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A B S T R A C T

The COVID 19 pandemic resulted in a total reduction in the number of hospitalizations for acute coronary
syndromes. A consequence of the delay in coronary revascularization has been the resurgence of structural
complications of myocardial infarctions. Ventricular septal rupture (VSR) complicating late presenting acute
myocardial infarction (AMI) is associated with high mortality despite advances in both surgical repair and
perioperative management. Current data suggests a declining mortality with delay in VSR repair; however,
these patients may develop cardiogenic shock while waiting for surgery. Available options are limited for
patients with VSR who develop right ventricular failure and cardiogenic shock. The survival rate is very low
in patients with cardiogenic shock undergoing surgical or percutaneous VSR repair. In this study we present
two late presenting ST elevation MI patients who were complicated by rapidly declining hemodynamics and
impending organ failure. Both patients were bridged with venoarterial extracorporeal membrane oxygen-
ation (ECMO) to cardiac transplant.
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Introduction

The incidence of mechanical complications secondary to acute
myocardial infarction (AMI) has declined significantly in the past few
decades due to advances in early reperfusion with primary percuta-
neous coronary intervention (PCI) strategy.1 Despite a decline in the
number of hospitalizations for acute coronary syndromes in the early
months of the COVID-19 pandemic,2 the incidence of mechanical
complications has risen.3 This is most likely due to delay in revascu-
larization, which is an established risk factor for development of
mechanical complications following AMI.1

Parikh et al. reported two patients with late presenting AMI com-
plicated by VSR.4 One patient expired due to multi-organ failure
despite mechanical circulatory support. Second patient underwent
surgical repair after a failed percutaneous VSR closure. Similar to the
reports from other centers, we have been encountering mechanical
complications of late presenting AMI with higher frequency during
COVID-19 pandemic compared to the pre-pandemic era. In this
report we describe the clinical course of two patients with VSR sec-
ondary to late presenting AMI who eventually underwent orthotropic
heart transplant at our tertiary medical center.
Patient 1

A 56-year-old man presented to the emergency room with 5 days
of exertional angina and shortness of breath. A 12-lead ECG demon-
strated anterolateral ST-elevation myocardial infarction (STEMI).
Emergent left heart catheterization (LHC) showed culprit 100% occlu-
sion of the proximal left anterior descending artery (LAD) and chronic
total occlusion of right coronary artery (RCA). Despite undergoing
coronary intervention with placement of drug eluting stents (DES),
he had no reflow due to organized thrombus and he developed hypo-
tension requiring escalating doses of vasopressors. Emergent right
heart catheterization (RHC) demonstrated elevated filling pressures
with a pulmonary artery oxygen saturation of 83%. A stat echocardio-
gram revealed a moderate to large sized ventricular septal rupture
(VSR) in the distal third of the interventricular septum with a Qp:Qs
ratio of 1.3 and presence of a left ventricular (LV) apical thrombus
(Fig. 1, video 1 and video 2 in supplementary materials). The LV ejec-
tion fraction was estimated to be 32% with concomitant right ventric-
ular (RV) dysfunction as evidenced by a tricuspid annular plane
systolic excursion (TAPSE) of 1.2 cm.

An intra-aortic balloon pump (IABP) was placed for afterload
reduction and to temporize his hemodynamic instability. Structural
heart and cardiothoracic surgery teams were consulted to determine
potential VSR closure options. Due to the apical location of the VSR
and presence of LV thrombus he was deemed not to be a suitable
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Fig. 1. Transthoracic echocardiogram showing the ventricular septal rupture (orange arrow) in subcostal view.
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candidate for percutaneous closure of the defect. Thus, it was felt that
surgical closure with concurrent bypass of the RCA was most appro-
priate clinically.

While awaiting surgical repair, the patient developed worsen-
ing cardiogenic shock with elevation in biventricular filling pres-
sures (Table 1). The presence of an LV thrombus precluded the use
of Impella. He was referred for veno-arterial extracorporeal mem-
brane oxygenation (VA-ECMO) with placement of an atrial septal
drainage cannula for LV venting as a bridge to cardiac replacement
therapy given the profound irreversible nature of his hemody-
namic compromise.

The patient was evaluated by the advanced heart failure service
and he was listed for a heart transplant. Six days later, he underwent
Table 1
Hemodynamics pre and post mechanical circulatory support.

Patient 1 Patient 2

Pre-MCS Post-MCS Pre-MCS Post-MCS

RAP (mmHg) 11 11 11 12
RVP (mmHg) 55/20 55/14 43/15 Not available
PAP (mmHg) 48/24 45/19 45/22 15/12
PAPi 2.5 2.4 2.0 0.25
PCWP (mmHg) 22 20 19 13
Cardiac output (L/min) 2.9 6.0 6.6 Not available
Cardiac index (L/min/m2) 1.2 2.5 3.8 Not available
CPO (Watts) 0.47 0.9 3.8 Not available
Lactate (mmol/L) 2.4 0.8 1.8 0.8
Creatinine (mg/dl) 1.8 0.9 1.3 0.8
AST/ALT (units/L) 142/281 85/67 26/15 71/27

MCS: mechanical circulatory support; RAP: right atrial pressure; RVP: right ventricle
pressure; PAP: pulmonary artery pressure; PAPi: Pulmonary Artery Pulsatility index=
(systolic PAP-diastolic PAP)/RAP ; PCWP: pulmonary capillary wedge pressure; CPO:
cardiac power output= (mean arterial pressure x cardiac output)/451 ; AST: aspartate
transaminase; ALT: alanine transaminase.
uncomplicated orthotopic heart transplantation, and he was dis-
charged on postoperative day 25 with intact end organ function.
Patient 2

A 53-year-old man presented to an outside hospital with 7 days of
progressive exertional chest pain. A 12-lead ECG demonstrated ante-
rolateral STEMI and an emergent LHC revealed 95% stenosis of the
mid-LAD and first diagonal artery. Despite revascularization of the
LAD with 2 overlapping DES, he developed cardiopulmonary collapse,
requiring escalation of vasopressors, placement of an IABP and
mechanical ventilation. RHC demonstrated elevated filling pressures
and a pulmonary artery oxygen saturation of 87% (Table 1). A stat
echocardiogram revealed a large apical VSR (Fig. 2, Video 3 in supple-
mentary materials) with an LV ejection fraction of 45% and normal
RV function with an estimated TAPSE of 1.9 cm.

The multidisciplinary cardiogenic shock team was convened, and
the patient was transferred to our center for further management.
Upon arrival, mechanical circulatory support was escalated to VA-
ECMO for cardiopulmonary support with placement of an atrial sep-
tal drainage cannula for LV venting, as a bridge to definitive therapy.
Structural heart and cardiothoracic surgery teams were consulted to
determine potential VSR closure options. Given the large size of the
VSR, a surgical approach was favored.

While awaiting surgery, serial echocardiograms demonstrated
progressive RV failure. The advanced heart failure service evaluated
the patient and he was listed for heart transplant. He remained on
VA-ECMO for 16 days prior to undergoing successful, uncomplicated
heart transplantation. On post-operative day 4, the patient was noted
to have ischemic changes of bilateral toes and an arterial ultrasound
demonstrated bilateral digital disease consistent with distal
thrombo-embolization, a complication of ECMO necessitating



Fig. 2. Transthoracic echocardiogram showing the ventricular septal rupture (orange arrow) in subcostal view.
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amputation of his toes. On postoperative day 25, patient was dis-
charged home and continues to do well.

Discussion

In the absence of surgical repair, the in-hospital mortality rates
associated with mechanical complications following AMI exceed
90%.5 Historically, surgical repair is the treatment of choice for VSR
complicating AMI. Despite the advances in surgical techniques and
perioperative care the mortality rate after surgical repair remains
high.6 In a recently published meta-analysis of 41 studies, Matteucci
et al. reported an operative mortality of 38.2% (2430 deaths out of
6361 patients).7 Reoperation was performed for residual or recurrent
VSR in 7.4% of patients. The post-operative mortality is even higher
in patients with RV dysfunction and patients with cardiogenic
shock.7,8 In recent years percutaneous repair has been proposed as
an alternative option in selected patients with high surgical risk and
simple rupture amenable to percutaneous repair.1 Schlotter et al. in a
meta-analysis of 13 studies showed a 30-day mortality of 32%
(14�75%) in patients who underwent percutaneous repair.9 Serious
procedural complications were device embolization, arrhythmia and
left ventricular rupture. Similar to surgical repair, post percutaneous
repair survival rate in the presence of cardiogenic shock is extremely
poor.8,10 In one study, 30-day mortality rate after percutaneous repair
was significantly higher in patients with cardiogenic shock (88%)
compared to non-shock patients (38%).10

Given the acuity of illness in these patients, timing of surgery
remains controversial.1 There is a significant survival rate improve-
ment with delay in VSR repair11; however the development of hemo-
dynamic compromise requires systemic support to maximize
survival while improving potential success of VSR repair. Arnaoutakis
et al. in a retrospective study of the Society of Thoracic Surgeons’
database demonstrated the highest mortality in patients who under-
went repair in the first 24 h.12 Surgical repair in the first 7 days was
associated with higher mortality (54.1%) compared with intervention
after 1 week (18.4%).12 Mechanical circulatory support (MCS) has
emerged as a potentially suitable temporizing measure for hemody-
namic stabilization prior to definitive treatment, as demonstrated in
case series.13

VA-ECMO has been used successfully in patients with cardiogenic
shock complicating AMI-VSR.5 Timely initiation of VA-ECMO opti-
mizes tissue perfusion and prevents irreversible end organ failure.13

Despite full cardiopulmonary support, VA-ECMO increases LV after-
load resulting in enhanced left to right shunting, and progressive RV
dysfunction.14 Strategies to vent the LV (i.e. IABP, Impella, atrial sep-
tostomy or transatrial drainage cannula) may mitigate these unfavor-
able hemodynamic effects.14

Both of our patients stabilized hemodynamically with VA-ECMO
but showed deteriorating RV function. Since RV dysfunction is associ-
ated with higher mortality and poor outcomes post AMI-VSR surgical
repair,15 they were listed for heart transplantation.

Conclusion

In the era of COVID-19, heightened public awareness about the
potentially fatal consequences of delay in clinical presentation for
symptoms suggestive of AMI is imperative. In the case of VSR compli-
cating AMI, VA-ECMO with tailored LV venting may be a viable strat-
egy for hemodynamic stabilization and bridging to surgical repair or
cardiac replacement therapy.
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