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HEN ventricular septal rupture complicates
acute myocardial infarction, the mortality is
high. Reperfusion therapy has reduced the

incidence of septal rupture. However, rapid diagnosis,
aggressive medical management, and surgical interven-
tion are required to optimize recovery and survival.
This review summarizes information on septal rupture
in both the era before thrombolytic therapy and after
the advent of reperfusion therapy.

 

INCIDENCE

 

In the era before reperfusion therapy, septal rupture
complicated 1 to 3 percent of acute myocardial infarc-
tions.

 

1-5

 

 Among the 41,021 patients in the Global Uti-
lization of Streptokinase and Tissue Plasminogen Ac-
tivator for Occluded Coronary Arteries (GUSTO-I)
trial, ventricular septal rupture was suspected in 140
patients (0.34 percent) and confirmed by a retrospec-
tive review in 84 (0.2 percent).

 

6

 

 Thus, reperfusion
therapy has decreased the incidence of septal rupture.

 

6

 

RISK FACTORS

 

Septal rupture occurs more frequently with anteri-
or than other types of acute myocardial infarction.

 

2,6-9

 

Risk factors for septal rupture in the era before throm-
bolytic therapy included hypertension,

 

10,11

 

 advanced
age (60 to 69 years),

 

10

 

 female sex,

 

10,12

 

 and the absence
of a history of angina or myocardial infarction.

 

1,2,13-15

 

Angina or infarction may lead to myocardial precon-
ditioning as well as to the development of coronary

W

 

collaterals, both of which reduce the likelihood of
septal rupture.

 

15

 

 In patients undergoing thrombolysis,
advanced age, female sex, and the absence of smoking
are often associated with an increased risk of septal
rupture,

 

6

 

 whereas the absence of antecedent angina
has not been associated with an increased risk.

 

8

 

 In the
GUSTO-I trial, there was a nonlinear relation between
the systolic and diastolic blood pressures at enrollment
and septal rupture, since hypertension (a blood pres-
sure of more than 130/75 mm Hg) and extensive my-
ocardial infarction and right ventricular infarction
(which are causes of hypotension) are also risk factors
for septal rupture.

 

6

 

PATHOGENESIS

 

The septum adjacent to the rupture is often thin
and necrotic. Without reperfusion, coagulation necro-
sis develops within the first three to five days after in-
farction, with numerous neutrophils entering the ne-
crotic zone. The neutrophils undergo apoptosis and
release lytic enzymes, hastening the disintegration of
necrotic myocardium.

The pathogenic process of the rupture changes over
time. During the first 24 hours, coagulation necrosis
is just beginning and there are relatively few neutro-
phils within the infarcted tissue. Early ruptures occur
in infarcts with large intramural hematomas that dis-
sect into tissue and rupture. If patients survive for sev-
eral weeks, the septum becomes fibrotic.

Becker and van Mantgem classified the morpholo-
gy of free-wall rupture into three types, which are also
relevant to ventricular septal rupture

 

16

 

: type I ruptures
have an abrupt tear in the wall without thinning; in
type II, the infarcted myocardium erodes before rup-
ture occurs and is covered by a thrombus; and type
III has marked thinning of the myocardium, second-
ary formation of an aneurysm, and perforation in the
central portion of the aneurysm.

The size of septal rupture ranges from millimeters
to several centimeters. Morphologically, septal rupture
is categorized as simple or complex. Figure 1 shows a
simple septal rupture with a discrete defect and a di-
rect through-and-through communication across the
septum. The perforation is at the same level on both
sides of the septum. Extensive hemorrhage with irreg-
ular, serpiginous tracts within necrotic tissue charac-
terizes complex septal rupture (Fig. 2).

 

7,13

 

 Septal rup-
tures in patients with anterior myocardial infarction
are generally apical and simple (Fig. 1 and 3). Con-
versely, in patients with inferior myocardial infarction,
septal ruptures involve the basal inferoposterior sep-
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tum and are often complex (Fig. 2 and 4; also see the
video clips in the Supplementary Appendix available
with the full text of this article at http://www.nejm.
org).

 

3,7,13

 

 Occasionally, muscles of the ventricular free
wall or papillary muscles may tear,

 

7,14,17,18

 

 especially in
the case of complex septal ruptures.

 

7

 

 Ventricular septal
ruptures associated with an inferior or anterior myo-
cardial infarction generally involve right ventricular
infarction.

 

12

 

HEMODYNAMICS

 

Septal rupture results in a left-to-right shunt, with
right ventricular volume overload, increased pulmo-
nary blood flow, and secondary volume overload of
the left atrium and ventricle. As left ventricular sys-
tolic function deteriorates and forward flow declines,
compensatory vasoconstriction leads to increasing sys-
temic vascular resistance, which, in turn, increases the
magnitude of the left-to-right shunt. The degree of
shunting is determined by the size of the septal rup-
ture, the level of pulmonary vascular resistance and
systemic vascular resistance and the ratio of the two,
and left ventricular and right ventricular function. As
the left ventricle fails and the systolic pressure declines,
left-to-right shunting decreases and the fraction of the
shunt diminishes.

 

ANGIOGRAPHIC FINDINGS

 

Some studies have found that septal rupture is as-
sociated with multivessel coronary artery disease.

 

2,7

 

However, others found a high prevalence (54 percent)
of single-vessel disease among patients with ventric-
ular septal rupture.

 

8,19

 

 Ventricular septal rupture is
likely to be associated with total occlusion of the in-
farct-related artery.

 

3,6,8

 

 In the GUSTO-I study, total
occlusion of the infarct-related artery was document-
ed in 57 percent of patients with ventricular septal
rupture, as compared with 18 percent of those without
ventricular septal rupture.

 

6

 

 Collaterals are less often
evident in patients with ventricular septal rupture,

 

2,8,15

 

supporting the hypothesis that collateral circulation
reduces the risk of rupture of the cardiac free wall as
well as septal rupture.

 

15

 

Figure 1.

 

 Findings at Autopsy in a Patient with a Simple Ventric-
ular Septal Rupture.
There is a discrete defect with a direct through-and-through com-
munication across the septum. The perforation is at the same
level on both sides of the septum: the left ventricular aspect of
the interventricular septum (LVS), and the right ventricular as-
pect of the interventricular septum (RVS). MV denotes mitral
valve.
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Figure 2.

 

 Gross Findings in a Patient with a Posterior Ventricular
Septal Rupture.
There is an infarction involving the basal inferior septum, the
basal posteroinferior wall, and the right ventricle (RV). The ven-
tricular septal rupture (arrow) is complex, with an irregular, ser-
piginous tract at the junction of the inferior wall and the inter-
ventricular septum (IVS). LV denotes left ventricle.

Anterior

IVS

LV

RV

Posterior



 

1428

 

·

 

N Engl J Med, Vol. 347, No. 18

 

·

 

October 31, 2002

 

·

 

www.nejm.org

 

The New England Journal  of  Medicine

 

TIME COURSE

 

Without reperfusion, septal rupture generally oc-
curs within the first week after infarction.

 

3,5,7,19,20

 

 As
explained above, there is a bimodal distribution of
septal rupture, with a high incidence on the first day
and on days 3 through 5 and rarely more than two
weeks after infarction. The median time from the on-
set of symptoms of acute myocardial infarction to rup-
ture is generally 24 hours or less in patients who are
receiving thrombolysis.

 

21

 

 The median time from the
onset of infarction to septal rupture was 1 day (range,
0 to 47; 94 percent of cases were diagnosed within
1 week) in the GUSTO-I trial

 

6

 

 and 16 hours in the
Should We Emergently Revascularize Occluded Cor-
onaries in Cardiogenic Shock (SHOCK) trial.

 

22

 

 Al-

though thrombolytic therapy reduces the size of the
infarct, it may in some cases promote hemorrhagic dis-
section in the myocardium, accelerating the onset of
septal rupture.

 

CLINICAL MANIFESTATIONS

 

Symptoms of septal rupture include chest pain,
shortness of breath, and those associated with low car-
diac output and shock.

 

2,14

 

 Acute septal rupture pro-
duces a harsh, loud holosystolic murmur along the left
sternal border, radiating toward the base, apex, and
right parasternal area, and a palpable parasternal thrill
in half of patients.

 

19,23

 

 With cardiogenic shock and a
low-output state complicating septal rupture, there is
rarely a thrill, and the murmur is difficult to identify

 

Figure 3.

 

 Transthoracic Two-Dimensional Apical Four-Chamber
Views in a Patient with Ventricular Septal Rupture Complicating
an Anterior Acute Myocardial Infarction.
In Panel A, the ventricular septal rupture is apical and simple
(arrow). RV denotes right ventricle, and LV left ventricle. The sites
of both the right and the left ventricular perforation are at the
same level. In Panel B, color Doppler ultrasonography shows tur-
bulent flow (bright blue mosaic) from the left ventricle to the
right ventricle through the interventricular septal defect.
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Figure 4.

 

 Transesophageal Four-Chamber Views in a Patient with
a Ventricular Septal Rupture Complicating an Acute Posterior
Myocardial Infarction.
In Panel A, the ventricular septal rupture (arrow) is basal and at
the junction between the basal inferior septum and the infer-
oposterior wall. In Panel B, a color Doppler image shows the
shunt across the ventricular septal rupture. LA denotes left atri-
um, LV left ventricle, and RV right ventricle.
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because turbulent flow across the defect is reduced.
Right and left ventricular S

 

3

 

 gallops are common. The
pulmonic component of the second heart sound is ac-
centuated by pulmonary hypertension. Tricuspid re-
gurgitation may also be present. Biventricular failure
generally ensues within hours or days.

As compared with acute mitral regurgitation, septal
rupture has a loud murmur, a thrill, and right ventric-
ular failure but is less often characterized by severe
pulmonary edema. In patients with a low cardiac out-
put, distinguishing between these two entities can be
difficult. In addition, severe mitral regurgitation may
occur in 20 percent of patients with septal rupture.

 

24-26

 

DIAGNOSIS

 

Pump failure in patients with myocardial infarction
may be related to the major mechanical complications,
such as ventricular septal rupture, papillary-muscle
rupture, or free-wall rupture (Table 1). Alternatively,
it results from the infarction or ischemia of a large
area, ischemic mitral regurgitation, right ventricular
dysfunction, or hypovolemia. Doppler echocardiog-
raphy is generally diagnostic (Fig. 2 and 4; also see
the video clips at http://www.nejm.org).

 

26,27

 

 Doppler
techniques can be used to define the site and size of
septal rupture, left and right ventricular function, es-
timated right ventricular systolic pressure, and the

left-to-right shunt.

 

28

 

 The sensitivity and specificity of
color Doppler echocardiography have been reported
to be as high as 100 percent.

 

26,27

 

 In severely ill patients
who are receiving assisted ventilation, the image qual-
ity of transthoracic echocardiography may not be suf-
ficient for diagnosis, and transesophageal echocardi-
ography is more sensitive (Fig. 2).

 

29-31

 

Pulmonary-artery catheterization can be helpful. In
patients with a septal rupture, the increase in oxygen
saturation occurs within the right ventricle and not
only in the pulmonary artery. Severe mitral regurgita-
tion may result in an increase in oxygen saturation in
the peripheral pulmonary arteries.

 

32

 

 The presence of
large V waves in the pulmonary-capillary wedge trac-
ing is a nonspecific finding that also occurs with mi-
tral regurgitation and with poor left ventricular com-
pliance.

 

33

 

Left ventriculography can also be used to diagnose
septal rupture. Coronary angiography is useful for
assessing the coronary anatomy if concomitant revas-
cularization is being considered. Radionuclide scin-
tigraphy is an alternative noninvasive technique for di-
agnosing septal rupture, assessing ventricular function,
and calculating the size of the intracardiac shunt.

 

34

 

MEDICAL THERAPY

 

Medical therapy consists of mechanical support
with an intraaortic balloon pump, afterload reduc-

 

*PTCA denotes percutaneous transluminal coronary angioplasty, RA right atrium, RV right ventricle, and LV left ventricle.
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Incidence 1–3% without reperfusion therapy, 
0.2–0.34% with thrombolytic 
therapy, 3.9% among patients 
with cardiogenic shock

0.8–6.2%, thrombolytic therapy does 
not reduce risk; primary PTCA seems 
to reduce risk

About 1% (posteromedial more 
frequent than anterolateral pap-
illary muscle)

Time course 3–7 days without reperfusion ther-
apy; median, 24 hr with throm-
bolysis

1–7 days without reperfusion therapy; 
mean, 2.7 days with thrombolysis

Median, 1 day (range, 1–14)

Clinical manifestations Chest pain, shortness of breath, hy-
potension

Anginal, pleuritic, or pericardial chest 
pain, syncope, hypotension, arrhyth-
mia, nausea, restlessness, hypotension, 
sudden death

Abrupt onset of shortness of 
breath and pulmonary edema; 
hypotension

Physical findings Harsh holosystolic murmur, thrill 
(+), S

 

3

 

, accentuated 2nd heart 
sound, pulmonary edema, RV 
and LV failure, cardiogenic shock

Jugulovenous distention (29% of pa-
tients), pulsus paradoxus (47%), elec-
tromechanical dissociation, cardiogen-
ic shock

A soft murmur in some cases, no 
thrill, variable signs of RV over-
load, severe pulmonary edema, 
cardiogenic shock

Echocardiographic 
findings

Ventricular septal rupture, left-to-
right shunt on color flow Dop-
pler echocardiography through 
the ventricular septum, pattern of 
RV overload

>5 mm pericardial effusion not visual-
ized in all cases, layered, high-acoustic 
echoes within the pericardium (blood 
clot), direct visualization of tear, signs 
of tamponade

Hypercontractile LV, torn papil-
lary muscle or chordae ten-
dineae, flail leaflet, severe mitral 
regurgitation on color flow 
Doppler echocardiography

Right-heart 
catheterization

Increase in oxygen saturation from 
the RA to RV, large V waves

Ventriculography insensitive, classic signs 
of tamponade not always present 
(equalization of diastolic pressures 
among the cardiac chambers)

No increase in oxygen saturation 
from the RA to RV, large 
V waves, very high pulmonary-
capillary wedge pressures
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tion, diuretics, and usually, inotropic agents.

 

35,36

 

 Oxy-
genation should be maintained with the administra-
tion of oxygen by mask, continuous positive airway
pressure, bilevel positive airway pressure, or intubation
with mechanical ventilation.

 

37

 

 Nitroprusside may re-
duce left-to-right shunting and improve cardiac out-
put, but it may also cause hypotension. Its use is con-
traindicated in patients with acute renal failure. Patients
with hypotension often need inotropic agents and vas-
opressors to maintain arterial blood pressure. However,
an increase in left ventricular pressure increases left-
to-right shunting. Attempts to stabilize the patient’s
condition with medical therapy are only temporizing,
because most patients have a rapid deterioration and
die. Most patients require surgical intervention. Even
patients whose condition appears to be clinically sta-
ble are at risk for abrupt hemodynamic deterioration,
because the size of the septal rupture can increase
without warning.

 

3

 

 The mortality rate among pa-
tients with septal rupture who are treated conservative-
ly without mechanical closure is approximately 24 per-
cent in the first 24 hours, 46 percent at one week, and
67 to 82 percent at two months.

 

38,39

 

 Lemery et al. re-
ported a 30-day survival rate of 24 percent among
medically treated patients, as compared with a rate of
47 percent among those treated surgically.

 

19

 

MECHANICAL CLOSURE

 

It was long believed that shortly after an acute my-
ocardial infarction, the myocardium was too fragile for
the safe repair of the septal rupture. A waiting peri-
od of three to six weeks before surgery was standard
to allow the margins of the infarcted muscle to devel-
op a firm scar to facilitate the surgical repair.

 

40

 

 How-
ever, many patients died while awaiting surgery or
underwent emergency surgery after sudden decom-
pensation.

 

19,37

 

 A 1977 series of 43 patients reported
an increased survival rate after early surgical repair,

 

37

 

and these findings have since been confirmed by
others.

 

41

Current guidelines of the American College of
Cardiology–American Heart Association for the treat-
ment of patients with acute myocardial infarction rec-
ommend immediate operative intervention in patients
with septal rupture, regardless of their clinical status.36

Surgical management is based on six goals. Hypother-
mic cardiopulmonary bypass with optimal myocar-
dial protection should be promptly established.35 The
septal rupture should be approached through the in-
farct, and all necrotic and friable margins of the sep-
tum and ventricular walls should be excised to avoid
postoperative hemorrhage, a residual septal defect, or
both.35 Prosthetic material should be used to recon-
struct the septum and the ventricular walls, and the
geometric configuration of the ventricles and func-
tion of the heart should be preserved.35 The septal

rupture should be closed by a method chosen accord-
ing to its location — apical, anterior, or posterior.35

The mitral valve should undergo concomitant repair
or replacement if indicated. Coronary-artery bypass
grafting should be performed in patients with multi-
vessel coronary artery disease, although there is no
need to bypass the artery responsible for the infarct-
ed septum.35 Newer surgical techniques, which avoid
direct incision of the ventricles, can be used in select-
ed patients. Exposure of the septum through the right
atrium may reduce the risk associated with early sur-
gery by averting additional damage to the left ventri-
cle and decreasing the risk of postoperative bleeding.42

In selected patients, percutaneous closure of septal
rupture with catheter-based devices may be an alter-
native to surgical repair.43-45 Although only a few case
reports have been described to date, several points
should be stressed. As the site of the septal rupture in
patients with myocardial infarction becomes surround-
ed by fragile necrotic tissue, attempts to pass the clo-
sure device through the site may increase the size of
the rupture. The septal rupture in patients with an-
terior infarction is usually near the apex, whereas in
patients with inferior infarction it is usually near the
base of the right and left ventricular free wall. Thus,
it may not be possible to open the wings of catheter-
based closure devices such as the Amplatzer (AGA
Medical) completely without distorting the right or
left ventricle. Moreover, in patients with inferior in-
farction, the septal ruptures are usually basal and
thus close to the tricuspid and mitral valves. Conse-
quently, positioning and opening the sealing devices
may markedly impinge on these valves and cause tri-
cuspid or mitral regurgitation (or both).

POSTOPERATIVE CARE

Postoperative care is directed toward reversing car-
diogenic shock and incipient multiorgan failure, par-
ticularly in elderly patients. The management of right
ventricular failure is aimed at reducing afterload while
maintaining systemic arterial pressure. Optimal man-
agement includes continuation of an intraaortic bal-
loon pump, pharmacologic inotropic support, control
of arrhythmias, optimization of volume status, correc-
tion of metabolic acidosis and coagulopathy, institu-
tion of dialysis for oliguric renal failure, reversal of the
catabolic state with nasogastric-tube feeding, and slow
weaning from ventilatory support once all hemody-
namic and metabolic variables have been stabilized.

Echocardiography is essential to assess the com-
pleteness of the repair, to determine whether septal
rupture has recurred as a result of dehiscence of the
interventricular patch, and to evaluate right and left
ventricular function, since such knowledge will be
used to guide pharmacologic and mechanical sup-
port.46 Patients with severe and persistent hypoxemia
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and systemic organ desaturation should be evaluated
for a patent foramen ovale.47

PROGNOSIS

In the prethrombolytic era, outcomes after septal
rupture were extremely poor, with an in-hospital mor-
tality rate of approximately 45 percent among surgi-
cally treated patients and 90 percent among those
treated medically.3,48,49 In the SHOCK trial, the in-
hospital mortality rate was significantly higher among
patients in cardiogenic shock as a result of septal rup-
ture than among patients with all other categories of
shock (87.3 percent, as compared with 59.2 percent
among those with pure left ventricular failure and
55.1 percent among those with acute mitral regurgi-
tation).50 Surgical repair was performed in 31 patients
with septal rupture (56 percent), 21 of whom under-
went concomitant bypass surgery, and 6 of whom (19
percent) survived. Of the 24 patients who were treat-
ed medically, only 1 survived.22 Pretre et al. reported
that among 54 patients who underwent surgical repair
of a ventricular septal rupture, 28 underwent concom-
itant coronary-artery bypass surgery (52 percent), 14
died after surgery (26 percent), and 19 (35 percent)
died during follow-up (mean follow-up, 42 months).51

The cumulative survival rate (including perioperative
deaths) was 78 percent at 1 year, 65 percent at 5 years,
and 40 percent at 10 years. Thus, the mortality rate
among patients with ventricular septal rupture remains
extremely high, even in the reperfusion era. In the
GUSTO-I trial, the 34 patients who underwent sur-
gical repair had a lower 30-day mortality rate than
the 35 patients who were treated medically (47 per-
cent vs. 94 percent, P<0.001) as well as a lower 1-year
mortality rate (53 percent vs. 97 percent, P<0.001).6

However, selection bias may have accentuated the dif-
ferences in the rates.

For patients who survive surgery, the long-term
prognosis is relatively good.6,47 Crenshaw et al. report-
ed a mortality rate of only 6 percent among patients
who survived the first 30 days after surgery.6 Among
60 patients who survived surgical repair, the 5-year
survival rate was 69 percent, the 10-year survival rate
was 50 percent, and the 14-year survival rate was 37
percent.49 Eighty-two percent of these patients were
in New York Heart Association class I or II at follow-
up, and angina and other medical problems were not
prevalent.

The immediate preoperative hemodynamic status is
a major determinant of the postoperative outcome,2,37

rather than the ejection fraction or the size of the
intracardiac shunt. In the GUSTO-I trial, all 8 patients
with septal rupture who were in Killip class III or IV
at presentation died, as compared with 53 of 74 pa-
tients (72 percent) who were in Killip class I or II at
presentation.6 Among patients who are undergoing

surgical repair, the prognosis is associated with the
preoperative systolic blood pressure and right atrial
pressure and the duration of cardiopulmonary by-
pass.35,52 Patients whose systemic arterial blood pres-
sure remained high had the best prognosis. The com-
bination of an elevated right atrial pressure with a low
systemic blood pressure was associated with an ex-
tremely poor prognosis.2,52 Right ventricular function
is also a predictor of survival.5 Others report that re-
nal failure20 and diabetes mellitus35 are strong nega-
tive predictors of survival after surgery. Patients with
septal rupture complicating inferior rather than an-
terior myocardial infarction have the poorest out-
come.2,5,20 No correlation has been demonstrated be-
tween the risk of early death and age or sex.20 Blanche
et al. found that preoperative use of an intraaortic bal-
loon pump reduced immediate postoperative mortal-
ity, but it was not associated with an improved long-
term prognosis.35

The development of a residual or recurrent septal
defect is reported in up to 28 percent of patients who
survive repair and is associated with high mortality.47

In asymptomatic patients who have a small residual
left-to-right shunt, conservative therapy may be war-
ranted.47 In patients who have clinical heart failure
or a pulmonary–systemic shunt fraction of more than
2.0, repeated surgical intervention is clearly indicat-
ed to improve the outcome.47

Dr. Birnbaum reports having served as a consultant and lecturer and re-
ceived research support from Pfizer, Merck, and Aventis.
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