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ABSTRACT

Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a heritable myocardial condition that mostly affects the right ven-
tricle (RV). Atrial involvement is poorly understood and the evidence for atrial involvement remains limited. In this case report,
we describe an 18-year-old woman who had ARVC with the atrial tachyarrhythmia and initially presented with palpitations.

As a rare disorder, ARVC requires a careful diagnosis to prevent unnecessary delays in patient care. In our case, the definitive
diagnosis of ARVC was made as per Revised International Task Force Criteria 2010.

1 | Introduction

Marcus and colleagues first described arrhythmogenic right
ventricular cardiomyopathy or dysplasia (ARVC) in 1982 [1].
This inherited condition which is characterized by progressive
degeneration and replacement of the right ventricular (RV) myo-
cardium with fibrofatty tissues, which forms the anatomic basis
for the reentry ventricular arrhythmias [2]. Patients with ARVC
may exhibit symptoms at any age, but younger-onset is more
prevalent, and men are more likely to be affected than women
(ratio 3:1). The most frequently seen symptoms are syncope,
tiredness, and palpitations [3]. Presentation varies from ventric-
ular arrhythmia or congestive heart failure, and sometimes sud-
den cardiac death [4]. We present a unique case of ARVC with an
atrial tachyarrhythmia/supraventricular tachycardia.

2 | Case History/Examination

An 18-year-old female presented to our hospital with chief com-
plaints of palpitation for 1 month. At first, it was exertional and
sometimes at rest lasting for 10-15s which subsided on its own,
but later, it was persistent throughout the day. There was no his-
tory of shortness of breath, chest pain, bluish discoloration of
hands and lips, swelling of limbs, fever, loss of consciousness,
blurring of vision, weakness of a body part, loss of appetite, and
easy fatigability. There was no past medical history of tubercu-
losis, recurrent sore throat, lower respiratory tract infection, and
any other chronic illness.

On general examination, she was conscious, cooperative and
well oriented to time, place and person. The vital signs were
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stable; pulse rate was 80 beats/min, regular, with normal vol-
ume and character, blood pressure was 100/60mm of Hg in
bilateral upper limbs, jugular venous pressure was normal,
temperature was 98°F and respiratory rate was 18 breaths per
min. Multiple erythematous macules were also present in bilat-
eral hands and feet. On physical examination, apical impulse
was present 12cm from midsternal line in 5th intercostal space

TABLE1 | Lab test results of the patients.

Lab tests Results Reference values
Hemoglobin 14 12-15g/dL
White blood count 5.6 4.5-11.0x10°/L
Neutrophil count 60 60%-70%
Lymphocyte count 38 20%-40%
Eosinophil count 2 1%-4%
Platelets count 226,000 150,000—450,000/uL
ESR 10 <20mm/h
CRP 0.6 <1mg/dL
RBS 70 60-140mg/dL
Calcium 9 8-11mg/dL
Magnesium 2 1.3-2.2meq/L
TSH 3.6 0.5-5mIU/L
Urea 29 20-40mg/dL
Creatinine 0.9 0.7-1.2mg/dL
Sodium 140 135-145mmol/L
Potassium 4.6 3.5-5.5mmol/L
AST 30 9-40U/L
ALT 20 7-60U/L

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate;
RBS, random blood sugar; TSH, thyroid stimulating hormone.

with lateral retraction, left parasternal heave was absent and no
added sounds were heard on chest auscultation.

3 | Differential Diagnosis, Investigation, and
Treatment

The differential diagnosis of our case includes atrial fibrillation,
Wolff-Parkinson White syndrome, hyperthyroidism, and acute
anxiety. On investigation, blood work showed normal results
(Table 1). Electrocardiogram (EKG) showed an atrial rate of
300bpm, a ventricular rate of 75bpm, regular rhythm without
axis deviation and p-waves showed 4:1 counterclockwise con-
ducted flutter wave (Figure 1). Twenty-four hour Holter ECG
monitoring showed atrial flutter with atrial rate of 300bpm, ven-
tricular rate of 100 bpm, with variable AV block with few epsilon
waves (Figure 2).

On imaging, chest X-ray showed cardiomegaly (Figure 3).
Echocardiography revealed cardiomegaly with dilated right
ventricular outflow tract (RVOT) (Figure 4). A cardiac gado-
linium MRI was performed which showed dilated aneurysmal
dyssynchronous right ventricular wall motion with ill-defined
patchy enhancement along the RV wall and its RV outflow tract
(Figure 5). Non-enhancing low signal intensity thrombus was
also noted in the RV cavity. The left ventricle (LV) was non-
dilated with left ventricular ejection fraction (LVEF) 29% and
right ventricular ejection fraction (RVEF) 28% with minimal
pericardial effusion. There was mild mitral, aortic, and pulmo-
nary valve regurgitation. The patient also underwent a cardiac
biopsy, which showed extensive right ventricular scarring on his-
topathological examination (Figure 6). These findings were sug-
gestive of Arrhythmogenic Right Ventricular Cardiomyopathy
(ARVC) with atrial flutter and right ventricular thrombus.

4 | Outcome and Follow-Up
Subsequently, the patient was managed with intravenous fu-

rosemide, oral digoxin, and anticoagulated with subcutaneous
enoxaparin and oral warfarin. Patient was medically stable after

FIGURE1 | ECG showing atrial flutter with atrial rate of 300bpm and ventricular rate of 75bpm, regular rhythm without axis deviation and f-

wave with conduction rate through AV node of 4:1. Arrow showing typical counterclockwise 4:1 conducted flutter waves.
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FIGURE2 | Twenty-four hour Holter monitoring showing irregular R-R interval with epsilon waves. Oval ring shows epsilon waves.

FIGURE 3 | Chest X-ray with posterior-anterior view. Arrow show-
ing cardiomegaly.

5days after which enoxaparin was discontinued and the patient
was discharged with oral metoprolol and enalapril. She was ad-
vised to avoid high intensity exercise as it has been associated
with severe ventricular dysfunction, arrhythmias and heart fail-
ure. Patient was scheduled for long term follow-up plans along
with assessment for implantable cardioverter defibrillator if the
symptoms reoccur. Considering her reproductive age, the pa-
tient was educated on pregnancy along with regular supervision
under a multidisciplinary team.

5 | Discussion

ARVC is characterized by fibrofatty infiltration in RV myo-
cardium. The triangle of dysplasia (diaphragmatic, apical, and

infundibular region) is the area where infiltration occurs and
can progress to aneurysm or dilatation [3]. The right ventricle
is predominantly affected with frequent involvement of the left
ventricle (LV). However, according to recent data, left ventri-
cle involvement results into 13% of ARVC related death and
remaining 87% of those are related to right ventricular involve-
ment [5].

ARVC is predominantly a disease of the cardiac desmosome,
a complex of structural proteins, which support myocytes me-
chanically. Impaired desmosome proteins lead to detachment
of myocytes during mechanical stress and results in inflam-
mation and repair, leading to fibrofatty replacement of in-
jured myocytes or even cell death. Desmosomes are present
throughout the cardiac system, including the atria, however
there is still no evidence for direct atrial involvement with
ARVC [6]. There is some data that suggests ARVC may directly
affect the atrial chambers, but the human atrial myocardium
has thin walls, which restricts the accuracy of standard imag-
ing to detect fibrofatty infiltration [7]. Recently, atrial tachyar-
rhythmias including atrial fibrillation, atrial flutter and atrial
tachycardia, have been reported to be relatively frequently
seen in patients with ARVC however, the clinical significance
of these atrial arrhythmias, and the factors that predict atrial
fibrillation and atrial flutter, are not well understood in these
patients [8].

Significant clinical challenges remain in making an early diag-
nosis of ARVC. No single test can definitively confirm or rule
out ARVC. ECG abnormalities are seen in almost 90% of pa-
tients. T wave, inversions in the V1-V3 leads (a minor diagnostic
criterion, but one of the most prevalent ECG abnormalities) is
seen in 85% of patients, and QRS duration 110ms in the V1-V3
[9]. In 30% of instances of ARVC, epsilon waves- post-excitation,
electrical potentials that develop at the end of the QRS com-
plex- result from delayed RV activation and are highly specific
to ARVD [10]. RV dilation, localized aneurysms, enlarged LA,
dilated RV outflow tract, increased reflectivity of moderator
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FIGURE 4 | Echocardiography showing cardiomegaly with dilated right ventricular outflow tract (RVOT), pulmonary hypertension, and mild

tricuspid regurgitation. Arrow showing dilated RVOT.

FIGURE 5 | Cardiac MRI showing Aneurysmal dilated right sided cardiac chambers with dyssynchronous right ventricular (RV) wall motion.

Arrow showing dilated RV with aneurysm.

band, prominent trabeculations of RV apex, and inferobasal
dyskinesis are the main echocardiographic findings. RV end-
systolic and end-diastolic diameters, as well as the ratio of RV to
LV end-diastolic diameters greater than 0.5, are additional cru-
cial characteristics with 86% sensitivity, 93% specificity, and 86%
positive predictive value [10].

The diagnosis of functional impairments, anatomical abnormal-
ities, and the detection of fat or fibrous tissue after they have
already occurred can all be greatly aided by Cardiac Magnetic
Resonance (CMR) [11]. The histological diagnosis is conclusive,
but endomyocardial biopsy is debatable due to the segmental
nature of the disease and the fact that samples are typically
taken from the septum. Tamponade and perforation are some
of the complications that can happen [9]. The definitive diag-
nosis of ARVC was made according to The 2020 Padua Criteria
(Table 2). In our case, the patient met two major criteria thus
making a definitive biventricular involvement (Figure 7).

As arare disorder, ARVC requires a careful diagnosis to prevent
unnecessary delays in patient care. Sudden cardiac death (SCD)
is the most dreaded ARVC complication, early diagnosis and
treatment could save lives. CMR has become the main diagnos-
tic tool for ARVC [11]. Thus, recognizing atrial arrhythmias in
arrhythmogenic right ventricular cardiomyopathy reduces the
incidence of cardiac comorbidities and mortality [14].

s

FIGURE 6 | Endomyocardial biopsy. Arrow showing extensive right
ventricular fibrosis.

6 | Conclusion

Although ARVC remains a challenging disorder to diagnose,
CMR has evolved into a valuable adjunctive diagnostic tool.
Atrial arrhythmias are clinically significant in ARVC pa-
tients due to their association with inappropriate implanted
cardioverter-defibrillator shocks, increased mortality, and
heart failure. Recognizing atrial involvement is crucial for com-
prehensive management of arrhythmogenic right ventricular
cardiomyopathy. The patient's life, as well as the lives of their
family members and future generations, are affected by this
condition further emphasizing the need for thorough evaluation
and awareness in these patients.
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TABLE 2 | The “Padua criteria” with ACM-arrhythmogenic cardiomyopathy.

Criteria for RV involvement

Criteria for LV involvement

1. Morpho-functional
ventricular abnormalities

2. Structural myocardial
abnormalities

3. ECG repolarization
abnormalities

4. ECG depolarization
abnormalities

5. Ventricular arrhythmias

By 2D echocardiogram, CMR or angiography:
Major
« Regional RV akinesia, dyskinesia or bulging + any one of
the following:
O Global RV dilatation (increase in RV EDV)
or
O Global RV systolic dysfunction (from image test specific
monograms for age and sex)
Minor
Regional RV akinesia, dyskinesia or aneurysm of RV wall

By CECMR:
Major
« Transmural LGE shows stria pattern of >1 RV regions
(inlet, outlet, and apex in two orthogonal views)

Major
« Inverted T waves in the right precordial leads (V1, V2
and V3) or beyond in individuals with complete pubertal
development (with no RBBB)
Minor
« Inverted T waves in leads V1 and V2 within individuals
with completed pubertal development (in the absence of
complete RBBB)
« Inverted T waves in V1-V4 in individuals with completed
pubertal development with the presence of complete RBBB

Minor
« Epsilon wave that is, reproducible low amplitude signals
between the end of QRS complex to onset of the T wave, in
right precordial leads (V1-V3)
« Terminal activation duration of QRS > 55 ms measured
from the nadir of the S wave to the end of the QRS, in V1-
V3 (in the absence of complete RBBB)

Major
« Frequent ventricular extrasystoles (> 500 per 24 h)/
non-sustained/sustained ventricular tachycardia of LBBB
morphology
Minor
« Frequent ventricular extrasystoles (> 500 per 24 h)/
non-sustained/sustained ventricular tachycardia of LBBB
morphology with the inferior axis

By 2D echocardiogram, CMR or angiography:
Minor
+ Global LV systolic dysfunction, with or
without LV dilatation (increase in LV EDV)
Minor
« Regional LV hypokinesia or akinesia of LV
wall, septum or both

By CECMR:
Major
« LV LGE shows stria pattern of >1 Bull's
Eye segments (in two orthogonal views) of the
free wall (subepicardial or mid myocardial),
septum or both (excluding septal junctional
LGE)

Minor
« Inverted T waves in left precordial leads
(V4-V6) without complete LBBB

Minor
« Low QRS voltages (<0.5mV peak to peak) in
limb leads

Minor
« Frequent ventricular extrasystoles (> 500
per 24h)/non-sustained/sustained ventricular
tachycardia with an RBBB morphology

6. Family history/genetics

Major

« History of disease in a first-degree relative
« Confirmed pathologically at autopsy/ surgery in a first-degree relative
« Identification of a pathogenic or likely pathogenetic mutation in the patient

Minor

« History in a first-degree relative in whom it is not possible or practicable to determine whether the family
member meets diagnostic criteria or not
» Premature sudden death (< 35years of age) due to suspected disease in a first-degree relative
« Confirmed pathologically or by diagnostic criteria in second-degree relative

Abbreviations: ARVC, arrhythmogenic left ventricular cardiomyopathy; BSA, body surface area; CECMR, contrast-enhanced cardiac magnetic resonance; CMR,
cardiac magnetic resonance; EDV, end diastolic volume; EF, ejection fraction; EMB, endomyocardial biopsy; LBBB, left bundle branch block; LGE, late gadolinium
enhancement; LV, left ventricle; RBBB, right bundle branch block; RV, right ventricle; RVOT, right ventricular outflow tract.

Source: Adapted from Corrado et al. [12, 13].
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