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Morphologic changes in the subendocardial myocardium that appeared to be caused by
severe, chronic subendocardial ischemia were studied in patients with fatal ischemic heart
disease admitted to the Specialized Center of Research for Ischemic Heart Disease at the
University of Alabama in Birmingham in the period 1970-1977. Thirteen patients were
selected for this report on the basis that they had the lesions in the subendocardial myo-
cardium we believe to have been caused by subendocardial ischemia and had no evidence
of acute or remote myocardial infarction or other conditions that may have contributed to
their terminal illness or death. Clinical findings were unstable angina, congestive heart
failure, usually no increase in plasma enzymes indicative of myocardial damage, and elec-
trocardiographic changes consistent with subendocardial ischemia. All 13 patients had
75% or greater stenosis of the three major coronary arteries; none had acute thrombotic
or embolic coronary artery occlusion. The left ventricle in all cases was hypertrophied.
The subendocardial myocardium showed circumferential pallor, hyperemia, or focal fibro-
sis without perceptible loss of volume in papillary muscles or trabeculae carneae. Micro-
scopically, acute lesions showed one to two layers of preserved myofibers adjacent to the
endocardium, vacuolar change in the deeper fibers, and focal areas of coagulation necrosis
of variable size in the myocardium external to the fibers with vacuolar change. Coagu-
lation necrosis was extensive in some cases and usually was not associated with infil-
tration of neutrophils. The repair reaction involved removal of necrotic sarcoplasm by
mononuclear phagocytes, resulting in a reticular-appearing tissue without evidence of
stromal collapse. Granulation tissue was not seen. Collagen fibers appeared to be depos-
ited within the area of previous sarcolemmal sheaths. The distribution and morphology of
subendocardial myocardial lesions associated with severe coronary atherosclerosis are dis-
tinctive and can be distinguished from myocardial necrosis or fibrosis associated with
acute total occlusion of a coronary artery. (Am J Pathol 1980, 98:663-680)

IN THE COURSE OF MORPHOLOGIC STUDY of hearts from pa-
tients dying in the Specialized Center for Research for Ischemic Heart
Disease at the University of Alabama in Birmingham we observed lesions
in the subendocardial myocardium that differed grossly and microscop-
ically from acute or healed myocardial infarcts associated with acute cor-

From the Departments of Pathology and Medicine, University of Alabama Medical Center, Bir-
mingham, Alabama.

Supported in part by Specialized Center of Research for Ischemic Heart Disease Contract
5POHL17667-04, Program Project Grant HL-11310, Clinical Research Unit Grant MO-RROOO-13,
and the General Clinical Research Centers Program Division of Research Resources, National Heart
and Lung Institute.

Accepted for publication September 25, 1979.
Address reprint requests to Jack C. Geer, MD, Professor and Chairman, Department of Pathology,

University of Alabama in Birmingham, University Station, Birminghamrl, AL 35294.

0002-9440/80/0310-0663$01.00 663
© American Association of Pathologists



664 GEER ET AL American Journal
of Pathology

onary artery occlusion. This observation prompted us to review autopsy
cases from the Center to study further myocardial lesions that appeared to
be due to chronic subendocardial ischemia. This report records the mor-
phology of lesions in the subendocardial myocardium associated with se-
vere coronary atherosclerosis. The lesions are characterized by layers or
zones of subendocardial myofiber vacuolar change and coagulation necro-
sis with subsequent phagocytic removal of necrotic sarcoplasm and re-
placement fibrosis.

Materials and Methods
Cases for this study were derived from admissions to the Specialized Center of Research

for Myocardial Infarction autopsied in the period 1970-1977. The basis for admission to
the Center was symptoms of myocardial ischemia or infarction. Patients were followed
with serial electrocardiograms (ECG) and determination of plasma lactic acid dehy-
drogenase (LDH), glutamic-oxalacetic transaminase (GOT), and creatine kinase (CK) at in-
tervals of 8 or 12 hours. Hemodynamic monitoring was done when indicated.

Autopsies were performed from 4 to 24 hours after death. Coronary arteries were can-
nulated through the aortic ostia. The coronaries were perfused with normal saline for 15-
30 minutes, followed by 10% neutral buffered formalin at a pressure of 90-100 mm Hg
for 30 minutes. The coronary arteries were then washed with saline, and a modified
Schlesinger ' mass consisting of gelatin and barium (Micropaque, E.I. Dupont de Nemours
Co., Inc., Wilmington, Del) was injected into them. Radiographs were made of the whole
heart, the ventricles were sectioned horizontally at 1-cm intervals to the base of the heart,
and the slices were radiographed and photographed.

Coronary arteries were sectioned transversely at 3-mm intervals, and a map was drawn
indicating location and grossly estimated degree of stenosis. Maximal areas of stenosis
were examined microscopically to determine the degree of stenosis and the presence or
absence of lesion complications such as plaque rupture, thrombosis, or hemorrhage. Tis-
sues for histologic study were taken from all gross lesions and representative areas of nor-
mal-appearing septum, right ventricle, and anterior, lateral, and posterior walls of the left
ventricle. Tissues for histology were embedded in paraffin, sectioned at 6 ,4 and stained
routinely with hematoxylin and eosin and either the Goldner trichrome or Gomori alde-
hyde fuchsin-trichrome. In selected cases sections were stained with the periodic acid-
Schiff (PAS) method with and without diastase digestion, von Kossa, or Alcian blue-PAS.
Formalin fixed frozen sections were stained with oil red 0 for fat in selected cases.
A total of 105 cases was identified as having ischemic heart disease by the criteria of 1)

recent or healed myocardial infarction and/or 2) one or more major coronary arteries with
75% or more lumen obstruction. Healed myocardial infarction was defined as a myocardial
replacement scar 8 cu cm or greater in size.2 Recent myocardial infarction, defined as co-
agulation necrosis of the myocardium with inflammatory cellular or reparative reaction as
described by others,3 5 was present in 33 cases. There was thrombotic occlusion in the cor-
onary artery to the area of infarction in 29 (88%). The lesions of subendocardial ischemia
we describe in this report were found in 46 of the 105 cases A44%). From these 46 cases
we selected 13 for clinicopathologic correlation by excluding other disease conditions that
may have contributed to the terminal illness and death. The excluded conditions were
acute or healed myocardial infarction, valvular heart disease, chronic obstructive pulmo-
nary disease, postoperative status, pulmonary embolism, or cancer.
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Results

Table 1 summarizes clinical findings for the 13 patients with sub-
endocardial ischemic lesions. All had anginal chest pain, and in 9 the du-
ration of anginal symptoms was more than one year. In all cases the ang-
inal pattern had become more severe prior to hospital admission, either
occurring at rest or for more prolonged periods than had been experi-
enced previously. Most patients had symptoms of congestive heart failure
with pulmonary venous congestion evident in the chest radiograph in 11
of the 13 cases.
Two cases (11 and 12) had plasma enzyme evidence of myocardial in-

farction. Most of the remaining cases had mild elevations of GOT, LDH,
and/or CK, but isoenzyme determinations were not consistent with myo-
cardial origin. Patient 11 had severe anginal pain two weeks prior to
death associated with enzyme changes of myocardial necrosis. The ECG
was consistent with an acute anterior transmural infarction with ST eleva-
tion and the development of Q-waves in leads V1-V4. There was no evi-
dence of an acute or healing transmural infarct at autopsy. Patient 12 did
not have ECG evidence of infarction; there was an intraventricular con-
duction delay initially with a subsequent left bundle branch block.
Two patients (4 and 10) had ECG changes consistent with healed infe-

rior myocardial infarction. Patient 4 at autopsy demonstrated focal small
(less than 5 mm) areas of subendocardial fibrosis that were most evident in
the anterior and posterior free wall of the left ventricle (Figure 1). Patient
10 at autopsy had marked concentric left-ventricular hypertrophy with
many focal small areas of subendocardial fibrosis in the free wall of the
left ventricle and interventricular septum. Neither case had a discrete scar
that approached the size limit for healed myocardial infarction defined by
Schwartz and Mitchell.2
The most common ECG pattern was ST and T wave changes consistent

with subendocardial ischemia or infarction6 (Table 1). Left bundle branch
block was present or developed in 5 cases.
The clinical cause for death was refractory ventricular arrhythmia or

shock. More than half of the patients decompensated abruptly, with ade
quate blood pressure having been documented within 30 minutes of
death. Two patients had shock for more than 6 hours prior to death.
A summary of anatomic findings for the 13 cases is presented in Table 2.

All 13 cases had severe stenosing lesions in the three major coronary arter-
ies. Microscopic examination showed no acute changes in the coronary le-
sions such as plaque hemorrhage or acute thrombosis. Case 6 had an or-
ganizing mural thrombus in the left anterior descending branch.
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The left ventricle was hypertrophied in all cases. Gross lesions when
present usually were circumferential and subendocardial in the left ven-
tricle but were not uniform in appearance (Figures 1 and 2). The gross ap-
pearance of the left ventricle varied with the predominant type of lesion
found microscopically. Hearts in which the predominant histologic lesion
was subendocardial myofiber vacuolar change either appeared normal to
the unaided eye or showed pallor in the subendocardial region with an
opaque appearance and yellow-tan color. Fixation appeared to accentu-
ate the lesion; however, gross changes in the myocardium were difficult to
distinguish from fixation artifacts and required microscopic confirmation.
Lesions characterized histologically by focal but extensive coagulation ne-
crosis in the subendocardial myocardium appeared on gross examination
either deep red (hyperemic) or very pale and opaque, with a tan color.
Predominantly fibrous lesions in the subendocardium appeared as slightly
depressed irregular patches of gelatinous-appearing gray or hyperemic tis-
sue in sharp contrast to pale or normal-appearing surrounding myo-
cardium.
The volume of papillary muscles and trabeculae carneae appeared nor-

mal in hearts with subendocardial ischemic necrosis (Figures 1 and 2). On
gross examination, lesions in the free wall of the left ventricle appeared to
involve the inner third of the wall. Histologically, the lesions were sub-
endocardial and did not extend into the circumferentially oriented myo-
fibers of the mid-mural myocardium.

Microscopically, there typically was a band of one or two well-pre-
served myofibers beneath the endocardium in papillary muscles or trabe-
culae carneae external to which myofibers in acute lesions showed sarco-
plasmic vacuolar change and focal areas of coagulation necrosis (Figures
3-5). The extent of vacuolar change was variable, involving nearly all fi-
bers in the subendocardium in some cases (Figure 3) but most commonly
was evident in six to ten layers of myofibers external to the preserved fi-
bers immediately adjacent to the endocardium (Figures 4 and 5).
The sarcoplasmic vacuolar lesion was characterized by the presence of

clear vacuoles in the cytoplasm, displacing myofibrils. Fibers showing the
least vacuolar change, presumably the earliest lesion, had small clear vac-
uoles in the sarcoplasm, enlarging the fiber slightly and apparently dis-
placing myofibrils toward the sarcolemma (Figure 4). The vacuoles in-
creased in size and number, apparently coalesced, and the myofibrils were
limited to a thin rim beneath the sarcolemma. The most severely affected
cells had a distinct sarcolemma, no visible organelles within the cyto-
plasm, and a central or slightly eccentric nucleus. The nucleus in the fi-
bers with extensive vacuolation was irregular in contour, with chromatin
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clumping at the nuclear membrane. An inflammatory cell response was
not seen with the vacuolar change. Histochemical stains showed glycogen
in the vacuolated fibers. Lipid and von Kossa stains were negative.

Coagulation necrosis of myofibers was seen in the central portion of
trabeculae carneae or papillary muscles and varied in extent from a few
fibers to large areas extending to the circumferentially oriented myofibers
in the mid-mural myocardium (Figures 3 and 5). The necrotic fibers dis-
played increased eosinophilia of the sarcoplasm, usually with partially
preserved cross-striations. Trichrome stains showed altered sarcoplasmic
staining with a change from the normal orange fibers to red-orange with
the Goldner stain and from normal red to light red or slate color with the
Gomori stain. Nuclei in the necrotic fibers disappeared by karyolysis. Nu-
clear pyknosis was not seen. Contraction band necrosis was seen infre-
quently in myofibers at the periphery of areas of coagulation necrosis.
Neutrophilic infiltration in areas of necrotic muscle seldom was observed
but when present appeared to be in the center of the mass of necrotic fi-
bers, with none in the peripheral area (Figures 5 and 6). Small arteries in
the papillary muscles or trabeculae carneae coursing through areas of ne-
crotic fibers typically were surrounded by one or more layers of normal or
vacuolated myofibers (Figures 3, 5, and 7). Coagulation necrosis always
was associated with vacuolar change in adjacent myofibers; however, vac-
uolar change was seen without necrosis (Table 2).

Necrotic sarcoplasm was removed by mononuclear macrophages.
Phagocytes were found in the early stages of repair at the periphery of the
necrotic tissue. Macrophage activity proceeded toward the center of the
lesion. Healing lesions did not show granular basophilic interstitial tissue
in the center of the lesion indicative of necrosis of neutrophils. Scattered
interstitial erythrocytes were present in necrotic lesions, but marked hem-
orrhage was uncommon.
Removal of necrotic sarcoplasm by phagocytes left a reticular-appear-

ing tissue with apparently intact microvasculature and no evidence of tis-
sue collapse (Figure 8). Proliferation of capillaries and fibroblasts (granula-
tion tissue) was not seen during the healing process. Collagen fibers
appeared to be deposited in the space previously occupied by sarcoplasm,
imparting an appearance of bundles of collagen separated by vascular
spaces (Figures 9 and 10). Myofibers showing vacuolar change or appear-
ing essentially normal surrounded arteries in the areas of developing fibro-
sis (Figures 8 and 9).
The healed lesion, subendocardial fibrosis, characteristically showed ei-

ther vacuolated or normal-appearing myofibers adjacent to the endo-
cardium. Tortuous, wide endothelial lined vessels often were present in
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the fibrous tissue (Figure 9). These vessels were identified as arterial be-
cause they often contained barium injectant, which was not observed to
pass through capillaries into venules in these hearts. The collagen fibers in
the scar typically were arranged in bundles, simulating the appearance of
myofibers (Figure 10). There was little or no perceptible loss of volume in
the trabeculae carneae or papillary muscles associated with fibrosis.

Intramural coronary arteries and veins in these 13 cases were examined
for intimal and medial lesions. All hearts showed infrequent arterial le-
sions in the form of medial thickening, medial fibrosis, or focal intimal hy-
perplasia. None of the cases had intramural arterial lesions that were suffi-
ciently extensive or severe to suggest a role for such in causing reduced
blood flow.

Discussion
The cases we are reporting to illustrate the lesions of subendocardial is-

chemia represent two stages of selection. First, the patients had to have a
clinical picture suggesting myocardial infarction in order to be admitted
to the Center and had to have disease of such severity as to cause death.
The second stage of selection was anatomic. Cases were selected that
showed the lesion being described with no evidence of either myocardial
infarction (recent or remote) or other conditions that may have contrib-
uted directly to the terminal illness and death. This selection increases the
likelihood that the clinical features of the cases are related to the lesions
in the subendocardial myocardium but does not allow us to determine the
full clinical spectrum associated with these lesions, their incidence, or
their occurrence in other clinical settings. We can say that in the entire
group of cases with myocardial infarction or severe coronary heart disease
(105 cases) the lesions of subendocardial ischemia were common; 46 cases
(44%) had the lesions.
The clinical features and gross anatomic appearance of acute myo-

cardial infarction have been well described.64" The microscopic features
of the subendocardial lesions we propose as characteristic of chronic sub-
endocardial ischemia have been described, 3,7-1 but their association in
the subendocardial myocardium as a distinctive lesion associated with
chronic ischemia has not been recognized. The lesions of chronic sub-
endocardial ischemia are subendocardial vacuolar change in myofibers of-
ten with foci of coagulation necrosis in the deeper musculature. The ne-
crotic fibers seldom elicit a neutrophilic leukocyte response, and when
such is present it is in the center of the focus of necrotic fibers. Necrotic
fibers are removed by mononuclear macrophages, leaving a reticular ap-
pearing stroma in which collagen fibers appear to be deposited within the
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residual sarcolemmal sheaths. There is no perceptible loss of tissue volume
with scarring. Scars are permeated by small arteries surrounded by nor-
mal or vacuolated myofibers.
The pathogenesis of vacuolar degeneration in the myocardium is un-

known. There is, however, ample evidence to indicate ischemia as a major
cause for vacuolar degeneration. Myofiber lesions resembling, if not iden-
tical to, those in the human heart have been produced experimentally by
maintaining rats in a low oxygen tension atmosphere for various periods of
time.'2"3 Vacuolar degeneration in human hearts has been described with
ischemic heart disease and referred to as myocytolysis3"" or colliquative
myocytolysis.'5 We prefer not to use these terms, because they are neither
descriptive nor etiologic. The content of the vacuolated fibers is not
known, but the negative lipid stain in the present study and the electron-
microscopic studies of similar experimental lesions suggest the principal
constituent is water. Previous studies 3,12-15 and the present one provide no
data with regard to reversibility, or the lack of it, of the vacuolated myo-
fibers. In the present study, the observation of vacuolated fibers in areas of
subendocardial fibrosis suggests that the vacuolar change has either per-
sisted over the period of time required for fibrosis to develop or has re-
versed and subsequently recurred.

Coagulation necrosis with partial preservation of cross-striations is a
well-known lesion due to ischemia.56"5 The principal morphologic differ-
ence between the coagulation necrosis we are describing with chronic
subendocardial ischemia and that seen with myocardial infarction associ-
ated with complete occlusion of a major coronary artery is the neutrophil
response. Coagulation necrosis with chronic subendocardial ischemia usu-
ally was not associated with a neutrophil response. It is unlikely that the
majority of lesions observed were too acute for a neutrophil response,
since most showed near complete loss of myofiber nuclei by karyolysis, in-
dicating necrosis of 24-72 hours' duration, at which time a neutrophil re-
sponse should be prominent.45"5 That a neutrophil response was present
and disappeared due to necrosis of the cells does not seem likely, since we
did not observe the diffuse basophilia in the tissue that remains following
neutrophil necrosis. The reason for the usual absence of a neutrophil re-
sponse is unknown. It is apparent that necrotic myofibers alone are not
sufficient to evoke a neutrophil response.
A neutrophil response with coagulation necrosis of myofibers associated

with chronic subendocardial ischemia when observed differed in local-
ization from that with myocardial infarction associated with complete
coronary artery occlusion. The neutrophil response in cases of sub-
endocardial ischemia was in the center of the area of coagulation necrosis,
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whereas with myocardial infarction neutrophil accumulation is diffuse in
small lesions and at the periphery of large lesions.3 The reason for the cen-
tral localization of the neutrophil response in cases of subendocardial is-
chemia is unknown.

Phagocytic removal of necrotic myofibers in cases of subendocardial is-
chemia appears similar to that seen with acute myocardial infarction.
With subendocardial ischemia we have not seen collapse of the stroma
following phagocytic removal of the necrotic sarcoplasm. The subsequent
scar is composed of fascicles of collagen that appear to have been depos-
ited in the residual sarcolemmal sheaths. Granulation tissue has not been
observed. The cellular origin of the collagen fibers is not known. The nor-
mal tissue volume and fascicular display of the collagen superficially simu-
lating the appearance of myofibers contrast with a scar of myocardial in-
farction, where loss of tissue volume is readily evident and the scar is
composed of a dense mass of parallel arrayed collagen fibers imparting a
hyaline appearance.4"" The scar resulting from chronic subendocardial is-
chemia also differs from that of infarction in that it typically is permeated
by small arteries sheathed by viable myofibers or myofibers exhibiting vac-
uolar degeneration, and the scar contains tortuous, wide vascular chan-
nels. By contrast, the scar resulting from myocardial infarction is poorly
vascularized.

Contrary to previous reports, ''7 we do not refer to the lesions asso-
ciated with subendocardial ischemia as myocardial infarction, implying
death of tissue due to a rapidly developing reduction in blood flow. We
propose that with a chronic reduction in blood flow, due in these cases to
severe three-vessel coronary heart disease, degeneration and necrosis of
myofibers develops focally and repeatedly in the most distal part of the
coronary circulation, the subendocardial myocardium. These lesions are
the result of an imbalance between myocardial oxygen demand and coro-
nary blood flow. With severe coronary atherosclerosis it would appear im-
possible to effect the increased blood flow needed to meet myocardial ox-
ygen requirements in conditions associated with a positive chronotropic
and ionotropic response. Oxygen demand and diffusion into the myo-
cardium also may be modified by diseases such as hypertension and diabe-
tes mellitus associated with myocardial hypertrophy. These conditions
were common in the cases being reported, as was congestive heart failure.
Congestive failure with reduced cardiac output and, thus, reduced coro-
nary blood flow would be expected to potentiate the subendocardial le-
sions. We suspect a vicious circle initiated by reduced coronary blood
flow due to atherosclerosis, causing congestive failure, which in turn fur-
ther decreased coronary blood flow, resulting in cardiogenic shock or an
ischemia-induced arrhythmia.
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Studies reported by others suggest that subendocardial lesions due to is-
chemia are detectable during life. A diffuse cardiac uptake of technetium-
99m stannous pyrophosphate (99mTc-PYP), which localizes in damaged
myocardium, has been reported to occur in one-third of a series of cases of
unstable angina.'8 Myofiber vacuolar change, coagulation necrosis, and fi-
brosis have been found in patients with a diffuse uptake of '9mTc-PYP
prior to death.9'20 These observations suggest that the "mTc-PYP cardiac
scan may provide a clinical means for recognizing subendocardial is-
chemia, and the lesions may be present in a significant number of patients
with unstable angina.
The present study suggests that cardiac enzymes seldom are increased

in the blood plasma as the lesions evolve. Eleven of the 13 patients studied
did not have ECG nor enzyme evidence of myocardial infarction and
would be clinically classified as unstable angina. The lack of elevated lev-
els of cardiac enzymes in the plasma suggests the subendocardial myo-
cardial lesions evolved slowly in these patients without producing a large
myocardial enzyme leak at any one time.

Morphologic degenerative and necrotic lesions in the myocardium with
severe three-vessel coronary heart disease were seen only in the sub-
endocardial area. It is probable that these patients had global cardiac is-
chemia with morphologically evident lesions only in the most distal por-
tion of the coronary circulation. It is hoped that anatomic recognition of
this lesion will provoke interest in this form of chronic coronary heart dis-
ease.
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Figure 1--Case 4. The subendocardial myocardium of the left ventricle has multiple areas
with a hemorrhagic (dark) appearance which are most prominntM in the anterior septum
(bottom) and anterior and lateral free walls (right). The nonhemorrhagic areas in the left
ventricle show marked pallor. There is no evidence of healed infarction. (XO.9) Fig-
ure 2--Case 3. There is a circumferential subendocardial zone in the left ventricle that is
slightly depressed (arrows) from the adjacent mid-mural myocardiurh and has focal, small
dark areas of hyperemia. The circumferential lesion is not uniform in appearance. The hy-
peremic appearance is due to the rich vasculature of the scar tissue. (x 1 )
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Figure 3-Case 13. Horizontal section of left ventricle showing trabeculae carneae with
extensive vacuolar cytoplasmic change in the myofibers and a focal area of coagulationnecrosis (arrow). In several areas adjacent to the endocardium and small arteries in the
myocardium, the myofibers are darker in appearance and under higher magnification aremore normal in appearance than the vacuolated fibers in the central portion of the trabe-
cula. Compare the extent of vacuolar change and coagulation necrosis in this microg-raphy with that in Figure 5. Fibers with vacuolar change in this micrograph are similar to
those seen under higher magnification in Figure 4. (H&E, x70) Figure 4-Case 12.
Endocardium (top) appears normal. One to two layers of fibers beneath the endocardium
appear normal or show mild vacuolar change. Myofibers in the middle of the micrographshow marked vacuolar change. Nuclei of vacuolated fibers are enlarged, irregular in
shape, and show chromatin clumping at the nuclear membrane. There is peripheral dis-
placement of myofilaments by sarcoplasmic vacuoles. The dark fibers at the bottom of the
micrograph exhibit coagulation necrosis with loss of nuclei and intense cytoplasmic stain-
ing with eosin. (H&E, x420)
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Figure 5-Case 12. Low magnification of trabeculae carneae of the left ventricle; endocardium is
at the extreme left of the micrograph. There is extensive coagulation necrosis of myofibers in
the central portion of the trabecula, outlined by arrows. The necrotic fibers exhibit marked eo-
sinophilia (dark ) with an apparently widened interstitial space (edema?) and a focus near the
center of the necrotic myocardium (box ) infiltrated with neurtophils. Neutrophilic infiltration is
difficult to appreciate at this magnification and is illustrated in Figure 6 at higher magnification.
Myofibers near the endocardium and in the region of the artery at the lower right show vacuolar
change. Vacuolar change also is evident in fibers at the upper right of the micrograph that are
near another myocardial artery outside the micrograph. (H&E, x55) Figure 6-Case 12.
Higher magnification of area of neutrophilic infiltration indicated by the box in Figure 5. There
are numerous neutrophils between the necrotic myofibers. The interstitial space is widened, ap-
parently due to edema. The myofibers exhibit hypereosinophilia (dark ) and loss of nuclei. (H&E,
x420)
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Figure 7-ase 12. Subendocardial myocardium. Two small myocardial arteries are sur-
rounded by myofibers with marked vacuolar change in the sarcoplasm. The surrounding
myocardium shows coagulation necrosis, with fibers exhibiting loss of nuclei and a slate-
blue color in contrast to the normal deep red. There is no neutrophil infiltration. (Aldehyde
fuchsin-Gomori trichrome, x 170) Figure 8-Case 1 1. Subendocardial myocardium
exhibiting nearly complete removal of necrotic myofibers by mononuclear phagocytes
(small dark cells in space between arteries sheathed by viable, dark, myofibers ), leaving
a reticular-appearing tissue that does not show appreciable loss of volume. Penetrating
myocardial arteries are surrounded by well-preserved myofibers that stain dark due to the
trichrome stain. Myofibers at the junction of the area with the reticular appearance often
are vacuolated. Material in twhe arteries is barium injectant. (Goldner trichrome, x 170)
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Figure 9-Case 11. Endocardium is at the top of the micrograph. There is a band-like zone of sub-endocardial myocardial replacement fibrosis in the center of the micrograph. Myofibers near theendocardium and deeper in the myocardium at the bottom of the micrograph show rather extensivevacuolar change. The area in the box is illustrated at higher magnification in Figure 10. (Aldehydefuchsin-Gomori trichrome, x 170) Figure 10-Case 1 1. Area in the box in Figure 9 is illustratedat high magnification. Collagen fibers appear in large bundles, or fascicles, in what appears to be thespace previously occupied by myofilaments. (Aldehyde fuchsin-Gomori trichrome, x420)
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