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Myocardial Infarction and Ischaemic Heart Disease in
Infants and Children

Analysis of 29 Cases and Review of the Literature
IMRICH BOR*

From the Second Department of Paediatrics, Faculty of Paediatrics, Charles University, Prague, Czechoslovakia

Myocardial infarction, the hallmark of heart
disease in adults, has been generally held to be
virtually non-existent in infants and children.
That this view is probably incorrect is suggested
by the finding of 29 proven examples from the
necropsy files of the Second Paediatric Department
of Charles University, Prague, between 1945 and
1960t, where there are approximately 2000 ad-
missions per year.
The underlying causes of myocardial infarction

in these cases can be classified into five categories:
embolic, inflammatory, degenerative, congenital,
and functional. The distribution of the 29 cases
by category is shown in Table I. Clinical and
pathological features of the 29 cases are shown in
Table II. An illustrative case report and a review
of pertinent literature are given for each category.

Embolism
In 8 cases clear evidence of embolism of the coronary

arteries could be demonstrated. In 5 of these instances
the embolism was associated with bacterial endocarditis.
In 2 there were thrombi in the pulmonary veins and in 1
there was a thrombus in a peripheral vessel which led to
paradoxical embolism.

Case 4. A 131-year-old boy was admitted with
signs and symptoms of occlusion of the tibial artery
after a febrile illness. Subsequently signs of bacterial
endocarditis involving the aortic valve and heart failure
led to transfer to the medical department. A chest
x-ray showed enlargement of the heart and pulmonary-
oedema. ECG (Fig. 1) showed the evolution of an
antero-lateral infarction during the two days before
death. Necropsy confirmed the clinical diagnosis:
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t Some of these cases were reported to the World Congress of
Cardiology (Bor, 1958), and a fuller discussion subsequently appeared
in the Czech literature (Bor, 1964).

infarction of the anterior wall of the left ventricle and
ulcerative endocarditis of the aortic valve.

Embolic myocardial infarction is rare, even in
adults (Moragues, Bawell, and Shrader, 1950; Braun,
1956; Dufek, 1957; Shrader, Bawell, and Moragues,
1956). Only two cases in childhood could be
found in a review of the literature: coronary
embolism from ulcerative endocarditis (Stryker,
1946a) in an 8-year-old boy, and from coronary
thrombosis (Ramsay and Crumrine, 1931) in a
4-month-old girl. Two additional infants with
sudden myocardial infarctions after exchange
transfusion, which were probably embolic, have
been described in an unpublished report (J. D.
Keith, 1964, personal communication).

Inflammatory Diseases
Inflammatory disease of the coronary arteries

was the apparent cause of myocardial infarction in
9 children. 5 of them had acute rheumatic
carditis, in one associated with bacterial endocarditis,
and 3 had severe non-rheumatic myocarditis.
In 1 child, the diagnosis was lupus erythematosus
disseminatus, with Libman Sacks endocarditis
and coronary arteritis.

TABLE I
Classification of 29 Cases of Myocardial Infarction

in Infants and Children
Charles University, Prague, 1945-1960 (Bor, 1964)

Groups Aetiology No. of Cases

I Embolism into coronary arteries 8
II Inflammnatory diseases of coronary

arteries 9
III Degenerative changes of coronary arteries 3
IV Congenital abnormalities of coronary

arteries 4
V Functional disturbances of coronary

blood flow 5
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FIG. 1.-Case 4. 13.-year-old boy. Electrocardiogram in vertical lines shows evolution of antero-lateral infarc-
tion pattern. Necropsy: fresh infarction of the anterior wall of left ventricle.

Rheumatic mation of the coronary arteries, and recent infarction of
Case 10 was a 3-1-year-old boy who was admitted the posterior wall of the left ventricle.

with fulminating rheumatic pancarditis, severe dys-
pnoea, heart failure, and severe headache and abdominal
pain. ECG (Fig. 2) showed a pattern of posterior Among reports of inflammatory disease of the
infarction. Death occurred 14 days after admission, coronary arteries in association with rheumatic
and necropsy confirmed rheumatic pancarditis, inflam- fever are 3 patients (Gross, Kugel, and Epstein,
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270 Imrich Bor

Summary Table
TABLE II

of 29 Cases of Myocardial Infarction or Ischaemic Heart Lesions in Infants and Children
(Charles University, Prague, 1945-1960)

Caae Age IAge at IDeath Clincl Principal Myocardial IOtherISex at Onset of Symptoms After Group C NecropsNo. Death Dagnosis ay Infarction Findings
~~I

eathSymptoma Admiaaion IanoisDiagnosis II

8 M |7 yr. Abscess
in cubital
region

flammatory Diseases of Coronary
9 F 14 3 mth.

yr. after RF
recurr.

10 M 3j Peracute
yr.

11 M 8 yr. Rheum.
~ ~ card.

12 F 13 7andll
4/12 yr. RF
yr.

13 F 14
4/12

14 F 2
yr. 11/12

yr.

Dyspnoea
vomiting,
cyanosis,
pain

Dyspnoea,
fever,
cyanosis,
CHF

Fever,
pallor,
vomiting,
cyanosis,
CHF

Fever,
CHF,
pain

CHF

Fever,
dyspnoea

Dyspnoea,
cyanosis,
vomiting,

Same dy.

2 dy.

1 dy.

2 dy.

4 mth.

5 dy.

5 dy.

Ia: 'Fetal'
endocard.

la: 'Fetal'
endocard.

Ia: 'Fetal'
endocard.

Ib:
Bacterial
ulcerous
endocard.

Ic: CHD,
bact.
endocard.

Id: Throm-
bosis PV

Id: Throm-
bosis PV

CHD

CHD

Necrosis
of lateral
wall LV

Bacterial
endocard.
embolism
into
tibial
artery
CHD,
bact.
endocard.
Ml

MI

CHF,
coma,
CHF, 2 wk. lIe: Para- Hodgkin's
cachexia doxical disease

embolism
Arteries
stroke 1 dy. Ia: Recurr.

Rheumatic rheum.
card.
bact.
endocard.

Dyspnoea, 14 dy. IIa: Rheum.
CHF, Rheumatic pancard.
pain

CHF, 3 wk. IIa: Rheum.
pain, Rheumatic card.
vomiting,
shock

Fever, Proloneed, Ila: Rheum.
pain, Rheumatic card.
CHF aorto-

mitral
bact.
endocard.

Fever, 1 wk. IIa: Rheum.
CHF, Rheumatic, pancard.
pain

Dyspnoea, 2 dy. IIb: Rheum.
shock, Myo- card.
transit. carditis
cyanosis

Aortic
stenosis
and insuf-
ficiency

Aortic
atresia

As clinical
diagnosis

Ulcerative
endocard.

CHD,
VSD, bact.
endocard.
Throm-
bosis PV

Tbrom-
bosis PV;
inter-
stitial
myocard.

Hodgkin's
disease

Recent

Posterior
part of
ventric.
septum

Chronic
aneurysm
of apical
part of
LV

Recent
ant. wall
LV

Multiple
ant. and
post.
wall of
LV and
ventr.
septum
Apex

Posterior
wall LV

Rheum. MI
and bact. posterior
endocard. wall

Rheum.
pancard.

Rheum.
card.

Rheum.
card.,
aorto-
mitral,
bact.
endocard.

Chronic
rheum.
pancard.,
aorto-
mitral
Subacute
myocard.

Recent
MI
posterior
wall

Necrosis
LV

Lohlein's
nephritis

Multiple
kidney,
spleen,
brain
infarct.
Spleen
infarct.

Apex
myo-
fibrosis

Arteritis of
coron. art.

Arteritis of
coron. art.

Fibrosis
LV

Necrosis Arteritis of
of post. coron. art.
LV

Inter-
stitial
fibrosis

Embolus
descend.
LCA

LCA
obstruc-
tion

Embolism

Micro-
embolism

Embolism
in rt.
descend.

Para-
doxical
embolism

Embolism
1 M 58

dy.

2 M 12
dy.

3 M 24
~ dy.

4 M 13k
yr.

58 dy.

5 dy.

9 dy.

Sudden

3 mth.,
CHD 1k

yr.
8 yr., post-
pneu-
monic
lung
abscess

1 mth.
after
measles

5

6

7

F 12
4/12
yr.

F 8 yr.

F 3yr.

12 yr.
chorea,
14 yr.
recurr.
card.
2 6/12 yr.
subacute
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Myocardial Infarction and Ischaemic Heart Disease in Infants and Children
TABLE II-continued

Case Age Age at Death
No. Sex at Onset of Symptoms After
No. Death Symptoms Admnission__ ~ ~ ~ ~~~~_ _
15 F 8 yr. Subacute Dyspnoea,

CHF,
cojgh

16 M 7 yr. Lobectomy Fever,
for bron- dyspnoea,
chiec- pallor
tasis at
6 yr.

17 M 10 Acute Shock,
yr. dissem. coma,

lupus con-

erythem. vulsions

Degenerative Changes of Coronary Arteries
18 M 3 yr. Acute 3 wk.

after adm.
BPN;
pain

19 F 2 2 4/12 yr. Fever,
5/12 cough,
yr. dyspnoea

20 F 2 Acute Dyspnoea;
mth. tempor.

cyanosis

Congenital Abnormalities of Coronary Arteries
21 F 6 5 mth. CHF, Pain

mth.

22 M 1 13 13wk. CHF, pain
wk.

23 M 3 Sudden Pallor,

24 F

Functional Di
25 F

26

27

28

29

M

M

F

M

mth.

6
mth.

isturbances
5

6/12
yr.

10

mth.

8 yr.

Acute

con-

vulsion

Dyspnoea,
pain,
cyanosis

of Coronary Blood Flow
2 6/12 yr. CHF,

dyspnoea,
pain

Acute

Acute

4 yr. Acute

7

mth.

Acute

Fever,
dyspnoea,
CHF
Coma

Coma

Fever,
CNS
lesions

1 wk.

4 dy.

Group Clinical Principal Myocardial OtherGroup ~~NecropsyIsDagnosss Diagnosis Infarction Findings

Ilb: Interstit. Interstitial Diffuse
Myo- myocard. myocard. inyo-
carditis fibrosis

IIb: Throm- Extensive Fibrosis
Myo- bosis PV inter-
carditis stitial

myocard.

2 wk. IIc:
Dissem.
lupus
erythem.

3 wk. IIIa:
Coronary
arterio-
sclerosis

1 mth.

At

0fperation

1 wk.

IDissem.
lupus
erythem.

Hyper-
tension

IIIb: Fibroelas-
Fibroelas- tosis
tosis

IIIc: Tumour
Fibroma LV
LV

IV:
Anatomi-
cal

I dy. IV:
Anatomi-
cal

20 min. IV:
Anatomi-
cal

1 dy. IV:
Anatomi-
cal

1 mth. Va:
Aortic
stenosis

Same dy. Vb:
Pulm. AV
aneurysm

4 dy. Vc:
Poisoning

4 dy. Vc:
Poisoning

2 dy. Vd:
Hyper-
pyretic,
syndrome
CNS

Anom.
origin

LCA
from PA

Anom.
origin

LCA
from PA
Moribund

Anom.
origin
LCA
from PA

Congenital
aortic
stenosis

Pulm.
AV
aneurysm
Mushroom
poisoning
(Amanita
phaloides)
Mushroom
poisoning
(Amanita
phaloides)
Micro-
cephalus;
spastic
quad-
riparesis;
hyperpy-
retic

Dissem.
lupus
erythem.,
Libman-
Sacks
endocard.

Renal
calculi,
LV
hyper-
trophy

Fibroelas-
tosis

Fibroma
LV

Anom.
origin
LCA
from PA

Anom.
origin

LCA
from PA
Anom.
origin

LCA
from PA
Anom.
origin
LCA
from PA

As clinical
diagnosis

As clinical
diagnosis

As clinical
diagnosis

As clinical
diagnosis

Recent Arteritis of
large MI coron. art.

Apex,
foci of
myo-
malacia

Fatty
changes

MI
anterior
wall LV

Recent
and older
necroses
of LV

As clinical
diagnosis

Chronic
aneurysm
of post.
wall of
LV

Fibrosis
and
aneurysm
ofapex

Myo-
fibrosis,
chronic
aneurysm
of apex
LV
No
changes

Fatty
changes

Fatty
changes

Lesions of
myo-
malacia
in LV

Coronary
arterio-
sclerosis

Aplasia
of horiz.
branch

CHD, congenital heart disease; LCA, left coronary artery; CHF, congestive heart failure; VSD, ventricular septal defect; BPN, broncho-
pneumonia; PA, pulmonary artery; MI, myocardial infarctions; RF, rheumatic fever; PV, pulmonary vein.
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FIG. 2.-Case 10, a 32-year-old boy. Posterior infarction pattern. Necropsy: fresh posterior infarction.

1935) with acute necrotizing arteritis, a 14-year-old
girl with rheumatic carditis without bacterial
endocarditis (Otero, del Zar, and Hojman, 1956),
and a 2-year-old child with acute rheumatic carditis
who died suddenly (Rae, 1937). Necropsy of
the latter showed myocarditis, pericarditis, and
aortitis, with marked inflammatory lesions of the
main coronary arteries.

Lupus erythematosus. Myocardial infarction
secondary to lupus erythematosus has been attri-
buted by Siegenthaler (1958) to coronary arteritis.
This occurred in one case in our series in a 10-
year-old boy with Libman Sacks endocarditis.

Syphilis. Cases with luetic involvement of
the coronary arteries and complicating myocardial
infarction have been described (McDonald, 1932;
Norris, 1935; Baggenstoss and Keith, 1941;
Stryker, 1946a; Goormaghtigh, de Vos, and
Blanquaert, 1955) in children.
McMichael (1929) reported an unusual example

of coronary inflammatory disease in an 18-month-
old infant, with extensive visceral endarteritis
obliterans and fibrosis of the myocardium which
he attributed to syphilis, though the serological
reactions of the child and of the mother and father
were negative.

Polyarteritis nodosa. Coronary artery in-
volvement in polyarteritis nodosa has been reported
in childhood. An 11-year-old girl (Stryker, 1946a)

with periarteritis nodosa of at least 6 years' duration
showed, at necropsy, occlusion of the posterior
descending branch of the right coronary artery
and an infarct of the apex. A 15-month-old girl
(Pickard, Owen, and Dammin, 1947) and a 9-
month-old with aneurysm of the coronary artery
(Sinclair and Nitsch, 1949), and a 3-month-old
with myocardial necrosis and thrombi in the
left anterior descending branch of the coronary
artery (Crocker, Sobin, and Thomas, 1957;
Fager, Bigler, and Simonds, 1951; Munro-Faure,
1959) have been described.

Interstitial myocarditis. In typical inter-
stitial myocarditis it has not been uncommon to
find electrographic patterns of infarction when
necropsy has shown only inflammatory change
(Neubauer, 1944; House, 1948; Tedeschi and
Stevenson, 1951; Williams, O'Reilly, and Williams,
1953; De la Chapelle and Kossmann, 1954; Rossi,
1954; Doll, 1955; Bor, 1956; Van Creveld and
De Jager, 1956; Koch, Schmidt, and Doll, 1957;
Saphir and Cohen, 1957; Saphir and Field, 1954;
Huttmann and Cimpoe§u, 1958; Kaplan, 1958;
Keith, Rowe, and Vlad, 1958; Blumenthal and
Sapin, 1959; Burwell and Robin, 1959; Dominguez,
Lendrum, and Pick, 1959; Saphir, 1959; Brigden
et al., 1960; Apley, 1961; Fowler, Gueron, and
Rowlands, 1961; Hadorn, 1961; Scholer, 1961;
Goldman, 1962; Pruitt, Curd and Leachman,
1962; Nadas, 1963; Wegelius and von Knorring,
1964) while the majority of children with myo-
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Myocardial Infarction and Ischaemic Heart Disease in Infants and Children
carditis do not show these ECG changes. The
principal histological finding is interstitial cellular
infiltration together with focal necrosis of muscular
fibres. Gross coronary arterial obstruction, in-
flammation, or degeneration have not been shown
at necropsy though changes in smaller coronary
arteries were not excluded. It is probable that
the ECG changes are due to diffuse involvement
of myocardial fibres. The typical ECG changes
would be expected if a greater number of anatomi-
cally and functionally compromised myocardial
fibres were located close to the epicardium or
extended transmurally (Dominguez et al., 1959).

Degenerative Diseases
In adults degenerative disease of the coronary

arteries is the most common cause of ischaemic
changes of the myocardium. In infants and child-
ren the causes of degenerative changes of the coron-
ary arteries are manifold. The structure of the
coronary vessels may be altered by calcification,
hypertension, haematological disorders, or other
systemic diseases. The changes are not restricted
to the coronary arteries.
Minor histological alterations of the coronary

vessels are not uncommon in infants. Gruenwald
(1949) found necroses in the media of coronary
arteries in 21 newborn or stillborn infants, or in
9 - 5% of the necropsies performed in infants
dying in the first three days of life. Small thrombi
were revealed in 2 cases. Thickening of the
intima was found in the coronary arteries in new-
borns (Minkowski, 1947; Fangman and Hellwig,
1947; Schornagel, 1956; Moon, 1957; Scott, 1961).
Moon (1957) studied coronary arteries in fetuses,

infants, and juveniles. Early stages of the arterio-
sclerotic lesions were occasionally present in
infants, and these processes appeared identical to
the early phases of arteriosclerosis in adults.

Stryker (1946b) published a review of calcification
of coronary arteries in infancy. Only 3 of 20 infants
showed infarction at necropsy. The principal
pathological findings in the cases he reported were
calcification of the internal elastic membrane of all
arteries of the body, coronary occlusion, and myo-
cardial ischaemia, with areas suggesting infarcts.
There are 13 additional reported cases with coronary
artery disease or calcification and myocardial
infarction (Hughes and Perry, 1929; Forrer, 1930;
Lightwood, 1932; Brown and Richter, 1941;
Baggenstoss and Keith, 1941; Lipman, Rosenthal,
and Lowenburg, 1951; Traisman, Limperis, and
Traisman, 1956; Cochrane and Bowden, 1954;
Leach, 1955; Gault and Usher, 1960). Stryker

(1946a) reported a 3-month-old boy with infarction.
Lipman et al. (1951) described a 5-month-old boy
with cardiomegaly and an ECG showing anterior
infarction. Necropsy revealed primary disease of
the coronary, renal, and pulmonary arteries, together
with infarction of the left ventricle and ventricular
septum. The earliest arterial lesions were those
of necrosis and exudation followed by granuloma-
tous proliferation and calcification. Cochrane and
Bowden (1954) published the ECG of a 5-month-
old girl with signs of infarction. The diagnosis
was confirmed by necropsy, fibrosis and foci of
recent necroses being found at the apex of the
left ventricle. In 5 other cases only microscopic
infarcts were found (Forrer, 1930; Lightwood,
1932; Brown and Richter, 1941; Baggenstoss and
Keith, 1941; Leach, 1955).
More typical 'adult' forms of coronary disease

are found in older children (Kambolis, Lebhar,
and Barnett, 1958). Three papers with classical
myocardial infarction in a younger age-group were
published (Scott and Miller, 1946; Ravich and
Rosenblatt, 1947; Martelle, 1955; Jokl and Green-
stein, 1957). Benda (1925) reported a 13-year-
old girl who died suddenly. Atherosclerosis was
present in the aorta and large arteries. The anterior
descending branch of the left coronary artery was
obliterated. Myocardial infarction with rupture
of a resulting ventricular aneurysm and arterio-
sclerotic nephropathy completed the necropsy
picture.

Sprague and Orgain (1935) presented a 15-year-
old boy who had substernal pain for three years.
The coronary arteries showed moderate athero-
matous degeneration with calcification. The left
circumflex branch was completely occluded by a
peripheral thrombus, as was the posterior portion
of the right coronary artery. Better known causes
for arteriosclerosis are diabetes and progeria.
Shivelhood (1948) diagnosed myocardial infarction
on the basis of the ECG in a 12-year-old boy with
diabetes.

Keay, Oliver, and Boyd (1955) reviewed cases of
progeria and atherosclerosis in children. Myo-
cardial infarctions were found in only 2 out of 5
(Guild, Kindell, and Gibson, 1938; Talbot et al.,
1945; Atkins, 1954).
Thickening of coronary arteries in children with

gargoylism has been described by Lindsay (1950).
In 7 of 9 of this series the lumen of the coronary
arteries was considerably narrowed by changes of
the intima. The ECG of a child with gargoylism
reproduced in Nelson's textbook (1959), shows an
infarction pattern. Strauss and Platt (1957) des-
cribed a 5-month-old girl with a clinical picture
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of gargoylism, with small area of acute myocardial
necrosis.

Nadas, Alimurung, and Sieracki (1951) described
myocardial infarction in a child with Friedreich's
ataxia. Microscopical examination revealed ex-
tensive fibrosis, the few remaining muscle fibres
showing fatty degeneration. The coronary arteries
had marked medial hypertrophy, intimal prolifera-
tion, and various degrees of obstruction. The
authors collected five additional cases ranging
from 4 to 13 years of age, all of whom had patho-
logical T wave changes in the standard and prae-
cordial leads of their ECG.
Thoren (1964) reported cases with heart disease

as the initial manifestation of Friedreich's ataxia.
Certain clinical features such as improvement of
ischaemic changes in serial electrocardiograms.
(Keith et al., 1958; Thoren, 1964) have suggested
that coronary artery disease plays an important
role in this disease.

Coronary disease does not, however, appear to
be an important cause of cardiopathy in other
myopathic diseases, such as progressive muscular
dystrophy (Weisenfeld and Messinger, 1952;
Schott, Jacobi, and Wald, 1955; James, 1962,
1964; James and Fisch, 1963; Thoren, 1964).

Hypertensive cases
Case 18. Hypertension was found in a 3-year-old

boy; the ECG revealed a pattern of anterior infarction.
Three weeks after admission he developed chest pain
with severe bronchopneumonia, and died. Necropsy
revealed renal calculi and hypertrophy of the left
ventricle, foci of myomalacia in the apex and in the
trabecular muscles, with arteriosclerosis of the coronary
arteries.

Diseases associated with hypertension mostly
due to renal disease can be complicated by myo-
cardial ischaemia. Electrocardiographic changes
in acute and chronic glomerulonephritis have been
demonstrated (Keith et al., 1958; Nadas, 1963).

Parrott, Joseph, and Nesbit (1951) reported a
10-week-old boy with hypertension and myocardial
infarction pattern in the ECG. Necropsy revealed
polycystic kidney disease and degenerative changes
of the myocardium with fibrous replacement.
Mehrizi et al. (1964) recently described a 9-year-
old boy with polycystic kidneys whose ECG
showed an infarction pattern.

Adrenal tumours. These are another cause
of hypertension. Kremer (1936) described a
14-year-old boy with myocardial infarction on his
ECG. At necropsy, phaeochromocytoma, marked
sclerosis, and myocardial infarction were found.
Among 7 adult patients of Kline (1961) with
phaeochromocytoma, myocardial changes were

found at necropsy in 4. The outstanding lesions
were the severe degenerative changes in groups of
muscle fibres combined with focal necrosis and
chronic interstitial inflammation. Even though
there was no evidence of fatty degeneration, the
myocardial alterations closely resembled those
seen in experimental animals treated with nor-
epinephrine.

Miscellaneous.
Thrombocytosis. Spach, Howell, and Harris

(1963) reported an unusual case of an 8-year-old
girl with primary thrombocytosis. ECG and
vectorcardiographic study showed myocardial in-
farction. Multiple thromboses were also found.

Traumatic. Jokl and Greenstein (1944) published
a history of a 10-year-old boy who died three min-
utes after participation in a boxing match. At
necropsy the left descending branch of the coronary
artery was occluded by thrombus for a distance
of 2 5 cm. No other abnormalities of the arterial
system were found.
The ECG pattern of myocardial infarction due to

trauma has been observed by the author in 4
children. One such example resulted from punc-
ture of the lungs for biopsy in a case of pulmonary
haemosiderosis, while in 3 other children the
changes were noted after operation for congenital
heart disease by extracorporeal circulation. In all
4 children, electrocardiographic resolution coin-
cided with clinical recovery.

Aneurysms. Kempton (1951) described a 9W-
year-old girl who suddenly died while playing
hockey. Necropsy revealed myocardial fibrosis
with two large calcified aneurysms of the coronary
arteries.

Ellis (1935) found infarcts and aneurysms of a
branch of the coronary artery in a 9-month-old
infant; the cause was not revealed. The majority
of coronary artery aneurysms in infants and children
reviewed by Crocker et al. (1957) did not show
ischaemic changes of the myocardium, though
many died suddenly from rupture of the aneurysm
and cardiac tamponade, without ischaemic changes
being evident at necropsy.

Fibroelastosis. Endocardial fibroelastosis is not
rare. The ECG picture has been described by Vlad,
Rowe, and Keith (1955). The high voltage QRS and
left ventricular hypertrophy pattern differs from
the low voltage QRS and T wave changes of patients
with myocarditis. Yet some infants and children
with evident ischaemic changes on the ECG and at
necropsy have been reported (Edmonds and Seelye,
1951; Adams and Katz, 1952; Thomas et al., 1956;
Auld and Watson, 1957; McCormick, 1958;

Imrich Bor274
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Myocardial Infarction and Ischaemic Heart Disease in Infants and Children

FIG. 3.-Case 20, a 2-month-old girl. Electrocardiogram shows extensive anterior infarction. Necropsy: fibroma
in the wall of the left ventricle.

Lambert and Vlad, 1958; Hastreiter and Miller,
1964). In 36 cases with the necropsy finding of
fibroelastosis in Prague (Bor, 1956), myocardial
infarction was found only in one instance.

Tumours.
Case 20. A full-term infant of 2 months was admitted

for anorexia, transitory cyanosis, tachycardia, and
gallop rhythm. X-ray showed, in the left anterior
oblique position, the upper part of the shadow of the
heart overlapped by the shadow of the spine. ECG
(Fig. 3) showed anterior infarction pattern. Tomo-
graphy and angiocardiography indicated a tumour
of the left ventricle. During exploratory thoracotomy,
cardiac arrest occurred. At necropsy there was a

fibroma in the wall of the left ventricle.
Nadas (1963) describes a 10-day-old newborn with

rhabdomyoma. The ECG with Q in the first standard
lead is presented, and ST changes are evident. Engle
and Glenn (1955) published the case of a 4-year-old
boy with sudden congestive heart failure with ST
elevation and negative T5, 6. A diagnosis of myocardial
infarction pattern was made before death. The
tumour (rhabdomyosarcoma) had practically obstructed
the lumen of the anterior descending branch of the
left coronary artery.

Glycogenosis. Lambert and Vlad (1958) des-
cribed an anterior infarction in a newborn with
a necropsy finding of glycogenosis of the heart.

Congenital Abnormalities
Anomalous origin of the left coronary artery from

the pulmonary artery.
Case 21. Death at the age of 6 months. ECG

showed antero-lateral infarction pattern. Necropsy
surprisingly revealed an aneurysm of the posterior
wall of the left ventricle.

Case 22. At the age of 13 weeks, heart failure and
symptoms of pain appeared. X-ray showed cardio-
megaly; ECG posterior infarction pattern. He died
next day, and necropsy revealed infarction of the anterior
wall of the left ventricle.

Because of the possibility of benefiting from
operation, anomalous origin of the left coronary
artery is an important entity causing myocardial
ischaemia. Keith (1959) found the incidence of
anomalous origin of the left coronary artery from
the pulmonary artery was 1 in 300,000 children.
The diagnosis should be suspected in an infant in
the first year of life who develops signs of heart
failure, has an enlarged heart, and ECG with
evidence of myocardial ischaemia in the anterior
portion of the left ventricle. The diagnosis may
be confirmed by an aortogram, the technique best
demonstrating the anomaly being injection of
contrast material into the aortic root, with the
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FIG. 4.-Case 25, a 52-year-old girl. Electrocardiogram shows posterior infarction. Necropsy: aneurysm of the apex.

patient in the left oblique position. A large
coronary artery is obvious at once, and only later
does the left coronary artery become visible, and
subsequently the pulmonary artery (Sabiston,
Neill, and Taussig, 1960a; Sabiston, Pelargonio,
and Taussig, 1960b; Sabiston et al., 1963; Noren
et al., 1964; Bookstein, 1964).

Nadas, Gamboa, and Hugenholtz (1964) recom-
mend surgical ligation of the anomalous left
coronary artery near its origin only in cases with
aortographic demonstration of flow from the
coronary artery to the pulmonary artery. Since
this is the most common finding, operation should
be beneficial for most cases. Dominguez et al.
(1959) suggest that the particular localization of
the infarction by ECG is of help in the differential
diagnosis. Posterior wall infarction in their view
indicates an aetiology other than anomalous origin
of the left coronary artery. This has not been
always true, as for Case 22 (above) or for other
reported cases (Keizer and Rochet, 1952; Keith,
1959; Sabiston et al., 1960a, b, 1963; Noren et al.,
1964; Bookstein, 1964; Nadas et al., 1964).
Ruttenberg et al. (1964) showed how the clinical
and laboratory examination can be misleading:
examination of an 8-month-old infant suggested
anomalous origin of the left coronary artery from
the pulmonary artery; ECG and VCG showed
left ventricular hypertrophy, with extensive myo-
cardial infarction; angiocardiography revealed an
aneurysmally dilated left ventricle with unusual
internal septations and loculations; and the necropsy
showed concentric semicircular muscular ridges

and grooves in the apical portion of the left ventricle
and a peculiar fibrous endocardial network of the
same chamber. The coronary arteries were normal.
Grossman and Adams (1964) state that angina

pectoris or myocardial infarction in a child, youth,
or young adult often results from anomalies of
coronary arteries, particularly when hypertension
and metabolic disease are not present.
Not all types of anomaly of the coronary arteries

have unfavourable consequences in childhood.
Alexander and Griffith (1956) have collected 54
cases of anomalous coronary circulation, only 10
showing myocardial infarcts.

Miscellaneous
Case 25. Congenital aortic stenosis with left heart

strain was diagnosed at the age of 21 years. At 5
years heart failure appeared. The child developed
severe chest pain, with dyspnoea and cyanosis. The
next day ECG (Fig. 4) showed a pattern of posterior
infarction. Necropsy showed fibrosis ofthe left ventricle
with aneurysm of the apex; the tight aortic stenosis
had caused ischaemia of the hypertrophied myocardium;
and the apex of the left ventricle was so thin that it
was transparent.

Functional disturbances of the myocardium
can be divided into cases with left or right ventri-
cular outflow obstruction, anaemia, and unknown
causes.

(A) Ventricular outflow obstruction:
Prescott, Quinn, and Littmann (1963) published
electrocardiograms in 4 adult cases, with hyper-
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trophic subaortic stenosis which simulated myo-
cardial infarction. A similar picture in congenital
pulmonary stenosis has been described by Dimond
and Lin (1954). The disproportion between the
muscle mass of the ventricle and the adequacy of the
coronary flow is the only possibility that seems
feasible as an explanation for myocardial infarction.
This has been found at necropsy in a child of 31
years. Lasser and Genkins (1957), in a detailed
study, examined the causes of chest pain simulating
angina pectoris in 5 adult cases with severe, isolated
valvular pulmonary stenosis. In each instance the
symptomatology was completely relieved by opera-
tion. An unusual case of the anterior wall myo-
cardial infarction pattern in the ECG occurred
in a 7-week-old infant, with transposition of the
great vessels (Bernreiter, 1958).

(B) Anaemia. Infarction in haemolytic disease
has been reported. Hogg (1962) studied 40 infants
who died of haemolytic disease of the newborn:
increased heart weight was found in 18. Dilatation
of the heart was difficult to quantitate, but was
thought to be present in many cases; small myo-
cardial infarcts were present in 6 of the hearts,
which were confined to the inner myocardium
and papillary muscles of either ventricle. Varying
degrees of endocardial fibroelastosis were present
in 26 cases, but in no case was it recognizable grossly.
It was considered likely that the changes were
related to relatively long sustained anaemic hypoxia
and to cardiac dilatation. There were no electro-
cardiographic data.

Severe anaemia or leukaemia is another well-
known cause of ischaemic changes in the ECG,
and ischaemic changes may be found at necropsy
in these disorders. This group has been fully
described by Friedberg and Horn (1939) and others
(Klinefelter, 1942; Case, Berglund, and Sarnoff,
1955; Lindo and Doctor, 1955; Bar, Zeilhofer,
and Heckel, 1957; Sanghvi et al., 1958), and will
not be discussed further here. Sickle cell anaemia
also produces these changes (Nelson, 1959).
Relative or transient ischaemia in which the electro-
cardiographic signs rapidly returned to normal as
adequate coronary perfusion was achieved may
occur during open-heart surgery when air emboli
enter the coronary arteries, or in tracings after
prolonged attacks of supraventricular tachycardia
(Keith et al., 1958).

(C) Unknown cause. Dominguez et al. (1959)
published the case of a 10-week-old infant with a
posterior infarction ECG pattern where histology
of the heart showed no abnormality, and also a

10

13-month-old girl with antero-lateral infarction
and clinical improvement. Doherty and Dood
(1957) published an antero-lateral infarction ECG
pattern in a 5-year-old girl whom they followed for
3 years and whose ECG picture later became
normal.

Clinical Features
The diverse aetiology of ischaemic heart disease

has been shown in our patients and in cases pub-
lished elsewhere (Bor, 1964). It follows that the
clinical picture is not likely to be uniform.
Differences will arise if the obstruction of the
coronary arteries is sudden as in embolism, or
slow and progressive as in some degenerative
types. The extent and location of myocardial
ischaemia play a role. Dyspnoea is always present
in varying degree, and it is interesting that even
in infants and small children with myocardial
infarction it is possible to observe behaviour
suggesting that chest pain is present. There is an
unjustified tendency to neglect symptoms of this
kind. Shock may be an early manifestation of the
disease, occurring in 4 cases in the Czech series.
Signs such as cough, vomiting, and cyanosis
occurred in the majority, often in association
with congestive failure. Headache is a common
complaint in older children. Loss of consciousness
occurred frequently, but was usually a terminal
event.
There was no significant sex difference in this

series nor in the literature.
The chest x-ray usually shows cardiomegaly;

however, the leading tool to the diagnosis of
myocardial infarction is the electrocardiogram.
Descriptions of classical infarction patterns are
given in many textbooks. The difficulties in
electrocardiographic diagnosis of myocardial in-
farction have been outlined by Pruitt, Dennis,
and Kinard (1963).

Laboratory Findings
Electrocardiographic analysis. Since the

typical adult history suggesting myocardial infarc-
tion is usually lacking, the ECG has great importance
in recognition of the disease. The Q wave has
been said to have no great significance in paediatrics
(Nadas, 1963). Its vital role in the diagnosis of
myocardial infarction in adults is well known, but in
children a sizeable Q wave is often normally present
in leads II, III, aVF, and V5, 6. In V6, the Q
wave averages 1*5 mm. and does not usually
exceed 4*5 mm. (Keith et al., 1958). It is not
commonly found in lead I, and, when present, is
not deep, and is certainly not wide. A prominent
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Q will be followed by a tall R wave and is associated
most often with other evidence of left ventricular
hypertrophy. Ziegler (1951) found no Q in the
leads Vi and 2 in any normal children. It is
customary to accept as the upper limit a Q wave

no greater than 2500 of the following R wave in
leads other than III, where 50% is acceptable, or

a VR where Q is normally prominent.
Keith and colleagues (Keith et al., 1958; Watson

and Keith, 1962) concluded that a Q in V6 of
more than 2 mm. was a reliable indication of left
ventricular overload, especially of the diastolic
type. They differentiated the Q of overload pattern
from that in ischaemia, which is seen in the tracings
of patients with anomalous origin ofthe left coronary
artery from the pulmonary artery, by the amplitude
of the following R wave (absent or low in ischaemic
cases) and by the increased duration of the Q and
association with T and ST segment changes in the
ischaemic group (Keith, 1959).
A Q wave duration of 0 04 sec. is accepted as

pathological in adults. In our series of ischaemic
changes, it was encountered in 9 infants and
children. In the total number of ECG tracings,
pathological Q wave was absent only in 5: Case 2
(no chest leads were obtained), Case 13 (leads
V7-9 were not recorded), Case 16 (interstitial
myocarditis), Case 18 (arteriolosclerosis), and
Case 19 (fibroelastosis).

Vectorcardiographic diagnosis. Three main
vectorcardiographic abnormalities in myocardial
infarction were outlined by Grant and Estes
(1951). Firstly, the initial vectors of the QRS loop
point away from the area of infarction-the so-called
infarction vector. Secondly, the terminal QRS
vector may be normal, or if 'peri-infarction' block
occurs, it may be directed toward the infarcted
region. Thirdly, during the acute process, the
ST vector tends to point toward the infarcted zone,
and the T vector away from the infarct.

Vectorcardiographic patterns ofmyocardial infarc-
tion in infants and children have been published
by three groups (Spach et al., 1963; Noren et al.,
1964; Nadas et al., 1964) using different lead sys-
tems. For the diagnosis of myocardial infarction
in anomalous origin of the left coronary artery
from the pulmonary artery, the QRS sE loop in the
horizontal plane was found to be most helpful:
the loop was inscribed in a clockwise direction
and was oriented posteriorly and to the left; the
T sE loop was oriented anteriorly and to the right.
In the case of inferior myocardial infarction des-
cribed by Spach et al. (1963) the frontal plane
showed the initial deflection of the QRS sE loop

directed superiorly and to the left, and an arch-like
deformity of the efferent limb was observed. The
maximum QRS vector was in a position of 160
in the presence of clockwise rotation of the QRS
loop.
The features of the electrocardiograms in the

Czech series are shown in Table III.
An electrocardiographic pattern of myocardial

infarction was positively identified in 18 of 21
patients where tracings were available in the
Czech series. Anatomical localization of the
ischaemic changes in the Czech series is shown in
Table IV. In the 21 cases where electrocardio-
grams were available for comparison with the
morbid findings, clinical localization ofthe ischaemic
changes was confirmed at necropsy in 14 instances.

TABLE III
Summary of Electrocardiographic Study of 29

Cases (Bor, 1964)

Electrocardiogram No. of Cases

Positive pattern of myocardialinfarction .. 18
No definite infarction pattern (one where recording

of leads V7-9 should have shown myocardial
infarction). 2

Left bundle-branch block .1
No ECGs available (lost or not performed in the time

of acute illness). 8

29

TABLE IV
Localization of Ischaemic Changes at Necropsy

(Bor, 1964)

Total No.
with a

Site of Ischaemic Changes Case No. Particular
Ischaemic

_ Change

Apex of left ventricle .. .. 1, 9, 18, 24, 25 5
Apex ofright ventricle .. 7
Ventricular septum .. 2, 6 2
Lateral wall of left ventricle 3 I
Anterior wall of left ventricle 4, 6, 22 3
Posterior wall of left ventricle 6, 8, 9, 10, 13, 21 6
Left ventricle without

demarcation .. .. 11, 14,15, 16,17,1 7
19, 23

This experience suggests that a diagnosis of
myocardial infarction in infants and children is
possible.

Paediatricians rarely consider myocardial infarc-
tion in the differential diagnosis of heart disease.
Ischaemic changes should be suspected from atypical
and more discrete ECG disturbances. Careful
study of Q waves, with examination for QS com-
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plexes, elevation and depression of ST and T
waves, can improve diagnostic accuracy. It is
important to follow the evolution of any such
changes. As in adults, complementary leads are
necessary in suspect cases. The value of vector-
cardiography for the diagnosis of ischaemic heart
disease in infants and children is frequently not
appreciated. Since myocardial fibrosis from any
cause may produce ECG patterns suggestive of
infarction, aortographic studies are essential in
patients suspected of having anomalous origin
of left coronary artery.

Conclusion
The incidence of ischaemic heart disease in

infancy and childhood is higher than generally
believed. Detailed study of the heart and coronary
vessels at necropsy is of fundamental importance
in obtaining the true picture of myocardial infarction
in this age-group. History and physical examina-
tion are not usually helpful in determining the
nature of the heart disorder.

Clinical diagnosis is possible from the electro-
cardiogram, but the electrical changes may be
subtle, or non-specific. Serial electrocardiograms
and vectorcardiograms should be performed in
suspected cases.
Review of the literature shows a wide spectrum

of the clinical picture and aetiology of myocardial
infarction in children, and indicates the need for a
greater appreciation of the diagnostic problem in
this age-group.
Some patients with ECG infarction patterns

require special studies to find surgically correctable
disease such as anomalous coronary arteries.

Summary
Twenty-nine infants and children with post-

mortem findings of myocardial infarction or
ischaemic heart disease were retrospectively studied
to obtain information regarding the prevalence,
aetiology, and clinical description of this entity.
The material was divided into five groups accord-

ing to aetiology. Emboli led to myocardial infarc-
tion in 8 patients, inflammatory disease of the
coronary arteries in 9, and degenerative disease of
the coronary arteries in 3. Anomalies of the
coronaryarteries led to myocardial infarction changes
in 4 patients, and functional disturbances of the
coronary circulation created ischaemic changes in 5.
These patients and a review of the literature

suggest that myocardial infarction in infants and
children is by no means rare; it presents an ex-
tremely variable clinical picture, and also suggests
that diagnosis can be made by electrocardiography.

Necropsies were performed at the First Institute
of Pathology (Director, Professor B. Bednar), at the
Department of the Faculty of Paediatrics (Director,
Professor D. Benegov.), and at the Second Institute of
Pathology (Director, Professor V. Jedlicka). Their
skill and industry which enabled the collection of this
material is acknowledged with gratitude.
The review was completed during the author's

tenure in 1964 in the Department of Pediatrics of the
Johns Hopkins University School of Medicine and the
Harriet Lane Service of the Johns Hopkins Children's
Medical and Surgical Center.
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Corrigendum
Control of Enuresis with Imipramine, by D. Shaffer,
A. J. Costello, and I. D. Hill.

Page 667. 6 lines from bottom of right-hand
column. For 'one of the 3 patterns: Placebo, Low,
Placebo; Placebo, High, Placebo; Low, Placebo, Low'
read-'one of the 4 patterns: Placebo, Low, Placebo;
Placebo, High, Placebo; Low, Placebo, Low; High,
Placebo, High'.
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