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Arrhythmogenic Right Ventricular Dysplasia/Cardiomyopathy (ARVD/C) is an inherited
cardiomyopathy characterized by fibrofatty replacement of the ventricular myocardium,
right ventricular (RV) dysfunction, and ventricular arrhythmias. The Johns Hopkins ARVD
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Program Registry (http://ARVD.com), which was established in 1995 to provide clinical
care for patients with ARVD/C and to study this disease, currently consists of over 1000
patients, family members, and borderline phenotypes. From this registry, we sought to
define the clinical characteristics, pre-transplant course, indications for, and outcomes of
those who underwent cardiac transplantation.

All subjects (or surrogate) gave written informed consent to participate in this study, which
was approved by the Johns Hopkins Institutional Review Board. The diagnosis of ARVD/C
was based on the presence of major and minor diagnostic criteria according to the 2010
Revised Task Force Criteria(1). A modified version of the American College of Cardiology/
American Heart Association HF staging system was used(2) as the original staging system
accounts for only left ventricular (LV) abnormalities. We include RV abnormalities and
divided Stage B into two separate sub-stages: B1 (asymptomatic ventricular dilatation
without dysfunction) and B2 (asymptomatic ventricular dysfunction). Patients who required
transplantation for HF were classified as RV failure only (left ventricular ejection fraction
((LVEF) ≥ 55%), predominately RV failure (LVEF ≥ 40% but ≤ 50%), or BiV failure
((LVEF) < 40%). For LVEF 50–55%, patients were classified as predominately RV if the
imaging conclusion stated LV dysfunction was present or if there was evidence of LV
involvement on pathologic assessment of the transplanted heart. Patients were classified as
predominately VT based on their transplant physician’s reason for listing in the clinical
record. Genetic testing of PKP2, DSG2, DSP, DSC2, and JUP was performed for those
patients whose DNA sample was available.

Twenty-one patients were identified in the Johns Hopkins ARVD/C Registry who either
underwent successful cardiac transplantation (n=20) or died as status 1A on the transplant
waiting list (n=1) from 1995–2009. Three were excluded after pathological assessment of
the explanted heart was consistent with an alternative diagnosis (two with cardiac
sarcoidosis), leaving 18 patients who met definite criteria for ARVD/C after transplant. The
cohort was 61% male. The average age of first ARVD/C symptoms was 24 ± 13 years
(median age 18 years). The two most common clinical reasons for initial presentation were
HF in five patients (28%) and sustained VT in five patients (28%). The average age at
cardiac transplant was 40 ± 14 years (median age 44 years). Thirteen patients were
transplanted predominately as a result of HF symptoms (BiV failure in four patients,
predominately RV failure in four patients, RV failure only in five patients) and five were
transplanted for predominately VT. RV dysfunction was present in 91% (n=11 with
available data) of patients at the time of HF diagnosis and all patients (n=18) at the time of
transplant. LV dysfunction was present in 43% (n=14) at the time of HF diagnosis and in
61% (n=18) at time of transplant.

For patients transplanted for HF, most had a prolonged clinical course from ARVD/C and
HF symptom onset (17.6±13.3 and 7.2±6.4 years, respectively), (Figure 1). One patient had
a fulminant HF course, requiring transplant only three months after first symptoms. At the
time of transplant, eight of the 13 patients had evidence of BiV involvement, and eight had
reached stage D HF. Patients transplanted for HF also had a significant burden of VT. No
patients transplanted for primarily for HF received a left ventricular assist device (LVAD).

For patients transplanted for predominately VT, the clinical course from ARVD/C symptom
onset and first episode of VT to transplant (14.7±15.9 and 7.9±4.4 years, respectively) was
also prolonged. Three patients had undergone at least one prior VT ablation procedure. The
other two patients were not ablation candidates because of multiple VT morphologies. All
were tried on multiple anti-arrhythmic therapies including amiodarone. At the time of
transplant, four patients had symptomatic HF but only one had reached stage D HF. Three
patients had BiV involvement, and one received a LVAD for refractory VT.
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ARVD/C-associated pathogenic mutations were found in 47% of patients who underwent
genetic evaluation, including six plakophilin-2 mutations (PKP2) (five heterozygous and
one homozygous) and two compound heterozygous DSG2 mutations in a single patient. Five
of the seven patients were transplanted for HF and all had evidence of BiV involvement.
The patient with a fulminant heart failure course had a heterozygous PKP2 mutation in
addition to a DSC2 variant of unknown significance (found in 1/400 controls).

In the largest assembled cohort of ARVD/C patients receiving cardiac transplantation, we
found patients often presented at a relatively young age, significantly younger than the
average age of onset among our ARVD/C registry participants(3), and most commonly with
VT or HF symptoms. In contrast to most published case reports, the clinical course of these
patients was generally prolonged. LV dysfunction was a common finding at both at
presentation and at transplant. The most common indication for cardiac transplantation was
HF with less than one third of patients for control of ventricular arrhythmias. The frequency
of desmosomal mutations was similar to other large ARVD/C registries(4). One year post-
transplant survival was 94% and 88% were alive at an average post-transplant follow-up of
6.2±4.8 years (median 4.5 years).
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Figure 1. Clinical timelines
Each patient is represented as a line numbered 1 through 18. * = transplanted for primarily
VT. Each line starts at the age of symptom onset. The line is dashed until a diagnosis of
ARVD/C is established and then the line becomes solid. Each line (dashed or solid) ends at
the age at which cardiac transplantation was performed. The lines are colored based on the
stage of HF: black line = stage A HF; red line stage = B1 HF; blue line = stage B2 HF; green
line = stage C HF; purple line = Stage D HF. X = sustained VT or ventricular fibrillation
(VF); red X = three or more episodes of VT/VF; 0 = appropriate ICD therapy for VT/VF;
red 0 = 3 or more appropriate ICD therapies delivered in 1 year; • = ICD implantation; △ =
catheter ablation for VT; red △ = 2 or more catheter ablations for VT in 1 year; ◊ = HF
hospitalization; red ◊ = 2 or more HF hospitalizations; † indicates death while awaiting
transplant.
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