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Abstract

Aims Heart failure is an increasingly recognized later stage manifestation of arrhythmogenic right ventricular cardiomyopa-
thy (ARVC) that can require heart transplantation (HT) to appropriately treat. We aimed to study contemporary ARVC HT
outcomes in a national registry.
Methods and results The United Network for Organ Sharing registry was queried for HT recipients from 1/1994 through
2/2020. ARVC patients were compared with non-ARVC dilated, restrictive, and hypertrophic cardiomyopathy HT patients
(HT for ischaemic and valvular disease was excluded from analysis). Post-HT survival was assessed using Kaplan–Meier esti-
mates. A total of 189 of 252 (75%) waitlisted ARVC patients (median age 48 years, 65% male) underwent HT, representing
0.3% of the total 65 559 HT during the study time period. Annual frequency of HT for ARVC increased significantly over time.
ARVC patients had less diabetes (5% vs. 17%, P < 0.001), less cigarette use (15% vs. 23%, P < 0.001), lower pulmonary artery
and pulmonary capillary wedge pressures, and lower cardiac output than the 33 659 non-ARVC patients (P < 0.001).
Ventricular assist device use was significantly lower in ARVC patients (8% vs. 32%, P < 0.001); 1 and 5 year post-HT survival
was 97% and 93% for ARVC vs. 95% and 82% for non-ARVC HT recipients (P < 0.001). On adjusted multivariable Cox
regression, ARVC had decreased risk of post-HT death compared with non-ARVC aetiologies (hazard ratio 0.48, 95%
confidence interval 0.28–0.82, P = 0.008). Patients with ARVC also had lower risk of death or graft failure than non-ARVC
patients (hazard ratio 0.51, 95% confidence interval 0.32–0.81, P = 0.004).
Conclusions In the largest series of HT in ARVC, we found that HT is increasingly performed in ARVC, with higher survival
compared with other cardiomyopathy aetiologies. The right ventricular predominant pathophysiology may require unique
considerations for heart failure management, including HT.
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Introduction

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is
an inherited cardiomyopathy (CM) characterized by
fibrofatty infiltration of the myocardium, resulting in ventric-
ular arrythmias and predominantly right ventricular (RV)
dysfunction.1,2 The left ventricle may be involved in at least

50% of cases, with some forms having a predominant left
ventricular phenotype, leading to increasing use of the
broader term arrhythmogenic CM.3–8 Diagnostic criteria
based on structural abnormalities, fatty or fibrofatty replace-
ment of the RV myocardium, electrocardiographic changes,
arrhythmias of RV origin, and familial disease were initially
defined in 1994 and revised as the 2010 Task Force Criteria
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to reflect technical advances in diagnostic imaging.2,9

Nonetheless, ARVC can still be challenging to diagnose.10,11

Fatal ventricular arrhythmia has traditionally been the pri-
mary cause of death in these patients; however, increased
early recognition of ARVC and improvement in arrhythmic
risk stratification and treatment with exercise avoidance, an-
tiarrhythmics, ablation, and implantable cardioverter defibril-
lator implantation have substantially improved survival.1,12

ARVC is, however, a progressive disease, ultimately leading
to RV and late-stage biventricular failure.13,14 Previous
studies have estimated the incidence of heart failure (HF) in
patients with ARVC to be between 5% and 20%,12,15–18 but
a recent study from our group found that it is more preva-
lent, occurring in nearly 50% of a 289-patient ARVC cohort.19

Heart transplantation (HT) can be utilized in this population
for end-stage HF or refractory ventricular arrythmias,
with outcomes reported primarily in case reports, single-
institution case series, and a Nordic registry.20–23 An analysis
of the United Network for Organ Sharing (UNOS) registry was
undertaken for ARVC patients between 1994 and 2011,
largely prior to the revised ARVC diagnostic criteria estab-
lished in 2010.24

Overall, ARVC remains a rare disease with poorly studied
HF outcomes despite likely under-recognized high prevalence
of HF. We therefore sought to describe waitlisting and HT
practices as well as outcomes inclusive of the current
ARVC diagnostic criteria and HT era using a large, national

database. We hypothesized that ARVC patients would have
more favourable post-HT outcomes as compared with
non-ARVC patients.

Methods

After institutional review board approval, we surveyed the
UNOS database for HT recipients from January 1994 through
February 2020. Paediatric patients, multi-organ transplant
recipients, and candidates listed for retransplantation were
included (Figure 1). We assessed the characteristics of
waitlisted patients with the primary diagnosis of ARVC,
including demographics, co-morbidities, duration on waitlist,
waitlist inactivity, and any mechanical circulatory support
(MCS). We compared ARVC patients listed for HT before
(1/1994 to 17/10/2018) vs. after (18/10/2018 to 2/2020)
the UNOS adult heart allocation policy change.25 We then
compared the characteristics of transplanted ARVC patients
to those of patients transplanted for non-ARVC, including di-
lated, restrictive, and hypertrophic CM. Patients transplanted
for ischaemic CM, valvular heart disease, or congenital heart
disease were excluded. Continuous and categorical variables
were compared using Student’s t-test and χ2 test, respec-
tively. For all statistical tests, a P-value of <0.05 was consid-
ered statistically significant.

Figure 1 Study population of heart transplantation patients from the Organ Procurement and Transplantation Network database. ARVC, arrhythmo-
genic right ventricular cardiomyopathy; CM, cardiomyopathy.
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Kaplan–Meier survival analysis of ARVC and non-ARVC
patients was performed, and survival was compared with
log-rank testing. Cox proportional hazards model was utilized
to assess the impact of primary diagnosis and other patient
and transplant variables on survival. A multivariable analysis
was also performed, controlling for factors found to be
significant on univariable analysis and those known to predict
outcomes after HT.26 Kaplan–Meier analysis and Cox propor-
tional hazards model was also performed for survival free of
graft failure. In this model, a failure event was either death
(from any cause) or graft failure requiring retransplantation.

Results

Characteristics of waitlisted arrhythmogenic right
ventricular cardiomyopathy patients

Between January 1994 and February 2020, a total of 252
patients were listed for HT for a primary diagnosis of ARVC
(Supporting Information, Table S1). Their median age was
48 [inter-quartile range (IQR) 30–58] years, 65.1% (n = 164)
were men, and the majority were Caucasian (79.4%,
n = 200). Their incidence of co-morbidities was overall low,
with 5.6% (n = 14) of patients with diabetes mellitus, 2.4%
(n = 6) with cerebrovascular disease, and 15.9% (n = 40) with

cigarette use. The majority (85.3%, n = 215) had an implant-
able cardioverter defibrillator. Eleven patients (4.4%) were
listed for multi-organ transplant, six for heart–liver and five
for heart–kidney.

Outcomes of waitlisted arrhythmogenic right
ventricular cardiomyopathy patients

The median number of days on the waitlist for ARVC patients
was 111 (IQR 28–312) (Supporting Information, Table S2). At
a median follow-up time (from listing to last follow-up) of
3.4 years (IQR 1.3–7.3), 75% (n = 189) of the listed ARVC
patients had undergone transplantation. Of these, eight
(4.2%) underwent multi-organ transplant, four with a
simultaneous kidney and four with a simultaneous liver. The
number of HTs performed per year for ARVC significantly
increased over the study period (P < 0.001; Figure 2). Specif-
ically, one transplant was performed in 1994, increasing to 26
transplants in 2019. Concomitantly, the percentage of all HTs
performed for the primary indication of ARVC increased from
0.04% in 1994 to 0.73% in 2019.

Just over 15% (n = 39) of patients experienced a period of
inactivity while on the waitlist, with the most common reason
being that they were temporarily too sick (14 patients).
Thirty-seven patients (14.7%) were removed from the
waitlist; 11 patients (4.4%) died while on the waitlist.

Figure 2 The number of transplants performed per year for arrhythmogenic right ventricular cardiomyopathy (ARVC) (columns) and the percentage of
total transplants (line graph) have significantly increased over the study period (P < 0.001).
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Utilization of mechanical circulatory support

At listing, a total of eight ARVC patients (3.2%) were on extra-
corporeal membrane oxygenation (ECMO), three of whom
were transplanted and alive on last follow-up (Supporting
Information, Table S1). Ten patients (5.3% of 189
transplanted ARVC patients) had an intra-aortic balloon
pump (IABP) at the time of transplant (Table 1). Six patients
(2.4%) had ventricular assist devices (VADs) on listing—one
with a left VAD (LVAD), two with a total artificial heart
(TAH), and three with both an LVAD and a right VAD (RVAD).
By the time of transplantation, a total of 15 patients (7.9%)
had VADs—six with LVADs, two with RVADs, four with TAHs,
and three with LVAD + RVAD.

Impact of 2018 heart allocation policy

Of the total 252 ARVC patients listed for HT, 209 (82.9%)
were listed before 18/10/2018 under the prior allocation
system [of which 162 (77.5%) were transplanted], and
43 (17.1%) were listed after the revised allocation system
[of which 27 (62.8%) have been transplanted] (Supporting
Information, Table S2). In the old allocation system, the most
common initial listing status was Status 2 (in 58.9%, n = 123).
In the new system, the most common initial listing status was
Status 4 (in 37.2%, n = 16). The two groups (pre-allocation
change vs. post-allocation change) were overall similar in
terms of their demographics, co-morbidities, and haemody-
namics, with the following exceptions: more patients
waitlisted with ARVC post-allocation change had diabetes
(14.0% vs. 4.3%, P = 0.029) and cerebrovascular disease
(7.0% vs. 1.4%, P = 0.0008) than those with ARVC pre-
allocation change (Supporting Information, Table S3). There
was no significant difference in the use of ECMO, IABP, VADs,
or intravenous inotropes in pre-allocation vs. post-allocation
change. Patients with ARVC post-allocation change were
transplanted, on average, sooner from time of waitlisting
than patients with ARVC pre-allocation change [70 (SD 88)
days vs. 220 (SD 391) days, P < 0.001].

Transplanted arrhythmogenic right ventricular
cardiomyopathy patients vs. non-arrhythmogenic
right ventricular cardiomyopathy
cardiomyopathy patients

During the study period, a total of 65 559 HTs were
performed—189 (0.3%) for the primary diagnosis of ARVC
and 33 659 for non-ARVC including 29 216 (86.8%) for dilated
CM, 1905 (6.7%) for restrictive CM, and 1353 (4.0%) for hy-
pertrophic CM (Figure 1). ARVC and non-ARVC transplanted
patient characteristics are compared in Table 1.

Arrhythmogenic right ventricular cardiomyopathy patients
were more commonly Caucasian (82.5% vs. 61.0%,

P < 0.001). They had lower incidence of diabetes (4.8% vs.
16.5%, P < 0.001) and cigarette use (15.3% vs. 23.0%,
P < 0.001) compared with non-ARVC patients. More ARVC
patients had implantable cardioverter defibrillators (85.6%
vs. 53.9%, P < 0.001). The use of ECMO, IABP, and intrave-
nous inotropes did not differ between the groups, but ARVC
patients less often had a VAD at the time of transplant
(7.9% vs. 31.6%, P < 0.001). This difference is due primarily
to a lower use of LVADs in the ARVC population (3.2% vs.
24.0%, P < 0.001). ARVC patients had lower pulmonary
artery (PA) systolic (25 vs. 41 mmHg, P < 0.001), PA diastolic
(13 vs. 21 mmHg, P < 0.001), PA pulse pressure (12 vs.
20 mmHg, P < 0.001), and pulmonary capillary wedge
pressures (12 vs. 19 mmHg, P < 0.001) than non-ARVC
patients. Their cardiac outputs were also lower (3.9 vs.
4.3 L/min, P < 0.001).

Post-transplant survival

Median follow-up time (from transplant to last follow-up)
was 3.3 (IQR 1.7–7.1) years for the ARVC and 5.6 (IQR
2.1–10.4) years for non-ARVC patients (Table 1). Median
survival for the entire cohort of HT patients (ARVC and
non-ARVC) was 14.7 years. ARVC patients had significantly
higher survival after transplant compared with non-ARVC
patients (Figure 3A) (P < 0.001). Specifically, 1 and 5 year
survival after transplant was 96.8% and 93.4% for ARVC vs.
94.9% and 82.2% for non-ARVC recipients.

Table 2 summarizes the univariable and multivariable Cox
proportional hazards model for factors associated with
post-transplant mortality for all HT patients. On univariable
analysis, the primary HT indication of ARVC was associated
with a reduced risk of post-transplant death compared with
non-ARVC patients [hazard ratio (HR) 0.45, 95% confidence
interval (CI) 0.28–0.74, P = 0.002]. After adjusting for age,
gender, race, listing status, support at time of transplant
(ECMO, VAD, IABP, inotropes, ventilator, inhaled nitric oxide,
or prostaglandin), and post-operative complications (stroke,
haemodialysis, or need for a permanent pacemaker), ARVC
was still significantly associated with reduced risk of post-HT
death (HR 0.48, 95% CI 0.28–0.82, P = 0.008). Increasing
age (HR 1.01, 95% CI 1.01–1.01, P < 0.001), African American
race (HR 1.62, 95% CI 1.54–1.70, P < 0.001 vs. Caucasian),
increasing body mass index (HR 1.02, 95% CI 1.02–1.02,
P < 0.001), a previous transplant (HR 1.64, 95% CI 1.17–
2.27, P = 0.003), medical co-morbidities (including cerebro-
vascular disease, diabetes, end-stage renal disease, prior
malignancy, and history of cigarette use), and the occurrence
of a post-transplant complication (stroke, dialysis, or need for
a permanent pacemaker) also significantly increased the risk
of post-transplant mortality on multivariable analysis
(Table 2).
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Table 1 Characteristics of the 189 patients who underwent heart transplantation for ARVC compared with those undergoing
transplantation for dilated, restrictive, or hypertrophic CM, 1/1994 to 2/2020

ARVC transplants Non-ARVC transplants
PN = 189 N = 33 659

Age (years) 48 (30–58) 50 (34–59) 0.422
Paediatric patients (<18 years old) 19 (10.1%) 4447 (13.2%) 0.201
Male gender 116 (61.4%) 22 068 (65.6%) 0.227
Race <0.001

Caucasian 156 (82.5%) 20 542 (61.0%)
African American 13 (6.9%) 8523 (25.3%)
Hispanic 8 (4.2%) 3064 (9.1%)
Asian 12 (6.3%) 1027 (3.1%)
Other/multiracial 0 (0%) 503 (1.5%)

BMI (kg/m2) 25.1 ± 5.2 25.7 ± 5.8 0.161
Co-morbidities

Cerebrovascular disease 4 (2.1%) 1394 (4.1%) 0.177
Diabetes mellitus 9 (4.8%) 5552 (16.5%) <0.001
End-stage renal disease on haemodialysis 5 (2.6%) 1222 (3.6%) 0.450
Prior malignancy 11 (5.8%) 2231 (6.6%) 0.199
History of cigarette use 29 (15.3%) 7736 (23.0%) <0.001

Implantable cardiac defibrillator 161 (85.6%) 17 635 (52.4%) <0.001
Previous transplant 1 (0.5%) 177 (0.5%) 0.995
Multi-organ transplant 8 (4.2%) 1141 (3.4%) 0.523
Circulatory support (at transplant)

ECMO 3 (1.6%) 466 (1.4%) 0.812
IABP 10 (5.3%) 2212 (6.6%) 0.478
VAD 15 (7.9%) 10 640 (31.6%) <0.001
LVAD 6 (3.2%) 8085 (24.0%)
RVAD 2 (1.1%) 53 (0.2%)
TAH 4 (2.1%) 252 (0.7%)
LVAD + RVAD 3 (1.6%) 828 (2.5%)
Unspecified 0 (0%) 1422 (4.2%)

IV inotropes 74 (39.2%) 15 016 (44.6%) 0.132
Haemodynamics (at transplant)

Cardiac output (L/min) 3.9 ± 1.6 4.3 ± 1.6 <0.001
PA systolic (mmHg) 25 ± 8 41 ± 14 <0.001
PA diastolic (mmHg) 13 ± 6 21 ± 9 <0.001
PA pulse pressure (mmHg) 12 ± 6 20 ± 10 <0.001
PCW (mmHg) 12 ± 6 19 ± 9 <0.001

Waitlist status at transplant <0.001
Pre-allocation change (1/1994 to 9/2018)
Status 1A 72 (38.2%) 14 807 (44.0%)
Status 1B 65 (34.4%) 8030 (23.9%)
Status 1, A/B unspecified 4 (2.1%) 3621 (10.8%)
Status 2 16 (8.5%) 4177 (12.4%)

Post-allocation change (10/2018 to 2/2020)
Status 1A (peds patients) 2 (1.1%) 217 (0.6%)
Status 1B (peds patients) 1 (0.5%) 49 (0.1%)
Old Status 2 (peds patients) 0 (0%) 9 (0.03%)
Status 1 1 (0.5%) 224 (0.7%)
Status 2 12 (6.3%) 1352 (4.0%)
Status 3 8 (4.2%) 582 (1.7%)
Status 4 7 (3.7%) 455 (1.4%)
Status 5 0 (0%) 12 (0.04%)
Status 6 1 (0.5%) 93 (0.3%)

Unknown 0 (0%) 31 (0.09%)
Mean days on waitlist 199 ± 367 196 ± 335 0.899
Post-transplant complications

Stroke 3 (1.6%) 793 (2.4%) 0.101
Dialysis 18 (9.5%) 2941 (8.9%) 0.376
Permanent pacemaker 4 (2.1%) 1037 (3.1%) 0.113

Follow-up time, from transplant to last follow-up (years) 3.3 (1.7–7.1) 5.6 (2.1–10.4) <0.001
Renal function on follow-up after HT

Creatinine (mg/dL) 1.3 ± 1.0 1.7 ± 1.5 <0.001
Chronic dialysis 2 (1.1%) 2042 (6.1%) 0.015
Subsequent renal transplant 3 (1.6%) 355 (1.1%) 0.689

ARVC, arrhythmogenic right ventricular cardiomyopathy; BMI, body mass index; CM, cardiomyopathy; ECMO, extracorporeal membrane
oxygenation; HT, heart transplantation; IABP, intra-aortic balloon pump; IV, intravenous; LVAD, left ventricular assist device; PA,
pulmonary artery (PA pulse pressure = PA systolic � PA dialysis); PCW, pulmonary capillary wedge; RVAD, right ventricular assist device;
TAH, total artificial heart; VAD, ventricular assist device.
Categorical variables are listed as frequency (%), and continuous variables are listed as mean ± standard deviation or median
(inter-quartile range), as appropriate. Bolded values indicate significant differences, with P < 0.05.
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Graft function after transplant

Kaplan–Meier analysis demonstrated improved survival free
of graft failure for ARVC vs. non-ARVC patients (Figure 3B,
P < 0.001). Specifically, 1 and 5 year survival without graft
failure (i.e. alive and without experiencing a graft failure
requiring retransplantation) was 96.1% and 91.6% for ARVC
vs. 94.8% and 80.9% for non-ARVC HT recipients. On
univariable Cox regression, ARVC as a primary indication for
HT was associated with a reduced risk of death or graft failure

when compared with other indications for HT (HR 0.47, 95%
CI 0.29–0.74, P = 0.001). After controlling for age, gender,
ethnicity, listing status, support, and post-op complications
on multivariable regression, ARVC patients continued to have
significantly lower risk of death or graft failure than
non-ARVC patients (HR 0.51, 95% CI 0.32–0.81, P = 0.004).
Risk of developing coronary allograft vasculopathy was
similar (HR 1.30, 95% CI 0.69–2.4, P = 0.416). Average post-
transplant left ventricular ejection fraction of ARVC patients
was 61% (±7%), vs. 57% (±13%) in non-ARVC patients

Figure 3 Kaplan–Meier survival estimates demonstrated (A) improved survival and (B) improved survival free of graft failure after heart transplanta-
tion for patients with primary diagnosis of arrhythmogenic right ventricular cardiomyopathy (ARVC) vs. non-ARVC dilated, restrictive, and hypertrophic
cardiomyopathy aetiologies (both P < 0.001 by log-rank test).
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(P < 0.001). In follow-up after HT, ARVC patients had lower
average serum creatinine (1.3 ± 1.0 vs. 1.7 ± 1.5 mg/dL,
P < 0.001) and less need for chronic dialysis (1.1% vs. 6.1%,
P = 0.015) compared with non-ARVC HT patients (Table 1).

Discussion

In this contemporary analysis of a large, national database of
HT recipients, we demonstrate a temporal increase in HT for
ARVC, key clinical differences of ARVC patients undergoing
HT compared with other CM aetiologies, and favourable
post-transplant outcomes in patients with ARVC. Although
ARVC remains a relatively rare indication for HT, comprising
only 0.3% of all HTs during this study period, there has been
a significant increase in both the absolute number of and
percentage of total transplants performed for ARVC between
1994 and 2020. While some of this increase may be due
to updated diagnostic criteria, increased recognition, and
genetic testing in recent years, numbers have continued to
rise even in the most recent years. With continued increasing
recognition and improvements in risk stratification to reduce
the burden of arrhythmic sudden cardiac death in ARVC, HF
prevalence is anticipated to increase in this patient popula-
tion, with a subsequent increase in HT.2,19

Arrhythmogenic right ventricular cardiomyopathy is an
inherited CM, with diagnosis often made in otherwise young

patients with few co-morbidities.1 Initial presentation may be
one of ventricular arrhythmia—or even sudden cardiac death
in young people or athletes27,28—or a diagnosis identified via
familial cascade genetic screening. Consistent with this, we
found that ARVC HT patients had a median age of 48 years,
and compared with non-ARVC HT transplants, they had fewer
co-morbidities (significantly less diabetes and tobacco use)
and were more likely to have implantable cardioverter
defibrillators. Reflective of their intrinsic RV-dominant
pathology, ARVC patients in this study had significantly lower
PA pressures compared with non-ARVC patients while having
significantly narrower PA pulse pressures (an indirect
measure of the combined effects of RV contractility and
pulmonary vascular distensibility29) and significantly impaired
cardiac output, likely driving need for HT. Likewise, we have
demonstrated that patients with ARVC can have impaired
ventilatory efficiency, which is in turn associated with HF
and need for HT.30 These haemodynamic differences
highlight the unique pathophysiological considerations that
drive pre-transplant mechanical support strategies in patients
with predominantly RV cardiomyopathies.

Overall, the use of MCS was rare in the ARVC population,
with the most common MCS utilization in ARVC being ECMO.
Rates of ECMO, IABP, and intravenous inotrope use did not
differ compared with non-ARVC patients; however, only 3%
of ARVC patients had left-sided VAD support, and the
majority of patients with VAD support required RV devices

Table 2 Factors associated with post-transplant mortality on univariable and multivariable Cox regression for entire study cohort of
n = 33 848 heart transplantation patients

Univariable
P

Multivariable
PHazard ratio (95% CI) Hazard ratio (95% CI)

Age 1.01 (1.01–1.01) <0.001 1.01 (1.01–1.01) <0.001
Male gender 1.02 (0.98–1.06) 0.337 1.01 (0.97–1.06) 0.615
Race

Caucasian Ref Ref
African American 1.53 (1.46–1.60) <0.001 1.62 (1.54–1.70) <0.001
Hispanic 0.92 (0.51–1.00) 0.053 1.04 (0.96–1.13) 0.353
Asian 0.78 (0.67–0.91) 0.002 0.85 (0.72–0.99) 0.047

Co-morbidities
Cerebrovascular disease 1.06 (0.95–1.19) 0.310 1.14 (1.00–1.29) 0.046
Diabetes mellitus 2.70 (2.48–2.93) <0.001 2.27 (2.06–2.51) <0.001
ESRD on HD 1.27 (1.14–1.43) <0.001 1.29 (1.13–1.48) <0.001
Prior malignancy 1.11 (1.01–1.21) 0.025 1.12 (1.01–1.24) 0.032
History of cigarette use 1.42 (1.33–1.51) <0.001 1.36 (1.25–1.47) <0.001

BMI 1.02 (1.02–1.03) <0.001 1.02 (1.02–1.02) <0.001
Defibrillator 0.92 (0.82–1.04) 0.193 0.93 (0.80–1.08) 0.326
Previous transplant 1.23 (0.94–1.62) 0.137 1.64 (1.17–2.27) 0.003
Multi-organ transplant 0.96 (0.84–1.10) 0.547 0.92 (0.78–1.07) 0.279
Days on waitlist 1.00 (1.00–1.00) 0.165 1.00 (1.00–1.00) 0.948
Post-transplant complications

Stroke 1.57 (1.37–1.80) <0.001 1.59 (1.36–1.87) <0.001
Dialysis 1.94 (1.80–2.09) <0.001 2.05 (1.87–2.24) <0.001
Permanent pacemaker 1.19 (1.07–1.32) 0.001 1.21 (1.07–1.37) 0.002
Indication: ARVC 0.45 (0.28–0.74) 0.002 0.48 (0.28–0.82) 0.008

ARVC, arrhythmogenic right ventricular cardiomyopathy; BMI, body mass index; CI, confidence interval; ECMO, extracorporeal membrane
oxygenation; ESRD, end-stage renal disease; HD, haemodialysis; IABP, intra-aortic balloon pump; IV, intravenous; NO, nitric oxide; PGE,
prostaglandin E; VAD, ventricular assist device.
Multivariable regression controls for age, gender, race, listing status, support (VAD, ECMO, IABP, IV inotropes, ventilator, inhaled NO, or
PGE), and any post-op complication (stroke, HD, or pacemaker). Bolded values indicate significant differences, with P < 0.05.
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(60%). As the predominant pathology in ARVC is RV failure,
the utility of durable LVAD therapy is limited in this
population. Additionally, the lack of Food and Drug
Administration-approved durable RV MCS devices, histori-
cally poor outcomes in transplanted TAH patients (compared
with LVAD or non-MCS patients), and our findings of
favourable post-transplant outcomes support transplantation
as the definitive treatment for patients with advanced
ARVC.19,31,32 Given that the average age of ARVC diagnosis
is ~30 years,6,12,18,19 the current data—with ARVC patients
listed for HT at an average of 44 (±17) years—suggest that
the need for transplantation occurs approximately one to
two decades after diagnosis.

Our data demonstrate that ARVC patients have excellent
post-transplant survival with improvement compared with
previous reports (post-HT survival for ARVC patients previ-
ously reported as 87% and 71% at 1 and 5 years, respectively,
in a UNOS cohort from 1993 to 2011).24 This is most likely
due to a parallel improvement in post-transplant survival
for all-comers as has been reported in the most recent
era.33 Prior single ARVC registry HT cohorts demonstrated
1 year survival of 94% in North America20 and a 5 year
survival of 91% in Europe.23 After adjustment, we found that
the primary diagnosis of ARVC was associated with a 50%
reduced risk of post-HT mortality compared with other
dilated, restrictive, and hypertrophic CM indications. ARVC
patients also had a close to 50% reduced risk of death or graft
failure compared with non-ARVC patients, after controlling
for age, gender, ethnicity, listing status, support, and
post-operative complications. These improved outcomes can
potentially be attributed to the unique haemodynamic
profile of ARVC patients, as well as their relative lack of
medical co-morbidities, especially for graft loss, where
co-morbidities such as diabetes and history of smoking
increase risk.34,35

In October 2018, the adult heart allocation policy was
modified in an attempt to improve prioritization of specific
CM phenotypes (such as restrictive and congenital) and of
more severely ill patients, ultimately to reduce waitlist
mortality.25 Studies to date have demonstrated an increased
use of temporary MCS devices such as ECMO and IABP and
a concomitant decreased use of durable VADs since the
allocation change.25,36–38 We found that after the allocation
policy change, ARVC patients waitlisted for HT had a
non-significant increase in the use of ECMO and IABP. The
overall small number of patients and low frequency use of
MCS in ARVC patients may have limited detection of
significant changes in MCS use thus far. Notably, ARVC pa-
tients undergoing HT under the revised allocation system
did have shorter average waitlist durations than those listed
prior to the change (70 vs. 220 days), similar to previously
reported data in all-comers for HT.39 Longer duration
follow-up is needed to make further conclusions regarding
peri-transplant management of ARVC patients.

While the use of a national database allowed us to study
the largest cohort of ARVC HT patients to date, this study
has the inherent limitations of database research, including
lack of granularity and missing/unknown variables. Notably,
diagnosis in UNOS is based on listing diagnosis and does
not take into consideration explanted heart pathology. Fur-
thermore, diagnosis is defined and input by the listing centre.
Haemodynamic data did not include right-sided heart
pressures. Additionally, the number of patients undergoing
HT for ARVC was relatively small, thus limiting some statisti-
cal analyses, and with increased numbers in more recent
years, decreasing the follow-up duration in comparison with
the non-ARVC study patients. Specific to ARVC, the UNOS
database does not include information on genetic mutations,
which have been shown to impact the clinical course and
expression of the disease, particularly whether patients have
RV or left ventricular predominant phenotypes.17

In conclusion, while ARVC remains overall a rare indication
for HT, the number of HTs performed for this disease has
steadily increased over time, which likely represents a combi-
nation of increased recognition and diagnosis as well as a
true use of HT for management of these patients. We demon-
strated excellent post-transplant survival for ARVC patients,
which may reflect their lower burden of co-morbid conditions
and a favourable pre-transplant haemodynamic profile. Re-
sults from this large UNOS registry, combined with the limited
MCS options for this patient population, support the use and
early consideration of HT in patients with ARVC. However,
larger, longer-term studies are required to further assess
the role of MCS as a bridge to transplant strategy in ARVC.
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