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Neues Iin der
Risikostratifikation
Des plotzlichen Herztods
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Ursachen des plotzlichen Herztods
Tfelt-Hansen et al., Europace 2023;25:1-9

Others

Valvular heart disease

1-5%
Inherited arrhythmias
(LQTS, BS, CPVT, ERS)
1-2% in Western countries
10% in Japan

Coronary heart disease
70% in Western countries
25-50% in Japan

Cardiomyopathies
(NICM, HCM, ARVC, etc)
15% in Western countries
30-35% in Japan
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ESC-Leitlinie: VT und SCD: Was ist neu?

Zeppenfeld et al., Eur Heart J 2022;43:3997-4126
Eckardt et al., Die Kardiologie 2023;17:27-38

Wesentliche Neuerungen der 2022 ESC-Leitlinien zum
Management ventrikuldrer Arrhythmien

e AL Ay

Multidisziplindrer Ansatz
Kardiologie — Bildgebung — Elektrophysiologie — Notfallmedizin —

Herzchirurgie — Genetik — Pathologie

Risiko-
stratifikation

Langzeit-

Diagnostik therapie

Akuttherapie
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ESC-Leitlinie: VT und SCD: Was ist neu?

Zeppenfeld et al., Eur Heart J 2022;43:3997-4126
Eckardt et al., Die Kardiologie 2023;1

Individualisierte
Risikostratifikation (u.a.
Wesentliche Neuerungen der 2022 ESC-Leitlinien zum DCM)

Management ventrikuldrer Arrhythmien Chieknrs Enbucishing

genetischer Diagnostik

Zunehmende Bedeutung
der kardialen MRT

Implementierung von
Risikokalkulatoren und
-markern (2.B.
programmierts
Herzchirurgie — Genetik — Pathologie Stimulation)

Pat. ohne KHE: reduzierte
Aussagekraft der LVEF
' _ Risiko- . Langz Screening von
Diagnostik stratifikation Akuttherapie thera ZHie e
2 amilienangehdrigen

Multidisziplindrer Ansatz
Kardiologie — Bildgebung — Elektrophysiologie — Notfallmedizin —
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0o Arthur J. Moss, Who Pioneered
Personalisierte ICD-Nutzen-BerecChNUNG  Heat freatments, Dies ot 86

MADIT Benefit Score (https://is.gd/madit)

Younis et al., Eur Heart J 2021; 42:1676-1684

Feb. 28, 2018

= Risikoabschatzung des 3 Jahres Nutzens einer primar-prophylaktischen
|CD-Versorgung anhand aller Pat. der MADIT Studien (1997-2011)

Charakteristika “

Medianes Alter 64 J
Frauen 24%
CRT-D 40%
Mediane LVEF 2516%
ICM 66%
NSVT 7%

Cardio Update 2024 Ventrikulare Rhythmusstorungen



0o Arthur J. Moss, Who Pioneered
Personalisierte ICD-Nutzen-Berechnung  Heart Treatments, Dies at 86

MADIT Benefit Score (https://is.gd/madit)

Younis et al., Eur Heart J 2021; 42:1676-1684

Feb. 28, 2018

= Risikoabschatzung des 3 Jahres Nutzens einer primar-prophylaktischen
|CD-Versorgung anhand aller Pat. der MADIT Studien (1997-2011)

MADIT-ICD Benefit Group and corresponding personalized ICD-Benefit Score S Non-arrhythmic Mortality
Score
MADIT-ICD Intermediate Hi Yadinbls Boits Variable Points
Benefit Group 1 T
. =l CRT-D i
; . i Atrial arrhythmia +1
Medi VS el A Rt 75 b s a
edlanes 0 0 i) 7 Diabetes
i SBP <140 mmHg
Non-arrhythmic Low | High o —— BMI <23 kg/m
Mortality Score (<3) (23) (<3) Myocardial Infarction T
Frauen ; E Age <75 yrs +2 +2
LVEF <=25%
ICD-Benefit Score 0 ;) 25 38 50 63 75 88 100 Male
Age =75 years
Prior NSVT
CRT-D W .
> MADIT-ICD g MADIT-ICD
- 2
% Benefit Group g) Benefit Group
. 03 4 03
o
Mediane L\ ° £
£ < -
Q. " ]
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Personalisierte ICD-Nutzen-Berechnung
auch fur CRT

Dauw et al., Europace 2022; 24:1276—1283

Retrospektive Analyse von 475 Pat. (LVEF 26%; ICM 40%; NYHA lI/llI;
Benefit Score: 35%, 46%, 19% “lowest/imtermediate/highest”
Endpunkte: anhaltende VT/VF und nicht rhythmogener Tod tber 3 Jahre

MADIT-ICD Benefit Score MADIT ICD VT/VF Nicht
M P<0.001 Score rhythmog
< ener Tod
g 20- LOW 2% 1 90/0
F; Intermediate 4% 15%
3 10
3 ~  High 14% 3%
_.—l,.__"'—l______...l' 4
0- T L] ) L) T
0 2 = 24 36 48 ; . . . .
g TRENOCS RPN fRores) Score hilfreich fir die Entscheidung
— L Z _P/
= Intermediate 220 205 i a3 u CRI-Dvs. CRI-P!
— High 90 84 67 44 25
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The MADIT-ICD benefit score helps to select
AN =
implantable cardioverter-defibrillator candi- n Bere(:h nun g

dates in cardiac resynchronization therapy T

Dauw ef a’., Europace !U!Q !21 276—1283

Retrospektive Analyse von 475 Pat. (LVEF 26%; ICM 40%; NYHA lI/llI;
Benefit Score: 35%, 46%, 19% “lowest/imtermediate/highest”
Endpunkte: anhaltende VT/VF und nicht rhythmogener Tod tber 3 Jahre

MADIT-ICD Benefit Score MADIT ICD VTIVF Nicht
P<0.001 Score rhythmog
ener Tod

304
g
2 20- Low 2%  19%
: Intermediate 4%  15%
5 104
- High 14% 3%
_._—J_""_I,________l 4
o o ¥ ! T T
0 12 24 36 48 i . » . )
ket RN S0% FADRSION (o) Score hilfreich fiir die Entscheidung
s - =]
= Intermediate 220 205 i a3 # CRI-Dvs. CRT-P!

— High 90 84 67 44 25
e ________________________________________________ ]
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ESC-Leitlinie: Aufwertung der kardialen MRT

Zeppenfeld et al., Eur Heart J 2022;43:3997-4126
Eckardt et al., Die Kardiologie 2023;17:27-38

Klasse | Empfehlungen zur kardialen MRT-Diagnostik

Empfehlung der

ESC-Leitlinie 2022

Uberlebende eines Herzstillstands ohne eindeutige Ursache

Vermutete arrhythmogene rechtsventrikulare
Kardiomyopathie

Hypertrophe Kardiomyopathie

Sportler mit auffalliger Anamnese, korperlicher Untersuchung
und/oder EKG-Auffalligkeiten
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Cardio Update 2024

Tab.1 Klasse-I- und -lla-Empfehlungen fir kardiale Magnetresonanztomographie (MRT)
E S C - L Empfehlungs-
| grad
‘ Allgemein
Uberlebende eines Herzkreislaufstillstands ohne klare zugrunde liegende I
Ursache
Erstdokumentation einer VA (haufige VES, nsVT, monomorphe VT) und Ver- lla
Kl asse | | dacht auf eine strukturelle Herzerkrankung auler KHK
Verwandte eines am ,sudden arrhythmic death syndrome” Verstorbenen lib
Idiopathische VES/VT und VES-induzierte Kardiomyopathie
Patienten mit nicht typischen idiopathischen VES/VT trotz unauffalliger Echo- | lla
kardiographie
_ Verdacht auf VES-induzierte Kardiomyopathie lla
Uberlebend [ “strukturelie Herzerkrankung
Vermutete z :erda:[hta:f e:{r;h;hmugerlzlrechtwentrikuléire Kardiomyopathie :
Kardiomyop |t = PR :
Dilatative Kardiomyopathie/hypokinetische nicht dilatative Kardiomyopathie lla
Hypertrophe | Spezifische Patientengruppen
. Sportler mit auffalliger Anamnese, auffélligen Befunden der korperlichen I
Sportler mit Untersuchung oder EKG-Veranderungen
und/oder Ek EKG Elektrokardiographie, KHK koronare Herzkrankheit, VA ventrikuldre Arrhythmie, VT ventrikuldre
Tachykardie, nsVT nicht anhaltende VT, VES ventrikuldre Extrasystolen
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Bedeutung der kardialen MRT-Diagnostik

bei Pat. mit Kammertachykardien
Ge et al., JACC Cl 2023;16:1536-1549

100% - 642 Pat. (345 nsVT; 297 VT/VF)
o 4 Jahre Follow-up
Mediane LV-EF 58%
80% 1 MACE: 15% (nsVT); 35% VT/VF
70% +
I Idiopathic
60% +
Non-Cardiac
i 1 . B Channelopathies
P M Other Structural Myocardial Abnormalities
- . Sarcoidosis

30% H

- Suspected Myocarditis
o = HCM
10% A ARVC

1 . NICM
Pre CMR |Post CMR Pre CMR |Post CMR Pre CMR |Post CMR
Overall NSVT VT/SCD . ICM
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of Cardiac Magnetic Resonance in ¢ -
Patients With Ventricular Arrhythmlas kardien

Ge etal.,, JACC Cl 2023;16:1536-1549

Diagnostic Impact and Prognostic Value ]j I-Diagnostik

100% - 642 Pat. (345 nsVT; 297 VT/VF)
4 Jahre Follow-up

Mediane LV-EF 58%

B0% 1 MACE: 15% (nsVT); 35% VT/VF

70% A

90% A

Idiopathic
Non-Cardiac

B Channelopathies

B Other Structural Myocardial Abnormalities
Sarcoidosis

60% +
50% A
40% -
30% H
M Suspected Myocarditis
HCM
ARVC

| NICM
M ICM

20% 4 ©

10% -

0%
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of Cardiac Magnetic Resonance in O‘ :
Patients With Ventricular Arrhythmias kardien

Ge etal.,, JACC Cl 2023;16:1536-1549

Diagnostic Impact and Prognostic Value &) l-Diagnostik
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Herzinsuffizienz — Klinik — kardiales MRT

Di Marco et al., Eur J Heart Failure 2023;25:740-750

698 patients with NICM, 229 (33%) in NYHA |, b e
Median follow-up 31 months. i —
L, HYHA |
I_L.. -
" adaquate ICD-Therapie, il
The risk of ventricular arrhythmias and sudden o anhaltende VT/VF,
death is similar between NYHA I and NYHA II-11i piotzlicher Herztod
patients (p=0.8). e - -l r T - r - -
Mumber o risk Fellouu ups [yaaely
=== HYHA& LI ada 4w ok i 106 BE as £
— HYHAI 228 a7 130 L2 An o T 2
LGE is a significant discriminator of the
Ly DH'L-_T-'—L......,_...,.I BPHA |, LGE-
arrhythmic risk both in NYHA | and in NYHA 11-11l b e e AL
o8- - j,
cases, : i,
R i
aE '-|_|

i _|. WFHA L LGE+
i

Pl = . . :
LGE+ NYHA | patients have a considerable risk BT wra 1o v, ez pe0ss Y
MYHA | LGE# w5 MYHA ILIIL LGEs o= OB I HYHIL 110, LR+
. . Ary other companson o< 0001
of ventricular arrhythmias and sudden death, os
o i i i H g [ H
significantly higher than LGE- NYHAII-IIl cases " SRR fies)
i |, G- 133 i20 a3 62 25 ia i7 i3
\[p<0.001). w86 77 a1 ®@ 16 1 1o
=== RYHRILD, LGE s F2d 201 132 a2 53 b 20 18
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Late gadolinium enhancement and the risk

of ventricular arrhythmias and sudden n n

death in NYHA class | patients with el k - ka rd |a|eS M RT
non-ischaemic cardiomyopathy

'DiMarco et al., Eur J Heart Failure 2023:25:740-750

698 patients with NICM, 229 (33%) in NYHA 1, e
Median follow-up 31 months. i . -
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e
" adaquate ICD-Therapie, g
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death is similar between NYHA I and NYHA I1-11| piotzlicher Herztod
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Echo versus MRT %Wﬂrs

Pontone G et al., JACC CIl 2023;16:1387-1400
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Cardiac Magnetic Resonance for

Prophylactic Implantable-Cardioverter _ %
us MIRT 47@

Defibrillator Therapy in
Ischemic Cardiomyopathy QGQ"&IQ
e — T T T =y

Pontone G et al., JACC CIl 2023;16:1387-1400
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Neues Iin der (med.)
Therapie:

Elektrischer Sturm etc.
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Arthur J. Moss, Who Pioneered
Heart Treatments, Dies at 86

VT-Reduktion: welcher Beta-Blocker?

Cumulative Incidence of ATA

0.20-

0.15

0.10

0.05

0.00-

Diamond et al., JACC CE 2023; 9:2122-2131

Cardio Update 2024

Gray's Test
s Carvedilol P=0.008
Metoprolol )
35% weniger!
Mean dose at enrolement:
Cavedilol 37+76mg
Metoprolol 106+176mg
Empfohlene Dosen:
Cavedilol 25-50mg/2xd
Metoprolol 200mg/d
00 05 10 15 20 25 30
Years After Enrollment
Number of Patients at Risk
2,920 2,558 (.05) 2,223(.07) 1,796(.08) 1,467(.09) 1,163(.10) 866 (.1
1,274 1102 (.06) 958(.08) 770 (.11) 636 (.11) 501 (13) 354 (1

Variable

Age>=65 years
Age<65 years
Female

Male
Ischemic
Non-ischemic
Diabetes

No diabetes
NYHA Il & IV
NYHA 1 &Il
LVEF<=25%
LVEF>25%
ICD

CRT-D

Qverall

Feb. 28, 2018

Hazard Ratio and 95% ClI

Ventrikulare Rhythmusstorungen

0.6 0.8 1 1.2 14 1.8 2
Carvedilol better Metoprolol better
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Effect of Carvedilol vs Metoprolol Arthur J. Moss, Who Pioneered
on Atrial and Ventricular Heart Treatments, Dies at 86

Arrhythmias Among Implantable 1er Beta-BIOCker?

Cardioverter-Defibrillator Recipients

" Diamond et al., JACC CE 2023: 9:2122-2131

Feb. 28, 2018

0_20.' Gray's Test Variable Hazard Ratio and 95% Cl
= i P = 0.008
Carvedilol Al i Yeais | N :
IS 0.25 Carvedilol Gray's test P=0.017 years f & |
- Metoprolol
= male | | ] i
Q Male —a—
o 0.20 - .
E s 16% weniger _ . . '
= ﬁ (p=ns) v emic f i
E E 0.15 - - emic f = i
— o
1) 3 betes | = |
bl
£ |2
© ® 0104 betes f—a—
3 ®
E S &IV I = {
S g
o 2 sned 1&Il —a—
=25% | | = {
— >25% f = :
ofo ofs 110 1f5 2‘.0 215 310 375 ICD l = {
Years after Enrollment & .
1

LRT-D I
Humgr o! Pa!lle% ' a! !!s! Overall ——

2,920 2,558(.05) 2,223(.07) 1,796(.08) 1467(.09) 1,163(.10) 866 (.1 T T T T T

1274  1102(.06) 958(.08) 770(11) 636(1) 501(13) 354 (1 0.4 06 0.8 1 1214 182
Carvedilol better Metoprolol better
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Elektrischer Sturm: State of the Art

Geraghty et al., Heart Lung Circ 2019;28:123-133
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Elektrischer Sturm: State of the Art

Geraghty et al., Heart Lung Circ 2019;28:123-133

; ; Electrolyte disturbances
Previous ventricular N
21390 arrhythmias i
HF78 ¢ s Heart Faure
Genetic diseases (e.g. LQT) _ Ch / i dicati

5140 Poor ventricular function Trlggers anges/non-compliance to medications |

HF70 - Excess Alcohol B8] A

21:40 |

HFT3 PR S
st

Structural Electrophysiologic LLey,
Vulnerability Vulnerability

L.

21:42 -

) iiFs3
2 _ Autonomic
Autonomic Vulnerability e
21:43 remodeling
HF74 Tissue specific
remodeling UL Eckardt
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ESC-Leitlinie: VT und SCD: Was ist neu?

Zeppenfeld et al., Eur Heart J 2022;43:3997-4126
Eckardt et al., Die Kardiologie 2023;17:27-38

Rezidivierende VA

I Modulation des autonomen
Katheterablation Nervensystems kann bei Pat. mit
(Klasse |)
Tiefe Sedierung/Intubation = Medikamenten refraktarem
(Klasse lla) elektrischen Sturm oder
= |neffektivitat einer Ablation oder

Autonome Modulation _ _ A
(Klasse lIb) / = falls diese nicht moglich,

Mechanische Kreislaufunterstttzung
(Klasse 11b) erwogen werden.

.Overdrive pacing"®
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Thoraskopische Sympathikus Denervierung

Collura et al., Heart Rhythm 2009; 24; 1800, Kénig et al., Europace 2022;24:1800-1808

Witt et al., Europace 2017;19:1075-1083
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Thoraskopische Sympathikus Denervierung

Kochav et al., J of Interv Cardiac Electrophysiol 2022;65:813-826

Net _—
Increase in Stellate
Sympathoexcitation Gan gli on
PR ;
‘ CPN
’ A
i 5
i :
Oxidative Stress & """ " %
Lipofuscin deposition .=~ % T,
Inflammation & 3 Glial
Neutrophil Infiltration »,  Activation
A A
: Neurochemical
Remodeling

.....................................................................

Altered Cardiac
Afferent Neurotransmission

7 B
1st M\ ;: :
Thoraci S _
\.. s _
e
2nd % ‘:
Thorac__|
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Thoraskopische Sympathikus Denervierung

Kochav et al., J of Interv Cardiac Electrophysiol 2022;65:813-826

A = |

No structural heart disease Structural heart disease

I
E-

|

40-%0% 60 bO% 50-60% 100% 50 /o °/o 9 %
40-60% 2yrs freedom 60:90% 2yrs freedo m 5060% 1yr freedom from 100% 2yrs freedom from 50% 3yrs freedom from recurrent 63% 1yr freedom from 90% 3months freedom
from recurrent VAo from recurrent VA® recurrent VA/shock®. ™ 1CD shocks’ VAzs051 VA/ICD shock from 1CD shockd

T e
T
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Sympathikus Denervierung nicht ischamischer
Kardiomyopathie und therapierefraktaren VES

Ahmed et al., JACC CE 2024; 10:31-39

Rt e T L N=3

Cardiac Sympathetic PLVEF  46.3%: 95%
Denervation J ICD Therapies 11.6%
$PVCBurden 1.3% +1.1%

Nonischemic
Cardiomyopathy

+« ARVD 4 PMVT/VF 5.7%

+« HCM JNYHAClass 1.4% +0.2

+ Idiopathic NICM 4 AAD Use 11.6%

« Myocarditis * 8 patients did not reach 1-year follow-up
- Sarcoidosis
- Post-viral

- Autoimmune
-Other etiologies

Catheter Ablation
and/or
Antiarrhythmic Drugs

t

« Myocardial injury « ANS disruption m

« Conduction system « Exaggerated systemic ¥ LVEF 38.7% = 7.8% } '
injury and regional sympathetic $1CD Therapies  81.4%

+ His-Purkinje flaring response £PVCBurden 23.7% *9.9%

« Scar re-entry 4 PMVT/VF 31.4%

f£NYHAClass  2.5% +0.2

£ AAD Use 100%

Cardio Update 2024 Ventrikulare Rhythmusstorungen




Bilateral Cardiac Sympathetic

Denervation for Refractory Multifocal |ervierung niCht iSChamiSCher

Premature Ventricular Contractions

in Patients With Nonischemic ' und therapierefraktaren VES

Cardiomyopathy

T Apmed et al., JACC CE 2024; 10:31-39

Rt e T L N=3

Cardiac Sympathetic fLVEF 463%: 95%
Denervation 4 1CD Therapies 11.6%
$PVCBurden 1.3% +1.1%

Nonischemic
Cardiomyopathy

+« ARVD § PMVT/VF 5.7%
« HCM JNYHAClass 1.4% +0.2
+ Idiopathic NICM 4 AAD Use 11.6%
« Myocarditis * 8 patients did not reach 1-year follow-up
- Sarcoidosis
g 5o , _ Right W Left
- Autoimmune ‘ Stellate Stellate
-Other etiologies \ Ganglion \.5 Ganglion
\ L F %,_[6.{7

Catheter Ablation
and/or
Antiarrhythmic Drugs

« Myocardial injury « ANS disruption m

» Conduction system  Exaggerated systemic JLVEF 38.7% + 7.8%
injury and regional sympathetic $1CD Therapies  81.4%

+ His-Purkinje flaring response £PVCBurden 23.7% *9.9%

* Scar re-entry $ PMVT/VF 31.4%

f£NYHAClass  2.5% +0.2

£ AAD Use 100%

Cardio Update 2024 Ventrikulare Rhythmusstorungen




Kardiomyopathien und Rhythmusstorungen

Korthals & Eckardt; Herzschr Elektrophysiol 2023;34:311-323

Electrophysiologic findings or abnormalities in cardiomyopathies

History

Palpitations
Arrhythmogenic syncope
Exercise-related syncope
Evidence for systemic
(arrhythmogenic) disease
Pacemaker/ICD implantation
* Fx for premature death (<

50yrs)
* Fx of ICD/pacemaker implant

Phenocaopies
Hyparigndive

ECG

* Low/high QRS voltages

* Delayed conduction (e.g.,
atypical RBBB; QRS widthT)

* T-Wave inversion (e g, V1-V3
and terminal activation delay)

= AV block (I° - lI°}

* Short PR/ pseudo pre-
excitation

+ (O waves/pseudo infarction

Symptomatic bradycardia, asystole
Conduction disease: high-grade AV block
Atrial fibrillation/flutter

Non-sustained Ventricular Arrhythmias/VEs
Sustained monomorphic VT

Sustained polymorphic VT/VF

Brady- or tachyarrhythmias

Pacemaker (discuss ICD and/or CRT)
Pacemaker (discuss ICD therapy)

OAC & rhythm vs. rate control

Risk stratification (discuss AAD/ablation)
ICD therapy (consider AAD/ablation)

ICD therapy (discuss AAD/ablation)

L _J
Ventrikulare Rhythmusstorungen
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Arrhythmogene
rechtsventrikulare
Kardiomyopathie (ARVC)
und kardiale Sarkoidose
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ARVC: State of the Art

Kahn et al., J Am Coll Cardiol EP 2022;8:533-553

_ N Risk | .

Evaluation Established Conservative
« History and pedigree Markers « Exercise restriction
« ECG, SAECG, Holter « Cardiac arrest
« Echo, MRI VT
« Genetic testing « Age Pharmacological
* « Male sex ‘ * B-blockers
» Cardiogenic syncope - Sotalol, flecainide,
Diagnosis » Extent of TWI Algoatene
* 2 major TFC « PVC count
+ 1 major + 2 minor TFC » Reduced LV/RV Interventional
* 4 minor TFC . ICD
+ Ablation
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ARVC: State of the Art

ESC Pocket GL 2022
Eckardt et al., Die Kardiologie 2023;17:27-38

\ Patienten mit ARVC .J

@ d (Klasse I) j
_ ICDe
@ ; (Klasse lla)
ICD

( Merkmale mit hohem Risiko y, (Klasse Ila)

T ——

Kardiale Synkope, NSVT, RVEF <40%, LVEF <45%, SMVT bei
PES oder geméal3 Risikokalkulator

Cardio Update 2024 Ventrikulare Rhythmusstorungen 1,2



ARVC — Risikostratifikation — Risiko Score (EsSc GL lla)

Cadrin-Tourigny et al., Eur Heart J 2022,;43:e1-€9

Prediction of sustained ventricular arrhythmia in ARVC (n=528)
5-year event-free survival (n = 528) Model for 5-year risk prediction 5-year event-free survival
Overall Per predicted risk group
" m X 0.49 - % — 5-15% 15-35% 25500 — >
Age X -0.022 ;o
- Recent syncope x 0.66 3 \_‘\
% Non-sustained VT x 081 ; e EN
I Ln(24h PVC count) x 017 I
: | Leadswith T-waveinv. x 0.11 £ e )
§on RVEF X -0.025 - —
ol [ [} [ ——— + :
| 28% VT/VFISCDin 5J | |\ : L.
o i+ ¢ | |1-08396>% )=5 year risk Y et "

Legend: ARVC = arrhythmogenic right ventricular cardiomyopathy; VT = ventricular tachycardia; PVC = Premature ventricular complex; Inw, inversion;
RVEF = right ventricular ejection fraction.
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ARVC - Risikostratifikation —Kammerstimulation

Gasperetti et al., Circulation 2022;146:1434-1443

288 ARVC Pat. (41.0£14.5 Jahre, 69% M) aus 6 internationalen Registern
Follow-up 5 Jahre

VT im Follow-up: 61% mit pos vs. 25% mit neg. PVS hatten VT (P=0,001)

A B

PVS mit o oo gy
signifikant
verbesserter
Aussagekraft
des ARVC
Risiko-
Kalkulators.

80+ 80|

60 60 - —,

VA free survival (%)
VA free survival (%)

40 40

' . 0 : . . ,
200 1 2 3 4 5 2 0 1 2 3 4 5
Time (years) Time (years)
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Programmed Ventricular Stimulation as an . :
Additional Primary Prevention Risk Stratification immerstimulation
Tool in Arrhythmogenic Right Ventricular

Cardiomyopathy: A Multinational Study 146:1434-1443

288 ARVC Pat. (41.0£14.5 Jahre, 69% M) aus 6 internationalen Registern
Follow-up 5 Jahre

VT im Follow-up: 61% mit pos vs. 25% mit neg. PVS hatten VT (P=0,001)

A B

PVS mit o 100
signifikant
verbesserter
Aussagekraft
des ARVC
Risiko-
Kalkulators.

80+ 80|

60 60 e —

VA free survival (%)
VA free survival (%)

401 40

' . 0 : . . ,
200 1 2 3 4 5 2 0 1 2 3 4 5
Time (years) Time (years)
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S-ICD auch bei ARVC?

Lambiase et al., Eur Heart J 2022;43:2037-2050

A. Discrete episodes 100

Shock Efficacy, % 50

Number of episodes

Mean shocks per patient
Maximum shocks per patient

B. Storm episodes 100

Shock Efficacy, %0 50

Storms

Maintenance of S-ICD Shock Efficacy over 5 years

All MVT PVT/VF
310 161 149
1.1 1.1 1.1

5 5 4

21

Cardio Update 2024

100

50

¥ri
103

1k

¥rl
7

Over time

Yr2 Yr3 Yrd Yr5 ¥r6
56 51 49 31 20
1.2 1.1 1.1 L] 1.1
5 2 2 2 2
100
Yrd Yr3 Yrd Yr5
8 4 0 2

@ First shock
@ Final shock
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S-ICD auch bei ARVC?

Lambiase et al., Eur Heart J 2022;43:2037-2050

Maintenance of S-ICD Shock Efficacy over 5 years

B. Appropriate Therapy for MVT

ARVC vs no ARVC 7.10(2.68-18.78) —com—
Cardiac Arrest vs no Cardiac Arrest 2.48 (1.49-4.15) ——
Appropriate Shock (AS) Year 1 vs no AS Year 1 3.09 (1.57-6.09) ——
CHF vs no CHF 1.99 (1.20-3.30) ——
Ischemic vs non-Ischemic 2.00 (1.12-3.58) —r—
Self-terminating Appropriate Episode (STAE) Year 1 vs no STAE Year 1 2.39 (1.14-5.02) =
NYHA Class lll or IV vs Class | or |l 0.24 (0.07-0.82) .
Inappropriate Shock (IAS) Year 1 vs no IAS Year 1 1.85 (0.95-3.60) f——
Shock Zone (per 10 bpm)* 0.87 (0.74-1.02) o
NICM/DCM vs no NICM/DCM 1.80 (0.90-3.61) ——
Valve Surgery vs no Valve Surgery 0.47 (0.16-1.34) ——
Conversion Testing (CT) within 30 Days vs no CT within 30 days 0.63 (0.27-1.48) =

¥rl Yrd Yr3 Yrd Yr5
Storms 21 7 8 4 0 2
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S-ICD auch bei ARVC?

Wang W et al., JACC EP 2023;9:394-402

= Match control study (57 vs 88) (35 e 100-
Jahre; 35% Sekundarprophylaxe) g m
= Schocks/Komplikationen und §8 ™"
Lebensqualitat — §§ —
- S-ICD mehr inadaquate Schocks N E% 05| Logrank P=0.231
2= ) Subcutaneous
= 23% vs. 10% g Transvenous
[ [ [ [ 2 0.00-
=  S-ICD weniger Device Komplikationen 8 % 4 2 4% b &
k = 4% vs. 14% / Years Since Implant
Number at Risk

Subcutaneous 55 44 37 34 23 17 10
Transvenous 86 82 76 69 60 46 36
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Subcutaneous and Transvenous

Defibrillators in Arrhythmogenic i ARVC?

Right Ventricular Cardiomyopathy
A Comparison of Clinical and Quality-of-Life Outcomes 2023’9394-402

1.00-
0.75- m—

0.50-

= Match control study (57 vs 88) (35
Jahre; 35% Sekundarprophylaxe)

= Schocks/Komplikationen und

Lebensqualitat —

“ S-ICD mehr inadaquate Schocks
= 23%vs. 10%

Logrank P=0.231

Subcutaneous
Transvenous

0.25 -

Survival Free From Inappropriate
Shock or Complications

N NN

Quality of Life Outcomes at 1-Year Follow-Up

10

Subcutaneous Transvenous P Value -
n=19 n=42
Range of motion being affected by the device* 2 (12%) 0 (0%) 0.021 -
Physical attractiveness affected by the device* 6 (38%) 1(2%) <0.001
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Sarkoidose: State of the Art

Rosenthal et al., J Am Heart Assoc 2021;10:e017692

Multisystemerkrankung mit 2 Phasen
(Entzindung und Fibrose)

Ca. 5% Kklinisch manifeste kardiale Beteiligung

Trias aus Leitungsstorungen, VT/VF und
Herzinsuffizienz

Zunehmende Diagnose in den vergangenen
Jahren (wachsende Bedeutung der kardialen
Bildgebung, MRT, FDG PET)

Ca. 15% primar rhythmogene Manifestation
mit VT/VF oder plotzlichem Herztod

Frihe Diagnose aufgrund der Option einer
Immunsuppressiven Therapie entscheidend

Cardio Update 2024 Ventrikulare Rhythmusstorungen



Kardiale Sarkoidose — Manifestationen
Lehtonen et al., Eur Heart J 2023;44:1494-1510

Ekstrom et al. Eur Heart J 2019;40:3121-3128

Sudden death in cardiac sarcoidosis

Analysis of a nationwide 18-year case series from Finland (n=351)

Main presenting manifestations Mode of deaths (n=84)

45%
40%
35%
30%
25%
20%

15%
10%
o ] -
0%

Atrioventricular  Heart failure  Sudden death Ventricular Frequent
block tachycardia ventricular
extrasystoles

Sudden
cardiac
80%
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* Unknown environmental triggers * Subclinical cardiomyopathy

* Genetic predisposition * Atrio-ventricular block

* Granulomas — fibrotic scarring » Ventricular tachycardia (VT) o
* Heart failure

Diagnostic imaging

45%
40% | .. b g g e
35% ' LR S
30% | —
Factors predictive
25% Therapy
of worse outcome
20%
* Tiered immunosuppression 06 « Extent of myocardial involvement
9% * Treatment of arrhythmias and heart o (several indices)
10% failure & Seyear 6% = Presentation with VT or heart failurg
50 * Consideration of an ICD to prevent SCD T * De novo or dinically isolated cardiac
M involvement
0% 0 2 4 6 8 10 12 14 16

Time {years) + Definite vs. probable diagnosis
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ESC-Leitlinie: VT und SCD

Zeppenfeld et al., Eur Heart J 2022; 43:3997-4126

Patienten mit kardialer Sarkoidose

/Uberlebter plétzlicher Herztod odel
| anhaltende VT oder LVEF <35 %

r ,‘ ] ‘IcD-Implantation "\._\

L (Klasse

Signifikantes LGE® —3
1

und geringfligiges LGE

!
”

¥
BES
(Klasse lla)

|

g ( o " w ICD-Implantation
JFollow-up —®— SMVT induzierbar mead

Amiodaron
(Klasse lla)
&
Katheterablation
(Klasse lib)

v
Symptomatische
rezidivierende VA
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Schwachen der Risikostratifikation

Nordenswan HK et al., Circulation 2022;146:964-975

= 398 Pat. mit kardialer Sarkoidose A

= (40% histologisch gesichert) A "0| x=18,p=0176 Indication for ICD
= Follow-up 5 Jahre g;,j S L
= 10% ,fatal or aborted) SCD @
é 0.6
g 04
oyr SCD rate 11% 59, =
£ 0.2 —r
Definitive CS 14% 6% 3 e i
0.0 é_'

0 2 4 6 8 10 12 14
Time (years)

In aktuellen LL werden Pat. mit kardialer Sarkoidose (CS) und (wirklich)
niedrigem SCD Risiko nicht gut abgebildet.

Probable CS 8% 3%
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Mitralklappenprolaps -
Syndrom
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State of the Art
Mitralklappen Prolaps Syndrom

Mitralklappenprolaps haufig und Uberwiegend Zufallsbefund; geschatzte
Haufigkeit bei 2-3%

Definition: Vorwolbung anteriores und/oder posteriores Segel in den Vorhof um
= 2 mm wahrend der Systole in der parasternalen oder apikalen lange Achse

PubMed 1953-2023 ca. 8000 MAD = Mitral Annular Dysjunction
Treffer zum MVP, davon .
etwa 420 Kombination
plotzlicher Herztod und
MVP

Moglicher Marker fur einen
plotzlichen Herztod (PHT)

Dejgaard et al., J Am Coll Cardiol. 2018;72(14):1600-1609
Basso et al. Circulation. 2019;140:952-964.
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Mitralklappen Prolaps Syndrom

Nishimura et al., NEJM 1985, 313:1305-1309

Volume 313

NOVEMBER 21, 1985

Number 21

ECHOCARDIOGRAPHICALLY DOCUMENTED MITRAL-VALVE PROLAPSE

Long-Term Follow-up of 237 Patients

Rick A. NisuiMURA, M.D., MicHAeL D. McGoon, M.D., CLARENCE SHUB, M.D.,
FLETCHER A. MILLER, JrR., M.D., DuaNE M. ILsTRUP, M.S., AND A. JamiL Tajik, M.D.

Abstract We determined the long-term prognosis for pa-
tients with mitral-valve prolapse documented by echocardi-
ography by following 237 minimally symptomatic or asymp-
tomatic patients for a mean of 6.2 years (range, 1 to 10.4).
The actuarial eight-year probability of survival was 88 per
cent, which is not significantly different from that for a
matched control population. An initial left ventricular diastolic
dimension exceeding 60 mm was the best echocardiograph-
ic predictor of the subsequent need for mitral-valve replace-
ment (17 patients). Of the 97 patients with redundant mitral-

ITRAL-valve prolapse is a common entity' that
has been implicated in several cardiac syn-
dromes, ranging from the nonspecific symptoms of
atypical chest pain, anxiety, and palpitations? to more

Aevactatine manifectatinne ench ac cerehral emhanlie

Cardio Update 2024

valve leaflets identified echocardiographically, 10 (10.3 per
cent) had sudden death, infective endocarditis, or a cerebral
embolic event; in contrast, of the 14Q patients with nonre-
dundant valves, only 1 (0.7 per cent) had such complications
(P<0.001). Most patients with echocardiographic evidence
of mitral-valve prolapse have a benign course, but subsets at
high risk for the development of progressive mitral regurgita-
tion, sudden death, cerebral embolic events, or infective en-
docarditis can be identified by echocardiography. (N Engl J
Med 1985; 313:1305-9.)

leaflet redundancy. The criterion for unequivocal mitral-valve pro-
lapse was late or holosystolic bowing of the mitral-valve leaflet
3 mm or more below the C-D line (the line of mitral-leaflet coapta-
tion during systole) (range, 3 to 22 mm; mean, 7 mm). Patients
under 10 years old or over 70 were excluded, as were patients with
associated congenital anomalies or other valvular diseases. Patients

Ventrikulare Rnythmusstorungen




Mitralklappen Prolaps Syndrom

Nishimura et al., NEJM 1985, 313:1305-1309

Volume 313 NOVEMBER 21, 1985 Number 21

ECHOCARDIOGRAPHICALLY DOCUMENTED MITRAL-VALVE PROLAPSE

x = el et
Rick A.
FLETCHER A.
Abstract We determineddE — NISHIMURA ET AL. 1307

tients with mitral-valve prol

ography by following 237

tomatic patients for a mea

The actuarial eight-year pij - Predictors of Complications

cent, which is not signifig

rr)atcheq control pqpulation

O ndcior ot e oo Progressive Mitral Regurgitation Requiring Operation
ment (17 patients). Of the 9 . . . . . .
The left ventricular diastolic dimension, left ventric-

ITRALalveproll ylar systolic dimension, and left atrial size were
has been implicz . . . . ' . ;
dromes, ranging from § all significant univariate echocardiographic predictors

atypical chest pain, anxi¢ . : . . . .

Aevactatine manifectat

L]
) DIOYTCS! _ 11 ‘ w2V BEN NI C (] (1 11} d1-
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Mitralklappen Prolaps Syndrom

Nishimura et al., NEJM 1985; 313:1305-1309
Algarawi et al., JACC CE 2023; 9:2494-2503

Volume 313 NOVEMBER 21, 1985 Number 21

UCA Population: General Population:

No Cause identified for cardiac arrest (IVF)
(GEE{TI]

S ner ion
MW‘P General populatio

et e Y LRl 4

if

L MVP
MVP+ 2.4%

n=5Q%)

Cause identified for cardiac arrest
(n=205)

dromes, ranging from f d ZIIIIICalll unlvariate €Cnocardalograpiic prcaictors
atypical chest pain, anxi : ’ - .

Aevactatine manifectat

- L]
) DIOYTCS! _ 11 ‘ w2V BEN NI C (] (1 11} d1-
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Mitralklappen Prolaps Syndrom

Muthukumar et al., JAMA Cardiol 2020;5:1053-1061

Second Hit Theory l R R
Repolarisationsstorungen s = BEL] (P ER
Extrasystolen

W”TWWWM

- Complex PVCs
F“T”f‘

Left atrium

Stretch und
**8 kontaktions-
.\~ _SMinduzierte
i\ /' JFibrose
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RAZ¢ __ 000 . . oo

Arrythmias for
treatment

Mitral valve prolapse patients

= - Unexplained
Clinical : o

it nompromatc Sncope
: Presyncope

5 e e e l

= i X " Periodic Diagnostic Diagnostic

. " —*‘[“ -‘]r — T . Holer Holter
N . R :

W BT
‘Jf !juk.a N
| w?\i

No VT «—J—» VT
No high | High risk

risk VT vT

Phenotypic risk features
TWl in the inferior leads,
multiple polymorphic PVCs,

Aborted
cardiac arrest

(o

Phenotype for
monitoring

Severe
myxomatous disease

Cardio Update 2024

MAD, redundant MV leaflets, l
enlarged LA, LV-EF= 50%, LGE

B Rsitaion

None Few l—' LR
Multple
and/or syncope ' !
No high DMR
risk VT severe!
ICD interrogation
Yes No
Decision Fibrosis
¥ ¥ v
Episodic Frequent Mitral
monitoring monitoring repair + ICD @ Ablatlom'AAD

Ventrikulare Rhythmusstorungen

Essagyagh et al., Euro Heart J (2023) 44,
3121-3135




Mitralklappen Prolaps Syndrom

Aabel et al., Europace 2023;25:506-516

Single center prospective cohort study  (Follow-up 3 Jahre)

Arrhythmic mitral valve syndrome Implantable Implantable cardioverter-
loop recorder ~ defibrillator

|

"

68% female, median age 45 years N =80 N =60

Severe ventricular arrhythmias

(Yentricular fibrillation, |CD therapy, sustained VT, NSYT with hemadynamic instability)

Risk stratification and risk markers

7 (12%) patients 4 (20%) patients

Low risk Intermediate risk High risk

m!w—ai\wr,‘Tu—T,—»'m—{\,—lm—r/— -]hh ]!—«f\ﬁ\ﬂ\f\nr'\i)»kr-r T‘T\f WMW

No LV fibrosis, single leaflet MVP,
no/trivial MR, no PVCs from inferior LV

Infrequent PYCs
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lonenkanal Erkrankungen

Cardio Update 2024 Ventrikulare Rhythmusstorungen



ESC-Leitlinie: Aufwertung der Genetik

Zeppenfeld et al., Eur Heart J 2022;43:3997-4126
Eckardt et al., Die Kardiologie 2023;17:27-38

Klasse | Empfehlungen zur genetischen Diagnostik

Kanalerkrankungen Strukturelle Herzerkrankungen
Empfehlungen fiir primér elektrische Erkrankungen Empfehlungen fiir spezifische strukturelle Herzerkrankungen
Klinischidiggnostiziertes Langes-QL-Syndrom Dilatative Kardiomyopathie/ hypokinetische nicht-dilatative
Vermutetes Andersen-Tawil-Syndrom Kardiomyopathie und

- AV-Uberleitungsstérungen vor dem 50. Lebensjahr

Brugada-Syndrom
- Positive Familienanamnese fiir dilatative Kardiomyopathie/

Vermutetes oder klinisch diagnostizierte katecholaminerge hypokinetische nicht-dilatative Kardiomyopathie bei einem

polymorphe ventrikuldre Tachykardie Verwandten ersten Grades (vor dem 50. Lebensjahr)

Kurzes-QT-Syndrom Vermutete oder bestitigte arrhythmogene rechtsventrikulire
Kardiomyopathie

Hypertrophe Kardiomyopathie

© L.Eckardt
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JAMA Cardiology | Original Investigation

Assessment of the Diagnostic Yield of Combined Cardiomyopathy 1etik

and Arrhythmia Genetic Testing

Me efave-Castillo et al., ardio :9: -974

Retrospektive Analyse von 4782 Pat. (41 Jahre); single center, ein Jahr

50% mit Nachweis von
genetischen Varianten
unklarer Signifikanz.

Eindeutig pos. Ergebnis 20%

2/3 davon Einfluss auf
Entscheidungen

Kaskadenuntersuchung

identifizierte 42% pos
Familienangehorige

Cardio Update 2024

4782 Patients referred to sponsored
genetic testing program

Y

209/,

Y

2446 Patients with
uncertain result

&= 70
954 Patients with

positive result

1382 Patients with
negative or
carrier result

Y

958 Family members received family-
specific follow-up testing

Y

Y

Y

110 Family members
with uncertain or
carrier result

402 Family members
with positive
result

445 Family members
with negative
result
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JAMA Cardiology | Original Investigation

Assessment of the Diagnostic Yield of Combined Cardiomyopathy 1etik
and Arrhythmia Genetic Testing

'~ Dellefave-Castillo et al., JAMA Cardiol 2022;9:966-974

Retrospektive Analyse von 4782 Pat. (41 Jahre); single center, ein Jahr

] 5 100
g .Positive .Uncertain DNegative/carrier
u 801
25% 19% 19% 11% 26% 4% 15%
= Eil Eii 60 - ]
E
g
= 2/] 2 g e
Er
20+
. Ke :
ide & ; _ .
HCM DCM ARVC LVNC Multiple LQTS CPVT BrS Multiple Mixed None
Fa M AR (CM+AR)
Referral indication
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Brugada Syndrom

Brugada et al., JACC 2018; 72:1046-1059
Eckardt & Veltmann, Herzschr Elektrophysiol 2023; doi: 10.1007/5s00399-023-00983-y

7
|

i ST-Hebung mit Typ | Morphologie 2 2mm in = 1 Abl. V1-V3
Verantwortlich fur 5-10% aller SCD; 20% der SCD ohne str. HE

V2 ' - BrS ECG pattermn and reserve for pVT/VF

-1\/ AN KRR
u
1 : L W L Y

e AT ETIL

el L Ay A
S : ; pVT/F threshold

.':.r'\-\_-ﬁ_n'l r.-"_":_—._." ﬂ"""‘_‘-\-‘_\'“_
L] ! J

25mm/s
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Brugada Syndrom

Brugada et al., JACC 2018; 72:1046-1059
Eckardt & Veltmann, Herzschr Elektrophysiol 2023; doi: 10.1007/5s00399-023-00983-y

Vi B N SCD or
sustained S—
= VT/VF

\bl. V1-V3
D ohne str. HE

V2 i . No
) ICD should be Or ILR should be
" . considered for . considered for -
RS o [ Syncope : arrhythmic unexplained
V3 | syncope syncope
| i
s No
D e Vi e e
V4 Asymptomatic
' BrS

v , _ No or no EP study

Tt Not inducible ‘
i ; Hirssmm Asymptomatic <
V6 i J BrS
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Brugada Syndrom — Stellenwert der Katheterablation

Nademanee et al., Circulation. 2011;123:1270-1279
Nademannee et al., Heart Rhythm 2017;14:457-461

= Serie von 9 Pat. mit Typ | V2
BrS EKG und vielen VF ‘J\[\/\
Episoden

= Epikardiales Mapping im Mﬁf\{’\fM

RVOT zeigte abnormale,
niedrig-amplitudige, %
fraktionierte Potentiale
Abl-d-uni
- RF Ablation fiihrte zur Nicht- " 00 meae

Induzierbarkeit von VT/VF, P T WY W
verhinderte VT/VF Rezidive
bei der Mehrzahl der Pat.
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Brugada Syndrom — Stellenwert der Katheterablation

Nademanee et al., Circulation. 2011;123:1270-1279
Nademannee et al., Heart Rhythm 2017;14:457-461

= Serie von 9 Pat. mit Typ | V2 i q
BrS EKG und vielen VF Before Ablation After Ablation

Episoden

|y e
Abld I ,\I& ,AJL\_AM
= Epikardiales Mapping im n — _,.JL,_A,LV__

Sy

RVOT zeigte abnormale, aVR —~ o
niedrig-amplitudige, Abl-p ’\, aVL —p
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Brugada Syndrom — Stellenwert der Katheterablation
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Nademannee et al., Heart Rhythm 2017;14:457-461
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LQTS- Stellenwert der Katheterablation

Pappone et al., Europace 2023,;5:948-955
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Right ventricular epicardial arrhythmogenic
substrate in long-QT syndrome patients terablation
at risk of sudden death

Pappone et al., Europace 2023;5:948-955
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