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SUMMARY

Thrombolytic therapy and primary angioplasty have modified the management, evolution and 
prognosis of acute myocardial infarction; however, mortality from left ventricular free-wall 
rupture still remains extremely high.
The occurrence of this complication is sudden and catastrophic in most patients, and is 
characterized by cardiac tamponade, electromechanical dissociation and immediate death; 
however, approximately one third of patients present subacute cardiac rupture with sustained 
hypotension and pericardial effusion of diverse sizes that allow the implementation of thera-
peutic measures as a bridge to surgery with repair of the myocardial rupture.
In this paper, we provide an update on the clinical and echocardiographic features of patients 
with left ventricular free-wall rupture complicating an acute myocardial infarction in order 
to highlight the key diagnostic points and increase the clinical suspect of a severe condition 
that is not always fatal.
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BACKGROUND

Although cardiac rupture is a rare complication of 
acute myocardial infarction with an overall incidence 
of about 6.2%, it represents the second cause of death 
after cardiogenic shock, and accounts for as much as 
15% of in-hospital mortality. (1-3) Most patients with 
cardiac rupture may succumb almost instantaneously 
due to cardiac tamponade with rapid, irreversible, elec-
tromechanical dissociation; however, approximately 
30% of patients present subacute cardiac rupture, 
survive several hours after the event, allowing the 
implementation of therapeutic measures and imaging 
tests to confirm the diagnosis. (4-6)
An appropriate clinical and echocardiographic evalu-
ation performed early may identify this subgroup of 
patients that require rapid hemodynamic stabilization 
as a bridge to surgery with repair of the myocardial 
rupture. (7, 8)

In this paper, we provide an update on the clinical 
and echocardiographic features of patients with left 
ventricular free wall rupture in order to highlight the 
key diagnostic points and increase the clinical suspi-
cion of a severe condition that is not always fatal.

EPIDEMIOLOGY

Risk	factors
The following risk factors either predispose or in-
crease the risk of cardiac rupture complicating an 

acute myocardial infarction: female gender, older age 
(> 65 years), first myocardial infarction (frequently 
transmural), severe one-vessel coronary artery disease 
with a lack of collateral formation, and absence of pre-
vious angina. (9, 10) On the contrary, the presence of 
multivessel disease and a history of previous myocar-
dial infarction may exert a protective effect, probably 
linked to development of greater collateral circulation 
and a better tolerance to wall traction, respectively. 
(11) There is no evidence that chronic hypertension 
and diabetes mellitus (12) modify the incidence of 
cardiac rupture; yet hypertension during the acute 
event is an important risk factor. Some studies have 
suggested that the use of corticosteroids and non-ste-
roidal anti-inflammatory drugs (13, 14) interfere in the 
mechanisms of tissue repair, thus increasing the risk of 
cardiac rupture. However, this association could not be 
demonstrated either by the Multicenter Investigation 
of Limitation of Infarct Size (MILIS) (9) or the recent 
meta-analysis by Giugliano et al. that included more 
than 3000 patients. (15)

The association between the use of thrombolytic 
agents and cardiac rupture has been a long-term mat-
ter of debate, probably due to data disparities emerg-
ing from the different studies or to the way they 
are interpreted. The initial studies have suggested 
an increased risk of cardiac rupture with the use of 
thrombolytic therapy. The GISSI-1 (16) and ISIS-2 
studies (17) showed a significant reduction in overall 
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mortality (20%); yet early mortality was greater (<24 
hours). Honan et al. (18) and Bueno et al. (19) found 
similar results regarding greater risk, yet associated 
with late administration of thrombolytic therapy and 
with patient’s advanced age (< 75 years), respectively. 
In contrast, other investigators did not find significant 
differences. Data from the United States National 
Registry of Myocardial Infarction revealed an overall 
incidence of cardiac rupture < 1% both in the throm-
bolytic and placebo groups. However, overall mortal-
ity was significantly lower in the thrombolytic group 
(5.9% versus 12.9%) but the number of deaths due to 
cardiac rupture was greater compared to the placebo 
group. (2) According to data from the TIMI-9A and 
TIMI-9B studies, there is no evidence that the type of 
thrombolytic agent or the intensity of anticoagulation 
associated with heparin or hirudin administration in-
fluence the occurrence of rupture. (20) Finally, early 
administration (< 4 hours) of rTPA in patients with 
acute myocardial infarction has been associated with a 
significant reduction in the incidence of cardiac rupture 
, (21), while late administration (> 12 hours) has not 
proved to be associated with an increased risk of this 
complication. (22) The paradoxical effect of thromboly-
sis on the risk of cardiac rupture has been related to 
the type of agent used and the time interval between 
symptoms onset and treatment, among other factors. 
Several possible mechanisms have been suggested: 
extension of myocardial hemorrhage, weakening and 
dissection of the necrotizing zone, diminishing of the 
myocardial collagen content, and activation of colla-
genases and plasmin. (23-25) In conclusion, although 
thrombolytic therapy reduces the infarct size and 
prevents the expansion of the necrotic area, it also 
increases myocardial hemorrhage, produces digestion 
of collagen by proteolytic enzymes (plasmin) and inter-
feres with the mechanisms of tissue repair.

Primary angioplasty produces greater reduction in 
the incidence of cardiac rupture compared to throm-
bolysis, yet the advantages of therapeutic catheter-
based interventions are not clear in old patients. (26, 
27) Recently, the SENIOR-PAMI study (28) compared 
primary angioplasty with thrombolysis in patients > 
65 years and reported that the incidence of early mor-
tality was similar with both procedures (13% versus 
11%, respectively). Reperfusion-induced hemorrhagic 
infarction may be related to thrombolytic therapy and 
primary angioplasty, therefore these outcomes may be 
more associated with early treatment than with the 
type of reperfusion therapy used.

timing	of	occurrence
It has been stated that most cases of cardiac rupture 
occurred in the prethrombolytic therapy era during 
the first week after myocardial infarction, with a peak 
incidence in days 5 to 7. Among 100 consecutive au-
topsied cases of postinfarction rupture, 3 % occurred 
during the first day, 58% within 5 days and 80% within 
7 days. (29, 30)

Coronary reperfusion, especially with thrombolytic 
agents, has modified the natural history of this compli-
cation, as it accelerates cardiac rupture and the number 
of fatal events typically to within 24 hours of treatment. 
These conclusions emerge from the study by Becker 
et al. including over 350000 patients with myocardial 
infarction. (2) In patients treated with primary angio-
plasty, the risk of cardiac rupture is lower and occurs 
within 1 to 5 days after infarction. (31)

PATHOGENESIS AND HISTOPATHOLOGY

Physiopathology
The physiopathological mechanisms of cardiac rupture 
depend on the timing of occurrence. Leukocyte infiltra-
tion and signs of expansion of the necrotic area usu-
ally absent in early ruptures (< 24 hours); (32) on the 
contrary, cardiomyocyte apoptosis might be the main 
mechanism involved in wall weakening and dissection. 
(33) On the other hand, cardiac ruptures that occur 24 
hours after infarction are related to the expansion of 
the necrotic area and are due to a abnormal remodeling 
process, (34) probably linked to increased activity of 
matrix metalloproteinases that regulate the structure 
and function of myocardial matrix. (35) Studies in ani-
mal models have suggested that inhibition of matrix 
metalloproteinases attenuates left ventricular remodel-
ing in experimental myocardial infarction. (36)

These findings might have important implications 
in the development of therapeutic strategies based 
on the inhibition of these enzymes to prevent cardiac 
rupture secondary to myocardial ischemia.

Rupture	sites	and	types	and	associated	coronary	
artery	anatomy
Cardiac rupture associated with acute myocardial in-
farction may involve the left ventricular free wall, ven-
tricular septum and papillary muscles; rupture of the 
left atrium is less frequent. Left ventricular free wall 
rupture is 3 to 10 times more frequent that rupture of 
the papillary muscle or ventricular septum. (37) Left 
ventricular free wall rupture secondary to myocardial 
infarction has been reported to occur in the anterior 
and lateral wall. (38) However, there is evidence that 
most cases of subacute cardiac rupture are associated 
with inferior myocardial infarctions probable due to 
the fact that blood tends to form adherent cloths in 
this region. (3, 39, 40) In turn, most endocardial tears 
are located in the middle third of the ventricle within 
1 cm of the papillary muscles as they insert in left 
ventricular free wall. This site is particularly prone to 
rupture due to the arrangement of muscle fibers and 
to wall stress. (41, 42)

Several morphologic types of rupture have been 
described based on findings in the operating room or in 
necropsies. Perdigao et al. (43) described four types of 
rupture in 42 patients: type I rupture (13 cases) with an 
almost direct trajectory with little dissection and bloody 
infiltration of the myocardium; type II (13 cases) with a 
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Fig.	�. Morp�olo�ic types of free-�all rupture�� trans�ural unidi-Morp�olo�ic types of free-�all rupture�� trans�ural unidi-
rectional rupture (1); expansion of a softened necrotic zone �it� 
rupture of t�e �all (2); trans�ural �ulticanalicular rupture (3); 
non-trans�ural, inco�plete rupture (4); covert rupture (5); �e�or-
r�a�ic infarction (6).

multicanalicular trajectory and widespread myocardial 
dissection and bloody infiltration; type III (9 cases) in 
which the orifice of rupture is protected by an intra-
ventricular thrombus or pericardial symphysis; type 
IV (7 cases) with incomplete non-transmural rupture. 
More recently, Pucaro et al. (3) observed 6 morphologic 
types in a series of 28 patients: transmural rupture of 
the infarcted area in the presence of normal thickness 
of the wall (type 1) (n = 7); expansion of a softened 
necrotic zone with rupture of the wall (type 2) (n = 
14); numerous small perforations within an area of 
myomalacia (type 3) (n = 1); incomplete (transmural) 
rupture of the infarcted area in the presence of normal 
thickness of the wall (type 4) (n = 3); large epicardial 
hematoma under pressure, covert rupture (type 5) (n 
= 1); hemorrhagic infarct with grossly intact epicardial 
surface (type 6) (n = 2).(Figure 1). Although each type 
of rupture has its own physiopathological behavior and 
clinical presentation, in general transmural ruptures 
present active bleeding and acute cardiac tamponade, 
multicanalicular tears have a subacute course with 
different degrees of pericardial effusion and covert rup-
tures constitute the most stable group and frequently 
develop chronic pseudoaneurysms.

The distribution of coronary artery anatomy associ-
ated with left ventricular free wall rupture is interest-

ing. Figueras et al. have identified that the left anterior 
descending coronary artery and the left circumflex are 
most frequently affected (42% and 41%, respectively), 
while the right coronary artery is compromised in only 
18% of cases. (44)

DIAGNOSIS

Clinical	Presentation
During the ‘70s, O’Rourke described the first three 
types of left ventricular free wall rupture (acute, 
subacute and chronic) in the basis of the clinical 
presentation and outcomes (6) (Figure 2). Other in-
vestigators have developed other classifications based 
on O’Rourke’s description which is currently valid 
(Table 1).

The clinical presentation of patients with acute 
rupture is catastrophic and generally irreversible, 
with sudden chest pain, electromechanical dissocia-
tion, shock and death shortly after onset of rupture 
(< 30 minutes) The anatomical substrate of this group 
of patients is a transmural tear with sudden blood 
loss into the pericardial sac and rapid development of 
pericardial tamponade, which is fatal in most cases. 
(1, 3, 6, 7) On the contrary, subacute left ventricular 
free wall rupture leads to cardiac tamponade or cardio-
genic shock with transient response to hemodynamic 
support. This is due to a covert or incomplete tear 
with slow or intermittent bleeding and progressive 
hemopericardium. The hallmark of this presentation 
is that the time from symptoms onset to hemodynamic 
collapse is > 30-60 minutes, usually allowing the diag-
nosis and surgical approach of the condition. (1, 3, 6, 
7) The clinical presentation of these patients includes 
recurrent chest pain, pleuritic pain, sustained hypo-
tension, syncope, restlessness, nausea and repetitive 
emesis. (45) These patients present different degrees 
of cardiac tamponade. However, the traditional signs 
as jugular vein distension and pulsus paradoxus are 
found in about 30% and 45% of these patients, re-
spectively. (1, 3, 7) In rare occasions, a sealed rupture 
with a pseudoaneurysm, the anatomical substrate of 
chronic left ventricular free wall rupture, develops. 
These patients may remain stable and asymptomatic, 
or develop progressive dyspnea or ventricular arrhyth-
mias depending on the severity of myocardial involve-
ment. The recognition of this condition is based on the 
history of myocardial infarction, the clinical suspicion 
and echocardiographic findings. (46, 47)

electrocardiographic	signs
A certain correlation exists between the electro-
cardiographic findings and the severity of cardiac 
rupture. Electromechanical dissociation and extreme 
bradycardia are typical signs of acute cardiac rupture, 
the former with an accuracy of 97.6%. (1, 48) On the 
contrary, the electrocardiographic signs of subacute 
rupture are suggestive of this condition, yet unspe-
cific, and include intraventricular conduction abnor-
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Fig.	�. �lectrocardio�rap�ic c�an�es durin� an episode of c�est�lectrocardio�rap�ic c�an�es durin� an episode of c�est 
pain and �ypotension in a patient �it� a recent inferior infarction 
and on�oin� free-�all rupture. See t�e presence of QS �aves in 
leads I, II and III and aVF, intraventricular conduction abnor�alities 
and ST-se��ent elevation (1.5 ��) �it�in t�e sa�e leads.

malities (particularly, wide R wave in aVR), evidence of 
transmural compromise (new Q waves), (1) or infarct 
expansion (persistent ST-segment elevation or pseudo-
normalization of inverted T waves), (3) (see Figure 
2). Oliva et al. found that persistent, progressive or 
recurrent ST-segment elevation > 0.3mV developed in 
61% of patients with left ventricular free wall rupture 
(sensitivity 61%, specificity 72%). (45) Similar data 
were reported by Pollak et al., who observed that 56% 

of patients showed new ST segment elevations of 0.2 
to 1 mV in the infarct-related leads. (7) Interestingly, 
in patients with acute anteroseptal myocardial infarc-
tion, ST segment elevation in lead aVL is a significant 
risk factor for left ventricular free wall rupture (odds 
ratio: 5.4). (49)
Unfortunately, none of these ECG signs are sensitive 
and specific enough to identify patients with an im-
pending or ongoing rupture.

echocardiographic	signs
Echocardiography if the diagnostic tool of choice to 
establish the different types of cardiac rupture, as this 
method is mostly available, accurate and safe. (12, 42, 
50, 51) The most frequent echocardiographic finding 
is pericardial effusion in patients with left ventricular 
free wall rupture; in fact, the absence of pericardial ef-
fusion has a high negative predictive value and excludes 
cardiac rupture in patients with myocardial infarction 
(1) (Figure 3). The presence of pericardial effusion has 
a low positive predictive value for left ventricular free 
wall rupture as it may be present in 28% of patients 
with acute myocardial infarction without cardiac 
rupture. (1, 52) The presence of echogenic masses in 
the effusion fluid is a relevant sign, particularly in 
patients with subacute free rupture (sensitivity: 97% 
- specificity: 93%); however, these signs may be found 
in fibrinous pericarditis associated with acute myocar-
dial infarction (53) (Figure 4). Direct visualization of 
the myocardial tear confirms the diagnosis, yet is only 

table	�. Co�parison bet�een t�e �ain clinical c�aracteristics of eac� type of left ventricular free �all rupture secondary to acute �yo-
cardial infarction

	 Acute	 Subacute	 Chronic

	 Anatomical		 transmural tear with  incom�lete ru�ture with �ro�ressi�e co�ert ru�ture due to �ericardialincom�lete ru�ture with �ro�ressi�e co�ert ru�ture due to �ericardial
	 substrate acti�e bleedin� or intermittent hemorrha�e sym�hysisor intermittent hemorrha�e sym�hysis

	 Clinical		 Hemodynamic colla�se chest �ain, sustained hy�otension,  Variable (absence of sym�toms or
	 presentation	 and/or sudden death re�etiti�e emesis sym�toms due to heart failure de-
	 	 	 	 �endin� on the se�erity of myocar  
    dial in�ol�ement)

	 electrocardiogram	 electromechanical  uns�ecific St-se�ment abnormalities uns�ecific
	 	 dissociation

	 echocardiogram	 Hemo�ericardium with  Moderate �ericardial effusion pseudoaneurysm
  cardiac tam�onade with echogenic masses within
   the �ericardial fluid (with or
   without cardiac tam�onade)

	 Resuscitation	and		 Hemodynamic instability Satisfactory res�onse to hemodynamic Satisfactory res�onse to hemody
	 hemodynamic		 �enerally refractory to  su��ort beyond 30-60 minutes namic su��ort beyond 30-60 	 	
	 support	 refractory to thera�y  minutes
  (death < 30 min)

	 treatment	 Sur�ery Sur�ery Sur�ery (recent and ex�ansi�e ru�  

    ture) ex�ectant ma�ement (chronic  

    ansstable ru�ture)
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Fig.	 �. Transt�oracic ec�ocar-Transt�oracic ec�ocar-
dio�ra� of a patient �it� sub-
acute rupture of left ventricular 
free �all. A.	 T�o-c�a�bers 
vie� s�o�in� �ild dyskinesia 
of t�e basal inferior se��ent 
and �oderate pericardial ef-
fusion (thick arrow) �it� ec�o-
�enic �asses in t�e fluid (thin 
arrow).	B.	Basal s�ort axis vie� 
s�o�in� a lar�e se�ilunar peri-
cardial �e�ato�a �it� scarce 
residual �e�opericardiu�.

possible in one third of patients with cardiac rupture. 
(1, 7, 54)

Although the severity of pericardial effusion is 
directly related to the amount of hemorrhage in the 
pericardial sac, in clinical situations as cardiac rupture 
the hemodynamic compromise depends more on the 
velocity blood collection accumulates than in the ab-
solute volume of blood contained. Small and moderate 
rapidly accumulating collections may have catastrophic 
consequences, while subacute or chronic large effusions 
may be better tolerated. Echocardiography allows 
quantification of the severity of pericardial effusion; in 
addition, serial determinations of the distance between 
the endocardium and epicardium can help to infer the 
rate of bleeding. Doppler echocardiography provides 
useful information about the hemodynamic repercus-
sion of pericardial effusion by assessing left ventricular 
diastolic flow. An exaggerated reduction in the ampli-
tude of mitral E-wave during inspiration is a sign of 
cardiac tamponade that is independent of the severity 
of the effusion, even in the absence of clinical signs of 
cardiac tamponade (preclinical tamponade). (55)

Diastolic collapse of the right-sided chambers may 
be the echocardiographic sign of cardiac tamponade 
most recognized; however the presence of this sign 
does not necessarily imply cardiac tamponade and its 
absence does not exclude it. Although the traditional 
triad of cardiac tamponade is constituted by severe 

pericardial effusion, diastolic collapse of the right-
sided chambers and clinical manifestations of cardiac 
tamponade, some patients present clinical manifesta-
tions without diastolic collapse and, conversely, other 
patients have severe effusions and collapse without 
clinical signs of cardiac tamponade. Mercé et al. 
have recently assessed the correlation between the 
hemodynamic profile and Doppler echocardiographic 
signs in 110 patients with moderate to severe cardiac 
tamponade. In patients with cardiac tamponade, 11% 
had no evidence of diastolic collapse of the right-sided 
chambers, while 51% of patients without clinical signs 
of cardiac tamponade had different degrees of collapse. 
Diastolic collapse may be absent in patients with 
cardiac tamponade and pericardial symphysis or with 
conditions that increase right-sided chambers pres-
sure (COPD, tricuspid valve regurgitation, pulmonary 
hypertension, etc.). On the other hand, hypovolemia 
or low cardiac output may induce collapse in patients 
without clinical cardiac tamponade. (56)

Finally, patients with small pericardial effusions 
may present signs of hemodynamic compromise 
(cardiac tamponade) due to direct compression of one 
chamber, as seen in localized effusions (radiotherapy, 
malignancies) or pericardial hematomas (as in the post-
operative period of cardiovascular surgery). (57, 58)

A pseudoaneurysm is a cardiac rupture sealed by 
the pericardium that generally develops in the infero-

Fig.	 �. �c�ocardio�ra� of a�c�ocardio�ra� of a 
patient �it� subacute rupture 
of left ventricular free �all. A.	
Subcostal vie� s�o�in� �oder-
ate pericardial effusion �it� 
ec�o�enic �asses in contact 
�it� t�e ri��t ventricular free 
�all. Despite t�e patient �as 
�e�odina�ically unstable, 
t�ere �as no collapse of t�e 
ri��t-sided c�a�bers. B.	Trans-
esop�a�eal ec�ocardio�ra� 
(trans�astric s�ort axis vie�) of 
t�e sa�e patient. A pericardial 
�e�ato�a is visible �it� scarce 
residual �e�opericardiu�.

PE

LV

LA

LV
PE

LA

LV
RA

RV

LiverPE

Liver

LV



� REVISTA ARGENTINA DE CARDIOLOGÍA  /  VoL 77 nº 5  /  SepteMber-october 2009

Fig.	 �. Ma�netic resonance i�a�in� of t�e �eart s�o�in� aMa�netic resonance i�a�in� of t�e �eart s�o�in� a 
pseudoaneurys� of t�e left ventricle in t�e �id inferolateral se�-
�ent. T�e patient �ad re�ained asy�pto�atic for 10 years after 
a �yocardial infarction. T�e i�a�es �ere taken fro� a control 
ec�ocardio�ra�.

lateral area of the left ventricle. It is visualized as a 
saccular structure with a narrow neck; the wall of this 
communication is formed by pericardium with orga-
nized thrombus and fresh blood. Color-Doppler echo-
cardiography confirms the communication between 
this structure and the left ventricle, and spectral Dop-
pler shows a characteristic bidirectional systolic and 
diastolic flow. (59, 60) Subsequently, the thrombotic 
material becomes organized, with a density similar to 
the surrounding soft tissues. In these cases, echocar-
diography fails to detect the pseudoaneurysm, while 
computed tomography scan and particularly magnetic 
resonance imaging which provide images based on dif-
ferent tissue characteristics are useful to identify the 
presence of a pseudoaneurysm and to exclude other 
differential diagnoses (60) (Figure 5). Intravenous 
injections of echocardiographic contrast agents are 
useful to identify wall defects and to evaluate the con-
figuration of pseudoaneurysms. (61) Transesophageal 
echocardiography is especially useful in patients with 
poor acoustic window and is the method of choice in 
patients under mechanical ventilation or during the 
postoperative period of cardiovascular surgery, when 
transthoracic echocardiogram is usually limited in 
obtaining adequate images. (62)

Finally, echocardiography is an essential tool to 
guide emergent pericardiocentesis in patients with 
cardiac tamponade and hemodynamic instability. How-
ever, pericardiocentesis may give only temporary relief 
in acute ruptures with active bleeding or may not be 

complete if blood clotting inside the drainage tubing 
prevents further evacuation of pericardial fluid. (63)

Biochemical	markers
Increased plasma brain natriuretic peptide (BNP) 
concentrations (>250 pg/ml), a marker for increased 
ventricular wall tension/stress, even in the absence of 
symptoms or hemodynamic changes, might be a useful 
marker for predicting cardiac rupture after myocardial 
infarction. (64, 65) It has been shown that C-reactive 
protein, in a peak-concentration of >20 mg/dl on day 
2 after acute myocardial infarction is an independent 
risk factor for cardiac rupture. (66, 67) Serum amyloid 
A protein, another marker of acute inflammatory re-
sponse, has been recently proposed as an independent 
marker for cardiac rupture in patients undergoing 
primary angioplasty. (68)

Despite this evidence, the clinical usefulness of 
these parameters for the early detection of cardiac 
rupture is still unclear.

PREVENTION AND TREATMENT

Cardiac rupture should be prevented in all patients 
with acute myocardial infarction, especially in those 
at high risk of rupture. Management consists of strict 
control of systolic blood pressure and bed rest. Beta-
blocking agents should be given to regulate the sympa-
thetic stimulation as a response to low cardiac output. 
Angiotensin-converting enzyme inhibitors (ACEIs) 
reduce wall stress and prevent the expansion of the 
necrotic area. (69) Once the diagnosis of cardiac rup-
ture has been established, the initial goal is to achieve 
hemodynamic stabilization as a bridge to surgery with 
repair of the myocardial rupture.

The administration of colloid solutions and inotro-
pic agents improves cardiac output in patients with 
cardiac tamponade. (69, 70) Mechanical ventilation 
helps to achieve hemodynamic stabilization in these 
patients. In patients with cardiac rupture and hemody-
namic instability, pericardiocentesis may produce only 
temporary relief because bleeding usually recurs and 
blood clotting inside the drainage tubing may prevent 
further evacuation of pericardial fluid. (42) In patients 
with acute rupture, emergency pericardiocentesis fol-
lowed by the application of a patch to the epicardial 
surface with biological glue have been reported to lead 
to a successful outcome. Intra-aortic balloon pump re-
duces afterload, increases cardiac output and improves 
myocardial perfusion (71) and is indicated in unstable 
patients unresponsive to pharmacological therapy. 

As cardiac rupture usually leads to death, emer-
gency surgery is the treatment of choice regardless of 
the patient’s condition. Surgical repair produces a sig-
nificant reduction in mortality and provides favorable 
short-term outcomes and adequate prognosis during 
late follow-up. López-Sendón et al. reported operative 
and postoperative mortality of 25% and 52%, respec-
tively. (1) Although survival without surgery has been 
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described in isolated cases (40, 69, 72), there is general 
agreement that surgery is the definite treatment in 
patients with cardiac rupture. Surgical treatment 
removes pericardial clots and repairs the myocardial 
defect. Concomitant myocardial revascularization does 
not improve the outcomes and should be delayed by 
three weeks after the acute episode. (42, 73) The first 
approach to repair myocardial rupture, described by 
Montgut et al. in 1972, is to perform an infarctectomy 
and replacement with a prosthetic patch under cardio-
pulmonary bypass. (74, 75)

However, recent reports suggest that more conser-
vative interventions may be preferable. Direct mattress 
suture buttressed with Teflon felt or application of an 
autologous (pericardial) or synthetic (Dacron) patch ad-
hered with biological glue or sutures (Figures 6 and 7) 
without infartectomy or cardiopulmonary bypass have 
been reported to lead to a successful outcome. (76-78) 
In general, the procedures that use direct suture and 
cardiopulmonary bypass are used to repair ruptures 
with active bleeding, while those that use biological 
glue are indicated in ruptures with progressive or 
intermittent hemorrhage.

Finally, the management of pseudoaneurysms will 
depend on the anatomical characteristics of the defect, 
its development, and patient’s clinical status. Undoubt-
edly, surgery provides benefit for patients with symp-
toms of heart failure and recent (< 3 months) large, 
expansive pseudoaneurysms. On the contrary, expectant 
management is suggested on asymptomatic patients 
with chronic and stable pseudoaneurysms. (79)

CONCLUSIONS

Left ventricular free wall rupture complicating acute 
myocardial infarction is a catastrophic event; yet, this 
condition has a subacute course in one out of three pa-
tients, allowing a proper diagnosis and management.

An appropriate early clinical and echocardiographic 
evaluation may identify this subgroup of patients that 
require rapid hemodynamic stabilization as a bridge 
to surgery with repair of the myocardial rupture. As 
an example, a woman > 65 years old, without a his-
tory of coronary artery disease, has a first transmural 
infarction of the anterior and lateral wall. Reperfusion 
is achieved with thrombolytic therapy. The patient 
presents sudden chest pain within 24 hours after the 
episode, with ST-segment abnormalities and hemody-
namic instability that initially responds to resuscita-
tion. The presence of moderate pericardial effusion and 
echogenic masses within the fluid with signs of cardiac 
tamponade confirms the diagnosis although the defect 
is not visualized.

Infusion of colloid solutions and inotropic agents 
with or without pericardiocentesis is essential to stabi-
lize the patient in order to perform surgery, a situation 
infrequent in acute ruptures. Surgery aimed at remov-
ing pericardial clots and closing the defect is the only 
definite treatment of patients with cardiac rupture.

Fig.	�.	Sur�ical repair of a subacute rupture of t�e left ventricular 
free �all secondary to �yocardial infarction. A oval orifice of 1.5 
�� can be seen in t�e area bet�een t�e nor�al tissue and t�e 
necrotic scar (basal inferior and lateral).

Fig.	 �. I�a�e fro� t�e sa�e patient of Fi�ure 6 after sur�ical 
repair of t�e defect �it� application of a Dacron patc� �it� 
continuous suture.

BIBLIOGRAPHY

�.	 López-Sendón J, González A, López de Sá E, Coma-Canella I, 
Roldán I, Domínguez F, et al. Diagnosis of subacute ventricular wall 
rupture after acute myocardial infarction: sensitivity and specificity 
of clinical, hemodynamic and echocardiographic criteria. J Am Coll 
Cardiol 1992;19:1145-53.
�.	 Becker RC, Gore JM, Lambrew C, Weaver WD, Rubison RM, 
French WJ, et al. A composite view of cardiac rupture in the United 
States National Registry of Myocardial Infarction. J Am Coll Cardiol 
1996;27:1321-6.



� REVISTA ARGENTINA DE CARDIOLOGÍA  /  VoL 77 nº 5  /  SepteMber-october 2009

�.	Purcaro A, Costantini C, Ciampani N, Mazzanti M, Silenzi C, Gili 
A, et al. Diagnostic criteria and management of subacute ventricular 
free wall rupture complicating acute myocardial infarction. Am J 
Cardiol 1997;80:397-405.
�.	Shirani J, Berezowski K, Roberts WC. Out-of-hospital sudden death 
from left ventricular free wall rupture during acute myocardial infarc-
tion as the first and only manifestation of atherosclerotic coronary 
artery disease. Am J Cardiol 1994;73:88-92.
�. Solomon SD, Pfeffer MA. Renin-angiotensin system and cardiac 
rupture after myocardial infarction. Circulation 2002;106:2167-9.
�. O’Rourke MF. Subacute heart rupture following myocardial infarc-
tion. Clinical features of a correctable condition. Lancet 1973;2:124-6.
�.	Pollak H, Diez W, Spiel R, Enenkel W, Mlczoch J. Early diagnosis of 
subacute free wall rupture complicating acute myocardial infarction. 
Eur Heart J 1993;14:640-8.
�.	Feneley MP, Chang VP, O’Rourke MF. Ten-year survival after sub-
acute heart rupture post AMI. Am Heart J 1984;108:1589-90.
9. Pohjola-Sintonen S, Muller JE, Stone PH, Willich SN, Antman EM, 
Davis VG, et al. Ventricular septal and free wall rupture complicating 
acute myocardial infarction: experience in the multicenter investiga-
tion of limitation of infarct size. Am Heart J 1989;117:809-18.
�0. Yoshikawa T, Inoue S, Abe S, Akaishi M, Mitamura H, Ogawa 
S, et al. Acute myocardial infarction without warning: clinical 
characteristics and significance of preinfarction angina. Cardiology 
1993;82:42-7.
��. Lewis AJ, Burchell HB, Titus JL. Clinical and pathologic features 
of postinfarction cardiac rupture. Am J Cardiol 1969;23:43-53.
��. Melchior T, Hildebrant P, Kober L, Jensen G, Torp-Pedersen C. 
Do diabetes mellitus and systemic hypertension predispose to left 
ventricular free wall rupture in acute myocardial infarction? Am J 
Cardiol 1997;80:1224-5.
��. Silverman HS, Pfeifer MP. Relation between use of anti-inflam-
matory agents and left ventricular free wall rupture during acute 
myocardial infarction. Am J Cardiol 1987;59:363-4.
��. Hammerman H, Kloner RA, Schoen FJ, Brown EJ Jr, Hale S, 
Braunwald E, et al. Indomethacin-induced scar thinning after experi-
mental myocardial infarction. Circulation 1983;67:1290-5.
��. Giugliano GR, Giugliano RP, Gibson CM, Kuntz RE. Metaanaly-
sis of corticosteroid treatment in acute myocardial infarction. Am J 
Cardiol 2003;91:1055-9.
��.	Gruppo Italiano per lo Studio della Streptochinasi nell’ infarto 
miocardico (GISSI): Effectiveness of intravenous thrombolytic treat-
ment in acute myocardial infarction. Lancet 1986;1:397-402.
��. ISIS-2 (Second international study of infarct survival) Col-
laborative Group: Randomised trial of intravenous streptokinase, 
oral aspirin, both or neither among 17,187 cases of suspected acute 
myocardial infarction: ISIS-2. Lancet 1988;2:349-60.
��.	Honan MB, Harrell FE Jr, Reimer KA, Califf RM, Mark DB, Pryor 
DB, et al. Cardiac rupture, mortality and the timing of thrombolytic 
therapy: a metaanalysis. J Am Coll Cardiol 1990;16:359-67.
�9.	Bueno H, Martínez-Sellés M, Pérez-David E, López-Palop R. Effect 
of thrombolytic therapy on the risk of cardiac rupture and mortality 
in older patients with first acute myocardial infarction. Eur Heart 
J 2005;26:1705-11.
�0. Becker RC, Hochman JS, Cannon CP, Spencer FA, Ball SP, Rizzo 
MJ, et al. Fatal cardiac rupture among patients treated with thrombo-
lytic agents and adjunctive thrombin antagonists: observations from 
the Thrombolysis and Thrombin Inhibition in Myocardial Infarction 
9 Study. J Am Coll Cardiol 1999;33:479-87.
��. Gertz SD, Kragel AH, Kalan JM, Braunwald E, Roberts WC. 
Comparison of coronary and myocardial morphologic findings in 
patients with and without thrombolytic therapy during fatal first 
acute myocardial infarction. The TIMI Investigators. Am J Cardiol 
1990;66:904-9.
��. Becker RC, Charlesworth A, Wilcox RG, Hampton J, Skene A, 
Gore JM, et al. Cardiac rupture associated with thrombolytic therapy: 
impact of time to treatment in the late assessment of thrombolytic 
efficacy (LATE) study. J Am Coll Cardiol 1995;25:1063-8.

��.	Peuhkurinen KJ, Risteli L, Melkko JT, Linnaluoto M, Jounela A, 
Risteli J, et al. Thrombolytic therapy with streptokinase stimulates 
collagen breakdown. Circulation 1991;83:1969-75.
��.	Yasuno M, Endo S, Takahashi M, Ishida M, Saito Y, Suzuki K, et 
al. Angiographic and pathologic evidence of hemorrhage into the myo-
cardium after coronary reperfusion. Angiology 1984;35:797-801.
��.	Peuhkurinen K, Risteli L, Jounela A, Risteli J. Changes in interstitial 
collagen metabolism during acute myocardial infarction treated with strep-
tokinase or tissue plasminogen activator. Am Heart J 1996;131:7-13.
��.	Moreno R, López-Sendón J, García E, Pérez de Isla L, López de Sá 
E, Ortega A, et al. Primary angioplasty reduces the risk of left ven-
tricular free wall rupture compared with thrombolysis in patients with 
acute myocardial infarction. J Am Coll Cardiol 2002;39:598-603.
��.	Keeley EC, Boura JA, Grines CL. Primary angioplasty versus 
intravenous thrombolytic therapy for acute myocardial infarction: a 
quantitative review of 23 randomised trials. Lancet 2003;361:13-20.
��.	Grines C. SENIOR-PAMI– A prospective randomized trial of pri-
mary angioplasty and thrombolytic therapy in elderly patients with 
acute myocardial infarction. 2005 [http://www.theheart.org/search.
do?searchString=senior+pami&x=0&y=0]. TCT Washington, DC 
October 2005; 16-21.
�9. Salem BI, Lagos JA, Haikal M, Gowda S. The potential impact of 
the thrombolytic era on cardiac rupture complicating acute myocar-
dial infarction. Angiology 1994;45:931-6.
�0. Batts KP, Ackermann DM, Edwards WD. Post-infarction rupture 
of the left ventricular free wall: clinicopathologic correlates in 100 
consecutive autopsy cases. Hum Pathol 1990;21:530-5.
��. Yip HK, Wu CJ, Chang HW, Wang CP, Cheng CI, Chua S, et al. 
Cardiac rupture complicating acute myocardial infarction in the 
direct percutaneous coronary intervention reperfusion era. Chest 
2003;124:565-71.
��.	Becker AE, van Mantgem JP. Cardiac tamponade. A study of 50 
hearts. Eur J Cardiol 1975;3:349-58.
��.	Beranek JT. Pathogenesis of postinfarction free wall rupture. Int 
J Cardiol 2002;84:91-2.
��.	Schuster EH, Bulkley BH. Expansion of transmural myocardial 
infarction: a pathophysiologic factor in cardiac rupture. Circulation 
1979;60:1532-8.
��.	Creemers E, Cleutjens JP, Smits JF, Daemen MJ. Matrix metal-
loproteinase inhibition after myocardial infarction. A new approach 
to prevent heart failure? Circ Res 2001;89:201-10.
��.	Rohde LE, Ducharme A, Arroyo LH, Aikawa M, Sukhova GH, 
Lopez-Anaya A, et al. Matrix metalloproteinase inhibition attenuates 
early left ventricular enlargement after experimental myocardial 
infarction in mice. Circulation 1999;99:3063-70.
��. Murphy JG. Mayo clinic cardiology review. Armonk, NY: Futura 
Publishing; 1997. p. 148.
��. Hutchins KD, Skurnick J, Lavenhar M, Natarajan GA. Cardiac 
rupture in acute myocardial infarction: a reassessment. Am J Forensic 
Med Pathol 2002;23:78-82.
�9. Exadaktylos NI, Kranidis AI, Argyriou MO. Left ventricular free 
wall rupture during acute myocardial infarction. Hellenic J Cardiol 
2002;43:246-52.
�0.	Blinc A, Noc M, Pohar B, Cernic N, Horvat M. Subacute rupture of 
the left ventricular free wall after acute myocardial infarction– Three 
cases of long term survival without emergency surgical repair. Chest 
1996;109:565-7.
��. Veinot JP, Walley VM, Wolfsohn AL, Chandra L, Russell D, 
Stinson WA, et al. Post-infarct cardiac free wall rupture: the rela-
tionship of rupture site to papillary muscle insertion. Mod Pathol 
1995;8:609-13.
��. Sutherland FW, Guell FJ, Pathi VL, Naik SK. Post-infarction 
ventricular free wall rupture: strategies for diagnosis and treatment. 
Ann Thorac Surg 1996;61:1281-5.
��.	 Perdigao C, Andrade A, Ribeiro C. Cardiac rupture in acute 
myocardial infarction. Various clinico-anatomical types in 42 recent 
cases observed over a period of 30 months. Arch Mal Coeur Vaiss 
1987;80:336-44.



Left VentricuLar free WaLL rupture after acute MyocardiaL infarction / claudio Solis y col. 9

��. Figueras J, Cortadellas J, Calvo F, Soler-Soler J. Relevance of 
delayed hospital admission on development of cardiac rupture during 
acute myocardial infarction: study in 225 patients with free wall, sep-
tal or papillary muscle rupture. J Am Coll Cardiol 1998;32:135-9.
��. Oliva PB, Hammill SC, Edwards WD. Cardiac rupture, a clini-
cally predictable complication of acute myocardial infarction: report 
of 70 cases with clinico-pathologic correlations. J Am Coll Cardiol 
1993;22:720-6.
��. Atik FA, Navia JL, Vega PR, Gonzalez-Stawinski GV, Alster JM, 
Gillinov AM, et al. Surgical treatment of postinfarction left ventricular 
pseudoaneurysm. Ann Thorac Surg 2007;83:526-31.
��.	Yeo TC, Malouf JF, Oh JK, Seward JB. Clinical profile and out-
come in 52 patients with cardiac pseudoaneurysm. Ann Intern Med 
1998;128:299-305.
��.	 Bates RJ, Beutler S, Resnekov L, Anagnostopoulos CE. Car-
diac rupture-challenge in diagnosis and management. Am J Cardiol 
1977;40:429-37.
�9. Yoshino H, Yotsukura M, Yano K, Taniuchi M, Kachi E, Shimizu 
H, et al. Cardiac rupture and admission electrocardiography in acute 
anterior myocardial infarction: implication of ST elevation in aVL. J 
Electrocardiol 2000;33:49-54.
�0.	Raitt MH, Kraft CD, Gardner CJ, Pearlman AS, Otto CM. Sub-
acute ventricular free wall rupture complicating myocardial infarc-
tion. Am Heart J 1993;126:946-55.
��.	 Figueras J, Curos A, Cortadellas J, Soler-Soler J. Reliability 
of electromechanical dissociation in the diagnosis of left ventricu-
lar free wall rupture in acute myocardial infarction. Am Heart J 
1996;131:861-4.
��.	Galve E, Garcia-Del-Castillo H, Evangelista A, Batlle J, Perma-
nyer-Miralda G, Soler-Soler J. Pericardial effusion in the course of 
myocardial infarction: incidence, natural history, and clinical rel-
evance. Circulation 1986;73:294-9.
��.	 Carey JS, Cukingnan RA, Eugene J. Myocardial rupture in 
expanded infarcts: repair using pericardial patch. Clin Cardiol 
1989;12:157-60.
��. Coma-Canella I, Lopez-Sendon J, Nunez GL, Ferrufino O. Sub-
acute left ventricular free wall rupture following acute myocardial 
infarction: bedside hemodynamics, differential diagnosis, and treat-
ment. Am Heart J 1983;106:278-84.
��.	Sagristá Sauleda J. Diagnosis and therapeutic management of 
patients with cardiac tamponade an constrictive pericarditis. Rev 
Esp Cardiol 2003;56:195-205.
��.	Mercé J, Sagristá Sauleda J, Permanyer Miralda G, Soler Soler 
J. Correlation between clinical and Doppler echocardiographic find-
ings in patients with moderate and large pericardial effusion: 
Implications for the diagnosis of cardiac tamponade. Am Heart J 
1999;138:759-64.
��.	Fowler NO, Gobel N. The hemodynamic effects of cardiac tam-
ponade: mainly the result of atrial, not ventricular, compresion. 
Circulation 1985;1:154-7.
��.	Ortega JR, San Román JA, Rollán MJ, García A, Tejedor P, Huerta 
R. El hematoma auricular en el paciente postoperatorio cardíaco y el 
papel de la ecocardiografía transesofágica en su diagnóstico. Rev Esp 
Cardiol 2002;55:867-71.
�9.	Roelandt JFTC, Sutherland GR, Yoshida K, Yoshikawa J. Improved 
diagnosis and characterization of left ventricular pseudoaneurysm by 
Doppler color flow imaging. J Am Coll Cardiol 1988;12:807-11.
�0.	Brown SL, Gropler RJ, Harris KM. Distinguishing left ventricular 
aneurysm from pseudoaneurysm. A review of the literature. Chest 
1997;111:1403-9.
��.	Waggoner AD, Williams GA, Gaffron D, Schwarze M. Potential 
utility of left heart contrast agents in diagnosis of myocardial rup-
ture by two-dimensional echocardiography. J Am Soc Echocardiogr 
1999;12:272-4.
��.	Deshmukh HG, Khosla S, Jefferson KK. Direct visualization of left 
ventricular free wall rupture by trans-esophageal echocardiography 
in acute myocardial infarction. Am Heart J 1993;126:475-7.

��.	Brack M, Asinger RW, Sharkey SW, Herzog CA, Hodges M. Two-
dimension echocardiographic characteristics of pericardial hematoma 
secondary to left ventricular free wall rupture complicating acute 
myocardial infarction. Am J Cardiol 1991;68:961-4.
��.	Arakawa N, Nakamura M, Endo H, Sugawara S, Suzuki T, Hi-
ramori K. Brain natriuretic peptide and cardiac rupture after acute 
myocardial infarction. Intern Med 2001;40:232-6.
��.	 Arakawa N, Nakamura M, Aoki H, Hiramori K. Relationship 
between plasma level of brain natriuretic peptide and myocardial 
infarct size. Cardiology 1994;85:334-40.
��.	Ueda S, Ikeda U, Yamamoto K, Takahashi M, Nishinaga M, Nago 
N, et al. C-reactive protein as a predictor of cardiac rupture after acute 
myocardial infarction. Am Heart J 1996;131:857-60.
��.	Anzai T, Yoshikawa T, Shiraki H, Asakura Y, Akaishi M, Mitamura 
H, et al. C-reactive protein as a predictor of infarct expansion and 
cardiac rupture after a first Q-wave acute myocardial infarction. 
Circulation 1997;96:778-84.
��.	Katayama T, Nakashima H, Takagi C, Honda Y, Suzuki S, Iwasaki 
Y, et al. Serum amyloid a protein as a predictor of cardiac rupture 
in acute myocardial infarction patients following primary coronary 
angioplasty. Circ J 2006;70:530-5.
�9. Figueras J, Cortadellas J, Evangelista A, Soler-Soler J. Medical man-
agement of selected patients with left ventricular free wall rupture dur-
ing acute myocardial infarction. J Am Coll Cardiol 1997;29:512-8.
�0. Hoit BD, Gabel M, Fowler NO. Hemodynamic efficacy of rapid 
saline infusion and dobutamine versus saline infusion alone in a model 
of cardiac rupture. J Am Coll Cardiol 1990;16:1745-9.
��. Pifarre R, Sullivan HJ, Grieco J, Montoya A, Bakhos M, Scanlon 
PJ, et al. Management of left ventricular rupture complicating myo-
cardial infarction. J Thorac Cardiovasc Surg 1983;86:441-3.
��. Sherer Y, Levy Y, Shahar A, Leibovich L, Konen E, Shoenfeld Y. 
Survival without surgical repair of acute rupture of the right ven-
tricular free wall. Clin Cardiol 1999;22:319-20.
��.	Reardon MJ, Carr CL, Diamond A, Letsou GV, Safi HJ, Espada R, 
et al. Ischemic left ventricular free wall rupture: Prediction, diagnosis 
and treatment. Ann Thorac Surg 1997;64:1509-13.
��.	Montegut FJ Jr. Left ventricular rupture secondary to myocardial 
infarction. Report of survival with surgical repair. Ann Thorac Surg 
1972;14:75-8.
��.	Anagnostopoulos E, Beutler S, Levett JM, Lawrence JM, Lin CY, 
Replogle RL. Myocardial rupture. Major left ventricular infarct rup-
ture treated by infarctectomy. J Am Med Assoc 1977;238:2715-6.
��.	 Iemura J, Oku H, Otaki M, Kitayama H, Inoue T, Kaneda T. 
Surgical strategy for left ventricular free wall rupture after acute 
myocardial infarction. Ann Thorac Surg 2001;71:201-4.
��.	Lachapelle K, deVarennes B, Ergina PL, Cecere R. Sutureless 
patch technique for postinfarction left ventricular rupture. Ann 
Thorac Surg 2002;74:96-101.
��.	Muto A, Nishibe T, Kondo Y, Sato M, Yamashita M, Ando M. Su-
tureless repair with TachoComb sheets for oozing type postinfarction 
cardiac rupture. Ann Thorac Surg 2005;79:2143-5.
�9.	 Prêtre R, Linka A, Jenni R, Turina MI. Surgical treatment 
of acquired left ventricular pseudoaneurysm. Ann Thorac Surg 
2000;70:553-7.

Acknowledgments
We are thankful to Dr. Carlos Barrero and Dr. Horacio Prezio-
so for their critical reading and their technical and literary 
contributions; Dr. César Viegas (MRI coronary angiography) 
and Dr. Hernán Ocaris (cardiovascular surgery) for providing 
the photographic material; and to Dr. Augusto Pucaro for 
allowing us to reproduce his didactic scheme of the types of 
cardiac rupture, with minimal modifications.

Finally, we are thankful to the Department of Cardiology 
and the Coronary Care Unit of the Clínica Santa Isabel, and 
especially to Dr. Raúl Rudaeff for his permanent support and 
incentive.


