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The outcomes of patients with acute myocardial infarctions (AMI) have significantly improved with

advances in early reperfusion strategies; however, patients with massive infarcts or those who do not receive

timely revascularization may develop mechanical complications of AMI. The most common mechanical

complications are ventricular septal rupture (VSR), acute mitral regurgitation (MR) due to papillary muscle

rupture, and free-wall rupture. Each complication is associated with a high risk of morbidity and mortality,

and requires a multidisciplinary approach for prompt diagnosis and hemodynamic stabilization. Surgery is

the mainstay of therapy but is associated with poor outcomes if performed too early during the treatment

course for VSR or if performed too late with MR and free wall rupture. Optimal timing for surgery in

combination with temporary circulatory support may be a feasible strategy for better results.
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Introduction

Given the advances in pharmacological, catheter-based
and surgical reperfusion, the mechanical complications
following acute myocardial infarction (AMI) are less
frequent but remain catastrophic in ST-segment
elevation myocardial infarctions (STEMIs) (1). They may
involve the interventricular septum, the ventricular free
wall, or the papillary muscles. Although the incidence
of mechanical complications is low, the associated
mortality rate remains quite high (1). Furthermore,
due to lack of an optimal, evidence-based therapeutic
strategy and complex decision-making involved in the
management of these complications, a multidisciplinary
‘Heart team’ approach is required. With the paucity
of data to guide clinical practice, there is significant
variability in management of these complications (1).
In this review, we discuss the pre- and post-operative role of

temporary mechanical circulatory support (MCS) devices in
surgical repair of post-AMI mechanical complications.

Ventricular septal rupture (VSR)

Ventricular septal defect or VSR is the most common
mechanical complication of transmural AMI with a
reported incidence of around 0.3% (2). VSR is typically
seen 3-5 days after anterior or inferior infarction with older
age, female sex, and delayed reperfusion being the most
common risk factors (3). Anterior infarctions are more
likely to cause apical defects with inferior/lateral infarctions
more likely to cause basal defects at the junction of the
septum and posterior wall (3). Regardless of location, VSR
causes shunting of oxygenated blood from the left to right
ventricle.

The clinical presentation varies from dyspnea to frank
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circulatory collapse depending on the size of the defect,
presence of right ventricular (RV) ischemia or infarction,
or RV overload. Despite improving reperfusion strategies
and mortality with AMI, the outcome of patients who
develop VSR remains poor (3). Initially, classical teaching
was immediate surgical repair, however lately, optimal
timing of surgical treatment is an ongoing debate and
should be discussed amongst the Heart team, including a
cardiac surgeon, heart failure cardiologist, interventionalist,
and a cardiac intensivist. No clear evidence is available
to guide the surgical management of patients who are in
cardiogenic shock and a high mortality is associated with
all strategies (4). Medical management is tricky as use of
inotropes may increase cardiac output and blood pressure
but worsens shunt flow, thereby providing no improvement
to the hemodynamic profile. Similarly, vasopressors
increase blood pressure but worsen shunt flow and decrease
systemic perfusion. Use of vasodilators may be precluded
by hypotension in these critically ill patients (5). Jeppsson
et al. reported a high 30-day mortality rate for VSR (51%
for posterior and 30% for anterior VSR), which rose to 68%
for posterior VSRs operated upon within 48 hours (6). One
of the recommended approaches is to place a percutaneous
MCS device prior to a delayed surgical or percutaneous
intervention (7).

Pre-operative use of MCS

Different types of MCS devices may have different
interactions with the pathophysiology of VSRs, and
the ideal MCS configuration should be tailored to the
patient to avoid maladaptive changes (8). The intra-aortic
balloon pump (IABP) is the most used device that provides
mechanical afterload reduction and decreased left-to-right
shunt flow, which augments cardiac output (9). This can be
utilized routinely, even in hemodynamically stable patients
before the onset of RV failure and end-organ damage.
Moreover, the rupture sites can expand, and the resulting
hemodynamic compromise is rapid and may be fatal (10).
Data suggests that in a substantial group of patients
with VSRs, early initiation of veno-arterial extracorporeal
membrane oxygenation (V-A ECMO) support may be
superior to JABP (11). There are mostly case reports
regarding the use of biventricular V-A ECMO support
in post-infarct VSR (12,13). ECMO-supported patients
should be monitored closely for signs of aortic valve closure,
predisposing individuals to aortic root thrombus formation.
In addition, patients should be monitored for lack of
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improvement or even worsening of left filling pressures,
which may warrant use of a mechanical left ventricular (LV)
venting strategy (5). Extra caution should be exercised when
considering LV venting strategies in patients with VSR, due
to the potential risk of right-to-left shunting deoxygenated
blood and embolization of necrotic LV debris with the
use of an Impella device (Abiomed, Danvers, MA) (1).
Per these case reports, ECMO support is continued post-
operatively to offload both ventricles and reduce risk of
patch dehiscence (12,13).

Theoretically, the presence of an interventricular shunt
and a large area of necrosis (frequently involving the apex
of the heart) may be considered limitations in the use of
peripheral ventricular assist devices (pVADs). However,
there are small case series and case reports regarding the
use of Impella for post-infarct VSR (14-16). Use of Impella
Recover 5.0 in cases of cardiogenic shock due to posterior
ventricular septal defect seems to be a feasible and safe way
to improve hemodynamics while awaiting surgery (14).

Another pVAD, TandemHeart (LivaNova, London,
UK), unloads the failing LV by directing blood from the left
atrium to the pump via an inflow cannula that is inserted
into the femoral vein and advanced across the interatrial
septum into the left atrium. The flow dynamics are similar
to surgically implanted axial flow devices that augment end-
organ perfusion. In our previously published experience, the
TandemHeart pVAD offers additional advantages as it rarely
causes hemolysis and poses minimal risk of aspiration of
necrotic myocardial debris into the pump (17). Additionally,
it does not cause right-to-left shunting since the inflow
cannula is placed in the left atrium. Figure 1 show a surgical
repair of VSR on a patient supported with TandemHeart.
It can also be used in patients with critical aortic stenosis,
left ventricular thrombus, and mechanical aortic valves;
it can truly be placed percutaneously. This device can
provide additional safety during percutaneous VSR closure
where circulatory collapse is a possibility (18). Limitations
include the need for trans-septal puncture, vascular access-
related complications, and the associated risk for cannula
malposition or dislodgement.

There are case reports of other surgical VADs including
intracorporeal continuous-flow axial or centrifugal pumps
used for post-infarct VSR as a bridge to transplantation,
bridge to recovery, or destination therapy (8,19,20). They
are seldom used for first-line pre-operative MCS and are
usually considered in refractory cases who have failed
VSR repair as a bridge to transplant. Patients who are not
responding to percutaneous mechanical support and are not
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Figure 1 Visualization of apical ventricular septal rupture (A) and surgical patch repair of ventricular septal rupture on a patient supported

with TandemHeart (B).

candidates for surgical repair or percutaneous closure due to
size and location of the VSD may be considered for a total
artificial heart as a bridge to transplant (21).

Also, percutaneous closure of VSR is a feasible treatment
option in carefully selected, high-risk patients and may
avoid or delay surgical repair; however, head-to-head
comparisons between the two strategies are lacking (22).
At the end of the day, the key principle in any intervention
post-infarct VSR is to establish adequate circulatory support
ensuring end-organ perfusion and allowing the infarcted
area and adjacent tissue to obtain some degree of healing
fibrotic tissue to ensure suture-line integrity during the
repair (23).

Post-operative use of MCS

Case reports have shown removal of MCS devices at
different timings; however, no data favors any duration
of support post-operatively. Theoretically, post-operative
pVAD support has benefits. First, by unloading the LV,
it may help gradual ventricular reconditioning following
VSR repair. It also helps prevent recurrent septal defect
formation early after surgical repair, thereby decreasing
mortality related to recurrence of VSR. Post-operative
use of TandemHeart reconditions the RV weakened by
left-to-right shunting and reconditions the LV due to low
resistance caused by VSD (17).

Other alternatives for patients who are ineligible
for traditional VSR patch repair include percutaneous
closure, use of mechanical support as bridge to advanced
heart failure therapies including heart transplant or total
artificial heart, and palliative medical therapy. We propose
a simplified algorithm in the management of patients with
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post-infarct VSR depending on clinical condition and other
factors (Figure 2).

Mitral regurgitation (MR)

Acute severe MR from papillary muscle rupture (PMR) is
characterized by acute pulmonary edema, hemodynamic
instability and cardiogenic shock, ultimately leading to mult-
organ failure and death. It is a medical, and often surgical
emergency. Although incidence has declined in the reperfusion
era, the reported in-hospital mortality rate remains high (24).
Prompt surgical intervention remains the mainstay of therapy,
however studies show that the peri-operative mortality rate of
patients undergoing mitral valve surgery for MR ranges from
14.8% to 27% (24). Furthermore, surgical outcomes in patients
undergoing surgery with shock physiology are significantly
worse, as compared to patients without cardiogenic shock.
Medical management and MCS can stabilize patients in the
interim (25).

The mitral valve involves two papillary muscles - the
anterolateral and posteromedial. Anterolateral PMR is
extremely uncommon due to dual arterial blood supply from
the left anterior descending artery and the diagonal or marginal
branch of the circumflex coronary artery. Posteromedial PMR
typically occurs in association with inferior or lateral STEMIs
due to single vessel blood supply from the circumflex coronary
artery or the right coronary artery, depending on dominance
(26,27). PMR can be complete or partial, subsequently
influencing the severity of clinical symptoms.

Initial medical care and resuscitation efforts in the
cardiac intensive care unit involves respiratory support with
non-invasive or invasive mechanical ventilation. However,
choosing a vasopressor or an inotropic agent involves
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Figure 2 Algorithm for management of post-acute myocardial infarction ventricular septal rupture. AMI, acute myocardial infarction; VSR,

ventricular septal rupture; IABP, intra-aortic balloon pump; perc, percutaneous; TAH, total artificial heart.

careful evaluation of hemodynamics as an increase in either
preload or inotropy can increase MR with subsequent
worsening of pulmonary edema. Afterload reduction with
vasodilators is theoretically ideal but is frequently limited by
hypotension in these patients (26).

Pre-operative use of MCS

The pre-operative stabilization of cardiogenic shock with
PMR is complex. Such cases warrant a multi-disciplinary
team discussion and initiation of temporary MCS. The
implantation of an MCS device can stabilize patients and is
generally accepted as the standard of care until urgent surgery
can be performed safely. IABP is a widely available device that
decreases afterload, thereby decreasing the MR. However, it
offers minimal cardiac output augmentation (27,28).

The Impella device offers more robust cardiac output
augmentation and directly unloads the LV, which improves
oxygenation and hemodynamics as it decreases retrograde
flow across the mitral valve (29). ECMO use alone may
increase afterload and potentially worsen the MR (30).
Ventricular distension is commonly seen in these patients.
This is important as it increases the myocyte oxygen
consumption and myofibrillar disarrangement, especially
in the post-operative state. The TandemHeart device can
directly unload the left atrium and potentially offer the best
hemodynamic effect in patients with MR. Also, its use with an
oxygenator (TH-ECMO) can provide prompt hemodynamic
stabilization and resolution of hypoxemia to enable early
surgery and increase the odds of a favorable outcome (31).

There are no randomized control trials of MCS use in
post-MI-MR; only case reports are available. In these cases,
the devices were removed intra-operatively or immediately
post-operatively.

Free-wall rupture

Post-MI free-wall rupture is an infrequent but life-
threatening complication with an incidence ranging from
0.2% to 7.6% (32). Free-wall ruptures involve (I) an abrupt,
slit-like tear associated with acute infarcts within 24 hours;
(II) erosion of the infarcted myocardium with a sub-acute
presentation; or (III) concomitant aneurysm formation with
significant thinning of the septum and subsequent rupture
associated with older infarcts (3).

The clinical presentation varies from catastrophic
cardiogenic shock, electromechanical dissociation and
cardiac arrest, to oozing into the pericardium with
hemodynamic instability (33).

There should be a high index of suspicion for free-
wall rupture in any post-infarction patient with sudden
hemodynamic deterioration, warranting an expedited
echocardiogram to confirm the diagnosis. Surgery is the
only life-saving option in most cases but is associated with
>35% inpatient mortality (32,33).

Limited data suggests that delayed MCS has the
poorest prognosis, so prompt resuscitation is strongly
recommended (34). Reports discuss the use of IABP for
circulatory support but it has a very limited role, if any (33).
There are reports of emergent ECMO placement

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2022;11(3):304-309 | https://dx.doi.org/10.21037/acs-2021-ami-206



308

in patients with cardiogenic shock related to cardiac
tamponade but poor venous return related to tamponade
may impede the ECMO flows (32).

Post-operatively, the use of IABP and other MCS devices
can reduce intra-cavitary pressure of the LV, increase coronary
blood flow, and limit the development of low output state (33).
MCS using VADs can wean patients from cardiopulmonary
bypass after surgical closure of the LV free-wall rupture and
provide LV decompression. However, we need more data to
better evaluate the efficacy and safety of mechanical devices in
the setting of post-infarction free wall rupture.

Conclusions

Post-infarction mechanical complications are associated
with hemodynamic instability and characterized by a
peculiar pathophysiology and hemodynamic profile.
There is evidence, albeit limited, regarding the benefit of
hemodynamic stabilization prior to attempting permanent
repair. Achieving hemodynamic stabilization in critical
patients delays surgical repair. This delay is associated with
improved outcomes, particularly in VSR, and contributes
to improved survival post-surgery. Furthermore, each
MCS device has a different mechanism, and the ideal
MCS configuration should be identified as per patient
characteristics and hemodynamic profiling. Given the
limited data, we need more advanced, dedicated studies
to better clarify the role of MCS as a bridge to definitive
surgical repair in these patients.
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