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Abstract

The characteristics of cardiac rupture associated with thrombolytic therapy for acute myocardial
infarction (MI) were studied in the hearts of 10 autopsy patients, 7 men and 3 women aged 41-80 years
(mean 59.9 1+ 13.2 years), who died of rupture of the free wall of the left ventricle following acute MI. The
site of rupture was examined histologically and the percentage areas of living myocytes, the processes of
organization, necrosis and degeneration, and hemorrhage were compared in four patients who received
thrombolytic therapy (group R) and six patients without thrombolytic therapy (group N). There were four
pathological findings at the site of rupture : necrosis, neutrophil infiltration, hemorrhage, and evidence of
the process of absorption. Group R consisted of two patients with hemorrhage, one with absorption, and
one with unsuccessful reperfusion and neutrophilic infiltration. Group N included three patients with ne-
crosis, two with neutrophilic infiltration, and one with hemorrhage. The percentage area involved by ne-
crosis and degeneration was significantly lower in group R than in group N. Therefore, local stress pro-
duced by more surviving myocardium around the smaller necrosis area and the weakness of myocardium
due to hemorrhage and absorption may provoke cardiac rupture in acute MI patients receiving
thrombolytic agent.
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arrhythmias, and cardiac rupture. Many patients
INTRODUCTION with acute MI currently receive thrombolytic

The major causes of death in patients with acute  therapy which is widely reported to be effective in
myocardial infarction (MI) are heart failure, improving the outcome'-”. Improved survival rate
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Table 1 Clinical profiles of acute myocardial infarction patients

Patient Age Sex MI No. of Ruptured Mode of Status at Old MI
No. (yrs) location CAD days after MI rupture rupture '
N1 68 M Anteroseptal 1 <1 B Irritable state +
N2 44 M Anterolateral 1 <1 B Rest -
N3 80 M Anteroseptal 1 4 (0] Chatting -

N4 58 M Anteroseptal 3 <1 B -Urination -
NS5 41 F Anterolateral 2 2 o Rest -
N6 49 M Anterior 2 5 B Rest +
R1 61 M Posterolateral 2 4 B Defecation +
R2 69 F Anterolateral 1 6 B Rest -
R3 75 M Posterior 1 3 B Hypertension -
R4 53 F Anterolateral 1 7 (6] Defecation -

N=patients without thrombolytic therapy; R=patients with thrombolytic therapy; M=male; F=female; CAD=coronary artery

disease; B=blowout type; O=oozing type;
following reperfusion therapy is achieved, but
whether the risk of cardiac rupture is increased or
decreased is controversial®'¥. Hemorrhage seems
to be the major side effect of thrombolytic therapy,
and there may be an association between
thrombolytic therapy and cardiac rupture'>'s), We
investigated the relationship between cardiac rup-
ture and thrombolytic therapy in a retrospective
autopsy study of hearts from patients with acute MI
who died of cardiac rupture and from patients who

had been treated with or without thrombolytic
therapy.

MATERIALS AND METHODS

This study reviewed 138 autopsy patients with MI
seen between 1976 and 1991 at the Juntendo Uni-
versity Hospital. Thirteen of the 138 cases (9.4%)
showed cardiac rupture following MI.
Thrombolytic therapy has been given since 1987.
Before 1987, eight of the 99 autopsy cases (8.1%)
had cardiac rupture. After 1987, five of 39 cases
(12.8%) had cardiac rupture.

This study included 10 autopsy cases with exten-
sive examinations in seven men and three women
aged 41 to 80 years (mean 59.9+13.2 years). All
suffered rupture of the free wall in the center of the
acute Ml area. Table 1 shows the clinical profiles of
the patients. The MI was located in the anteroseptal

(3), anterolateral (4), anterior (1), posterolateral (1), ‘

and posterior (1) areas. Six patients had single-ves-
sel disease, three had double-vessel disease, and one
had triple-vessel disease. Three of the 10 patients
had a medical history of old MI and angina pectoris,
while the others had no previous symptoms signs of

MI=myocardial infarction

ischemic heart disease. Four patients were treated
with urokinase, a thrombolytic agent (group R), and
six were not (group N). The total dose of urokinase
ranged from 72 to 120X 10* IU. The method of in-
jection and combined therapy used is shown in
Table 2.

The hearts obtained at autopsy were fixed with
10% buffered formalin. The site of rupture was
identified, then transverse sections were made of the
ventricle including the sites of rupture. Tissue
blocks were embedded in paraffin and cut in 5 um-
thick slices. After staining by hematoxylin and eo-
sin (H-E), azan, and pentachrome, the sections were
examined under the microscope.

The site of myocardial rupture was assessed by
estimating the percentage of the infarction area (5
mm from the rupture canal in both sides) which
demonstrated coagulation and contraction necrosis,
degeneration, the process of organization, living
myocytes, and hemorrhage, using an automatic im-
age analyzer, Zeiss, IBAS-2000 system. These pa-
rameters were compared in groups R and N.

Statistical analysis was performed using
Student’s #-test, and the chi-square test. A p level
less than 0.05 was accepted as statistically signifi-
cant.

RESULTS

The incidence of cardiac rupture following MI did
not differ significantly in the patient groups R and
N.

Cardiac rupture occurred within 7 days of MI on-
set in all 10 patients, apparently earlier in group N
than in group R. Recanalization was unsuccessful in
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Table 2 Therapeutic methods and result of thrombolysis

Patient Duration of Methods Dose PTCA Recanalization Patency
No. injection (X101U) (at autopsy)
Rl 2 hrs IC 72 - + +
R2 4 days IC 96 - - -
R3 10 hrs v 96 - + +
R4 2 hrs IC+IV 96+24 + + +

IC=intracoronary; IV =intravenous;

one of the four patients in group R.

Various histopathologic changes occurred in the
MI area including coagulation necrosis and/or con-
traction band necrosis, colliquative myocytolysis,
hemorrhage, cell infiltration, and evidence of orga-
nization including absorption and fibrosis. These
findings did not differ qualitatively between the two
groups. However, the quantity and distribution of
these findings differed in groups R and N. For ex-
ample, the process of organization involved the en-
tire MI area in group R, but had begun in the periph-
ery of the MI area in group N.

Major pathologic findings at the sites of rupture
were categorized into four types according to the
predominant finding : necrosis (Fig. 1), neutrophil
infiltration (Fig. 2), hemorrhage (Figs. 3, 4), and ab-
sorption (Fig. 5). Group N consisted of three cases
of necrosis, two cases of neutrophil infiltration, and
one case of hemorrhage. Group R consisted of hem-
orrhage in two cases, neutrophil infiltration in one
case of unsuccessful recanalization, and absorption
in one case. Hemorrhage occurred in more cases in
group R than in group N, but the difference was not
significant (Table 3). However, the hemorrhage in
group R was more massive, stratified and wide-
spread than that in group N (Table 4, Fig. 4).

Table 4 shows the percentage area of the site of
rupture involved in each type of pathological find-
ing. The percentage area demonstrating necrosis
and degeneration was significantly smaller in group
R than in group N (R : 68.6+15.5% vs N: 88.6+
8.3%, p<0.05). The area showing living myocytes
was significantly larger in group R than in group N
(R: 14+8.5% vs N: 3.0%t3.8%, p<0.05). The
area of contraction band necrosis was higher in
group R than in group N (R: 1.06+1.06% vs
N: 0.15+0.23%), but the difference was not sig-
nificant. The area of hemorrhage was larger in
group R than in group N (R: 13.9+12.6% vs
N : 8.4=%8.6%), but the difference was not signifi-
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PTCA =percutaneous transluminal coronary angioplasty. Other abbreviation as in Table 1.

cant.

DISCUSSION

Reperfusion therapy can accelerate the heating of
an MI!S-'® because of the early release from
myocyte anoxia, reperfusion injury, hemorrhage,
etc. The beneficial effect of reperfusion on the heal-
ing of MI in humans is generally accepted despite
the lack of definite evidence. However, a study of
coronary reperfusion in animals has revealed the ac-
celeration of necrosis'?, the proliferation of granu-
lation tissue into the MI area®”, the wave front phe-
nomenon???, less prominent cellular infiltration
into the reperfused infarcts??, increased contraction
band necrosis of myocytes?!?*?®, and widespread
hemorrhage?2.

Cowan et al.’® recently studied the postmortem
histologic changes in patients with acute MI treated
with reperfusion therapy and found that early thera-
peutic coronary reperfusion altered the pattern of
myocardial injury and the cellular response to
evolving MI, so that the classical criteria for MI
healing could not be applied.

Our study showed that the histological features of
the ruptured site differed between group N (natural
course) and group R (with reperfusion therapy).
Most cases in group N showed neutrophil infiltra-
tion or necrosis in the myocardium affected by the
infarct. All but one case without recanalization
showed hemorrhage or the absorption process in
group R. Therefore, the mode of cardiac rupture oc-
curring after successful reperfusion may differ from
that occurring during the natural course of MI or in
the absence of successful reperfusion.

We found a smaller area of necrosis and degen-
eration at the site of rupture in group R than in group
N. Living myocytes, hemorrhagic lesion and ab-
sorption lesion were more prominent in group R
than in group N.

The occurrence of a hemorrhagic MI following
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Fig.1 Coagulation necrosis (patient N6) Fig. 4 Reperfusion hemorrhage (patient R4)

Myocyte nuclei have disappeared and the myocytes are eosino- Massive hemorrhage was separated the myocyte bundle. Stain
philic. Stain of H-E (X200). of H-E (X200).

4 .- J A ¥ AP . - " e rr—
Fig.2 Neutrophil infiltration (patient N5) Fig.5 Absorption process after MI in patient R1
Numerous cell infiltrations in the MI area. Stain of H-E (X Macrophages form scattered vacant areas in the MI area. Stain

200). of H-E (X200).

Table 3 Histological features at rupture site

Patient HW Major histology at rupture site

No. )
N1 400 Hemorrhage
N2 360 Necrosis
N3 390 Neutrophil infiltration
N4 490 Necrosis
N5 360 Neutrophil infiltration
N6 500 Necrosis
R1 350 Absorption process
R2 420 Neutrophil infiltration

0 0% & % R3 400 Hemorrhage

S g 3 R4 410 Hemorrhage
Fig.3 Hemorrhagic infarction (patient N1)
Hemorrhage is seen in the infarct area. Stain of H-E (X 200). HW =heart weight. Other abbreviations as in Table 1.
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Table 4 Percentage area of pathologic lesions at the rupture site

Patient Necrosis and Contraction Organization Hemorrhage Living
No. degeneration* band necrosis process myocytes*
N1 74.18 0 0 25.8 0.02
N2 95.7 0.45 0 4.2 0
N3 87.6 0 0 3.6 8.8
N4 85.4 0.45 0 8.0 6.6
NS 96.4 0 0 3.6 0
N6 92.1 0 0 52 2.7
Average 88.6%£8.3% 0.15+£0.23% 0% 8.4+8.6% 3.0+3.8%
R1 73.3 23 0 14 253
R2 88.5 0.25 0 5.1 6.4
R3 56.3 1.6 0 27.2 16.5
R4 56.1 0.1 14.8 222 6.9
Average 68.6+£15.5% 1.06 +1.06% 3.7+7.4% 14.0£12.6% 13.8+8.5%
*p<0.05

reperfusion has been primarily considered as a spe-
cial feature?2'3%, and a positive relationship be-
tween hemorrhagic MI and cardiac rupture has been
reported'>'>. Two mechanisms have been proposed,
cardiac rupture is caused by the dissemination of
blood through regions of transmural necrosis'?, or
hemorrhage delays healing of infarction®®. We ob-
served both mechanisms in group R. Dissemination
of blood was seen in patients receiving late
thrombolytic therapy, while delayed healing due to
hemorrhage was present in those with early
reperfusion and myocardial rupture. Therefore,
even in early reperfusion, cardiac rupture due to
hemorrhage may develop in the late phase.

More living myocytes around the MI area may
cause more powerful traction on the area of cell ne-
crosis and increase the risk of rupture in patients re-
ceiving reperfusion therapy.

We found absorption of dead tissue at the site of
rupture in one patient in the R group. This
pathologic finding has not been reported previously
in cardiac rupture. The lesion was apparently pro-
duced by the simultaneous reperfusion and accel-
eration of the healing process in the infarcted area.
This process might weaken the myocardium and re-
sult in predisposition toward rupture.

Reperfusion injury following administration of
thrombolytic agent is another possible disadvantage
of this therapy®”. One form of reperfusion injury is
contraction band necrosis. We found no clear rela-
tionship between contraction band necrosis and car-
diac rupture in group R since contraction band ne-
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crosis occupied a smaller area of the ruptured site
than other pathologic lesions.

Recent studies suggest that coronary angioplasty
without thrombolytic therapy reduces the poten-
tially harmful effects of myocardial hemorrhage?®.
Such therapy may in turn reduce the incidence of
cardiac rupture®.

Our study found cardiac rupture occurred earlier
following MI in group N than in group R. Therefore,
we believe that intensive therapy initially adminis-
tered in the coronary care unit was effective against
myocardial infarction, and that early rupture, prob-
ably due to necrosis and degeneration, may be pre-
vented by administering thrombolytic therapy.
However, late rupture may occur earlier when
recanalization accelerates the healing of the
infarction.

Our results suggest that reperfusion following
thrombolytic therapy reduced the area of necrosis
and degeneration and altered the pathologic features
of the natural course of MI with cardiac rupture. The
incidence of cardiac rupture in MI was not reduced
by reperfusion therapy. Therefore, factors other
than necrosis and degeneration, for example mas-
sive hemorrhage, tissue weakness due to the accel-
erated absorption of dead tissue, and different trac-
tion between necrotic and living myocyte areas, are
involved in cardiac rupture in MI patients receiving
thrombolytic therapy.

Study of a larger number of cases is needed to de-
termine the causes of cardiac rupture in MI with
successful reperfusion.
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