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Strategies to mitigate risk for in-
traoperative hemorrhage after
heart transplantation in adults
with failing Fontan are needed to
potentially improve outcomes.
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Heart transplantation for failing Fontan circulation in adult
patients is increasingly being used in the growing popula-
tion of adult congenital heart disease survivors.1,2 Patients
with Fontan circulation develop a multitude of conse-
quences that ultimately lead to need for heart transplanta-
tion, including ventricular dysfunction, atrioventricular
valve regurgitation, Fontan circuit failure, lymphatic fail-
ure, and extracardiac organ failure, all of which may have
differing inherent risks for post-transplant outcomes.3

This population has considerable risk for poor outcomes af-
ter transplantation, including multiple previous sternoto-
mies, abnormal systemic and venous anatomy requiring
complex reconstruction at the time of transplantation,
high thoracic arterial and venous collateral burden, highly
sensitized status, lymphatic disease, liver disease, and coa-
gulopathy. All of these factors potentially contribute to the
complex intraoperative and postoperative course that can
result in significant perioperative bleeding. Cardoso and
colleagues4 describe a high rate of intraoperative bleeding
that was associated with a significantly greater risk of death,
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with a 30-day mortality rate of 57% among patients with
major intraoperative bleeding.

Survival of patients with Fontan circulation after heart
transplantation has significantly improved in the current
era, with a 1-year survival of 89% among children.5 Post-
transplant outcomes in adults with Fontan circulation are
poorer compared with children, with reports of 1-year sur-
vival ranging from 65% to 80%.6,7 The 30-day survival
of 81% and 1-year survival of 71% after heart transplanta-
tion in this single-center contemporary cohort of adult
patients with failing Fontan circulation is consistent with
previous reports. Previous studies have identified primary
graft failure necessitating extracorporeal membrane
oxygenation support and bleeding occurring in approxi-
mately 16% of patients, which is nearly 5 times greater
than adult noncongenital transplant recipients.6 In the
cohort by Cardoso and colleagues,4 intraoperative bleeding
was even greater at 23%, and 29% required extracorporeal
membrane oxygenation support for primary graft dysfunc-
tion. Previously identified risk factors for post-transplant
mortality in patients with Fontan circulation include pediat-
ric age, shorter Fontan-transplant interval<10 years, low
systemic ventricular ejection fraction, moderate-to-severe
atrioventricular valve regurgitation, end-stage liver disease,
and mechanical circulatory and ventilatory support.5,8

However, Cardoso and colleagues4 are the first to identify
intraoperative hemorrhage as a significant risk factor for
post-transplant death, with an odds ratio of 30 (95% confi-
dence interval, 2.8-322), with those who experienced intra-
operative hemorrhage having a dismal 30-day survival of
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43%. This is a single-center study of a small cohort, so the
generalizability of these findings to a broader adult Fontan
transplant population needs to be validated.

Ongoing evaluations and interventions to improve out-
comes after transplantation in patients with Fontan circula-
tion are needed. Notably, in the cohort described by
Cardoso and colleagues,4 the majority of subjects with ma-
jor intraoperative bleeding had preserved ventricular func-
tion (n ¼ 6, 85.7%), the only significant difference in the
pretransplant characteristics analyzed (Table 2), high-
lighting the need to better understand the risk of bleeding
in the setting of Fontan circuit failure. It is particularly chal-
lenging to determine when the risk of bleeding would make
a patient ineligible for transplant. More refined hepatic and
hematologic evaluation strategies in patients with Fontan
circulation could help risk-stratify patients who may benefit
from combined heart–liver transplantation and mitigate he-
patic dysfunction-related coagulopathy, which contributes
to intraoperative bleeding risk. In addition, the identifica-
tion of strategies to mitigate bleeding risk, including preop-
erative assessment of collateral burden and potential
aortocollateral embolization, may influence this risk,
although it has to be weighed against the risk of recurrent
catheterization and embolization needed due to rapid
redevelopment of collateral vessels during the waitlist
period. There may be additional risk factors that may be
modifiable based on underlying cause for Fontan failure
that warrant further investigation.
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