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Arrhythmogenic Right Ventricular Cardiomyopathy

Dx- structural, functional and electrophysiologic ab normalities, 
secondary to fibrofatty replacement of RV±LV myocyte s



Arrhythmogenic Right Ventricular Cardiomyopathy

Rx – prevention of sudden cardiac death





Perspectives in ARVC

• Pathologist presentation with sudden death –
regional RV disease

• Arrhythmologist presentation with arrhythmias –
LBBB VT

• Geneticist pedigree evaluation –
broad phenotype / incomplete 
disease expression 
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· Concealed phase

---- Sporadic ventricular ectopic beats
---- Subtle ECG/morphological abnormalities
---- Sudden death can occur

· Overt phase
---- Arrhythmia symptoms, sustained VT
---- Diffuse RV/LV structural abnormalities
---- Sudden death can occur

· Advanced disease
---- ­­­­ dilatation, ¯̄̄̄ contractility of RV, LV
---- Heart failure symptoms, sustained VT
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• No single test is definitive
• Multiple investigations (ECG, SAECG, 

echo, exercise test, Holter)
• Features non-specific, difficult to 

interpret, subtle in “concealed” phase
• Task Force criteria to facilitate Dx
• Limitations of criteria in early disease



���������	
�����
����������������
������	�	�

����������
�������������	����
��
	�	 �������
��������������	
������
�����
�����

���
����
�������
� 	���	�������
���������	
���

���!���
�"��
����������
� ��	
�#$%%%&'(����	�

��	
�����&���)	�	
������"��
��������

�������������
����

�*������*������
*���+���� �����������
����	

,�
�� �
��
���	
- 	�������"�	������������
�
���.���
��� ��/��#$$%�	������$)��

0� �����1�
���&������
����
�*�������
��	

2�"��
���3���"�	�����')�����
�����#�
$'���	�����
����*	������
�����
�*������
*������*���+�

�� �����1�
���
�*�������
��	

��

����
��
��
�����
�
������
����������

3�		���������
���1�
�����
�

����������������

�������������� �+���	����"�������	�����
�������
�
����

4�������	�����
�������
�
���
���������	�� ������	�	���+���
�� &�
��	+���
�� ����	���
��	�	
�����
*�������

4�������*����������
�
�������&���
������	��������-����
���������,�

��"��������
�"��
������������
�
����
0�����	��������-����
��
������&��������������,��-�5��*���&����������

��	
���
��������	
���
�����
��
���
���	����������

�����!��	�

4����4�6��

0�����	
������
�����������*��
��
������*��

��� ��	������
7
8 '���6������
�������
8 $���6��� ��	�'����������
�������
8 (����������
�����

ARVC Diagnostic Criteria
McKenna et al, Heart 1994



ARVC Diagnostic Criteria
2009

Definite diagnosis: 2 major or 1 major and 2 minor 
criteria or 4 minor from different categories

Borderline: 1 major and 1 minor or 3 minor from 
different categories

Suspected: 1 major or 2 minor from different 
categories

Unlikely: 1 minor

 Major Minor 

2D echo and MRI   

Tissue characterization on 
endomyocardial biopsy  

Fibrous replacement of the RV free wall myocardium in 
at least 1 sample, with or without fatty replacement of 
tissue. 

Residual myocytes <60% by morphometric analysis, or 
< 50% if estimated. 

Fibrous replacement of the RV free wall myocardium in 
at least 1 sample, with or without fatty replacement of 
tissue. 

Residual myocytes 60 – 75% by morphometric analysis, 
or 50 to 65% if estimated. 

Electrocardiogram  

Repolarization abnormalities 

 

Inverted T waves in right precordial leads (V1, V2 and 
V3) or beyond in people > 14 years of age, in the 
absence of complete right bundle branch block (QRS �  
120 msecs). 

Inverted T waves in leads V1 and V2 in the absence of 
complete right bundle branch block, or in V4, V5, or V6. 

Electrocardiogram  

Depolarization abnormalities 

 

Epsilon wave (reproducible low amplitude signals 
between end of QRS complex to onset of the T wave) 

Terminal activation duration of QRS �  55ms measured to 
the end of the QRS, including R prime, in V1 or V2 or V3, 
in the absence of complete right bundle branch block. 

Late potentials by signal averaged ECG in at least one of 
three parameters in the absence of a QRS duration of 
� 110 msec on the standard ECG. 
Filtered QRS duration (fQRS)       � 114 msec 

Duration of terminal QRS < 40 � V (LAS)     � 38 msecs  
RMS voltage of terminal 40 msecs      � 20 � V 

Arrhythmias 

 

Non-sustained or sustained VT of left bundle branch 
morphology (LBBB) excluding typical right ventricular 
outflow tachycardia morphology (positive QRS in II, III, 
AVF and negative in AVL) 

Non sustained or sustained VT of LBBB morphology of 
RVOT axis (see above) or of unknown axis. 
Greater than 500 ventricular extrasystoles / 24 hours by 
Holter 

Family History / Genetics 

 

Familial disease confirmed pathologically at necropsy or 
surgery in a first degree relative. 

A pathogenic** mutation in a proband or carrier status of 
pathogenic desmosomal mutation in a family member, 
who may be healthy carrier.*** 

Familial disease confirmed in a first-degree relative who 
meets task force criteria without ARVC/D pathogenic 
desmosomal mutation(s). 

A desmosomal mutation in a proband which is novel 
and/or not proven to be disease causing 

 



 
By 2D echo  
MAJOR   
Localized RV akinesia, dyskinesia or aneurysm.   
And one of the following:  
RV size  

            Sensitivity     Specificity  
Parasternal long axis view RVOT (PLAX)   �  32 mm 75%  95% 

Corrected for body size  (PLAX/BSA) �  19mm/m2) 
OR 

Parasternal short axis view RVOT (PSAX)   �  36 mm 62%  95% 
Corrected for body size  (PSAX/BSA �  21mm/m2) 

OR 
 

Global RV Function 
Fractional area contraction (FAC)    �  33%  55%  95% 

 
 

MINOR  
Regional RV akinesia or dyskinesia  
And one of the following: 
RV size 

Parasternal long axis view (PLAX)    29 mm  87%  87% 
Corrected for body size (PLAX/BSA) >16 - <19mm/m2 

OR 

Parasternal short axis view (PSAX)    >32 mm 80%  80% 
Corrected for body size (PSAX/BSA) >18 - <21mm/m2 

OR 

Global RV Function 
Fractional area contraction (FAC)    � 40%  76%  76% 
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11/2003 03/2005 05/2005 09/2005

ARVC Desmoplakin:  normal echo/CMR



Baseline

Follow-up

41 27

4 4

8

23433

No Yes

No Yes Yes

Dynamic

Baseline

Follow-up

64 4

2 1

3

3359

No Yes

No Yes Yes

Dynamic

T-wave inversions in right 
precordial leads 

Epsilon wave
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Arrhythmogenic Right Ventricular Cardiomyopathy
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Li, 200010p12-14ARVC7

Melberg, 199910q22.3ARVC6

Ahmad, 19983p23ARVC5

Rampazzo, 19972q32ARVC4

Severini, 199614q12-22ARVC3

Rampazzo, 19951q42-43ARVC2

Rampazzo, 199414q23-24ARVC1



Naxos Disease - Hair



Naxos disease - keratoderma



Mutation in Plakoglobin cDNA
(g-catenin)



DESMOSOMEADHERENS JUNCTION

E-Cadherin Desmoglein-I

Plakoglobin-I

Desmoplakin

a-Catenin

b-Catenin

CytoSkeleton Cell-signalling 



Desmoplakin

• Carval-Huerta 1998, Norgett et al 2000
• Recessive  - 18 affected individuals
• Woolly hair, palmoplantar keratoderma
• Dilated cardiomyopathy
• Desmoplakin mutation (7901/del G)

• Rampazzo et al 2002
• Dominant  - typical ARVC 
• desmoplakin (plakoglobin-binding domain)

• Norman et al 2004
• Dominant  - LV ARVC 
• Desmoplakin (2034insA)



RV

LV

Carval-Huerta 1998, Norgett et al 2000
Recessive  - 18 affected individuals (DCM)

Woolly hair, palmoplantar keratoderma

Carvajal Syndrome
Desmoplakin mutation (7901/del G)



Mutation in Desmoplakin Domain 
Binding to Plakoglobin Causes 

Autosomal Dominant ARVC

Rampazzo et al 2002
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Desmosomes: 
• specialised intercellular junctions of 

cardiac & epithelial tissue
• connect intermediate filaments to 

cytoplasmic membrane in adjacent 
cells

• Participate in intracellular signalling  
- Wnt/ bbbb-catenin pathway
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• Evolutionarily conserved pathway
• Directly implicated in regulation of cell 

fate, proliferation, and apoptosis

Accumulation of b-catenin in the cytoplasm
¯̄̄̄

Nuclear translocation of b-catenin
¯̄̄̄

Association of b-catenin with the T-cell factor/ lymphoid enhancer 
factor (Tcf/Lef) family of transcription factors

¯̄̄̄

Consequent changes in gene expression
(adipogenesis, fibrogenesis)
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• Structural and functional similarities to b-catenin

• Interacts and competes with b-catenin at multiple 
cellular levels

• Net negative effect on the Wnt/b-catenin
signalling pathway

• Suppression of desmoplakin expression leads to 
nuclear translocation of plakoglobin with reduction 
in Wnt/b-catenin signalling and increased 
expression of adipogenic and fibrogenic genes -
shift from cardiomyocyte to adipocyte fate in vivo



Disease-Causing Mutations in 
Desmosomal Proteins

Carvajal
(Desmoplakin)

ARVC8 
(Desmoplakin)

Plakophilin-2

Naxos
(Plakoglobin)
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2034insA mutation 
Norman et al, 2005
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Four-chamber view
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47 L VEST¯ II, III, VFpositive333654117%22IV.14

5612 L VEST¯ V4-6positive264358127%28IV.9

5938 L VEST¯ II, III, VF, V4-6ND293854125%36IV.8

1795 L VESNpositive333248105%31IV.5

3661 R&L VESNND343350113%39IV.3

LBBB VT*¯ R V1-2, T̄ V3ICD in situ313551118%36IV.2

815 L VEST¯ II, III, VF, V3-6ND294564128%46III.20

7 L VES#T¯ II, III, VFND38264298%41III.17

1316 R&L VESNND363453120%47III.10

RBBB VT*T¯ II, III, VF, V4-6positive442850109%62III.7

RBBB VT*T¯ II, III, VF, V4-6ICD in situ254864142%67II.6

VT/ VES/
24hrs

ECGAbn CMR 
gad 

FS
%

LVES
mm

LVED
mm

LVED 
% pred

AgeID
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• Carriers of desmoplakin defects had ­ LVEDV, ¯ LVEF, ­ LV 
lesion scores, and greater prevalence of non-sustained VT, 
lateral T-wave inversion, ventricular arrhythmia of RBBB 
morphology, and “left-dominant” disease expression than those 
who did not.

• Carriers of chain termination (frameshift/ nonsense) mutations 
had ¯ LVEF, ­ LV lesion scores, greater prevalence of 
ventricular arrhythmia, non-sustained VT, lateral T-wave 
inversion, ventricular arrhythmia of RBBB morphology than 
those who did not – prominent LV involvement.

Sen-Chowdhry S, Syrris P, Ward D, Asimaki A, Sevdalis E, McKenna WJ. Clinical and genetic characterization 
of families with arrhythmogenic right ventricular dysplasia/cardiomyopathy provides novel insights into patterns 
of disease expression. Circulation. 2007;115:1710-20
Bauce B, Basso C, Rampazzo A, Beffagna G, Daliento L, Frigo G, Malacrida S, Settimo L, Danieli G, Thiene
G, Nava A. Clinical profile of four families with arrhythmogenic right ventricular cardiomyopathy caused by 
dominant desmoplakin mutations. Eur Heart J. 2005;26:1666-75
Sen-Chowdhry S, Syrris P, McKenna WJ. Desmoplakin disease in arrhythmogenic right ventricular 
cardiomyopathy: early genotype-phenotype studies. Eur Heart J. 2005;26:1582-4
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• Within single families harbouring 
mutations in DSP, PKP2, and DSG2
– Variations in age of onset, clinical features, 

and outcomes
Bauce B, Basso C, Rampazzo A, Beffagna G, Daliento L, Frigo G, Malacrida S, Settimo L, Danieli G, Thiene G, Nava A. 

Clinical profile of four families with arrhythmogenic right ventricular cardiomyopathy caused by dominant desmoplakin 
mutations. Eur Heart J. 2005;26:1666-75

Norman M, Simpson M, Mogensen J, Shaw A, Hughes S, Syrris P, Sen-Chowdhry S, Rowland E, Crosby A, McKenna WJ. 
Novel mutation in desmoplakin causes arrhythmogenic left ventricular cardiomyopathy. Circulation. 2005;112:636-42

Kannankeril PJ, Bhuiyan ZA, Darbar D, Mannens MM, Wilde AA, Roden DM. Arrhythmogenic right ventricular 
cardiomyopathy due to a novel plakophilin 2 mutation: wide spectrum of disease in mutation carriers within a family. 
Heart Rhythm. 2006;3:939-44

Syrris P, Ward D, Asimaki A, Evans A, Sen-Chowdhry S, Hughes SE, McKenna WJ. Desmoglein-2 mutations in 
arrhythmogenic right ventricular cardiomyopathy: a genotype-phenotype characterization of familial disease. 
Eur Heart J. 2007;28:581-8
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• Within the Dutch (PKP2) and Newfoundland (TMEM43) founder 
populations
– Outcomes strongly gender-dependent in Newfoundland (ARVD5)

• Median age to clinical penetrance is 32 (range 11 -63) years for men 
and 44 (range 17-76) years for women.

• Median survival for men is 39 years (95% CI 36 to 42) and for women 
71 years (95% CI 64 to 78)

• Relative risk of dying 6.8 times greater in affected men vs women 
(95% C.I 4.3–10.9, p< 0.0001)

van Tintelen JP, Entius MM, Bhuiyan ZA, et al. Plakophilin-2 mutations are the major determinant of familial arrhythmogenic right 
ventricular dysplasia/cardiomyopathy. Circulation. 2006;113:1650-8

Hodgkinson KA, Parfrey PS, Bassett AS, et al. The impact of implantable cardioverter-defibrillator therapy on survival in autosomal-
dominant arrhythmogenic right ventricular cardiomyopathy (ARVD5). J Am Coll Cardiol. 2005;45:400-8

Merner ND, Hodgkinson KA, Haywood AF, et al. Arrhythmogenic right ventricular cardiomyopathy type 5 is a fully penetrant, lethal 
arrhythmic disorder caused by a missense mutation in the TMEM43 gene. Am J Hum Genet. 2008;82:809-21



Died – leukaemia
PM: normal RV, LV

Age 8

Abn ECG
N 2D echo
14,451 VES
21 couplets

Age 7

asymp
N ECG, N 2D echo
frequent VES

Age 5

Naxos Disease
(SD 2.3% / yr)



V1 V3V2





Ultrastructural Morphometry of 
Intercellular Junctions

0.43 ±±±± 0.262.010.46Control LV

0.31 ±±±± 0.160.970.31Naxos LV

0.31 ±±±± 0.130.390.12Naxos RV

GJ size ( mmmmm)

Total GJ 
length ( mmmmm) in 

100 mmmmm ID 
length

Number of GJ 
in 1000 mmmmm ID 

length
Sample





Mechanisms of arrhythmia
in ARVC

late - macroreentry as a 
consequence of fibro/fatty 
myocyte replacement

early - abnormal electrical coupling as 
a consequence of altered 
mechanical coupling



Asimaki, NEJM;2009 in press

Immunohistochemistry: Diagnosis in ARVC



Asimaki, NEJM;2009 in press

Immunohistochemistry: Diagnosis in ARVC
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Clinical

GeneticHistological

ARVC



���������	
���
������	�
	���
������������	
���
������	�
	���
���
����������	�
	��

��
���	�


���
�����
�
��	�	

���
������
�������
 ������
�����
�
�������


�������
����	�����
���� 	� 
������

���
����	

���
���� ��	����� ������
���������
��

��	�
����
�
 


��������	
�����



Medical/Nursing
Professor William McKenna
Dr Perry Elliott
Dr Maite Tomé-Esteban
Dr Pier Lambiase
Dr Antonis Pantazis
Mr Simon Waller
Sr Linda Moss
Sr Diane Barlow
Sr Sarah Mead-Regan
Sr Jo Mander

Registrars / Fellows
Dr Alison Muir
Dr Caroline Coats
Dr Andrew Flett
Dr Ferdinando Pasquale
Dr Giovanni Quarta
Dr Pablo Garcia

Arrhythmia/EP
Dr Edward Rowland
Dr Martin Lowe
Dr Tony Chow
Dr Oliver Segal
Dr Dominic Rogers
Dr James McCready
Dr Akbar Ahmed
Dr Syed Ahsan
Sr Eileen Firman

Imaging
Dr Denis Pellerin
Dr Camelia Demetrescu
Dr Diala Khraiche
Kalaiarasi Janagarajan
Dr James Moon
Dr Srijita Sen-Chowdhry

Exercise Physiology
Bryan Mist, PhD
Beverley Bates

���������	
�����
�������	�������	�����	�
����������	
�����
�������	�������	�����	�
����������	
�����
�������	�������	�����	�
����������	
�����
�������	�������	�����	�
�

Cardiomyopathy Association
Robert Hall
Peter McBride

Cardiac Risk in the Young (CRY)
Alison Cox
Steven Cox

Administration/Databasing
Vanessa Topp
Shaughan Dickie
Marietta Meyer
Harriet St Pierre
Sarah Wilson

Genetics
Petros Syrris, PhD
Alison Evans, PhD
Sharon Jenkins
Angeliki Asimaki, PhD


