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Abstract: Detection of early acute myocardial ischemia/infarction prior to neutrophilic infiltration in autopsy
myocardium poses a diagnostic dilemma to the surgical pathologist. Morphological changes can be subtle or not iden-
tified at all on the hematoxylin and eosin stain. To evaluate the Masson’s trichrome stain and immunohistochemical
stains, desmin and myoglobin, in detecting acute myocardial ischemia/infarction in autopsy myocardium. We reviewed
the autopsy files of the New York Harbor Healthcare System and retrieved 25 cases of early acute myocardial infarc-
tion. Three autopsy hearts of non-cardiac related deaths were used as controls. Sections from grossly suspected early
acute myocardial infaction areas were stained by a Masson'’s trichrome stain technique and with desmin by a standard
immnunohistochemical method. The ischemic zone surrounding myocardial infarction and the acute infarct itself in
23/25(92%) were detected by desmin depletion, and in all cases with Masson’s trichrome color changes. No change
in staining for desmin or Masson’s trichrome were seen in the three controls. Desmin and Masson’s trichrome together
are valuable tools when faced with the problem of postmortem detection of early myocardial infarction/ischemia.
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Introduction

Detecting an acute myocardial infarction in
autopsy myocardium prior to neutrophilic infil-
tration is often very subtle on hematoxylin and
eosin staining.

Area of wavy fibers and loss of cross striations
may be easily missed especially if they are
small. Many methods including special stains
[1-7], measuring Na/K ratio [8], and immnuno-
histochemistry [9-11] were developed to detect
these early changes. However the dilemma is
not yet resolved.

Masson’s trichrome stain may be used to dif-
ferentiate necrotic myocardium (blue cytoplasm)
from viable myocardium (red cytoplasm) often
with purple myocardial cytoplasm surrounding a
necrotic area [12] presuming that this is the
ischemic border. However, the results are
dependent on which method is used [11].

Desmin is a cytoplasmic protein involved in stri-
ated muscle contraction. In human hearts

removed from heart transplant recipients, in
myocardial ischemia, desmin begins to disap-
pear from the myocardial cytoplasm within 30
minutes of the ischemic insult, and is complete-
ly gone in 90-120 minutes [12].

The purpose of the present study is to investi-
gate the utility of Masson’s trichrome, and
immnunohistochemical markersforthe myocyte
protein, desmin in detection of acute myocar-
dial infarction and ischemia in a hospital based
population.

Materials and methods

This study was approved by the Institutional
Review Board of the New York Harbor Healthcare
System. Twenty five consecutive autopsy cases
of acute myocardial ischemia and infarction
were retrieved from the files of Brooklyn VA
Medical Center, Brooklyn, NY. All patients were
male. The age range was 57 to 88 years. Acute
myocardial ischemia and infarction was docu-
mented by serum cardiac enzyme study, ECG, if
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available, and/or gross evidence at the time of
autopsy. Gross evidence consisted of pale or yel-
low areas of myocardium with or without a hype-
remic border. These cases had infarcts ranging
in age from less than 12 hours to several days.
The time from death to autopsy ranged from
18 hours to 21 days. Autopsy tissue blocks taken
of myocardium from these acutely infracted
areas were fixed in 10% formalin chosen from
each autopsy case. Serial 6 micron sections
were stained with the following: Hematoxylin
and eosin (H&E), Masson’s trichrome, and
desmin immunohistochemical stain.

Masson’s Trichrome stain (Poly Scientific, Bay
Shore, NY) were performed according to kit
directions except as follows: Aniline Blue-
Solution 1-90 minutes incubation. The pro-
longed incubation is a standard procedure in
our laboratory for trichrome stains of muscle.

Immunohistochemical stains of desmin (D33,
DAKO Santa Barbara, CA), were performed on
formalin-fixed, paraffin-embedded tissue using
epitope retrieval, and a two step polymer meth-
od conjugated to peroxidase (Envision Plus-
DAKO). DAB Plus (Dako) was the chromogen.
An automated stainer was used (Dako
Autostainer). Negative controls were performed
by substituting the primary antibodiy with non-
specific mouse immunoglobulin with compara-
ble concentrations. In addition, irrelevant
mouse monoclonal antibodies, caspase-3
(CPP32, DAKO) and BCL-2 (124, DAKO) were
also used in substitution of the primary anti-
body as additional negative controls. Positive
controls consisted of a multi-tissue control
block containing smooth and striated muscle,
and internal positive control of non-infarcted
myocardium, and three autopsy cases in which
there was no evidence of myocardial ischemia/
infarction either clinically or at autopsy. In each
section, the decreased desmin immunoreactiv-
ity and detection of blue and purple color
change in the myocardium on trichrome stain in
the myocardium was graded on a scale of 0-2+
with O (dark brown in myocardial cells for
desmin and red in the myocardial cells for
trichrome stain), 1+ (light brown in myocardial
cell cytoplasm or purple for trichrome stain), or
2+ (lack of staining or white in myocardial
cell cytoplasm or purple for trichrome stain).
This was compared to any histologic changes
of early ischemia (glycogenolysis) or early

99

infarction (wavy fibers, coagulation necrosis, or
neutrophils, loss of myocardial nuclei) on the
H&E stain. H & E stains, Masson’s trichrome
stains, and desmin slides were reviewed inde-
pendently by two surgical pathologists. All dis-
agreements were resolved by reviewing the
slides together under the multiple-headed
microscope.

Results

The results are summarized in Table 1. Twenty
three of 25 cases (92%) had a history of isch-
emic heart disease. Of the remaining two, one
was a sudden death and the other had an acute
case of severe hemoptysis. Both cases had no
prior history of ischemic heart disease. Ten of
25 cases (40%) had positive cardiac enzyme
studies. One case (4%) had EKG evidence alone
for MIL. All cases had gross morphologic evi-
dence of early MIl. Review of the H&E sections
showed no histological changes in 2 of 25
cases (8%). Twelve cases (48%) had very focal
changes of early infarction (wavy fibers and
contraction bands). One case (4%) had focal
glycogenolysis only. Six cases (24%) had neu-
trophilic infiltration (two-mild, three-moderate,
one-heavy infiltration).

Viable areas of all cases were dark brown on
desmin (Figure 1A), and red on Masson’s
trichrome stain. (Figure 1B). These are excel-
lent internal staining controls.

The ischemic/infarcted areas  showed
decreased immunoreactivity for desmin in 23
of 25 cases (92%) (Figure 2A), and purple/blue
color change on Masson’s trichrome stain
(Figure 2B) in all cases. All control cases (those
that died of causes other than a myocardial
infarction) showed uniform bright red positivity
on Masson’s trichrome, and were uniformly
dark brown on desmin stain. All negative con-
trols were negative in both viable and infracted/
ischemic myocardium.

Both stains showed larger areas of involve-
ment making the visualization of ischemia/
infarction easier. However, when comparing
desmin 2+ (complete loss of cytoplasmic
desmin or a negative stain) to Masson’s
trichrome 2+ (blue cytoplasmic stain), desmin
was more sensitive in detecting infarction in
11/25 (44%) cases.
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Table 1. Patient’s clinical information, histology, trichrome and Desmin immunostaining results

# History Cardiac Death to Infarct H&E Trichrome Desmin
enzymes post location
1 Ischemic Troponin I+ 3 hours  Acute MI IVS No change 1+ 2+
heart disease. 4.5 hours inferior lateral
s/p CABG x 2, premortem wall
2 Ischemic Troponin T+ 13 days Acute Mi No change 1+ 2+
heart disease, 2 wks anteroseptal
s/p CABG, antemortem and lateral
CHF
3 Ischemic CK-MB + 12 days  Acute MI IVS Glycogenolysis 1+ 0
heart disease; 24 hours
terminal premortem
cancer patient
4 Ischemic Troponin |+ 8 days Old and Rare wavy fibers 2+ 2+
heart disease, 48 hours acute Ml
cardiac arrest and anteroseptal
48 hours CK-MB + and lateral
before death after arrest
5 Ischemic Troponin | + 3 days Acute Ml left Rare wavy fibers 2+ 1+
heart disease, 72 hours ventricle, nos
s/p CABG, premortem
CHF
6 EKG T- wave No 2 days Acute MI Rare wavy fibers 2+ 1+
inversions 48 papillary
hours muscle
7 Multiple Ml No 16 days  Acute MI Rare wavy fibers 2+ 0
papillary
muscle
8 Old Ml x 2; No 22.5 Acute Ml site, Rare wavy fibers 2+ 2+
CABG x 2 hours nos
9 Ischemic No 6 hours  Old and acute  Rare wavy fibers 2+ 2+
heart disease Ml lateral
apical
10 Ischemic No 18 hours Acute MI Rare wavy fibers 1+ 2+
heart disease, post papillary
sudden death muscle and
left ventrical,
nos
11 Ischemic No 3 days Acute MI Rare wavy fibers 1+ 2+
heart diseas, bundle of His
respiratory
distress
12 Ischemic No 3 days Acute MI IVS Rare wavy fibers 1+ 2+
heart disease, and lateral
sudden death
13 Ischemic Troponin T+ 2 days Acute MI Rare wavy fibers 1+ 2+
heart disease, <24 hours anteroseptal
CHF premortem and lateral
14 Ischemic CK-MBand 5 days Acute Ml site Wavy fibers 2+ 2+
heart disease, Troponin T + nos
CHF 24 hours
premortem
(continued)
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Table 1. continued

# History Cardiac Death to Infarct H&E Trichrome Desmin
enzymes post location
15 CABG x 4 Troponin 1+ 22 hours Old and Rare wavy fibers; 2+ 2+
24 hours acute Ml contraction bands
premortem anteroseptal
Ml
16 Severe No 3 days Acute MI IVS Rare wavy fibers; 1+ 2+
hemoptysis coagulation
necrosis
17 Ischemic No 21 days Acute Ml Wavy fibers, 1+ 2+
heart disease, papillary coagulation
sudden death muscle necrosis
18 Sudden death No 2 days Old and acute  Contraction bands, 2+ 2+
posteroseptal loss of nuclei, rare
Ml polys
19 CHF 48 hours  Troponin |+ 2 days Acute MI Glycogenolysis, 2+ 2+
premortem 48 hours posterolateral  coagulation
premortem, wall necrosis, wavy
new EKG fibers
Q- waves
20 Ischemic No 6 days Acute MI Coagulation 2+ 2+
heart disease, papillary necrosis
sudden death muscle
21 Ischemic No 10 days  Acute Ml left Wavy fibers; 2+ 2+
heart disease ventricle, nos coagulation necro-
sis; mild polys
22 Ischemic No 7 days Thrombus Contraction bands, 2+ 2+
heart disease; right coronary;  loss of nuclei,
old Ml acute Ml moderate polys
anteroseptal
23 Unstable Troponinl+ 13 days Acute MI IVS Contraction bands, 1+ 2+
angina 33 days and anterior loss of nuclei,
premortem wall moderate polys
24 Ischemic CK-MB + 4 2 days Acute Ml Wavy fibers, 2+ 2+
heart disease, days lateral wall coagulation
CHF premortem and posterior necrosis, moderate
papillary muscle polys
25 EKG changes No 2 days Acute MI IVS Early granulation 1+ 2+

<48 hours
before death

tissue, coagulation
necrosis, heavy
polys

MI=myocardial infarct, EKG = electrocardiogram, CHF = congestive heart failure, CK-MB = creatine kinase- MB isoenzyme,

IVS =interventricular septum, CABG =coronary artery bypass graft, nos =not otherwise specified, s/p =status post,

Polys = polymorphonuclear cells.

Discussion

Detecting an acute myocardial infarction in
autopsy myocardium prior to neutrophilic
infiltration is often very subtle on hematoxylin
and eosin staining. According to Lilly [13]
after 20-24 minutes of myocardial ischemia,
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irreversible cellular injury occurs which is
marked by leaky cell membranes and release
of proteolytic enzymes and other molecules
including troponin. In the myocardial interstiti-
um, after 20-24 minutes, increased vascular
permeability adds to the increased intercellular
oncotic pressure, and intercellular edema.

Int J Clin Exp Pathol 2010;3(1):98-105
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Figure 1. (A) Normal myocardium adjacent to infarct (case 16). (Desmin
with Hematoxylin counterstain 400X). (B) Normal areas stain bright red.
The areas of infarct are blue (Case 17). (Trichrome 20X).

Wavy fibers are seen one to three hours after
irreversible ischemic injury, and are the earliest
change seen on routine H&E histologic sec-
tions. These wavy fibers are thought to be due
to intercellular edema separating the dead
myocytes as the surrounding normal contract-
ing myocardium pulls on them. Contraction
bands with loss of cross striations may be seen
around the same time as wavy fibers, and are
present at the edge of the infarct. After 4 to 12
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hours, neutrophilic infiltration begins which
peaks at two to four days. From 18 hours on,
true coagulation necrosis in the myocardium
with pyknotic nuclei and eosinophilic cytoplasm
is seen. Nuclei are lost after 2-4 days of
infarction.

Desmin is an intermediate filament expressed

in striated muscle (including cardiac muscle)
and smooth muscle. In striated muscle, des-
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Figure 2. (A) Early infarct (case 16). Note the loss of desmin or negative
stain. (Desmin with Hematoxylin counterstain 400X). (B) Early infarct in
papillary muscle (case 17). Surrounding these areas are different shades
of purple representing various stages in ischemia/infarction. (Trichrome
100X).

min filaments surround the Z discs connecting
them to each other, and connecting the entire
contractile assembly to the cytoskeleton, nucle-
us and cytoplasmic organelles [14].

In human hearts removed from heart transplant
recipients, in myocardial ischemia, desmin begins
to disappear from the myocardial cytoplasm with-
in 30 minutes of the ischemic insult, and is com-
pletely gone in 90-120 minutes [12].

Desmin depletion has been also detected with
other myocyte proteins (myoglobin, Troponin C,
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Troponin T, FABP) when there is acute myocar-
dial infarct in autopsy myocardium [8].

Our study is the first to use desmin and
Masson’s trichrome together in hospital autop-
sy cases of early infarction. In this study, des-
min proved superior in 23 of 25 (92%) cases as
compared to the H&E stain in detecting areas
of ischemia/infarction. The two cases of nor-
mal dark brown desmin stain showed glyocoge-
nolysis (case 3) and rare wavy fibers (case 7)
respectively on H&E stain. We can postulate
that reperfusion may be necessary after
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infarction to allow desmin depletion as reperfu-
sion is known to be necessary for myocardial
injury after ischemia in animal models [15].
This may account for the lack of desmin deple-
tion in at least one of these two cases because
the patient was dead on arrival in the emergen-
cy room. It is interesting to note that the inter-
val from the time of death to autopsy did not
adversely affect the immunohistochemical or
histochemical changes in this study.

Masson’s trichrome was superior to the H&E
stain and desmin in all cases. However, in
those 23 cases that showed desmin depletion,
the contrast between dark brown (normal myo-
cardium), light brown (rim of infarct) and white
negative areas (infarction) is more easily dis-
cerned than the subtle color changes of shades
of red to purple to blue on the trichrome stain,
or the different shades of red on the H&E stain.
The areas of ischemia and infarction with des-
min and Masson’s trichrome are larger than a
corresponding serial section of H&E stain.

Other immunohistochemical markers have been
used to detect myocardial ischemia/infarction
including C5b-9 complex, fibronectin, troponin
and myoglobin. [8, 16-18]. Although myoglobin
has been suggested by Ortman, et al [8], to be
more sensitive than desmin in early myocardial
damage, desmin is more likely to be stocked in
the hospital immunohistochemistry laboratory
than myoglobin or C5b-9 complex, fibronectin, or
troponin. In addition, in our hands, one particular
marker, myoglobin did not show as clear delinea-
tion between normal to ischemia to infarction.

In summary, desmin and Masson’s trichrome are
valuable tools for the anatomic pathologist when
faced with the question of early myocardial
ischemia/infarction in autopsy material. It is impor-
tant to emphasize that these stains are valuable
tools to detect ischemia/infarction, but cannot
discern whether these changes are the primary
cause of death or are agonal changes in a heart
affected by atherosclerotic heart disease.

Please address all correspondences to: Rosemary
Wieczorek, MD, New York Harbor Healthcare System,
100 Poly Place, Room 3-305, Brooklyn, NY 11209,
E-mail: Rosemary.Wieczorek@va.gov
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