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Myocardial Infarction Without Obstructive Disease
at Coronary Arteriography

LUCIEN CAMPEAU, M.D., F.R.C.P.[C], JACQUES LESPERANCE, M.D.,
MART1AL G. BOURASSA, M.D. and P. B. ASHEKIAN, M.D.,

Montreal

MYOCARDIAL infarction as diagnosed post
mortem is almost regularly associated with

severe and widespread obstructive coronary dis¬
ease. The following report concerns six cases of
myocardial infarction proved on clinical grounds
without evidence of significant obstructive dis¬
ease at coronary arteriography obtained several
months later.

Materials and Techniques
These cases were selected from a series of 350

patients subjected to coronary cinearteriography,
tof whom 71 had an abnormal electro-
cardiographic pattern indicative of myocardial
infarction in the past or at the time of the study,
together with an adequately documented cli¬
nical history and angiograms of good quality.
Six cases without significant arteriographic evi¬
dence of obstructive coronary disease were

thought from the clinical evidence to h&ve had a

myocardial infarction.
The technique of selective coronary arterio¬

graphy of Sones was used. The arteriograms
were obtained with a 35 mm. arriflex cine-camera
at 60 frames per second with a 6" Picker image
intensifier. Each coronary artery was studied in
the right and left 30° to 60° oblique planes; the
left coronary was also visualized in the left
lateral, and the right coronary in the frontal
plane in most cases. The coronary cinearterio-
grams were reviewed by at least two radiolo¬
gists.

Case Reports
Case 1..H.M., a 53-year-old white man, had a

mitral Starr-Edward valve insertion on May 3, 1965.
He had moderately severe diabetes which was rela¬
tively well controlled. Ten days later, he experi-
enced transient aphasia and on August 30, 1965,
he had a severe substernal pain lasting three hours
and associated with diaphoresis and vomiting. An
electrocardiogram taken the following day was com-

patible with an anterior myocardial infarction and
the SGOT was 166 units. The ECG did not show
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Fig. 1..Serial electrocardiograms showing changes
compatible with a subendocardial anterior myocardial in¬
farction on September 30, 1965 (Case 1).

a transmural infarction, but the R waves in VI to
V3 decreased in amplitude (Fig. 1). The coronary
arteriograms obtained on January 23, 1967 were en-

tirely normal. Although he had no subsequent an¬

gina pectoris, he remained markedly incapacitated
thereafter.

Case 2..J.R., a 37-year-old white woman, was
admitted on March 16, 1964, for evaluation of aortic
valve disease. She complained of chest pain and
dyspnea of moderate intensity on exertion. The
aortic valve was not calcified. During combined
right and retrograde left heart catheterization, she
experienced prolonged and severe retrosternal pain.

Fia. 2..Serial electrocardiograms illustrating the ap¬
pearance of an acute inferior myocardial infarction pat¬
tern on March 19, 1964 (Case 2).
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The following day the electrocardiogram showed
evidence of an acute inferior myocardial infarction
(Fig. 2). The SGOT was elevated at 341 units and
the lactic dehydrogenase at 1806 units.
The patient was readmitted on January 20, 1967.

She had continued to have angina pectoris, but her
functional capacity had not changed appreciably.
The fasting blood sugar was normal; cholesterol was
162 mg. per 100 ml.; triglycerides were 183 mg. per
100 ml. (normal: < 134 mg.), and total lipids were

795 mg. per 100 ml. (normal: < 675 mg.). Selec-
tive coronary arteriography showed a markedly
dominant right artery and a left circumflex with no

terminal branch, but no definite evidence of ob¬
structive disease. The aortic valve was slightly ste¬
notic and moderately regurgitant.

It was considered that a coronary embolism
had occurred during catheterization. The absent
or unrecognized small terminal branch of the
left circumflex artery associated with a dominant
right artery may have been either a normal vari-
ant or due to an occlusion at the origin of this
branch with compensatory development of the
right artery.

Case 3..J.D., a 44-year-old white woman, had a
Starr-Edward mitral valve insertion on January 12,
1966. The ascending aorta was clamped for 36
minutes because of an aortic valve regurgitation
which had not been clinically evident. The coronary
arteries were not cannulated. Atrial fibrillation per¬
sisted after the operation, and the postoperative
course was uncomplicated. On December 15, 1966,
a routine postoperative ECG revealed an anterior
myocardial infarction (Fig. 3). The patient was

previous myocardial infarction. The left ventricular
end-diastolic pressure was 20 to 24 mm. Hg and
the mean pulmonary capillary venous pressure 22
mm. Hg.

Case 4..J.M., a 27-year-old white man without
previous illness and with no family history of
coronary disease, presented on the morning of April
10, 1966, with severe substernal pain associated
with vomiting and diaphoresis; the pain had been
present throughout the night and on admission he
appeared severely ill. The blood pressure was 90/80
mm. Hg, the jugular veins were slighdy distended,
there was a sinus tachycardia at 140 per minute,
with a gallop rhythm, and rales were heard over the
lung bases. An ECG showed a complete right
bundle branch block and an acute anterior myo¬
cardial infarction pattern (Fig. 4). In spite of ade-
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Fig. 4..Serial electrocardiograms showing a complete
right bundle branch block and an acute anterior myo¬
cardial infarction pattern on April 11, 1966, which sub¬
sequently disappeared (Case 4).

Fiq. 3..Serial electrocardiograms showing the appear¬
ance of an anterior myocardial infarction pattern on
December 15, 1966 (Case 3).

readmitted in September 1967, because of con¬

gestive heart failure without angina pectoris. The
fasting blood sugar was normal; the cholesterol was

160 mg. and total lipids 697 mg. per 100 ml.
Selective coronary arteriograms were entirely nor¬
mal. There was no evidence of significant mitral
regurgitation at left ventriculography, but the left
ventricle appeared dilated and showed markedly
decreased contractility. An akinetic area in the pro-
jection of the anterior wall was compatible with a

quate digitalization and diuretic therapy, he de¬
veloped severe pulmonary edema with hemoptysis
on April 13, 1966, and subsequently remained in
right heart failure. The SGOT rose to 78 units, the
SGPT to 114 units and the lactic dehydrogenase to
1275 units; these enzymes remained at abnormally
high levels until April 18, 1966. The cholesterol
was 152 mg., the triglycerides 141 mg. and the
total lipids 421 mg. per 100 ml. He again suffered
prolonged chest pain on April 24, and the following
day a pericardial friction rub was heard which
persisted for at least six days. The enzyme levels
inereased again and were highest on April 26, the
SGOT rising to 150, the SGPT to 216 and the LDH
to 975 units. The results of tests for antibodies to
influenza A and B, parainfluenza I, II and III and
adenovirus were normal on May 5 and May 11.
Before discharge on May 21, a chest radiograph
revealed a slightly enlarged heart with a cardio-
thoracic ratio of 16/31 and a left ventricular pro-
minence. The coronary arteriograms obtained on
November 30, 1966, were normal except for a rigid
and slowly emptying diagonal branch of the left
coronary artery (Fig. 5). A left ventriculogram
showed a slightly dilated left ventricle with a dif-
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Ffg. 5..Single frames from the cine-coronarograms
showing the left coronary artery in the right anterior
oblique view (Case 4). Top: all branches of the left coro¬
nary artery are visualized. Bottom: a diagonal branch
remains opacified.

fuesly poor contraction. The patient remains
moderately incapacitated by chronic heart failure
but has had no angina pectoris. The last ECG,
taken on November 21, 1967, was similar to that
of March 11, 1966.

The history of two episodes of chest pain as¬

sociated with enzyme abnormalities and the
electrocardiographic changes were believed to be
compatible with a myocardial infarction. The
slowly emptying diagonal branch may be the
only evidence of a recanalized thrombosis. An
acute myocarditis could not be excluded in spite
of the electrocardiographic evidence of trans-
mural necrosis. In fact, the electrocardiogram is
quite similar to that which Friedberg1 presents
as illustrative of acute myocarditis.

Case 5..R.C., a 29-year-old white man, pre¬
viously treated for ulcerative colitis, with no family
history of coronary disease, complained of severe

epigastric and lower substernal pain of several
hours* duration on November 1, 1965. The pain
radiated to the left arm and was associated with
vomiting. An electrocardiogram taken 10 days later
showed an anterior myocardial ischemia (Fig. 6).
He was well until December 25, when he presented
with similar pain at St. Joseph's General Hospital,
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Fig. 6..Serial electrocardiograms showing changes
compatible with an acute anterior myocardial infarction
on December 26, 1965.

North Bay, Ontario. On admission he was in a

state of peripheral collapse with a blood pressure
of 90/70 mm. Hg. The electrocardiogram showed
a decreased R wave in the precordial leads VI to
V4 (Fig. 6). The SGOT shortly after admission
and again on January 4, 1966, was normal. No

Fig. 7..Single frames from the cine-coronarogram show¬
ing the left coronary artery. (Case 5) Top: left anterior
oblique view showing a dilated and kinked left anterior
descending coronary artery. Bottom: right anterior
oblique view showing an unusual bifurcation of the left
anterior descending artery.
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pericardial friction rub was described. The chest
radiograph was normal and showed a normal-sized
heart. Several months later, in July 1966, the total
lipids were 852 mg. and the cholesterol 265 mg.
per 100 ml. Upper gastrointestinal and gallbladder
radiographie studies were normal. The coronary
arteriogram on July 22 showed normal right and
left circumflex arteries, but the left anterior descend¬
ing had an unusual appearance (Fig. 7). In the left
anterior oblique view it appeared dilated and
kinked. In the right anterior oblique view, the an¬
terior descending artery divided in an unusual way,
leaving both branches widely separated at their
origin. However, no obstruction was observed. The
patient had no angina during the following two
years.

The history and serial ECG's are compatible
with a myocardial infarction, and the incom¬
plete enzyme study does not rule out this pos¬
sibility. This patient may have had a congenital
anomaly of the anterior descending artery which
made him more susceptible to coronary throm-
bosis. Moore2 theorizes that bad angle branch-
ing may lead to intimal trauma and eventual
thrombosis. The peculiar appearance of this
anterior descending vessel suggests a recanalized
thrombosed artery with thickening of the walls
of its branches at their origin.

Case 6..J.H., a 32-year-old white man, presented
on August 19, 1966, with a severe substernal pain
of several hours* duration associated with diaphore-
sis and extreme fatigue. The pain reappeared during
the following few days; it was transmitted to the
left shoulder and arm and accentuated by deep in-
spiration. He had no family history of coronary
disease and had had no previous angina. He was
admitted the same day to LeMoyne Hospital, St.
Lambert, Quebec. No pericardial friction rub was
described. The blood pressure was normally main¬
tained and he showed no signs of heart failure. The
electrocardiograms showed an extensive inferior and
lateral myocardial infarction (Fig. 8). The SGOT
was 132 units on the day after admission but was
not repeated. The chest radiograph showed a heart
of normal size. The fasting blood sugar was normal;
the blood cholesterol was 188 mg., the triglycerides
181 mg., and the total lipids 634 mg. per 100 ml.
The coronary arteriograms obtained on March 6,
1967, were entirely normal. An ECG obtained on

February 19, 1968, was similar to that of February
28, 1967. A Master two-step test was negative ex¬

cept for the appearance of numerous ventricular
premature beats.

The diffuse ECG changes, particularly when
seen in all three peripheral leads, did suggest a

pericarditis, but the appearance of the Q waves

in the leads exploring the inferior and lateral
walls was considered more compatible with a

myocardial infarction. An acute myocarditis with
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Fig. 8..Serial electrocardiograms showing changes
compatible with an acute inferior and lateral myocardial
infarction (Case 6).

necrosis appears unlikely in the presence of a
normal-sized heart but cannot be entirely ex¬
cluded.

Discussion
Few cases of myocardial infarction with nor¬

mal coronary arteriograms have been reported
and there has been postmortem confirmation in
none. Ross and Friesinger3 observed three "in¬
dividuals with a good history of myocardial in¬
farction with accompanying enzymatic altera¬
tions but without permanent electrocardiogra¬
phic changes or development of angina pectoris".
They presumed that a "twig" thrombosis had
occurred or that a larger vessel had become oc-
cluded and subsequently recanalized. Proudfit,
Shirey and Sones4 found only two cases in a

group of 176 cases of myocardial infarction, and
in one of these the QRS changes of anteroseptal
and posterior infarction had disappeared one
month later. Hale et al.5 have also described one
case and state that some sites of narrowing may
be overlooked, particularly after recanalization
of a thrombosed artery. Angina pectoris with
normal arteriograms, however, appears to be
much more frequent.2,68
The infarction in the first two cases was most

likely secondary to coronary artery emboli which
were subsequently lysed. Penther et al.9 and
Cordeiro et al.10 have described cases of myo¬
cardial infarction probably due to coronary em¬
boli with no evidence of coronary occlusion post
mortem. The cause of the myocardial infarction
in Case 3 is less certain. Myocardial necrosis has
been described following open-heart surgery.11
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Calcific emboli, air embolism and clogging of
small arteries with platelet thrombi or antifoam
material have been suggested as possible causes.

The diagnosis of a genuine myocardial in¬
farction in the last three cases is not absolutely
certain, particularly in the third case. Although
all three patients may have had an acute myo¬
carditis, the clinical picture and the electro¬
cardiographic changes were thought to be more

compatible with a myocardial infarction of the
classical variety. It is of interest, however, to
note that none had a family history of coronary
disease, none had abnormal lipid patterns, and
none had angina pectoris before or after the
acute episode. It is also noteworthy that all
three were very active young males in excellent
physical condition before the acute attack.
The mechanisms possibly involved in the pro¬

duction of such myocardial infarction without
arteriographic obstruction are summarized in
Table I. If the classic concept of pathogenesis,
whereby the myocardial infarction is secondary
to an occlusion of a coronary artery, is correct,
one must assume that the occlusion in these
cases was not evident on the arteriograms for
one of the following reasons: erroneous inter-
pretation, recanalization, functional constriction,
or pathology of the microcirculation not detected
by cine-coronarography.
The obstructive disease may have been over¬

looked, underestimated, or considered as a nor¬

mal variant. In fact, diffuse thickening of the
arterial wall which does not encroach on the
arterial lumen cannot be recognized as obstruc¬
tive disease, and the involved artery may be
described as unusually small. Similarly, occlusion
at the origin of relatively large coronary branch¬
es may be overlooked and considered as an ana-

tomic variation. Although studies12-13 have
shown that myocardial infarction is associated
with significant obstructive lesions of two to

three main coronary arteries, Proudfit, Shirey
and Sones14 report a high incidence of obstruc¬
tion in only one vessel at selective coronary cine-

arteriography in patients who had myocardial
infarction without angina pectoris. Myocardial
infarction may therefore result from an occlusion
of a single artery which may leave no definite
arteriographic evidence of obstructive disease
except possibly an abnormal distribution, at
times difficult to distinguish from normal ana¬

tomical variants.
A functional arterial constriction or coronary

spasm of long duration has been postulated as

a primary cause of myocardial infarction.15 Al¬
though coronary spasm has been observed fre¬
quently during selective coronary arteriography,
particularly at the origin of the right coronary

TABLE I..Possible Mechanisms op Myocardial In¬
farction without Evidence of "Arteriographic"

Obstruction
A. Infarction caused by a coronary occlusion not evident

on coronary cinearteriograms
1. Occlusion overlooked
2. Pathology of the microcirculation
3. Temporary occlusion by a functional constriction

(spasm)
4. Lysis of thrombus or emboli (recanalization)

B. "Infarction" not caused by a coronary occlusion.
1. Markedly decreased coronary blood flow
2. Oxygen diffusion and/or utilization impairment
3. Coronary arteriovenous shunting
4. Non-ischemic necrosis

artery, it is generally not accepted that such
unusual vasomotor activity is responsible for
myocardial infarctions.

Pathology of the microcirculation (intramural
arteries of less than 200 /*. in calibre) is not
usually recognized by the available cinearterio-
graphic techniques. Focal necrosis of the myo-
cardium has been observed in systemic arteritis
and thrombotic thrombocytopenic purpura.16*17
Although occlusions of small arteries may cause
rhythm disturbances, cardiac enlargement and
insufficiency and possibly angina pectoris, it does
not seemingly lead to the classical syndrome of
myocardial infarction.16
Minor anomalies, such as wall irregularities,

rigidity, small size, reduced flow and abnormal
branching, difficult to distinguish from normal
variants, may well be the only evidence of pre¬
vious thrombotic occlusion followed by recanali¬
zation. Cases 4 and 5 may be examples of such
a phenomenon. If such an occlusion does occur,
one may theorize that it is primarily of a throm¬
botic nature, occurring with or without arterio-
sclerotic changes not easily recognized at cine-
coronarography.
On the other hand, myocardial necrosis may

not have been produced by a coronary artery
occlusion at all. The high incidence of myo¬
cardial necrosis without thrombotic occlusion of
coronary arteries observed post mortem suggests
that the thrombosis is secondary to the necrosis
and that such 'lesions of the myocardium have
possibly resulted from as yet obscure mechan¬
isms."18 Prioreschi,19 in a study of a collected
series of 4020 cases of recent and old myocardial
infarction, found that 28.6% did not have coro¬
nary occlusion. Most of these patients, however,
did have moderate to severe obstructive coro¬
nary disease. We have found that 10.8% of a
collected series of 500 cases of myocardial in¬
farction did not have significant coronary ob¬
struction, although slight to moderate arterio-
sclerotic coronary disease was noted in many
cases (Table II). Nevertheless, 4.8% of these
cases had minimal to non-existent coronary dis-
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TABLE II..Autopsy Studies of Myocardial Infarc¬
tion Without Significant Obstruction and With

Minimal to Absent Coronary Disease
Cases with

Cases minimal
No. of without to no

cases with significant coronary
Authors infarction obstruction disease

Ehrlich and Shinohara18 38 91
Lisa and Ring2. 908 7
FriedbergandHorn22.. 153 1811
Mitchell and Schwartz23 794 4
Allison et aZ24. 140151

Total. 500 54 (10.8%) 24 (4.8%)

ease. The distinction between recent and fresh
infarction was not always clearly indicated. The
cases of Ehrlich and Shinohara as well as those
of Friedberg and Horn were all of fresh in¬
farction. Rona21 reports coronary artery occlu¬
sion in 22 out of 23 cases of fresh infarction
as compared to an incidence of 71.8% in cases
of old infarction. He believes that the absence
of coronary artery occlusion in the latter group
can be explained by recanalization and reopen-
ing of the occluded coronary segment during the
healing of the infarct.

Friedberg and Horn22 concluded that "the
myocardial lesions were interpreted as being due
to an intensive myocardial ischemia caused by
an inadequate coronary blood flow supply". All
their patients with absent or only a slight degree
of coronary narrowing had associated conditions
such as aortic valve disease, severe hypertension,
pulmonary emboli, shock or acute anemia. The
lesions were more often "smaller isolated or dis-
seminated foci of myomalacia recognizable
grossly". Of Mitchell and Schwartz's23 four cases
without coronary obstruction, two had mitral
stenosis but no other associated conditions which
could have affected coronary blood flow were
noted in the other cases. Allison et al.24 also
mention that in "all 15 cases with mild to
moderate coronary artery disease", without oc¬

clusion, "there were factors that may have con-

tributed to the infarction", such as anemia,
valvular disease, hypertension and severe pul¬
monary disease. Only one case had no coronary
disease, but it was associated with diabetes and
chronic anemia. Gross and Sternberg25 reported
14 cases of extensive healed myocardial infarc¬
tion and one of fresh infarction in which the
intimal changes in the coronary arteries were

insignificant and the lumen remained patent.
Five of these patients had an anginal syndrome.
A definite history of hypertension was present
in nine cases. Polycythemia vera was noted in
two and diabetes in one case. Atrial fibrillation
and evidence of emboli in other organs were

observed in four cases. To sum up, there were

only five cases without evidence of associated
disease possibly related to the infarction.

It appears from this review that myocardial
infarction without moderate to severe arterio-
sclerotic coronary disease occurs rarely, except
when caused by coronary emboli. It is almost
always accompanied by conditions leading to
decreased coronary blood supply. It is also
postulated that recanalization of an occluded
coronary artery may explain certain cases of old
infarction without coronary artery occlusion.

Metabolic, electrolytic and chemical abnor¬
malities have been shown to produce idiopathic
myocardial coagulation necrosis and infarctoid
cardiopathy in experimental animals.2628 Like-
wise, coronary arteriovenous shunting, observed
in animal studies, has also been suggested.29
More recently, Eliot and Bratt30 have described
patients with myocardial necrosis in whom
anomalous hemoglobin oxygen dissociation
curves were found and suggested that "ab¬
normal binding of oxygen by hemoglobin may
account for anomalous release of oxygen in the
myocardium with resultant ischemia, necrosis or

both". These cases were of pre-menopausal
women under age 40 in whom cessation of
cigarette smoking brought about restoration
of abnormal hemoglobin-oxygen dissociation
curves. Carbon monoxide poisoning has also
been reported to produce myocardial ischemia
and infarction through failure of the oxygen
transport mechanism.31 Other rare causes of
myocardial necrosis are myocardial contusion32
and cardiac vein thrombosis.33

If the lack of definite arteriographic evidence
of obstructive coronary disease does not neces-

sarily exclude ischemic heart disease and myo¬
cardial infarction, a satisfactory explanation of
these rare cases is not easily obtained at the
present time. It is postulated that our last three
patients had coronary thrombosis with subse¬
quent recanalization. One can speculate that the
incidence of such a syndrome may be higher
than presently suspected, since these cases may
be overlooked because of the absence of angina,
the disappearance of the ECG pattern of in¬
farction,34 and the normal arteriogram. Such
diagnostic problems which might not have been
suspected before the availability of coronaro-

graphy will undoubtedly become more frequent
with a more objective study of patients with
myocardial and coronary disease during life. On
the other hand, some of these problem cases

most likely have coronary obstructive disease
which is reflected on the angiogram by anomalies
of size and distribution frequently not dis-
tinguishable from normal variants and which
are therefore overlooked. Finally, these rare
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cases highlight intriguing aspects of the patho-
genesis of ischemic heart disease, and of related
and possibly other conditions simulating coron-
ary heart diseases.

Summary In a series of 350 patients who were
examined by cineangiocardiography,

no obstructive disease was found in six patients in
whom myocardial infarction had been diagnosed
clinically. It is suggested that the symptoms of in-
farction in three patients were produced by coronary
emboli which had subsequently undergone lysis-
two with a Starr-Edwards' mitral prosthesis, and
one with aortic stenosis in whom the infarction
occurred during retrograde left heart catheterization.
On the basis of the unusual aspects of the left
coronary artery noted in two patients, it is postu-
lated that in the three remaining patients the
coronary thrombosis had been followed by re-
canalization. Erroneous interpretation of the arterio.
grams, pathology of the microcirculation undetected
by this technique, and coronary spasm are unlikely
explanations for the findings. Other mechanisms,
based on metabolic, electrolytic and chemical ab-
normalities, have been suggested as causative factors
in myocardial infarction without evidence of ob-
structive disease both in man and in experimental
animals.

It is concluded that myocardial infarction without
evidence of obstructive coronary disease does occur,
although rarely, and that a normal coronary arterio-
gram does not eliminate the possibility of a previous
myocardial infarction.

Re.sumE5 L'infarctus du myocarde s'accompagne
le plus souvent de l6sions arterioscl6-

rotiques obstructives diffuses et s6v.res des art.res
coronaires. Nous avons observ6 parmi 350 patients
soumis . Ia coronarographie s6lective, six patients
atteints d'infarctus du myocarde dont la coronaro-
graphie n'a pas d6montr6 de l6sions obstructives.
Nous croyons que l'infarctus chez trois de ces pa-
tients a 6t6 provoqu6 par une embolie coronarienne.
En effet, deux de ces sujets 6taient porteurs d'une
prosth.se mitrale Starr-Edwards et le troisi.me, une
patiente atteinte d'une maladie aortique, a fait l'in-
farctus au cours d'un cath6t6risme gauche par voie
r6trograde aortique. Chez les trois autres patients,
l'infarctus est possiblement secondaire . une throm-
bose d'une art.re coronarienne qui s'est par la suite
recanalis6e. En effet, des anomalies l6g.res au niveau
de la coronaire gauche chez deux de ces sujets nous
ont sembl6 repr6senter possiblement les seuls ves-
tiges d'un tel ph.nom.ne.

Les divers m6canismes susceptibles d'expliquer
ces observations inhabituelles sont discut6s. II n'est
pas impossible que le diagnostic d'infarctus ait .t6
erron6 en particulier chez un des trois derniers
patients dont la coronarographie 6tait absolument
normale et chez qui une myocardite aigue s6v.re a
Pu simuler l'infarctus du myocarde.

Ges cas illustrent qu'une coronarographie presque
normale n'exclut pas n6cessairement un accident
coronarien dans le passe. Ii n'est pas impossible que
des embolies et des thromboses coronariennes dis-
paraissent apr.s avoir provoqu6 un infarctus du
myocarde.

We wish to thank Dr. Paul David, Director of the
Montreal Heart Institute, for his constructive criticisms.
We gratefully acknowledge the assistance of Mr. Jean
Gauthier, photographer, and Mr. Ren6 Pelletier, medical
artist.
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