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A multidisciplinary collaborative European study has
been designed with the aim to investigate the clinical,
pathological and genetic features of arrhythmogenic
right ventricular cardiomyopathy (ARVC), which is a
progressive, genetically determined disorder of the right
ventricular myocardium and a major risk of sudden death
particularly in the young.1–3 The disease is reported fa-
milial up to 50% with autosomal dominant inheritance
while an autosomal recessive form (Naxos disease) as-
sociated with cutaneous abnormalities also exists. Nine
genetic loci and mutations in three genes have been
discovered so far.4–7 Treatment and prevention of ven-
tricular tachyarrhythmias and sudden death include an-
tiarrhythmic drug therapy, catheter ablation and the
implantable cardioverter-defibrillator.2;8–11 However, a
systematic evaluation of treatment options is not yet
available.

The need to set up an International Registry for
ARVC has been perceived since years and many at-
tempts have been accomplished after the publication of
the diagnostic criteria.12–14 The European venture was
not costless and a financial support was searched for.
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The occasion was given by the 5th Framework Pro-
gramme of the European Community in the field of
research and technological development called “Quality
of Life and Management of Living Resources”, Action
lines 1999/c 64/14 1.1.1.–7.2 “Evaluation of therapies
through multinational large scale study/trials” 7.3
“Optimised use of databases, registries, reagents and
sample banks”.15 A successful application was submit-
ted by G. Thiene, on behalf of a multinational con-
sortium. The project involves seven European
countries:
France Institute de Cardiologie, Group
Hospitalier Piti�e-Salpetriere, Paris
(G. Fontaine)

United Kingdom The Heart Hospital, University
College of London (W. J. McKenna)

mail to: cardpath@unipd.it
http://eurheartj.oxfordjournals.org/


Greece Yannis Protonotarios Medical Center,
Naxos (N. Protonotarios)

Poland Department of Pathology, Children’s
Memorial Health Institute (E. Czar-
nowska), Department of Noninvasive
Cardiology and Congenital Heart
Defects, Institute of Cardiology
(E.K. Wlodarska)

Cyprus Department of Cardiology, Nicosia
General Hospital (L. Antoniades)
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Objectives

The project consists of four main missions (Fig. 1):
(1) Clinical registry (Consortium). Because of the rar-

ity of the disease, a large scale database is mandatory to
collect significant number of patient population affected
by either familial or sporadic forms, in order to prospec-
tively evaluate the accuracy of clinical diagnostic criteria,
the long term outcome and the efficacy of therapies. The
clinical registry database has been constructed on the
WEB after final release of data forms and integrated
communication network. The reader can now access on
line the registry presentation at: anpat.unipd.it/ARVC/. A
part from index cases with a definite diagnosis of ARVC,
family members will also enter the clinical registry and
will be labelled as affected, uncertain or non-affected
based upon the currently available diagnostic criteria.
Uniform standardised protocols have been developed for
clinical investigation in order to ensure a uniform col-
lection of comparable data, i.e. echocardiography, elec-
Fig. 1 Graphical representation of the project workp
trophysiological study, RV-angiography, endomyocardial
biopsy, and magnetic resonance imaging protocols.

(2) Evaluation of therapies and therapy-related risk
stratification (responsible partner T. Wichter). The main
scope is to evaluate long-term efficacy of empiric vs
electrophysiologically guided antiarrhythmic drug ther-
apy and nonpharmacological, interventional treatment
including catheter ablation and implantable cardio-
verter-defibrillators. The aim is to develop management
algorithms and thereby improve clinical management,
treatment related risk-stratification and long-term
survival.

(3) Pathology registry and tissue bank (responsible
partner G. Thiene). A cardiac pathology registry has
been set up to collect either heart specimens or endo-
myocardial biopsies of patients entering the clinical
registry. It will be the opportunity of gaining an insight
into the etiopathogenesis of the disease, including
molecular pathology investigations to search for cardio-
tropic viral genomes. The pending issue of fatty infil-
tration of the right ventricular free wall in normal vs
ARVC hearts will be specifically addressed. Detailed pa-
thology, immunohistochemistry and histochemistry pro-
tocols as well as molecular pathology protocol for the
analysis of RNA and DNA viral genomes have been de-
veloped. Moreover, an electron microscopy protocol has
been set up.

(4) DNA banking (responsible partner G.A. Danieli).
The task is to collect DNA samples from blood of either
sporadic or familial cases, to determine gene loci by
linkage analysis and to identify specific abnormal genes by
sequential analysis. This will allow mutation screening on
lan: main missions and sub-missions, coordination.
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families as well as genotype-phenotype correlations. To
this aim, a protocol for blood sampling and/or DNA ex-
traction as well as the informed consent form (if required
from the national ethical committee) was developed.

All these protocols have been disseminated to the
clinical services of the European Clinical Units and are
available on the WEB.
http://eurh
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Financial support and project management

The project, lasting 4 years (2001–2005) and funded by
the European Community (QLG1-CT-2000-01091), is co-
ordinated in by G. Thiene and two associated Coordina-
tors (C. Basso and D. Corrado) in Padua, Italy and steered
by a Steering Committee (Consortium). The Working
Groups “Myocardial and Pericardial Diseases”, “Ar-
Arrhythmias” and “Developmental Anatomy and Pathol-
ogy” of the European Society of Cardiology, as well the
Scientific Council on Cardiomyopathies of the World
Heart Federation are supporting the project and will
represent the ways for exploitation and dissemination of
the results of this multi-institutional investigation.16
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Ethical aspects

A patient enrolled in the ARVC Registry is not exposed to
any additional risk. Diagnostic testing, both invasive and
non-invasive, is performed by the patient’s physician
during diagnostic work-up on clinical indications and will
not be carried out solely for this program.

All the clinical sites did apply and obtained authori-
zation from the local Ethical Committees for Registry
participation. All reasonable measures have been taken
to ensure privacy and confidentiality of participating
subjects. Registry participants will be identified by a
unique alpha-numerical code in the database. All blood
samples and patient information stored in the comput-
erized database are identifiable only by a code.
va on June 29, 2012
Preliminary achievements, exploitation and
mid-term review

Two new gene mutations accounting for autosomal
dominant ARVC have been discovered during the first two
years of the project, i.e. ryanodine receptor 2 gene and
desmoplakin mutation4;5 as well as confirmation of locus
assignment and mutation screening of four candidate
genes in ARVD1.6 The mutations in the gene encoding
plakoglobin and ryanodine receptor 2 permitted geno-
type-phenotype correlation both in Naxos ARVC and
ARVD2.17–19 Finally, the need to broaden diagnostic cri-
teria has been highlighted by prospective evaluation of
relatives of ARVC patients20 suggesting that only the
advent of genetic testing will provide the gold standard
for diagnosis. Furthermore, additional publications have
been produced with the aim to exploit the ARVC clinical
registry and tissue-DNA banks.21–25
A successful mid-term review meeting took place at
the beginning of year 2003 with the participation of the
project consortium and an independent expert reviewer.
International collaborations

A parallel research project has been funded in USA by the
National Institute of Health (NIH) under the leadership of
F.I. Marcus.26 The NIH study is using similar data forms
and computerized database which will facilitate further
collaboration between the American and European re-
searchers. G. Thiene and T. Wichter are serving the NIH
project as Core Laboratories for Pathology and Angiog-
raphy, respectively. Moreover, G.A. Danieli is collabo-
rating for genetic investigations. In the frame of the
European ARVC project, collaborations on basic research
have been established with overseas centres.6;27;28
Call for other European cardiologist/
scientists

Patient enrolment will be possible through data quality
check by the national enrolling centres or coordinator.
Physicians in Europe who are not officially part of the EC
ARVC Consortium and who care for patients with diag-
nosed or suspected ARVC are strongly encouraged to
contact the national enrolling centres or otherwise the
ARVC project coordinator and associate coordinators
(see anpat.unipd.it/ARVC/ for contact addresses). Reg-
ular feedback on Registry results and clinical recom-
mendations will be provided to all enrolling centres.
Acknowledgment

This work is supported by the 5th Framework Pro-
gramme European Commission, Bruxelles (QLG1-CT-
2000-01091).
References

1. Thiene G, Nava A, Corrado D et al. Right ventricular cardiomyopathy
and sudden death in young people. N Engl J Med 1988;318:129–33.

2. Nava A, Rossi L, Thiene G, editors. Arrhythmogenic right ventricular
cardiomyopathy/dysplasia. Elsevier, Amsterdam; 1997.

3. Basso C, Thiene G, Corrado D et al. Arrhythmogenic right ventricular
cardiomyopathy. Dysplasia, dystrophy, or myocarditis? Circulation
1996;94:983–91.

4. Tiso N, Stephan DA, Nava A et al. Identification of mutations in the
cardiac ryanodine receptor gene in families affected with arrhyth-
mogenic right ventricular cardiomyopathy type 2 (ARVD2). Hum Mol
Genet 2001;10:189–94.

5. Rampazzo A, Nava A, Malacrida S et al. Mutation in human
desmoplakin domain binding to plakoglobin causes a dominant form
of arrhythmogenic right ventricular cardiomyopathy. Am J Hum
Genet 2002;71:1200–6.

6. Rampazzo A, Beffagna G, Nava A et al. Arrhythmogenic right
ventricular cardiomyopathy type 1 (ARVD1): confirmation of locus
assignment and mutation screening of four candidate genes. Eur J
Hum Genet 2003;11:69–76.

7. McKoy G, Protonotarios N, Crosby A et al. Identification of a deletion
in plakoglobin in arrhythmogenic right ventricular cardiomyopathy

http://eurheartj.oxfordjournals.org/


534 C. Basso et al.

http://eurheartj.oxford
D

ow
nloaded from

 

with palmoplantar keratoderma and woolly hair (Naxos disease).
Lancet 2000;355:2119–24.

8. Wichter T, Borggrefe M, Haverkamp W et al. Efficacy of antiar-
rhythmic drugs in patients with arrhythmogenic right ventricular
disease: results in patients with inducible and noninducible ventric-
ular tachycardia. Circulation 1992;86:29–37.

9. Fontaine G, Tonet J, Gallais Y et al. Ventricular tachycardia catheter
ablation in arrhythmogenic right ventricular dysplasia: a 16-year
experience. Curr Cardiol Rep 2000;6:498–506.

10. Breithardt G, Wichter T, Haverkamp W et al. Implantable cardio-
verter defibrillator therapy in patients with arrhythmogenic right
ventricular cardiomyopathy, long QT syndrome, or no structural
heart disease. Am Heart J 1994;127:1151–8.

11. Corrado D, Leoni L, Link M et al. Implantable cardioverter-defibril-
lator therapy for prevention of sudden death in patients with
arrhythmogenic right ventricular cardiomyopathy/displasia. Circula-
tion 2003;108:3084–91.

12. McKennaWJ, Thiene G, Nava A et al. Diagnosis of arrhythmogenic right
ventricular dysplasia/cardiomyopathy. Br Heart J 1994;71:215–8.

13. Corrado D, Fontaine G, Marcus FI et al. Arrhythmogenic right
ventricular dysplasia/cardiomyopathy: need for an International
Registry. Circulation 2000;101:e101–6.

14. Corrado D, Basso C, Thiene G et al. Spectrum of clinico-pathologic
manifestations of arrhythmogenic right ventricular cardiomyopathy/
dysplasia: a multicenter study. J Am Coll Cardiol 1997;30:1512–20.

15. Official Journal of the European Communities. 1999;C64:19-24.
16. Thiene G. Arrhythmogenic right ventricular cardiomyopathy/dyspla-

sia. A multidisciplinary study. Newsl Sci Council Cardiomyopathies
2001;16:13.

17. Protonotarios N, Tsatsopoulou A, Anastasakis A et al. Genotype-
phenotype assessment in autosomal recessive arrhythmogenic right
ventricular cardiomyopathy (Naxos disease) caused by a deletion in
plakoglobin. J Am Coll Cardiol 2001;38:1477–84.
18. Basso C, Tsatsopoulou A, Thiene G et al. Petrified right ventricle in
long-standing Naxos arrhythmogenic right ventricular cardiomyopa-
thy. Circulation 2001;104:e132–3.

19. Bauce B, Rampazzo A, Basso C et al. Screening for RyR2 mutations in
families with effort-induced polymorphic ventricular arrhythmias and
sudden death: early diagnosis of asymptomatic carriers. J Am Coll
Cardiol 2002;40:341–9.

20. Hamid MS, Norman M, Quraishi A et al. Prospective evaluation of
relatives for familial arrhythmogenic right ventricular cardiomyo-
pathy/dysplasia reveals the need to broaden diagnostic criteria. J Am
Coll Cardiol 2002;40:1445–50.

21. Thiene G, Basso C. Arrhythmogenic right ventricular cardiomyopathy.
Cardiovasc Pathol 2001;10:109–17.

22. Wichter T, Schulze-Bahr E, Eckardt L et al. Molecular mech-
anisms of inherited ventricular arrhythmias. Herz 2002;27:
712–39.

23. Paul M, Schulze-Bahr E, Breithardt G et al. Genetics of arrhythmo-
genic right ventricular cardiomyopathy: status quo and future
perspectives. Z Kardiol 2003;92:128–36.

24. Czarnowska E, Wlodarska EK, Zaleska T. Arrhythmogenic right
ventricular cardiomyopathy (dysplasia): etiology, clinical presenta-
tion, diagnosis and treatment. Pol Heart J 2003;58:58–63.

25. Basso C, Nava A, Thiene G, editors. Cardiomiopatia aritmogena. Arti
Grafiche Color Black, Novate, Milano, 2001.

26. Marcus F, Towbin JF, Zareba W et al. Arrhythmogenic right ventric-
ular dysplasia/cardiomyopathy (ARVCO/D). A multidisciplinary study:
design and protocol. Circulation 2003;107:2975–8.

27. Basso C, Fox P, Meurs K, et al. Arrhythmogenic right ventricular
cardiomyopathy causing sudden cardiac death in boxer dogs: a new
animal model of human disease. Circulation (in press).

28. Kaplan SR, Gard JJ, Carvajal-Huerta L et al. Structural and molecular
pathology of the heart in Carvajal syndrome. Cardiovasc Pathol
2004;13:26–32.
 at U
journals.org/
niversita D
egli Studi D

i Padova on June 29, 2012

http://eurheartj.oxfordjournals.org/

	Arrhythmogenic right ventricular cardiomyopathy: clinical registry and database, evaluation of therapies, pathology registry, DNA banking
	Objectives
	Financial support and project management
	Ethical aspects
	Preliminary achievements, exploitation and mid-term review
	International collaborations
	Call for other European cardiologist/scientists
	Acknowledgements
	References


