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• 16-yo girl walking around Costco with a friend

• “Tells her friend that her heart is racing”, faints and wakes up on the floor 

of the store with all of these people standing around her.

• A similar experience has happened 1-2 times per year since 7th grade 

(now in 11th grade)

•Moved to Northern Virginia - 7 years ago from Ghana

• Family History: Unremarkable (no SCD, no unexplained syncope)

Case Presentation (January 2022)



Admitted to ICU -Telemetry

MRI- RV dilated, normal LVEF Esmolol & Flecainide but still….



Left Bundle, Inferior Axis (RVOT) -NSVT



At the end of the case no spontaneous or inducible VT



18 hours later in the ICU 



Back to the EP Lab - Pericardial Access









RV epicardial mapping



Follow-Up

• The patient has no further VT events in 12 months
• Receives a single chamber ICD
• Discharged initially on atenolol and Flecainide 
• + plakophillin ARVC mutation (patient is the proband)



Misnomers We Have Heard – Let’s Address Them

1. “This is a disease of adults”
2. “If the ECHO and MRI are normal my patient cannot have ARVC”
3. “I just see LV dysfunction, must be old myocarditis”
4. “Genetic testing is so  rarely positive in ARVC that it is useless”
5. ”Sports restrictions are over exaggerated”
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Histopathology

Basso Circulation 1996;94:983-991
Corado, NEJM 2018

-Fibro-fatty tissue replacement
-Scar Zone for slow conduction 
and VT circuits
-Exercise exaggerates 
desmosomal dysfunction



Diagnosis of ARVC







N=32 patients < 21 years of age
Mean age: 15.1 ± 3.8 years



PKP2

Predominantly Plakophillin-2

Right Dominant 
(ARVC)

Left Dominant 
AVC

Biventricular 
(AVC)

Ventricular 
Tachycardia

Age at Diagnosis

Cardiac  Arrest

Desmoplakin (DSP) 
Non-desmosomal

16.7 yrs 15 yrs 12.1 yrs

19% 19% 11%

56% 43% 22%

Once again, not a 
disease of just adults



Roudijk et al JACC EP 2022

The  ARVC Registry Study

IN CHILDREN, 
ELECTRICAL
DISEASE 
PROGRESSION 
PRECEDED
IMAGING CHANGES
-VE% on Holter
-ECG changes



If only it were this easy…21 year-old clear ARVC ECG
Epsilon Wave



Healthy 14 year-old (juvenile pattern)

Is this ARVC? – T waves are inverted in leads V1 and V2



Imamura International Journal of Cardiology2020

T wave inversion gets bigger in 
ARVC patients going from V1 out 

-whereas in healthy children 
tends to get smaller (60% vs. 

0.55%

normal
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CMR: RVEF: 24% with a
RVEDV 242 cc/sq m, RVESV183 cc/sq m
LGE +++

Gene: PKP2 
c.1237C>T (p.R413*) 

11 y.o (50 kg.)healthy male, 
no FH, Cardiac arrest after 
Basketball in school 
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ARVC Task Force 
Criteria
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Early Concealed Phase
non-apparent or subtle RV changes 
(patients can still be at risk for SCD)

Electrical Phase
Characterized by T-wave inversions, PVCs 
and VT with left bundle branch pattern

Structural Phase
structural modifications progressed into RV 

and/or LV dilation and potentially heart failure

ARVC PHASES
Natural History



Early Phase

• Myocardial inflammation may play a role
• Exercise may play a role

-A deficiency in Plakophillin alters sarcoplasmic reticulum regulation 
of calcium homeostasis.

-Adrenergic mediated release (? Exercise) of calcium can trigger VT 

Are there Triggers in the “Early Phase” that 
accelerate Phenotypic Conversion ?



Martins, Int J Cardiol, 2018



Circulation. 2022;145:1480–1496 
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Misnomers I Have Heard – Let’s Address Them
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3. “I just see LV dysfunction, must be old myocarditis, cant be AVC (LV)”
4. “Genetic testing is so  rarely positive in ARVC that it is useless”
5. ”Sports restrictions are over exaggerated”



Definition of Arrhythmogenic Cardiomyopathy

Plakophillin-2 (abnormal ECG)
Desmocollin
Desmoglein

Desmoplakin
Normal ECG and 

subepicardial LV scar

Genetic testing in ARVC 
assessing for desmosomal 

mutations generally approaches 
40-50%. 



50% Genetically Elusive- Now What?

Anti-DSG2 
antibodies are 
a sensitive and 
specific 
biomarker for 
ARVC

• In 12 of 12 cases of definite ARVC  and 7 of 8 cases of Borderline ARVC in human samples, 
autoantibodies to the desmosomal protein DSG2 were present on western blots

• Autoantibodies were absent (in 11) from sera of 12 control subjects



Misnomers I Have Heard – Let’s Address Them

1. “This is a disease of adults”
2. “If the ECHO and MRI are normal my patient cannot have ARVC”
3. “I just see LV dysfunction, must be old myocarditis, cant be AVC (LV)”
4. “Genetic testing is so  rarely positive in ARVC that it is useless”
5. ”Sports restrictions are over exaggerated”



Dominated by PKP2 carriers 87%

Endurance sports >75% VO2

Proband Status of Athletes
50% athletes
26% non-athletes



• 101 family members (40.5 +/- 19.3 years)
• PKP2 = 82%
• Exercise - METs/hr/year
• Correlation between exercise duration & ARVC/VT (F>M)

• AHA recommendation = 650/METs/hr/year
• 3 METS = walking at 3 miles an hour
• 3 METs * 30 mins * 2 per day = 1095/METs/hr/year

VT/VF
VT/VF

VT/VF

VT/VF

In patients with Plakophillin mutations (F>M) vigorous 
exercise increases disease expression (? more stress on RV)





Treatment Strategies and Algorithms for Risk Stratification 

1. Lifestyle changes
2. Pharmacological intervention
3. Implantation of an ICD 
4. Catheter ablation of ventricular tachyarrhythmias, 
5. Heart transplantation patients with end-stage heart failure or 

therapy-resistant arrhythmias (rarely, pediatric patients with ARVC)





http://www.wcpccs2023.org/

http://www.wcpccs2023.org/


INTENSITY IS MORE CONCERNING In ARVC THAN DURATION (Long Walk Better than a 20 MINUTE HIIT CLASS





For ARVC patients, the hardest thing to do is 
not work hard when everyone is watching



Pragmatic Advice to the ARVC Patient

• Endurance exercise should be avoided. 
• Exercise should be limited to less than 2.5 hours (?) per week 
• Intense exercise should be avoided. Patients should be 
•Moderate static strength-based exercise may be reasonable 



Variable Expressivity, Incomplete Penetrance, Epigenetics, Chance

Primary Disease 
Mutation

Sex Linked 
Modifiers

Other Modifiers 
(i.e histone)

Epigenetic 
Modifications

PHENOTYPE





www.arvcrisk.com



mitchell.cohen@inova.org
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European Cardiology Review 2020;15:e61

Oh this must be it…… No this is an athletic 16 year-old black male



Healthy 14 year-old (juvenile pattern)



Aborted SCD due to VF 
Sustained VT 

Severe dysfunction of 
RV, LV or both 

Cardiac Arrest
Sustained VT

RVEF or LVEF <35%

Cardiac Arrest
Sustained VT (not 

Hemodynamically tolerated)
LVEF <35% and NYHA II/III

ITF Criteria 
(2015)

AHA/ACC/HRS (2017) HRS (2019)

Syncope suspected to be due to VT
Hemodynamically tolerated sustained VT

LVEF <35% 
Multiple Risk Factors
§ 3 major
§ 2 major + 2 minor
§ 1 major + 4 minor

Class I 
High Risk

Multiple Risk Factors
§ 2 major
§ 1 major + 2 minor
§ 4 minor

Class IIA
Intermediate 

Risk

Class IIB
Intermediate 

Risk

Syncope suspected 
to be due to VT

≥ 1 Major Risk Factors
§ Syncope
§ Nonsustained VT
§ Moderate dysfunction 

of RV RVEF <40%), LV 
(LVEF <45%) or both

≥ 1 Minor Risk Factors

No risk factors and/or healthy gene carriers
CLASS III
Low Risk


