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Which pts should undergo genetic testing?
. 4

¥ SCD victims with a likely diagnosis
¥ Pts diagnosed with an inherited AS

and their family members




Which pts should undergo genetic testing?
. 4

¥ SCD victims without a diagnosis?

Not addressed In this talk

(molecular autopsy)




Familial arrhythmia syndromes

Arrhythmogenic substrate

¥ In the electrical characteristics
of the heart (primary)

¥ in the structural characteristics
of the heart (secondary)




Secondary arrhythmia syndromes
.
¥ Hypertrophic cardiomyopathy
¥ Dilated cardiomyopathy
¥ Arrhythmogenic RV cardiomyopathy
¥ Congenital anomalies (1. .Holt-Oram)
¥ Muscular dystrophies




Primary arrhythmia syndromes (1995)
e 1 € S
¥ Long QT syndrome(s) 2

¥ Short QT syndrome -

¥ Brugada syndrome -

¥ Catecholamine-induced PMVT/VF -

¥ Short-coupled Torsades de Pointes -

¥ Isolated conduction disorders (AVN, BB) -

¥ Atrial fibrillation -

¥ Sinus node disease, atrial standstill -

¥ Ildiopathic ventricular fibrillation



Primary arrhythmia syndromes (2016)
e N C S

¥ Long QT syndrome(s) 16
¥ Short QT syndrome 3
¥ Brugada syndrome >20
¥ Catecholamine-induced PMVT/VF S

¥ Short-coupled Torsades de Pointes 1
¥ Isolated conduction disorders (AVN, BB) 3
¥ Atrial fibrillation 15
¥ Sinus node disease, atrial standstill 2
¥ Ildiopathic ventricular fibrillation 1



Disease (arrhythmias, cardiomyopathy)
N\

Gene




Disease (arrhythmias, cardiomyopathy)
N\

Gene
o

Protein structure/function

/ / Celblology/physmlogy

___— Organ biology
S

gene specific therapy
new therapy




Disease (arrhythmias, cardiomyopathy)

N\
Gene . Prediction/prevention

N\




HRS/EHRA Expert Consensus Statement on the State of Genetic

Testing for the Channelopathies and Cardiomyopathies

This document was developed as a partnership between the Heart Rhythm Society (HRS) and the
European Heart Rhythm Association (EHRA)

Michael J. Ackerman, MD, PhD,* Silvia G. Priori, MD, PhD,? Stephan Willems, MD, PhD,?
Charles Berul, MD, FHRS, CCDS,* Ramon Brugada, MD, PhD,> Hugh Calkins, MD, FHRS, CCDS,°
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Hervé Le Marec, MD,*® William J. McKenna, MD,** Eric Schulze-Bahr, MD, PhD,*®

Chris Semsarian, MBBS, PhD,*® Jeffrey A. Towbin, MD,*” Hugh Watkins, MD, PhD,*®

Arthur Wilde, MD, PhD,* Christian Wolpert, MD,?° Douglas P. Zipes, MD, FHRS?*

Heart Rhythm 2011;8:1308-1339
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Section # - Disease Diagnostic | Prognostic  Therapeutic
Section I - LQTS IR +++ ++
Section II - CPVT 4 + E
Section IIT - BrS + + -
Section IV - CCD + + i
Section V - SQTS +/- - -
Section VI - AF - : :
Section VII - HCM it ++ +
Section VIII - ACM/ARVC + +/- :
Section IX - DCM +/- - :
Section IX - DCM + CCD I ++ T
Section X - LVNC + . _
Section XI - RCM + + -
Idiopathic VF +++ +++ ++




Yield of molecular diagnosis in primary
electrical heart disease

LQTS

CPVT

BrS

19/47

68/244

142/281

40

60

80 100 |Y%
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Yield of molecular diagnosis
>

Depending on family history (defined as:)

¥ More than one person in the family is clearly

affected, or has typical complaints of the same
disease;

¥ sudden cardiac death under the age of 40
of a first, second or third degree relative.
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100 94/111
%

|

B Familial
m |solated

LQTS
(N=258)*

* Nrs of analyzed families (complete pedigree available) ot Comtro AMIG amE




100 - 94/111
% 12/15

B Familial
H|solated

W 32/138

LQTS BRS CPVT
(N=258)*  (N=213)*  (N=41)*

* Nrs of analyzed families (complete pedigree available) ot Comtro AMIG amg
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Heart Rhythm Disorders

Active Cascade Screening in
Primary Inherited Arrhythmia Syndromes

Does It Lead to Prophylactic Treatment?

Nynke Hofman, MSc,* Hanno L. Tan, MD, PHD,t Marielle Alders, PHD,*
Irene M. van Langen, MD, PHD,* Arthur A. M. Wilde, MD, PHD¥

Amsterdam, the Netherlands

Heart Centre AMC —_—



Does cascade screening lead to treatment?
A follow-up study in 442 presympt. screened family members

% 100 -

80 -

60 -

40 - M Treated

20 -

0 e
LQTS CPVT Brug S . 2L
(282) (107)  (53) FU: 34y

Hofman et al, JACC 2010;55:2579-6. am E
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Does cascade screening lead to treatment?
A follow-up study in 442 presympt. screened family members

% 100 -

80 -
60 -
40 M Treated
20 -
0.
LQTS CPVT  Brug S FU: 3-4y

(282) (107) (53)

Hofman et al, JACC 2010;55:2579-6. am E
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—

Section # - Disease Diagnostic  Prognostic | Therapeutic
Section I - LQTS bt +++ ++
Section II - CPVT ¢ + E
Section IIT - BrS + + -
Section IV - CCD + + +
Section V - SQTS +/- - :
Section VI - AF - : s
Section VII - HCM it ++ I
Section VIII - ACM/ARVC + +/- g
Section IX - DCM +/- - '
Section IX - DCM + CCD I ++ +
Section X - LVNC + . _
Section XI - RCM + + i
Idiopathic VF +++ +++ ++




——

Section # - Disease Diagnostic | Prognostic | Therapeutic
Section I - LQTS b it ++
Section II - CPVT it + -
Section IIT - BrS + + ]
Section IV - CCD + + i
Section V - SQTS +/- . ;
Section VI - AF - X :
Section VII - HCM +++ ++ +
Section VIII - ACM/ARVC + +/- :
Section IX - DCM +/- - :
Section IX - DCM + CCD ++ T iy
Section X - LVNC + . _
Section XI - RCM + + +
Idiopathic VF +++ +++ ++




Section # - Disease Diagnostic  Prognostic  Therapeutic

Section I - LQTS +++ -+ T
Section II - CPVT -+ + E
Section III - BrS + + -
Section IV - CCD + + +
Section V - SQTS +/- . -
Section VI - AF - X E
Section VII - HCM it ++ +
Section VIII - ACM/ARVC + +/- :
Section IX - DCM +/- - :
Section IX - DCM + CCD I ++ i
Section X - LVNC + . -
Section XI - RCM + + +

Idiopathic VF +++ +++ ++
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¥ Autosomal dominant/autosomal rec.

¥ genetically heterogeneous

¥ 16 genes (LQTS1-16
¥ = 60% genotyped (= 90% in families
¥ gene-specific features
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Male, 12 y, mother died suddenly age 32 L Q T S




Extracellular

DD
’0%&"«—

membrane




K'990000



| LQTS 7

LQTS 2&6

LQTS 1&5
LQTS 3 K90000 (LOTS 11)
(LQTS 4,9,10,12)



K'990000



LQTS, Genetic testing

Genetic testing is needed:
V¥ to reach the diagnosis

V¥ to start presymptomatic treatment




QT. in genotyped family members
n=517

50 ¢
45 ¢
40 1
35 ¢ =1
30 ¢ HHF
25 ¢ HHHE
20 ¢ sininlm
15 ¢ nimlm
10 ¢
>l

01 050

320 340 360 380 400 420 440 ®60 480 500 520 540 560 580 600 620

[Jnon carriers|

[l carriers

=T T
T
=T
=

Data after Hofman et al. EHJ 2007. am E
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LQTS, Genetic testing

Genetic testing is needed:

V¥ to reach the diagnosis

¥V to start presymptomatic treatment
V¥ to decide on treatment choices

¥ and for risk stratification

Heart Centre AMC - _—




LQTS, Genotype-phenotype

1.0

Cumulative Probability
of Cardiac Event

20 25 30 235 40

ears of Age

NO. oF SuBJects

LOT1 group 112 72 36 27 19

LQT2 group 72 6 29 16 11

LOQT3 group 62 56 38 24 16
The LQT registry

Zareba et al. NEJM 1998; 339: 960-5.



LQTS, Genotype-phenotype

A. Location of Mutation

0.60 1
§ 0301 p<0.001
] ——
que??
% 040 o
&) ~1~ Transmembrane
o i Jr
5 0.30 I
£ e
: !
3 0201 F
g C~Teminus
0.10 1
0.00 44 - +
0 5 10 15} 20 25 30 35
PATIENTS AT RISK Age
Tranemembrane 445 3 0.21) 244 (0.39) 221 p.43) B6 (0.46)
C=Terminue 126 06 ©.11) 88 (0.17) % (0.20) 71 (0.22)

Moss, Shimizu, Wilde et al. Circulation 2007

C. Biophysical Function

LQTS1

0.60 1
: 050 1 P<0.001 __-'_-____",..-r---"'
i i
§ 0401 1# Dominant-negative effect
i ; , " (>50% reduction in Iks)
o 5
s 0301 e?
& -
0.20 1 -
8 ! Haploinsufficiency
2 (<50% reduction in Iks)
0.10 1
0.00

PATIENTS AT RISK

Dominant negative 185
Loss of funclion 169

Age
28 (0.30) 92 (0.48) & (0.50) 77 (0.53)
18 (0.09) 13 (021) 101 (0.27) 91 (0.30)
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LQTS, Genotype-phenotype
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Brugada syndrome, Genetic testing
.

Genetic testing is not needed:
V¥ to reach the diagnosis
¥V to start presymptomatic treatment

¥ to decide on treatment choices

¥ and for risk stratification?

Heart Centre AMC - _—




Dilated cardiomyopathy

Normal Heart  Dilated Cardiomyopathy
Major criteria:
Dilated

e [ V-dilatation : :‘ | ventricle
e systolic LV-dysfunction ‘

Guidelines for the study of familial dilated cardiomyopathy,
Mestroni, Eur Heart J 1999

Dilatation: LVEDD>117% (=2SD +5%, corrected for age and BSA)
Dysfunction: Fractional shortening <25%; LV ejection fraction <45%

Heart Centre AMC - —_—




Familial dilated cardiomyopathy

1p32
1921
1931
1932
1942
231
2935
3pl4
3p21
5p15
5933
6921
6922
6923
9931
10p13
10921
10922
10922
10923

NEXN
lamin A/C
PSEN2
TNNT?2

NCTND

t

2012 > 40

[V o [V o —1 ~

~n

LI"\IVII"\“I‘
phospholamban
EYA4

FKTN

Nebulette
MYPN
metavinculin
LDB3

ANKRD1

10925
10926
11p11.2
11p15

11Mn1K

genes!

1LIoYyL=+

15922
17912
19913
Xg28
Xg28
Xp21

RBM20
PDLIM
MyBPC3
CSRP3
1174
YAB
CC9
IPO
'H6
'H7
-N1
A TC1
TPM1
Tcap/telethonin
TNNI3
TAZ
emerin
dystrophin



Familial DCM: genetic heterogeneity

Basal lamina
Laminin-2—

Dystroglycan
complex

' Th " & -
B V4
’ “ Caveolin

8703 a

- Nuclear membrane

Involved structures/functions:
Cytoskeleton

Sarcomere

Nuclear envelope

Ion-channels

Calcium handling



Familial dilated cardiomyopathy

1921

2931

3p21

10922
10923

10925 RBM20
lamin A/C 2-21%

titin 3% (25%)

SCN5A

Total £ 25%  mwwr
(+ Titin = 50%)

LDB3 29 Xp21 dystrophin
(o]

ANKRD12%

2%

3%

3%



LMNA - Lamin A/C

>
Neurologic phenotype:

Limb girdle muscular dystrophy e.g. Emery Dreifuss, CK 1

Cardiac phenotype:
ofirst manifestation: AV-block, atrial fibrillation
elater LV dysfunction (DCM) — heart failure

ECG:

eJow amplitude p-wave

ofirst degree AV-block
enarrow QRS

Heart Centre AMC —_—




- father died age 42, HF

32y old male

uncle died age 38, PM age 35

am@

Heart Centre AMC
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-wave

Prolonged PR, normal QRS, low amplitude P




Journal of the American College of Cardiology Vol. 59, No. 5, 2012
© 2012 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. doi:10.1016/j.jacc.2011.08.078

Genetic Disorders

Risk Factors for Malignant Ventricular Arrhythmias
in Lamin A/C Mutation Carriers
A European Cohort Study

Ingrid A. W. van Rijsingen, MD,T Eloisa Arbustini, MD,|| Perry M. Elliott, MD,{

Jens Mogensen, MD, PHD,# Johanna F. Hermans-van Ast, MS, PHD,*

Anneke J. van der Kooi, MD, PHD,# J. Peter van Tintelen, MD, PHD,* **

Maarten P. van den Berg, MD, PHD,*}1 Andrea Pilotto, BS,| Michele Pasotti, MD, PHD,||

Sharon Jenkins, MS,q Camilla Rowland, MD,¥ Uzma Aslam, MS,++

Arthur A. M. Wilde, MD, PHD,* Andreas Perrot, MS,§§ Sabine Pankuweit, PHD)|||

Aeilko H. Zwinderman, MS, PHD,§ Philippe Charron, MD, PHD,#} Yigal M. Pinto, MD, PHD*{

Amsterdam, Utrecht, and Groningen, the Netherlands; Pavia, Italy; London, United Kingdom
Aarbus, Denmark; Paris, France; Berlin and Marburg, Germany

J Am Coll Cardiol 2012:59:493-500
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SCD-events

¥ in 275 LMNA carries (multi centre (EU))
V¥ Follow, multiple clinical + EP markers

SCD events

Vv SCD

V¥ resuscitation

¥ appropriate ICD intervention

Heart Centre AMC I S




LMNA Multicentre registry (n=275)

risk factors for sudden cardiac death
N

- 10 ORF
S e 1RF
> [
5 I_"%
v |
[} 1
o N heees
e | Y teeea
C
()]
> -
2 b
0
2 06; -
Q | '==essssssssssss 2 RF
o -
o I
.qu 0.4 .
T |
S 5
= |
= | M—
Y 0.2 !
e -3pF
O v v v J
40 80 120 160
Follow-up (Months)
No. at risk
0RF 65 37 21 12 10
1RF 58 32 15 12 7
2RF 61 30 16 6 3
3RF 36 18 8 3 1

van Rijsingen ea, JACC 2012

KM curves stratified by 3
3 independent riskfactors

1.LVEF <45 %
2.NSVT’s on Holter
3.Male gender
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LMNA Multicentre registry (n=275)

risk factors for sudden cardiac death
N

1.0 T H O RF/1 RF
L4 - -
4 risk factors: %,
l.. i
= 084 L,
NSVTs vl
a
2 -1
po 2RF
LVEF<45% g 06 i
4
= ]
e} 1
Male gender 1. ,
- L
Non-missense 5 | 5
. S 02- 1
mutation :
:
1
1
-|4 RF 13 RF
1 1 ] 1 1 - 1 1
0 10 20 30 40 50 60 70
Age (Years)
No. at risk
0O RF 33 33 31 27 17 12 4 1
1RF 67 67 63 41 30 11 8 3
2 RF 66 66 63 56 40 24 5 2
3 RF 40 40 39 32 26 18 5 0
4 RF 14 14 14 10 6 4 0 0

Heart Centre AMC B S
van Rijsingen ea, JACC 2012 E




Dilated cardiomyopathy.
.

Normal Heart  Dilated Cardiomyopathy

ventricle

Genetic screening

¥ many, many genes
¥ 20-30% yield (+ Titin = 50%)
¥ high yield in DCM/conduction disease
V¥ usefullness for risk stratification
¥V useful for family screening
I




Which pts should undergo genetic testing?

¥ SCD victims with a likely diagnosis
¥ Pts diagnosed with an inherited AS
and their family members

¥ Iin some diseases it iIs mandatory
- LQTS, DCM + conduction disease

entre —amg—




In conclusion...
D

Genetic testing in CV disease:

¥ becomes increasingly important
¥ has a high potential

¥V is important for risk stratification

¥ contributes to treatment choices

Heart Centre AMC - _—




G Thank you



