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meestal gaat het 
goed………… 

-structurele hartafwijkingen 

-ritme- en geleidingsstoornissen 

-cardiomyopathieën 

-dyslipidemieën 

-aortapathologie 
 

CARDIOGENETICA 



elektrische hartziekten cardiomyopathieen 
• LQTS 

• SQTS 

• Brugada syndroom 

• Cathecholaminerge 
polymorfe ventriculaire 
tachcardieen 

• Hypertrofische cardiomyopathie 

• Gedilateerde cardiomyopathie 

• Restrictieve cardiomyopathie 

• Aritmogene RV cardiomyopathie 

• Non-compactie cardiomyopathie 

aortapathologie   dyslipidemieen 

Hartritmestoornissen  
(te snel/ te langzaam) 
 
-hartkloppingen 
-overslagen 
(duizeligheid) 
-plotse dood 
 
pompfalen 
-vocht vasthouden 
-kortademigheid 



CARDIOGENETICA 

PENETRANTIE/VARIABILITEIT? 
Hoe zit het nu met de 



Lange QT syndroom 



Probands with pathogenic variant (N=276) 

Groeneweg et al. Circ Cardiovasc Genet 2015 

Aritmogene RV cardiomyopathie 



Christiaans et al Neth H J 2010 



CARDIOGENETICA 

Algemeens over 
de aandoeningen 
 
Ritme 
Cardimyopathie 
 
 
Behandeling 
algemeen 
-leefregels 
-medicatie 
-ICD 
-
stellectomie/LVA
D/HtX 
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Olde Nordkamp L et al. Circ Arrhythm Electrophysiol 2013;6:91-100 



Jongbloed et al  
Expert Opinion on Med Diagnostics 

Cardiomyopathieen:  

   genetisch heterogeen 





N=1640 

+ 1 vEDS, 4FH 
(1:55) 





CARDIOGENETICA 

PENETRANTIE/VARIABILITEIT

? 

Hoe zit het nu echt met de 



Nannenberg E et al. Circ Genom Precis Med. 2018;11:e001797 

1999 
56.1 yr (48-64) 

2009 
70 yr (61-78) 

2012 
65.2 (62-68) 

2010 
63.5 (59-68) 

Median age of (50%) event free survival 

 
 
 
 

2008 
44.6(37-52) 

2012 
68.2 (64-72) 

SCN5A PLN R14del DPP6 



Cardiac outcomes PLN R14del 

Van Rijsingen et al. Circ Cardiovasc Genet. 2014 

N=295 
N=33(11%) 

end-stage HF 

(53 ±12 yrs) 

17 HtX 

16 died 

N=55 (19%) 
MVA  

(47±14 yrs) 

38 appropriate  
ICD 

9 SCD 

8 successful 
resuscitation 



Cardiac outcomes/ ICD therapy: PLN 

R14del 

Van Rijsingen et al. Circ Cardiovac Genet 2014 

N=295 

N=104 ICD 

77 primary 
prevention 

23 (30%) 
19 m(6-36m) 

8 after 
resuscitation 

6 (80%) 
13m (3-36m) 

19 after 
sustained VT 

15 (79%) 
16 m (3-43m) 

N=191  

no ICD 
9 (5%) SCD 6 symptoms 

2 died 



PLN R14del 

1:1000 Dx DCM/ARVC 

10% PLN R14del: 1:10,000 
5.6 million n=11,000/NL 
 

Registry n=1000 

Low penetrance 
(10%) dominant 
pathogenic variant? 
 
Susceptibility? 

Van der Zwaag PA et al Neth Heart J 2013;21:286-93.  

Van der Zwaag PA et al Eur J Heart Fail. 2012;14:1199-207 
Milano A te al Circ Cardiovasc Genet 2016;9:147-53. 

1/473 
1/225 
1/1300 
1/440 
 
=1 in 500 

 
 

PLN R14del: low penetrance? 



Methods 

Outcome measurements: 

● Mild phenotype: microvoltages or repolarization disturbances or >500 PVC on holter 

● Moderate phenotype: NSVT, fibrosis on MRI, LVEF <45% or NYHA>2 

● Severe phenotype: CPR at presentation, VT or VF, heart transplantation or LVAD, 

hospitalisation for heart-failure, appropriate ICD shock, cardiac death 

 

● Arrhythmic event: minor (>500 PVC, NSVT), major (sust VT, appropriate ICD shock or 

ATP, cardiac death due to arrhythmia) 

● Heart-failure event: minor (LVEF <45% or NYHA >2), major (HTx or LVAD, 

hospitalisation for heart-failure or cardiac death due to pump failure) 

Tom Verstraelen et al.  



Results- kaplan-meier plots 

Mild phenotype

Age % penetrance

20 yrs 2,2

40 yrs 22,7

60 yrs 68,7

80 yrs 98,1

Moderate phenotype

20 yrs 1,1

40 yrs 17,2

60 yrs 58

80 yrs 96,1

Severe phenotype

20 yrs 0

40 yrs 6,1

60 yrs 28

80 yrs 58,8

Tom Verstraelen et al.  



Results- kaplan-meier plots 
Only rhythm

Age % penetrance

20 yrs 0,2

40 yrs 5,9

60 yrs 16,6

80 yrs 39

Only heartfailure

20 yrs 0,5

40 yrs 2,9

60 yrs 11,6

80 yrs 41,4

Rhythm AND heartfailure

20 yrs 0

40 yrs 6,1

60 yrs 31,8

80 yrs 70,9

Rhythm OR heartfailure

20 yrs 0,5

40 yrs 14,3

60 yrs 53,1

80 yrs 95,3

Echter: dit zijn indexen + 
familieleden! 



ARVC verschil in familieleden?  

European Heart Journal (2016) 37, 755–763  

Siblings had a three-fold-increased risk of ARVD/C 
diagnosis compared with parents and children 
(odds ratio 3.11, P.  0.001) 
 
One-third of first-degree relatives develop manifest ARVD/C. Siblings have 
highest risk of disease, even after correcting for age and sex 
 
 



Genet Med 2017 Nov; 19:1245-1252 

Identical major/minor ECG criteria  
as controls 
Non cardiac death in LOF group! 
 
No difference ICD, CM, EF  in pLOF/variants 
vs controls 

N=14 ECGs 
1 minor criterion 

Genet Med. 2017 Nov;19(11):1245-1252 

Geen verschillen in de groepen qua: 
-diagnostische criteria ARVC 
-cardiomyopathie 
-ICD 
-pompfunctie etc 



N=33 patienten verwezen:  
22 varianten (14 SF, 8 PF) 
Classificatie: 10 P/LP 
ACMG classificatie: 1 P/ 3 LP (geen 
cardiol phenotype!) 
 

PKP2 c.1237C>T; p.(Arg413*) 67 jr m 
PKP2 c.2146-1G>C 38 jr v 
PKP2 c.2509delA; p.(Ser837Valfs*94) 8 jr v HCM en 
vader 
DSP c.478C>T; p.(Arg2160*) 25 jr M en vader 59 jr 
 



N=61000 WES 
N=140 (74 varianten) 0.23% 

62 jaar BMI 31 

Geen Dx ARVC; % cardiol afw = controles 

20% iets van een 
criterium; maar 
niet verschillend 
van controles 

PENETRANTIE 6%  
(ipv 40-60%) 



Genetic variants occuring in the general population: 

    - frequency and effect size - 

Manolio et al., Nature 2009 



CARDIOGENETICA 

WAT DRAAGT BIJ AAN 

PENETRANTIE/VARIABILITEIT

? 



Non-genetic modifiers 

MYL2 + risk 
factors= Dx HCM 

Claes et al. 
Eur Heart J. 

2015;37:1815-

22.  

PKP2 + exercise =  
earlier Dx ARVC 



N=31 

N=6/31 
 
2 excessive alcohol 
2 infectious disease 
1 anthracyclin 
1 additional SCN5A pathogenic 
variant 
 

Hoorntje E. et al. Eur J Heart Fail 2018 

Eur Heart J. 2014;35(32):2165-73 



Controls 

BrS cases 

Cumulative effect of alleles at the three loci on susceptibility 
to Brugada Syndrome 

Bezzina et al., Nat Genet 2013 



Klinische uitdagingen en oplossingen 

-Controle frequentie 
-Behandeling 
-Leefregels (sport) 



• Betere risico-inschatting (grotere series) 

 

• Betere inschatting 
penetrantie/variabiliteit (grotere series) 

 

• Studies naar additionele factoren 

(genetisch, niet-genetisch, epigenetisch) 

 

Cadrin/Bosman*, ….,  
Te Riele/James*. Eur Heart J 2019. 

CVON eDETECT/ CUREPLaN 



Early 
manifestation 

Late 
manifestation 

asymptomatic 

Aanpassen controle-intervallen 



• Penetrantie/ernstige fenotypen overschat 

 

• Genetics loads the gun, other factors pull the trigger 

 =inspanning, risicofact HVZ, alcohol, infecties,  

      2e mutatie/SNPs, zwangerschap, chemotherapie= 

• Risico-inschatting in individuele patient (ICD)/ G+/P- 
schiet tekort 

   

• Kalm aan doen met secondary findings in ACMG genen 

 

• van wasstraat naar maatwerk 
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