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The pathological diagnosis
of acute myocardial infarction*
Preliminary results of a WHO cooperative study

A cooperative study was undertaken to correlate the various methods by which acute
myocardial infarction is studied post mortem and to evaluate the histological criteria upon
which the diagnosis ofacute myocardial infarction should be based. The preliminary results
indicate that (1) NBT staining of transverse slices of the heart is of value in indicating
areas of infarction, (2) coronary angiography rarely provides more information than
routine sectioning of the coronary arteries, and (3) the following histological criteria are
of the highest discriminating power in the diagnosis of early (642 hours) myocardial
infarction: (a) cytoplasmic hypereosinophilia, coagulation, clumping, increased absor-
bance, decreased translucence, and alteration of striations; (b) loss of nuclei of the myo-
fibres; (c) infiltration or margination ofpolymorphonuclear leucocytes; (d) leucocytosis;
and (e) oedema.

The diagnosis of established myocardial infarction
is usually easy. Difficulties, however, arise in the
recognition of acute ischaemic heart disease at
autopsy if the death occurs within a few hours of
the incident. A WHO Scientific Group (1970) recom-
mended investigations to improve the diagnosis of
acute ischaemic heart disease at autopsy. Subse-
quently a cooperative study was undertaken in five
departments of pathology (see page 25) to (1) corre-
late the various methods by which acute myocardial
infarction is studied post mortem-i.e., gross (macro-
scopic) examination, staining by nitro blue tetra-
zolium (NBT),' angiography of the coronary arteries,
and histological examination-and (2) evaluate the
histological criteria upon which the diagnosis of
acute myocardial infarction should be based.
A common procedure was adopted at a meeting

in June 1969 and evaluated in 1970. Included in the
study were subjects who died suddenly or within
24 hours of the onset of symptoms, on whom autopsy
was carried out within 6 hours of death when the
body was kept at room temperature or within
24 hours when it was kept at 4°C. Standardized
examination by the naked eye, angiography of the

* Requests for reprints should be addressed to: Chief
Medical Officer, Cardiovascular Diseases, World Health
Organization, 1211 Geneva 27, Switzerland. A French version
of this paper will be published in a future issue of the Bulletin.

1 Nitro blue tetrazolium is 3,3'-(3,3'-dimethoxy-4,4'-bi-
phenylene)bis[2-(p-nitrophenyl)-5-phenyl-2H-tetrazoliumI di-
chloride.

coronary vessels, NBT reaction on transversally cut
slices of the ventricles, with coloured photographs
of the unstained and stained slices, and histological
examination were carried out. The histological exami-
nation was carried out on slides prepared in the central
laboratory in Geneva (Department of Pathology),
which were examined according to agreed criteria.
Clinical information similar to that obtained in the
study of ischaemic heart disease registers was also
sought.
The preliminary results of this study were evalu-

ated at a meeting of the participating investigators
at the Department of Pathology, Cantonal Hospital,
Geneva, on 16-18 November 1971. Because of the
potential usefulness of these results to pathologists
and cardiologists, a summary of the progress of the
study is presented. A more detailed account is in
preparation.
The participants had access to results of macro-

scopic findings, histological examination, and clinical
data on 147 patients suspected of having died from
acute myocardial infarction. These cases had been
collected by investigators from Brussels, Geneva,
G6teborg, Helsinki, and Prague and examined macro-
scopically, angiographically, and after NBT staining.
Specimens of the hearts examined were sent to the
Department of Pathology, Geneva, for histological
processing and slides were sent to all investigators
for microscopic examination. This consisted of evalu-
ations of particular histological criteria considered
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to have importance in diagnosis, viz, cytoplasmic
hypereosinophilia, coagulation, clumping, loss of
striations, swelling, shrinkage, and fragmentation;
karyorrhexis, karyolysis, pyknosis, and loss of nuclei;
oedema, leucocytosis, and margination and infiltra-
tion of polymorphonuclear leucocytes.

Preliminary computer analyses of the microscopic
and macroscopic studies of the cases were available.
These served as the basis for discussions on the
histological examination of the circulated cases. In
the light of these discussions the data will be re-
analysed in the near future, together with data that
were not included in the first analysis.

Sixty of the above-mentioned cases were studied
in further detail in order to correlate information
on their macroscopic examination, NBT staining,
angiography, and histology. These cases were col-
lected according to the following criteria:

Clinical age: 0-24 h;
Post-mortem delay: 0-6 h at room temperature or
0-24 h at 4°C;

Documentation: (1) NBT reaction; (2) angiogra-
phy; (3) coloured photograph with and without
NBT; (4) clinical data.

RESULTS

Macroscopic examination
Of 99 hearts studied macroscopically, 63% showed

evidence of myocardial fibrosis, 20% of endocardial
fibrosis, and 9% of pericardial fibrosis. In 41 % there
was gross evidence of necrosis in the myocardium;
23% had aneurysms of the left ventricle and 12%
showed evidence of rupture of the left ventricle.
In 21 % there was evidence of subepicardial haemor-
rhage.
An analysis of the four main macroscopic findings

associated with the diagnosis of infarction (necrosis,
oedema, pallor, and soft consistency) showed an
increasing frequency in relation to the age of the
infarct as determined histologically.
Rupture of the myocardium occurred in 12 cases.

All the clinical findings and the histological findings
in all cases except one gave the age of infarct as
4 days or less.

Angiography 1
It was found that, except in cases of obstruction

of intramyocardial branches of the coronary arteries,

1 The angiographic methods used were based on Schles-
inger's (1967) technique with injection either direct into
the coronary arteries or into the aorta.

angiography rarely provided any more information
than could be obtained from a careful dissection of
the coronary arteries. However, this technique may
be considered useful (a) for detailed records, (b) to
localize diseased intramuscular vessels, (c) to demon-
strate anastomoses, and (d) to give an overall
picture of the status of the coronary artery system.
However, it was not considered useful as a guide
to the selection of infarcted tissue for microscopic
examination.

NBT reaction
NBT staining was performed on transverse slices

of the heart using methods based on those described
by Nachlas & Shnitka (1963).

Since very few cases that have infarcts of less than
12 hours show significant macroscopic evidence of
infarction, it was felt necessary to use adjunctive
studies. After evaluation of 60 cases, it was found
that in 12 of these the NBT reaction was positive,
i.e., it indicated an area of infarction, when the heart
showed no grossly evident lesions in its unstained
state. A further 9 cases were reported as showing
possible positive NBT reactions when no grossly
evident lesion was present before the NBT test was
performed. Therefore, in 21 of 60 cases suspected
of having acute myocardial infarction the NBT reac-
tion was shown to assist the pathologist in selecting
tissues for microscopic examination. Without this
technique the pathologist would have to sample
areas for microscopic study mainly on the basis of
random sampling. Certain other points became evi-
dent: (a) to have dependable results, it is necessary
to carry out staining within 24 hours of death, and
preferably within 6 hours; (b) better staining tech-
niques need to be developed; (c) more information
is needed on the extent to which false positive
reactions occur.

Histopathological examination
The results of the study of 1 671 slides from the

circulated cases were tabulated in a preliminary
group of tables in which the slides were divided on
the basis of whether acute myocardial infarction was
diagnosed (804 slides); whether there was no acute
myocardial infarction (643); or whether the pres-
ence or absence of acute myocardial infarction was
uncertain (224). For the group of positive diagnoses,
313 slides were recorded as containing very early
myocardial infarction, i.e., estimated as being 6+2
hours old by histological criteria. These data were
analysed to determine which of the histological
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features reported had high discriminatory power in
relation to the presence or absence of acute myo-
cardial infarction of 6±2 hours. It was found on
preliminary examination that the following had the
highest discriminating power: (1) cytoplasmic hyper-
eosinophilia, coagulation, clumping, increased absor-
bance, decreased translucence, and alteration of
striations; (2) loss of nuclei of the myofibres; (3)
infiltration or margination of polymorphonuclear
leucocytes; (4) leucocytosis; and (5) oedema.

Factors that were considered as having the least
discriminatory power were: karyorrhexis, karyolysis,
swelling and fragmentation of the cytoplasm, and
nuclear pyknosis of myofibres. Shrunken, thin,
wavy myofibres were thought to be of intermediate
discriminatory power.
The single most important histological feature on

which the finding of acute myocardial infarction
was based in this study was the presence of cyto-
plasmic alterations of the myocardial fibres as
described in (1) above.
An analysis of the association of the pathological

age (i.e., histological age) of myocardial infarction
with the above-mentioned histological microscopic
characteristics indicated that certain features re-
mained constant with time, whereas others changed.
Cytoplasmic changes such as hypereosinophilia and
those associated with it remain of high frequency
throughout the period from 6 to 32 hours. Loss of
nuclei increases progressively during this period.
Infiltration and margination of polymorphonuclear
leucocytes also increase during this period, as does
nuclear pyknosis, whereas most ofthe other histologi-
cal changes tend to remain constant.

The examiners varied considerably in their estima-
tion of the age of infarct. On the whole, it was con-
cluded that the age of infarct was best judged from
loss of nuclei and infiltration by polymorphonuclear
leucocytes. It is apparent that more experimental
work needs to be carried out in order to associate
particular histological features with the age of infarct.

* *
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