Abstract

J Cardiol 1996; 28: 213-220

Presence of Poorly Stained Myocytes in
Acute Mpyocarditis Predicts Improve-

ment in Cardiac Function

Akihiko
Masatake
Tomofumi
Masaharu
Kazuaki
Kiyoshi
Takahisa
Nobuhiko
Tetsuo
Kiyoshi
Noritake

SAKAI, MD*
FUKUNAMI, MD
NAGAREDA, MD*
OHMORI, MD
KUMAGAI, MD
UMEMOTO, MD
YAMADA, MD
KONDOH, MD
MINAMINO, MD
KOTOH, MD*
HOKI, MD, FICC

Histological findings in the acute phase of myocarditis were evaluated as a prediction of hemodynamic
state in the chronic phase in 20 patients with clinical and pathological diagnoses of myocarditis who were
followed up with echocardiography for at least 1 year. Endomyocardial biopsy samples were obtained
from the left ventricle within 1 year of the onset of symptoms. Azan-Mallory staining was performed on
the myocytes, which were categorized as either well stained or poorly stained. The point counting method

was used to determine the fraction of each type.

The improvement in ejection fraction within 1 year correlated significantly with the fraction of poorly
stained myocytes (r=0.46, p<0.05). The ejection fraction at biopsy was negatively correlated with the
volume fraction of well stained myocytes (r= —0.64, p<0.01). The staining condition of myocytes may
be useful in predicting the hemodynamic recovery of patients with myocarditis.
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Myocarditis exhibits a clinical spectrum ranging
from normal cardiac function to chronic congestive
heart failure indistinguishable from idiopathic di-
lated cardiomyopathy'?. Cardiac function deterio-
rates greatly in some patients in the acute phase of
myocarditis and may return to normal in the chronic
phase; in others the reverse is true®. Endomyocar-

with myocarditis to obtain diagnostic and prognos-
tic information*®. No correlation was found be-
tween the volume fraction of collagen tissue and
hemodynamic parameters®. The histologic features
of myocarditis, such as inflammatory cell infiltra-
tion, myocardial hypertrophy, interstitial fibrosis
and myocardial degeneration, did not influence pa-
tient survival®. However, whether the morphologi-
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cal features of myocarditis influence the long-term
prognosis or the state of cardiac function is unclear.

This study attempted to clarify whether hemody-
namic recovery in the chronic phase of myocarditis
can be predicted from endomyocardial biopsy find-
ings in the early stage of the disease.

SUBJECTS AND METHODS

Study population

There were 20 patients, 11 men and 9 women,
aged 29 to 71 years (mean age 55+ 12 years), with
clinical and pathological diagnoses of myocarditis.
The clinical diagnostic criteria for myocarditis*'®
were congestive heart failure developing after influ-
enza-like symptoms with chest pain or discomfort,
unexplained congestive heart failure in the absence
of severe coronary artery or valvular heart disease,
ventricular failure disproportional to demonstrable
valvular or coronary heart disease, electrocardio-
graphic abnormalities and an associated increase in
serum cardiac enzymes, and positive findings of
neutralizing viral antibody in serum. The pathologi-
cal criteria, modified from previous studies*’'9,
were inflammatory cell infiltration with monocytes,
and preservation of nuclei for cell necrosis in myo-
cardial fibers adjacent to the inflammatory cell infil-
tration. No patients received immunosuppressive
therapy.

Catheterization

All patients underwent left ventricular catheteri-
zation including selective coronary arteriography
and left ventricular cineangiography 3.6+4.2
months after the onset of myocarditis. Following
catheterization, endomyocardial biopsy was per-
formed with an Olympus bioptome via the retro-
grade transarterial route. Three or four biopsy
samples were taken from the left ventricular pos-
terolateral free wall in all patients.

Point counting method

Biopsy specimens fixed in 10% formalin were
dehydrated with a series of ethanol solutions and
embedded in paraffin. Thin sections were prepared
from the paraffin blocks and examined under a light
microscope. Each biopsy specimen was stained
with Azan-Mallory agent and examined micro-
scopically (magnification X40) on a grid to differ-
entiate the well and poorly stained myocytes. Cross
points falling on the well and poorly stained

Selected abbreviations and acronyms

EF=ejection fraction
NYHA =New York Heart Association

myocytes, except endocardial fibrosis, were ana-
lyzed to determine the volume fraction for each his-
tological section (volume fraction=total count
divide by number of cross points)!!-'¥. Two pa-
thologists without knowledge of the clinical data
measured each volume fraction independently
(Figs. 1-A, B). A third determination was made
when the interobserver difference in each count
exceeded 5%. The interobserver variability of the
volume fraction for each finding was small (4.5+
2.0%, n=6). The error in the repeated measure-
ments (intraobserver variation) was also less than
5%. The total count was 1,677=+755 in each pa-
tient.

Hemodynamic data

Cardiac function study was followed by
echocardiography. Left ventricular ejection fraction
(EF) was calculated using Gibson’s formula'®, and
the improvement was evaluated as the maximal
change (AEF) in ejection fraction within 12 months
of biopsy.

Statistical analysis

Data were reported as mean =+ standard deviation.
Wilcoxon’s z-test for unpaired data and linear re-
gression analysis were used. A level of p<0.05 was
accepted as statistically significant.

RESULTS

Clinical data

No patients died during the 12-month follow-up
period (Table 1). Ejection fraction was 0.431+0.10
at biopsy and 0.54 £0.12 at the follow-up. Left ven-
tricular end-diastolic and end-systolic dimensions at
biopsy were 63.2+7.3 mm and 51.6 8.5 mm, and
thereafter decreased at follow-up to 58.7+8.6 mm
and 44.7+10.0 mm, respectively. Twelve patients
showed an increase in ejection fraction of 0.10 or
more (group 1), and the remaining eight patients
had an increase in ejection fraction of less than 0.10
(group 2), including two patients whose condition
had deteriorated.

Volume fractions of the well and poorly stained
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Fig.1 Two representative cases of myocarditis
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A : Case 8. Photograph showing a high volume function of poorly stained myocytes. This patient showed

improvement of EF (AEF=0.15).

B : Case 15. Photograph showing a high volume function of well stained myocytes. This patient’s EF remained

unchanged (AEF=0.05).

myocytes in group 1 were 30.51+16.6% and 32.9+
16.0%, while those in group 2 were 50.4+9.8%
and 19.4+12.3%, respectively. Volume fraction of
the poorly stained myocytes in group 1, who had a
good hemodynamic prognosis, was significantly
higher than that in group 2, whose hemodynamic
prognosis was relatively poor. There were no sig-
nificant differences between the groups in age, sex,
New York Heart Association (NYHA) functional
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class, or in the cardiac function at the time of bi-
opsy.

Correlation between histological features and

cardiac function at biopsy

The volume fraction of well stained myocytes
was significantly correlated with ejection fraction at
biopsy (r=0.64, p<0.01), whereas no significant
correlation was found between volume fraction of
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Table1 Clinical findings in 20 patients

Echocardiograph
i?f ‘gi;' - I?S:: EF1 EF 2gr — AEF WM oM
Group 1
1 41 M 3 0.35 0.49 0.14 423 233
2 65 F 2 0.44 0.56 0.12 413 26.0
3 37 M 2 0.31 0.51 0.20 38.0 17.6
4 49 M 2 0.53 0.66 0.13 39.6 28.0
5 58 F 34 0.43 0.53 0.10 38.6 16.4
6 56 F 0.48 0.69 0.21 36.1 24.8
7 47 M 0.40 0.56 0.16 19.8 55.0
8 67 F 0.26 0.41 0.15 23 60.8
9 53 F 2-3 0.38 0.67 0.29 72 47.1
10 45 M 3 0.51 0.69 0.18 48.3 320
11 59 F 3 0.30 0.50 0.20 11.9 16.7
12 76 F 3 0.51 0.75 0.24 27.2 50.5
Group 2
13 71 M 3 0.48 0.52 0.04 43.5 14.2
14 29 M 2 0.44 0.42 —0.02 59.8 8.8
15 50 M 2 0.58 0.63 0.05 68.7 15.1
16 60 F 2 0.56 0.39 —0.17 54.5 159
17 52 M 2-3 0.32 0.34 0.02 440 13.6
18 71 M 2 0.31 0.37 0.06 40.6 9.6
19 60 M 2 0.48 0.51 0.03 48.8 37.2
20 62 F 2 0.50 0.52 0.02 43.3 40.6

EF 1 =ejection fraction at biopsy; EF 2=ejection fraction at follow-up;

AEF=improvement of ejection fraction; % WM = volume fraction of

well stained myocytes; %PM = volume fraction of poorly stained myocytes; M=male; F=female.

poorly stained myocytes and ejection fraction at bi-
opsy (Fig. 2).

Correlation between histological features and

improved cardiac function

There was a significant positive correlation (r=
0.46, p<0.05) between volume fraction of poorly
stained myocytes and improved cardiac function
(AEF). A close negative correlation (r= —0.64, p<
0.01) was observed between volume fraction of well
stained myocytes and AEF (Fig. 3).

DISCUSSION

Correlations between volume fraction of well

or poorly stained myocytes and ejection frac-

tion improvement

The results suggest that the patients with a higher
number of poorly stained myocytes may have a
lower tendency toward improvement in cardiac
function in myocarditis.

Clinical significance of poorly stained myo-

cytes

Differences in Azan-Mallory staining conditions
could be induced by artifacts in the staining pro-
cess'®!. However, electron microscopic findings
showed swelling of myocytes with myofilament
loss and swelling of the mitochondria with focal
loss of cristae in the poorly stained, but not in the
well stained, myocytes (Fig. 4). This suggests that
the poorly stained myocytes were not artifacts, but
may have been caused by water content in colloid of
cytozol. This supports our inference that differences
in staining condition may reflect the severity of in-
jury in myocytes.

Correlation between well stained myocytes

and cardiac function

Poorly stained myocytes may produce depression
of cardiac function, whereas well stained myocytes
may preserve cardiac function during the acute
phase of myocarditis. We found a close positive
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Fig. 4 Electron micrograph showing swelling of
myocytes with myofilament loss and
swelling of mitochondria with focal loss of
cristae only in the poorly stained myocytes
(X9,000)

J Cardiol 1996; 28: 213-220



218 Sakai, Fukunami, Nagareda et al

correlation between volume fraction of well stained
myocytes and ejection fraction at biopsy, but there
was no significant correlation between volume frac-
tion of poorly stained myocytes and ejection frac-
tion. Thus, cardiac function in the acute phase of
myocarditis may be determined by the number of
well stained myocytes, but not by the number of
poorly stained myocytes, which leads to the conclu-
sion that a higher number of well stained myocytes
in the acute phase might preserve cardiac function
in patients with myocarditis.

Prediction of prognosis

Many authors have analyzed the prognosis of
myocarditis>®*'#-29, Camerini et al.” reported that
persistent left ventricular dysfunction is associated
with a high mortality rate. Therefore, predicting the
extent to which cardiac function recovers is of clini-
cal importance. There was a positive correlation be-
tween poorly stained myocytes and cardiac function
improvement, whereas the presence of better
stained myocytes did not signal greater improve-
ment, which seems inconsistent, so we assume that
the poorly stained myocytes may be attributed to a
reversible injury during myocarditis. Myocardial
edema occurs in myocarditis and the resolution of
such edema leads to cardiac function improve-
ment?'??, Therefore, we suspected that the presence
of poorly stained myocytes may suggest a return to
normal myocytes during the healing process of
myocarditis, eventually resulting in a good progno-
sis. Although electron microscopic findings of the
poorly stained myocytes in our study did not neces-
sarily show hydropic degeneration®, which is des-
ignated reversible injury, we speculated that the
poorly stained myocytes were associated with
hydropic degeneration in the process of reversible

injury.

Time course of myocarditis and cell fractions

Endomyocardial biopsies were performed within
12 months of onset of symptoms in our study. How-
ever, analysis of each cell fraction showed no corre-
lation between time of onset of illness and biopsy,
nor between biopsy and maximal change of ejection
fraction. It is therefore unlikely that the presence of
poorly stained myocytes implies recent onset of
myocarditis or reflects recovery time.

Study limitations

Technical limitation of endomyocardial bi-

opsy

The biopsy samples were small (1 to 2 mm) and
taken from one area of the heart (the left ventricular
posterolateral free wall). We obtained three to four
biopsy samples from several areas of the posterolat-
eral wall to provide a representative sample of the
histopathology, but nonetheless a very focal process
could have been missed.

Diagnostic problems

Inconsistency between clinical and histological
diagnosis of myocarditis has been studied®. At our
institution, 20 of 25 (80%) patients with clinical
myocarditis were also diagnosed with pathological
myocarditis, and 20 of 37 (54%) patients with
pathological myocarditis also had diagnoses of
clinical myocarditis. Although there was significant
compatibility (p<0.05) between the clinical and
pathological diagnoses, there was also inconsis-
tency in some patients. Therefore, we selected only
those patients with both clinical and pathological di-
agnoses of myocarditis referred to as the Dallas Cri-
teria®®.

Sampling variability

Schwarz et al. analyzed the sampling variability
of endomyocardial biopsies in the point counting
method'?. They measured the volume fraction of
histological findings in sections that were selected
at random, but we measured all sections of one slice
of each biopsy specimen to minimize sampling vari-
ability.

Follow-up biopsy

To prove our hypothesis, follow-up biopsy must
demonstrate a decrease in the volume fraction of
edematous myocytes and an increase in that of nor-
mal myocytes in patients with improved cardiac
function. However, a second biopsy was performed
in only two patients. Therefore, we did not attempt
to analyze our results as a time sequential study. Bi-
opsy findings in those two patients revealed that the
number of poorly stained myocytes decreased with
cardiac functional improvement.

We conclude that the presence of edematous
myocytes in the acute phase of myocarditis indi-
cates a favorable prognosis for improvement of car-
diac function. Further studies are needed to clarify
the mechanism for this finding.
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