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INTRODUCTION

The population of adults who have survived with congenital 
heart disease (CHD) continues to increase due to steady 
advances in the diagnosis and management of simple and 
complex CHD. In fact, there are so many people with CHD 
who are living into adulthood that these adult survivors now 
outnumber the children with CHD. As a result, there has been 
a parallel increase in the prevalence of advanced heart failure 
among these adult patients, largely due to multiple interrelated 
factors such as aging, palliated circulations, and the impact of 
residual cardiac lesions. It is now estimated that heart failure 
accounts for up to 40% of deaths in adult CHD (ACHD).1 
Unfortunately, the heterogeneous nature of this patient 
population complicates the universal application of typical heart 
failure therapies and transplant paradigms.

Heart transplantation in those with ACHD presents many 
unique challenges because these patients tend to have 
cumulative risk factors such as multiple prior surgeries, 
longstanding cardiac dysfunction or cyanosis with effects on 
other organs (ie, kidneys, liver, lungs), and elevated pulmonary 
vascular resistance. It is precisely these challenges that 
have put ACHD patients at a disadvantage when being 
considered for transplantation. Although the population with 
ACHD is rapidly increasing, the percentage undergoing 
heart transplantation has not significantly changed 
over time.2 The International Society of Heart and Lung 
Transplantation (ISHLT) 2018 registry reported that ACHD 
patients accounted for only 3% of adult heart transplants 
performed worldwide between 2009 and 2017 (Figure 1).2,3 
This percentage is not significantly different from the prior 
period between 1982 and 2009. In addition, those ACHD 
patients who are candidates for heart transplantation are 
generally labeled as low-urgency status, have longer waiting 
list times, and are much less likely to have been bridged with 
mechanical circulatory support.4

INDICATIONS

One of the first challenges presented by ACHD patients is how 
best to characterize the nature of their heart failure since the 
very definition of heart failure in this context is rather ill-defined. 
Every patient who underwent CHD repair or palliation in infancy 
or childhood can develop late myocardial dysfunction with 
elements of both systolic and diastolic failure. The mechanism 
of heart failure is often multifactorial5,6 and can result from (1) 
intrinsic myocardial dysfunction related to chronic cyanosis, 
(2) volume overload from residual intracardiac shunts and/or 
valvular regurgitation, (3) pressure overload from obstructive 
lesions, (4) pulmonary or systemic arterial hypertension, or 
(5) poorly controlled arrhythmias. In ACHD, certain diagnoses 
in particular are prone to the development of late ventricular 
dysfunction. For example, diagnoses that include the 
presence of a systemic right ventricle, congenitally corrected 
transposition, and other forms of univentricular hearts are most 
likely to be the cause of late cardiac dysfunction in ACHD.

Despite the heterogenous presentation of those with ACHD, the 
matrix used to determine when heart transplant therapy should 
be considered is often very similar to other adult patients. 
One main criterion is symptomatic ventricular or biventricular 
dysfunction resulting in multiple hospitalizations for congestive 
failure or low cardiac output despite being on maximal medical 
therapy. This applies to patients with the equivalent of New 
York Heart Association class III or IV with a major functional 
impairment, demonstrated by a VO2max < 12 mL/kg/min or a 
6-minute walk test < 50% of predicted.7

CONTRAINDICATIONS

Many of the contraindications for heart transplantation in patients 
with ACHD are similar to those for other adult patients. Some are 
absolute, such as pulmonary vascular resistance > 5 Wood units 
(not responsive to vasodilator therapy), cancer, chronic infection, 
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addiction, and psychiatric or behavioral 
problems that are likely to result in 
noncompliance. Other contraindications 
are relative and often program specific, 
such as obesity (body mass index 
> 30 kg/m2), chronic lung disease, 
chronic renal insufficiency with glomerular 
filtration rate < 30 mL/min, sensitization 
with a panel reactive antibody > 25%, 
and active smoking.7

TRANSPLANT EVALUATION

The goal of a pretransplant evaluation 
is very similar to that of other adult 
patients—that is, to verify the indication 
for transplantation and carefully rule 
out any possible contraindications. It 
typically includes a detailed review of 
cardiac catheterization data, cardiac 
angiography, or other forms of imaging 
such as computerized tomography or 
magnetic resonance imaging to evaluate 
individual anatomy and determine if 
additional procedures may be required 
during transplantation. The workup 
also includes a review of blood tests 
to assess end-organ function and an 
evaluation by a nutritionist, psychologists, 
and social workers. All of this information 
should be reviewed by a multidisciplinary 
team well versed in assessing risk factors 
in ACHD patients with the goal of being 

as complete and objective as possible.5 
A recent review of the UNOS database 
by Menachem et al.8 found that the 30-
day and 1-year post-transplant survival 
of ACHD patients at low-volume centers 
(< 6 ACHD transplants) was significantly 
lower compared to medium- and high-
volume centers (6-20 ACHD transplants 
and > 20, respectively). This volume-
related outcome is believed to be partly 
attributed to a dedicated and consistent 
multidisciplinary pre- and perioperative 
management team.

WAIT-LIST MANAGEMENT

Most people with ACHD have historically 
received low-priority status on the heart 
transplant waiting list compared to 
adults with heart failure related to other 
causes. This put ACHD patients at a 
disadvantage for a number of reasons. 
Mainly, priority within that status was 
based primarily on cumulative wait 
time, and most ACHD patients would 
have needed to be upgraded in status 
to have a realistic chance of being 
transplanted. Also, transplant candidates 
without ACHD had the advantage of 
being considered for ventricular assist 
devices or the routine use of Swanz-
Ganz catheters, which provided the 
rationale for then upgrading to a higher 

status. These interventions are used less 
frequently in ACHD patients because of 
anatomic constraints or the finding that 
their condition is unlikely to benefit from 
hemodynamic monitoring.9

For ACHD patients with potentially 
reversible comorbidities such as renal 
failure or pharmacologically reversible 
pulmonary hypertension, the use of 
mechanical circulatory support (MCS) 
devices has been slow to be adopted.4 
The belief has been that MCS is a risk 
factor for wait-list mortality in ACHD 
patients. VanderPluym et al. evaluated the 
outcomes of MCS use in ACHD versus 
non-ACHD patients from the International 
Registry of Mechanically Assisted 
Circulation (INTERMACS) and revealed 
several important findings.10 First, 21% 
of the ACHD patients were successfully 
bridged to transplant, 70% achieved a 
positive outcome over 6 months, and 
more than 50% remained alive on the 
device. Second, mortality in the ACHD 
group occurred predominantly in those 
receiving biventricular support or a total 
artificial heart; however, these patients 
were more often INTERMACS class 1 
and 2, which implies that they were high-
risk candidates for device implantation 
with more end-organ dysfunction. This 
report illustrates that with careful patient 
selection, the use of MCS in ACHD can 
result in a positive outcome particularly if 
used early before the patient’s condition 
progresses (ie, INTERMACS 1).

The new adult heart allocation rules 
from the United Network for Organ 
Sharing (UNOS) were implemented in 
October 2018. This allocation system 
now has six statuses that stratify adult 
heart transplant candidates according 
to waiting list mortality. Other than a few 
ACHD patients with ventricular assist 
devices or a total artificial heart that 
boosts their priority, most ACHD patients 
will be assigned status 4, with 1 being 
the highest priority. Acknowledging the 
heterogeneity of ACHD candidates and 
the possibility of the new system putting 

Figure 1.
Adult heart transplants by diagnosis.2,3 CHD: congenital heart disease; HCM: hypertrophic 
cardiomyopathy; ICM: ischemic cardiomyopathy; NICM: nonischemic cardiomyopathy; RCM: 
restrictive cardiomyopathy; VCM: valvular cardiomyopathy
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them at a disadvantage due to a higher 
waiting list mortality, UNOS also created 
an exception request and review process 
to allow ACHD candidates to apply at 
any status that reflects their medical 
urgency.11,12

TRANSPLANT CONSIDERATIONS SPECIFIC 
TO ACHD

It is mission critical for the transplant 
surgeon to understand the specific 
needs of patients with ACHD, for 
these patients present a unique 
set of challenges that must be well 
understood, anticipated, and planned 
for in a deliberate manner to optimize 
post-transplant outcome and minimize 
morbidity. Planning should include a 
thorough review of the patient’s surgical 
history and current anatomy to anticipate 
what additional surgical procedures will 
be needed at the time of implantation. 
Details about the systemic venous 
connections, pulmonary arteries, distal 
aortic arch, aortopulmonary collateral 
burden, patency of femoral vessels, and 
presence of intracardiac devices such 
as stents or occluders must be carefully 
assessed. This is particularly important 
for Fontan patients with palliated, 
univentricular circulations. This can 
often be accomplished using cardiac 
catheterization, computed tomography, 
or magnetic resonance angiography. The 
transplanting surgeon must anticipate 
the time needed for sternal reentry and 
mediastinal dissection as well as the 
need for additional reconstruction that 
may be required before implanting a 
structurally normal donor heart while 
trying to minimize the ischemic time.

OUTCOMES

Analyses have consistently demonstrated 
that perioperative mortality and morbidity 
are higher in ACHD-related transplants 
than in patients transplanted for other 
causes. Doumouras et al. recently 
performed a systematic review and meta-
analysis of post-transplant outcomes in 

patients with ACHD versus those without 
ACHD and found that 30-day mortality 
was significantly higher in ACHD 
recipients than in non-ACHD recipients 
(17.4% vs 7.4%, respectively).13 However, 
at 10 years, there was a statistically 
significant mortality difference favoring 
ACHD patients (40.7% vs 49%). This 
finding was also highlighted in the 
2018 ISHLT registry data (Figure 2), 
which showed a median survival of 15 
years for patients with ACHD, 12 years 
for cardiomyopathy, and 9.7 years for 
coronary artery disease (CAD).2,3

In the meta-analysis by Doumouras, the 
palliated single ventricle population (ie, 
Fontan/Glenn) represented a specifically 
high-risk population with increased 
early mortality after transplantation. 
As expected, the increased mortality 
was attributed to primary graft failure 
with longer ischemic times, stroke, 
and hemorrhage. This outcome is 
likely related to the complexity of the 
reconstruction at the time of implant, 
the higher incidence of right ventricular 
dysfunction of the graft due to elevated 
pulmonary vascular resistance, more 

bleeding, and lower systemic vascular 
resistance from comorbid liver disease.

While overall post-transplant death 
secondary to primary graft failure, stroke, 
and hemorrhage was higher in ACHD 
recipients, death caused by CAD, 
malignancy, infection, and rejection was 
lower than in non-CHD adults—likely 
reflecting the combined effects of 
younger age and absence of risk factors 
for coronary disease.6

SUMMARY

There has been universal reluctance 
to routinely consider transplantation in 
patients with ACHD due to a combination 
of factors, including an expanding adult 
heart transplant waiting list, limited donor 
availability, and significantly poorer early 
outcomes in ACHD recipients compared 
to non-ACHD recipients. Going forward, 
it is clear that the real challenge is to 
identify those ACHD patients who will 
benefit from transplantation versus 
those who are at high risk. ACHD 
encompasses a broad spectrum of 
disease, and risk stratification requires an 

Figure 2.
Adult heart transplant survival based on Kaplan-Meier Survival by Diagnosis (1982-2016).2,3 CHD: 
congenital heart disease; ICM: ischemic cardiomyopathy; NICM: nonischemic cardiomyopathy; RCM: 
restrictive cardiomyopathy; VCM: valvular cardiomyopathy
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ongoing effort at more nuanced and granular analysis. The new 
UNOS adult allocation rules will likely have an impact on waiting 
list management and mortality and on post-transplant outcomes 
in ACHD patients, and this impact will need to be carefully 
analyzed. However, with deliberate and evidence-driven patient 
selection coupled with carefully selected use of mechanical 
support and earlier patient referral, it reasonable to anticipate 
that transplant outcomes will continue to improve for adults with 
CHD.

KEY POINTS

•	 Heart transplantation in patients with adult congenital 
heart disease (ACHD) is a complicated, high-risk 
undertaking characterized by early morbidity and 
mortality but better long-term survival than patients 
undergoing heart transplantation without CHD.

•	 Waiting list and post-transplant management of ACHD 
requires the involvement of a dedicated, multidisciplinary 
clinical team.

•	 Surgeons performing heart transplants in patients with 
ACHD should have deep knowledge of congenital 
heart defects and must be equipped to assess the 
reconstructive and technical needs of individual patients.
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