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Abstract

Aims End-stage heart failure necessitating evaluation for heart transplantation is increasingly recognized in arrhythmogenic
right ventricular cardiomyopathy (ARVC). These patients present unique challenges in pre-transplant and peri-transplant
management given their predominantly right ventricular (RV) failure and propensity for ventricular arrhythmias. We sought
to utilize a tertiary ARVC referral and heart transplant centre experience to describe management of a series of patients with
ARVC undergoing heart transplantation at our centre.

Methods and results We queried the Johns Hopkins ARVC Registry for all patients who underwent heart transplantation and
further studied the subset undergoing transplantation at the Johns Hopkins Hospital. Patient demographics, clinical character-
istics, and pre-transplant clinical course were obtained from the registry and electronic medical records. Of the 532 patients in
the ARVC Registry, 63 (12%) underwent heart transplantation. Nine (six male) of these patients both had known ARVC prior to
transplant and were transplanted at Johns Hopkins Hospital between 2006 and 2020 at a mean age of 42 + 14 years old.
Pathogenic ARVC genetic variants were identified in six (67%) patients, all of whom had variants in the plakophilin-2 (PKP2)
gene. RV failure was universal with median right atrial to pulmonary capillary wedge pressure (RA/PCWP) ratio of 1.4
[interquartile range (IQR) 1.2-1.5] and median right ventricular stroke work index (RVSWI) of 0 g-m/m?/beat (IQR 0-0.3).
Six had a history of catheter ablation for ventricular arrhythmia with five of the six having at least three ablations. Transplant
evaluation was initiated an average of 344 + 407 days after first developing heart failure symptoms. The most common bridge
to transplant support included inotropes (n = 3) and extracorporeal membrane oxygenation (ECMO) (n = 2). Contraindication
to inotropes or mechanical support was common due to ventricular arrhythmia and RV predominant cardiomyopathy.
Conclusions Heart transplantation is a curative treatment for ARVC, but due to frequent ventricular arrhythmias and RV
predominant pathology, patients require unique considerations in regard to timing of evaluation, haemodynamic support
options, and wait listing qualification.
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Introduction replacement of the myocardium, leading to ventricular

arrhythmia and progressive heart failure (HF). The diagnosis
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is is based on established Task Force Criteria (TFC)* and carries
an inherited cardiomyopathy characterized by fibrofatty —an estimated prevalence of 1/2000 to 1/5000.2 End-stage HF
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is increasingly recognized in these patients with greater dis-
ease recognition via genetic testing and advanced cardiac im-
aging prompting earlier risk stratification and placement of
implantable cardioverter defibrillators (ICD).> Progressive
right ventricular (RV) failure may necessitate heart transplan-
tation (HT) but requires unique management considerations
as compared with traditional predominantly left ventricular
(LV) systolic dysfunction cardiomyopathies. More recently,
the heart transplant allocation system in the USA was modi-
fied in an attempt to improve waitlist survival and account
for specific HF phenotypes such as restrictive, hypertrophic,
and congenital cardiomyopathies, which may warrant differ-
ent considerations than LV systolic cardiomyopathies.* Early
studies post-allocation system change have demonstrated
shorter waitlist times and improved waitlist survival for
higher acuity patients as well as increased number of trans-
plants bridged from temporary mechanical circulatory sup-
port (MCS).>® However, the significant RV dilatation and
dysfunction seen in HF due to ARVC represents an additional
unique subset of patients that are underrepresented in the
current United Network of Organ Sharing allocation system.
ARVC patients thus present a distinct set of haemodynamic
and end-organ support challenges as they await HT. There
has been limited experience reported on bridge to transplan-
tation strategies and outcomes in ARVC patients.” We
therefore sought to utilize our institutional ARVC referral
and heart  transplant experience to describe
pre-transplantation and peri-transplantation strategies in pa-
tients with ARVC.

Methods

The Johns Hopkins ARVC Registry was established in 1999 and
enrols patients affected or at risk for ARVC. The registry in-
cludes all patients evaluated by the ARVC Program at Johns
Hopkins who consented to participate or those patients
who contacted the program and consented to be part of
the registry. Medical records, with a focus on arrhythmia
events, imaging, and clinic visit notes, are obtained from
treating physicians and continuously updated as new infor-
mation becomes available in addition to standard annual up-
dates. Participants include patients meeting diagnostic
criteria for ARVC, at risk family members, and patients who
carry an ARVC-associated genetic variant but do not meet
current diagnostic criteria for ARVC. We identified registry
subjects who underwent HT from 1995 to 2020. We then in-
cluded only those transplanted at Johns Hopkins Hospital for
further analysis in the current study in order to ensure clinical
data completeness and ability to address the study aim. The
investigation conforms with the principles outlined in the
Declaration of Helsinki. The Johns Hopkins Institutional
Review Board approved the study protocol, and written, in-
formed consent was obtained.

Demographic and clinical characteristics including diagnos-
tic ARVC TFC, imaging studies, pathology results, and genetic
testing results were obtained from the registry. Time of ARVC
diagnosis was defined as when the patient was evaluated for
and met ARVC TFC. Genetic testing including at a minimum
50 genes was performed in each patient including desmo-
somal genes encoding plakophilin-2 (PKPZ2), desmoplakin
(DSP), desmoglein-2 (DSG2), desmocollin-2 (DSC2), and
plakoglobin (JUP) as well as nondesmosomal gene analysis in-
cluding transmembrane protein 43 (TMEM43) and phospho-
lamban (PLN). The electronic medical record was queried
for peri-transplant course. Indication for HT was adjudicated
based on clinical documentation by the referring transplant
physician and recorded as refractory ventricular arrhythmia,
HF, or both. Transthoracic echocardiography data at the time
of transplant evaluation was used for assessment of left ven-
tricular ejection fraction (LVEF), degree of RV dilation, and RV
dysfunction. Patients with evidence of RV dysfunction were
categorized as RV failure only (LVEF > 50%), predominantly
RV failure (LVEF > 40% but <50%), or biventricular (BiV) fail-
ure (LVEF < 40%). Invasive haemodynamics were obtained
from pre-transplant right heart catheterization closest to
the time of transplant evaluation. Cardiopulmonary exercise
testing (CPET) results performed closest to time of transplant
were attained. Pre-transplant acute management (including
use of intravenous inotropes and MCS), waitlist allocation,
time to transplant, and outcomes were ascertained. Initial
waitlist status was defined as the status at time of initial list-
ing, while terminal waitlist status was defined as status at
time of transplant.

Descriptive statistical analysis was performed as follows:
continuous variables were expressed as mean * standard de-
viation (normally distributed) or median [interquartile range
(IQR)] (skewed) and categorical variables as numbers
(percentages).

Results

As of March 2021, the Johns Hopkins ARVC Registry has 532
unique patients meeting 2010 TFC. Of these, 63 (12%)
underwent HT between the years 1995 and 2020 at any insti-
tution, with 11 (17%) occurring at Johns Hopkins Hospital.
Two of the 11 patients were diagnosed with ARVC retrospec-
tively after HT. Thus, nine patients underwent HT for
pre-transplant diagnosis of ARVC, all confirmed on
post-transplant examination of heart pathology. Pathological
analysis demonstrated minimal to small amount of LV in-
volvement in all but one patient who had patchy, marked
fibrofatty infiltrate of the LV myocardium. The transplants oc-
curred between 2006 and 2020. Notably, three patients in the
registry transplanted at other institutions were diagnosed in-
stead with cardiac sarcoidosis (n = 2) or myocarditis (n = 1)
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based on heart explant pathology. Figure 1 illustrates the in-
clusion criteria for patients in this present analysis.

Table 1 depicts patient demographics, comorbidities,
anti-arrhythmic medications, symptoms, and clinical time
course leading up to HT in the nine patients with known
ARVC (serially numbered Patient #1 through #9). The TFC
met by each patient prior to transplant is shown in
Supporting Information, Table S1. Hypothyroidism was the
most common comorbidity (n = 4, 44%). All patients were
on beta-blockers for either arrhythmia prevention or HF at
some point during their disease course, but five (56%)
stopped prior to transplant admission for lack of arrhythmia
suppression or concerns they were contributing to worsening
RV HF. All patients had an ICD prior to transplant and six
(67%) patients underwent catheter ablation for ventricular
tachycardia (VT); five of the six patients underwent three or
more ablations. Half of the patients with history of VT abla-
tion (n = 3) developed HF >10 years after most recent VT ab-
lation. The other three patients had already developed HF
symptoms prior to or concomitant with their last VT ablation.
Patient #3 had prior cardiac surgery for anomalous right cor-
onary artery and three (33%) patients had prior epicardial ac-
cess for either VT ablation or ICD lead placement. HT
evaluation was typically initiated within 1 year of the onset
of first HF symptoms (mean 344 + 407 days).

Representative pre-transplant haemodynamics, cardiac im-
aging, and explant heart pathology are shown in Figure 2.
Pre-transplant right heart catheterization was available in
eight of nine patients prior to escalation of haemodynamic
support; one patient (Patient #8) underwent right heart

catheterization after urgent extracorporeal membrane oxy-
genation (ECMO) cannulation. In the eight patients, right
heart catheterization haemodynamics were consistent with
RV failure. Median right atrial to pulmonary capillary wedge
pressure (RA/PCWP) ratio was 1.4 (IQR 1.2—-1.5). Median right
ventricular stroke work index (RVSWI) was 0 g-m/m?/beat
(IQR 0-0.3) compared with a median left ventricular stroke
work index (LVSWI) of 22.9 g-m/m?/beat (n = 7, 1QR
19.2-40.1). Median pulmonary vascular resistance (PVR)
was 1.3 Woods units (IQR 0.9-1.5). Median cardiac index
(Cl) was 1.8 L/min/m? (IQR 1.5-2.3). Six patients underwent
pre-transplant CPET consistent with advanced cardiac limita-
tion as follows: median peak oxygen consumption (pVO,)
11.7 mL/kg/min (IQR 10.3-12.0) at maximal exercise
(RER > 1.05), median per cent predicted pVO, 34.9% (n = 5,
IQR 32.8-39.1), and median ventilatory efficiency (Ve/VCO,
slope) of 46.2 (n =5, IQR 30.5-56.3).

Four patients were transplanted under the prior allocation
system, all waitlisted as Status 2 (old allocation system) at ini-
tial listing. One of four was transplanted while Status 2 and
the other three progressed to needing inpatient hospitaliza-
tion with subsequent upgrade in waitlist status. Of the five
patients transplanted under the revised allocation system,
three patients were initially listed as Status 6, with all five re-
quiring escalation to either Status 1 or 2 qualifying support at
time of transplant. Haemodynamic and mechanical support
at time of transplant are shown in Table 1. Exceptions under
both the prior and revised allocation systems commonly in-
cluded barriers to indwelling pulmonary artery catheter
guided inotropic support and lack of benefit of intra-aortic

Figure 1 Methodology for inclusion in analysis of ARVC heart transplantation at the Johns Hopkins Hospital. ARVC, arrhythmogenic right ventricular

cardiomyopathy.
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Figure 2 Representative sample of pre-transplant testing results and explant pathology. (A) Right heart catheterization showing elevated right-sided
filling pressures, low pulmonary artery pulse pressure, and low left atrial filling pressures. Patient had a low cardiac output and cardiac index (not
shown). The vertical scale shown is in millimetres of mercury (mmHg). (B) Haematoxylin and eosin stain showing fibrofatty replacement of right ven-
tricular myocardium at x2 magnification. (C) Masson trichrome stain showing increased fibrosis of right ventricular myocardium at x2 magnification.
(D) Parasternal long-axis (PLAX) echocardiography image showing dilation of right ventricle. (E) Native heart explant showing dilated right ventricle and

wall thinning with fibrofatty replacement.

(A)
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Right
Ventricle
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balloon pump (IABP) in severe primary RV failure. For these
reasons, patients were approved at similar urgency to other
patients qualifying based on indwelling pulmonary artery
catheter guided inotropic support or, for example, IABP sup-
port under old and revised allocation systems, respectively.
Two of these patients (Patients #6 and #8) underwent
attempted percutaneous right ventricular assist device
(RVAD), which were both unsuccessful given severely dilated
RV. The fixed distance between the inflow and outflow
caused the outflow to be displaced out from the pulmonary
artery even after successful initial placement in a massively
dilated RV. Additionally, indwelling pulmonary artery catheter
placement as required for certain waitlist statuses for dura-
tion of wait time was often limited in these patients given
catheter arrhythmogenicity and positioning challenges with
severely dilated RV. Left ventricular assist device (LVAD)
was contraindicated in all patients because of significant RV
dysfunction in addition to VT and normal LV function ob-
served in the majority.

Two patients (Patients #8 and #9) required MCS and were
supported with ECMO (one peripheral and one central). Pa-
tient #8 was originally admitted for refractory VT after recent
VT ablation, thus prompting urgent HT evaluation. Significant
and rapidly progressive HF became evident within days ne-
cessitating ECMO support from which he could not be
weaned. Given that he did not have his full evaluation
completed, we placed him initially on peripheral femoral
veno-arterial ECMO for stabilization and immediate

haemodynamic support. After a period of reversal of
end-organ damage and to allow for full work-up and mitigate
deconditioning, we moved his peripheral ECMO cannulation
to a central configuration with a dual lumen internal jugular
venous drainage catheter and a partial upper sternotomy
with direct aortic cannulation. Patient #9 was admitted for
worsening low output HF symptoms despite diuretic escala-
tions at home. He was trialled on multiple intravenous (I1V)
inotropes but had increasing ventricular arrhythmia burden,
prompting ECMO support. These patients were supported
on ECMO for 20 and 8 days, respectively, prior to transplant.
Patient #8 required transfusions for bleeding; Patient #9 had
significant epistaxis requiring transfusion and embolization.
All transplants were performed using a standard bicaval tech-
nique. Excluding two patients that never left the intensive
care unit (ICU), the median post-transplant ICU length of stay
was 6 (IQR 4-10); the two patients supported on ECMO pre-
transplant were discharged on Post-operative Days 33 and
10. Patient #7 expired in the ICU after experiencing primary
graft dysfunction (PGD) requiring ECMO support; prior to
transplant, she had worsening haemodynamics despite esca-
lating inotropes. Patient #4 had a prolonged ICU course be-
fore expiring as a consequence of technical complications of
the initial operation. As of 10/1/2021, the remaining patients
are alive.

The two patients diagnosed with ARVC retrospectively
after HT were a father/son pair. The father had recurrent
ventricular arrhythmias and LV systolic dysfunction, which
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was initially diagnosed as dilated cardiomyopathy. He re-
quired mechanical support with an IABP that was
transitioned to a Novacor (Novacor Corp, Oakland, CA, USA)
LV assist system before undergoing HT in 1995. His son devel-
oped chest pain and was found to have LV systolic dysfunc-
tion. He had recurrent arrhythmias before undergoing HT in
2008 with native explant pathology consistent with ARVC
leading to diagnosis in both him and his father. Whole exome
sequencing was negative for identifiable variant to explain
cardiomyopathy.

Discussion

We describe the pre-transplant course of patients with RV
predominant phenotype ARVC undergoing HT and describe
haemodynamic support and wait listing strategies unique to
this patient population. Despite ARVC being a rare disease,
we were able to leverage our high volume ARVC referral cen-
tre, which accounts for a significant proportion of ARVC heart
transplants performed in the USA, to provide more granular
data on peri-transplant characteristics. We found that ARVC
presents unique challenges in pre-transplant management
with significant ventricular arrhythmias limiting use of
inotropes and RV morphology plus dysfunction limiting me-
chanical support options. The current allocation system,
though modified to account for special populations, does
not include RV predominant conditions, thus resulting in
higher need for waitlist exceptions. However, despite these
challenges, we found that with appropriate anticipation and
early recognition of worsening HF, timely referral for HT eval-
uation, and multidisciplinary discussion of haemodynamic
support options, ARVC patients have favourable HT candidacy
and outcomes.

Predominant RV failure seen in ARVC requires specific di-
agnostic considerations. First, progressive HF may be under
recognized in these patients. Typical LV HF signs and symp-
toms such as dyspnoea and orthopnoea may be lacking,
and rather more predominant may be abdominal bloating,
jugular venous distention, and fatigue. In our cohort, one pa-
tient required dual organ transplantation with heart and liver
due to cirrhosis in the setting of chronic right-sided conges-
tion. Patients are also younger and disproportionately com-
petitive or endurance athletes prior to the diagnosis of
ARVC, which often results in cessation of exercise to prevent
progression.*® Thus, a significant decline from prior peak car-
diac performance needs to occur before they notice activity
limitations, a hallmark of HF. Lastly, symptoms of fatigue
due to deconditioning and high beta-blocker use must be dis-
tinguished from low cardiac output.

Several clinical and diagnostic markers may herald progres-
sion of cardiomyopathy in ARVC and aid clinicians in risk
stratification. For example, increased HF risk based on gene

variant has been demonstrated with DSGZ2 variants as
compared with PKP2.** This was not seen in our cohort with
all patients with an identified variant existing in PKPZ2,
perhaps due to the North American predominance of PKPZ2.
Patients with DSP variants more often have significant LV in-
volvement and more traditional dilated cardiomyopathy
phenotype.!! Depolarization abnormalities on electrocardio-
gram (ECG) are associated with RV progression and other
ECG findings may signal LV involvement.*? Additionally, recur-
rent arrhythmias can signal progression,® but their relation
to HF may be more complex as shown in the current cohort.
Of those patients who had arrhythmias, half were still having
recurrent arrhythmias when they developed HF but the other
half had gone >10 years without significant arrhythmia is-
sues. Non-invasive imaging like echocardiography provides a
readily available modality for monitoring patients, and recent
work has demonstrated a relationship between RV strain and
progression.** CPET is traditionally used to predict transplant
free survival in HF patients, but utilization is low in ARVC due
to presumed risk of exercise-induced arrhythmia or ICD ther-
apies. Our group has previously demonstrated the safety of
CPET as well as utility of Ve/VCO, slope even on submaximal
exercise tests to predict transplant free survival in ARVC.*®
Further investigation of serial CPET measurements and HF
outcomes are needed in this population. Finally, invasive hae-
modynamics showing low pulmonary artery pulse pressure,
low cardiac output, and right-sided congestion are also con-
cerning for advanced RV cardiomyopathy. Taken together,
these objective markers can help supplement careful clinical
assessment to identify patients who may benefit from HT.

Our practice is to refer for advanced HF assessment if pa-
tient undergoes repeat VT ablation, has progression of car-
diomyopathy on imaging, or develops congestive and/or
low output symptoms as shown in Figure 3. In RV affected
phenotypes like this cohort, primary HF treatment consists
of diuretic therapy to maintain euvolaemia, and, if tolerated,
angiotensin-converting enzyme inhibitor (ACEi) or angioten-
sin receptor blocker (ARB) therapy from extrapolated human
LV and animal model data on beneficial role in ventricular re-
modelling. Beta-blockers may be concurrently or previously
prescribed for arrhythmia suppression. In the presence of sig-
nificant RV dysfunction, especially in the absence of LV dys-
function, beta-blockers are typically not initiated for a
primary indication of cardiomyopathy. In the setting of low
output HF, beta-blocker dose may be reduced or discontin-
ued, however in conjunction with awareness of patient’s
arrhythmia history.

As seen in the present cohort, there may be fairly rapid
progression when overt HF symptoms manifest. We have a
low threshold to obtain invasive haemodynamics partially
based on the degree of symptoms at time of referral and sub-
sequent trajectory under close monitoring (Figure 3). Poor
haemodynamics despite volume optimization (or recurrent
arrhythmias) combined with significant limiting symptoms
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Figure 3 Stepwise progression and triggers for escalation in patients diagnosed with ARVC. Impella RP ® & Impella ® (Abiomed, Danvers, MA, USA),
Protek Duo ® (TandemlLife, Pittsburgh, PA, USA). ARVC, arrhythmogenic right ventricular cardiomyopathy; CPET, cardiopulmonary exercise test; echo,
echocardiogram; ECMO, extracorporeal membrane oxygenation; GDMT, guideline-directed medical therapy; HF, heart failure; HT, heart transplant;
IABP, intra-aortic balloon pump; LVAD, left ventricular assist device; RV, right ventricle; SCD, sudden cardiac death; VT, ventricular tachycardia.
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should immediately trigger an HT evaluation. Under the
revised HT allocation system, Status 6 patients account for
only 3.9% of all HT performed.® As cardiac function deterio-
rates, additional support is needed to avoid end-organ dys-
function. Inotropes are traditionally first-line options in this
situation, but use may be limited in patients with recent re-
current ventricular arrhythmias, particularly in the arrhyth-
mogenic substrate of ARVC. Even if tolerated at low dose,
patients infrequently tolerate high enough inotrope doses
to qualify for more urgent waitlist status. Only three of the
nine patients in our cohort were safely bridged to transplant
with inotropes alone.

The final option for clinical worsening is MCS. While many
of these patients have some degree of LV failure, RV failure is
nearly always present and at least moderate if not severe.
Durable LVADs have been used successfully in select patients
with ARVC but frequently are not an option.*® To the best of
our knowledge, none of the patients in the registry have un-
dergone durable LVAD placement. Although a plethora of
temporary MCS options exists, the majority are designed to
aid the LV. Percutaneous options for providing RV only sup-

port include the Impella RP (Abiomed, Danvers, MA, USA)
(inserted via femoral vein) as well as the Tandem ProTek
Duo (TandemlLife, Pittsburgh, PA, USA) (dual lumen catheter
inserted via the internal jugular vein). They unfortunately
tend to be positional and are dependent on optimal RV ge-
ometry. The major limitation in ARVC is the significant RV di-
lation, as shown in Figure 2, which often precludes effective
positioning. Patient #8 had an attempted percutaneous RVAD
to enable weaning of ECMO, but it could not be positioned
adequately given RV dilation. Placement of a surgical RVAD
was contemplated by utilizing a right-sided CentriMag
(Abbott, Chicago, IL, USA). However, the unknown effects of
providing full support for a failing RV in the setting of
unpredictability of the LV to handle the sudden changes in
haemodynamics combined with a previous poor outcome in
a surgically implanted RVAD in a patient with ARVC made
us appropriately weary of this as a viable option. In actuality,
the prior surgically implanted RVAD was carried out while the
patient was acutely ill and was complicated by significant pul-
monary regurgitation ultimately requiring ECMO prior to the
patient expiring. In this situation and in our cohort, ECMO
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represents the primary modality to provide adequate
haemodynamic support in those patients who remain under
supported. In addition, ECMO has become a more frequent
and reliable method to bridge patients with biventricular sup-
port to HT in all aetiologies of HF.> As Status 1, the time to
transplant in these patients is decreased at the cost of com-
plications associated with ECMO combined with immobility
that may hamper post-HT recovery. The latter could be par-
tially overcome by alternative central ECMO configuration
via the internal jugular vein for venous drainage and either
the axillary artery or direct aortic cannulation for outflow.
This allows for ambulation and was employed in Patient #8,
who had already had an extensive ICU hospitalization for re-
fractory VT and ablation. The consequences of
under-utilization and hesitancy in employing ECMO support
in this population are evident in Patient #7 who quickly devel-
oped PGD post-operatively. She had the confounding factor
of a longer ischaemic time (249 min; Table 1) in addition to
being under-supported going into transplantation with evi-
dence of liver congestion and abnormal kidney function. Ex-
pected post-operative RV  dysfunction exacerbated
pre-existing hepatic congestion with rapidly worsening he-
patic function, vasoplegia, and eventual bleeding diathesis
complicating ECMO cannulation. Ensuring optimal circulatory
support and RV decongestion prior to HT helps avoid passive
liver congestion, which could otherwise lead to a dysfunc-
tional coagulation profile and worse vasoplegia
perioperatively.

In regard to donor selection, typically younger donors are
preferred given younger recipient age; however, there is less
need for donor oversizing as patients with ARVC tend to have
favourable pulmonary haemodynamics and thus lower risk of
pulmonary hypertension-related PGD.

Limitations of our study include its relatively small sample
size and single-centre retrospective design with risk of refer-
ral bias. However, ARVC is a rare disease, and as a referral
centre, we leverage our ability to contribute what we hope
will be important knowledge in the management of these pa-
tients globally. Finally, it should be noted that this study was
limited to patients meeting the 2010 ARVC TFC, which has
known limitations in diagnosing patients with left dominant
forms of ARVC (arrhythmogenic cardiomyopathy or arrhyth-
mogenic left ventricular cardiomyopathy). The aim of this
study was to describe peri-transplant management of those
with predominant RV disease though as those with LV cardio-
myopathy are often managed in a more traditional manner
with use of inotropes and left-sided MCS.

We describe contemporary strategies in patients on the
waitlist and undergoing more expedited evaluation for HT
with the diagnosis of ARVC. HF is becoming increasingly prev-
alent in ARVC and some patients may require HT. Regular
clinical assessment emphasizing signs and symptoms of RV
failure can be combined with both non-invasive and invasive
objective markers of progression such as echocardiography,

CPET, and right heart catheterization to identify patients
who would benefit from early referral to an ARVC advanced
HF and transplant centre. Timely referral allows patient and
clinician anticipation and shared decision making, as well as
multidisciplinary planning for HT evaluation, wait listing,
and operative management, with patient-specific consider-
ations such as arrhythmia risk. If these factors are adequately
addressed, HT is a curative treatment for ARVC and can sub-
stantially prolong life. Ongoing clinical experience and future
multicentre prospective analyses of ARVC HT outcomes un-
der the revised HT allocation system will be paramount to
identifying necessary considerations for this unique patient
population.
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