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Abstract

This case report describes the management of a large iatrogenic ventricular septal defect (VSD) created by the coring device

during systemic ventricular assist device (RVAD) insertion in a 16 year-old patient with congenitally corrected transposition of

the great arteries. The VSD was closed by bovine pericardial patch and the ventriculotomy was extended laterally to relocate

the VAD sewing ring. After RVAD implantation, patient initially remained cyanotic, potentially due to a tiny VSD patch

leak with right to left shunting. Hypoxia was successfully corrected by rescue nitric oxide infusion and patient was bridged to

transplant after 91 days.
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Abstract (97/150 words)

This case report describes the management of a large iatrogenic ventricular septal defect (VSD) created by
the coring device during systemic ventricular assist device (RVAD) insertion in a 16 year-old patient with
congenitally corrected transposition of the great arteries. The VSD was closed by bovine pericardial patch
and the ventriculotomy was extended laterally to relocate the VAD sewing ring. After RVAD implantation,
patient initially remained cyanotic, potentially due to a tiny VSD patch leak with right to left shunting.
Hypoxia was successfully corrected by rescue nitric oxide infusion and patient was bridged to transplant
after 91 days.

Abbreviations

ccTGA - congenitally corrected transposition of the great arteries

CPB – cardiopulmonary bypass

iNO – inhaled nitrous oxide

RV – right ventricle

RVAD - right ventricular assist device

TEE – transesophageal echocardiogram

VSD – ventricular septal defect

Introduction

Optimal pump positioning is important for adequate ventricular unloading and post-surgical outcomes for
patients undergoing ventricular assist device (VAD) implantation.1 Furthermore, the geometry of the ven-
tricles and the position of the ventricular septum in patients with congenitally corrected transposition of
the great arteries (ccTGA) are quite different from those in a structurally normal heart, posing a unique
technical challenge in systemic right ventricular assist device (RVAD) implantation. Herein we present a
case of a 16-year-old male with ccTGA, whose systemic RVAD (HeartMate III® or HM3) implantation was
complicated with the creation of an iatrogenic ventricular septal defect (VSD), with special focus on surgi-
cal and medical managements for severe systemic right ventricle (RV) dysfunction and torrential systemic
tricuspid insufficiency. Consent was granted by the subject patient to publish the case report.

Description

Our patient with ccTGA had previously undergone VSD patch closure and pulmonary valvotomy as an infant
and then later palliated with pulmonary artery banding. He subsequently developed worsening heart failure
and was listed for heart transplantation due to progressive systemic RV failure. Following ring annuloplasty
of the systemic tricuspid valve, we proceeded to systemic RVAD implantation. As per routine, placement of
the HM3 inflow cannula to the RV apex was guided by transesophageal echocardiography (TEE) but optimal
image acquisition was challenging. The inflow cannula was to be placed anterior and lateral to the true apex of
the systemic RV. The ventriculotomy created by the VAD coring device overrode into the ventricular septum
and was hidden underneath the inflow cannula ring (Fig 1A). With initiation of RVAD at 4L/min, the patient
became severely hypoxic with a PO2 of 45-50 mmHg secondary to the large pulmonic to systemic circulation
shunt (i.e right-to-left) which was also identified on TEE and epicardial echocardiogram. Cardiopulmonary
bypass (CPB) was re-initiated and the inflow cannula was removed, revealing a large iatrogenic VSD at the
cannula insertion point (Fig 1A ). The VSD was closed by bovine pericardial patch and the ventriculotomy
was extended laterally to relocate the new RVAD sewing ring (Fig 1B ) using 2-0 Tycron sutures placed as an
open technique. After CPB was weaned again, the patient initially remained cyanotic and echocardiography
imaging identified a tiny residual VSD patch leak with right to left shunting as a potential cause of hypoxia.
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. Due to the prolonged duration and complexity of the case, pursuing residual VSD closure was deemed unsafe.
A trial of rescue of inhaled nitric oxide (iNO) was initiated which had the dramatic effect of increasing the
arterial saturation from the 70% range to 90s. The patient was transferred back to the cardiovascular intensive
care unit in stable condition and continued to demonstrate oxygen saturations >90%, even after weaning
iNO and extubation from mechanical ventilation. There were no further issues with regards to either VAD
support or saturations for our patient after surgery, and the patient was successfully bridged to transplant
after 91 days of RVAD support.

Discussion

We have learned significant lessons from this unique complication. Iatrogenic VSD in the setting of systemic
RVAD causes significant hypoxia due to the significant inflow suction by the VAD from the pulmonic vent-
ricle, resulting in a right-to-left shunt. The iatrogenic VSD was effectively treated with VSD patch closure, a
similar technique that is employed for a post-infarction VSD. The second significant challenge was persistent
right-to-left shunt and desaturation despite having adequate VSD patch and a small patch leak, highlighting
the clinical significance of even small shunts after VAD implantation. This is likely due to the combination
of high negative pressure from the inflow cannula in the morphologic RV and dysfunctional and distended
subpulmonary left ventricle. The mechanism of the remarkable effect of iNO in our case is somewhat uncle-
ar, but perhaps explained by reduction of the afterload and subsequent improved ventricular ejection and
decompression of the subpulmonary LV.

Determining the favourable positioning of the inflow cannula in ccTGA is a technical challenge. Using routine
TEE offers guidance for cannula insertion in most VAD cases, but was not sufficient in preventing iatrogenic
injury in this case. The authors would recommend more detailed pre-planning using cross-sectional imaging,
such as computed tomography or magnetic resonance imaging, and the addition of epicardial studies for
seating the VAD inflow. Although extremely rare, iatrogenic VSDs have been well reported in adults.2,3 Ba-
rioliet al describes acute VSD creation during septal myectomy for hypertrophic obstructive cardiomyopathy
that was initially repaired intraoperatively with a large bovine pericardial patch, with delayed percutaneous
closure of residual VSD using the Amplatzter multi-fenestrated septal occluder.4 Successful transcatheter
iatrogenic VSD closure after aortic valve replacement has also been well described.5 In our case, the acute
desaturation from a large iatrogenic VSD was managed intraoperatively with patch repair, RVAD revision,
and the addition of supplementary iNO. The possibility of percutaneous intervention for the residual shunt
was discussed. However, considering the technical difficulty of device closure near a VAD inflow and the
relative improvement of the patient’s clinical status with iNO, further procedural intervention was deferred.
The presence of the VSD patch and residual shunt did necessitate an earlier listing for heart transplantation
postoperatively compared to patients with uncomplicated VAD placement. This case highlights a unique
iatrogenic complication during VAD implantation in a patient with complex congenital heart disease, and
the management steps that were taken to troubleshoot hemodynamic instability.
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Figure Legends

Figure 1. ECHO of A) iatrogenic VSD hidden by sewing ring, interventricular septum is outlined by the
dotted line.B) RV after VSD patch closure and lateral repositioning of inflow cannula.
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