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ABSTRACT

Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC) is a relatively under-recognized
hereditary cardiomyopathy. It is characterized pathologically by fibro-fatty infiltration of right
ventricular (RV) myocardium and clinically by consequences of RV electrical instability. Timely
intervention with device therapy and pharmacotherapy may help reduce the risk of arrhyth-
mic events or sudden cardiac death. Here, we describe a classic case of a young adult with
ARVC and a brief literature review. The patient presented with exertional palpitations and
ARVC was suspected after his routine electrocardiogram (EKG) revealed symmetric T wave
inversions and possible epsilon waves in right precordial leads. Subsequent work up showed
fatty infiltration of RV myocardium on cardiac magnetic resonance imaging and inducible
ventricular tachycardia from the right ventricle during electrophysiologic study. Those find-
ings confirmed the diagnosis of ARVC and warranted treatment with implantable cardioverter
defibrillator. It is always exciting to encounter rare pathological entities with classic clinical
findings, especially when they present as a diagnostic challenge.We were able to provide
correct diagnosis and management, thereby preventing the potentially lethal consequences.
Therefore, it is important to recognize the possible EKG findings of ARVC and to know when
to pursue further investigations and to implement therapies.
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1. Case report

A healthy 33-year-old athletic male was evaluated in
cardiology clinic for worsening exertional palpita-
tions and non-specific chest discomfort. About five
years ago, he had similar complaints and prior elec-
trocardiogram (EKG) from the initial encounter
showed diffuse symmetric T wave inversions in
right precordial leads. Subsequently, he had extensive
work up consisting of cardiac monitor, echocardio-
gram (ECHO), exercise stress test and coronary
angiogram, which were all unremarkable. There was
no personal or family history of unexplained syncope
or cardiac arrest. At this visit, the patient’s EKG
showed symmetrically inverted T waves and possible
epsilon waves in the right precordial leads (Figures 1
and 2). ECHO was grossly unremarkable. Holter
monitor showed frequent premature ventricular com-
plexes of right ventricular (RV) origin and episodes
of non-sustained ventricular tachycardia (NSVT)
with left bundle branch block pattern (LBBB)
(Figure 3). Cardiac magnetic resonance imaging
(CMRI) showed dyskinetic right ventricle with RV
ejection fraction (EF) of 35% and foci of fat in RV
side of interventricular septum (Figure 4). The
patient was informed of the possible diagnosis of
ARVC. Electrophysiologic study (EPS) was done

and showed easily inducible ventricular tachycardia
(VT) from the right ventricle with LBBB pattern
(Figure 5). Dual-chamber implantable cardioverter
defibrillator (ICD) was subsequently placed and
patient was discharged on sotalol. After counseling,
genetic testing was done and was positive for muta-
tion in plakophilin-2 gene (PKP-2). Genetic testing
was also recommended for his family. Follow up
device interrogation has showed no therapies.

2. Discussion

First reported by Dr Frank Marcus in 1982, ARVC is a
progressive hereditary cardiomyopathy with a higher
risk of ventricular arrhythmias and sudden cardiac
death (SCD). It is characterized histologically by fibro-
fatty replacement of RV myocardium with subsequent
RV dilation and systolic dysfunction.[1] Despite the
name, ARVC may also involve the left ventricle and
cause left-sided heart failure. The estimated prevalence
is 1:2000-1:5000. Underlying pathogenesis is thought to
be the mutation of several genes encoding desmosomes,
which are responsible for cell to cell adhesion.
Malfunctioning desmosomes account for myocyte
detachment and cell death along with perpetual
mechanical stress or myocardial contraction. This
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Figure 2. Possible epsilon waves in right precordial lead V3 (see black arrow).
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Figure 3. Holter monitor showing non-sustained ventricular tachycardia with left bundle branch block pattern.

Figure 4. Cardiac MRI showing foci of fat in right ventricular side of interventricular septum (see white arrow).
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Figure 5. Twelve-lead EKG showing inducible ventricular tachycardia with left bundle branch block pattern and superior axis

during electrophysiologic study.

process leads to the initial phase of inflammation in
affected myocardium with subsequent apoptosis and
fibro-fatty  replacement of the myocardium.
Ventricular fibrillation (VF) may occur during the pro-
cess of cell death whereas macro-reentrant ventricular
tachycardia (VT) is related to fibrofatty scars in ARVC.
Mutation of non-desmosomal genes have also been
reported in autosomal dominant ARVC.[2,3]

Many patients may remain asymptomatic, but some
patients may present with palpitations, dizziness, cardio-
genic syncope, heart failure, ventricular arrhythmias or
cardiac arrest. EKG findings, reported in approximately
30% of ARVC patients, include symmetrically inverted T
waves and epsilon waves in the right precordial leads
(V1, V2 and V3). Thought to be due to slowed depolar-
ization of affected part of RV myocardium, epsilon waves
are described as low-amplitude positive signals at the end
of QRS complexes. Of ARVC associated ventricular
arrhythmias, the most common one is monomorphic
VT with LBBB pattern.[4,5] Supraventricular arrhyth-
mias have also been reported. Cardiovascular mortality
among ARVC patients is attributable to progressive heart
failure and SCD in the order of common occurrence. The
SCD risk is higher among those with history of ventri-
cular tachycardia.[6] The phenotypic penetrance is vari-
able and is strongly related to the amount of exercise.
James et al. [7] reported endurance exercise level has an
impact on phenotypic penetrance of the disease and
onset of VT and SCD among athletes. This finding has
also been described in an animal study.[8]

Holter monitor may show NSVT with variable
morphologies. ECHO can show regional RV wall
motion abnormality, increased RV dimension (espe-
cially at the RV outflow tract) and reduced RV EF.
With emerging technology, CMRI has played a major
role in diagnosing ARVC with fairly high sensitivity
and specificity, however inter-observer variability has
been reported.[9] EPS can be done diagnostically to
look for inducible VT. The extent of the disease can
also be identified by electroanatomic mapping.[10]
EPS can also help guide biopsy the endomyocardium.
However, the use of endomyocardial biopsy (EMB) is
controversial due to patchy areas of myocardial invol-
vement and limited sensitivity from sampling errors.

[11] On the other hand, genetic testing may be helpful
when the diagnosis of ARVC is borderline and when
targeted genetic screening of first-degree relatives is
planned. Neither EMB nor genetic testing is recom-
mended as an initial step to establish the diagnosis.

Literature suggests that approximately 50% of
ARVC patients are familial, which perhaps may be
an underestimate. The disease can be inherited in
autosomal dominant form or autosomal recessive
form, with the former being the most common.
Several genes have been reported in the autosomal
dominant disease. One of them is plakophilin-2 gene
(PKP-2), which encodes desmosomal protein plako-
philin-2 and is the most common mutation identi-
fied in North America. Patients with PKP-2
mutation tend to have earlier onset of symptoms
and arrhythmias with the mean age of onset being
28 (x11 years).[2,12] In our patient, genetic testing
was positive for pathogenic variant in PKP-2 gene.
Additionally, a recessive counterpart is less common
and is associated with cutaneous manifestations.
Both Naxos disease and Carvajal syndrome are
inherited in autosomal recessive pattern and are
associated with woolly hair, palmoplantar keratosis
and cardiomyopathy.[13,14]

Making a correct diagnosis is critically important
and can be challenging. Marcus et al. [15] have pro-
posed the 2010 revised Task Force Criteria, which
include six categories as below:

(I) Global or regional dysfunction and struc-

tural alterations in CMRI or ECHO

(II) Tissue characterization of wall (fibrous
replacement and percentage of residual myo-
cytes in right ventricle)

(IIT) Repolarization abnormalities on EKG (T
wave inversion in V1, V2 and V3)

(IV) Depolarization/conduction abnormalities on
EKG (epsilon wave in V1, V2 and V3)

(V) Arrhythmias (VT with LBBB morphology
and superior axis)

(VI) Family history (AVRC in a first degree rela-
tive confirmed with Task Force criteria or at
autopsy)
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Table 1. Revised task force criteria (adapted with permission from Marcus et al. [15]).

l. Global or regional dysfunction and structural alterations®
Major
By 2D echo:

Regional RV akinesia, dyskinesia, or aneurysm
and one of the following (end diastole):
PLAX RVOT 2 32 mm (corrected for body size [PLAX/BSA] = 19 mm/m?)
PSAX RVOT = 36 mm (corrected for body size [PSAX/BSA] = 21 mm/m?)
or fractional area change <33%

By MRI:

Regional RV akinesia or dyskinesia or dyssynchronous RV contraction
and one of the following:
Ratio of RV end-diasstolic volume to BSA > 110 ml/m? (male) or =100 ml/m? (female)
or RV ejection fraction <40%
By RV angiography:

® Regional RV akinesia, dyskinesia, or aneurysm

Minor
By 2D echo:

Regional RV akinesia or dyskinesia

and one of the following (end diastole):

PLAX RVOT 2 29 to <32 mm (corrected for body size [PLAX/BSA] = 16 to <19 mm/m?)
PSAX RVOT = 32 to <36 mm (corrected for body size [PSAX/BSA] > 18 to <21 mm/m?)
or fractional area change >33% to <40%

By MRI:

Regional RV akinesia or dyskinesia or dyssynchronous RV contraction

and one of the following:

Ratio of RV end-diastolic volume to BSA > 100 to <110 ml/m? (male) or =90 to <100 ml/m? (female)
or RV ejection fraction >40% to <45%

Il. Tissue characterization of wall
Major
® Residual myocytes <60% by morphometric analysis (or <50% if estimated), with fibrous replacement of the RV free wall myocardium in >1
sample, with or without fatty replacement of tissue on endomyocardial biopsy
Minor
® Residual myocytes 60% to 75% by morphometric analysis (or 50% - 65% if estimated), with fibrous replacement of the RV free wall
myocardium in >1 sample, with or without fatty replacement of tissue on endomyocardial biopsy
lll. Repolarization abnormalities
Major
® Inverted T waves in right precordial leads (V1, V2, and V3) or beyond in individuals >14 years of age (in the absence of complete right bundle-
branch block QRS > 120 ms)
Minor
® Inverted T waves in leads V1 and V2 in individuals >14 years of age (in the absence of complete right bundle-branch block) or in V4, V5, or V6
® Inverted T waves in leads V1, V2, V3, and V4 in individuals >14 years of age in the presence of complete right bundle-branch block
IV. Depolarization/conduction abnormalities
Major
® Epsilon wave (reproducible low-amplitude signals between end of QRS complex to onset of the T wave) in the right precordial leads (V1 to V3)

Minor

Late potentials by SAEKG in 21 of 3 parameters in the absence of a QRS duration of > 110 ms on the standard EKG

Filtered QRS duration (fQRS) > 114 ms

Duration of terminal QRS < 40 uV (low-amplitude signal duration) >38 ms

Root-mean-square voltage of terminal 40 ms < 20 puV

Terminal activation duration of QRS > 55 ms measured from the nadir of the S wave to the end of the QRS, including R’, in V1, V2, or V3, in
the absence of complete right bundle-branch block

V. Arrhythmias
Major

® Non-sustained or sustained ventricular tachycardia of left bundle-branch morphology with superior axis (negative or indeterminate QRS in
leads II, III, and aVF and positive in lead aVL)

Minor
® Non-sustained or sustained ventricular tachycardia of RV outflow configuration, left bundle-branch block morphology with inferior axis
(positive QRS in leads II, III, and aVF and negative in lead aVL) or of unknown axis
® >500 ventricular extrasystoles per 24 h (Holter)
VI. Family history
Major

® ARVC confirmed in a first-degree relative who meets current Task Force criteria
® ARVC confirmed pathologically at autopsy or surgery in a first-degree relative
® Identification of a pathogenic mutation” categorized as associated or probably associated with ARVC in the patient under evaluation

(Continued)
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Table 1. (Continued).

Minor

® History of ARVC in a first-degree relative in whom it is not possible or practical to determine whether the family member meets current Task

Force criteria

® Premature sudden death (<35 years of age) due to suspected ARVC in a first-degree relative
® ARVC confirmed pathologically or by current Task Force Criteria in second-degree relative

Abbreviations: ARVC: arrhythmogenic right ventricular cardiomyopathy; PLAX: parasternal long-axis view; RVOT: RV outflow tract; BSA: body surface area;
SAEKG; signal-averaged electrocardiogram; PSAX: parasternal short-axis view; aVF: augmented voltage unipolar left foot lead; aVL: augmented voltage

unipolar left arm lead.
Diagnostic terminology for revised criteria:

® Definite diagnosis: two major or one major and two minor criteria or four minor from different categories;
® Borderline: one major and one minor or three minor criteria from different categories;

® Possible: one major or two minor criteria from different categories.

®Hypokinesis is not included in this or subsequent definitions of RV regional wall motion abnormalities for the proposed modified criteria.
PA pathogenic mutation is a DNA alteration associated with ARVC that alters or is expected to alter the encoded protein, is unobserved or rare in a large
non-ARVC control population, and either alters or is predicted to alter the structure or function of the protein or has demonstrated linkage to the

disease phenotype in a conclusive pedigree.

Among the six categories, each of them is subdi-
vided into major and minor criteria. Diagnosis is
fulfilled as below:

e Definite diagnosis with two major or one major
and two minor criteria or four minor from
different categories

e Borderline diagnosis with one major and one
minor or three minor criteria from different
categories

e Possible diagnosis with one major or two minor
criteria from different categories

(Please refer to Table 1, adapted from Marcus et al.
[15] with permission).

The revised diagnostic criteria have provided an
improved sensitivity with a preserved specificity com-
pared to the original 1994 International Task Force
Criteria. In our patient, the definite diagnosis of
ARVC can be made since he has more than two major
criteria which are CMRI finding of RV dyskinesia with
foci of fat in RV myocardium, RV EF of 35% and RV
end diastolic volume of 161 milliliters, T wave inver-
sions and epsilon waves in right precordial leads and
VT of LBBB pattern with superior axis during EPS.

Lifestyle modification is recommended for all
patients with ARVC given the strong association
between endurance exercise and incidence of ventri-
cular arrhythmias. Not only do patients with ARVC
need to abstain from all competitive sports, but they
should also avoid any physical activity that causes
palpitations or pre-syncope.[7,16] The fact that exer-
cise increases the disease progression compels the use
of B-blockers for sympathetic suppression and poten-
tially improved clinical outcome. However, strong
evidence to support the empiric use of B-blockers is
lacking. Angiotensin-converting enzyme inhibitors
may also limit structural progression of the disease
and prevent ventricular arrhythmias.[1] Patients with
ARVC who progress to have heart failure should be
treated with standard medical therapy.

Furthermore, ICD therapy may help treat ventri-
cular arrhythmias and prevent SCD. The expert

consensus is that ICD therapy is indicated for pri-
mary prevention for those at high risk and for sec-
ondary prevention for those with prior history of
sustained VT or aborted cardiac arrest.[17]
However, the precise indications for ICD implanta-
tion among ARVC patients have not been well estab-
lished, nor is there a consensus on stratifying the
patients at high risk. Yet, the efficacy of ICD therapy
in preventing SCD among those at high risk has been
proven by randomized control trials. Successful ter-
mination of ventricular tachyarrhythmias in ARVC
patients by anti-tachycardia pacing (ATP) is reported
in a prospective study.[18] As in all settings with
appropriate implantation, ICD therapies carry the
risks of pericardial effusion, perforation, device infec-
tion and inappropriate shocks. Of them, myocardial
perforation and under-sensing of arrhythmias are of
particular concern in ARVC due to thin areas of RV
myocardium and progressive fibro-fatty infiltration
respectively. Anti-arrhythmic drugs, often sotalol,
may help reduce the incidence of ventricular arrhyth-
mias. However, anti-arrhythmic medications are used
as an adjunct therapy in ARVC patients with ICD
devices and are no replacement for ICD therapy.
Furthermore, experts recommend the use of sotalol
or amiodarone in ARVC patients who cannot tolerate
ICD therapy.[17,19] Due to patchy involvement of
the myocardium, radiofrequency ablation cannot be
considered as a definitive therapy. Surgery and heart
transplantation are considered for refractory ventri-
cular arrhythmias and end stage heart failure. In our
patient, given the clinical symptom of palpitation,
fibrofatty changes in RV myocardium and inducible
VT in EPS, an ICD was implanted as a primary
preventive therapy. This case was initially a diagnos-
tic challenge, but also highlights the proper use of
medical resources, such as a cardiac MRI.

Many patients tend to do well albeit all patients with
ARVC are at a relatively increased risk of developing
ventricular tachyarrhythmias and heart failure.
Asymptomatic family members of an affected patient
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may develop ARVC later in life due to age-related
phenotypic penetrance. EPS may play a role in risk-
stratification, as patients with inducible sustained
monomorphic VT are at a higher risk of SCD.
Literature suggests that the overall prognosis of ARVC
is better than that of other structural heart diseases
which cause arrhythmias of ventricular origin.[5,6,20]

3. Conclusion

ARVC is a hereditary cardiomyopathy and conveys a
higher risk of ventricular arrhythmias and SCD. In
our patient, incidental EKG findings after episodes of
exertional palpitations led to the discovery of a poten-
tially life-threatening disease and subsequent ICD
implantation. Thus, it is critically important to recog-
nize the possible EKG findings of ARVC and to know
when to pursue further investigations and to imple-
ment therapies. Since its maiden description in 1982,
ARVC has largely been explored in both pathophy-
siology and management. Nonetheless, there remain
several unanswered questions regarding risk stratifi-
cation, effective pharmacotherapy, optimal device
strategy and the prognosis of the disease.
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