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Abstract: Here we report two cases of extracorporeal membrane oxygenation (ECMO) support in

pediatric patients following orthotopic heart transplantation due to low cardiac output and inability

to separate from cardiopulmonary bypass (CPB). Both patients had significant donor/recipient size

mismatch: ratios were 0.71 and 1.73. Cannulation was via the right atrium to ascending aorta using
Magquet ECMO kits to achieve veno-arterial ECMO (VA-ECMO) configuration. Activated clotting time

(ACT) was maintained at 150-170 seconds. Systemic blood pressure goals were a mean arterial pressure

of 60-80 mmHg. Both patients successfully recovered the cardiac function and were discharged home

without severe complications. ECMO can effectively support pediatric patients after orthotopic heart

transplantation to successful recovery despite the use of extreme donor/recipient size mismatch.
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Introduction

Heart transplantation remains the gold standard therapy for
patients with end-stage heart failure (1). With increasing
gap between organ demand and supply, there is growing
interest in utilizing organs from high-risk and marginal
donors for pediatric heart transplantation. The use of
marginal donor hearts may lead to post-transplant graft
dysfunction and graft failure, necessitating the use of
extracorporeal membrane oxygenation (ECMO) support.

From September 2008 to March 2015, 20 cases of
pediatric heart transplantation were performed in Wuhan
Union Hospital. Two (10%) patients required ECMO
support due to low cardiac output syndrome. Here we
report on these two cases of ECMO support in pediatric
heart transplant patients using marginal donors with
extreme donor/recipient size mismatch, exceeding our
institution’s usual criteria of less than 20%.
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Case presentation
Case 1

An 8-year-old female was admitted to our hospital with
failure to thrive and oliguria. On admission, the chest
X-ray revealed cardiomegaly (Figure 1). Transthoracic
echocardiogram (T'TE) revealed dilated cardiomyopathy
with left ventricular ejection fraction of 25% with a
measured left ventricular end diastolic dimension of 46 mm.
Due to her deterioration, a donor was identified for her:
4-year-old male weighing 15 kg; the donor/recipient weight
ratio was 0.71. The donor heart had a cold ischemic time
of 452 min. Her heart transplant required cardiopulmonary
bypass (CPB) time of 217 min. Veno-arterial ECMO (VA-
ECMO) was initiated in operation room due to graft
dysfunction and inability to wean off CPB. The patient was
able to be weaned off ECMO after 63 hours of support. Her
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Figure 2 Veno-arterial ECMO (VA-ECMO), cannulation via the

girl’s right atrium to ascending aorta.

left ventricular ejection fraction recovered 68% on the TTE
performed on post-operative day #21. She was discharged
home on post-operative day #32 and continues to do well
now (Figure 2).

Case 2

A 9-month-old boy weighing 7.5 kg was admitted to our
hospital with dyspnea and poor oral intake. On admission,
TTE echocardiogram revealed left-ventricular non-
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Figure 3 Veno-arterial ECMO (VA-ECMO), cannulation via the

boy’s right atrium to ascending aorta.

compaction with left ventricular ejection fraction of 33%
and left ventricular end diastolic dimension of 41 mm.
Due to continued deterioration despite optimal medical
therapy, he underwent urgent heart transplantation.
His donor was a 3-year-old female weighing 13 kg. The
donor/recipient weight ratio was 1.73. Total cold ischemic
time was 379 min and CPB time was 185 min. VA-ECMO
was initiated in operation room due to inadequate cardiac
output on maximal inotropic support. The patient was
weaned off ECMO after 115 hours of support and his left
ventricular ejection fraction was measured at 67% on post-
operative day #21 (Figures 3,4). He was discharged home
on post-operative day #28 and continues to do well.

Discussion

Today, development of pediatric orthotopic heart
transplantation in china is still in its infancy. There are
many challenges to face, such as shortage of pediatric heart
donors, complex anatomy of congenital heart disease, and
difficult perioperative management (2). With the number
of potential recipients far exceeds the donor pool, more and
more hearts from marginal donors are being considered
and utilized for pediatric heart transplantation. In our
institution, we performed 20 cases of pediatric orthotopic
heart transplantation from September 2008 to March 2015.
A total of nine cases used marginal heart donors (45%,
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Figure 4 The boy was weaned off extracorporeal membrane

oxygenation (ECMO).

9/20=45%). Two (10%) of these patients required ECMO
after heart transplantation. Both of these patients had
significant donor/recipient weight mismatch exceeding our
usual 20% limit. It has been reported that weight difference
between donor and recipient of greater than 20% can
directly affect the cardiac graft function (3,4). Secondary
hypertension and reactive pulmonary vascular spasm may
occur more commonly when large donor hearts transplanted
to smaller recipients. In these transplant patients, they often
require a week or longer post-transplant to adapt to the
extreme size discrepancy. Difficulty to wean oft CPB occurs
more commonly when small donor hearts transplanted
to larger recipients. Often faster heart rate is required to
provide adequate cardiac output (5). If necessary, ECMO
support may be needed during the postoperative period.

Of the mechanical circulatory support available for
pediatric population, ECMO is the most feasible because
of its flexibility to accommodate anatomy as well as rapid
initiation of support. With ECMO support, the donor heart
may recover its function and adapt to hemodynamic support
of the recipient. For the weight difference between donor
and recipient more than 20%, ECMO support is helpful
to assist with recovery of cardiac function, particularly if
recipients have severe pulmonary hypertension and donor
ischemia time of greater than 4 hours (6,7).

These two pediatric patients supported by ECMO have
chronic pulmonary congestion and high pulmonary vascular
resistance; cold ischemic times of more than 6 hours, and
donor/recipient weight mismatch of more than 20%. All
these conditions predispose the heart to significant ischemic-
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reperfusion injury, primary graft dysfunction, and inability
to wean off CPB. VA-ECMO was applied in these two
cases to allow rapid stabilization of cardiopulmonary
function. Improved hemodynamics allows for improved
coronary and systemic perfusion. In alternative cannulation
configurations, central VA-ECMO can be quickly converted
to ventricular assist device and other circulation support,
avoiding potential complications such as limb ischemia and
peripheral catheter embolization (8-10).

In our experience, ECMO can be effectively implemented
in pediatric patients who are unable to wean from CPB after
heart transplantation, thus allowing hemodynamic support of
the patient while awaiting graft recovery. A large prospective
cohort study will be needed to define criteria for the use of
ECMO after pediatric heart transplantation and perhaps
allow great donor organ ulitization.
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