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SUMMARY

During the course of a clinical pathologic study of
cardiac lesions observed in 375 autopsies at ABCC,
focal cardiac myocytolysis (FCM) was found in 21
hearts.  There was no evidence that FCM was
related to prior exposure at the time of the bomb.
Myocardial infarction was present in only 10 of the
21 cases but more than half of the hearts with
healing infarcts had FCM. Death due to cancer and
thrombo-emboli in small intramural cardiac arteries
were also associated with FCM. It was concluded
that FCM was a unique histologically recognizable
cardiac lesion which has received relatively little
attention. The hypothesis was advanced that FCM
could be a mechanism for extension of myocardial
infarcts after the initial ischemic episode.

INTRODUCTION

When Schlesinger and Reiner' coined the descriptive
phrase “focal myocytolysis of the heart” to describe
a unique morphologic change at the level of light
microscopy, they were convinced that the lesion
was not due to myocardial infarction although the
two were frequently associated. Necrobiosis of
myocardial fibers with inflammatory and reparative
reaction was not present but instead there was
microfocal disappearance of myocardial fibers with
scant cellular reaction. Once recognized, this
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“falling out necrosis” was readily identified and
was found in nearly two-thirds of hearts with fresh
infarcts and in 16% of hearts with old infarcts or
areas of fibrosis. They also found cytolytic lesions
in 5 of 213 hearts which were free of myocardial
infarcts or fibrosis, including the hearts from 3
persons who had died of malignant tumors.

In addition to myocardial infarction, a wide
variety of conditions have been cited as causes of
or associated with focal cardiac myocytolysis
(FCM) including intractable congestive failure,
idiopathic cardiomegaly, viral and bacterial in-
fections, Fiedler’s myocarditis, subacute bacterial
endocarditis, thrombo-embolic occlusion of intra-
mural coronary arteries, scleroderma, poliomyelitis,
uremia, pregnancy, insulin shock, oxygen depriva-
tion, hyperthyroidism, vitamin B and protein
deficiencies, beer drinkers cardiomyopathy (cobalt
poisoning?), electric cardiac defibrillation, open
heart surgery, fatal cerebrovascular accidents, and
numerous experimental manipulations.!™ It has
been postulated that FCM is the expression of
many toxic or ischemic processes adversely affecting
the cardiac metabolic balance.!?

FCM is frequently associated with acute myocardial
infarction and in certain respects resembles the
healing stage of that process. Although most
pathologists who have described these lytic lesions
have recognized their unusual character, they have
not agreed on nomenclature. Besides focal myo-
cytolysis of the heart, terms used have included
unusual myocardial lesions, acute miliary infarction,
focal necrotizing myocarditis, myocardiopathy,
encephalogenic cardiomyopathy, and myocardio-
sis.!”7  Cytochemical and electron microscopic
studies have been conducted principally in experi-
mental animals.

The present report describes the findings in 21
hearts with FCM recognized during a study of
cardiac changes in 375 autopsies performed at
ABCC in Hiroshima and Nagasaki.

MATERIALS AND METHODS

The ABCC-JNIH Adult Health Study (AHS) sample
has been described elsewhere.'®!'  Members of the
group receive biennial physical examinations sup-
plemented by various laboratory, roentgenologic,
and other tests at ABCC.'> The 375 AHS cases
included in this study were autopsied during the
period 1965-70 (Hiroshima) and 1968-70 (Nagasaki);
all but four had at least one premortem cycle
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examination. Weight loss or gain was based on the
difference between the weight at the time of the
last clinic visit and at autopsy. Although different
scales were used, they were shown to differ by less
than 3%. In each case, blocks of tissue were taken
for histologic section from the following seven
sites: 1) anterior septum; 2) posterior septum;
3) anterolateral wall, left ventricle; 4) posterolateral
wall, left ventricle; 5) posterior wall, left ventricle;
6) apex, left ventricle; and 7) right ventricle.
Additional blocks were taken from other areas if
macroscopic abnormalities were present.

During gross examination of the heart, special note
was made of the heart weight, coronary status,
presence of myocardial infarction and valvular
abnormalities. The first 5 to 7 c¢cm of the three
major coronary arteries were graded for athero-
sclerotic involvement using the American Heart
Association panel method'' modified in that
vessels with any area of narrowing were rated 5 or
higher and vessels with occlusion were graded as 7
regardless of the presence or absence of athero-
sclerosis elsewhere in the vessel.'® The presence of
thrombo-emboli in intramural arteries was recorded
during the examination of histologic sections.

All histologic sections were routinely stained with
hematoxylin and eosin, and the following stains
were used as required: lipofuscin, iron, PAS, acid
fast, Alcian blue, Masson trichrome, reticulum,
Weigert-van Gieson elastic stain, Aldehyde fuchsin-
Masson trichrome, fat, and amyloid.

By definition, myocardial infarcts were limited
to lesions which extended more than 5 mm in
any direction. Lesions were coded as old when
composed of scar tissue with little or no cellular
infiltrate or fibroblastic activity, as healing when
cellular proliferation and granulation reaction were
predominant, and as recent when necrosis and
inflammatory reaction were present. These three
stages corresponded roughly to durations of more
than 3 months, 3 weeks to 3 months, and less than
3 weeks, respectively.

Identification of Cytolytic Lesions

Cytolytic foci were characterized by the absence of
necrosis and acute inflammatory reaction in areas
where muscle fibers had disappeared leaving a
stromal framework and sarcolemma sheaths with
sparse aggregates of mononuclear cells (Figure 1).
Cells containing nonferrous pigment were prominent
and most appeared to be phagocytes, but some may
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have been muscle nuclei surrounded by a condensa-
tion of lipofuscin pigment (Figure 2). In all stains
this brownish pigment reacted like the lipofuscin
pigment in neighboring intact muscle fibers. Foci
of FCM were not sharply demarcated, and the
process appeared to involve occasional muscle fibers
at the periphery of the lesions in a continuing
process. However, at the margins of lysed muscle
bundles, typical palisades of viable myocardial
fibers often persisted (Figure 3) and in this respect
resembled the distribution of necrosis as it occurs in
ischemic heart disease. The lesions varied consider-
ably in size, the larger lesions appearing to be a
confluence of smaller foci. In one case they
extended from epicardium to endocardium (Figure
4). FCM was found in both ventricles and in all
locations: subepicardial, mural, subendocardial and
in papillary muscles. The atria were not examined.

The histologic sections of myocardium from all 375
autopsies were examined for the presence of any
pathologic alterations. To test reproducibility in
the recognition of cytolytic lesions, identification
labels of all sections with healing or cytolytic
lesions (133 of 358 sections from 47 autopsies)
were replaced by random numbers, and the slides
were examined 3 times during a period of 6 months.
A fourth reading of the 133 identified sections from
the 46 autopsies was correlated with clinical records
and gross autopsy findings, and a final evaluation
was established. The data in the results section are
all based on this final evaluation.

RESULTS

Three groups emerged from the repeated examina-
tion of the histologic sections: 1) 10 autopsies with
typical FCM associated with myocardial infarction,
2) 11 autopsies with typical FCM but with no other
myocardial changes, and 3) 25 autopsies without
typical FCM but with ischemic healing lesions
containing foci of residual necrosis and a rich
cellular reaction including fibroblastic proliferation.
There were 47 sections which were finally accepted
as containing lytic lesions. It was not difficult to
identify FCM when no other myocardial lesion was
present; the diagnosis for 32 of the 47 sections
remained constant from one reading to the next.
Variation in diagnosis was noted for the remaining
15 sections from 7 of the 21 hearts with FCM. The
problem involved distinguishing lytic foci from the
healing stage of small necrotic lesions in the presence
of recent and healing myocardial infarcts in 5 cases
and in the recognition of very small [lesions in
2 cases.
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FIGURE 1. Center of an area of typical focal cardiac myocytolysis.
Most of the rounded cells on the right are filled with pigment and
appear to be phagocytes.
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FIGURE 3. Focal cardiac myocytolysis with recanalized occluded
small artery and viable peripheral palisades of muscle fibers.
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FIGURE 4. Distribution of lesions of focal cardiac myocytolysis in a
section of left ventricle.
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TABLE 1 FOCAL CARDIAC MYOCYTOLYSIS BY AGE AT DEATH, ESTIMATED
RADIATION DOSE AT THE TIME OF THE BOMB AND BY SEX

#F1

IR AR PE O AR B 5 . FECCIE RS, HEE R U AR AL &5 & UM R

Total Autopsies

Age at Death

Focal Cardiac Myocytolysis

Male Female Male % Female %

<49 14 14 0 - 1 7.1

50-59 18 16 1 5.6 1 6.3

60-69 52 65 0 2 3.1

70-79 67 58 2 3.0 4 6.9

80+ 22 49 3 136 7 14.3

Total 173 202 6 3.5 15 7.4
Dose in rad

<1 80 88 3 3.8 7 8.0

1-99 54 76 3 5.6 4 53

100+ 39 38 - 4 10.5
Significance Test:

Male — <80 vs 80+ 0.01 <P<0.05

Female — <80 vs 80+ 05 <P<.10

All cases—<80 vs 80+ P<0.01

All cases —100+ rads vs <1 rad  Not significant.
Sex differences between age-specific and dose-specific percentages, all not significant.

Table 1 gives the distribution of lytic lesions by
age, sex, and estimated amount of radiation received
at the time of the bomb (ATB). In this series FCM
was more common in older persons. There was no
evidence that exposure ATB increased the likelihood
of developing FCM. The occurrence of lytic lesions
by principal autopsy cause of death is shown in
Table 2. The association with fatal cancer and
cardiovascular disease is prominent. Cardiovascular
disease was the autopsy cause of death in 28 cases
in four of which FCM was present. Histologic
examination showed that myocardial infarction was
present in the heart of 80 subjects. Most of these
infarcts were old and were not the cause of death.
FCM was found in 12% of the hearts with old
infarcts and in 62% of those with healing infarcts.

The mean atherosclerosis scores for coronary
arteries were not elevated in hearts with FCM
except when myocardial infarcts were present nor
was there a relation between the occurrence of
FCM at autopsy and hypertension at the last
clinic visit.
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TABLE 2 FOCAL CARDIAC MYOCYTOLYSIS BY AUTOPSY CAUSE OF DEATH
AND PRESENCE OF MYOCARDIAL INFARCTION
#2 RFECHAIENE: SRTHR S hAER B & COHEEDF L

Autopsies Focal Cardiac Myocytolysis

Autopsy cause of death

Cardiovascular disease 28 4 14.3%

Cancer 112 12 10.7

Cerebrovascular disease 87 1 1:2

Remainder 148 4 2.

Total 375 21 5.6
Presence of myocardial infarcts*

None 295 11 37

Old 74 9 12.2

Healing 8 5 62.5

Recent 13 2 154

*The following infarct duplications were present in 80 autopsies (number with FCM in
parenthesis): old and healing 2(2); old and recent 5; healing and recent 2; old, healing,

and recent 3(2).

Significance Test: ~ FCM without MI vs FCM with recent MI — not significant
FCM without MI vs FCM with healing MI — P <0.01
FCM without MI vs FCM with old MI — P <0.01

Nonbacterial thrombotic endocarditis (NBTE) was
observed in 13 of the 375 autopsies, four of whom
had both NBTE and FCM (Table 3). Small intra-
mural branches of the coronary arteries were
occluded by thrombo-emboli in 23 autopsies of
which 9 also had FCM., In 3 cases, FCM, NBTE,
and microthrombi were all present. Weight loss,
body weight at autopsy, and heart weight were not
related to the presence of FCM as was suggested to
us by some consultants. Ten patients had a weight
loss of more than 20% and 6 had no weight loss or
gained weight between the time of last examination
and death including one who had a weight gain of
more than 20%. In 9 cases the heart weighed less
than 275 g and in 8 cases more than 325 g.

DISCUSSION

During the preliminary stages of this study the
lesions of FCM were regarded with some uncertain-
ty. The well-developed and characteristic foic,
when present without other cardiac abnormality,
were easily recognized and were clearly different
from myocardial infarcts. Very small lesions and
foci adjoining active myocardial infarcts were not
as easily identified. In part this is due to the manner
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TABLE 3 FOCAL CARDIAC MYOCYTOLYSIS BY PRESENCE OF
NONBACTERIAL THROMBOTIC ENDOCARDITIS AND MICROTHROMBI

#£3  RATHECEAEIQN S FEHI RO KSR B & OTRUD LR O R

Autopsies Focal Cardiac Myocytolysis

NBTE

Absent 362 17 4.7 %

Present 13 4 30.8

Total 375 21 5.6
Microthrombi

Absent 352 12 3.4

Present 23 9 39.1

Total 375 21 5.6

Significance Test: NBTE absent vs present — P <0.01
Microthrombi absent vs present — P <0.01

in which myocardial infarcts develop and progress.
The size of a myocardial infarct greatly influences
the character and rate of progression of the mor-
phologic changes. Small areas of necrosis proceed
to final scar formation more rapidly than larger
lesions but muscle fiber and stromal necrosis,
inflammatory and granulation tissue reaction, and
active fibrosis and scar formation occur and merge
one with the other in orderly progressicm.16
Throughout the active healing stage, cellular in-
filtration and proliferation are prominent. In FCM,
the order of change is evidently quite different.
Lysis of cardiac muscle fibers may proceed rapidly
to completion without necrosis of stroma or sarco-
lemmal sheath as indicated by descriptions of FCM
occurring in cases of acute fatal cerebrovascular
accidents due to rupture of a berry aneurysm when
fairly accurate timing is possible.” The occurrence
of fully-developed typical lytic lesions adjacent to
recent myocardial infarcts still in the stage of acute
necrosis also supports the belief that lysis of muscle
fibers progresses rapidly.

Areas that have undergone lysis apparently change
very slowly. In those cases where FCM was in
anatomical relation to small arteries occluded by
thrombo-emboli, there was little evidence that heal-
ing of the lesion had begun although the vessel
occlusion appeared to be of considerable duration
as indicated by organization and recanalization of
the thrombus (Figure 2). The small numbers of
infiltrating and reparative cells present also indicate
that the lesions were changing very slowly. Because
of the indolent progression of the lesions, it was
difficult to determine how long they had been
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present. However, it is probable that the lytic
lesions in different areas of the same heart did not
always occur simultaneously.

We did not recognize cellular alterations that
indicated that myocardial fibers were in the process
of or about to undergo lysis. However, the lack of
well-defined margins in established FCM and the
presence there of muscle fibers which only partly
filled the sarcolemmal space suggested that perhaps
lysis of cardiac muscle fibers was still in progress.
If so, it was without cellular reaction and, by
inference, due to intracellular enzymatic activity.
Recent investigation of post-infarction extension of
areas of necrosis in ischemic heart disease indicate
that the extension is related to oxygen demand and
utilization. FCM may well be the pathogenetic
expression of post-infarction extension which so
far has not been described in morphologic terms.
Five of the 8 autopsies with healing myocardial
infarcts also had FCM. The conditions of this
retrospective study did not permit adequate histo-
chemical or ultramicroscopic examination of the
lesions of FCM but early changes and disappearance
of cellular enzymes, myofilaments, and organelles
have been described by others.” LT

The association of FCM with so great a variety of
pathologic, physiologic, chemical, and mechanical
processes indicates in how many different ways
myocardial oxygen-dependent enzyme systems can
be inhibited with resulting lysis of muscle fibers
without structural damage to the supporting con-
nective tissue framework. It also accounts for the
fact that prevalence at autopsy is largely determined
by the characteristics of the autopsy sample. In
this study, there appeared to be an association
between FCM and the previously reported associa-
tion of cancer, NBTE, and occlusion of small
vessels by microthrombo-emboli.?® Weight loss and
emaciation, hypertension, disseminated intravascular
coagulation, radiation exposure ATB, and immuno-
logic suppression have all been suggested to us as
playing a role in the pathogenesis of FCM. There
is no evidence to support any of these suggestions.

FCM is a unique and recognizable pathologic entity
which surely warrants further study. In myocardial
infarction, cardiac surgery, cerebrovascular accidents,
cancer, and other conditions, FCM could constitute
an additional burden which would be of grave
consequence. There is a need to clarify its clinical
significance in the many diseases in which it plays a
major or minor role. -
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