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GENCOR: a national registry for patients and

families suffering from a familial heart disease in

the Netherlands

J.F. Hernans, I. Christiaans, J.P. van Tintelen, A.A.M. Wilde, Y.M. Pinto

Introduction. Developments in DNA-diagnostic tech-
niques allow us to identify a significant proportion of
patients with gene mutations causing familial heart
diseases (arrhythmia syndromes, cardiomyopathies etc.)
and to identify family members in early stages ofthe dis-
ease and/or even before symptoms occur. Early treatment
can prevent sudden cardiac death and disease progression.
However, data on long-term outcome in unselected geno-
typed patients are scarce due to a lack oflarge registries.
In 2005, a national internet-based registry for familial
heart diseases in the Netherlands, named GENCOR, was
developed in collaboration with the Interuniversity
Cardiology Institute ofthe Netherlands (ICIN).
Objectives. GENCOR aimns to assess the prevalence of
familial heart diseases in patients and families in the
Netherlands and to facilitate research to improve the
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quality of diagnostics and therapy in familial heart
diseases.
Methods. Patients who visit the (cardio)genetic outpatient
clinic are informed aboutGENCORand asked to consent
to the storage ofinformation about cardiaceaminations,
family history and DNA diagnostics from all their visits.
Patient data are entered into the internet-basedGENCOR
database by the cardiologist or clinical geneticist in atten-
dance. Additional information can be stored for scientific
research.
Results. Four university hospitals are actively obtaining
informed consent from the patients, which resulted in
the indusion ofmore than 300 patients. In 2006, more
university hospitals will start using GENCOR and the
aim is that all university hospitals will participate. Three
research projects have already started using GENCOR.
Conclusion. GENCORis already a success, regarding the
number of included patients and the related research
projects set up within a limited period oftime. GENCOR
provides easy internet-based access for authorised
cardiologists, clinical geneticists and scientists throughout
the country. (NethHeartJ2006;14:272-6.)

Keywords: registries, genetics, hereditary, heart disease
(familial)

n the past decade the knowledge on the genetic basis of
various cardiovascular diseases increased rapidly with the

elucidation of several genes that may cause cardiac diseases.
This resulted in an increased knowledge on the basic patho-
physiology offamilial heart diseases but also led to an increase
in the diagnostic, prognostic and in some cases even thera-
peutic possibilities for the individual patient and his/her family.

Familial heart diseases can be divided into primary and
secondary cardiac arrhythmia syndromes. Primary cardiac
arrhythmia syndromes (or ion channelopathies) are associated
with abnormalities in ion channel fumction, which results in
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arrhythmias. Normal cardiac rhythm is dependent on the
proper movement of ions mediating the action potential in
each cardiac compartment. These arrhythmogenic disorders
occur in structurally normal hearts and include the long-QT
syndrome (LQTS), short-QT syndrome (SQTS), Brugada
syndrome, catecholaminergic polymorphic ventricular tachy-
cardia (CPVT), atrial standstill and idiopathic atrial fibril-
lation."2 Secondary cardiac arrhythmia syndromes (or cardio-
myopathies) are defined as 'diseases of the myocardium
associated with cardiac dysfunction'.3 There are four categories
ofcardiomyopathies: hypertrophic cardiomyopathy (HCM),
dilated cardiomyopathy (DCM), arrhythmogenic right ven-
tricular cardiomyopathy (ARVC) and restrictive cardiomyo-
pathy (RCM), although it is increasingly appreciated that
there is a large overlap between these four categories. The
cardiomyopathies manifest differently, from being symptom-
less to providing major health problems such as progressive
heart failure or potential lethal arrhythmias.4

Accurate figures about the prevalence and incidence of
familial heart diseases are not available for the Netherlands.
There are now an estimated 5000 patients with a familial heart
disease in the Netherlands and every year this number will
increase by 500 patients.

Developments in DNA-diagnostic techniques allow us to
identify a significant proportion ofpatients with gene mutations
causing familial heart diseases and to identify family members
with the disease in its early stages. Early treatment can prevent
sudden cardiac death. However, data on long-term outcome
in unselected genotyped patients are scarce due to the great
lack oflarge registries. In 2004, the Interuniversity Cardiology
Institute of the Netherlands (ICIN) took the initiative to
develop a national registry for patients and families with
familial heart diseases, named GENCOR(GENetic CORvitia).
GENCOR is developed by analogy with CONCOR
(CONgenital CORvitia). CONCORis a national registry and
DNA bank of patients with congenital heart diseases in the
Netherlands. CONCOR aims to promote research into the
prevalence and long-term outcome ofspecific congenital heart
diseases and their treatment, to develop an efficient organi-
sation structure for improvement of healthcare for these
patients and to allow investigation of the molecular basis of
congenital heart defects.5
GENCOR aims to facilitate studies into the prevalence of

familial heart diseases in the Netherlands and to promote
research to improve the quality ofdiagnostics and therapy in
familial heart diseases.6

The purpose ofthis paper is to introduce this registry and
to describe the design, the methodology and first results of
the GENCOR registry.

Methods

GENCOR study population
Patients with primary cardiac arrhythmia syndromes (ion
channelopathies) or secondary cardiac arrhythmia syndromes
(cardiomyopathies) are potential candidates for the registry.
Only when a mutation has been identified is the patient
included in the registry. Patients with structural congenital

heart defects (e.g. tetralogy ofFallot, aortic coarctation, ven-
tricular septal defect and atrial septal defects, aortic valvar
stenosis) or Marfin syndrome are excluded from participation.

Organisation
ICIN's working group on inherited cardiac diseases took the
initiative to develop GENCOR Cardiologists and clinical
geneticists (with a special interest in cardiogenetics) ofall the
academic centres in the Netherlands are represented in this
working group.
GENCOR is directed by a project group and steering

committee. The project group is responsible for the inclusion
ofpatients, project documentation and public relations. The
project group consists oftwo cardiologists (project managers),
one research nurse (project coordinator), two clinical geneticists,
an IT manager and a research fellow. The steering committee
supervises the GENCOR project and consists of one re-
presentative from the Departments of Cardiology and/or
Departments of Clinical Genetics per participating academic
centre, the project managers and project coordinator. The
representatives per centre can join the steering committee,
depending on the contributions made to GENCOR.

Legislation
The GENCOR registry is reported to the Dutch Data
Protection Authority (CBP), which supervises compliance
with legislation regulating the use ofpersonal data. GENCOR
complies with the 'Code of conduct for medical research'
drawn up by the Dutch Federation of Biomedical Scientific
Societies (FMWV). The laws in force in the Personal Data
Protection Act (WBP) and the Medical Treatment Contracts
Act (WGBO) are incorporated in this code ofconduct.

The Medical Research Involving Human Subjects Act
(WMO) does not apply to the GENCOR registry because
the included patients are not subjected to research bounded
activities and no rules of behaviour are enforced to them.

Inclusion procedure
Patients receive information about the aims and procedures
of the GENCOR registry from their cardiologist / clinical
geneticist during their visit to the outpatient clinic. Patients
genotyped in the past receive the information at home.
Patients are asked to sign a consent form and return it to the
project coordinator before their data are stored in the
GENCOR database.

Data storage and protection
GENCOR is an internet-based registry. Patient data are
entered into GENCOR by the cardiologist or clinical
geneticist in attendance. In some cases trained research nurses
enter the data. The patient data are collected from patient
records from the departments of cardiology and clinical
genetics. Each time a patient visits the outpatient clinic
additional (new) data are added to the GENCOR registry.
Each patient is allotted a unique GENCOR number.

The patient data are stored in three layers. Layer 1 includes
information about identification data of the patient, such as
name, gender, date of birth and patient hospital number.
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1.01
IDENTIFICATION (# 12 variables)
Centre Place of birth
Patient number Initials
GENCOR number Name
GENCOR family number Maiden name
Gender Address
Date of birth Telephone number

11.01 -11.04
PATIENT INFORMATION

11.01 11.03
INDIVIDUAL DATA (# 16 varIables) SOCIAL STATUS (# 6 variables)
Centre of treatment Lab results Education Family situation
Is patient treated Visited CGC| Work Advised lifestyle
Known to cardiologist Devices Occupation Ethnic origin
Ever had ECG Pregnancy
Ever had exercise test Deceased
Ever had 24 h Holter Pedigree
Ever had cardiac ECHO OHCA/SD2 in family
Ever cardiac had MRI Participation in trial

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 11.04
11.02 INFORMED CONSENT (#4 variables)
DIAGNOSIS (# 5 variables) Consent to record data in GENCOR
Which diagnosis Ever had DNA3 test Consent to retrieve data from CBS4
Which year diagnosed First in family Consent to retrieve data from GBA5
Diagnosed by whom Consent for DNA test

j 111.01-111.15
CUNICAL DATA

111.01 111.02 111.03 111.04 111.05
Anamnesis Treatment Devices ECG X-ECG

111.06 111.07 111.08 111.09 111.10
24 h Holter ECHO MRI Lab results DNAtest

,1111.11 11 111.12 111.13 111.14 111.15
Resuscitation Pregnancy Deceased Pedigree Family anamnesis

CGC=Clinical Genetic Centre, 2OHCA/SD=Out of hospital cardiac arrest / sudden death, 3DNA=deoxyribonucleic acid, 4CBS=Statistics Netherlands,
5 GBA=Municipal Database (Personal Files) Act

Figure 1. Struetue ofGENCOR registry.
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Layer 2 includes general information about patients examin-
ation status. It is noted whether the patient has had an electro-
cardiogram (ECG), echocardiography, 24-hour Holter
monitor or other cardiac examinations. The results of the
cardiac examinations, family history andDNA diagnostics are
recorded in layer 3. Each layer is made up of one or more
information blocks and each information block consists of
variables with respect to the subject ofthe block. In figure 1
the structure ofthe registry is presented. The blocks outlined
in grey need to be filled in for every patient and serve as a
'sampling frame' for research purposes.

All collected data are stored in one central database. The
database (server) was developed and is maintained at the
Department ofClinical Epidemiology and Biostatistics ofthe
Academic Medical Centre in Amsterdam. Users enter clinical
data using a web application. The server is approachable
through a https protocol. Users need to log on using an
individual username-password combination to which
authorisations are connected.

Data for research
GENCOR facilitates scientific research in two ways. Firstly,
data stored in the GENCORregistry can be used for research
projects. Researchers can submit their research proposals via
the GENCORwebsite. The steering committee reviews the
request and evaluates whether the privacy regulations are met.
When the steering committee has approved the research
proposal they give the ICIN a positive advice for delivering
GENCORdata. The project group will supply the requested
data. This procedure takes about three weeks.

Secondly, specific data for a study can be collected using
GENCOR. It is therefore possible to add information blocks
to GENCOR to store additional information. Again, the
steering committee reviews the request and has to give its
approval. When the advice is positive the researcher gets a
temporary account to collect the data needed and analyse it.

Results

Inclusion
We started the inclusion in September 2005. The Academic
Medical Centre, Amsterdam, the University Medical Centre
Groningen, the Radboud University Medical Centre,
Nijmegen and the University Hospital Maastricht are actively
obtaining informed consent from their patients. The other
university hospitals have been informed about GENCOR
and are willing to participate. Currently, informed consent
has been obtained from 337 patients with a familial heart
disease. Table 1 provides information about the distribution
ofthe diagnosis in the total group ofpatients who provided
consent.

Patient characteristics
Clinical data have been entered in the GENCOR registry for
75 patients: 69 patients with HCM, four patients with DCM,
one patient with long-QT syndrome and one patient with
Brugada syndrome.

Research projects
Three research projects have already started using GENCOR.
One study aims to optimise the care of mutation carriers of
HCM, identified by presymptomatic family screening, based
on risk factors for sudden cardiac death.7 The second project
is investigating an optimal strategy for ICD implantation in
lamin A/C gene mutation carriers to prevent sudden cardiac
death, which seems to be associated with mutations in this
gene.8-'0 For both projects the required patient data are
entered into the GENCOR registry. The third project is
investigating whether different HCM causing mutations are
related to differences in the surface ECG, allowing a more
efficiently targeted DNA analysis.

Dlscussion
GENCOR aims to establish a complete national registry of
patients with familial heart diseases in the Netherlands in
which long-term clinical data of patients are collected. This
registry is ofimportance to assess the prevalence offamilial heart
diseases in the Netherlands and to improve the quality of
diagnostics and therapy in familial heart diseases.

Dutch cooperation between the university hospitals as a
result ofGENCOR has already been quite successful in the
identification and characterisation of gene mutations in the
recent past.12-1 Once fully established GENCORwill further
improve this cooperation and facilitate DNA studies in larger
patient populations.

Because GENCORis an internet-based registry authorised
users can enter patient data through a web application at any
time and any place. All entered data are stored at one server.
When information stored in GENCORis needed for research
projects on familial heart diseases, the researcher can
immediately (after the request procedure) gain access to the
complete dataset entered so far.

The distribution of the diagnoses (table 1) does not
provide a proper overview ofthe distribution offamilial heart
diseases in the Netherlands. This biased view is due to the
related research project on presymptomatic mutation carriers
ofHCM.

#C Netherlands Heart Journal, Volume 14, Number 7/8, August 2006

Table 1. Distribution of diagnoses over total population who
provided consent.

Diagnosis # of patients

LQTS 2
Brugada I
CPVT 1
HCM 323
DCM 6
Non-compaction cardiomyopathy 1
Diagnosis missing 3
Total 337

LQTS=long-QT syndrome, CPVT=catecholaminergic polymorphic ventricular
tachycardia, HCM=hypertrophic cardiomyopathy, DCM=dilated cardiomyo-
pathy.
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Conclusion
GENCOR is already a success regarding the number of
included patients and the related research projects set up
within a limited period of time. GENCOR provides easy
internet-based access for authorised cardiologists, clinical
geneticists and scientists throughout the country. It is aimed
and hoped that all the cardiogenetic centres gain confidence
in the concept and that all will indeed actively participate.

Acknowledgements
This registry is supported by the Netherlands Heart
Foundation (NHS/2003T302) and by the Interuniversity
Cardiology Institute of the Netherlands (Project 27 and
Project 50). U

References

1 Wide AA, Bezzina CR Genetics of cardiac arrhythmias. Heart 2005;91:
1352-8.

2 Roberts R Genomics and cardiac arrhythmias. JAm Coll CardioI2006;47:
9-21.

3 Richardson P, McKenna W, Bristow M, Maisch B, Mautner B, O'Connell
J, et al. Report of the 1995 World Health Organization/International
Society and Federation of Cardiology Task Force on the Definition and
Classification ofCardiomyopathies. Circulation 1996;93:841-2.

4 Franz WM, Muller OJ, Katus HA. Cardiomyopathies: from genetics to the
prospect oftreatment. Lancet 2001;358:1627-37.

5 Van der Velde ET, Vriend JW, Mannens MM, Uiterwaal CS, Brand R,
Mulder BJ. CONCOR, an initiative towards a national registry and DNA-
bank ofpatients with congenital heart disease in the Netherlands: rationale,
design, and first results. EurJEpidemiol 2005;20:549-57.

6 Hermans W, Christiaans I, van Langen I, Arens Y, Wilde A, Pinto Y.
GENCOR: a national registry for patients and families suffering from a
familial heart disease in the Netherlands. Eur J Hum Genet 2006;14
(Suppi 1):110-1.

7 Christiaans I, van Langen I, Birnie E, Bonsel G, Wide A. Uptake of pre-
dictive genetic testing in hypertrophic cardiomyopathy. EurjHum Genet
2006;14(Suppl 1):377.

8 Van Berlo JH, Duboc D, Pinto YM. Often seen but rarely recognised: car-
diac complications oflamin A/C mutations. Eur HeartJ2004;25:812-4.

9 Van Berlo JH, de Voogt WG, van der Kooi AJ, van Tintelen JP, Bonne G,
Yaou RB, et al. Meta-analysis of clinical characteristics of299 carriers of
LMNA gene mutations: do lamin A/C mutations portend a high risk of
sudden death? JMolMed 2005;83:79-83.

10 Meune C, Van Berlo JH, Anselme F, Bonne G, Pinto YM, Duboc D.
Primary prevention of sudden death in patients with lamin A/C gene
mutations. NEnglJMed2006;354:209-10.

11 Arens Y, Hermans J, Kuusisto J, Jaaskelainen P, Chai W, Wilde AA, Pinto
YM. Can electrocardiographic changes help to identify the causative mutation
in hereditary hypertrophic cardiomyopathy? Circulation 2005;112:II-604.

12 Bezzina C, Veldkamp MW, van Den Berg MP, Postma AV, Rook MB,
Viersma JW, et al. A single Na(+) channel mutation causing both long-QT
and Brugada syndromes. Circ Res 1999;85:1206-13.

13 Alders M, Jongbloed R, Deelen W, van den Wijngaard A, Doevendans P,
ten Cate F, et al. The 2373insG mutation in the MYBPC3 gene is a founder
mutation, which accounts for nearly one-fourth of the HCM cases in the
Netherlands. EurHeartJ2003;24:1848-53.

14 Van Tintelen JP, Entius MM, Bhuiyan ZA, Jongbloed R, Wiesfeld AC,
Wide AA, et al. Plakophilin-2 mutations are the major determinant of
familial arrhythmogenic right ventricular dysplasia/cardiomyopathy. Cir-
culation 2006;113:1650-8.

15 Tan HL, Bink-Boelkens MT, Bezzina CR, Viswanathan PC, Beaufort-Krol
GC, van Tintelen PJ, et al. A sodium-channel mutation causes isolated
cardiac conduction disease. Nature 2001;409:1043-7.

276 Netherlands Heart Journal, Volume 14, Number 7/8, August 2006 to


