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Spontaneous cardiac rupture, either in-
ternal or external1,2, is a not fairly frequent
but very severe complication of acute my-
ocardial infarction (AMI)3,4. Although sev-
eral therapeutical interventions, such as be-
ta-blockers5,6, nitrates7, ACE-inhibitors6 and
early thrombolysis8,9 have been advocated to
reduce the risk of rupture following an AMI,
the incidence of this complication has not
been reduced over the last few decades4,10-12,
while its prevalence among the causes of
in-hospital death has increased13,14. Thus,
postinfarction cardiac rupture still repre-
sents a crucial clinical problem. Among the
risk factors for cardiac rupture15,16, the per-
sistent occlusion of the infarct-related artery
plays a pivotal role17. Although primary
coronary angioplasty (PTCA) is considered
the most efficacious therapeutic tool cur-

rently available for the recanalization of the
infarct-related artery18-22, its role in pre-
venting postinfarction cardiac rupture has not
been adequately investigated until now. From
these observations, we retrospectively as-
sessed the cardiac rupture incidence in a co-
hort of AMI patients mainly treated with
primary PTCA and in a historical control
group mainly treated with systemic throm-
bolysis, in order to compare the impact of the
different reperfusion strategies on this seri-
ous complication.

Methods

Patients. The criteria for inclusion in the
study were: 1) AMI at hospital admission23

with ST segment elevation Ž 1 mm in at
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Background. Cardiac rupture is a leading cause of death among patients hospitalized for acute my-
ocardial infarction (AMI). The aim of our retrospective study was to evaluate the impact of prima-
ry coronary angioplasty (PTCA) on this not common but usually fatal complication.

Methods. Since January 1998 PTCA has been the routine treatment for AMI patients in our In-
stitution monitored during the first 12 hours from symptom onset. The AMI patients hospitalized be-
tween January 1998 and December 1999 (Group A) were retrospectively compared to those observed
between January 1996 and December 1997 (Group B, historical control group), mainly treated with
systemic thrombolysis. Patients hospitalized after 12 hours of symptom onset were excluded from the
study. Data were analyzed on an intention-to-treat design.

Results. Group A consisted of 204 patients (148 males, 56 females, mean age 67 ± 11 years), 165
(81%) of whom underwent coronary angiography. Group B consisted of 185 patients (123 males, 62
females, mean age 71 ± 12 years), 78 (42%) of whom were treated with thrombolysis and 33 (18%)
with PTCA. The groups did not differ as regards the time delay before hospital entry, Killip class at
admission and site of AMI. Fourteen patients (6.8%) of Group A and 20 (10.8%) of Group B died in
the Cardiology Division. No deaths due to cardiac rupture were observed among the 165 Group A
patients, nor among the 33 Group B patients treated with PTCA. Cardiac rupture was the cause of
death for 1 out of 14 (7%) patients in Group A, and for 8 out of 20 (40%) patients in Group B (p <
0.02 Group A vs Group B). Nine Group A patients and 11 Group B patients died because of cardio-
genic shock. 

Conclusions. A lower cardiac rupture incidence was observed among Group A patients in comparison
to those of Group B. Thus our data, although not randomized, suggest the ability of primary 
PTCA in preventing post-AMI cardiac rupture.

(Ital Heart J 2000; 1 (6): 400-406)
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least 2 limb leads and/or Ž 2 mm in at least 2 chest
leads24; 2) hospitalization within 12 hours of symptom
onset25. Patients with left bundle branch block or with
permanent pacemaker were excluded from the study, due
to the inability to evaluate the ST segment. The AMI lo-
cation was defined as anterior, inferior, lateral or mul-
tiple according to the criteria suggested by the GISSI
study26. Patients observed between January 1998 and De-
cember 1999 were defined as Group A (routine reper-
fusion treatment: PTCA), and were retrospectively com-
pared to those observed between January 1996 and De-
cember 1997 (Group B, historical control group), when
the routine treatment consisted of systemic thromboly-
sis. 

Coronary angioplasty. Starting from January 1997, and
according to the policy of the Cardiology Department
of the University of Florence (Italy), primary 
PTCA was available for reperfusion treatment of our
AMI patients. PTCA was initially reserved for AMI
patients with severe left ventricular dysfunction27, while
the routine AMI treatment was systemic thrombolysis.
Since January 1998, following the availability of the
catheterization laboratory and upon direct phone call of
the dedicated staff working 24 hours a day, primary
PTCA has become the routine reperfusion treatment of
all our AMI patients. Patients under observation during
the first 12 hours from symptom onset28, after giving their
informed consent, were transferred by a medicalized am-
bulance provided by the emergency service “118” phone
number to the catheterization laboratory of the Univer-
sity of Florence, where they received an emergency
coronary angiography followed, if necessary, by an-
gioplasty of the infarct-related artery. Immediately af-
ter the procedure the patients returned to our Cardiolo-
gy Division until acute phase completion. Before
catheterization and in the absence of clinical con-
traindications, patients received aspirin, metoprolol and
nitrates25, while heparin and thrombolytics were not
routinely administered. In patients with multivessel le-
sions the immediate treatment consisted of angioplas-
ty of the infarct-related artery alone, with the exception
of those with cardiogenic shock or left ventricular dys-
function27. PTCA was defined as successful whenever
a TIMI 3 flow and a residual stenosis of < 20% were at-
tained29. Furthermore, PTCA was almost routinely fol-
lowed by stenting of the treated lesion30, and in the
case of no-reflow phenomenon it was followed by the
administration of the monoclonal antibody directed
against the platelet glycoprotein IIb/IIIa receptor ab-
ciximab. Finally, PTCA was followed by heparin infu-
sion (24 hours), associated with ticlopidine (2 months)
and aspirin (indefinitely). Adjunctive maneuvers (intra-
aortic balloon pumping, temporary transvenous pac-
ing) were performed as required.

In-hospital management. During the Coronary Care
Unit stay the patients were directly observed, and the
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electrocardiogram was continuously monitored. Patients
treated with PTCA received invasive arterial pressure
monitoring for at least 24 hours, subsequently arterial
pressure was evaluated at least every 3 hours. Systemic
thrombolysis was performed with front-loaded recom-
binant tissue-type plasminogen activator (rt-PA)31. No pa-
tient received oral anticoagulation. After AMI, patients
remained in the Cardiology Division until normalization
of the cardiac enzyme blood levels, withdrawal of any
infusive treatment and stabilization of the clinical status
to allow active mobilization.

Diagnosis of cardiac rupture. Since 1991 in our Car-
diology Division the diagnosis of cardiac rupture has been
prospectively based upon the immediate echocardio-
graphic evaluation (besides those at hospital admission
and at the Cardiology Division discharge) in every case
of sudden modification of the patients’ clinical status:
new-onset cardiac murmurs, severe chest pain, arterial
hypotension not due to drug effect, shock, syncope, and
cardiac arrest12.

Echocardiograms were obtained employing com-
mercially available ultrasound systems with 3.5 and 2.5
MHz probes (SIM 4000 2D, Esaote Biomedica, Flo-
rence, Italy). Images were obtained in the standard
parasternal long and short axis, apical and subcostal 4-
chamber views in the two-dimensional and M-mode
techniques. The diagnosis of pericardial effusion was
made only in the presence of a pericardial echo-free
space without end-diastolic obliteration32. The amount
of pericardial effusion was arbitrarily considered as
moderate (< 10 mm separation between the pericardial
layers) or severe (Ž 10 mm separation).

The diagnosis of cardiac rupture was considered
whenever a sudden clinical worsening was associated
with the echocardiographic detection of: 1) a new-onset,
severe pericardial effusion with compression of right heart
chambers (free wall rupture); 2) a new-onset left-to-
right ventricular shunt (interventricular septum rupture);
3) a new-onset, massive mitral or tricuspid regurgitation
with direct visualization of papillary muscle rupture.
The diagnostic accuracy for heart rupture of a strategy
based upon the association of predefined clinical and
echocardiographic findings has been validated by pre-
vious studies12,33,34.

Other definitions. The causes of death different from
cardiac rupture were prospectively defined as follows:
• cardiogenic shock was defined as hypotension (systolic
blood pressure < 90 mmHg) with symptoms/signs of sys-
temic hypoperfusion, not due to drug effect and not re-
sponsive to volume expansion, associated with severe left
ventricular dysfunction or hemodynamic findings of
dominant right ventricular infarction35, and without ev-
idence of myocardial rupture;
• infarction recurrence was considered the mechanism of
death whenever recurrent ischemic chest pain, with ei-
ther ST segment or repeat creatine kinase elevation oc-
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while PTCA was not available; the remaining 11 patients
were not treated because, at the Coronary Care Unit en-
try, they were considered borderline as regards to the la-
tency of admission. Thus, 86% Group A patients and 60%
Group B patients actually underwent a reperfusion treat-
ment.

Clinical course. Fourteen (6.8%) Group A patients
died before being discharged from the Cardiology Di-
vision. One death (due to ventricular fibrillation) occurred
during the transfer to the catheterization laboratory. Of
the 165 patients who received coronary angiography 6
deaths (3.6%) were observed. In Group B patients, 20
(10.8%) died before discharge: 7 out of 20 deaths oc-
curred among the 78 patients treated with systemic
thrombolysis (9%), 2 among those treated with PTCA
(6%), and 11 among the 74 not treated with any reper-
fusion strategy (14.9%). The causes of death are re-
ported in table II. The mean length of stay in the Cardi-
ology Division (Group A + Group B) was 5 ± 4 days
(range 1-27).

Cardiac rupture. One death was due to cardiac rupture
among Group A patients, occurring in a female subject
treated with systemic thrombolysis. No deaths were due
to cardiac rupture among the 165 Group A patients, as

curred, subsequently leading to cardiac death, in the ab-
sence of cardiac rupture;
• ventricular arrhythmia was considered the primary
mechanism of death whenever ventricular tachycardia or
ventricular fibrillation occurred, leading to hemody-
namic collapse and cardiopulmonary arrest, in the ab-
sence of preexisting pump failure and without evidence
of cardiac rupture. 

Statistical analysis. Continuous data are described as
mean ± 1 SD. Differences between continuous data
were assessed with the unpaired Student’s t-test. Dis-
continuous variables were compared by the χ2 test or the
Fisher’s exact test, when appropriate. A p value of < 0.05
was considered statistically significant. The data were an-
alyzed on an intention-to-treat design.

Results

Patients enrolled. Between January 1998 and Decem-
ber 1999, 241 AMI patients with ST segment eleva-
tion, of whom 204 (85%) during the first 12 hours from
symptom onset (Group A: 148 males, 56 females, mean
age 67 ± 11 years), were observed. Between January 1996
and December 1997, the patients observed were re-
spectively 250 and 185 (74%, Group B: 123 males, 62
females, mean age 71 ± 12 years). The main demo-
graphic and clinical characteristics of patients are reported
in table I. 

Reperfusion treatment. Out of the 204 Group A pa-
tients, 165 (81%) underwent immediate coronary an-
giography; 158 (77%) of them underwent immediate
PTCA of the infarct-related artery, while 7 were not
treated due to anatomical contraindications. Seventy-four
patients had single-vessel and 88 two- or three-vessel dis-
ease; of the remaining 3 patients 1 had a left main artery
disease and 2 were actually free from occlusive lesions.
Out of the 158 PTCA performed, 148 (94%) were suc-
cessful. In a further 4 patients a TIMI 2 flow was ob-
tained. The procedure was followed by stent implanta-
tion in 131 patients (83%), and by abciximab adminis-
tration in 67 (42%). The mean transfer time to the
catheterization laboratory was 66 ± 16 min (median
time 60 min). Of the remaining 39 Group A patients not
submitted to coronary angiography (due to refusal of PT-
CA, or because not transferable), 11 (5%) were treated
with systemic thrombolysis, whereas the remaining 28
(14%) were excluded from any reperfusion treatment ow-
ing to contraindications to thrombolysis. 

Of the 185 Group B patients, 78 (42%) received sys-
temic thrombolysis and 33 (18%) primary PTCA. Among
the remaining 74 patients (40%), 63 were not treated due
to contraindications to systemic thrombolysis (intra-
aortic balloon pumping or central vein puncture: 22 pa-
tients; cardiopulmonary resuscitation maneuvers: 8 pa-
tients; other medical contraindications: 33 patients)

Group A Group B p
(n=204) (n=185)

Demographic characteristics
> 65 years 125 131 NS
Females 56 62 NS

Clinical characteristics
Diabetes 37 42 NS
Hypertension 73 64 NS
Angina 67 55 NS
Previous infarction 25 20 NS

Site of infarction
Anterior 70 57 NS
Inferior 69 62 NS
Lateral 12 13 NS
Multiple 53 53 NS

Latency* (hours) 5 ± 3 5 ± 3 NS
Killip class at admission

1 + 2 178 162 NS
3 + 4 26 23 NS

Reperfusion treatment
Systemic thrombolysis 11 78 < 0.001
Primary PTCA 165 33 < 0.001
Neither reperfusion strategy 28 74 < 0.001

Other treatments
Beta-blockers 47 42 NS
ACE-inhibitors 90 80 NS
Nitrates 140 138 NS
Cardiac rupture 1 8 < 0.02

Table I. Main demographic and clinical characteristics of patients
(absolute numbers).

PTCA = coronary angioplasty. * time elapsed from symptom
onset to hospital admission.
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well as the 33 patients of Group B, treated with prima-
ry PTCA. In contrast, cardiac rupture was the cause of
death for 8 out of 20 patients deceased in Group B.
The rupture affected the free ventricular wall in 7 cas-
es (including the single patient of Group A), and the in-
terventricular septum in 2. A cardiac rupture occurred
in 4 out of 89 (4.5%) patients treated with systemic
thrombolysis (11 of Group A and 78 of Group B), and
in 5 out of 102 (5%) not treated with any reperfusion
strategy (28 of Group A and 74 of Group B). A necrop-
sy was performed in 4 out of the 34 non-survivors, and
the clinical-echocardiographic diagnosis (2 cardiac rup-
ture; 2 cardiogenic shock, without cardiac rupture) was
confirmed in all the cases. Both the septal and 3 out of
7 free wall ruptures occurred during the first hospital day,
while 2 further free wall ruptures occurred during day
2, and the remaining during day 3. The septal ruptures
caused a cardiogenic shock, rapidly leading to death. In
only one patient was it possible to attempt intra-aortic
balloon pumping, but without clinical stabilization last-
ing long enough to allow surgical repair. The free wall
rupture caused sudden electromechanical dissociation in
all the patients, and none survived despite the early di-
agnosis and the prompt pericardiocentesis12.

Discussion

In spite of the progress achieved in the treatment of
AMI, cardiac rupture still represents an unsolved clin-
ical problem. In fact, although during the past few
decades several therapeutical interventions such as be-
ta-blockers5,6, nitrates7 ACE-inhibitors6 and early throm-
bolysis8,9 have been advocated to reduce the risk of
rupture following an AMI, the incidence of this com-
plication has remained almost unchanged4,10-12 and at
least 4 out of 100 patients hospitalized for an AMI ac-
tually die of cardiac rupture4,6,10,12,33,34. For these reasons,
postinfarction cardiac rupture has been considered un-
til recently a poorly preventable complication3,36.

The main result of our retrospective study was the
lower cardiac rupture incidence among patients in the
PTCA group in comparison to those in the systemic
thrombolysis group. Although not randomized, our

groups were well comparable as regards the main de-
mographic and clinical characteristics of the patients en-
rolled, as well as the treatment of the acute phase of the
infarction, with the main exception of the reperfusion
strategy applied to each group. Thus our data suggest that
the different reperfusion strategies may be responsible
for the effect observed.

The general consensus is that cardiac rupture is re-
lated to a complete, persistent thrombotic occlusion of
the infarct-related artery15-17,37,38 and to the consequent
transmural necrosis39,40, massive and spatially delimit-
ed41, of the infarcted area, particularly in patients with
poor collateral support. Thus, the widespread use of
systemic thrombolysis would have been expected to
cause a dramatic reduction of postinfarction cardiac
rupture. Unfortunately, the clinical studies undertaken un-
til now have shown that systemic thrombolysis is poorly
efficacious in preventing this complication of AMI8,9,42-45.
The main cause of this is the incomplete reperfusion of
the infarcted area often allowed by thrombolysis46,47. Fur-
thermore, the thrombolytic agents have been demon-
strated to cause both the heart’s interstitial collagen
breakdown48,49 and local hemorrhage of the infarcted
area50,51. Finally, the several contraindications to throm-
bolysis allow the treatment to be administered only in
a relatively small percentage of the AMI patients24,26,31,52.

In order to prevent cardiac rupture primary PTCA of-
fers, in comparison to systemic thrombolysis, several the-
oretical advantages, first of all the greater probability of
immediate recanalization of the infarct-related artery to-
gether with both a lower residual stenosis and a lower
reocclusion risk18-22. Furthermore, PTCA is not associ-
ated with any direct hemorrhagic effect53 and can be per-
formed even in patients with clinical contraindications
to systemic thrombolysis. Finally, the time window for
PTCA seems wider than that observed for systemic
thrombolysis54. 

The impact of PTCA on postinfarction cardiac rup-
ture, although appealing, has not been adequately in-
vestigated until now. In fact, the main clinical studies of
head-to-head comparison between PTCA and systemic
thrombolysis18-20,55-58, as well as the overviews on primary
PTCA for AMI21,59 did not analyze the causes of in-hos-
pital death among the patients enrolled. A low cardiac
rupture incidence has however been reported (general-
ly as an incidental finding) in few clinical series of AMI
patients treated with direct PTCA by tertiary centers
with interventional cardiology facilities22,60-62. There-
fore, these data include non-consecutive AMI patients,
and largely referred for PTCA based on specific clinical
indications, first of all hemodynamic instability27, and thus
more prone to die of circulatory failure from cardio-
genic shock. In fact, a proportion of early deaths due to
pump failure higher than that observed in the thrombolytic
trials have been reported in these studies22,61,62.

Moreover, in these studies the causes of death were
defined retrospectively61 and based on clinical criteria
only62, and this could have lead to an underestimation
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Group A Group B p
(n=204) (n=185)

Cardiogenic shock 9 11 NS
Cardiac rupture 1 8 0.04*
Arrhythmia 1 – NS
Infarction recurrence 1 1 NS
Stroke 1 – NS
Not cardiovascular 1 – NS
Total 14 (6.8%) 20 (10.8%) NS

Table II. Causes of death during the Cardiology Division stay.

* prevalence among the causes of death.
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of the number of cardiac ruptures63,64.
To the best of our knowledge, until now only one

study65 specifically addressed the possible role of pri-
mary PTCA in preventing cardiac rupture, but con-
cerning only the interventricular septum and the papil-
lary ruptures which represent a minority of postinfarc-
tion cardiac ruptures10,12. 

Thus the present study is the first to suggest that, if
applied to a “real world” AMI patient population, a 
PTCA-based reperfusion strategy might allow, in com-
parison to conventional thrombolytic treatment31, a sig-
nificant reduction of the global incidence of postin-
farction cardiac ruptures. 

Limitations of the study. The main limitation of the
study is the retrospective design: in fact our patients were
not randomly assigned to primary PTCA or to throm-
bolytic treatment. Thus, our results should be support-
ed by a prospective, randomized clinical trial testing pri-
mary PTCA vs some novel thrombolytic strategy. 

Furthermore, the reduced cardiac rupture incidence
is a specific effect of primary PTCA, therefore a logi-
cal consequence would have been the reduction of the
in-hospital mortality of PTCA-treated patients in com-
parison to those submitted to conventional reperfusion
treatment. In our series mortality among Group A (6.8%)
was actually lower in comparison to Group B (10.8%),
but our data cannot bring about any definite conclusion
on that owing to the retrospective design (and, secon-
darily, to the inadequate statistic power) of the study.

No papillary ruptures were observed among our pa-
tients: thus our data do not give any further information
about the suggested ability of PTCA to prevent this
particular form of cardiac rupture65.

Finally, our data are relative to “conventional” sys-
temic thrombolysis31, and cannot be extrapolated to the
more recent protocols of administration of the throm-
bolytic drugs66, neither to any “combination” reperfu-
sion therapy of AMI67.
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