

le

PTessure - need not be discussed. It is inconceivab

that anti-coagulant therapy could improve such cases.
The / |
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The features which may profitably be compared, how-
ever, are (1) marked degree of shock at the onset,
(2) faint or pcor quality heart sounds (3) systolic
blood pressure of under 100 mm. Hg., (4) pulse pres-
sure of under 30 mm. Hg., and (5) a pulse rate of over
-100/min.. These features are commonly associated with
a poor prognosis and in cases showing these features,
any improvement due to the anti-coagulant therapy
would be most apparent.
(L) Marked degree of shock at the onset.

Figure 16 A shows diagramatically how anti-coagulant
therapy has been associated with a marked reduction
in mortality rate, particularly among males.

(2) Faint and poor quality heart sounds.
(Figure 16 B). Again there is a reduction in the
mortality rate, particularly among males.

(3) Systolic blood pressure of under 100 mm.

=)

Hg. (Figure 16 C). The improvement in mortality witl
anti-coagulant therapy is similar to that shown for
faint and poor quality heart sounds.

(4) Pulse pressure of under 30 mm. Hg..
(Figure 16 D). The improvement in male mortality has
been striking, but in the small number of female cases
in the anti-coagulant series,(3 cases) there has been
& 100% mortality. _

(5) Pulse rate of over 100/min. (Figure 16 E).

The improvement in male mortality associated with

anti-coagulant therapy has been slight, while fe- |

males haye shown no improvement.
The /
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The finding that a reduction in mortality has
oceurred among males receiving anti-coagulant therapy
in each one of the features investigated might sug-
gest that recovery of the myocardium is more rapid
and complete, or that the extent of myocardial damage
is minimised by the use of anti-coagulants. The
poorer response shown by the females may be bound up
with the greater age of the female cases and conse-
quently with a lessened myocardial reserve.

Should the extent of myocardial damage be
limited by the administration of anti-cocagulants, it
might follow that heart failure would be a less fre-
quent complication in the weeks after the acute epi-
sode, or that, if failure did develop, it would be
less severe and respond more'readily to treatment.

In the coentrol series, heart failure occurred in 31

| cases with an 87% mortality. In the treated series
| the incidence was similar (33%), but only 57% died.
This would support the opinion advanced above that
anti-coagulant therapy limits the extent of myocard-
ial damage. The relative infrequence of a pulse
rate of over 100/min. in the treated series, as com-
pared with the control series and the improvement in
mortality of the grade IIB female in the treated se#-
ies may also have resulted from this effect.

The nine cases who died while receiving anti-
Coagulants and who came to autopsy all had "large"
Rexxies or Mextensive! myocardizl infarets. In the '

control
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control series on the other hand only 21 of the 35
autopsied cases had '"large" or "extensive" infarcts.
In the remaining 14 cases the infarct was small or |

of moderate size, It is probable that prompt ade-

ministration of anti-coagulants, particularly hepar-
in, minimises or prevents thrombosis in the collaterl
al vessels which must supply the infarcted area,
thereby limiting or preventing any concentric en- i
largement of the infarct. The prognosis in a case }
with a small infarct or an infarct of moderate size é
might therefore be improved.

That adeguate anti-coagulant therapy does
prevent endocardial mural thrombus formation over
the infarcted area is amply demonstrated in the aut-
opsy cases. One case in congestive heart failure
showed a very thin patch of thrombus over one part of
a large infarct, but no other case showed any evi-
dence. of thrombus formation. Similarly no peri-
Pheral or pulmonary infarcts were demonstrated, al-
though one man dying in congestive heart failure had
& terminal thrombosis in one small pulmonary arterys
But is this great efficiency of anti-coagulant ther-
8Py in preventing mural thrombus formation entirely
without risk to the patient 7 Is not formation of

this mass of endocardial mural thrombus, nature's

Mmethod = albeit a dangerous method - of splinting, |
immobilizing, and strengthening the infarcted area, |
énd, through subsequent o¥ganization of the thrombus,

BE
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of increasing the thickness and probably the strength
of the resulting scar ? Does abesence of this layer
of thrombus.weaken the infarcted area rendering it
more liable to rupture or to bulge with cardiac
aneurysm formation; or does the concomitant action
of the anti-coagulants in limiting extension of the
infarcted area and in improving the collateral blood
supply minimise any such weakening of the ventricu-
lar wall 7

Clinically there has been no increase in the
incidence of rupture of the area of infarction, only
one case occurring in the 70 treated cases. Cardiac
aneurysm formation will be discussed in the follow
up investigation in section XI.

‘Only two points remain to be mentioned, the

first a technical one. Bight hourly intravenous in:
Jections of heparin have proved adeauate in all cases
éxcept when thrombo~-embolic episodes have preceded :
treatment. In such cases mural thrombus is already
Present and injections should be given at least 6
hourly and preferably 4 hourly, and the transition
from heparin plus dicoumarol to dicoumarol alone
should not be abrupt. Over a few days, the fre-
quency of heparin injections and the size of the dose

should be gradually reduced, before being stopped

completely. In 2 cases in this series, who had

|
Suffereq embolic phenomena before treatment was be—a
8Un, the heparin was stopped abruptly when the i

dicoumarcl / !
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dicoumarol was apparently effective. Both cases
sustained a further thrombo-embolic episode within
24 hours, and the heparin had to be restarted.
Lastly the 3 weeks duration of dicoumarol
therapy proved adequate in all but one of the 70
treated cases. This one man had a recurrence of myoe
cardial infarction in the fifth week after the on-
set. Such a single event does not justifylthe
work, or the inconvenience and risk to the patient,
involved_ in continuing dicoumarql therapy for a
longer periode. Moreover the changes in the clotting
mechanism to be discussed in section XIII. seldom
persist in marked degree beyond the third week. It
is probable that dicoumarol should be continued be=-
yond the end of the third week only if a major
thrombo=embolic eﬁiSOGe.takes place during the se=-

cond or third week of treatment.

4
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XI. FOLLOW UP of 54 SURVIVORS of ACUTE MYOCARDIAL
INFARCTION TREATED with ANTI«COAGULANTS. |

The subsequent course of all 54 cases is
known. Fortysix have been re-examined, many re- i

peatedly. Two have reported by letter, while in the

remaining 6 cases the general practitioners concerned

|
have supplied certain clinical details. |

(1) Age at onset: The age at the time of
the myocardial infarct is shown in Table LXI.

il
TABLE LXI. Age distribution of 54 cases surviving i
acute myocardial infarction treated with
anti-coagulants, subdivided to show (a)‘
subsequent fatal cases, and (b) surviv-

oI's., |

Male. Eemale. i

Died still Died S5till

Subsequently Alive Subsequently Alive

- - i - e

40- 1 1 = -

45 - 1 3 - - ;'

50- - 10 - - li

59 - ! 6 204 i &

60- - - 10 2 6 |

65 - a 2 = 4 |

70 1 2 = 2 i
Total 4 35 i 3 Le

_——— e ——— e e e e e e e o o o . e e
. e o e e e e e o o o o o o o e e e o

The average age at the time of the myocardial ine

farct of those dying subsequently was 55 years for
the / ;



| the males and 61 years for the females, in compari- |
| son with the 56.5 years and 66 years respectively of

those still alive.

| (2)

| which the cases have been followed varies between 3

Period of follow up: The interval over

195,

- average duration of survival of the 39 male cases is

1 year 4% months, and of the 15 females, 1 year %

months and 2 years 10 months. No case still alive

has been followed for less than 6 months. The |

month.
|
 IABLE IXT A. Duration of survival after myocardial
| infarction of 54 cases treated with
| anti-coagulants.
|
: Male. Female.
|
| Died Still Died Still
| Subsequently Alive Subsequently Alive
0 = % yrs. 1 1 2 15
|
'3 =1 yrs. 1 13 1 4
1 =13 yrs. 1 8 = 2
‘l% - 2 yrs. - 3 = >
|2 = 2% yrs. 1 6 = 3
2% = 3 yrs. a2 4 = =

(3)

}TﬁBLE LXII.

Subsequent deaths: The deaths took place

between 3 months and 2 years 5 months after the ine

/

farct. Duration of survival and cause of death are
listed in Table LXII.
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TABLE LXII. Duration of survival of 7 cases'dying
after a myocardial infarct treated with
anti-coagulants, and cause of death.

puration of Survival(Years) Cause of Death. |
Male Female

|
a2 |
12 (48) Sudden. I
14 !
H2 (56) Recurrence of myocardial

: infarction.
6 |
12 (64) Recurrence of mycordial |

infarction.
| l |
12 (71) Hemiplegia. ‘
12 (62) Recurrence of myocardial
infarction. |
115 |
12 (56) Angina pectoris. |
22 1

12 (44) Pontine haemorrhage.

Age at the time of the myocardial infarct treated in
hospital is given in brackets.
Five of the seven deaths took place within

the first year. Only 2 deaths were from causes un=

related to the heart - a pontine haemorrhage, and a
hemiplegia. All three feméles died within a few |
hours of a fresh myocardial infarct. 1In the case of
the female aged 56 years this was her second infarct
after discharge from hospital and her third in 4%
months. The male dying of angina pectoris was treatj
ed during his second myocardial infarct. He was
éxtremely incapacitated by anginal pain both before
and /
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and after each infarct, and had developed early con-
gestive heart failure before death. Lastly the male
who died suddenly did so while removing his clothing
preparatory to being examined. At autopsy no cause
was found. He had given a history of momentary losé
of consciousness while sitting in a barber's chair |
2 weeks previously, and may have had a paroxysmal
arrythmia.

(4) Cardiac Grade after Myocardial Infarction:

This is known for 36 males and for all 15 females.
Three males have not been reclassified - two were
handicapped by a hemiplegia, and the third has had a
mid-thigh amputation of a leg.

TABLE IXITI. Lowest cardiac grade after myocardial
infarction in 51 cases treated with
anti-coagulants.

Died after Discharge Still Alive

M. F. M. F.

Grade I L Y 1 =
IIA 1 3 23 4

IIB 3 - 8 8

L = = A R

Eighteen males and three females had to be regraded
after the infarct, their functional capacity being
reduced, - eleven males passed from grade I to grade

IIA, and seven from grade IIA to grade IIB; three

females passed from grade IIA to grade IIB. One
male /
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male and one female regraded as IIB have since re=
gained their lost exercise tolerance (i.e. are now |
| grade ITA). Among males, the subsequent mortality
has increased as the functional capacity of the
| patient has decreased, but as yet, all the females
in grade IIB have survived.

(5) Ability to return to work: Thirty of the

39 males who survived the myocardial infarct had
been working prior to the onset. Twenty-four males
who are still alive returned to some form of work.
Four are doing work of a strenuous nature, while a
fifth does heavy work; three had been in cardiac
grade I prior to their infarct and twe were in grade
ITA. Three cases have had to give up work because
of a deterioration in their effort tolerance. Only
2 of the males who died subsequently had previously

been at work and neither had recommenced work prior

to death. ©Of the 15 women who survived the myocar-
dial infarct, only two are fit for all household
duties. Three others - one of whom died after 9

months - found the heavier household tasks beyond

their capabilities; while the 10 remaining cases -
two of whom have since died - were fit for only the
lightest of quties. In fact the 8 survivors, all of
whom are in grade IIB, do virtually no work at all.

(6) Complications after myocardial infarction:

Complications are common in the months and years

following myocardial infarction. Forty-four of the
S& /. |
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54 cases who survived the acute episcde have since

developed one or more complication.

TABLE IXIV. Complications arising in 39 males sur- |
viving myocardial infarction treated |
with anti-coagulants.

Died ‘Still Total.
Subsequently Alive
Angina Pectoris 2 13 15
Recurrence of )
| ) = 1 1 |
Myocardial Infarction) |
Hypertension 2 23 25 E
Left Ventricular Failure - 3 ‘
Congestive Heart Failure(mild) 1 2 3 i
ArTythmia 17 - 17
Cerebral Thrombosis = - L
Intermittent Claudication - 1 L i
Phlebitis - 1 1 }
Major Operation - 3 3 ;
Shoulder pain 1 3 4

Eleven of the 15 cases experiencing effort pain afte#
the myocardial infarct, had also experienced pain ‘
Prior to the infarct (two of them have since died). |
Five who had suffered effort pain prior to the in= |
farct, have experienced no pain since returning to
activity. All are still alive. In 25 cases, the

blood pressure has returned to, or has risen to,a

hypertensive /
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hypertensive level. Fifteen of the cases, were
known to have been hypertensive prior to the myocar- |
dial infarct; in seven the previous blood pressure %
level was unknown; while in one case the blood pres#
sure had been in the normal range. Four cases who |
had been definitely hypertensive prior to the infarcé
showed no return to this hypertensive level. The
possible arrythmia recorded may have been the cause
of the sudden death in the male who died just prior |
to a routine examination. Shoulder pain was assoc=-
iated with limitation of movement of the shoulder
particularly abduction and external rotation. It
was little influenced by heat and massage, but in

each case slowly became less marked and less disabl-

ing over a number of months. The three major opera-

tions performed were (1) for a stone in the common |
oile duct; (2) prostatectomy and (3) a mid thigh ‘
amputation of a leg. This last operation was carrie£
out in the 7th week after myocardial infarction.
(Case No. 25 page 320). | |

Females too, have shown frequent complica- |

tions.

TABLE LXV. /
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TABLE LXV. Complications occurring in 15 females
after myocardial infarction treated with |
anti-coagulants.

Died Still Total
Subsequently Alive

Angina Pectoris 1 7 8
Recurrence of ) |
) 1 1 2
Myocardial Infarction)
Hypeftension 2 12 14
Left Ventricular Failure - p it
Congestive Heart Failure(Mild) - 3 3
Peripheral Neuritis .- 1 1
Cardiac Neurosis - i B &
Cancer - 1 1
Troublesome Extra-Systoles 8 4 - it

The eight cases experiencing effort pain after the
infarct had all previously experienced pain. Three
other cases were free of the effort pain they had

suffered prior to the infarct. Of the 14 cases

showing hypertension after the infarct, the blood

pressure had previously been high in 12; 1in one the |
previous level was unknown; and in one it had been ‘
within normal limits. The fifteenth case showed no |

return of a hypertension previously present.

(7) Electro-cardiographic changes: In 43 cases,

electrocardiograms have been taken at intervals after|
the myocardial infarct. Nine records have returned |
to within normal limits (3 posterior, 5 anterior, and

1/
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1 atypical)e One other record has been normal
throughout. Return to normality of the record is
not associated with freedom from symptoms however,
or indeed with survival. One male showing such a
return to normality has since died.

X¢+Ray examination has not revealed a single
case of cardiac aneurysm formation.

(8) After care: This has been exactly
similér to the routine adopted in the management of
the survivors of the conservatively treated series.

(page 149 ).

> i
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XII. COMPARISON of the CLINICAL COURSE of the

SURVIVORS of MYOCARDIAL INFARCTION TREATED

(a) CONSERVATIVELY and (b) WITH ANTI-COAGU-
LANTS.

The number of cases in each series, which
have been followed up, and reported in detail in
sections VII. and XI., are similar, - 37 males and
13 females treated conservatively, and 39 males and
15 females treated with anti-coagulants. As in sec-
tion X. the two series will be referred to as the
control and treated series. The period of observae
tion of the control cases has been much longer than
that of the treated cases. For accurate comparison
| of the subsequent mortality rates in the two series,
only those cases in the control series who died dur-
ing the first 25 years among males and 14 years among
females, will be considered. Eight of 37 males in
the control series died in the first 235 years, but
only 4 of the 39 males in the treated series died
during the same period - mortality rate of 21% and
10% respectively. Four of 13 females in the control
Seéries, and 3 of 15 females in the treated series
died in the first 14 years - mortality rates of 31%
and 20% respectively. oSurvivorship tables for the

two series have been constructed. (Table LXVI. page

204 ). ‘
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Fewer deaths have occurred during this limited folloTy
up period among the cases receiving anti-coagulant
therapy than among the control series, except duringl
the 2«25 year period among the treated males, when |
too few cases were observed to allow accurate cone
struction of a survivorship table.  An equal propor-
tion of the deaths in each series have resulted from
a cardiac cause -~ 71%. j

The grading of cases according to functional
capacity after the infarct is similar among the males
of the two series. Twenty=five males in the control
gseries and 27 in the treated series were in cardiac
grade ITA, but only one male in the treated series
remained in grade I. as opposed to 4 in the control
group.  Seven females in each series were in grade
ITA but in the treated series eight were in grade IIB
as opposed to 2 in the control series. A similar
number of cases in each series returned to work = 25
males in the control series and 24 in the treated
series. Only 2 women in each series were fit for

much housework.

o With the exception of hypertension and arry-
e

thmias/incidence of complications in the two series
has been similar. In the treated series 25 males and
14 females developed hypertension after the myocardial

Infaret, as opposed to the minimum figures of 13

males and 3 females in the control series. Only one

doubtful / ‘.
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doubtful arrythmia occurred in the treated series in
contrast with the 4 cases in the control series. A

non=fatal recurrence of myocardial infarction has oc-
curred thricein each series. Shoulder pain was ob-

served in the treated series, but attention was not

paid to this complication in the control series. No
case of cardiac aneurysm formation has been detected
in the treated series.

A return to normality of the electro-cardio-
gram was noted in each series - 29% of the cases in
the control series who had follow up records taken
showed a return to within normal limits, while 21%
of the records in the treated series have also re=
turned to within normal limits.

There is little difference between the two

séries, in the course pursued during the months and

years after the myocardial infarct apart from (1) the
lower mortality rate in the treated series during the
first 14 years (female) and 24 years (male) after thg
Myocardial infarct and (2) the higher incidence of
hypertension after myocardial infarction in the
treated series. Whether these two points of differ-

énce are chance findings or whether they are due in

Some way to the administration of anti-coagulants dur
ing the acute phabe of infarction, must await investi-
gation of a larger series of cases,and a longer perloF
Of observation. It is possible,however,that they prow-
Vide corroborative evidence of the suggested effect of
dti-coagulants in limiting the extent of myocardial |

damage,
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XIII.  OBSERVATIONS on the CLOTTING CHANGES

FOLLOWING MYOCARDIAL INFARCTION.

(a) Investigation of the clotting changes :

The Waugh-Ruddick heparin retarded clotting
test was briefly described in section IV page 98.
Using this test, serial observations have been made
every few.days on 12 cases of acute myocardial ine-
farction treated conservatively. In addition 22 casep
treated with anti-coagulants were investigated before
treatment was begun,and again after its completion,in
the 17 surviving cases. It is convenient to use the
clotting time of tube 9 (containing %@ths unit of
heparin) when comparing serial observations on cne
patient or single observations on a group of patients}
Waugh & Ruddick state that in a series of 50 healthy
“|adults the clotting time of tube 9 ranged between
64 mins. and 88 mins. with the average time of 71
mins.. Personal observations would suggest that
64 mins. is not the lower limit of normality, times
of 56 and 54 minutes having been observed in healthy
individuals. The temperatures at which the test is
carried out is of extreme importance. The practice
of the originators of the test was adhered to and all
investigations were made at a room temperature of
18-20%%. . Raising the temperature to 37°C. greatly

shortens the duration of the test but, although

narrowing the range of normality, also reduces the

difference between the normal and the abnormal.

of  / |
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Of the 12 conservatively treated cases on
whom serial observations were carried out, four died)
after 9, 10, 12 and 16 days. All 12 cases showed a
progressive shortening of the clotting time of tube
9 i.es they developed an enhanced clotting tendency,
This was then followed by a return to normality.
(Figure 17). In 10 cases the change was detected
in the first week after the infarct = 3rd day, 2
cases; 4th day, 3 cases; 5th day, 3 cases;  6th
day; 1 case; 7th day, 1 case. As daily tests were
not done, it is possible that the change may have
been present for one or two days before being detect-
| éds In one case, there was little variation in the
clotting time of tube 9 until the 14th day after
the infarct. This patient died 2 days later. The
12th case was not inpvestigated until the 9th day
after his infarct, by which time tube 9 was clotting
quickly. (34 mins.). Bxcluding the case which died
on the 9th day and which was not investigated after
the 7th day, and the case dying on the 16th day whichl
showed no changes before the 1l4th day, the maximum
shortening of the clotting time of tube § was oOb=
Served on the following days after the myocardial ing
farct - 7th day, 1 case; 9th day 2 cases; 10th day
2 Cases; 1lth day 1 case; 12th day, 1 case; 14th

day 1 case; 15th day, 1 case; and 17th day 1l caseo
The shortest clotting time observed for tube 9 in

these cases was - 38 mins. 1 case; 34 mins. 2 cases;|
|

32 / |:
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Figure XVII. The clotting time of tube 9 (Waugh- |
Ruddick heparin retarded clotting
test) is recorded, and illustrates
3 varieties of changes after myocardiﬁl
infarction. One case died on the
1l4th day. [
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32 mins. 2 cases; 30 mins. 2 cases; 28 mins. 2
cases; and 26 mins. } case. Finally in the 8 sure
vivors a return to normality was observed on the
following days after the infarct - 14th, 18th, 20th,
22nd, 25th, 25th, 29th, and 34th days. These are
all maximum intervals and in each case the return to
normality may have been present for up te 3 days.
The period between appearance of the change and the
return to normality in each case was, 8, 16, 18, 13+,
22, 23y 25, and 26 days respectively.

Three recurrences of_myocardial infarction

and one possible extension of infarction took place,

o §

all at, or about, the time when the enhanced clotting
changes were most marked. (Figures 9, 10). No
other thrombo-embolic phenomena occurred. Two cases
died soon after the recurrence of myocardial infarce
tion. The third had her recurrence on the 7th day
and by the 18th day her clotting times were within
the normal range. The fourth case had a possible
small extension of her infarct on the 1l4th day and the
clotting changes did not regrees until the 25th day.
Of the remaining 2 deaths, one occurred sud=
denly in a patient in heart failure who was receiving
digitalis, while the other was due to left ventricular
failure.

Two of the cases developing a recurrence of

fiyocardial infarction while their blood showed a |

Clotting tendency showed an unexpected change in the |
i

days /
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days succeeding the recurrence. One in whom the
test was done on the day after the infaret and who
died later that day had a clotting time for tﬁbe 9
of 58 mins., a marked change from the 30 mins. of

3 days previously. (Figure 18). The other case
showed less striking changes. On the day of the
recurrence but prior to the onset of symptoms tube
9 clotted in 34 minse, while 3 days later and 7 days
later it clotted in 40 mins. and 36 mins. respective-
ly. (Figure 9).

Four cases developed heart_failure and 2
were digitalized. One female was in failure and
on digitalis from the first day but showed no change
in her blood clotting until the 1l4th day when an ine
Creased clotting tendency was demonstrated. She
died suddenly 2 days latere. The 3 other cases
showed no greater clotting tendency than did the
remaining cases.

Only 2 cases came to autopsy. One showed
No evidence of mural thrombus formation - the femal%
who had no change in her clotting time until the
l4th day, while the other, whose clotting changes
had begun on the 3rd day, and who died on the 12th
day, after a recurrence of myocardial infarction
had extensive mural thrombus.
Among the 22 cases investigated prior to anti+

coagulant treatment the clotting time of tube §

varied depending on the time interval after the |

Myocardial / |
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As in figure 17, the clotting time of
tube 9 is recorded. The changes be-
tween the time of 30 mins. on the 10th
day, the recurrence on the 13th day,
and the 58 mins. recorded on the 1l4th
day are unfortunately not known.
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|
| myocardial infarct.

The results observed were as follows:

Day of test. Normal Enhanced

clotting. clotting.
1st day 5 5
2nd M 2 -
3rd * 1 2
4th " = 1
5thl" 1 it
7th *® 3l ik
10th " 1 -
1l4th day ki, 1
Total 11 11

—_————_——— pmpp—————

Cne case admitted 2 weeks after the onset and after
2 embolic episodes had a clotting time for tube 9
of 24 mins.. In the 17 cases surviving the infarct

| the test was repeated about 7-10 days after dicou-
marcl had been stopped. In each instance it was
Within normal limits.

The five treated cases showing an enhanced
clotting tendency on the day of the myocardial in-
farct, and one other untreated case dying on the 1st
day who also showed this change (this case is not

Mentioned elsewhere in this section) were discussed

in section IV.

(b) Changes in Plasma fibrinogen : !

|
Plasma fibrinogen levels have been estimated

in /



‘ with anti-coagulants and 7 treated conservatively.

i
|

l

‘ in 8 cases after myocardial infarction, one treated

| The last case - the one treated with anti-coagu-

' result from increased production of fibrinogen by the

'8l arteries and veins ? Also why should these

after the infarct ? What has upset the mechanism

|
M2, '

All showed a rapid rise in the plasma fibrinogen con-
tent, reaching almost to twice the normal level.
(Figure 19)s Two cases died on the 12th and 16th
dayss In 5 of the remaining cases the level fell
to within the upper limits of the normal plasma fib-

rinogen content in 3 - 4 weeks after the infarct.

lants - had a persistently high plasma fibrinogen

level after 6 weeks. Presumably this increase must

liver. Fibrinogen B has been demonstrated on only
3 occasions - once in each of 3 persons. The pro-
thrombin time was not significantly shortened in any
of the 70 cases of myocardial infarction treated with
anti=-coagulants.

(¢) Discussion:
Why is it that after myocardial infarction

thrombus should form on the endocardial surface of

the infarcted area, either in the ventricle or auricle)

and also, on occasions, in the pulmonary and peripher

changes be manifest mainly during the first 3 weeks

maintaining the normal fluid state of the blood ?

According to the Schmidt-Fuld Morawitz theory of |

|
blood coagulation, the change takes place in two |

Stages -



Q-80f

Q-70t /

5
Z 0:60 \
o
E \
g \
&
2050 S
& B
D
040 S
0:30 : !
9 2 3 4 S
WEEKS,
Figure XIX. Changes in the plasma fibrinogen con=

tent after myocardial infarction, as
occurred in 2 cases.




ol3,

ELASRS. = Thrombokinase
(1) Prothrombin Calcium. Thrombin.
(2) Fibrinogen Thrombin——  Fibrin

Presence of an excess of thrombokinase or of thrombin
in the blood might upset the normal balance and in=-
itiate clotting. In the infarcted area of myocar-
dium, tissue destruction is associated with the lib~
. eration of thromboplastic substanceswhich are partly
carried away in the blood by the collateral vessels,

but which also exude into the ventricular cavity

through the endocardium covering the infarcted muscle.

This produces a high local concentration of thrombo-

plastic substance which is presumably sufficient to

bring about a local upset in control of blood clotting

and to initiate thrombusformation - in spite of the
fact that the endocardium itself on which the throm-
bus is laid down is not infarcted. The immobility
of the infarcted area relative to the remainder of
the myocardium no doubt plays a part in not dislodg-
ing the thrombus once it has formed. The thrombus
| then acts as a foreign body in the blood stream on
Which further thrombosis occurs. The peripheral
thrombotic episodes may be related to the excess of

thromboplastic substances escaping into the blood

| Stream ang favouring initiation of blood clotting, |
I

but local vessel disease probably plays a part in ‘

determining the site of thrombosis. Peripheral in- ||

| farets / ||
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infarcts, resulting either from local arterial
thromboses or from embolic arterial occlusion, would
add their quota of thromboplastic substances to the
blood stream.

What is the defence mechanism of the body
against such excessive and continued production and
liberation into the blood stream of thromboplastic
substances ? Much of the normal anti-clotting me-
chanism of the body is provided by heparin, or by a
substance or substances derived from heparine.
Heparin is the internal secretion of the mast cells
of Ehrlich. It is believed to have five actions
whereby it interferes with each stage of the clotting
mechanism. (1) Along with a plasma co-factor it
prevents the conversion of prothrombin to thrombin,
(2) it is an anti-thrombokinase, (3) again in ase
| Sociation with a plasma co-factor it is a strong anti-
thrombin, (4) it prevents agglutination and disinte=
| gration of platelets, and (5) it causes fibrinolysis
of & fresh clot. The mast cells of Ehrlich are
distributed throughout the body around the capillar-
ies and small vessels, with the maximum concentration
in the liver and lungs. From that perivascular
Position they pass their secretion directly into the
blood stream. How is the activity of these cells

fégulated? Under what stimulus is heparin formed

and secreteds? Is secretion continuous or intermittent?

Are all the mast cells functioning at one time or is |

there / |
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there a large reservet The physiology of heparin
is not known.

Does any upset in the clotting mechanisp
favouring the occurrence of thrombosis, act as a
stimulus to the mast cells and increase the secre-
tion of heparin ? If this enhanced clotting tendenay
is marked and long continued, will exhaustion of the
mast cells result or will a stage be reached at which
the cells are working to capacity but are not capable
of maintaining the normal balance between the "clotting"
and "anti-clotting" factors in the blood. A method
of estimating the amount of heparin circulating in
the blood is reguired, which does not involve the
clotting time of blood in the technique.

The changes in the heparin retarded clotting
test following myocardial infarction could be ex-

Plained by this lack of balance between thromboplastin

Production in the infarct and heparin secretion by
the mast cells, but to what degree the mast cells re=
Spend by increasing heparin production, and whether
the development of a marked clotting tendency indi-
cates temporary exhaustion of these cells or not,
MUSt await further investigation.Are there any infer=-
| €Rces which may be drawn from the clotting changes
observed ¢ Does absence of any change mean that no

fural thrombus has formed or will form ? On the

Other hand, does presence of a marked changed imply

;—_‘-__""""—— |i
Since the gection was written, the method de- '
SCribed by Jagues and his associates (1949) has |
Deen noted in the literature. This invoévei
Precipitation of the heparin from citrated plasma
by N - o:tvlamine and reprecipitation with brucine.
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that mural thrombus has formed? The two autopsy
cases investigated and previously cited would lend
some weight to both possibilities. The considerable
variation from case to case in the duration of the
clotting change, no doubt reflects the extent of
myocardial damage and the activity of the system of
mast cells in each case. With increasing age the
efficiency of these cells may well diminish.

That anti-coagulant therapy does counteract
this upset in the clotting mechanism, although appar+
ently not completely in every instance, may. be ine
ferred from the relative absence of thrombo-embolic
phenomena during anti-coagulant therapy and from the
absence of mural thrombus at autopsy in adequately
treated cases, even in those showing an enhanced

clotting tendency prior to treatment.

XIv,
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XIV. SPECIFIC TREATMENT of the SHOCK ASSOCIATED

"with ACUTE MYOCARDIAL INFARCTION.

In the two series of 170 cases reported in
sections V. and IX., 4 deaths were due entirely to
persistence of a severe degree of shock, and in one
male who died in early congested heart failure, per=
sistence of shock was doubtless a contributory fac-
tor. Until recent years, specific anti-shock treats
ment was discouraged, apart from warmth, the head
low position, and the judicious use of stimulants
such as adrenaline. The presence of shock was
thought to be a protective mechanism, reducing to a

minimum the strain on the damaged myocardium. The

fact that this "protection" might scmetimes be bought

at the price of death from shock along was unfortun-
ate but unavoidable. Shock i.e. peripheral circu-
latory failure, not only reduces the blood pressure
and venous return to the heart, but also impairs

the supply of blood to the myocardium. Wiggers
(1947) demonstrated that in dogs persistence of a
severe post-haemorrhagic hypotension for 135 minutes
or more resulted in death from progressive myocardial
insufficiency, even although the blood volume was

| Testored by transfusion. Prinzmetal and his assoc-

iates (1949) have shown that in dogs with myocardial

infarction, if the degree of shock induced by bleed-l
l

ing is severe, not only is the amount of blood |

Teaching /
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;maching the infarcted area from the collateral vege
selsgreatly reduced, but the remaining normal myocar-
dium also becomes ischaemic and damaged. Ballooning
of the infarcted area with each systole becomes marked.
Restoration of the blood volume by transfusion resultf
in a disappearance or lessening of this ballooning.
Human beings who develop myocardial infarc-
tion following coronary artery occlusion already have
an impaired coronary blood flow due to the arterio-
sclerotic narrowing of the arteries. The risk of
generalized myocardial ischaemia during a period of
severe shock, is greater than in the experimental
animal. Specific anti-shock treatment is therefore
imperative in all cases showing a severe degree of
shock at the time of their myocardial infarct.
Therapy should be instituted as soon as possible after
the shock develops, as the longer the hypotension ex=
ists, the more coronary insufficiency and myocardial
damage can be expected. If the patient has been
shocked for a long period of time, the prognosis is
POOr and may be hopeless, because of irreversible
changes in the myocardium. Even if the shock be re=-
lieved the patient will still die of heart failure.
@hat is the risk in every case, either because of the

Myocardial changes while the shock persists or because

0f the size of the original infarct. Myocardial rup-
ture. is unlikely if treatment is begun early.

Prinzmetal (1949) recommends that treatment |

!‘Sho uld / |
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should consist of (1) transfusion of whole blood or
plasma, or glucose solution, and (2) administration
of pressor agents = adrenaline 3=4 minims (1:1,000
solution) every 15 minutes, caffeine, or coramine.
Plasma is the fluid of choice as there is often haema
concentration due to vomiting and profuse sweating.
If pulmonary oedema is present, plasma should be ade
ministered cautiously if at all, and chief reliance
should be placed on the pressor drugs. Inevitably
cases will be treated who would recover without any
specific treatment, or who would die regardless of th
treatment, but between these two extremes are the
cases where treatment of shock is lifee~saving.

Our own experience of specific anti-shock
treatment is limited to 3 cases, one in the treated
series, and two in neither series. The methods ad-
opted were (1) the head low position in bed, (2)
Wwarmth, (3) oxygen, (4) plasma infusion, (5) cora-
mine hourly or 2 hourly. Only 2 cases received cora
mine.

The first case treated is reported in detail
On page 293. Specific anti=-shock measures were
instituted 42 hours after the onset of symptoms, 1
Pint of plasma and 11 oz. of 6% glucose being given
Over 28 hours. For about 24 hours there was con-
Siderable improvement but evidence of heart failure

then developed and she died on the morning of the 5th

day. Autopsy showed very extensive myocardial damage.

The /



220.

The second case (Case number 33 page 337 )
was treated within 6 hours of the onset of symptoms.
One pint of plasma was given over 5 hours. The re-
sponse was striking and within 18: hours of the on-
set she had improved greatly. = Evidence of mild left
ventricular failure developed on the third day, but
cieared after 2 days. After 2 weeks, when an elec-
tro-cardiogram was obtained the record indicated that
the degree of myocardial damage was slight.

The third case was first seen 12 hours after
the onset of symptoms. ohe was severely shocked,,
butalso showed evidence of left ventricular failure.
In view of this plasma was not given. Twelve hours
later, the degree of shock was greater but the chest
was clear. Plasma infusion was begun forthwith but
the patient died 2 hours later.

These 3 cases do little more than indicate
(1) the importance of early treatment of the shock,
and (2) the risk of heart failure following recovery
from the shock. In the first case, the infusion

Was definitely given at too slow a rate.

Xy ./
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XV, CORONARY ARTERY EMBOLISM.

Bmbolic occlusion of a coronary artery is a
rare event. In 1941, Hamman reported a series of
40 cases, including 19 reported by Saphir 9 years
earlier. Hamman cited 6 possible sources of the
embolus but stated that bacterial vegetations on the
mitral and aortic valves were the site of origin in
about 50% of cases. He stressed the facts that
death might .occur suddenly, but that if the immediate
effects of the embolic occlusion were withstood, the
ultimate prognosis was good.

Cf the 170 cases of myocardial infarction
reported in sections V. and IX., one case had result-<
ed from an embolic occlusion of a coronary artery.
This was a female aged 63 years with mitral stenosis
and auricular fibrillation, who was in congestive
heart failure. The embolus lodging in the coronary
artery was one of a series of small emboli thrown out
from the left auricle during the course of one day.
although the myocardial infarct produced was small
1t probably contributed to an increase in the conges-
tive heart failure and to death 5 days later. At
autopsy, the coronary arteries were healthy. No
embolus could be found in any of the major’trunks.

During the years 1945 to 1949, forty-five

cases of subacute bacterial endocarditis came under

the care of pDr. A. Rae Gilchrist in the Royal Infir-
hary Edinburgh.

Three / |
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Three cases sustained one embolic oceclusion
of a coronary artery with myocardial infarction;
one case suffered two such occlusions; while in a
fifth the sudden onset of left ventricular failure
with rapid death was thought to be due to a sudden
myocardial infarct. All had rheumatic heart dis-
easej four having both mitral stenosis and aortic
incompetence, while the fifth had mitral stenosis

alone. Two were females and three were males.

L

Their ages were 20 years and 32 years; and 18 years
31 years, and 57 years reSpectively..

Four of the six infarcts were'aSSOCiated
with dramatic symptoms at the onset - sudden pain
across the praecordium, radiating through to the
back and up the right side of the neck and accompan-
ied by  breathlessness and restlessness; sudden
severe substernal pain and collapse; pain in the
praecordium spreading up to the left shoulder and
worse on breathing or coughing; sudden extreme dis-
tress and breathlessness with continuous production
of a little blood-stained sputum. One infarct was
apparently symptomless being demonstrated electro-
cardiographically; while the sixth took place prior
to the patient's admission to hospital and could not
be co-related with any particular symptoms.

Two cases died as a direct result of the

coronary embolism with myocardial infarction - the

man aged 57 years who developed left ventricular

failure and died in 40 minutes, and the female aged!
20 1/
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20 years who was extremely shocked and died 18 hours
after her second myocardial infarct. None of the
four remaining infarcts materially altered the prog-
nosis in any case, but were rather an incident, a
temporary upset, in the course of the disease. The
cause of death in these four cases was (1) cerebral
embolus, (2)seccnd coronary embolus, (3) mesenteric
embolus, and (4) sudden cardiac tamponade for which
no cause could be found. Each caée survived the
myocardial infarct by 15 days, 3 weeks, 63 months,
and 2 weeks respectively.

Autopsy was carried out on all five cases.
Only one, the male aged 57 years, had arteriosclerot-
ic changes in his coronary arteries, and this only
in the anterior descending branch of the left coron-
ary artery. No embolus was found in any artery,but
the female who died 67 months after her infarct had
a firm ante-mortem clot completely obstructing the
lumen of the second inch of the anterior descending
branch. This was partially organized and recanal-
ized. The vessel wall was not arteriosclerotic and
Presumably consecutive thrombosis had occurred be-
hind the original embolus. No area of myocardial
infarction was demonstrated in the case of the male
dying in 40 minutes. The exact size of the original

infarct 3 weeks previously was not determined in the

female who died 18 hours after her second infarct. |

| The anterior wall of the left ventricle was affected%
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Two cases had an infarct of moderate size, while in
one case it was small, being confined mainly to the
posterior papillary muscle and the adjoining poster-
ior wall of the left ventricle. The female dying
after 64 months showed an apical infarct with slight
aneurysmal bulging of the scar.

These five cases bear out the views expressed
by Hamman. They also draw attention to the inci-
dence of coronary artery embolism in bacterial endo-

carditis = 5 cases in a series of 45, or 1ll%.

XVE a1/
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XVIe ELECTROCARDIOGRAPHY .

serial records obtained during the acute and
healing stages in 65 cases of myocardial infarction
have been analysed. Follow up records have also
been taken in many of the survivoers. The cases have
been grouped according to the site of the lesion,and
the diagnostic features for each group are discussed.
The leads taken were (a) standard limb leads, (b)
augmented uﬁipolar limb leads, and (c) unipolar
praecordial leads. The standard leads were recorded
in all cases, but a full set of praecordial leads
i.es V1 to V6  was recorded in only 38 cases during
the acute phase. The remaining 27 cases had their
initial record taken while in bed in the ward - in
16, leads Vo, and V, were recorded; in 10, leads
V2y V4, and V5; and in one leads Vy, .Vg, V5, Vg
At a later date, a full set of praecordial leads was
obtained in all but8 of these cases. Augmented uni-
polar limb leads were also obtained in all but these
8 cases.

The cases have been grouped according to the
electrocardiographic pattern as -

Anterior infarction . « « o o « o « o o o 34 cases
BoSterlor Infametion - o o o ¢ o s s @ » 15 "
Antero-posterior infaretion « « « o o o » 2 "
High lateral infarction « « « « « « « o 1 1

Bundle branch block T e I S e S ]

Right 4

Left 3§ |
Atypical record R 1 R bl =T R R s

NOrmal I‘e cord ° . ° . : . . ° . - ° 2 "
g_ e
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Tne diagnostic features of each group will be dis-
cussed in detail.
(a) Anterior infarction - 34 cases.
In all cases, diagnostic changes were recorded in the
praecordial leads, while in only 14 cases (41%) were
the changes in the standard limb leads diagnostic of
infarction. An even smaller number - 10 cases (29%)
- showed diagnostic changes in the unipolar limb
leads (lead aVL in anterior infarction). However
2 other cases showed suggestive changes in standard
lead I, and five cases, including the two just men-
tioned, showed suggested changes in lead aVL.
Anterior infarction is associated with changes
in the QRS complex, ST segment, and T wave in standard
lead I, and less commonly in lead II. Reciprocal
changes in the ST segment and T wave appear in lead
ITII. (Figure 20). The following changes were ob=-
served in this series in the records obtained during
the acute phase -
(1) Seven cases showed a § wave in lead I with shift
of the ST segment in lead I and/or lead III and T

wave changes in lead I.

(a) Two showed ST elevation and T inversion in lead |
I with ST depression in lead III. (T in lead III was
upright).
(b) Two showed ST elevation in lead I but no ST shift

in lead IIT, and with a flat or inverted T wave in
lead 1. |
)it/ : |
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(¢) One showed ST elevation in leads I and II with
T inversion in lead I.

(d) Two cases showed no ST shift in lead I, but de=
pression of the ST segment in both leads II and TII;
T (lead I) was flat in one case and inverted in the
second. |

(2) |Three cases showed a @ in lead I, no ST shift
and a change in the T wave. 1In one it was flat and
in twe it was inverted.

(3) Four cases showed diagnostic changes in the ST
segment and T wave without QRS abnormality. One
showed ST elevation in leads I, II and III with nb
obvious T waves, the second showed ST elevation in

lead I with a flat T wave, and reciprocal ST depres-

sion in lead III; the third showed ST elevation and
T inversion in lead I with no change in lead III j
and the fourth showed no ST shift and a flat T wave
in lead I, but with depression of the ST segment in
leads IT and IIT. |

(4) Two cases showed a definite T wave inversion of
coronary type in lead I (and lead II in one case) but
no @ wave in lead I and no shift of the ST segment in
any leade .

The remzining 18 cases who gave no evidence
of anterior infarction in the standard limb leads
showed (1) 1left axis deviation, 11 cases, (2) up-
right initial deflections in all three leads, 3 cases
(3) upright initial deflection in leads I and II and
low /
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low voltage initial deflection in lead III, 1 case.

(4) Upright initial deflection in lead I and low vol-

tage initial deflections in lead II and III,3 cases.
Eight cases showing left axis deviation had an in-
itial @ wave in lead I; two showed ST depression
with T inversion in lead I and six had T inversion
with no ST shift. The inverted T wave in lead I of

left axis deviation differs in character from the

T wave inversion of myocardial infarction. (Figure 20).

The depth of the @ wave in lead I in the 8
cases showing left axis deviationj,and in the 10 cases
showing diagnostic changes of myocardial infarction
was as follows =

Number of Cases.

Depth of Q I. Left Axis Deviation Anterior Infarct
O+5 mm. . 1 3
10 mm. 3 1
15 mm. 2 1
2:0 mm, 2 4
3°0 mm. 0 2t

This would suggest that a Q in lead I of 2 mm. or
more, is more likely to be associated with anterior
infarction than not; while the reverse holds true
if Q is 1.5 mm. or less = unless the initial deflec-
tions are of low voltage.

Five cases showed a Q in lead II as:well as

in lead I but only 2 of these cases showed other evi-

ion

dence of myocardial infarction.

Three [/
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Three cases‘had initial deflectiﬁns of low
voltage in all three leads (i.e. under 5 mm. in all
leads). One showed a @ 0.5 mm. in depth and an in-
verted T wave in lead I; the second had a @ 1 mm.
in depth, ST elevation and T inversicn in lead I3
while the third showed a small R wave as the sole
initial deflection in lead I with a flat T wave, and
the ST segment in lead III was depressed.

Changes in the ST segment have been mén-
tioned with each type of diagnostic picture discusse
To briefly recapitulate, changes were observed in
1l cases. Eight showed ST elevation in lead I =-
twice with associated ST elevation =~ in lead II (1
case), and in leads II and III (1 case); three
times with ST depression iﬁ lead III; and three
times with no associated or reciprocai ST shift.
Three other cases showed depression of the ST seg-
ment in lead III with no associated shift in lead I,
but in one the ST segment was also depreséed in lead
165 18

T wave inversion of corenary type occurred
in lead I in 9 cases. Seven were associated with
other diagnostic signs of infarction. Six other
cases showed a flat T wave in lead I in all of whom
diagnostic changes of infarction were present.

T wave inversion, not of coronary type occurred in
lead I in 8 cases, in 2 cases the T wave was diphasi
and in 2 the T wave was flat. In the remainder the

T/
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T wave in lead I was upright (7 cases) but in 3 of
these cases T in lead I was lower than T in lead IIT.
The diagnostic changes observed in the first
record of the standard leads were =

(1) (a) QI, ST shift (I and/or ITI)T1 inversion 6 casés
| (b) M 8 " T flat R
(2) (a) QI, TI inversion

(bt vt Plat

(3) (a) ST shift (lead I) TI inversion

n

(b) ST shift (leads I and/or III) TI flat

N o = =

i

(4) TI inversion
9ix cases in whom the T wave in lead I was initially
flat or upright, developed T wave inversion of coron=
ary type in subsequent records.

The uqipolar limb lead from the left arm
commonly shows the changes diagnostic of anterior ine
farction, while the right arm and left leg leads may
show reciprocal changes. As in the standard leads,
Changes in the QRS complex, ST segment, and T wave
cccur. (Figure 21)e Records were obtained in 32 of
the 34 cases showing anterior infarction in the prae=-
cordial leads, and in only 10 cases could a definite
dlagnosis be made from lead aVL. Five other cases
Showed suggested changes. Of the 14 cases showing
liagnostic changes in the standard limb leads only 9
Bhowed diagnostic changes in aVLj two showed sugges=

tive changes, one had a record of very low voltagej,and

PRe with a vertical heart showed no changes; the

fourteenth case did not have unipolar limb leads

:'eCOrded - / ]
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Figure 21: The changes associated with infarction
of the anterior surface of the heart ( A & B )
and with hypertrophy of the left ventricle (c) are
illustrated. (Unipolar 1limb leads.)




231.

recorded. Only one case showed diagnostic changes

in lead aVL where the standard limb leads had shown

no abnormality other than a T in lead I lower than T
in lead IIT.

A small g wave followed by a tall R wave or
more rarely a deep § wave, may occur normally in
lead aVL. Before it can be taken as an indication
of infarction, @ in aVL should be 0.04 second in
duration and 50% or more of the following R wave.

In the acute stage ST and T wave changes should also
occur.

The proportion of Q@ to R in the 10 cases
showing diagnostic changes was 2 : 8 ; 2 ; 6”3
SL D RREE H R R IRt s N L R e S
2+ 53 53:4; and 2 3+ 7. i.e. only 4 showed a

Q wave more than 50% of R, but in none was the Q wave
less than 25% of R. In 8 cases the § wave had a
duration of 0+04 second, and in the remaining 2 cases,

it was just a fraction under 0°04 second. Two of the

D cases showing suggestive changes had a Q wave of 0°04
Fecond duration, and the proportion of @ to R was,
3:9; and 2 : 10. T was shallow inverted in these
two cases. Two other cases showed R as the initial
deflection, but were followed by T inversion of the

goronary type. The fifth case showed an R with ST

Llevation and a low upright T wave.

18 g URER &
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In eleven other cases, lead aVL suggested
the presence of left ventricular hypertrophy.
(Figure 21). Seven showed a small g wave followed
by a tall R and inverted T wave. Two had deprese
sion of the ST segment. In no case did the Q wave
measure 0°04 second, and the proportion of @ : R was
EespdiBsicieilo e Sl Nailh e 202501 T A550 0 5 21
@ hs 11,

The praecordial leads provided evidence of
myocardial infarction in all 34 cases. A diagnosis
could be made in the presence of one of 4 combina-
fiqns of changes. (Figure 22). _

(1) Development of & waves plus temporary ST
elevation and T waves which are still upright, flat
or inverted.

(2) Progressive diminution in the size of the

initial r wave in leads passing from the right side
of the praecordium towards the left side, plus
changes in the ST segment and T wave. This diminu-
tion in r may stop abruptly at any lead, being re-
Placed by a tall R.

(3) Combination of diminution in the r wave and
the development of a ¢ wave in the leads from the
right side to the left, plus changes in the ST seg-
ment and T wave.

(4) No abnormality of the initial deflections

and changes in the ST segment and T wave alone.

The numbers presenting these features in this series
|
were - /
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Figure 22:

The four patterns occurring in the

| Praecordial leads in infarction of the anterior

surface of the heart are illustrated - (4) deep @

waves, (B) diminishing r waves + Q waves, (c)

diminishing r waves; all plus ST & T wave changes,

(D) T wave changes alone.



233 a

were -
Q waves 12 cases.
Diminishing r waves 6 cases.

Diminishing r waves + § waves 6 cases.

ST & T wave changes alone 10 cases,
Once anterior infarction is diagnosed the site of
infarction may be localized as (a) antero-septal,
involving mainly leads V, V3 ard Vy, (b) antero-
lateral involving mainly leads V3 Vg V5 and Vg,
(¢c) massive or extensive when the six praecordial
leads are all involved and (d) central involving

V3 and V4 or possibly one lead alone. In this series

the infarcts were grouped as
Brtensive «f W 5088 S5 598
Antero-septal « « ¢« ¢ o o o11
Antero-lateral. . « . . . .14
Gentrall &t Se R S VT s Fe S bl
With 5 exceptions all cases showed elevation
of the ST segment on admission. This was evident
in 2 or more leads - Vi & V5 (1 case); V1-V3
(4 cases); Vp-V,u (3 cases); V-V (5 cases);
V,-Vg (3 cases); Vy-V3 (1 case); Vo=V4 (1 case);
V2-V5 (8 cases); V,-Vg (3 cases). Two cases

showed the maximum ST shift in V, and V4 - 6 mm. in

3
each case, and five in V4 and V5. e.g. 14 mm. and
12 mm., but in all remaining cases the maximum ST

elevation was present in Vi, Vp or Vg, commonly Vp

or V3- Persistence of ST elevation, particularly iﬁ

leads / |
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leads towards the right of the praeéordium, is
common and is not abnormal, being recorded alsc in
healthy subjects. Twenty-six cases showed per-
sistent 3T elevation during convalescence - Vi
(1 case); Vi-Vo (1 case); Vo (4 cases); Vi-Vy
(6 cases); V-V, (6 cases); V1-Vg (6 cases);
VE'V5 (2 cases). In 18 cases the elevation was
3 mm. or less, and the maximum recorded was 7 mm.
_in V3. None orf these cases had a cardiac aneurysn.
In the first record obtained, 22 cases had
inverted T waves in one' or more chest leads; 4 had
diphasic T wavesjin 3 the T waves were flat; while
in 5 they were still upright. All developed T
wave inversion and in 17 cases this was over 5 mm.
in depth, being very deep - 15, 15 or 16 mm. in

some cases (Figure 23). In the majority of cases

the deep T waves were recorded in 3 praecordial
leads - V3—V5 (5 cases) Vyu-Vg (5 cases), but four
times it occurred in 4 leads - Vp-Vy (1 case) ;
V3-Vg (3 cases). One case showed this T wave change
only in V4 and Vg, one in V2, and one in V3. This
deep inversion of the T wave in the praecordial
leads either appeared very soon after the infarct -
6 cases; or was delayed until during the 3rd week -
8 cases, 4th week - 2 cases, 6th week - 1 case.
These Changes regress gradually in most cases, the

T inversion becomes less deep, and fewer leads show

& T wave of over 5 mm. deep, until finally all leads

Show /
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show a T wave of less than 5.mm., or a flat or up- |
right T wave. In 15 cases the time taken for this;
change to occur is known - 2 weeks, (3 cases);
3 weeks (1 case); 4 weeks (1 case); 5 weeks, (4
cases); 8 weeks (1 case); 10 weeks (3 cases);
12 weeks 12 cases).
Five cases have also shown a high upright

T wave in chest leads to the right of the praecor-
dium = V, (1 case); v, (3 cases); and V; and V2
(1 case). The adjacent lead tc the left showed a
low upright T (3 cases); a diphasic T (1 case)
or an inverted T wave (1 case). These high T waves
appeared after 2 days, 6 days, 7 days, 12 days, and
21 days respectively.

Correlation of the changes in the standard

limb leads with those in the praecordial leads shows

that -

(1) Of two cases with T wave changes alone, in the
standard leads, one had T wave changes alone in the
praecordial leads, and one showed diminution in the
height of r from Vj to V3 with associated ST and T
wave changes.

(2) Of 4 cases with ST and T wave changes only, in
the standard leads, 3 showed Q waves, and one the
combination of diminishing "r" waves and ¢ waves in
the praecordial leads.

(3) Of 6 cases with @ waves ST shift and T wave

changes in the standard leads, 3 showed Q waves in

the / ‘
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the praecordial leads, and 3 the combination of
diminishing r waves and @ waves.
(4) Of 4 cases with @ and T wave changes in lead
I, two showed ¢ waves in the praecordizl leads,one
the combination of diminishing r waves and § waves,
and bne diminishing r waves alone.
(5) Of the 18 cases showing no diagnostic changes
in the standard leads, (a) eleven with left axis
deviation showed Q waves (3 cases); diminishing r
waves and @ waves (2 cases); diminishing r waves
(3 cases); OT and T wave changes alone (3 cases).
(bj seven remaining cases showed Q waves (1 case);
diminishing r waves (1 case); and ST and T wave
changes alone (5 cases).

Reversing the correlation, the following

association is found -

Praecordial Lead Findings.

Limb Leads. Q waves. » + Q.. 1 SP&T
Left Axis Deviation 3 2 3 3
Nil Abnormal it 0 1 5
ST & T 3 1 + =
& ST shift T. 3 3 - -

Qs T. 2 13 1 >
ETAET = L 1 1
5 L8erion: fonfaal of th8 noart
The only conclusion that may be reached is that the
fiore changes there are in the limb leads, the more

likely is the patient to have ¢ waves or & combinatifn
|
of / |
|
[
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of diminishing r waves & @ waves in the praecordiszl
leads. If no changes are observed in the limb
leads, or if they are confined to the T waves, the
changes in the praecordial leads will probably alsc
be confined to the T waves.

One case is worth commenting on further.
(Figure 24). On admission one week after his in-
farct, he showed diminishing r waves in vy to V3,

ST elevation in those leads, and ST depression in

V4 to Vg. T was deeply inverted in Vo = Vg, invert.
ed in Vg and diphasic in Vg. Two days later, after
an attack of pain in the chest, there was no change
in the initial deflections, but the ST shift was
less, and was confined to V7 and Vo. T was upright
in all six praecordial leads. One week later the

record had returned to the same pattern as shown on

admission but the T waves were deeper. Why should
this be ? Clinically it was thought that he had not
Sustained a fresh myocardial infarct, and he was re-
ceiving anti-coagulants at the time of the upset.

Was the pain that of prolonged coronary insufficiency
and was the change in the E.C.G. similar to that some
times seen after exercise in a patient with angina
pPectoris ? Viable muscle was still present in vary-

ing thickness over the anterior surface of the heart

and prolonged ischaemia may have altered the repolari

|
Zation of this layer of muscle, producing the changes
Observed in the chest leads. !

Arrythmias /
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Figure 24 A 93449, (Case 24):

Record taken 7 days after the onset of symptoms,
revealing infarction of the antero-septal segment
of myocardium.
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Record taken 3 days later after a prolonged attack
og chest pain showing marked regression of the
8igns of myocardial infarction.
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Figure 24 C. 18.3.49. (Case 24):

The changes of myocardial infarction are again
evident, the record being similar to that obtained
On admission.
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Flgure 24 D. : 29.3.49. (Case 24) :

The changes recorded are those associated with
healing of the infarct.
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In the nine months from the onset, the changes
of myocardial infarction have regressed
markedly.
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Arrythmias occurred in 3 cases = auricular
fibrillation, and ventricular tachycardia; supra- |
ventricular tachycardia; and partial heart block
with Wenchebach periods.

Prolongation of the P.R. interval occurred i?
5 cases = 0.22 second 3 cases; 0.24 second 1 casei

and up to 0.30 second 1 case (with the Wenchebach

periods).
(b) Posterior Infarction - 15 cases. |
Diagnosis of posterior infarction is made from the
characteristic changes occurring in standard leads

II & III and in the left leg unipolar lead. The

praecordial leads dc little more than provide
corroborative evidence (Figure 25). In all cases,[
classical ¢ and T wave changes were observed in leai
IIT but only twelve cases showed similar changes in‘
lead II. In lead III @ was either the sole initiaﬂ
deflection, (7 cases) or it constituted 50% or more
of the initial deflection (8 cases). In lead II
Q was the sole initial deflection in only 2 cases.
In all but one of the remaining 10 cases showing Q
in lead II it was less than 33% of the succeeding R
wave . Eight cases showed depression of the ST seg-
ment in lead I and eight cases showed elevation of
the ST segment in lead III. In six cases the two

features were associated so that ST shift occurred in

a total of 10 cases. On admission the T wave in

lead III was upright in 6 cases (3 of whom had ST
shift) /
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Figure 25.
of the heart.

Infarction of the posterior surface
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shift) flat in 3 cases (2 of whom showed ST shift,)
and inverted in the six remaining cases (5 of whom
showed ST shift). In lead II the T wave was up-
right in 5 cases, diphasic in 3 cases, flat in 2
cases, and inverted in 5 cases. With the passage
of time, the T wave became inverted in lead IIT in
3ll cases and in lead II in 12 cases. One case
showed a flat T wave in lead II. Two other cases
died before the T wave had become inverted.

Unipolar limb leads were recorded in 11 of
the 15 cases. Four showed ¢ as the sole initial de-
flection in lead aVF, and six showed a QR deflection.
The ratic of @ to R in these cases was 2:4; 3:63
5343 3373 2:5+5; 3¢5 : 3°*5. In two @ was less than
50% of R. One case showed a small g wave, small T
wave, and deeper S wave with an upright T wave.
was only 1 mm. in depth.

The duration of the @ wave is important. In
3 cases it was just under 0:04 second, in six it was
definitely 0+04 second, while in 2 cases it lasted
for 0+06 second.

In 8 cases corroborative evidence of ppsterior
infarction was found in the praecerdial leads viz.
depression of the ST segment. This was commonly
most marked in Vys v, or Vy,and never exceeded 5 mme,
Peing 1, 2 or 3 mm. as a rule. This ST depression

Was temporary, disappearing within a few days. One

case who did not show ST depression on admission |

developed / |
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developed it after 7 days, and the shift was main-
tained until his death 3 weeks after the infarct.
Seven cases showed elevation of the ST segment in
leads to the might 6f the praecordium when first
examined = Vo, 4 cases; Vl - V2,\l case ; Vl'V3:
1 case; Vl-V4, 1l case. Only two had concomitant |
depression of the ST segment in leads further to i
the left, and the remainder had an isc-electric

ST segment (one later developed ST depression as
mentioned above). Five other cases later develope&
elevation of the ST segment giving a total ef 10 i
showing this change (2 of the 7 cases showing this{
change on admission had died)s - Vi & V,, 1 case; %
V] = V35 4 cases; V] to Vg, 1 case; Vi - Vg 1 case,
V2 - V3 1 case, Vo - V4, 2 cases. ‘
As the ST depression in the chest leads dis-

appears the T waves become high upright, but the twq
changes may be present together. Leads Vo, V3 &V,

|

show the high T waves most frequently. Nine cases

developed high upright T waves, in two cases before |
the ST depression had subsided. (Figure 26). Of

the six who did not show this changey 2 died early, |
1 died after 3 weeks, 2 had earlier syffered an |
anterior infarct, and only one had an uneventful |
course. Very high T waves may be recorded,reaching

| @ high as 19 mm. in one case. The interval within
Which the T waves became high varied considerably =
1st day, 2 cases; 2nd day, 2 cases; 4th day, 1 case;

7th  /
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7th day, 1 case; 1lth day, 1 case; 14th day,l case
2lst day 1 casee. Initially these high T waves
appeared in V, alone, 3 cases; Vl-V3, 1l case;
vi—v4, 1l case; V2-V3, 1l case; Vs & V4, 2 cases;
V3-V4, 1 case. In all but three cases, the number
of leads showing such a change increased and the
maximum number involved were, Vl—V3, 1 case;
V1-V4, 2 cases; Vi=Vg, 2 cases; V2-V4, 1 case.
With the passage of time these high T waves tended
to become lower and to be present in fewer leads.
After 7 months, two cases still show high T waves
in Vp=Vg.and Vp=V4; after 10 months only V2 was in<
volved in one casej; 2 other cases showed the char-
acteristic T wave in V3, and V; to V,j; while after
lﬁ_years another has still high T waves in V2 & V3.
Two cases showed arrythmias = both had auri

lar fibrillation and one had also complete heart

block. Three cases showed prolongation of the PR
interval - 0+22 second, 2 cases; and 0°40 second

1l case. One died, but in the other two it returned
to within normal limits.

(¢) Antero-Posterior Infarction - 2 cases:

Two cases gave evidence of infarction of both the
anterior and posterior surfaces of the heart. In
each, the standard limb leads and the left leg uni=-

polar lead showed changes characteristic of infarc-

e

cu=-

tion of the posterior surface of the heart, and the

Precordial /
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praecordial leads demonstrated involvement of the
anterior surface.

The first case showed a large Q wave in

leads II & III with elevation of the ST segment and |
upright (II) and flat (III) T waves respectively.
Lead aVF showed a deep @ 4°5 mm. deep, a tall R,

10 mm. high, ST elevation and a flat T wave. The
ST segment in leads aVR + aVL was depressed; and the
T waves were low upright. The praecordial leads
showed extensive anterior infarction with the most

marked changes in the antero-septal region - @ in

Vi - V5 and QR in V5 and Vg. The ST segment was |

elevated in all leads. T was upright in Vi + V5, |

flat in V3 and Vg, inverted in V5 & Vgo (Figure 27)

At autopsy, infarction of the anterior and posterior{
surfaces of the heart and of the inter-ventricular
septum was demonstrated.

The second case showed the classical limb
lead changes of posterior infarction and the corroborr-
ative ST depression in Vy to Vg. Initially leads
V4 & Vg showed a small @ wave. This increased in
slze, the ST depression disappeared and the T waves

became diphasic in vy & V, and inverted in V3 to Vg.

Lt 4]

Neither case showed the T wave changes in the

Praecordial leads which sre common in posterior in-

farction.

et [N |
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Figure 27. (Case 12): antero-posterior infarction
Leads II, ITI, and aVF indicate infarction of the
posterior surface of the heart, while the praecordial
leads reveal anterior infarction.
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(d) High lateral infarction ; 1 case.

One case showed no definite evidence of myocardial in

farction in either the standard limb leads or the
unipolar praecordial leads, although in leads II and
III the ST segment was depressed by 1 & 2 mm. re-
spectively, and in V4 and V5 the ST segment was also
depressed 3 and 2 mm.. The T waves were upright in
leads I, II and III, and high upright in Vo V3 & V.
The unipolar left arm lsad however showed the classi-
cal chsnges of myocardial infarction - a deep @ wave
of 004 second duration, followed by a shorter R
wave, ST elevation and T inversion. The right arm
and left leg lesads showed ST shifts. (Figure 28).
Additional leads were taken vertically above Vg, V5
and Vg, up to the first intercostal space above Vi

and V5, and the second intercostal space above Vg,

but none gave evidence of underlying dead muscle.
(Figure 28¢C ).

Subsequent records showed the following changes.
(1) Subsidence and disappearance of the ST shift in
Standard leads II and III.
(2) Decrease in height of the T wave in lead I, for
it to become first flat, and then shallow inverted.
(3) Disappearance of the ST depression in leads

(4) Development of ST elevation in leads V to V3 and

1
ater V-

(5) Increase in the height of the T waves in v,
V3 o |
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Figure 284 (11.6449). (Case 17): |

The changes in lead aVL, with the absence of diagnos-
tic changes in the standard limb leads, or praecord- |
ial leads, indicate infarction of the high lateral
aspect of the heart.
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Figure 28 B. 14 .6+49. (Case 17):

Ihree days later, little change in the form of the

record.
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Figure 28cC. 14.6449. (Case- 17) :

Leads taken from the interspaces above Vg, V5, & Vg =

Ea) 1st, (b) 2nd, (c) 3rd and (d) 4th interspaces -
40 not indicate infarction of the underlying muscle.
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Figure 28 D. 22.6449. (Case 17).

The record shows (a) disappearance of the ST shift
in standard, unipolar limb and praecordial leads,
(b) development of a flat T wave in lead I and an
inverted T wave in aVL, and (c¢) increase in the
height of T in the praecordial leads.
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Figure 28 E. (547049) . (Case 17)3

The record though abnormal is no longer diagnostic
of myocardial infarction.
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V3 V4 and Vg, followed later by a lessening of the
height of T in V3 and V4, and the develcpment of a
flat T wave in Vg and an inverted T wave in Vg

(6) Disappearance of the ST shift in all unipolar
limb leads and flattening of the T wave in the right
and left arm leads.

(7) Change in the pattern of the initial deflection
in the left arm lead after 1 month - from the initial
QR patterﬁ to an R s pattern.

Clinically the presenting features of the cas
were somewhat unusual (Case 17), but he showed the
fall in blood pressure, the rise in blood sedimenta-
tion rate, and the mild fever during the first 3 days
which occur after myocardial infarction.

In view of (d9 the diagnostic changes in the
unipolar left arm lead and (2) the inability to de-
monstrate dead muscle over any part of the front of
the heart, it was thought that the infarcted area was
on the postero-lateral aspect of the heart towards
the base. Support was lent to this by (1) the in-
itial ST depression in leads V, and Vg, (2) the pre- |
sence of high upright T waves dm leads V2, V3 and

V4y and (3) the progressive increase in the height

of the T waves in the praecordial leads, followed |
Later by & decrease. in these T waves. !

The patient died suddenly and unexpectedly ‘
when reporting as an outpatient 6 weeks after his |
discharge. At autopsy a myocardial infarct was de- |

monstrated [/ |
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demonstrated affecting the postero-laterzl wall of
the left ventricle and extending up to the base of
the heart. The infarct involved the full thickness
of the muscle wall. It was oval in shape and
measured 7 cms. by 5 cms.,
(e) Bundle Branch Block = 5 cases.
Four cases showed evidence of right bundle branch
block, and one of left bundle branch block. All
four with right bundle branch block died in heart
failure, whereas the one patient showing left bundle
branch block still survives.
(1) Right Bundle Branch Block :

Three cases showed the rare type of right
bundle branch block, and one the Wilson type. In
all four cases the praecordial leads gave evidence

of recent infarction of the anterior surface of the

heart, but in no case did the standard limb leads
suggest myocardial infarction. Three showed a QR
pattern of initial deflection in the praecordial
leads, but in the fourth, the initial deflection was
positive. All showed elevation of the ST segment -
Tgis v5’ 2 cases; Vo & V4, 2 cases. The T waves
were flat, diphasic or inverted in all cases. In
two the lesion was mainly antero-septal in position,
and in one it was mainly antero-lateral. The

fourth case showed deep Q waves in the only two chest

leads recorded - Vo & V4 and its exact extent was
not determined.
All / |
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All four cases died - 3 in congested heart
failure and one in left ventricle failure - but in
one the occurrence of a variety of arrythmias precip-
itated death (Case number 11). Two cases came to
autopsy. The male who showed the rare type of
bundle branch block, with r s R deflections in
V; to V3, and ST elevation with flat T waves in
Vp to V5 (Case number 10. Figures 29 and 30), had an

infarct involving the greater part of the interventri

cular septum up almost to the auriculo=-ventricular
ring, and extending to involve the adjacent anterior
and posterior walls of the heart. The infarcted
section of the anterior wall was intra-mural in posi-
tion, hence the absence of Q waves in the overlying
praecordial leads.

The second autopsy case also showed rare
type bundle branch block, but had well marked QR
waves in the praecordial leads. (Figure 31). The
patient had been admitted with her third myocardial
infarct within 1 month (case number 9). At autogsy,
the greater part of the anterior and posterior walls
of the left ventricle, and of the interventricular
septum were infarcted, with the most recent infarct
situated in the upper part of the septum.

These cases demonstrate that (1) in the pre=-

Sence of right bundle branch block, the praecordial |
i
leads show up an associated myocardial infarct, and |
b i

that (2) infarction of the upper part of the inter-

Ventricular septum may be associated with a lesion of |

tha = 7
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(Case 10)
bundle branch block, with evidence of anterior
myocardial infarction in the praecordial leads.

Figure 29.
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Figure 30. A diagramatic representation of the
site of myocardial infarction - mainly of the
inter-ventricular septum, but with intra-mural
extension anteriorly and posteriorly - in the
case whose E.C.G. is shown in figure 29 (Case 10).
The upper limit of infarction in the septum has
not been defined.
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Figure 31 A (Case: 9). Rare type right bundle
branch block, with infarction of the anterior
surface of the heart.
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Figure 31 B. (Case 9). Successive changes in

rhythm recorded in the days before death. '
(A) partial heart block with Wenchebach periods, '
(B) normal sinus rhythm, (C) aAuricular fibrillation.|

| All records have been taken by lead II. |
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Figure 32 A. (Case 11): The record shows A./V.
dissociation with ventricular extra-systoles;

the auricular rate being 65/min., and the basic
ventricular rate 44/min.. Wilson type bundle
branch block is present.
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Figure 32 B. (Case 11): The record shows

(1) Auricular paroxysmal tachycardia, (2) short
Stokes-Adams attack with ventricular arrest for
3‘seconds, and (3) 1 : 1 A.V. conduction.
#ilson type bundle branch block is present.
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the right conducting bundle.
Arrythmias occurred in two of‘ the four
cases - partial heart block with Wenchebach periods,
and auricular fibrillation in one, and partial heart
block, complete heart block, paroxysmal auricular
tachycardia, and Stokes-Adams attacks in the other.
(Figure 32).
(2) Left Bundle Branch Block
A diagnosis of myocardial infarction could
not be made from the records obtained on admission or
during the first 3 weeks. Thereafter, defective
conduction in the left bundle alternated with normal
_ intraventricular conductioen. This variation in
conduction was entirely dependent on heart rate. At
a slow rate - under 60/min. - normal intraventricular
conduction prevailed, but an increase in heart rate
resulted in defective conduction through the left
bundle. With normal intraventricular conduction, the
Standard limb leads showed marked left axis deviatiocn
and no evidence of myocardial infarction; the unipolar
Left arm lead showed R as the sole initial deflection
with an inverted T wave; while praecordial leads
Vs & Vg showed an Rs deflection with ST depression
Bnd T inversion. The remaining praecordial leads
Showed certain abnormal features however - the initial

{ Wave remained of the same height in Vj to V3 - 2 mme

~

R0d in V3 the initial deflection was polyphasic
f 8 R' ' pnt gn,  The ST segment was elevated in

s/ '.
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Left bundle branch block.

Figure 33 A.
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Figure 33 B. 18.5.49. (Case 29):

Normal intra-ventricular conduction at a slow heart
rate with changes suggestive of intra-mural damage
of the anterior surface of the heart.
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33.€ 28.5449. (Case 29):

Varying bundle branch block and normal intra-
ventricular conduction.




Figure

|

Pt 1 s

aVR V= aVE et AVF o

E

|

Vo

V4 ZaEEEE Vo= .V6

et
]
R
Il

|
HHHH
2

FH

||||||

!

33D 31.5.49. (Case 29):
Normal intra-ventricular conduction.
Regression of the evidence of intra-mural
infarction in the praecordial leads.
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Vi & Ve, iso-electric in V3 and depressed in V4.
T was upright in Vj,diphasic (i) in V, and inverted
in V3 & Vg - Further records during normal conduction
showed changes in the initial deflections in V3 and
in the T waves in V, & V3. The polyphasic initial
deflection was rep;aced by an rS deflection with
splintering of the S wave. T became upright in Vs
and diphasic in V3. (Figure 33, Case Number 29).
These serial observations suggested that the
area of infarction involved the interventricular
septum including its upper part, and extended very

slightly into the adjacent anterior wall of the heart.

(£) Atypical Records - 6 cases.
9ix cases presented a variety of abnormal features,
which although suggestive of myocardial damage, did
not permit a definite diagnosis of infarction to be
made. The changes recorded in each case will be
discussed and in 2 cases the E.C.G. and autopsy find-
ings will be correlated.

(1) Mrs 0.B. (Figure 34). Three records
Wwere obtained, one the day after the onset, énd two
during the succeeding month. In none did the in-

itial deflections in the standard limb leads suggest
infarction, but in the first record, the ST segment

in lead I was depressed by 1 mm., while in lead III

it was elevated by 1 mm. The T waves were flat,but
later became inverted in lead I and upright in leads

IT & III. The unipolar limb leads indicated that
the / |

J
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Figure 34 A 1.6449. Initial record
showing ST shift in leads I & III and V2 & V5, with
flat T waves in leads I, II & III.
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the heart was vertical in position. The praecordial
leads showed no abnormality of the initial deflection
but in V5 & V5 (the only chest leads recorded on the
first occasion) the ST segment was depressed, 1 mm.
& 2 mm. respectively and the T waves were upright.
The second record showed ST depression confined to
A Vs & V6’ T was upright in V, to V4, and diphasic
(%) in Vg & Vg In the third and last record all
six praecordial leads had an iso-electric ST segment,
the T waves were higher in V; to V4, upright in Vg,
and shallow inverted in V.

Depression of the ST segment in the praecor-
dial leads is seen in posterior infarction and in
severe myocardial ischaemia. The ST shift observed

in the standard leads - depression in lead I and ele;

vation in lead III - i1s of the type observed in
posterior infarction and not in generalized myocardial
ischaemia. In the absence of QRS changes indicative
of infarction, these temporary ST changes may have
resulted from a small intra-mural infarct in the

posterior wall of the left ventricle. .

(2) Mrs 5. (Figure 35). Two records were
obtained, the first on the day of the onset of symp-
toms, and the second 2 days later. Lead III showed
a small @ wave 3 mm. deep, and a tall R wave 15 mm.

high, The ST segment was iso-electric and T was

diphasic (¥). Lead II showed no @ wave, but both

leads / i
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Figure 35 B. The ST depression in leads I. & II,
and in V4 & V5 (394), together with the development
of high upright T waves in V2 & V4 (35 B), are
changes associated with posterior myocardial infarc-
téon but the QRS changes of a trans-mural lesion are
apsent,.
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leads I & II showed 1 mm. of ST depreésion with
upright T waves. The unipolar limb leads were not
recorded. The initial deflections in the praecordial
leads (Vo, Vy & V5 were recorded) were within normal |
limits. Vo showed 2 mm. of ST elevation with an
upright T wave 6 mm. in height. V4 and V5 showed
depression of the ST segment - 1 mm. & 3 mm., and
upright T waves. The second record showed (1) per-
sistence of the ST depression in standard leads I &

II, (2) inversion of T in lead III, (3) disappear-

ance of the ST depression in lead Vy (V5 was not
recorded), (4) slight increase in the height of thJ
T wave in V., (now 7 mm.) and development of a high [
upright T wave in V, (8 mm.). !
At autopsy infarction of the posterior

papillary muscle and the adjacent posterior wall of
the left ventricle was demonstrated. The exact depth
of the infarct was not clear but probably some viable
muscle remained subepicardially.

The type of ST and T wave changes observed in

the standard and praecordial leads are known to occur

in infarction of the posterior wall of the heart, the|
absence of @ waves of significant depth in leads II
& III would indicate that the infarct is intra-mural |

in position.

()T 7 |
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(3) T.s. (Figure 36). Only 3 records
were obtained, the first 2 days after the onset of
éymptoms, the second 10 days later, and the third
3 mdnths later. The standard limb leads showed no
significant abnormality of the initial deflections;
the oT segmenté were iso-electric; but the T waves
were upright in lead I and shallow inverted in leads
IT & III. Praecordial leads V2 & V4 were recorded.
The initial deflections were of normal pattern, theI
ST segments were flat and the T waves were both high
upright (8 mm. and 6 mm. respectively). The second
record showed (1) no change in the standard limb
leads except that T in lead I had become diphasic
(%) and T in leads II & III was more sSteeply invert-|
ed. (2) ST elevation of 1 mm. had developed in
V] & V2, and (3) the T waves in V1 Vp and V3 were
high upright (6 mm. 12 mm. and 8 mm. respectively).
The unipolar limb leads were recorded, the left leg
lead being of low voltage and W shaped with an in=-
itial q of 1 mm.; T was inverted. The Q wave was
less than 0.04 second in duration. The third and
last record showed (1)A diphasic T wave in lead I.
(2) ST elevation of 2 mm. in leads Vi, V,, and V3.
(3) Increase in the height of the T waves in V,,Vp,

VS and v, (6 mm., 15 mm., 15 mm., & 5 mm. respectively. )
The QRS changes of myocardial infarction were

absent but (1) the T waves were inverted in leads
I / '
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| Figure 36. 91, 32,48 The record
| is abnormal in respect of (1) the T wave changes

in lead I & III and aVF, and (2) the very high !
T waves in V3 to Vy. The change may indicate -
intra-mural damage~of the posterior aspect of the
Heart, possibly towards the base. ‘
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Figure 37 A. 6¢2.48% The limb leads
are not indicative of myocardial infarction bgt the|
praecordial leads show (1) R greater than S 1in all
séx leads, and (2) high upright T waves in V1 to
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IT & ITI and had increased in depth in the first 10 |

days, (2) the T waves in the praecordial leads were
high and over the 3 months had increased in height.
Apart from the absence of ST shifts in the initial
record, the changes are similar to those observed inl
the preceding case and would prompt the diagnosis of

an intra-mural posterior infarct.

4 Wede (Figure 37). Only two records

were obtained, the first one day after the onset of
symptoms and the second 10 days later. The standard
limb leads did not suggest myocardial infarction.
The praecordial leads were unusual in that R exceed-
ed 3 in all six leads, S5 being small throughout.

Vi to VS showed ST elevation and high upright T
waves (10 mm., 18+ mm., 19 mm., 1llmm., and 6 mm.
respectively). The unipolar limb leads indicated
that the heart was horizontal. The second record

showed an increase in the height of T in V5.

Is it that the high T waves in the praecordial
s
leads permit the diagnosis of a posterior intra-mural

infaret in the absence of other changes ?

5. Miss M.F. (Figure 38). Three records
ﬁere obtained in the space of 1 week, the first be-
ing about 7-10 days after the onset (which was very
indefinite). Leads I & II showed a tall R wave with

iso-electric ST segménts and T waves. Lead III
showed a deep Q, short r, ST elevation (1 mm.) and
Ty |
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Figure 38A. 9.12.48. Lead III is of

the form seen in posterior infarction, but lead II
does not support the diagnosis. Lead V2 & V5
show T inversion of coronary type.
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1 V5 R e
ot
11l.12.48. There is little

change in the form of the record apart from
(1) subsidence of the ST elevation in lead III
with increase in the depth of T inversion in
that lead,

(2) development of very shallow

T inversion in lead II, (3) increase
depth of T inversion in leads V2 & V5,

in the
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Figure 38 C. 16.12.48. The ST segment &

T waves in the limb leads are distorted, due
The prolongation of the PR

to digitalis.

interval to 0.44 second may als

|
o be a digitalis
|

effect. In the praecordial leads T is in-

verted in V1 to V6, a

nd is closely followed

by the succeeding P wave giving a false diphaw

8ic appearance.
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|
|

T inversion. Praecordial leads Vy & V5 were record-
ed. Both showed an r S pattern with very little in-
crease in the height of r from Vo to Vg = 1e5 to 3 mm..
The ST segment was elevated in V, (1 mm.) and flat in
Vﬁ' T was inverted in both leads. Subseguent re-
cords showed the following changes (1) disappearance
of the ST elevation in lead III, but in the third re-
cord this had reappeared and was associated with ST
depression in lead I. (2) From being flat,T in lead
I became first upright and then inverted; T in lead
II also became inverted. (3) The praecordial leads
showed ST elevation in Vi? Voy & VS’ with shallow T
inversion in V3 to V, and diphasic (¥) T waves in Vg
and Vg« The initial deflections were of r S type
frem V; to Vg, but in Vg R exceeded 3. The unipolar
limb leads were recorded. The left leg lead was of
low voltage and r s in form with an upright T wave,
while the left arm showed R as the sole initial de-
flection ST elevation and an inverted T wave. Partial
heart block was present in the last record. This de-
fect and the T wave changes in standard and praecordigl
leads were probably related to digitalis administratipn.
From a serial study of the records two sug-
gestions might be advanced -
(1) The T wave changes in V; to Vs might be due to
intra-mural infarction of the anterior surface of the

heart, mainly artero-septal in position. The small

T waves in Vi to Vy might Dbe associated with such a

happening
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happening and not with rotation of the heart = al-

though the r waves do increase in height progressive-

ly from right to left. The development of an invert-

ed T in lead I and the changes in the left arm leadi
would fit in with the diagnosis of intra-mural in-
farction.

(2) The ST elevation and T inversion in lead III,
followed 2 days later by subsidence of the ST shift
and deepening of the T inversion are changes which

occur in posterior infarction. 1In lead II of the

corresponding records T was flat and shallow inverted.

In the absence of diagnostic WRS changes, could thes

findings indicate intra-mural posterior infarction.

Lead aVF was not recorded before digitalis was given,

Clinical details may help correlate these tws
possibilities. The patient was in left ventricular
failure which was progressing to congeéiive heart
failure. ©She had suffered two pulmonary infarcts
and had also héd an embolus in her right popliteal
artery, i.e. she was having thrombo-embolic episodes
in both the pulmonary and peripheral circulations.

There was no evidence of peripheral phlebothrombosis,

Was there mural thrombus in both sides of her heart 1

Had this possibily formed on each side of an infarct
interventricular septum? Was the myocardial infarct
| primarily of the interventricular septum with slight
intra-mural extension to the anterior and posterior

surfaces of the heart giving the electro-cardiographi

picture already detailed? Presumably the infarct

)

da

| dia /
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did not extend to the upper part of the septum as
intraventricular conduction was normal. It is pos-
sible, however, that the pulmonary emboli may have
arisen from mural thrombus in an infarcted right
auricle, but the disturbance noted in auriculo-
ventricular conduction did not occur until digitalis
was administered.

Autopsy correlation of the site of infarction
with the electrocardiographic changes and the clini-
cal picture would have been most instructive, but

permission to examine the body was refused.

6. A.H. (Figure 39). A tentative diag-
nosis of infarction of the interventricular septum
was also made in this case from the records obtained,
The initial deflections in the standard leads were
not abnormal, but the ST segment was depressed in
leads I & II and the T waves were shallow biphasic
(+). T in lead.III was low upright. Praecordial
leads Vz, V4, & V5 were recorded. The initial de=-
flections in V4 & VS were much smaller than in Vs
and r in V4 was less than in V,. The ST segment was
elevated in V5, (1 mm.), flat in V4, and depressed in
Vs (2 mm.). The T waves were upright. Unipolar
limb leads were not recorded. seven days later twe
changes were observeda - (1)} a short splintered r was

the sole initial deflection in V5 and was smaller

than the r wave in Vs (2) the T wave in.V5 was

diphasic /
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Figure 39 A. 7349, ' The record
is not diagnostic of myocardial infarction, but
(1) the ST depression with low diphasic T waves in
leads I & II, (2) the form of the initial deflec=
tion in V4, and (3) the ST depression in V5 are
abnormal.




V2 v

1% Sec,

Figure 39B. 14.3.49. There is little
change apart from the form of the initial deflection
in V5. The persistence of ST depression may be a
digitalis effect. In both records myocardial
damage in the region of leads V4 & V5 might be sus-
pected.
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diphasic (¥). The ST depression persisted in standarh
leads I & ITI and in V5 but this may have been as:soc--|
iated with digitalis administration.

The abnormality in form of the initial de-
flection in lead V, & V5 and the diminution in height
of r from right to left suggested underlying intra- |
mural infarction of the anterior wall of the heart.
Vs, was normal and was presumably overlying undamaged
muscle. Lead I & II and V5 showed ST depressicn, a
change which, it is known, may occur in these leads
in posterior infarction, but no additional changes
observed would lend support to this finding. Al-
though the number of praecordial leads available for
analysis was few, a tentative diagnosis was made of
infarction of the interventricular septum in its

lower part, with extension to involve the anterior

wall of the heart, and just possibly extension to the

posterior wall. At autopsy infarction of the anter
ior one third of the interventricular septum and of

the adjoining anterior wall of the left ventricle

was demonstrated. There was no extension poster=

lorly. At the apex there was an old small infarct.]

Discussion:
From these 6 cases it may be suggested that

certain electro-cardiographic features indicate (1) |

intra-mural infarction of the posterior wall of the
heart, and (2) infarction of the lower part of the |

interventricular / !
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interventricular septum with slight extension an-
teriorly and/or posteriorly. Only by a correlation
of the clinical, electrocardiographic, and autopsy |
findings in all atypical cases, will the following
criteria be proved correct or refuted.
(1) Intra-mural infarction of the posterior sur-
face of the heart.
(a) No QRS changes in leads II, III or aVF.

(b) ST shift in the standard leads, ST de-

pression in lead I and possibly lead II, associated

with ST elevation in lead III; ST depression in thd

praecordial leads to the left of the sternum (mainly

v, to V6). These shifts are of short duration amdl
|
may be missed if an early record is not obtained.

(c) Development of T inversion in lead III |
and possibly also in lead II.

(d) ST shift in the unipolar limb leads,
particularly.depression in lead aVL and elevation in
lead aVF, and development of an inverted T wave in

avF.

(e) Development of high upright T waves in |
the praecordial leads particularly Vp to Vg, with a
progressive increase, during the first few weeks or
months, in the height of the T waves, and possibly

in the number of leads involved. The more leads

showing this change, the more definite the diagnosis.
The leads to the right of the praecordium may also t
show ST elevation, but this is not part of the

diagnostic /
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diagnostic picture. The incidence of high T waves
in the praecordial leads of healthy individuals
must be assessed before too much emphasis is placed on
this feature as an isolated finding. High T waves
in the praecordial leads are known to occur at the
edge of an infarct. Of the 34 cases showing anter-
ior infarction in this series five developed high
upright T waves in V3 and/or Vse In posterior in-
farction high T waves are common in the praecordial
leads. This may be because the infarct is located
on the diaphragmatic surface of the heart and the
praecordial leads pick up the potential variations
at its edge. But the one case of high postero-
lateral infarction also developed high T waves in
the praecordial leads and thene was no question of
the leads being near the edge of the infarcted area.
In this éase also the infarct involved the full
thickness of the muscle wall. The second atypical
case described had the same high T waves and autopsy
showed an intra-mural infarct involving the posterior
papillary muscle and the adjoining posterior wall of
the left ventricle. These two autopsy cases would
suggest that the high T waves in the praecordial
leads are not due to the electrodes being near the
edge of the infarct, but rather to the infarct being
opposite the electrodes and with the healthy anterio:

a

miscle wall intervening. That this last factor is

ésSential /
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essential is suggested by the fact that neither
casewho sustained a posterior infarct after a pre=-
vious anterior infarct developed high T waves in
the praecordizal leads.

The findings in the high-postero - lateral
infarct would also suggest that the criteria listed
for an intra-mural posterior infarct, may at times
be associated with a through and through lesion
towards the base of the heart.

(2) Infarction of the lower part of the inter-
ventricular septum :

(a) Evidence of intra-mural damage over the
front of the heart, either mainly antero-septal or
antero-lateral.

(b) Changes in the ST segment in standard
leads and possibly also in the praecordial leads
associated with posterior infarction.

(c) Duration of the QRS complex within nor+
mal limits.

(8) Normal records = 2 cases :

Two cases diagnosed clinically as having sus=
tained a myocardial infarct and whose course in hos-
pital was compatible with this diagnosis had E.C.G.
records apparently within normal limits. However

the experience gained by a study of the atypical

cases and the one case showing a high postero-lateral
infarct would stimulate the suggestion that one cas

was / |
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was not within normal limits, and that in fact in-
farction of the postero-lateral aspect of the left
ventricle had taken place. (Figure 40).

Standard lead I showed a q 1 mm. in depth
followed by a tall R and a low upright T wave. The
unipolar left arm lead showed a low voltage initial
deflection with @ 1*5 mm. and R 3 mm. T was flat.
The Q wave measured 0.04 second and was 50% of the
height of R. The praecordial leads showé€d no abnor-
mality of the initial deflections, but 3T elevation
was present in V; to V4 (maximum of 4 mm. in V; & Vp)
and the T waves were upright in all 6 leads. In
V2, V3 and V4, the T waves measured 6 mm. 5 mm. and
5 mm. respectively. Additional leads taken verti-
cally above V, V3 Vy Vg & V¢ showed no evidence of
underlying dead muscle.

Subsequent records showed (1) slight reduc-

tion in the size of the Q wave relative to R in the

.

left arm lead - 2: 5 3 (2) slight variation in the
T wave in that lead - from flat to low upright and
back to flat; (3) increase in the height of the T
waves in the praecordial leads V,, V3, & Vg, 9 mm.,
10 mm., and 6 mm. respectively, and development of
high T waves in leads V1] & Vsl ( 5 mm. each).

A diagnosis of high postero-lateral infarc-
tion is hazarded on the basis of (1) the findings in

the unipolar left arm lead, and (2) the successive

changes in the T waves in the praecordial leads.

|
In / |
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Figure 40. An apparently normal record ob-
tained after a clinical myocardial infarct.
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In the second case, the record was consistent-

ly within normal limits. (Figure 41).

(b) Auricular Infarction

Seven cases showed disturbance of auricular activity.
Four developed auricular fibrillation, and two auricu-
lar paroxysmal tachycardiz, while the seventh showed
splintering of the P waves in leads II & III. One
case with auricular fibrillation also showed marked
splintering of the P waves when normal rhythm was re-
stored. Within 1 week the P waves were normal in
form. (Figure 42).

An eighth case showed 1 mm. of depression of
the PQ segment in leads II, IIT and aVF. The P waves
were tall in leads IT & III - 4 mm. and 3 mm. respec-
tively. The PR interval was 0.18 second. Within
a week these changes had regressed.

Auricular infarction was not examined for at

autopsy.

XVII. Conclusions /
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41. (Case 31):

A normal electrocardio-

a case of recent myocardial infarction.
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Figure 42. (Case 23). - The successive records
taken by lead II show (a) auricular fibrillation
with rapid ventricular rate (12.8.48, (b) auricu-
lar fibrillation with freguent ventricular extra-
systoles (14.8.48), (e) ventricular tachycardia
(14.8,48), (d) normal rhythm with splintered

P waves (17.8.48), and (e) mnormal rhythm with
normal P waves (24.8.48).
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AVII. CONCLUSIONS.

l. (a) The number of deaths certified as due to
coronary thrombosis has increased yearly between
1937 and 1947.. The increase has been more striking
among females than males.

(b) Ageing of the population does not account
for the increase.,

(c) The incidence of deaths due to coronary
thrombosis is highest in the 6th and 7th decades

among males,and in the 7th decade among femalesSe.

2% (a) The rate of development of the arterio-
sclerotic process in the coronary arteries is the
fundamental factor determining when capillary rupture
will occur in a plague and arterial occlusion result
from the superimposed thrombosis.

(b) Fragility of the capillaries throughout the
body may play a minor role in facilitating this
capillary rupture and haemorrhage in the arterio-
sclerotic plaque.

(¢) An upset in the control of intravascular
blood clotting resulting in an enhanced clotting
tendency may favour the occurrence of thrombosis in
a diseased coronary artery. As with other endocrine
glands, the mast cells of Ehrlich may become less
efficient in later life than in youth, and in the
elderly this change may be associated with an enhance

d

clotting tendency.

I
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3 (a) In a series of 100 cases of myocardial
infarction (70 males and 30 females) treated con-
servatively, 30 males and 16 females died during
the first 6 weeks, the mortality rate being 43% and
53% respectively.

(b) Heart failure developed after the infarct
in 31 cases, and of these 27 (87%) died.

(c) Twenty-four cases suffered one or more
thrombo~-embolic complications, a recurrence of
myocardial infarction being the most common event.
Twelve cases (50%) died, but in only 4 cases was the
episode directly responsible for death.

(d) Fourteen cases showed one or more arrythmias
and of these ten died.

(e) Heart failure was primarily responsible
for 50% of all deaths.

(f) Digitalis therapy af heart failure was
associatéd with sudden death in 6 cases, but was not
associated with the occurrence of embolic complica-
tions.

(g) Excluding cases dying during the first
week, endocardial mural thrombus was found in 13 out
of 15 cases coming to autopsy, and of these,lO showed
peripheral or pulmonary infarcts.

(h) Massive infarction of the heart was not

associated with any constant clinical picture.

3+ (a) The immediate prognosis in myocardial in-
farction is dependent on (1) age, (2) heart size,
&y
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(3) cardiac grade prior to the infarct, (4) severity
of shock at the onset, (5) level to which the systoli

[¢]

blood pressure drops, (6) pulse pressure, (7) pulse
rate, (8) character of the heart sounds, (9) occur-
rence of complications, particularly, heart failure,
thrombo-embolic episog%%ténd arrythmias, (10) sex -
the elderly female does/fare so well as the elderly
malee.

(b) The prognosis is poor if several or all of
the following features are present in any one case =-
(1) elderly patient, (2) enlarged heart., (3) cardialkc
grade II B or III, (4) severe degree of shock at the
onset, (5) systolic blood pressure of under 100 mm.Hg.,
(6) pulse pressure of under 30 mm. Hg., (7) pulse
rate of over 100/min., (8) poor quality heart sounds,
tic-tac or gallop rhythm, or inaudible heart sounds,
(9) occurrence of any or all of the complications
mentioned. ?

(c) On the other hand, the prognosis is good if
not one of these features is present.

(d) The presence of one or two "bad'" prognostic
features is compatible with recovery, but in such a
case, any complication is of grave significance.

(e) The presence of angina pectoris prior to
the infarct favoured recovery rather than death.

(f) Thrombo-embolic complications,particularly
a recurrence of myocardial infarction, were important
in determining prognosis among males in cardiac grade

IIa /




266.

ITA who had also cardiac enlargement. Of the six

cases suffering such an upset, five died.

5o (a) Complications occurring during the months
and years after myocardial infarction are frequent.
The most common are a recurrence of myocardial infarc-
tion, angina pecteris, return of, or development of,
hypertension, and the occurrence of heart failure.

(b) Fifty per cent. of the recurrences of
myocardial infarction take place within 1 year of the
observed infarct, but there is no time limit after

which myocardial infazction will not recur.

(c) A reduction in functional capacity is common
ly observed after myocardial infarction, but in cases
previously in cardiac grade I, and to a less extent
ITA, it may be slight.
(d) About 60% of the males who survive the
infarct will return to some form of work. A few will
be fit for strenuous work. Less than 50% of the
female survivors will be fit for ordinary household
duties.
' (e) In about 25% of cases the electrocardiogram
will return to within normal limits, after myocardial
infarction, and in a further 10-15% it will remain
abnormal, but be no longer diagnostic of infarction.
The time within which this regression of signs will
occur has not been determined from this investigation.
(f) Proper management determines to a large
extent the degree of well being of the patient in the
menths /
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months and years after myocardial infarction.

6. (a) The ultimate prognosis in myocardial in-
farction centres on the possibility of a recurrence
of infarction. Seventeen of 24 deaths occurring
during the follow-up period in this conservatively
series were probably due to such an event. No case
still surviving has had a recurrence.'

(b) Leaving aside the unpredictable, the
course after myocardial infarction is determined by
the efficiency of the remaining heart muscles.

(c) The young tend to survive and the elder
ly to die, but a higher proportion of elderly males
survive, than do elderly females.

(d) Among males the following features are
associated with survival rather than death =

l. Factors present priér +to the infarct:
(i) No effort pain.
{ii) No previous infarct.
(iii) Body weight within ﬁormal limits
(iv) Cardiac grade I.
(v) Presence of hypertension.

2e Factors arising immediately after the
infarct.

(i) No shock at the onset.
(ii) Good guality heart sounds.

(iii) Systolic blood pressure above
100 mm. Hg.

(iv) Pulse rate under 100/min.

3. /
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3« PFactors developing after the infarct.
(i) Cardiac grade I or IIA.

(ii) Freedom from recurrence of
myocardial infarction.

(iii) Freedom from effort pain.
(iv) Development of hypertension.

(v) Regression of the electrocardio-
graphic signs of myocardial in-
farction.

(e) The group of females surviving the in-
farct is toosmall for similar analysis.
Te (a) In a series of 70 cases of myocardial in-
farction (46 males and 24 females) treated ﬁith
anti-coagulants during the first 3 weeks after the
infarct, 7 males and 9 females died during the first
6 weeks - sex mortality rates of 15% and 37.5% re-
spectively.

(b) . Heart failure developed in 23 cases (33%)
with a 57% mortality.

(c) Eight patients experienced 9 thrombo-embolic
episodes while anti-coagulant therapy was theoreti-
cally adequate. Recurrence of myocafdial infarction
occurred once. Three cases died, but dn only one
case was the episode directly responsible for death.

(d) Seven cases showed one or more arrythmias
and of these five died.

(e) Heart failure was primarily responsible for
50% of all deaths.

(f) Digitalis therapy of heart failure was

associated with sudden death in 3 cases.

(g) /
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(g) One adequately treated case showed a
minimel degree of mural thrombus formation at autopsé,
and one other case dying in congestive heart failure|
showed terminal thrombosis in a small pulmonary artery.
No mural thrombus was found in the other cases, nor

were peripheral or pulmonary infarcts demonstrated.

(h) All cases dying and coming to autopsy

had large or massive myocardial infarcts.

8. Anti-coagulant therapy has undoubtedly brought
about an improvement in the immediate prognosis
after myocardial infarction. _

(a) Male mortality has been reduced from
43% to 15% and female mortality from 53% to 37.5%.

(b) While adequate anti-coagulant therapy
was maintained, thrombo-embolic complications were
reduced from 24% to 11%. Cnly one death was directly
due to a thrombo-embolic episode, as compared with 4
in the control series.

(c) Mortality rate among cases developing
ﬁeart failure was reduced from 87% to 57%.

(d) Males in cardiac grade IIA showed
greatest improvement - the mortality rate being re-
duced from 42% to 4%; while females showed improve-
ment only among those in cardiac grade IIB, the
mortality dropping from 83% to nil.

(e) The males in cardiac grade IIA who had
also cardiac enlargement suffered no thrombo-embolic

complication and only one died.

Se o/
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9. The evidence adduced indicates that the improve-
ment in prognosis in the treated series is due, not
only to a reduction in thrombo-embolic complications,
but to limitation of the extent of myocardial damage.
Anti-coagulant therapy maintains the patency of the
collateral vessels, so preventing or minimising con-

centric enlargement of the infarcted area.

10. Absence of the layer of endocardial mural
thrombus has not resulted in any increase in deaths

due to rupture of the infarct.

11. Anti-coagulant therapy for a period of 3 weeks
after the infarct is adequate in the great majority

of cases. Only one case in the treated series had

a thrombo-embolic episode after treatment was complet
ed.

12. Treatment with dicoumarol must never be lightly
undertaken. Strict control of treatment is necessary
to avoid greater danger to the patient than he runs

from his myocardial infarct.

13. (a) The complications occurring during the
months and years after the myocardial infarct in the

treated series, have been similar to those in the con

trol series.
(b) Beven deaths have occurred during the
follow up period of which 4 were probably due to a

recurrence of myocardial infarction.

(e) /
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(c) In all,six recurrences have taken place,
three within one year of the "treated" attack.

(d) 60% of the males have returned to some
form of work, but only 14% of the surviving females
are fit for their normal housework. ‘

(e) Hypertension returned or developed in 2%
of 39 males and 14 of 15 females.

(f) Troublesome shoulder pain has develcped
in 4 cases,

(g) 1In 21% the electrocardiogram has re-
turned to within normal limits.

(h) No case has developed a cardiac aneurysm.

14. To what extent, if any, anti-coagulant therapy

during the first 3 weeks of the acute phase,influenCﬁs
the ultimate prognosis, requires further study over i
a prolonged period, and with a larger series of casesg.
To date fewer deaths have occurred in the treated
series than in the control series, over the same |
follow up period. A greater number in the treated
series have become hypertensive after the infarct,
possibly as a result of limitation of the size of the
infarct and thereby maintenance of the myocardial

efficiency.

15. (a) The blood develops an enhanced tendency to

clot after myocardial infarction. There is consider
able individual variation in the rapidity of onset
of this change, in the degree of change, and in the

duration.

(b) /
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(b) Commonly this clotting tendency de-
velops during the first week, reaches its maximum
about the end of the second week and disappears
during the fourth week.

(c) Recurrence of myocardial infarction
has occurred while a marked clotting tendency was
observed in 3 cases, but other thrombo-embolic
phenomena have not taken place.

(d) It is suggested that (1) development
and maintenance of a marked clotting tendency indi-
cates the presence of endocardial mural thrombus,
while (2) absence of any change would mean that mural
thrombus had not formed.

(e) The theory is advanced that heparin,
the secretion of the mast cells of Bhrlich plays a
dominant role in maintenance of the fluid state of
the blood« Any change observed in the blood coagula-
tion is the result of the interplay of two opposing
forces - heparin secretion on the one hand,and on the
other hand, substances promoting blood clotting such
as arise in damaged or infarcted tissues.

(f) The plasma fibrinogen level rises after
myocardial infarction, and commonly returns towards
normal in the 3rd or 4th week.

(g) No change was observed in the prothrom=-

bin times at the cnset of myocardial infarction.

16s  /
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1l6. Specific anti-shock therapy with plasma in-
fusion, oxygen, warmth, and coramine, may relieve a '
severe degree of shock at the onset, and prove a lifé

saving measure.

17. Embolic occlusion of a coronary artery is a
rare event except in subacute bacterial endocarditis.
In the series reported, it occurred in 11% of cases,
and was either associated with rapid death or did
little beyond causing a temporary set back te the

patient.

18. (a) Analysis of serial records in 34-cases of
anterior infarction has shown that electrocardiograph
ic evidence of myocardial infarction occurs in the
standard limb  leads in 41% of cases, in the unipolar
limb leads in 29%; and in the praecordial leads in
100% «

(b) The diagnostic changes in the standard
limb leads are well known. In the unipolar left
arm lead a Q wave must be (1) 0.04 second in duration
ana (ii) at least 25% &f the succeeding R wave, be-
fore it can be considered diagnostic of myocardial
infarction. Asscciated ST and T wave changes occur
as in standard lead I.

(¢) Four diagnostic patterns indicate anter-
lor infarction in the praecordial leads.

(1) Q waves plus ST & T wave changes.

(ii) Diminution in size of the initial r

wave from right to left, plus ST & T
wave changes.

CLad) -~ o/
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(iii) Combination of diminution in size
of the r wave, and @ waves, plus
ST & T wave changes.

(iv) ©No abnormality of the initial de=-
flection and ST & T wave changes
alone.

(d) The more diagnostic features there are
present in the standard leads, the more likely are
Q waves or a combination of diminishing r waves and
@ waves to be present in the praecordial leads.

(e) If no diagnostic changes are present
in the limb leads, the changes in the praecordial
leads will probably be confined to ST & T wave

changes.

19. (a) Posterior myocardial infarction.occurred
in 15 of 65 cases analysed. Diagnosis was made
from changes in.the standard limb leads and from the
left leg unipolar lead. In 8 cases the praecordial
leads pro&ided corroborative evidence.

(b) High upright T waves occur in the prae-
cordial leads, particularly Vi to V4 during the
healing stage of posterior infarction, but may also
occur during the acute phase. BSuch changes persist

for months or years.

20 Antero-posterior myocardial infarction, shows

the changes of anterior infarction in the praecordigl

leads, and the changes of posterior infarction in th

left leg lead, and standard leads II and III.

21, The unipolar left arm lead shows the changes

of infarction when the high antero-lateral or

e

postero [/
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postero-lateral aspects of the heart are involved.

The praecordial leads do not suggest infarction, and
exploration of the chest vertically above these leads
reveals a high antero-lateral infarct, but not a

high postero-lateral infarct.

22 (a) In cases of right bundle branch block com-
plicating myocardial infarction, the praecordial
leads reveal evidence of anterior infarction,but the
standard limb leads do not. The unipolar limb leads
may do Sb;
(b) Neither the limb leads nor the praecordial
leads may show evidence‘of'myocardial infarction in
the presence of left bundle branch block. Only if
the block is unstable, and normal intraventricular
conduction supervene, may classical or atypical evi-

dence of infarction be apparent.

23. (a) An apparently atypical electro-cardiogram
showing (1) no QRS changes in the standard leads,
(ii) T inversion in lead III and lead aVF, and pos-
8ibly in lead II, (iii) the ST shifts of posterior
infarction in the standard, unipolar limb and prae-
cordial leads, and (iv) development of high upright
T waves in the praecordial leads, is considered to be
diagnostic of an intra-mural posterior infaret or oc-
casionally a trans-mural posterior infarct at the
base of the heart.
(b) /
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(b) An investigation of the incidence of
high T waves in the praecordial leads of healthy in-
dividuals is important in assessing the importance
of the criteria listed above.

(c) Infarction of the lower part of the
interventricular septum may give the following feae
tures, (i) evidence of intra-mural damage over the
front of the heart, either mainly antero-septal or
antero-lateral, (ii) shift of the 9T segment in the
standard leads and possibly also in the praecordial
leads associated with posterior infarction. (iii)

@RS complex of normal duration.

24. Auricular infarction is evidenced by a dis-
turbance of auricular rhythm or by splintering or

notching of the P waves.

25 Occasionally the electrocardiogram may remain
within normal limits in cases of undoubted myocardis

infarction.

1
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XVITT. SUMMARY .

1. A historical review of myocardial infarction in
all its clinical aspects is presented.

2. The increasing importance of myocardial infarc-
tion as a cause of death has been investigated by a
study of the annual reports of the Registrar-General
for Scotland between 1937 and 1947.

3 The aetiology of coronary thrombosis with myocar
digl infarection is briefly reviewed and two clinical
factors of possible importance are reported.

4. The clinical details of a series of 100 cases of
myocardial infarction treated consérvatively are de-
tailed, and the features of importance in estimation
of immediate prognosis discussed. The survivors
‘have been followed up and the clinical course pursued
has been analysed to determine the factors governing
ultimate prognosis.

B e A series of 70 cases treated with anti-cocagulant
has been similarly analysed and compared with the
conservatively treated series, to determine the value
of this measure in (a) immediate prognosis, and (b)
ultimate prognosis.

6. Clotting changes which occur after myocardial
infarction are presented and tentative suggestions
made as to the response of the body to the presemnce
of a mass of infarcted tissue.

7. ©Specific anti-shock therapy is summarised and

experience with 3 cases cited.

oRer
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8. Embolic coronary artery occlusion is briefly

mentioned and six cases are listed. The incidence

of coronary artery embolism in subacute bacterial
endocarditis is presented.

9. Serial electro-cardiograms obtained in 65 cases
using standard limb leads, augmented unipeolar limb
leads, and unipolar praecordial leadsj,have been anal=
ysed, and the features of diagnostic importance
stressed.

10. The conclusions are presented. |
11l. Finally clinical details of 35 cases are report-
ed.
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XIX. CASE__ REPORTS.

Thirty-five cases are reported in detail.
Thirty~one are included in the two series reported
in sections V. and IX.; one had subacute bacterial
endocarditis; one was treated plasma; and two were:
investigated to demonstrate the clotting changes i
after myocardial infarction. All were selected as ‘
showing some feature of interest either in onset, |
clinical course after the infarct, or follow up per-
iode Cases 1 to 8 were treated conservatively.
Seven survived the infarct although 3 had a stormy
course. Two have developed a cardiac aneurysm.
Cases 9 to 31 were treated with anti=-coagulants.
Eight (cases 9 to 16) died in the ward from a variety
of causes. Five (cases 17 to 21) died after their
discharge; while ten (cases 22 to 31) are still
alive. - Case 32 developed a myocardial infarct dur-
ing the course of subacute bacterial endocarditis and

later died followirgaesrebral embolus. Case 33 re-

ceived anti-shock treatment and made a good recovery;
while cases 34 and 35 were treated conservatively and
the serial change in blood clotting,demonstrated by
means of the Waugh Ruddick heparin retarded clotting,
test,were studied. Both died and came to autopsy.

|
Case Number 13 D.E. 43 years: Admitted on 1704.3j
having had a myocardial infarct that morning. Pre=
monitory pains had been experienced during the

preceding /
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preceding 5 days. B.C.G. examination showed an an=
terior myocardial infarct. Convalescence was un-
eventful. He was allowed up on 22.5.39 and was dis+
charged home on 3.6.39. X-Ray examination on 18.4.39
showed the heart to be of normal size and shape. |
(Figure 43). ; ; !

On 1.8.39 he was seen again when it was reCoéded
that his cardiac apex was thrusting in character.
X=-Ray examination suggested the development of a cars
diac aneurysm.(Figure 44). In October '39 he re-
turned to work as a clerk. He was slightly short 0#
breath on exertion but was otherwise wells. Barly in |
November '39 he suddenly felt a fluttering in the re-
gion of his heart and at the same time had a feeling
of tightness beneath the upper sternum. He had no
pain and was not short of breath. After 33 hours
the palpitation suddenly stopped, and after 3 days he
returned to work feeling perfectly fit. Thereafter
he was well, ﬁntil June '40, when he had an exactly

similar attack of palpitation lasting 24 hourse. On

2247440 while in bed he developed a semnsation of hard
thumping in his chest and his pulse was not so fast
as in the other attacks (his own observation). At
times he felt very short of breath. The thumping
sensation came and went at intervals for 2 days, dur-
ing which he continued at work. Intermittently he l
felt a stinging pain behind his sternum which was i
quite unrelated to exercise. He reported on 29.7.4d

when [/




Figure 43. Case I. On
the myocardial infarct.
within normal limits.

day after

Heart

gize



Figure 44. Case I. Three and a
half months after the myocardial
infarct. Development of cardiac
enlargement with bulging of the left
ventricle.
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when X=-Ray examination showed a definite cardiac an-
eurysm. (Figure 45).

During a similar attack of thumping in the
chest on 138440 an E.G.C. was obtained,and showed a
ventricular tachycardia at a rate of 150/min.. Aftexn
3% hours the attack ceased spontaneously,but he was
admitted for observation,and was given gquinidine 0.2
Gm.lt.i.d. He continued to take this after his dis-
charge. Thereafter he remained well,and continued
at work. He was not short of breath unless he hur-
ried and had no pain in the chest on exertione He
did not feel tired. During the war he acquired an
allotment and dug it himself, only giving it up in
1947. |

When he next reported in June '48 his main
trecuble was that of dyspepsia. Later it was found
that he had a large duodenal ulcere. On examination
the apex beat was in ‘the 6th left interspace almost
in the anteriér axillary line. The cardiac impulse
was forcible. The pulse rate was 86/min. with fre-
guent extra-systoles,and the blood pressure was lg%.
X=Ray examination showed little change in heart size
or in size of the aneurysm over the 8 years since
1940 (Figure 46). E.C.Ge. examination however showed
a prolongation of the initial deflections in all
standard leads to 0.1l2 seconde. The chest leads

gave evidence of an old anterior infarct,but did not

substantiate the diagnosis of left bundle branch ]

block suggested by the limb leads. (Figure 47).

Sidnce /



Figure 45. Case I. Fifteen and
a half months after the myocardial
inferct. Cardiac enlargement with
more definite cardiac ansurysm
formation.



Figure 46. Case I. Nine years

after the myocardizl infarect. Rew=
latively little change from 29.7.40,
in the size and shape of the heart.
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Figure 47. 24.6448. (Case 1):

Nine years after the myocardial infarct. The
limb leads show widening of the QRS complex
suggestive of a bundle branch conduction defect,

but the six praecordial leads recorded fail to
substantiate this.




| Case Number 2: Mrs J.R. 55 years. For 9 months |

2Cc2 .

Since starting on a diet for his duodenal

ulcer he has remained well.

l
she had experienced tightness in her chest on exer-

tion. During 9.12.46 she had several short attacks
of substernal pain unrelated to exertion and at |
10'peme had a very severe attack of pain which began
behind the upper sternum and radiated down both arms
to the finger tips. ohe was cold, sweating, and
felt nauseated. Despite morphine and inhalation of

amyl nitrite the pain persisted for 3 hours. On

admission 7 days later (16+12.46) she was still hyper

140 .

tensive - 6104, but her blecod pressure subsequently
11

fell to 76. No cardiac impulse could be palpated

as she was somewhat obese, and the heart sounds were

faint. There was no evidence of heart failure. An
E.C.G. taken on admission showed a recent posterior t
myocardial infarct.

Convalescence was uneventful and on 28.1.47
she was discharged home. Hypertension had returned,

154
the B.P. being 94 on 27.1.47. E.C.Gs had shown

|
evidence of healing but X-Ray examination suggested
the possible development of a cardiac aneurysm.

(Figure 48A and B).
After 3 months at home she felt fit for light

housework, but would rest every second afternoon.
She had no tightness in the chest or shortness of

breath on exertion, but did get a numb feeling in
both /
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ure. 48 A. ' QGase'II. 2L.1.47.

Figure 50 A. Case II. 1le6.49,

Antero-posterior view of heart show-
ing initial slight bulging in the
middle of the border of the left
ventricle (figure 48 A) and subse-
quent development of marked bulging
of the outline of the left ventricle
(Figure 50A ).
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The record is that of an o0ld healed posterior infar

ct.



Figure 48 B ' Case II. 21.1.47.

Figure 50 B Case II. 1l.6.49.

Left anterior obligue view of the
heart showing definite cardiac
aneurysm formation (Figure 50 B).
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both arms. When seen again on 14.6.49 she was feel-
ing well. Her blood pressure had risen being %%%.
Again no cardiac impulse could be felte Her weight

had increased and she was very obese,being 3 stones

over her standard weight. The E.C.G. showed evi- |
dence of an old posterior infarct (Figure 49). X—RaJ
examination in the left anterior obligue position how=
ever s8howed a definite cardiac aneurysm. (Figure
50A and B).

she has continued to lead a quiet life and

has remained wello

Case Number 3. J.M. 41 years. Admitted on

2l.11.39. Thirteen days previously while at work, |
he had experienced very severe substernal pain which |
did not radiate. It was burning and crushing in
character, and his chest felt as if it were being
"drawn from the sides towards the middle". Even
when he arrived home and got to bed,the pain persist-
ed. He had neﬁer experienced such pain before. On |
admission the pulse was regular 65/min., and of good:
volume. The blood pressure was léi. The radial
arteries were palpable but not tortuous. The apex
beat was in the 5th left interspace 4" from the mid-

line. The heart sounds were faint. The chest was

clear. E.C.G. examination suggested a posterior |
myocardial infarct. He was kept at rest in bed and |
discharged homeon 4.12.49.

After 9% months he returned to work,having al

light /

{
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light job/for 14 years. Later he returned to his |
as |
usual work/a commercial traveller, and took up golf

again. Thereafter he played golf frequently, and

entered for some of the major amateur tournaments. |
During 1942 and 43 he was in the Home Guard. Walkiné
uphill against a wind, or hurrying after a meal wou1$
cause slight anginal pain, and very occasionally he I
would have to stop. He never had a return of sever;
persistent chest pain. When seen in June '48 the

blood pressure was l%%, and the E.C.G. no longer in-
dicated 0ld myocardial infarction. He was fit for
most things. Fluoroscopy was carried out in June

'49 and an inactive segment was detected on the latern-

al border of the left ventricle.

Case number 43 J.M. 60 years. On 5.4.43 while
at his work as a porter-signalman he suddenly felt *
weak, had a tight feeling in his chest, and became

very breathleas; He broke out in a sweat and felt
very cold. In about 20 minutes this passed off and
he carried on with his work, which included climbing
a 40 ft. lamp standard. At the end of the day he i

| felt weak and unsteady on his feet and was taken home

by car. Prior to this he had been very fit and dur-

'ing the preceding 2 months had been doing very heavy

lwork.

When admitted on 12.4.43 E.C.G. examination

duas 7/

|
[

lahowed a posterior myocardial infarct. He was kept
i
|
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in bed until 11.5.43 and was discharged home 4 days
later. Within 2 weeks he was doing many small jobs

about the house but did not begin work again for 8

months. oince then he has been employed as a dis- %
patcher of diving suits. He finds this more strenuL
ous than his previous work as a porter but is not
short of breath, and can hurry up a stair of 67 steps
without distress. Not only is he working 9 hours
each day, 5% days in the week, but he travels 15 miles
to and from work each day, walking the first 3 miles
in the morning. His day starts at 4.15 a.m.. He

is not hypertensive -‘Lg%, but has arterio=-sclerotic
peripheral vessels. It would be hazardous to diag-

nose myocardial infarction from his E.C.G. on 11.2.49.

Case Number 5: GeJe 49 years. Admitted on
275443 complaining of &evere pain across the front
of the chest and down the inside of both arms to the
fingertips. His chest felt tight and he was short
of breath, restless, and sweating. Morphine % gr.
SeCei. relieved the pain after 2 hours. During the
10 days prior to admission he had experienced sub-
sternal pain on exertion. This had rapidly increased
in severity. On admission the heart sounds were
faint; the blood pressure was l%g; the peripheral
arteries were thickened and tortuous. E.C.G. examin-
ation showed no abnormality, but the T wave in lead I
was slightly lower than T in lead III. He remained
well /
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well for 4 days, but thereafter had frequent attacks

of anginal pain while in bed. These varied in sever

ity, some being relieved by ipgélation of amyl nitri#e

or by sucking nitroglycerine 100 gr., but others

reqguirei morphine for their relief. During each at-
182
tack of pain p?g blood pressure rose e.g. to 110.

From 6.6.43, 100 gr. nitroglycerine was given 2 héurly

but with only slight lessening of the pain. Daily
E.C.Gs. showed variations in the T waves in lead I
and CIVF. (Figure 50 )s¢ On 9.6.43 he had a
particularly severe attack of substernal pain,which
required morphine for its relief. An E.C.G. on that
day showed evidence of myocardial infarction.
(Figure 52 ). Again on 1l.6.43, after a very
severe attack of painy the E.C.G. indicated fresh

myocardial damage. Thereafter he remained free of

pain. He was kept at rest in bed and was well .sedated.

with phenobarbitone. Five weeks after his second
infarct he was allowed up and 8 days later was dis=-
charged home. E.C.Gs. taken at intervals showed
evidence of healing (Figure 53).

After his discharge his activities were con-
siderably restricted by e ffort pain. He could avoid
this only by walking slowly or by going for less than
%2 mile. In cold weather the pain would come on very
easily. On 27.12.43, while in bed he developed a
Very severe substernal pain which gripped him like a
vice, and passed down to the fingers of both hands.

He [/
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Successive T wave changes in lead I
and lead CIVF during period while

anginal pain was easily induced.
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The records, taken at an interval of 2 days, both
show evidence of fresh anterior myocardial infarc-
tion.
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He felt cold and clammy, and was trembling all over.
He also felt nauseated but did not vomit. He was
afraid to move because of the pain. After 3 hours

his doctor gave him an injection of morphine. This

relieved the pain, but an ache persisted for 5 nights.

On 6.1.44 he was re-admitted. The apex beat was in
the 5th left interspace within the mid-clavicular
line, the heart soundz were of good quality, and the
blood pressure was lgﬁ. There was no laucocytosis

7,200/ceme and the B.S.R. was normal - 4 mm./hr..
The E.C.G. showed striking changes being no longer
diagnostic of myocardial infarction. Apart from T
in lead I being flat it was not definitely abnormal.
after 2 weeks during which he had no pain and felt
well he developed pneumonia, type II. pneumococci
being recovered from his sputum. This responded to
sulphathiazole and 16 days later he was discharged
to a convalescent home.

after his return home the pain in the chest

returned. He was greatly disabled, being unable to
walk more than 100 yards without feeling pain in the
chest and inside both elbows. This would take 10~l
minutes to wear away even with the aid of nitro-
glycerine. While the pain was present he would be

short of breath. Freqguently he had attacks of pain
while in bed at night. Because of the severity of

the pain and the ease with which it was induced, he

spent many months in bed, and between 1944 and 1947

was /

|
|
|

w
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was up for only about 3 months each year. In 1947
however he felt better and was able to work in a
pbookshop for a year. The pain was still frequent
but not so severe. His hours of work were from
8 a.me. to 7 pem. and by the end of a day he was very
tired. He began to notice that he was having pain
in the calves on exertion, but commonly pain in the
chest would come on first and stop him before he felt
pain in the legs. In January '48, he retired to
bed, because of the severity of the chest pains and
also because of the development of spontaneous short
attacks of irregular palpitaticn and breathlessness..
When seen on 23.9.48 he was far from wells
The apex beat was in the 5th left intercostal space
Just outside the mid~clavicular line. The heart
sounds were normal but were accompanied by a systolic
mucrmur of moderate 1nten81ty in the mitral area.
The blood pressure was _33 There were freqguent
extra-systoles.” An E.C.G. was within normal limits,
but showed ventricular extra-systoles. (Figure 54).
His exercise tolerance was extremely limited, and in
spite of sucking nitroglycerine he had to stop 3
times when asked to walk 30 yards on the levels Whil
resting after this exertion, one short attack of
palpitation occurred during whiﬁh he temporarily lost
consciousness & only occasional weak pulse beats
reached the wrist. Unfortunately an E.C.G. was not
being taken at the time, nor was his heart auscultated.
Ten days later he died, death being certified

as due to angina Pectoris.
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Case Number 6. C. H. 6l years. Admitted on
18.1.47. That morning he overslept and had then
rushed to Waverley Station. While standing on a
platform, he suddenly broke out in a cold sweat. A
gnawing pain began beneath the lower end of his

sternum and passed through to his back. He felt

faint, dizzy and sick, and was a little short of
breath, but was able to walk to a first aid post.
Prior to this he had felt well, apart from trouble j
with a duodenal ulcer and a gastro=enterostomye. Cn
admission he was pale cold and sweating. The blood
pressure was l%% and the heart sounds were faint.

No cardiac impulse could be felt. On the 5th day
he was noticed to have auricular fibrillation. This
recurred on 3 other occasions and he went into con-
gestive heart failure, developing ankle and sacral
oedema. An E.C.G. done on 28.1.47 showed evidence
of an anterior myocardial infarct. Digitalis was
given but not uﬁtil it was supplemented by neptal

2 CeCo intra—musculdrly every second day, did the

oedema clearws . After the second day of digitalis
therapy the auricular fibrillation ceased. Subse-
guent E.C.Gs. showed a marked disturbance of auricul

activity - periods of auricular arrest and ventricul

escape,interrupted by occasional, conducted sinus
beats; varying form of the P wave indicating a
changing site of stimulus production; spells show-

ing prolongation of the P-R interval. (Figure 55).

After [/
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Figure 55. (Case 0): Varying auricular i
rhythm in the days following myocardial infarction
All records illustrated are of lead II. |
(A) Auricular fibrillation, (B) no evidence of |

auricular activity and a slow ventricular rate,
(C) one normal conducted beat during a period of |
apparent auricular standstill. (D normal sinus
rhythm.
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After 4 weeks, normal sinus rhythm prevailede He
was discharged home on 22.2.47. |
He has remained well apart from occasional

trouble with his stomach, and is working as a foreman-

chauffeur. He is breathless on exertion but this is
4 |

not very troublesome, and may partly be due to anaemia.

His E.C.Ges done on 16.9.48 was within normal limits.
In his youth this man represented Great

Britain in the Olympic Games, taking part in the

cycling events.

Case Number 7: S.R. 63 years. For 2-3 months

he had been short of breath on exertion and for 1
month had experienced effort pain. While reporting
as an outpatient on 5.12.45, he suddenly collapsed,
becoming ashen=grey in colour, cold, clammy, and

practically unconscious. No pulse could be felt

and the heart sounds could only just be heard. He |
was admitted, kept as warm as possible and given
coramine 1 c.ce 2 hourly. The blood pressure was
recorded as %g. An E.C.G. taken that day showed a
recent'posterior infarct with defective A.V. conduc-
tion, and sinus bradycardia.

He rallied amazingly however and with relief
of the shock, remained seriously ill but not in im-
mediate danger of death. The blood pressure varied
around g%, and did not rise above 100 mm. Hg. for 2
weeks. The pulse rate varied between 80~90/min.,

except /
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except on 8.12.45 when E.C.G examination showed com- |
plete heart block with a ventricular rate of 50/min. |
Probably this arrythmia did not last for more than one
:day. ‘
| His first setback was a urinary infection i
which did not respond to 0.5 gm.Qg.I.D. of sulphanil%—
mide, given for 1l days, or later to 0.5 Gm sulphadi&-
zine Q.I.D. for 15 days, but which cleared quickly
ion penicillin 25,000 units 3 hourly for 9 days.

While the infection was persisting he went into

congestive heart failure, for which he was given first
digoxin 0.25 mgm t.i.d. and later digitalis 1% gr
t.i.d.. While receiving digitalis he developed a

phlebothrombosis in the right calf. Only when |
mercurial diuretics were given in addition to the
digitalis from the 7th week onwards was a diuresis

produced and the oedema relieved. When he was dis=

charged 13 weeks after the infarct, it was arranged
that he carry on with digitalis and that injections i
of mersalyl be given twice weekly.
In July '46 - 7 months after his infarct - h%
felt sufficiently well to begin work as a watchman oﬁ
coal waggons. It was light work but his hours were
long - 2 peme to 11 pems, 5 days a week. He was
short of breath on exertion, but this did not induce

pain in the chest until early in 1949. When seen in

September '48, he had not taken any digitalis for a
long time, and had only been having 1 injection of
mersalyl every second week. His heart was enlarged

|
= the /
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' - the apex being in the 6th left interspace, just
outside the mid-clavicular line. FHe had become
!hypertensive - the bleood pressure being %%%. X-Ray |
examination showed some left ventricular enlargement,'
and the aortic arch was on the right side. F.C.G. |
examination still indicated posterior myocardial in- ;

‘farction. |

Case Number 8: Mrs H.M. 65 years. While-walkiné
upstairs on 501147, she suddenly became acutely sho%t

of breath, and had to s top and rest. It was so ;

troublesome, and she felt so weak, that she had to go|
to bed. 2he was unable to lie flat and had to be i

propped well up. Each night thereafter she woke up |
|
short of breath and had to sit upright to get relief.

For about 6 months previously, she had been short of i
breath on exertion and had had a troublesome cough. |
When admitted on 26.11047, she was in mild congestive
heart failure.- E.C.G. examination suggested anterioﬁ
myocardial infarction. Death occurred suddenly 5 da#a
later. At autopsy a very extensive myocardial infarct

|
was found, extending from the apex on to both anteriorn

nd posterior walls for a distance of about 8 cms. an%
lso into the inter-ventricular septum. The coronaryi

teries were markedly atheromatous, but no thrombus i
was found. '
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Case Number 9: Mrs M.G. 61 years. She was well
| until 1 month prior to her admission on 9.12.48. |
| During that month she had 3 attacks of myocardial :
infarction,being admitted after the third. Although!
confined to bed from thé onset she had experienced |
repeated short attacks of pain in the chest which '
were relieved by nitroglycerine.

On admission she was in considerable distres;,
being sick frequently. Chest pain was still severe.
Her skin was grey, cold, and clammy, and she was very
thirsty. The pulse was rapid irregular and of poor
volume = loo/mine., many beats being dropped at the
w;ist. The blood pressure was ;%g. The heart |
sounds were faint and of poor quality. E.C.Ge &x=
amination showed an extensive-anterior infarct,partia#
heart block with Wenchebach periods, and right bundle
branch block. (Figure 31). Anti-coagulant therapy T
was begﬁn. The shock persisted in severe degree and |
on 10.12.48 she was dying solely from peripheral circy-
latory failure. The skin was cold and clammy. No

pulse could be felt at the wrist and the blood pres- |
sure was gg. Treatment to counteract the shock was |
instituted. She was kept as warm as possible, given
oxygen;and one pint of plasma was given over 16 hoursi
and followed by 11 oz. of 6% glucose over 12 hours. ‘
There followed a marked improvement in her general

condition. On 1l.12.48, the pulse became of quite

118 |
good volume, and the blood pressure rose to about 80,

E-C-G- /
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i
E.C.G. examination showed auricular fibrillation witﬁ
a high ventricular rate (Figure 31). There was |
' no evidence of heart failure. This developed one
day later however and she died early on 13.12.48.
Autopsy examination revealed a recent myocar-
dial infarct in the upper part of the inter=-ventricular
septum, with a very thin covering layer of mural '
| thrombus. The remainder of the septum and the
greater part of the anterior and lateral wall of the
left ventricle, was also infarcted, the lesion beinjg
at least 2 weeks old. The coronary arteries were
atheromatous and the left main artery was blocked

Just distal to its origin.

Case Number 10: J.S. 61 years. For 1 year he
had felt easily tired and had experienced pain across
the chest and down both arms on exertion. This was
relieved by resting for 5 minutes. One month prior
to admission the chest pain became severe and was
very easily induced. It did not pass off so quickly
as usual when he rested. oince that change he felt
more tired and also became short of breath while in |
bed. In the evenings his ankles were swollen. Al-
though feeling far from well, he carried on with his
work as branch manage® of a Co-operative store.

On 26.2.49 while in bed - about 1030 pe.me = he felt
severe pain across the chest and down both arms. He |
became short of breath and began sweating. The pain
and /
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and breathlessness persisted until the 28th. when he |
r

got up and went to see the doctor. He felt very

| weak and tired.

Wwhen admitted on 2.3.49 he looked exhausted.
‘ His sKin was grey and cold and he was sweating pro-
fusely. His lips were cyanosed. The pulse was
rapid and of poor volume - 118/min., and the blood
pressure was l%%. No heart sounds could be detected.
The neck veins were distended,the livir was distended
to 2 fingers beneath the costal margin and there
was oedemalof both ankles. In the left lung there
were many fine crepitations but the right lung was
dry. In spite of being propped well up and given
oxygen his respirations remained persistently rapid -
38/min. but were not ﬁeriodic. §.C.G. examination
showed rare type bundle brainch block and also evi-
dence of anterior infarction in the chest leads.
(Figure '29)- He died 24 hours after admission, the
blood pressuré having fallen to %&.
Autopsy examination showed a large myocardial

infarct involving mainly the septum but extending on

t0 the anterior wall of the left ventricle, and

partly on to the posterior wall. (Figure 30).

Case Number 11 : E.O. 65 years. Admitted on
9.5.48, having sustained a myocardial infarct during
the preceding night. He was pale and cold and was

sweating /
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sweating slightly. His lips were cyanosed. The

cardiac impulse could just be felt, the apex being
in the fifth left interspace just outside the mid-
clavicular line. The heart sounds were very faint

and pericardial friction was audible over and to the

left of the sternum. The pulse was regular 80/min.,
but was poor in volume. The radial artery was

140 |
thickened. The blood pressure was 90.

Praecordial pain persisted during 9.5.48,

and morphine % gr. s.c.i. was given at 1130 a.m.,
5¢30 pemey and 11 pemes« Anti-coagulant therapy was
begun, forthwith. An E.C.G.teken on 11.5.48 showed

an anterior infarct with Wilson type right bundle

branch block. Cough was very troublesome - he had |
been a miner all his life - and he had difficulty iné
bringing up the thick muco-purulent sputum. On ex-|
amination of the chest there were numerous coarse |
crepitaﬁions in all areas but mainly at the lung
bases. Penicillin 200,000 units b.i.d. was begun o?

12.5.48. His general condition deteriorated and on

13.5.48, the neck veins were distended, the liver

was palpable, and there was sacral oedema. The |
blood pressure was falling daily, being %% on 15.5.45.
The cough was more troublesome. On 18.5.48 he com- |
plained of sudden sensations of faintness and on
auscultation of the heart a variety of arrythmias
was detected over the space of about 5 minutes. An

E.C.G. was obtained and the arrythmias are illustrated,

leads /
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leads I II and III (Figure 324) show complete A/V.
dissociation with ventricular extra-systoles. From
lead I the auricular rate is 65/min. and the basic
ventricular rate 44/min. (Figure 32B, was taken ime
mediately after the preceding record. It shows
auricular paroxysmal tachycardia in lead I and in
the first two complexes of lead II. Thereafter
there is ventricular standstill for 3 seconds while
the auricles continue beating at 83/min.. After thig
Adam-3tokes attack, 1 : 1 A/V conduction occuxis
with a P=R interval of 0,20 second. This normal
rhythm is at a rate of 83/min.. The next record
(Figure 32C) shows alternating complete heart block
and 1 ¢+ 1 A/V conductione Ch&st leads V2 and V4
show a deep @, tall R wave, and marked ST elevation

with a Pardee type of T wave, indicating anterior in

farction. Throughout all the records there is right
bundle branch block of Wilson type.

The arrythmias persisted and in the early
hours of 19.5.48 he died. Autopsy was refused.

Case Number 12 : Mrs G.Ps 53 years. For one

o

year she had experienced pain in the left arm and ch
on exertions At 9 peme cn 1l4.4.49, she suddenly

felt severe jabbing pain in both elbows, particularl]

=

the left. It rapidly spread up both arms and across

the chest, and also down both arms to the fingertips
It was very severe and she had a slight gripping
Ceeling /
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feeling in her chest. ©She was not short of breath,
did not sweat and did not feel sick. When admitted
on 15.4.49 she was not shocked, but was slightly
cyanosed. Her pulse was rapid, 124/min., regular
in time and in force, and of guite good volume. The
radial artery was thickened and slightly tortuous.
The blood pressure was %%g. The apex beat was in
the 5th left interspace Jjust outside the mid-clavicul
line, and the heart sounds were tic=tac in character
There was no evidence of heart failure. An E.C.G
showed extensive myocardial damage involving both
the front and back of the heart. (Figure 27).

Anti-coagulant therapy was begun on 15.8.49.

Pericardial friction developedion 16.8+49 and pers=

Lar

sisted for 3 days. It was associated with pain at the

left shoulder. During the succeeding days her gen-
eral condition remained fairly satisfactory, her
pulse rate slowly fell, and the blood pressure fell
slightly = 104/min. and %%% respectively on 20.4.49.
During the nights of 19.4.49 and 22.4.49 she got out
of bed. On 22.4.49 she complained of Slight dis-

comfort on palpation in the right hypochondrium,

and within 24 hours the neck veins were distended and

the liver had enlarged to 1 finger's breadth beneath
the costal margin. Her heart rate had increased
slightly = 120/min. but the blood pressure was well
maintained - %%8. On 25.4.49 she was in  gross
congestive heart failure. The liver edge was 4

fingers /
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fingers beneath the costal margin, there was a trace
of ankle oedema, the pulse was almost impalpable,
and the blood pressure could just be recorded = %g.
The heart sounds were faint and tic=tac in character
The lung fields were clear. During the morning she
died.

At autopsy there was a very extensive myocar
dial infarct involving the anterior wall of the left
ventricle, the apex, part of the posterior wall of
the leftwntiricle and also the inter-ventricular
septum. There was also an old posterior infarct
about the size of a florin.

There was a diffuse haemorrhagic pericarditi
but no mural thrombus in the left ventricle. No
infarcts in the lungs or in the systemic circulation
were found.

The coronary arteries were very arterioscle
rotic, and the first ls inches of the anterior de=-
scending branch of the left coronary artery was

blocked by a thrombus.

Case Number 13 : Mrs M.W. 54 years. ohe was
admitted on 10.7.47 having had a myocardial infarct
that morning. She was severely shocked and was in
@onsiderable pain. The pulse was regular,96/min.,
except for occasional extra-systoles, and was of poo
130
volume . The blood pressure was 108. No cardiac
impulse could be felt and heart sounds could just be

heard. i

X

-
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heard. They were tic-tac in character. During
1lle7047 chest pain persisted, being only slightly
relieved by morphine. Ffdhock was still severe, the
blood pressure being %%%. anti-coagulants were be=
gun. Pain and shockiwere still present on 12.7.47.
Extra—systoleséwere freguent, and the blood pressure
had fallen to 3%. The tic-tac rhythm had given
place to a gallop rhythm. Two "fits" each lasting
a few minutes occurred. In these she suddenly lost
consciousiess, and became rigid but did not twitch.
It was thought clinically that they were due to
ventricular paroxysmal tachycardia,but no 5.C.G. re-
cord of a paroxysm was cbtained. There were fre=-
guent ventricular extra-systoles, sometimes in pairs
guinidine 0.2 Gm. t.i.d. was begun but she died
shortly after the first dose.

At autopsy the infarct was found to involve
the apek and the inter-ventricular septum. There
was no mural fhrombus. The anterior descending

branch of the left coronary artery was blocked.

Case Number 14: Mrs H.L. 62 years. On 4.12.47
she developed a myocardial infarct and five days
later had a recurrence, which was symptomatically
more severe. 3he was admitted on 11.12.47. BShe
was restless and cold, but her general condition was
guite good. The pulse was rapid and regular
104/min. and the vessel wall was palpable. The
blood /
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118
blood pressufe was 82. No cardiac impulse could

be felt and the heart sounds were faint. There was
no evidence of heart failure. E.C.G. examination
showed an anterior myocardial infarct. Anti-coagu-
lants were begun, but during the evening of 12.12.47
she died suddenly.

at autopsy there were about 100 c.c. of
clotted blood in the pericardial sac, which had es-
caped from 2 sites of myocardial rupture on the
anterior wall of the left ventricle. The infarct
involved the apex, interventricular septum and the

anterior wall of the left ventricle.

Case Number 15 : Miss J.L. 67 years. oshe was
admitted on 3.12.4? having had a myocardial infarct
5 days previously. During the night she had risen
te go to the bathroom and on the way there she sud=-
denly felt as if she were going to be sick. <he
felt very weak and went straight back to bed where
she was vidlently sick. There was a slight feeling
of tightness in her chest, at times she felt as if
she was about to choke. oshe thought she was going
to die. Two days previously she had experienced
severe tightness across the chest while walking, and
had had to stop several times. After a long rest
in a chair, the tightness had not recurred.

On admission she was in no distress. The
pulse was slightly irregular due to frequent extra-

systoles - rate 62/min. The blocd pressure was

20"
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70. The peripheral arteries were not thickened.
No cardiac impulse could be felt, and the heart
sounds were faint. There was no evidence of heart
failure. E.C.G. examination showed a recent post-
erior infarct.
anti-coagulant therapy was begun, but in
spite of this she had an embolus in her left leg on
H5el2e47 and a cerebral embolus on 7.12.47. This
caused an exténsive lesion - a complete left-sided
hemiplegia, hemiznaesthesia, and hemianopia. Her
general condition deteriorated. ohe developed a
hypostatic pneumonia and died on 21.12.47.. Autopsy
was not carried out. Throughout her stay in hos-
pital the B.o.R. was high, being 105 mm./hr. on
admission, and there was a leucocytosis,- 15,000/cm.

on admission.

Case Number ;6 : W.S. 61 years. For 7 years
he had experienced pain across the front of the ches
on exertion, and with it a feeling of tightness in
the chest and mild breathlessness. In the past few
months the pain had spread to the left arm. On
8.11.48 while going down the steps into the Brasseri
in Piccadilly, London, he suddenly felt nauseated,
broke out in a sweat and staggered against the wall.
He collapsed on the floor and was uncenscious for a
few minutes. After resting for half an hour he

went to the Saville theatre, and after the performan

took ot
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took a taxi to his hotel. He went to bed, and slept
only to awaken 1 hour later = about 11 p.me with
severe substernal pain. He felt short of breath amd
a little sick, but did not sweat. The pain eased a
little but he did not sleep again. Next day 9.11.48
he caught the 10 a.m. train back te Edinburgh. The
pain was still present -and he felt exhausted. Twice
he tried to be sick. At &dinburgh he was met and
taken home by taxi, and was put straight to bed.

On 10.11.49 he was admitted to the ward. His skin
was greyish cold and clammy and his lips were cyanosed.
:He was not in pain but was very restless. The pul se
was rapid - 96/min. and of poor volume, with freguent
extra-systoles. The radial arteries were thickened
and tortuous and the blood pressure was %“. ' No apex
beat could be felt. : The heart sounds were faint.

In the right axilla there were a few fine crepitationsg.
The E.C.G; showed depression of the 3T segment with
diphasic T waves in leads I and II and in V5 and V6,

anti-coagulant therapy was begun. His general condij

tion deteriorated, congestive heart failure developing.

Lt

On 12.11.48 he was exhausted restless and very ill.
Digoxin was given intravenously - 1 mgm. at mid-day
and 0.5 mgm. at 8 p.m. and continued by mouth on the
following day (13th) = 0.25 mgm. t.i.d.. After slight
temporary improvement the congestive heart failure
increased. Neptal 2 c.c. i.m.i. was begun on

16+411.48 and given every second day. There was little

response and he died on 20.11.48.
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at autopsy both right and left coronary
arteries were very arterioslcerotic, but no throm-
bosed segment was found. There was diffuse infarc-
tion of the whole of the left ventricle, mainly
subendocardial in position and not involving the ful
thickness of the muscle. In one small pulmonary

artery thrombosis had taken place.

Case Number 17: D.B. 48 years. IHe was admitte
on 8.6+49, having collapsed about % hour previously.
He had been out delivering coal and was found lying
unconscious beside his lorry. On admission he was
semi-conscious, groaning, and resentful of interfer-
ence. No evidence of an intra-cranial lesion could
be detected. The only positive finding was that of
tenderness in the epigastrium and as he gave a his=-
tory of vague dyspepsia for 1 month - when he re-
covered éonsciousnesa - he was oﬁserved as a possibl
case of perfofég;%n of a peptic ulcer. He was
hypertensive = I%Z, but his heart was not enlarged,
and his heart sounds were of a quite good quality.
A routine E.C.G. done 4 days after admission reveale
definite evidence of myocardial d amage, in lead aVL
in particular, but with corroborative changes in
leads II & III and V4 and V5. (Figure 28 A & B).
Anti=coagulant therapy was begun and he was kept at
rest in bed. E.C.Gs. taken from interspaces above
the normal chest leads failed to show evidence of a

high /
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high lateral infarct - as suggested by lead aVL.

However the blood pressure fell progressively, reach
104
ing 74 on the 12th day and the B.S.R. rose to

90 mm./hr. on the 8th day. No leucocytosis was
detected. Convalescence was uneventful. oerial
£.C.Gs. shcwed subsidehce of the evidence of myocar=-
dial infarction. On 1207049 he was discharged to
Gonvalescent House.

On 3048649 he reported. a4apart from mild
dyspeptic symptoms he was feeling well. While
stripping to have his chest examined, he suddenly
said that he felt gueer, collapsed, and died. His
wife later reported that 2 weeks previously he had
very temporarily lost consciousness while sitting in
a barber's chair.

at autopsy there was a large oval healed
myocardial infarct, about 5 cms. by 7 cms. in size,
at the béSe of the left ventricle on its postero-

lateral aapect;

Case Number 18 : Mrs M.P. 56 years. For one
year she had been short of breath and had a feeling
of tightness in her chest on exertion. She also had
occasional attacks of nocturnal dyspnoea, and fre-
guently had epistaxis. At 4 a.me ON 3.4.49 she

weke with a tight feeling in her chest. This gzadu-
ally became worse and pain supervened. ohe had to

gasp for breath. At 5 a.me she was given morphine

2 gt/
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% gr. and this relieved the pain. On admission she
was extremely cyanosed. The pulse was rapid,l100/min.

but of guite good volume, The blocd pressure was

140
100 No cardiac impulse could be felt; the heart

sounds were faint-and tic-tac rhythm was presente
Many fine crepitations were heard in both lung
fields. Oxygen was given and anti-coagulants were
started. Within 24 hours she was much improved,and
thereafter made an uneventful recovery. E.C.Ge ex=
amination on 8.4.49 did not reveal evidence of myocar
dial infarction but a later record on 29.4.49 showed
that she had sustained a posterior infarct. On

27 «5+49 she was discharged home.

Three weeks later (18.6.49) she was re-admit-
ted with a recurrence of myocardial infarction - an
anterior infarct not involving the full thickness of
the muscle. ohe was not acutely ill but the blood

. 180
pressure fell from 110 recorded by her own doctor to

l%% within 48 hours. Pericardial friction developed
and persisted for several days. The heart sounds
were faint. Her general condition remained good and
after 35 weeks she was discharged to rest at home
(1267449).

She remained well, but on 14.8.49 she had a

second recurrence and died soon after the onset.

Case Number 19 : Mrs A.P. 62 years. At 11 a.ms
on 24.4.47 she felt sudden severe pain in the

epigastrium. /
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epigastrium. It was burning in character and moved
up behind the sternum. ohe went to bed immediately|
but could not lie still. She was sick twice. She

was not short of breath, but had a choking feeling.

Two days previously she had experienced a few similar

attacks of pain while going about the house. They
had passed off in 1=2 minutes.

On admission she was pales. but her lips and
nails were cyanosed. she was complaining of severe
substernal pain. The pulse was regular, 90/min.j,and
of quite good volume. The blood pressure was l%g.
The peripheral arteries were thickened and tortuous.
No cardiac impulse could be felt, but the heart
sounds were of good gualitye. There was no evidence
of heart failure. E.C.G. examination showed a re=-
cent anterior myocardial infarct. Anti=coagulant
therapy was begune Convalescence was uneventful
apart from the development of haematuria due to the
dicoumarol. . The blood pressure fell to %H on the
fifth day. :

On 13+6¢47 she was discharged homee Six

months later she reported complaining of buzzing in

the right ear and palpitations. ©She was fit for light

housework and was not short of breag% unless she
7%

hurried. She was hypertensive - 100 and a gallop

rhythm was presente The palpitation was due to fre-

guent extra-systoles, for which quinidine was prescribed.

On 11.1.48 however she had a second myocardia

infarct and died within an hour of the onset.

1
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Case Number 20: R.A. 56 years. For six years
he had experienced pain in the left side of the chest
on exertion. It passed through to the back and
down the left arm to the fingers. During the first
3 years it was not too troublesome and he was able to
carry on with his work as a cattleman. Thereafter
it became more .severe and more easily induced until
walking 10 yards would bring it on. Excitement
also brought it on, and each time he had to rest for

1015 minutes before it passed away. In 1946 he bes

1 5

gan using nitroglycerine and by June '48 was using
120 tablets in a week. During that month he had an
attack of pain which lasted 30 minutes and was not
relieved by nitroglycerine. During the following
nights he tended to waken up short of breath and was
therefore kept in bed for 2 weeks. On riéing the
effort pain was more severe and more easily induced,
and he was soon using 240 tablets of nitroglycerine
in the week.~ He was not fit for even the lightest
of work. On 19.9.48 he developed a severe pain in
the chest about 10 a.me which was not relieved by
nitroglycerine. It persisted until late on the
evening of the 20th.. He was a little short of
breath, but did not sweat or feel sick.

On 27.9.48 he was admitted. He was of
medium height, thick set, and of a florid. complexion.
The apex beat was in the 5th left interspace outside

the mid clavicular line. The heart sounds were of

good /
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good quality. The peripheral arteries were thick and
tortuous and the blood pressure was %%%. E.C.G. ex~-
amination showed a small anterior myocardial infarct!
not of recent origin. He was kept at rest in bed, |
given phenobarbitone 1 gr t.i.d.,and was begun on

dicoumarol therapy. Any exertion in bed,particularlﬁ

after eating precipitated chest pain.

In spite of adequate dicoumarol dosage he had é
fresh myocardial infarct on 7.10.48,the chest pain bé-
ginning at 8 p.ms It was relieved at 11.30 p.m., by|
an intravenous injection of morphine 1/6th gr., and
papaverine 1 gr.. During the pain,a well marked gall&p
rhythm was present and his blood pressure was raised
- %%8. E.C.G. examination next day suggested that
a posterior infarct had developed. The next 3 weeks

were uneventful,but he frequently had coupled rhythm

due to regularly recurring ventricular extra-systoles
On 30.10.48 he ha& a second episode of severe chest
pain, associated with the presence of a gallop rhythm
and a raised blood pressure %%g. Papaverine 1z gr.
intravenously relieved the pain and the blood pres-
sure fell to %%%. Prior to the pain he had coupled
rhythm, but during the pain, the heart rate was regu-
lar at 86/min.; after-the pain had been relieved,
the extra-systoles returned. After this episode
there was a mild leucocytosis - 11,400/c.m. on
31.10.48, but no rise in the B.S5.R. or fall in the

blood pressure. Pain was easily induced thereafter,

and /
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and on 12.11.48 he was begun on a compound tablet
containing papaverine 2 grs., erythrol tetranitrate

4 gr., phenobarbitone % gr., and atropine sulphate

1l
100 gr. four times daily. Nitroglycerine was also

given if required, but gradually the frequency of
pain was reduced. A gradual increase in his activi-
ties was allowed, but on 26th November he woke at mid-
night with severe chest pain which was not relieved
by nitroglycerine. The pain persisted for 4 hours
and he baceme short of breath and sweated profusely.
E.C.G. examination showed no change, and over the
succeeding days there was no leucocytosis or rise in
the Béb.B.. The blood pressure fell very temporarily
to %%5. Thereafter he felt well and had only one
further slight attack of pain in the chest. This
was associated with a rise in blood pressure to %ﬁ%
but no gallop rhythm was detected.

" He was allowed up on 11.12.48 and very
gradually increased his activities. Before walking

he sucked a tablet of nitroglycerine. Soon his

confidence increased, and with it his exercise toler:

ance. Dicoumarol, which had been given from the day
of admission,was stopped on 13.12.48 - a total of 11
weeks treatment. He was also put on a 1200 calorie

diet to reduce his weight. On 12.1.49 he was dis-

charged home,with instructions to continue the diet

and the tablets of papaverine etc., and to use nitro;
glycerine as required.

Thereafter /
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|
|
|
|
|
Thereafter he reported once every 3 months.j
March '49 - three weeks after his discharge from |
the ward he developed pain at the left shoulder and
down the left arm to the fingers. Movement of the
shoulder, particularly abduction increased the pain
and the fingers felt stiff. He was doing very
little, and was not having too much chest pain. The
230
blood pressure was 140. His weight had increased

slightly rather than fallen.

June '49 : Cough was his main complaint, particu-

larly on lying down in bed. He had to use 4 pillows

at night, otherwise he became short of breath.

While up and about he had his good days when he coul

walk half a mile on the level without trouble, and
his bad days when he could hardly mové without the
pain coming on. For 2 months his ankles had been
swelling slightly in the evenings. The pulse was
rapid - 100/min. and the blood pressure was high -
%i%. There were many fine crepitations in both
lungs. Digitalis and mersalyl were recommended but
only digitalis was given.

August '49 : He was feeling better. At night the

cough was much less troublesome and he only needed

1 pillow. His feet still became swollen occasion=

ally. He had sf0ppe¢ the papaverine tablets, and the

effort pain was more easily induced. He was using
120 tablets of nitroglycerine per week, twice the
number that he used while also taking the papaverine

November [/

d
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impulse could be felt but the heart sounds were of god

312.

November '49 : For one month he had taken no digi=-
talis and was short of breath, requiring 4 pillows
in bed once more. His feet were also swollen and
his abdomen was tending to swell. He was not taking
the papaverine and was still reguiring 120 tablets
of nitroglycerine per week. His exercise tolerance
was vVery poor. The heart sounds were of quite good
quality, and the blood pressure was high - 134.
ohortly after midnight on the night of 12th
January 1950, he died at home during an attack of

chest paine.

Case Number 21 : P.C. 44 years. He-was for-
merly a miner and had developed pneumoconiocgis.
For 14 months he had not been fit for work. During
these months he had noticed substernal pain coming on
with exertion and making him stop. It gradually
came on’ more eaSily until he could only walk about
10 yards in comfort. At 6 peme on.7.6+.47 he sud-
denly felt severe pain beneath the sternum,yand passin%
through to the back. He was restless and brocke out
in a cold sweat. After 3 hours he was sick.

When admitted early on 11.12.47 he was mildly
shocked. The pulse was rapid = 114/min and of poor

114
volume. The blood pressure was 96. No cardiac

d
guality. E.C.G. examination showed an anterior
myocarg@ial infarct. He was in left ventricular

failure [/




313.
failure and within 24 hours developed an infarct in
the left lung. He was propped up in bed, and
treated with sedatives, oxygen and aminophylline.
The chest was strapped to relieve the pain. Anti-
coagulants were also given. Within«4 days his
lungs had cleared and he felt well, as long as he
remained propped up. The blood pressure fell pro-
gressively reaching %E on the 8th daye Thereafter
it remained consistently low with a small pulse pres
sure. Progress was satisfactory until 20/6/47 when
he began having attacks of cardiac asthma. Digitali
was given, 3 grse te.i.d. and was taken for 8 days.
It produced marked improvement and was therefore
continued in courses. On 16.7.47 he was discharged
home.

august '47: Feeling better than he has done for

years. Cough troublesome in the evenings. Pain in
the chest and breathlessness on exertion.

November '47: The slight improvement has been

maintained. He can walk uphill to the town without
pain, but still requires 3 pillows in bed at night.
Taking digitalis ~ 1 week on agd 1 week off. The
blood pressure was higher = ;%E.

May '48: Little change in his general condition,
except that his peptic ulcer is now causing trouble.
He is using about 8 half tablets of nitroglycerine
each day.

June '49: He reported by.letter. again the stomach
is causing most trouble.

November [/

oW
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November '49: On 16.11.49 he was admitted with a
pontine haemorrhage and died on the next day.
autopsy examination showed an old fibrous

infarct about 3.5 mme. in thickness. The apex, an-
terior wall of the left ventricle and the lower half
of the inter-ventricular septum were all involved.
4 recent adherent antemortem thrombus was found over
the endocardial surface of the apex, but there was

10 evidence of fresh infarctiong

Case Number 22: Mrs M.H. 60 years. She was
well until January '48, when she began to experience
substernal pain on exertion. It was associated
with breathlessness and both would pass off as soon
as she rested. On 5.4.48 the pain came on more
severely and was not relieved by resting. It per-
sisted until just after she was admitted to the ward
on 7.4+48. During these 2 days she was very troubl
with flatulence and bringing up wind relieved the
pain slightly. On admission, her pulse was rapid =
136/min., the blood pressuré was raised - %%%, the
heart sounds were very loud and at the apex a pre-
systolic gallop could be clearly heard. The apex
beat was in the 5th left interspace in the mid-clavi
cular linee. ahe was not shocked, and there was no
evidence of heart failure.

substernal pain returned while an E.C.G. was

being /
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being taken on 8.4.48. This record (Figure 58)
Showed the well marked 3 T and T wave changes of
coronary insufficiency . On the evening of the
following day she again had substernal pain, but on
this occasion it was more severe than ever before.
ohe became pale, cold, and slightly cyanosed, and
prgke cut in a sweat. The blood pressure fell to
%%5 and the gallop rhythm was marked. E.CoGe ex=
amination on 10e4.48 showed evidence of anterior
myocardial infarction. (Figure 59). Treatment with
anti-coagulants was begun and continued for 3 weeks.
For 7 days she zas seriously ill. The blood prese
sure fell to ;%5 and the pulse rose to 124/min..
The Lieart sounds were of poor quality. Freguently .
tic-tac rhythm or gallop rhythm was detected. Pul=
monary congestion developed and on the 7th day peri-
cardial friction was detected. The myocardial in-
farct was very extensive, involving the greater part
of the front pf the heart, as shown by leads taken
from the 1lst, 2nd, 3rd and 4th interspaces above the
normal chest leads. (Figure 60). Nevertheless,
convalescence thereafter was uneventful. After 53
weeks she was allowed up and one week later (25.5+48)
was discharged homeo

Four months later (aéptember '48) she was
well, but was not doing much. Her’hypertension had
returned, the blood pressure being %%%. Her weight
had increased so she was put on to an obesity diet.
By November '48 she was doing all her housework and

was /
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Figure 58. 8.4.48. (Case 22):

Record taken during an attack of coronary ischaemic |
pain, in a hypertensive person, shows changes
associated with myocardial insufficiency. |
|
|
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Anterior myocardial infarction.
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30.4.48.

(Case 22):

The record shows the changes associated with a

healing infarct.
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Leads taken vertically above V3, Va
extensive myocardial damage.

(Case 22):
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The record is that of an old healed anterior infarct
but also suggests left ventricular hypertrophy.
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was Teeling stronger. On hills, she was a little
short of breath and had a sensation of tightness in
the chest. In May '4G when she was next seen, even
this shortness of breath and tightness in the chest
had gone, and she was doing more than before her
myocardial infarct, now being guite fit for all her
washing. The blood pressure was still high - fig.
B.CsG. examination showed evidence of the‘old myccard+
ial infarct, plus evidence of hypertension. Figure 61).
Her subsequent course was marred by an attack

of infective hepatitis, but she showed no evidence of

coronary or myocardial insufficiency.

Case Number 23: T.R. 63 years. On 9.8.48 he
.|felt a 1little short of breath while walking to work in
the morning, amd after going about 100 yards he felt 4
sudden severe pain across the front of his chest.
Almost immediately he began sweating profusely. In
spite of feeling very weak, he walked‘another 100 yards
before catching a tram into town. There he put an
order into a shop and then took another tram up the
Bridges to his place of business. After climbing 2
flights of stairs he collapsed into a chair. All
this time the pain in the cheet was very severe and
was also felt in the throat. He was short of breath
and his chest felt tight. He was still sweating
lprofusely. After a rest he took a taxi home and went
to bed. The pain persisted until the night of the
10th /
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| 10th = about 36 hours in all - but returned prior to
his admission on 11.8.48. When first seen he was
very shocked. His skin was grey and cold, and he
was sweating profusely. His pulse was 64/min., and
was irregular both in time and in force. The blood
pressure was %%. The apex beat was in the 5th left
interspace in the mid-clavicular line. It was forcible,
rapid and irregular, the heart rate being about
180/min.. The heart sounds were of quite good qual-
ity. The lung field were guite clearjthe respirations
were Cheyne-Stokes in character. E.C.G. examination
showed auricular fibrillation at about 180/min..
(Figure 42) and the chest leads showed evidence of
anterior myocardial infarction.

He was put at rest in bed, given phenobarbi-
tone 1 gr. t.i.d. and was begun on anti-coagulants.
On 13.8+48 the neck veins were distended. As the
arrythmia with rapid ventricular rate and marked
pulse deficit persisted, it was thought advisable to
give digitalis in an attempt to slow the ventricular
rate. Digoxin 0.5 mgm. t.i.d. was given on the 1l2th
and thereafter reduced to 0.29 mgm. t.i.d. Oxygen
was also begun. The heart rate slowed and the pulse
rate rose with some slight improvement in his condi-
tion,but on 13.8.48 there were frequent extra-systolep
and on 14.8.48 he had runs of paroxysmal ventricular
tachycardia (Figure 42). <Quinidine 0.2. Gm. five
times in the day was begun and given along with the

digoxine /
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digoxin. Late on 15+8.48 he reverted to normal
rhythm. The digoxin was stopped but the gquinidine
was continued for 3 days. Thereafter convalescence
was uneventful. E.C.Gs. showed splintered P waves
(17.8.48 Figure 42) which soon reverted to normal
form (24.8446). Records taken from the interspaces
above V2 V3, V4 and V5 showed widespread infarction
of the lateral surface of the heart.

After 7 weeks in hospital he was discharged
home. Four months later he felt sufficiently fit to
return to work and since then has worked 4# hours eac.
day 5 days a week. He is a watchmaker and has his
own business, so that he can regulate his work as de=
sired. apart from being short of breath on hills
and stairs and when walking against a wind he feels '
welle He is somewhat tired in the evenings, but his
feet are never swollen. His blood pressure is

' 144
maintained at about 74.

Case Number 24: E.W. 63 years. He was admitted

on 9349, having had a myocardial infarct 7 days pres

viously. Prior to this he had been fit. He looked
exhausted but was not shocked. The pulse was regular
and of guite good volume. The blood pressure was
170

122. The radial artery was slightly thickened and
tortuous. A cardiac impulse wa® felt but the apex
beat could not be located. The heart sounds were of

good /
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good guality. There was no evidence of heart failure|.
H.CeGe examination showed an antero-septal infarct
not involving the full thickness of the muscle wall
(Figure 24 A). Anti-coagulant therapy was begun.
Barly on lle3.49 he felt guite severe pain at
the lower end of t he sternum, and with it tightness
in the chest. [Nitroglycerine gave very temporary
relief and it was not until 10 mgms. of physepteone
were given that the pain was eased. The tightness
in the chest persisted all day. An B.C.G. showed a
remarkable reversion towards normal (Figure 24B)  but
when this was repeated on 18.3.49 it again showed an
antero~septal inf;rct. The blood pressure fell to
l%% onn 1643049 -~ 2 weeks after the onset. On 23.3+49
and 27.3+49 he was troubled by short attacks of
nocturnal dyspriocea but this did not recur until 15.4.49
when there was also a definite pad of'sacral oedema .
Aminophyiline Oe24 Gm. intravenously relieved the
dyspnoea. Digitalis was begun and produced a quick
reaponse.‘ He was discharged home to bed on 194 .49
with instructions to continue the digitalis.
July '49 : Feeling fairly well, but short of breath
on the hills. No swelling of the feet. 5toppig

digitalis 1 month age. Return of hypertension 96.
October '49 : Back at light work 1 month. .- Feeling

fit, but has difficulty in walking up the hill out of
the dockyard where he works. He has to stop three
times for l-l%s minutes because of shortness of breath.

Pain v
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Pain and stiffening of the right shoulder developed
3 weeks before he reported and he cannot 1lift his
arm properly.

January '50: Has had pain in the chest on walking
uphill or against a wind for about 2 months. At the
same time he is short of breath. He stopped work
in November '49., on acccunt of the pain and has felt
better since then. The pain in the right shoulder ils
Still present, and has not been appreciably relieved
by heat and massage. The blood pressure is higher
174

100. Weight steady. E.C.G. examination showed

regression of the evidence of myocardial infarction.

Case Number 25: JeDoe 67 years. He was recommend

ed for admission on account of (1) pain,stiffness,and
coldness of the left leg from the knee downwards of
10 days duration, and (2) difficulty in speaking of
2 days ’‘duration. Both had been of sudden onset.

Fourteen days-previously he had suddenly felt pain

across his shoulders and in the mid-line posteriorlye
It was very severe and within 5 minutes he was sick.
The pain persisted for 33 days, but was not so severe
as to keep him awake, and apart from it he felt fairly
well. It was suspected that he had sustained a myo=
cardial infarct and that the presenting complaints
were embolic manifestations. E.C.G. examination

showed an extensive anterior infarct. He was ad-
mitted on 17.11.48 and anti=-coagulant therapy was

begun /
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Figure 62.

1711 .48.

(Case 25)

The record reveals extensive anterior myocardial
damage . The marked ST elevation in the praecord-|
ial leads would suggest recent infarction, but in
fact 14 days had elapsed between the onset of
symptoms and his admission to hospitale.
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begun forthwithe. No arterial pulsation could be
felt in the popliteal fossa or at the ankle in the
left leg, and the nutrition of the left fcot was im=
paired. In addition there was a phlebitis of the
left calf veins. while heparin was being given the

local condition improved. (6) 61 the-Sth day the dicou

marol was apparently effective and heparin was
stopped abruptly. #¥ithin 24 hours the pain in the
left foot had returned and was very severe. The
foot was pale and cold and later became a mottled
blue. Heparin was restarted and given for a further
3 days. Reflex heating of the left arm was also
begun. The blood supply to the left foot had been
definitely further reduced and black patches appeared
on the big toe,the second toe,and the heel. He had
a persistent mild fever. On 2.12.48,his general
condition deteriorated appreciably. He becam; more
febrileﬁand confused, and left ventricular failure
developed. Penicillin 100,000 units 4 hourly and
digoxin 025 mgm. teisd. were begun on 3.12.48. He
improved slowly. The heart failure cleared, and he
became less toxic and confused. Dicoumarol was
stopped on 7.12.48 and on 13.12.49 he was transferred
to a surgical ward for a mid-thigh amputation on the
following day. Recovery was uneventful and on
5¢1.49 he was discharged to Convalescent Housee.

On 31.1.49 he was feeling well and was able
to be about with the aid of crutches. An artificial

limb was later fitted,but his activities are restrict

edo
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Case Number 26 : Mrs J.S. 68 years. This
lady first came under our care in May '48. During
the night of 1l-12 May, she was twicewakened by
severe painracroas the frént of her chest which
passed through to the back, and down the left arm td
the fingertips. She was short of breath and felt
her chest tight as 1f she could not expand it. She
began sweating and felt sickly. Cn each occasion
the pain lasted about 15 minutes and she was able to
sleep thereafter. For 1 month she had experienced
similar pain on exertion. It had gradually come on
more and more easily until walking across the room
would bring it on. Resting for 2-3 minutes always
relieved ite. During the early hours of 5th May '48
she had had one very short attack of pain while in
bed . weven years previously and 2 years previously
she had experienced similar severe attacks of pain
while in bed and each time had been kept in bed for
some weeks. -

On admission, she was very nervous and overs
wrought. Her blood pressure was %%% with pulsus
alternans down to 230 mm. Hg.. The pulse was slow =
68/mine and the radial arteries were thickened and

tortuous. The apex beat was in the 5th left inter-

space within the mid clavicular line and was very
forcible. The heart sounds were very loud and clear
cut. There were a few fine crepitations in each

axilla, but no other evidence of heart failure.

B.C.Ge /
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E.C.G. examination showed marked T wave changes in
leads I and II and in the chest leads. (Figure 63A)
anti=coagulant therapy was begun and continued for

3 weeks. Convalescence was uneventfule The blood
pressure fell to l%% on the 9th day, but’before her
discharge home on 22.6+48 had risen to %%%.

On 3+8+48 she reported. She was doing very
little and was feeling easily tired. ohe was short
of breath on exertion but had no pain in her chest
or' arms In the evening her feet were a little
swollen. Hypertension was marked 120. The E.C.G.
showed a marked regression towards normal. ' (Figure
63B). Two months later she was feeling better.
ohe was resting each afternoon, and in the evening
had no ankle swellinge.

On 28.11.48 she was re-admitted with her
fourth myocardial infarct. She had wakened about
3 pele from her sleep after lunch with very severe
praecordial pain radiating to the back and down the
left arm. As before she was mildly shockeds . The
pain eased somewhat after half an hour but persisted
until relieved by morphine. On this occasion the
heart sounds were not of good quality and the mitral
lst sound was split. The pulse was 78/min. and
the blood pressure %%%. E.CsGes examination again
showed striking T wave changes. (Figure 63C)-.
Anti-coagulant therapy was begun and convélescence

was uneventful until severe bleeding occurred from

an [/
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Figure 63 A. 12.5.48. (Case 26)3

The T wave changes in the praecordial leads indi-
cate intra-mural damage over the front of the
heart.
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Figure 63 B. 3+8448. (Case 26 ):
All evidence of myocardial infarction has disap=-
peared, the record now suggesting left ventri-
cular hypertrophy.
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Figure o3 C. 30.11.40. (Case 206 ):
The T wave changes in leads I and II, aVL, and

the praecordial leads, indicate intra-mural damage

cver the front of the heart.
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an unsuspected diverticulitis Llaﬁer demonstrated

by barium enema examination). transfusion with 3
pints of packed cells restored the situation however
and she was discharged home on 25.1.49. Wwhile she
was anaemic a loud systolic murmur developed over

the whole praecordium,and after the transfusion it

disappeared. After the myocardial infarct the
140
blood pressure had slowly fallen to 70 onéghe 10th
1

day, but prior to discharge it rose to  9O.
E.C.Ge examination showed some regression of the
marked T wave changes.

In March '49 she reported. . She was feeling
tired, and was not fit for much, but was otherwise .
well. Her blood pressure was %ﬁ%, and her E.C.G.
showed no evidence of myocardial infarction.

(Figure 63D).

On 8th May '49,she had her fifth myocardial
infarct, being wakened by pain at 1 a.me. This
persisted in spite of morphine, until shortly after
her admissione. She was slightly shocked. The
heart sounds were of poor guality and the first mitral
sound was split. The second pulmonary sound was
louder than the second aortic sound. The blood
pressure\was g%%, and the pulse rate 66/min..
E.C.G. examination showed T wave changes but these
were less striking than on previous occasionse

(Figure 63E). Anti-coagulants were begun and

continued for 3 weeks. The blood pressure fell to

i




NEEEEE s L
: _ i ==
| : ‘:"'"“ SHEE
| S : ;
I
! aVR e ‘aVL £ | aVFE
i + - EEEE - shis
| t Tr
r g

o . e e -
(viEs (2 = v
i_—.' EaE L —= =S ssesaaan: =
: I
H f I } :
} : }
- = LSCC;: ===)
- — 5 =
1 ;! T

sssi i
= :
. r
ez EEe=s e =
; :
. - 311 8
= 1
: & -
T T
i - -
i E - :
—t e - x| T T
+ 3 Fom g 1 1
8| — .
= :
=
4
L
ur 1 1 i 1 I 3 e
" g 1 1 Y

Figure 63 D. 224349, (Case 26):

| although not within normal limits the record is
no longer diagnostic of myocardial infarction.
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Figure 63 F. 20.12.49. (Case 26)3

Apart from the presence of marked left axis de-

viation in the standard leads, the record is not
abnormal .
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120 210

66 on the third day and rose thereafter, being 100
before her discharge. Convalescence was unevent-
ful and she was allowed home on 21.6.49.

she reported in august '49. ©5She was feelin
well., While walking she was a little short of
breath, but had no pain in the chest. If she were
up for too long, her feet would swell in the even=
230

ings. Her blood pressure was 11C. Four months
later there was little change except that her anklep
were no 1p§ger swelling and her blood pressure was
higher - %ﬁ%- E.C.G. examination showed no evi-

dence of myocardial infarction. (Figure 63F).

Case Number 27: Miss A.D. 69 years. For 10
years she had experienced crushing praecordial pain
on exertion. The pain radiated up the left side of
her neck but not to either arme. It was associated
- with breathlessnesse. Gradually the pain came on
more easily and was more severe, and latterly walk-
ing 30 yards would bring it on. ©She had to stop
and in about a minute the pain passed away. Nitro=-
glycerine might prevent the pain coming on.

On 25.5.48, just after rising, she felt very
severe praecordial pain. JShe became cold, broke ou
in a swedat and felt dizzy. Nitroglycerine had no
effect on the pain, which persisted all day and
night but eased off somewhat on 26.5.48. She was

8tek [/
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sick several times that day. About mid-day on 27.5448
the pain returned and remained present until after
she was admitted on 28.5448. She looked exhausted.
The pulse was slow, 62/min., and of quite good vol-
ume » The blood pressure was ng. The radial
artery was thickened but not tortuous. The apex was
in the 5th left dnterspace inside the mid-clavicular
line. The heart sounds were faint and in the mitral
area there was a soft systolic murmur. In each lung
field there were many loud fine crepitations. E.C.G.
examinatiocn showed a posterior infarct, with first
degree heart block, the P.R. interval being 0.44
second. Anti=coagulant therapy was begun. Peri-
cardial friction was audible on 30+5.48 and persisted
for 48 hours. After 4 days the evidence of left
ventricular failure lessened, and thereafter, only a
few crepitations were heard in each lung fielde
Convalescence was uneventful, and she was allowed
home on 197449, Her activitiss were somewhat re=~
stricted by troublesome arthritis of both knees.
The excessive prolengation of the P.R. interval shown

electro=cardiographically did not persiste. On

306448 it was 0.24 second, on 12.6.48, 0.22 second,
and on 18.6+48 0420 second.

September '48 :  She was not feeling well and was

spending most of the day in bed. Her ankles were
oedematous, the liver was not enlarged but was tender
on palpation, and fine crepitations were to be heard

at /
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220
at both lung bases. The blood pressure was 110.

ohe was begun on phenobarbitone and digitalis.

December '48: Feeling better; <fit for more. No

swelling of the ankless 3till pain in the chest on
exertion. Sleeping well. Has taken no digitalis
for 3 weeks.  btill hypertensive %%%.

June '49: Feeling much better and stronger. Gets
paia in the chest occasionally while walking - taking
about 3 nitroglycerine tablets per day. No swell=-
ing of ankles. Blood pressure now l%%. B.C.Go
examination showed no evidence of posterior myocard-

ial infarction, but rather indicaﬁed left ventriculap

hypertrophy.

Case Number 28: JeJs 79 years.  About 8430 pem
on 14.10+47 he was waiking up the High Street towardg
the Tron Church when he suddenly felt severe pain
across the front of the chest and down the inside of
both arms to the wrist. He stopped at once and sat
down. He felt weak and gueer. After 10 minutes
he walked home = 150 yards downhill « and climbed
to his house on the second floor of a tenement. He
was Sick and then went to bed, but did not sleep
much. He was very restless all night. The pain
persisted. In January '47, he had had a similar
attack of pain in the chest and arms which began at
8 p.m. and lasted most of the night. He was then
off work for 2 weeks, but thereafter felt fit. On

severe /
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severe exertion he felt a tightness in his chest.
He was a big thick set man. His pulse was

regular in time and in force, 80/min., the vessel

wall was not thickened and the blood pressure was

130
92. No cardiac impulse could be felt. The heart

sounds were faint. There was no evidence of heart

failure. E.C.G. examination showed a recent post-
erior myocardial infarct. Anti-coagulant therapy

was begun.

Auricular fibrillation supervened on the
third day and within a few hours of the onset of the
arrythmia left ventricular failure developed.
Pericardial friction appeared on the same day.
Digoxin 0.25 mgm. g.i.d. was begun. The neck veins
were distended on 19.4.47 and the breathing was peri-
odic in character. This was causing considerable dis-
tress. The digoxin was therefore increased to five
times in the day and aminophylline 0.2. Gm. was

given by mouth with each dose. This gave some

symptomatic relief, but was stopped after 4 days. ,

J
The rhythm of his heart varied daily between auricu-

lar fibrillation and normal rhythm, but repeated
variation on any one day was never detected. Be;we?n
17.10.47 and 2.11.47 auricular fibrillation was de-
tected on 6 occasions. After 2.11.47 normal rhythm
persisted. The pericardial friction also.persisted
for many days, being heard for the last time on

811 :47%
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While the rhythm was unstable, left ventri-
cular failure and mild congestive heart failure
supervened. Two courses of digoxin by mouth were
given - one has already been referred to. After
21147 however recovery was uneventful. He was
discharged home on 2.12.47.

Jaruary '48 : Feeling well, but has pain and
tightness in the chest on exertion.

February '48 : Returned to his old work - railway

carter - 10 days ago,although it had been arranged
that he get a light job. He was feeling tired and
was having pain in the chest on exertion and also
sometimes during the night. For 3 nights he had
been a little short of breath on first lying down
and during the night before he reported, he had been
wakened by a severe attack of nocturnal dyspnoea.
His heart sounds were @lmost tic-tac in character
130 :
and his blood pressure was 90. He was stopped
from working and sent home to rest fpr a honth.l
Digitalis was begun. This resulted in considerable
improvement and 4 weeks later he wzs feeling much
better. His blood pressure was %ﬁ%.
May '48 : Has been at work for 3 weeks ~ as a tele
phone attendant. Feels well as long as he does not
hurry or do too much. S5till on digitalis.
May '49 : He had to give up his light job 4 weeks
previously. Generally he was not feeling well.

The tightness in the chest and breathlessness, were

fairly /
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fairly easily induced and he was tired by the end
of the day. In addition he had vague dyspeptic
sSymptoms and was losing weight. No cause for this
was found apart from very bad teeths His blood
pressure had fallen again to L%Q. E.C.G. examina-

tion was not diagnostic of myocardial infarction.

Case Number 29 : Re.L. 53 years. He was well
until 7¢4.49. About 8.30 aem. he had a burning
pain écross his chest and with it was a little short
of breath and sweated slightly. This persisted
until 10 aom.. Thereafter he felt well, but on ex-
ertion, he experienced a tightness across his chest.
On 23.4.49 he woke about 4 a.me with the same burn-
ing pain across his chest. It lasted % hour, and
he felt quite well on rising next morning. On
26+4.49 it returned while he was walking round to
the Local in the evening. It was very severe and
he had to go home to bed. His chest felt tight,but
he did not ‘sweat or feel short of breath. The pain
persisted until shortly before he was admitted on
27+4.49. His pulse was rapid - 104/min. and was
150

of poor volume. The blood pressure was 120, and
the radial arteries were thickened and tortuous. No
cardiac impulse could be felt. The heart sounds
were faint and gallop rhythm or tic - tac rhythm was
frequently detected. - E.C.G. examination showed
left bundle branch block (Figure 33A). He was kept
at, /
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at rest in bed and anti-coagulant therapy was begun:
The blood pressure fell to l%g on the third day, and
the B.S5.R. rose to 40 mm./hr. on the 5th day.
Convalescence was uneventful.

BE.C.G. examination showed a persistance of
the left bundle branch block until 13.5.49 when at
a heart rate of 56/min, normal intra-ventricular
conduction was present. The record then showed
evidence of slight anterior infarction. (Figure 33B).
Further records revealed that the bundle branch
block was unstable, varying with the heart rate.

At a rate of under 60/min., conduction was normal,
but over 70/min, bundle branch block was present.

On 7.6.49 he was discharged home. Six
weeks later he was feeling well and had been doing
guite a bit of gardening. His blood pressure was
raised - %%8. atid E.C.G. examination revealed left
bundle branch block; the heart rate being 68/min..

He has since remained well and has returned to his

work as a warehouseman.

Case Number 30: W.W. 58 years. He was well

until 7 days before his admission. During that
week he had three attacks of severe crushing sub-
sternal pain with accompanying breathlessness,
coming on once while he was working and twice while
he was walking uphill. ' On each occasion he had to

sit down and rest for 10-15 minutes before feeling

alil i
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all right again. On the morning of 13.10.47 he

woke early in the morning with severe pain in the
chest. It persisted for 2 hours and he then fell
asleep again. During the day he felt quite well.
An E.C.G. done on that day showed shallow sharp in-

version of the T wave in leads C2F and IVF. An F
exercise test = 9,396 foot pounds in 2 mins. ~ causé
no pain and produced only transient changes in the
record. '
On 14.10.47 he woke at 2 a.m. with the same
severe crushing substernal pain. It continued
without remission for 194 hours = until 9.30 p.m.
He was restless and could not find a comfortable
position. About mid-day he got up and had a walk
for 5 minutes to see if that would help. All the
time he felt hot and sweated profusely. During the
afternoon he was sick. Nitroglycerine had no effec
in relieving the pain and morphine was required.
On admissiog he was shocked. The pulse was of poor
volume, = 72/min. and the blood pressure was lgg.
The Emart sounds were faint and the first sound in
the mitral area was split. There was no evidence
of heart failure. E.C.G. examination showed a very
extensive anterior infarct, involving the whole of
the front of the heart.

Anti-cozagulant therapy was begun at once.
Convalescence was uneventful. The blood pressure
fell to l%% on the 11lth day. There was no leucocy-
tosis but the B.S.R. rose to 68/ /mie/hr. on the 5th

day. /
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day . On 25.11.47 he was discharged to the Astley
Ainslie Hospital.

Prior to his admission to hospital he had
been employed as a gardner. It was thought that
he would not be fit for this work and when he re-
ported in February 1948, he was advised to seek
lighter employment. He was feeling well but was

short of breath on the hills unless he walked slow-
120
ly. His blood pressure was becoming higher - 90.

An BE.C.G. showed an extensive healed anterior in-

farct, and an exercise test produced definite changes
in the T wave of the chest leads.
When next seen in July '4c, he was working as
a caretaker, with his wife to help him. He was
feeling well. 5ix months later - January '49,
there was little change but his blood pressure was
“higher - %gg and his weight had increased. He was
begun on an obesity diet.

In September '4S he was feeling well, and

was working 7 days a week. His duties as caretaker

included tending several furnaces and although he

was tired at the end of the day he was otherwise

well. He was short of breath only on the first
exercise of the day. His weight had come down by
114

10 1lbs. and his blood pressure had fallen to 74.

|

|

|
Case Number 31 : J.D. 52 years. For two yeaps
he had complained of pain, tightness in the chest, |
and /
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and breathlessness on exertion. The pain was i
situated over the left side of the chest and did no{
radiate. He worked as a coalman and first exper- |
ienced the pain after climbing 4 flights of stairs
carrying a 112 1b sack of coal. Gradually it came
on more easily and he would feel it after climbing
one flight of stairs. fach time it would pass awaﬁ
in 2«3 minutes if he rested. Nitroglycerine would
relieve it more quickly. For 6 months, he had felt
easily tired and he frequently wakened about 6 a.m.
with shortness of breath. Sitting upright relieved
this in 10 minutes.

On 1.10.48 he woke at 4 a.m. with severe
pain in the left side of his chest. His chest felt
tight and he became very short of breath. Soon he
began sweating and felt sickly. At 6 a.m. he fell|
asleep. When he woke at 10 a.m. the pain was still
present, but he got up and walked round with his
lorry all day. He felt weak and giddy and could
not 1lift a ﬁag of coal. About 10 p.m. the pain
passed away and he slept quite well. From that day
until he was admitted on 6.10.49 he got up and moved
about but felt very easily tired and the left-sided
chest pain came on very easily.

On admission the pulse was 84/min. and the
blood /
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160

blood pressure 114, the radial arteries were palpabie

and slightly tortuous. No cardiac impulse could
be felt but the heart sounds were of good quality.

There was no evidence of heart failure. E.C.Ge.

examination showed a normal record. Nevertheless

he was treated as a case of myocardial infarction
and given anti-coagulants for63 weeks. The blood
pressure fell gradually to l%z after 14 days, and
the B.5.R. rose to 16 :mm./hr. on the second day
in hospital. Convalescence was uneventful and on
9.11.48 he was discharged to the Astley Ainslie
Hospital.

Since then he has reported at intervals of
1l - 3 months. Although he has tightness in the
chest and is short of breath on exertion, there has
been no return of pain.
March '49 : Reported that he was easily tired, an
breathless if he hurried. TFor 2 weeks his feet
had felt a little swollen in the evenings. His
weight was increasing. The blood pressure was
raised - %%é. He was given an obesity diet, and
was begun on digitalis.
July '49: His general condition had deteriorated.
For 3 weeks, he had been waking almost nightly at
3 a.ms because of breathlessness and ha% to sit up
for #-3 hr.. The blood pressure was %T%. The
heart sounds were of poor quality. Digitalis was
still being taken and mersalyl twice weekly was

given in addition.

November /
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November '49 : He was feeling better and only occa=
sionally had nocturnal dysgnoea. The blood pres-
156
sure was still raised - 110. The E.C.G. was still

within normal limits. (Figure 41).

Case Number 32 : C.B. 31 yrs. He was being
treated with penicillin for subacute bacterial |
endocarditis, superimposed on rheumstic heart dis- |
ease, 2,000,000 units being given daily. At 9 peme
on 7.5.48 - the 37th day of treatment - he suddenly
felt pain like a weight across the praecordium,which
radiated through to his back and up the right side
of his neck. He felt short of breath and wanted to
move about in bed. Coughing and deep breathing had
no effect on the pain. It persisted for 4% hours
until relieved by morphine. A few crepitations

developed at each lung base but cleared in 3 days.
E.C.G. examination on 8.5.48 showed no evidence of
myocardial damage, but 2 days later there was S T
depression in V4 and T in V5 had become inverted.

On 14.5.48 V5 also showed coﬁsPicuous S T depression
with sharp T inversion in V5 and V6, and 4 days later
the S T shift had practically disappeared. The
block pressure showéd 1little variation but there
was a slight increase in pulse rate - 100/min. to
120/min., and a moderate leucocytosis occurred -

16,000/cm on 8.5.48. On 18.5.48 he suddenly became
unconscious, having had a cerebral embolus. He

never Vi
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never completely regained consciousness and died ‘

5 days later. }

At autopsy a small infarct of the posterior |

wall of the left ventricle was demonstrated.

Case Number 33: Miss C.S. 56 yrs. On the morn-

ing of 10.8.49 she underwent an operation for re-
moval of a cataract from her left eye. During the
afternoon she suddenly felt faint and had a flutter-
ing sensation in her chest for a few seconds.
Thereafter she felt exhausted, but was not short of|
breath and did not feel sick. When seen 4 hours
later she was very shocked - the skin was pale cold
and moist, the lips were cyanosed, the heart sounds
were faint and of poor quality, the pulse was slow
56/min. but was of poor volume, and a blood pres-
sure of %E could just be detected. The peripheral
arteries were thickened and tortuous. In the
aortic area faint systolic ahd diastolic murmurs

were heard.

At one stage while she was being questioned
it was thought that she had died - her voice died |
away, her jaw fell forward, and her breathing which|
had been irregular stopped for a short time. How-

ever she revived. The most likely diagnosis was

considered to be that of a painless myocardial infar
and it was decided to institute specific anti-shock

treatment. She was kept warm, oxygen was given,and

|
coramine /

ct
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Coraminey, 2 c.Cs, was given 2 hourly. Plasma was
begun 6 hours after the onset and 1 pint was given
in 5 hours. Her position in bed was not altered
lest the pressure inside her eye be increased.
Morphine 1/6th gr. s.c.i. ﬁas given after the plasmg
had been run in.
Within 18 hours there was a striking improve-
ment. She was still feeling weak but otherwise
well. The heart sounds were louder and of better
quality; the pulse was of good volume, and the blood
pressure was l%%. On the third day she was slightly
short of breath and fine crepitations were detected
in each axilla. The neck veins were not distended.
After two days her breathing ceased to trouble her
and the lung fields became clear. The blood pres-

130
sure rose to about 90. On the 15th day an electro!

cardiogram was obtained. It showed no definite
evidence of myocardial infarction, but T was sharply
inverted in V1., diphasic in V2, very low upright in
V3, and low upright in V4 to V6. On the same day the
B.S.R. was 35 mma/hr.. Follow up electrocardiogramf
showed minor T wave changes in the chest leads. By
the end of the 5th week, the B.5.R. had fallen

10 mm./hr.. She was allowed up in the middle of thl
5th week and was discharged home 2 weeks later.

When seen 2 months later she was feeling

fairly well, but was only fit for light housework

and was resting each afternoon. Her E.C.G. showed

SR
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T wave inversion in V1 to V4. T was flat in V5 and

low upright in Vé.

Her aortic incompetence was considered to be\
associated with marked arterio-sclerotic changes in
Her aorta and aortic valve cusps. The W.R. was

negative and she gave no history of rheumatic fever.

Case Number 34 : Mrs M. McL. 59 years. For

6 years she had experienced pain in the chest and
neck on exertion. It was very disabling and in
April '49 she had the upper thoracic ganglia on the
left side injected with alcohol. This did not re-
lieve the pain on exertion to any great extent, but
produced a troublesome neuritis in the left arm.
She was admitted on 14.10.49, and after being at
rest in bed for 16 days, developed a myocardial ine
farct. ©oShe was severely shocked, and within 2 hours
of the onset had gone into left ventricular failure.
Morphine 4 gr. was given. She was propped up in bed
and kept warm. Oxygen was started. Six hours
later she was cold, €yanosed and had marked Cheyne-
Stokes respirations. The blood pressure had fallen
to %%. Digoxin 1 mgm was given intravenously, and
digoxin 0+25 mgm t.i.d. by mouth was continued for
5 days thereafter. [Neptal 1 c.ce intravenously
was given every second day. After 1 week the
pulmonary congestion cleared and she began to feel

100
stronger. The blood pressure was still low - 80

and /
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and the heart sounds were still faint. Attacks
of breathlessness developed on the 10th day and
recurred. Neptal was continued and oxygen was
given, but digoxin was not restarted until the
14th day. ©She died quite suddenly on the 16th
daye. E.C.G. examination after the infarct showed
the development of a left bundle branch block.

Investigation of the clotting changes in
the blood, by means of the Waugh-Ruddick heparin
retarded clotting test, showed no departure from
normal until the 14th day after the onset, when
tube 9 clotted in 34 minutes.

At autopsy, the entire anterior wall of the
left ventricle and the inter-ventricular septum
were involved in a large infarct. There was no
endocardial mural thrombus. The coronary arteries
were arteriosclerotic. A thrombus of recent or-
igin occluded the upper part of the anterior descend-
ing branch of the left artery. Beyond this thrombus,
the arter§ became extremely narrow and thin walled|.
This was thoughtto be a congenital defect of the

artery.

Case Number 35: W.B. He was admitted on

13:1.50 having sustained a myocardial infarct 2

days previously . E.C.G. examination showed an
extensive anterior infarct. Blood examination on
14.1.50 -~ by means of the Waugh Ruddick test -

gave [/
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gave the clotting time of tube 9 as 46 minutes.

Four days later (18.1.50) tube 9 clotted in 38 mine

utes amd on 21.1.50 it clotted in 30 minutes. Con-
valescence was uneventful until 23.1.50 when he com-

plained of pain across the chest and up to the left

shoulaer. It was not too severe but he was slightly

short of breath. On auscultation, marked pericardi&

friction was audible. This persisted until 24.1.50
when he died quite suddenly. The clotting test had
been repeated on 24.1.50 when tube 9 clotted in
58 minutes.

at autopsy a large infarct, involving the
apex and anterior wall of the left ventricle and the
adjoining inter~ventricular septum was demonstrated.
The infarcted wall had ruptured just above the apex,
and the pericardial sac was filled with blood. On
the endocardial surface of the inter=ventricular
septum there was a massive mural thrombus. The
coronaéy arteries were arterioéclerotic, but no

thrombosed segment was demonstrated.

1
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