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Abstract
Purpose of Review This review aims to delineate the actual role of percutaneous intervention in the closure of post-myocardial
infarction ventricular septal defect (post-MI VSD) and to briefly summarize the main steps of this procedure.
Recent Findings Most of the published studies report experiences using Amplatzer devices for post-MI VSD closure. In the acute
phase, morbidity and mortality are quite high up to 70%, with a mean success rate of 90%,with 95% confidence intervals from 60
to 100%, and a 30-day mortality of 40%, with 95% confidence intervals from 0 to 55%. In the chronic phase, that is 14 days after
myocardial infarction, results are very encouraging, with lower morbidity and mortality (23% at 30 days) and a higher rate of
complete closure. A multimodality imaging approach has been proposed in order to increase the success rate of this procedure.
Summary Percutaneous closure is a safe and effective procedure in highly specialized centers and an appropriate patient selection
is of paramount importance to the success of the procedure. Device closure of post-MI VSD can be considered a true alternative
to the standard surgical approach. However, many problems still exist for percutaneous post-MI VSD treatment.
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Introduction

Post-myocardial infarction (MI) ventricular septal defects
(VSDs) are ruptures within a necrotic tissue. Compared
with congenital VSDs, they are not discrete holes, and
one defect may tear into multiple defects. In the era of
reperfusion therapy, rupture of the ventricular septum
may occur in around 0.2% of MI [1]. It is usually observed
in the first 24 h and at 3 to 7-day post-MI and is associated
with very high morbidity and mortality [1]. Risk factors for
post-MI VSDs include advanced age, female gender, and

left anterior descending coronary artery infarction. Medical
therapy alone has a survival rate of less than 8% at 30 days
[2] and of less than 3% at 1 year [1–4]. On the contrary,
surgical and interventional procedures have a 30-day mor-
tality that ranges between 30 and 60% [1–6]. Post-MI
VSDs can present with hemodynamic deterioration and
signs and symptoms of acute heart failure but, as reported
in recent European guidelines, there is no consensus on the
optimal timing for surgery, as an early intervention seems
to have a 20–40% mortality rate and a high risk of recur-
rent ventricular rupture, while a late one bears the risk of
rupture extension and death while waiting for surgery [7••].
Recent reviews describe a lower mortality in patients who
undergo either surgical or interventional post-MI VSD re-
pair at least 2 weeks after MI diagnosis [2], and the Society
of Thoracic Surgeons National Databases seems to confirm
that a longer interval between diagnosis of MI and surgical
repair (> 21 days) is associated with lower odds of opera-
tive mortality [8]. Efforts have been done in order to strat-
ify the prognosis of patients with post-MI VSDs and to
guide their management, with low mean blood pressure
with intra-aortic balloon pump, higher EuroSCORE II,
higher Killip class, and shorter intervals between MI and
VSD development as well as between VSD formation and
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surgical intervention being strong predictors of mortality
[9]. There are evidences showing that concomitant revas-
cularization by CABG to all the stenotic arteries, supplying
the non-infarcted area, improves 30-day mortality [10, 11].

Surgical repair of acutely ruptured myocardium is chal-
lenging, and different techniques have been used [4–6].
Moreover, in the current era, the use of extracorporeal
membrane oxygenation (ECMO) has been proposed as a
bridge to surgical intervention in patients with post-MI
VSD and cardiogenic shock [12•]. Furthermore, an up to
40% risk of post-operative residual shunting has been de-
scribed, with patch dehiscence, development of a new
VSD, or an overlooked second VSD being among the most
important causes for recurrence. Mortality associated with
a redo surgery to repair a recurrent post myocardial infarc-
tion VSD has been reported to be up to 31% [4–6].

Since the first report in 1988 by Lock et al. [13], percuta-
neous post-MI VSD closure has become an option and the
current European guidelines state that it may soon become
an alternative to surgery [7••], useful also to close residual
shunts following surgical post-MI VSD closure [14]. Main
contraindications for transcatheter therapy are defect size >
35 mm, basal VSD rim near the mitral or aortic valves, and
apical VSD without sufficient margins [15].

Devices, Procedure, and Technique of Device
Implantation

The use of a variety of devices has been reported in the
literature. In particular, most of the studies describe the use
of Amplatzer™ (Abbott Laboratories, Abbott Park, IL,
USA) tools such as atrial septal defect occluder, muscular
VSD occluder, and post-infarct muscular VSD occluder
[16–18]. The first one seems to be the worst option espe-
cially in the acute phase [19], while the second and the
third one have better results [20]. The post-infarct muscu-
lar VSD occluder has been described to have a greater
success than the devices used previously [16]. It is similar
to the muscular device, with two important differences: the
connecting waist is longer with a 10-mm length, and the
discs are 10 mm larger than the connecting waist. The
device is available in sizes that range from 16 to 24 mm
in 2-mm increments and can be delivered through 9 to 10-
Fr-long sheaths. The size of the device is usually chosen as
having a waist at least 4 mm larger than the stretched di-
ameter of the VSD found on the transesophageal
echocardiography.

The principal steps of the procedure are similar to those
used for closure of muscular defects. There are two major
differences. First, patients are usually in critical clinical
conditions, often requiring inotropic and/or mechanical

support with intra-aortic balloon pumping, ECMO, or
Impella. Second, when possible, it is advisable to perform
percutaneous coronary arterial revascularization before
attempting closure of the ventricular septal defect.

The vascular venous access is usually obtained from the
jugular vein, while the femoral vein access is used for anterior
defects. An arterial access is also gained through the femoral
artery. The defect is commonly crossed from the left ventricle
by using a right coronary artery catheter (Cordis Corporation,
Miami Lakes, FL, USA) and an exchange angled torque wire
(0.035-in. Terumo wire, Terumo Corporation, Tokyo, Japan).
The wire is often directed towards the pulmonary artery where
it is snared and pulled out from the venous access in order to
create an arterio-venous circuit (Fig. 1a–c). The Terumo wire
can be exchanged for an AGA exchange rope wire. The defect
can be balloon-sized to be sure that the guide wire is not
trapped around a cord or that the wire is not crossing the
largest hole. Finally, balloon sizing may be useful in order to
rule out multiple defects (Fig. 1d).

Sometimes, in particular in the presence of apical defects, it
may be easier to enter the defect from the right ventricle
directing the guide wire in the left ventricle and the aorta
where it is snared.

Echocardiography (usually transesophageal) is very useful
in order to visualize the maximum left ventricular, septal, and
right ventricular orifices of the defect itself and to look after
the guide wire crossing these openings. Sometimes, in order to
improve the visualization of apical defects, transthoracic im-
aging may be more useful.

The next steps include the progression of the long sheath
over the artero-venous circuit, the opening of the left ventric-
ular disc (Fig. 1e), the approximation of the left ventricular
disc to the left ventricular aspect of the septum, the opening of
the right ventricular disc (Fig. 1f), and finally the release of the
device.

Sometimes, some special techniques could be useful to
succeed, such as the over-the-wire device implantation [21]
or the goose-neck snare-assisted techniques [22].

Successful use of the Gore septal occluder (GSO) (W. L.
Gore and Associates, Flagstaff, AZ) has also been de-
scribed in case reports, adopting the standard percutaneous
technique [23].

Results

Various complications can occur due to the percutaneous in-
tervention: tamponade subsequent to perforation of the ven-
tricular wall [24], partial or total dislocation of a successfully
deployed device into the right ventricle, persistent shunting
from device dysfunction, or partial dislocation of deployed
occluders that can result in infective endocarditis in the future
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[25], arrhythmias [26], hemolysis [27], and tricuspid leaflet
flail due to chordal rupture [28].

Several studies have reported the experiences using
Amplatzer devices in these subjects [16–20, 24, 29–34].
These papers show that, in the acute phase, morbidity and
mortality are quite high up to 70%, and the rate of successful
closure is low. In fact, pooling all data from the literature, we
calculate a mean success rate of 90%, with 95% confidence
intervals from 60 to 100%, and a 30-day mortality of 40%,
with 95% confidence intervals from 0 to 55%.

In the chronic phase, that is 14 days after myocardial in-
farction, results are very encouraging, with lower morbidity
and mortality (23% at 30 days) and a higher rate of complete
closure [24].

There are several limitations to the currently available op-
tions. Devices should be available in larger sizes, should be
softer, and endothelialized quickly. Furthermore, improve-
ments in imaging should help in selecting subjects who could
beneficiate from a percutaneous treatment. A detailed in vivo
description of the dynamic anatomy of post-MI VSDs has
been published, highlighting the complex characteristics of
these defects with VSD edges that can be thin and akinetic
and with some defects that can get larger and some smaller in
systole, meaning that single-phase imaging may not adequate-
ly assess size [35•]. Therefore, a multimodality imaging ap-
proach is actually emphasized in the literature [36].

Place in Clinical Management

Treatment of a post-myocardial infarction VSD remains a
major challenge in particular in the acute phase. In several
centers, only subjects surviving more than 3–4 weeks are
considered for closure (either surgical or percutaneous).
This improves the procedural results; however, an earlier
aggressive approach may salvage more subjects.
Recurrent post-infarction VSD following surgical patch
repair may beneficiate from transcatheter closure as the
treatment of choice.

Conclusions

In summary, the currently available data shows that, in
particular after the introduction of the VSD Amplatzer
devices, percutaneous closure is a safe and effective pro-
cedure in highly specialized centers. Appropriate patient
selection is of paramount importance to the success of the
procedure. Device closure of post-MI VSD can be consid-
ered a true alternative to the standard surgical approach,
both in the acute and subacute phase post MI, bearing in
mind that an acute approach, usually reserved for hemo-
dynamically unstable patients, has a higher mortality. The
percutaneous approach can be regarded as the first

Fig. 1 a Left ventricular angiography in the left anterior oblique view
showing a left-to-right shunting through a post-MI VSD. b Fluoroscopy
in the left anterior oblique view showing the guide wire through the VSD.
c Fluoroscopy in the anterior-posterior view showing the guide wire
caught by a goose-neck snare to create the arterio-venous circuit. d Left
ventricular angiography in anterior-posterior view with a sizing balloon

across the VSD. No further defects are shown. e Left ventricular
angiography in the anteroposterior view showing a device properly
placed. The device is still attached to the delivery cable. A transthoracic
echocardiographic monitoring is performed. f Guide wire is removed.
Left ventricular angiography shows trivial intra-prosthetic shunting
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treatment for residual post-surgical defects. However,
many problems still exist for percutaneous post-MI VSD
treatment. Therefore, further improvements in technology
are needed in order to overcome present limitations and
risk of complication.
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