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Background Post-infarction ventricular septal defect (PIVSD) is a rare, life-threatening complication of acute myocardial infarction (AMI). Few 
studies report the use of mechanical circulatory support (MCS) for the treatment of cardiogenic shock in this setting. We describe 
our experience using a microaxial, transvalvular device (Impella, Abiomed, Danvers, MA, USA) as a bridge-to-closure for PIVSD.

Case summary We identified 13 patients from two centres with cardiogenic shock due to PIVSD who received an Impella device between January 
2016 and February 2022. Nine patients were transferred from another hospital, three with MCS devices [two intra-aortic balloon 
pumps (IABP), 1 Impella CP]. Eight patients received Impella 5.0, three received Impella 5.5 (one escalated from Impella CP), and 
two received Impella CP. The median time from AMI to Impella insertion was 5 (3–6) days. Five patients died on Impella support 
without an attempt to close the ventricular septum (VSD). Seven patients underwent successful VSD closure: six had surgical and 
one had percutaneous closure. One patient died during attempted percutaneous closure. Time from Impella insertion to VSD clos-
ure was 10.5 (7.8–14.0) days. Time from AMI to Impella was 5.0 (2.0–5.3) days in the group that survived to closure, and 6.0 (4.0– 
7.0) days in those who did not. Thirty-day mortality was 46%.

Discussion Support with Impella improved clinical stability in most patients, yet multi-system organ failure leading to death occurred in many 
patients. Patients who survived closure had earlier time from AMI to Impella, underscoring that prompt recognition of PIVSD and 
initiation of MCS may improve survival to surgical or percutaneous closure.
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Learning points
• Post-infarction ventricular septal defect (PIVSD) is a rare but highly lethal complication of myocardial infarction.

• Haemodynamic support with a micro-axial transvalvular device placed via the axillary artery may stabilize patients until definitive percutan-
eous or surgical closure of the PIVSD.

• Prompt recognition of VSD and initiation of MCS may improve survival to surgical or percutaneous closure.
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Introduction
Rupture of the ventricular septum (VSD) is a rare, life-threatening com-
plication of acute myocardial infarction (AMI). In the Global Utilization of 
Streptokinase and Tissue Plasminogen Activator for Occluded Coronary 
Arteries (GUSTO) registry, 0.2% of the patients had post-infarction VSD 
(PIVSD), and mortality without surgical repair was 94%.1 In the contem-
porary era, post-infarction mechanical complications remain uncom-
mon, but PIVSD is the most frequent with an overall prevalence of 
0.21% amongst patients with ST-segment elevation myocardial infarction 
(STEMI).2 Despite advances in the management of AMI, in-hospital mor-
tality remains high at 71% in a contemporary French registry.3 Delaying 
closure of the PIVSD to allow for scarring of the infarcted tissue is asso-
ciated with improved surgical outcomes, yet there is no consensus on the 
optimal timing of surgical or percutaneous closure.4,5

Little data is available to guide the management of patients with 
PIVSD who are awaiting VSD repair, particularly those with cardio-
genic shock (50–60% in American and Japanese surgical registry 
data, respectively).5,6 Left-to-right shunting from PIVSD has been 
found in computer modelling to decrease cardiac output and in-
crease left ventricle (LV) diastolic volume, pulmonary flow, and pul-
monary capillary wedge pressure.7 The aim of both medical and 
device management is to reduce left-to-right shunting and increase 
forward flow. Historically, the intra-aortic balloon pump (IABP) has 
been used to support patients as a bridge-to-closure. Advances in 
mechanical circulatory support (MCS) devices have renewed inter-
est in alternative strategies to the initial management of patients 
with PIVSD. Computational modelling predicts that microaxial 
transvalvular devices will decrease pulmonary capillary wedge pres-
sure and flow across the VSD while increasing cardiac output and 
mean arterial pressure.7 In addition to its predicted haemodynamic 
effects, placement of an Impella 5.0/5.5 (Abiomed, Danvers, MA, 
USA) in the axillary artery allows for early patient mobilization 
with few adverse events.8 Use of an axillary Impella is thus a 

theoretically appealing strategy to support patients with PIVSD un-
til definitive closure.

The low-frequency and high-mortality of PIVSD undermine attempts 
to collect large case numbers, and the literature reporting Impella use in 
this setting is limited. Here we describe a contemporary experience 
from two cardiac centres using Impella as bridge-to-closure, both sur-
gical and percutaneous, in patients with PIVSD.

Summary figure
Sequence of events for post-infarct ventricular septal defect patients 
included in the study. PCI, percutaneous coronary intervention; 
VSD, ventricular septal defect. Data presented as median (interquartile 
range) or n (%).

Methods
Study design, setting, and patient population
The electronic medical record was used to identify patients hospitalized at 
Providence St. Vincent Medical Center and Peace Health Sacred Heart 
Medical Center between January 2016 and February 2022. All patients 
with PIVSD who received an Impella device were included in the study. 
This study was approved by the institutional review boards at both centres, 
with a waiver of informed consent.

Device information and management
Impella devices are micro-axial flow pumps placed retrograde across the 
aortic valve into the LV and aspirate blood from the LV into the ascending 
aorta. Two types of Impella microaxial flow pumps (Abiomed, Danvers, 
MA, USA) were used in this study. The Impella 5.0 has a pigtail and uses steel 
bearings, whereas the 5.5 has ceramic bearings, no pigtail, and a shorter 
motor.

Both devices are inserted over a wire into the LV through a vascular graft 
(8–10 French) anastomosed to the axillary artery. After adequate surgical 
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hemostasis, unfractionated heparin was administered per hospital protocol. 
Devices were generally run at the higher ranges of P-values (P 7–9) to pro-
vide maximal reduction in LV pressure and volume. Echocardiography was 
performed as clinically indicated to ensure pump position and to assess car-
diac function. One patient was implanted with a ProtekDuo right ventricu-
lar assist device (RVAD) (Liva Nova, London). The ProtekDuo is a 
dual-lumen cannula inserted via the jugular vein, with the proximal inflow 
positioned in the right atrium and the distal lumen in the main pulmonary 
artery. The cannula lumens are attached to the TandemHeart (Liva Nova, 
London) pump, providing up to 5 L/m of flow.

Data collection and analysis
Data was collected from the electronic medical record, including type and 
sequence of MCS devices, time from myocardial infarction (MI) to VSD 
diagnosis, and laboratory and haemodynamic data. Outcome data included 
bleeding, renal replacement therapy, limb ischaemia, haemolysis, stroke, ac-
cess site complications, arrhythmia, and survival at 30 days.

Descriptive statistics are presented as median and interquartile range or 
counts and percentages. Between-group comparisons to test for statistical 
significance were not performed due to the small sample size and perceived 
marginal utility of such an analysis.

Results
Of the thirteen patients identified, three were female, and the average 
age was 70 (66–72) years (Table 1). Nine patients were transferred 
from another hospital, three with MCS devices (two IABP, one 
Impella CP). Eight patients received Impella 5.0, three received 
Impella 5.5 and two patients received an Impella CP (Central Figure). 
One Impella 5.5 patient with the right coronary artery (RCA) infarct 
was escalated from CP, with simultaneous placement of a Protek 
Duo RVAD. Five patients presented with RCA infarction and eight 
with left anterior descending artery (LAD) infarction, with nine patients 
receiving percutaneous coronary intervention (PCI) of the culprit ar-
tery at the time of presentation. Ten out of thirteen patients had max-
imal Society for Cardiovascular Angiography and Interventions (SCAI) 
shock stage D. Of the 10 patients with VSD size measurements avail-
able in their charts, the median size was 2.0 cm and ranged from 0.9 
to 3.0 cm.

The median time from AMI to VSD diagnosis was 4 (3–5) days and 
from AMI to Impella insertion was 5 (3–6) days. The average duration 

of mechanical support was 12 (10–14) days and initial MCS insertion to 
VSD closure was 10.5 (7.8–14.0) days. One patient died during at-
tempted percutaneous closure, with seven patients receiving surgical 
(6) or percutaneous closure (1) and surviving to thirty days. Time of 
Impella support was 5.0 (7.8–12.0) days in patients who received 
Impella CP and 12.0 (11.0–14.0) days in those who received Impella 
5.0/5.5.

Characteristics of patients who survived closure (n = 8) vs. those 
who did not (n = 5) are shown in Table 2. Survivors were younger 
(67 vs. 72 years old) and more often male (n = 6). Six of the eight pa-
tients (75%) who survived to closure presented with LAD infarcts. 
Survivors had shorter time from AMI to VSD diagnosis (3.5 vs. 5.0 
days), shorter time from AMI to initial MCS (5.0 vs. 6.0 days), and longer 
total Impella time (14.0 vs. 7.0 days).

Thirty-day mortality in this cohort was 46% (n = 7), with non- 
survivors developing multi-system organ failure leading to withdrawal 
of care. Only one patient received renal replacement therapy concomi-
tant with Impella and did not experience renal recovery. Importantly, 
no neurological complications were observed during Impella support. 
Serious access site complications were rare and included one access 
site haematoma and one arterial thrombotic occlusion incidentally 
noted and treated by right subclavian thrombectomy at the time of 
Impella 5.0 removal. Another patient required surgical embolectomy 
for non-access site-related arterial thrombosis. However, all three pa-
tients survived and were discharged home after successful VSD closure. 
Two patients required transfusion for non-surgical site bleeding, with 
one patient requiring surgical intervention for oropharyngeal bleeding 
from intubation. There was no clinical evidence of intravascular haem-
olysis in any patient nor in the patients (N = 9) who had routine mon-
itoring of serum lactate dehydrogenase.

Discussion
In this case series from two centres, we report the feasibility of using 
transvalvular, microaxial flow devices (Impella) to support patients 
with PIVSD until percutaneous or surgical VSD closure. The median 
MCS support time on Impella was nearly two weeks, facilitated by 
the insertion of the device into the axillary artery in the majority of pa-
tients. Most of the patients were transferred from a level one shock 
centre. We observed a trend for earlier diagnosis and MCS support 
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Table 1 Characteristics of study patients

Age/sex EF, % Infarct location PCI VSD location VSD Size, cm Mechanical support devices Survived to closure

70/M 70 RCA Yes Inferoseptal 1.0 Impella 5.0 Y

63/F 25 LAD Yes Inferoseptal 1.0 Impella 5.5 Y

66/F 25 LAD No Apical 1.0 Impella 5.0 Y
73/M 65 RCA Yes Inferoseptal 2.4 Impella CP −> Impella 5.5 + RVAD Y

57/M 30 LAD Yes Apical 2.0 Impella 5.5 Y

72/M 45 LAD No Anterior 2.0 Impella 5.0 Y
68/M 30 LAD No Anterior 2.0 Impella 5.0 Y

63/M 40 LAD Yes Anterior 3.0 Impella 5.0 Y

72/F 65 RCA Yes Basal Inferoseptal N/A Impella 5.0 N
78/M 60 RCA No Basal Inferoseptal 2.15 IABP −> Impella 5.0 N

66/M 75 RCA Yes Inferoseptal N/A Impella 5.0 N

72/M 45 LAD Yes Apical 0.9 IABP-Impella CP N
74/M 25 LAD Yes Inferoseptal N/A Impella CP N

EF, ejection fraction; F, female; IABP, intra-aortic balloon pump; LAD, left anterior descending artery; M, male; PCI, percutaneous coronary intervention; RCA, right coronary artery; 
RVAD, right ventricular assist device; VSD, ventricular septal defect.
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in patients with PIVSD who survived closure. Of patients who under-
went successful closure, all survived for 30-days.

Ventricular septal defects are a rare complication of AMI associated 
with high morbidity and mortality, even in the contemporary era. An 
increased prevalence of PIVSD was observed during the COVID-19 
pandemic due to delays in the presentation and treatment of AMI.9–11

Ideally, percutaneous or surgical closure of the PIVSD should be de-
layed to allow for fibrosis of the newly infarcted tissue.12,13 Though 
there are no randomized trial data supporting the optimal procedural 
timing or method of closure, a contemporary registry suggests that in- 
hospital mortality is lower with surgical PIVSD repair compared to per-
cutaneous closure.14 In addition, based on US registry data, a delay of at 
least 7 days is associated with lower surgical mortality.15 Patients who 
develop cardiogenic shock while awaiting closure are often managed 
with inotropes and IABP, though there is no consensus on the optimal 
choice of mechanical support for patients who fail this strategy.12

Direct mechanical unloading of the LV with a microaxial, transvalvu-
lar pump simultaneously reduces left ventricular wall stress and myo-
cardial oxygen consumption while increasing cardiac output and 
aortic pressure. Computational simulation of VSD physiology with 
Impella further predicts decreased flow through the VSD.7 Early con-
cerns about the use of microaxial pumps in the setting of PIVSD in-
cluded the possibility of ingestion of necrotic material leading to 
pump failure and neurologic events, as well as the possibility of causing 
right-to-left shunting.16 Notably, we did not observe echocardiographic 
or clinical evidence of right-to-left shunting in our cohort. Further, 
there were no significant access site complications or MCS-related ma-
jor bleeding in our cohort, likely related to the use of surgically im-
planted Impella 5.0 or 5.5 devices. Finally, the use of upper extremity 
cannulation facilitates mobilization of the patient, which can reduce 
the risk of complications during longer durations of MCS support.17

In our cohort of patients with PIVSD, Impella improved clinical sta-
bility, yet 30-day mortality remained high (47%), underscoring the im-
portance of early recognition, monitoring, and treatment to reduce 
progression to later stages of cardiogenic shock. In this series, we ob-
served that survivors were younger and had shorter time from AMI 
to VSD and time from AMI to MCS. Additionally, survivors had a lower 
ejection fraction (35% vs. 60%) before MCS initiation than non- 
survivors, though the interpretation of EF is confounded by varying 

degrees of VSD shunt flow and inotropic support. Non-survivors devel-
oped multi-system organ failure (N = 4) or other complications of pro-
longed hospitalization and cardiogenic shock, such as right ventricular 
failure (N = 1).

Limitations
There are limitations to this study, most notably the small sample size 
which precludes statistical hypothesis testing and robust conclusions. 
Though we present the largest case series reported in the literature 
to date, PIVSD remains a rare condition, making it difficult to gather 
data. For example, there was a lack of complete haemodynamic data 
(pre- and post-MCS) recorded in the medical record for most patients 
in our cohort. There is also the possibility of significant selection and 
survivor bias in this population, as is evident in most cardiogenic shock 
literature. Outcomes from observational, retrospective data for a high- 
mortality condition such as post-infarction VSD, including our study, 
may be limited due to confounding from patient selection and the nat-
ural history of the disease.

Conclusion
In patients with PIVSD, Impella is a safe and feasible bridge-to-closure 
strategy, but morbidity and mortality remain high. Early identification 
of patients, use of MCS, and agreed-upon treatment algorithms could 
increase survival for this rare, highly vulnerable patient population.
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Table 2 Characteristics of patients who survived to 
closure vs. non-survivors

Variable Survivors  
(N = 8)a

Non-Survivors  
(N = 5)

Age, years 67 (63–70.5) 72 (72–74)

Sex, male 6 (75%) 4 (80%)

EF, % 35 (29–50) 60 (45–65)
Peak lactate, mmol/L 3.2 (2.8–4.4) 4.5 (2.4–8.1)

Interval from AMI to VSD diagnosis, 

days

3.5 (1.8–4.0) 5.0 (4.0–7.0)

Interval from AMI to initial MCS 

insertion, days

5.0 (2.0–5.3) 6.0 (4.0–7.0)

Interval from initial MCS insertion to 
VSD closure, days

10.5 (7.8–14.0) N/A

Total Impella time, days 14.0 (12.0–14.5) 7.0 (5.0–10.0)

Data presented as median (interquartile range) or n (%). 
AMI, acute myocardial infarction; EF, ejection fraction; MCS, mechanical circulatory 
support; VSD, ventricular septal defect. 
aSurvivors defined as patients who survived attempted VSD closure.
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