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@ E S C . European Heart Journal (2022) 43, 39974126 ESC GUIDELINES
European Society https://doi.org/10.1093/eurheartj/ehac262
of Cardiology

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death
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Atiologie von monomorphen ventrikuldre Tachykardi . f

* |diopathische VT

Bundle-branch reentrant and fascicular VT

Idiopathic focal VT

Ablation
catheter

Electrograms obtained during
ablation of focal VT

M Mahida, Circulation
2017
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Ziel der Behandlung strukturellen ventrikularen Tachykardien: Pravention von ...
* PI6tzlichem Herztod * \Ventrikulare Tachykardien (und
* Herzinsuffizienzmedikamente |ICD Shocks)
(Klasse 1A) e Herzinsuffizienzmedikamente
* ICD (Klasse IA)  Antiarrhythmika
* CRT (Klasse IA-1Ib) « Amiodaron (Klasse IlA), Sotalol
. Antiarrhythmika (Klasse IlA), Flecainid, etc.

« Amiodaron (Klasse IIA) und Sotalol * Katheterablation (IB-1IB)
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Fundamental unterschiedliche arrhythmogene Substrate .’.’
Ischamisch

B

3.5 mm Irrigated
Electrode

Sarkoidose

/

Amyloidose

Non-
compaction

Adaptiert nach Chery, JACC EP 2024
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Ischamische Herzkrankheit
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Figure 1. Kaplan—Meier Estimate of the Primary End Point of Survival Free
from ICD Therapy.
ICD denotes implantable cardioverter—defibrillator.

Product-Limit Survival Estimates
With Number of Subjects at Risk
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A Primary Endpoint
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BERLIN-VT,
Circulation 2018
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SURVIVE-VT, JACC 2022
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(Auch) Nicht-Ischamische Herzkrankheit - .
rimary End point

Intention to treat
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s 304 Hazard ratio, 0.58 (95% Cl, 0.35-0.96) 0.00- Ablation
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10 . ; , | ; : : Time (months)
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— Follow-up (Months) Ablation 23 18 15 15 14
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PARTITA, Circulation
PAUSE-SCD, Circulation 2022 2022
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Any appropriate ICD therapy

Ablation Control Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% CI
Reddy 2007 (SMASH VT) 8 64 21 64 14.0% 0.29[0.12, 0.72] —
Kuck 2010 (VTACH) 26 52 38 55 16.3% 0.45 [0.20, 0.98] —
Kuck 2017 (SMS) 20 54 24 57 16.8% 0.81[0.38, 1.73] —
Willems 2020 (BERLIN VT) 25 76 39 83 19.5% 0.55[0.29, 1.05] —=
Arenal 2022 (SURVIVE-VT) 18 71 16 73  16.6% 1.21 [0.56, 2.61] R
Tung 2022 (PAUSE-SCD) 16 60 35 61 16.8% 0.27[0.13, 0.58] —
Total (95% CI) 377 393 100.0% | 0.53 [0.33, 0.83] | <
Total events 113 173

g 2 _ B 12 _ _ 12 1 1 1 1
Heterogeneity: Tau® = 0.16; Chi“ = 10.42, df = 5 (P = 0.06); I* = 52% Y o1 o 100

Test for overall effect: Z = 2.78 (P = 0.005) Favours sblation Favours:contisl

All-cause mortality

Ablation Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Reddy 2007 (SMASH VT) 6 64 11 64 14.4% 0.50[0.17, 1.44] —_—
Kuck 2010 (VTACH) 5 52 4 55 9.5% 1.36 [0.34, 5.36] —
Sapp 2016 (VANISH) 36 132 35 127 32.8% 0.99 [0.57, 1.70] ——
Kuck 2017 (SMS) 9 54 11 57 16.4% 0.84 [0.32, 2.21] ]
Willems 2020 (BERLIN VT) 6 76 2 83 7.0% 3.47[0.68, 17.75] N e —
Della Bella 2022 (PARTITA) 0 23 8 24 2.4% 0.04 [0.00, 0.77] +
Arenal 2022 (SURVIVE-VT) 3 71 4 73 7.9% 0.76 [0.16, 3.53] _
Tung 2022 (PAUSE-SCD) 5 60 4 61 9.6% 1.30[0.33, 5.08] B o E—
Total (95% CI) 532 544 100.0% | 0.91[0.58, 1.45] | <o
Total events 70 79
Heterogeneity: Tau? = 0.09; Chi® = 8.86, df = 7 (P = 0.26); I° = 21% I u 1 {
Test for overall effect: Z = 0.38 (P = 0.70) o.01 0.l 10 100 Shalganov, Front

Favours ablation Favours control

Cardiovasc Med 2022
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Empfehlungen

In patients wit and recurrent, symptomatic
SMVT, or ICD shocks for SMVT despite chronic
amiodarone therapy, catheter ablation is
recommended in preference to escalating AAD

IB bis 11B

therapy.*”"
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‘Nicht-ischamische Kardiopathie’ ist mit einer hoheren VT-Rezidivrate assoziiert

100% 1
lg
1.01 VT Recurrence by Etiology
: 90% -
—Sarcoidosis
HR 1.73; C195% 1.029 - 2.905; p=0.039 80% - ——Valvular
——HCM
g 70% 1 ====DICM
0 g — Myocarditis
- 2 6ox - Y
© 5 ——ARVC
2 g
[ ©  50% -
a g
3 40% -
9 0.6
w
; ! 30%
I
E ! 20% -
3 L ! 43%
] s..,\ , . 40.5% (NIDCM)
041 L 10% 1
I Merennnas
.  -— 0% : . . . . r .
| - 0 3 6 9 i3 15 18 21
e
} T 3% No. at Risk Follow Up (months)
I
0.2 " ARVC 100 84 79 72 62 56 51 44
. y L . : . Myocarditis 50 41 37 34 31 21 20 17
NeatRisk ° 200 400 600 800 1000  Days DICM s18 386 335 290 260 208 181 157
HCM 35 23 20 17 14 13 11 9
ICM 164 93 66 53 34 22
Valvular 50 25 2 21 20 16 10 10
NIDCM 63 33 21 10 4 2 Sarcoidosis 27 19 16 13 10 9 8 8

Dinov, Circulation 2013 Vaseghi, JACC EP 2018
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Empfehlungen

In patients wit and recurrent, symptomatic
SMVT, or ICD shocks for SMVT despite chronic
amiodarone therapy, catheter ablation is
recommended in preference to escalating AAD
therapy.*”"

Catheter ablation, performed in specialized

centres, should be considered in|post-myocarditis

patients with recurrent, symptomatic SMVT or

ICD shocks for SMVT in whom AADs are

ineffective, not tolerated, or not desired.”>%891:802

Catheter ablation in specialized centres may be
considered in selected patients with{ HCM |and
recurrent, symptomatic SMVT or ICD shocks for

SMVT, in whom AAD are ineffective,
(753754

contraindicated, or not tolerate

Catheter ablation in specialized centres should be

considered in patients withl DCM/HNDCM)|and

recurrent, symptomatic SMVT or ICD shocks for lla c
SMVT, in whom AADs are ineffective,

contraindicated, or not tolerated.*8!4%7:664669

In patients with| ARVC|and recurrent,
symptomatic SMVT or ICD shocks for SMVT
despite beta-blockers, catheter ablation in lla C

specialized centres should be
considered.*8%70%714

Catheter ablation, in specialized centres, may be
considered in cardiac|sarcoidosis ICD-recipients
with recurrent, symptomatic SMVT or ICD

shocks for SMVT, in whom AADs are ineffective,
(839841842

contraindicated, or not tolerate
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Amyloidose
A Primary Efficacy Outcome B ICD Shocks in the 6 months
Survival Free From Recurrent Sustained VT/VF Before and After Ablation
1.004 | -
) p <0.001
gﬂ? ‘ - d
go 04 § ©
3 b
0254‘ 77} g
| R
0.004 o~
Number at risk wonths = |
g ’“'*-‘ 22 10 5 2 | Preab!aﬁon Postéblation
0 ZYD Time 4'6 7 [J'C

Circulation, Compagnucci 2024
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SMS* PARTITA

VANISH
SMASH-VT  SURVIVE-VT

V-TACH VANISH2

PAUSE-SCD

BERLIN-VT*

Adaptiert nach Siontis HRS 2025
*Neutrales Resultat
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VT ‘Clustering’

[ J Wa S We n n VT ge h é u ft a u ft ritt ? Hazard ratio and 95% Cl HR lower upper p-value

24 hours
Unclustered arrhythmia —— 1.520 1190 1941 0.001
2 episodes —e— 2730 1730 4309 <0.0001
3 episodes —r 2,570 1352 4.886 0.004
4-10 episodes —— 3.860 2498 5.965 <0.0001
= 10 episodes —— 5430 3918 7526 0.000
* 1764 ICD-Trager:innen inklusive
- Unclustered arrhythmia —8— 1.550 1.550 1.988 0.001
g * u 2 episodes —a— 2410 2410 3.7177 <0.0001
- - 3 episodes — 2740 2.740 4.837 0.001
463 m |t VT_ E p | Sod en 410 episodes —e— 4000 4090 6229 <0.0001
2 10 episodes —— 5.250 5.250 7.247 <0.0001
7 days
Unclustered arrhythmia - 1.560 1.207 2.016 0.001
2 episodes —— 2.200 1450 3.339 <0.0001
3 episodes —— 3130 1.841 5322 <0.0001
4-10 episodes —— 3.870 2.544 5.888 <0.0001
0 > 10 episodes —— 5220 3.810 7151 <0.0001
i 68A) ICM 30 days
Unclustered arrhythmia @ 1.550 1182 2.071 0.002
2 episodes —— 2770 1.892 4173 <0.0001
3 episodes — 1.900 1.053 4.858 0.033
4-10 episodes —— 3.900 2.693 4.874 <0.0001
2 10 episodes —— 5.040 3.701 5.921 <0.0001
90 days
o Unclustered arrhythmia —— 1.560 1175 2.071 0.002
® I_VEF 23 /0 2 episodes —— 2.850 1.947 4173 <0.0001
3 episodes —— 2.940 1779 4.858 <0.0001
4-10 episodes —— 3.400 2.372 4874 <0.0001
> 10 episodes —— 4360 3.211 5921 <0.0001
01 02 05 1 2 10

HR for mortality vs no VT patients; Elsokkari JACC EP 2020
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PREVENTIVE-VT = SMS* PARTITA VANISH
SMASH-VT  SURVIVE-VT

V-TACH VANISH2
PAUSE-SCD

BERLIN-VT*

Adaptiert nach Siontis HRS 2025

*Neutrales Resultat



E%E%S mlNSELSPlTAL HERZ GEFASS
_LS e sve. | ZENTRUM

Wann? Vor der ersten VT-Episode?

Impact of PREVENTIVE VT substrate ablation of coronary CTO on ICD interventions

Time to first appropriate ICD therapy
fg;g%gg@ 1?C)JR 9 or unplanned hospital admission for
RvLAdl 66 _}’ ((,/0 ) symptomatic VAs
NYHA 11l 30 %
60 patients ‘
Eizgrgar?uo. 0.33 (95% CI, 0.12-0,94)
+ CTO - IRA . '
+ scar LGE-MRI or MPI ’
> LVEF s 40% | ] Mean fOIIOW_up EDA Standard therapy group
* no documented VAs 44.7 + 20.7 months £
E 0.2 ,_JJ_'
Randomized 1:1 m g
‘ Age 71 (IQR 10) s
.‘]E/D LVEF 34 0/0 (lQR 8) Months since randomization
N =30 = NYHA 11 56.7 %
NYHA 11 40 %

2 (6.6 %) major adverse events related

to preventive substrate ablation PREVE NTIVE'VT;
Europace 2024
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VT-Ablation ohne ICD-Implantation?

1.00 S
* VT-Ablation bei 139 Patient:innen g 0999
= 0801
® 0.701
T
£ 0601
( ) o
* |CM 55%, ARVC 19%, ‘sonst NICM 3 050
® 040
=
® 0.30-
b= |
£ 0.20-
b= |
“ 010
months
LVEF (%) 50 + 10 (31-73) 0.00+ . " T . '
a ) " 0 10 20 30 40 50
LVEF >30 and <45% 50 patients 30% Number atrisk 166 126 95 69 45 29
LVEF >45 and <55% 63 patients 38%
LVEF >55% 53 patients 32% Figure 2 Actuarial survival curves for sudden death.

--------------------------------------------------------------------------------

Maury, EHJ 2014
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Ischamische
Herzkrankheit

Catheter ablation
(Class lla)

ICD implantation®
(Class lla)

Amiodarone®
(Class lla)

Catheter ahlatioﬁ '
(Class lla)

Sotalol
(Class lla)

Amiodarone
(Class lla)

@ESC—
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Timing von VT-Ablation bei ‘nicht-ischamischer’ Herzkrankheit

* Diagnostische Aufarbeitung kritisch

e Herz-CT? Herz-MRI? FDG-PET?

e Genetische Untersuchung?
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Imaging vor VT-Ablation

* ARVC und post-myokarditische VT mit gutem

OUtCO me Inflammation vs no inflammation subgroup
1.0+
. . . = l‘J'IL—l_i\I"o inflammation
* Grosse der Narbe? Midmyokardiale Narbe? 3 081 .
o "
* Welcher Endpunkt ist realistisch? = 0.6 = = |
@ Inflammation
g 0.4
* Hinweise auf aktive Inflammation? S 0,
= Log-rank P=.02
0 T T T 1
0 200 400 600 800
Follow-up, d
No. at risk
No inflammation 35 23 20 18 15
Inflammation 64 33 26 19 16

Siontis, JAMA Card 2021
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Hohe Rezidivraten

1.00
5 075 + Herz-MRI
L]
g G
; 0.50 Ring-like scar
E ﬁ N=14
(3 St i I
e =0.0071 == Mo Pamogenic Mutton Paﬂ\:genlc L
EE == Pamogeni Mutaton mutations No pathogenic
N=10 mutations N=4
0.00 v v =
0 365 730 1085 1460 1825 LMNA variant TTN variant
Time N=4 N=4
Number at risk
8N ) 7 19 13 9 8 6
% Pathogenic Mutation{ 16 10 6 5 3 3
0 365 730 1085 1460 1825
Time

Kovacs, JCE 2023
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VT-Ablation wann?

Nach Ausbau der
Herzinsuffizienztherapie!
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Sterbeursache nach VT-Ablation
AAD Group Catheter Ablation Group Event Catheter Ablation Antiarrhythmic
vent (n=127) (n=132) 5 N=203 N=213
M No. (%) No. (%) Fatal Events
Non-cardiac death 14 (6.9%) 26 (12.2%)
Death 35 (27.6) 36 (27.3) L0 b Cardiovascular death > 29 (14.3%) 25 (11.7%)
Non-Cardiac Death 8 (6.3) 12 (9.1) 0.49 Unexpected cardiovascular death 3 (1.5%) 4 (1.9%)
=P Cardiovascular Death 26(20.5) [=——) 24(18.2) 0.75 Myocardial infarction 1(0.5%) 2 (0.9%)
Myocardial Infarction 1(0.8) 1.0 — C Hve Heart Fail 12 5 0% 12 5 6%
==l Congestive Heart Failure 19 (15.0) el 17 (12.9) 0.72 = PE:tgéff ::iers:l:tioarln == — 2 ({1 .0%]:I 1 [{0 ;5%1}
Ventricular Arrhythmia 5 (3.9) 3(2.3) 0.50 Ventricalar Arrhvthmia 3 [1'5%] 1 {0'5%}
Stroke 1(08) 1.0 Sl - S
Other Cardiovascular 1 (0.8) 0.49 Stos knon Surgery 3(1.5%) 0
ICD-Related Death 2 (1.6) 2 (1.5) 1.0 Otrh° = e | = e e
Unknown Cause of Death 1 (0.8) 0.49 er ardiovascurar 12-5%) )
Unknown cause of death 2 (1.0%) 3 (1.4%)

VANISH, NEJM 2015 VANISH2, NEJM 2024




F 3 E[E]'élzJS WINSELSPITAL | Herz Geriss
\I——=rr

UNIVERSITATSSPITAL BERN ZENTRUM
i BER N HOPITAL UNIVERSITAIRE DE BERNE

Optimale Herzinsuffizenztherapie ESSENTIELL

* 193 Patient:innen S
" —
* LVEF 35% o
* 56% ICM §°’ '““'_,l_____l
¢ 47% ES .§§ b m e ————— I
* 22/193 mit akuter )
hamodynamischer g |togrankpevoot
Dekompensation wahrend dem 7 towaponng

NoAHD —-—--—- AHD

Eingriff
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Dringende Indikationen fur VT-Ablation
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Electrical storm

ICD programming optimization®
(Glaesl)

Beta-blocker/sedation
(Class I)

Amiodarone iv.
(Class 1)

> Catheter ablation
£ (Class I)
Deep sedation/intubation
(Class lla)

Autonomic modulation
(Class llb)

Mechanical circulatory support
(Class lIb)

Overdrive pacing®

——

@ESc—
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Take home messages

* VT-Ablation bei ischamischer Herzkrankheit sehr gut
etabliert mit gutem Outcome

* Erfolg einer VT-Ablation bei ‘nicht-ischamischer’ Herzkrankheit
ist v.a. vom Phanotyp und klinischer Konstellation abhangig

» «Prophylaktische» VT-Ablation in der Zukunft indiziert?

* Bei gehauften ventrikularen Tachykardien uns insb. ICD-Therapien,
friihe Ablation notwendig
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Backup Folien
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Time Relationship Between Shocks and Risk of Death

M. Samuel
.|
—10 shocks
- —7 shocks
—5 shocks
o 3 —3 shocks
i~ —1 shock
(4
B 25
(1]
N
i
2
1.5 \
l -
0 30 60 90 120 150 180

Today Days Elapsed 6 Months From Now
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Clinical Course of VT Patients: Opportunities for Intervention

Cardiac Arrest Response Ablation Advanced Ablation Techniques
Risk Factor Reduction Prophylactic Ablation Ablation Drug Escalation Neurocr;xtﬁgl:lauon
Revasculariation Antiarrhythmic Drugs Antiarthythmic Druas
i Optimal Medical Thérapy i
Cardi g Té” ' VT Storm Heart
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Was wenn die Katheterablation nicht mdglich ist oder nicht erfolgreich ist?

* Neue Energieformen (Elektroporation = ‘pulsed field ablation’)
* Herzbestrahlung (‘stereotactic arrhythmia radioablation’)
* etc
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Kongenitale Herzkrankheiten

In patients with repaired TOF who present with
SMVT or recurrent, symptomatic appropriate

ICD therapy for SMVT, catheter ablation c
performed in specialized centres is
recommended.®”? """
In patients with CHD and recurrent, symptomatic e T e T G D ST W e
SMVT or ICD shocks for SMVT not manageable : :
undergoing surgical or transcutaneous pulmonary
by medical therapy or ICD reprogramming, lla C :
valve replacement, pre-operative catheter I c
catheter ablation performed in specialized centres . d ion of VT-related ical 2
_ et mapping and transection of VT-related anatomica
dustiel s sl isthmuses before or during the intervention
should be considered 288873894
In patients with repaired TOF with a preserved
biventricular function and symptomatic SMVT,
C

catheter ablation or concomitant surgical ablation
performed in specialized centres may be

considered as an alternative to ICD therapy.®?%?%"
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Catheter ablation of triggering PVCs and/or
RVOT epicardial substrate should be considered

in BrS patients with recurrent appropriate ICD
1010-1015

shocks refractory to drug therapy.
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Shock or no shock, Larsen Heart Rhythm 2011
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Atiologie von ventrikulare Tachykardien
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4.4 Ventricular Arrhythmia in Ischemic Heart Disease

Recommendations for catheter ablation of VAs in patients with IHD

COR LOE Recommendations

1. In patients with IHD who experience recurrent monomorphic VT despite chronic
amiodarone therapy, catheter ablation is recommended in preference to escalat-
ing AAD therapy.

2. In patients with IHD and recurrent symptomatic monomorphic VT despite AAD
therapy, or when AAD therapy is contraindicated or not tolerated, catheter abla-
tion is recommended to reduce recurrent VT.

3. In patients with IHD and VT storm refractory to AAD therapy, catheter ablation
is recommended.

. In patients with IHD and recurrent monomorphic VT, in whom AADs are not de-
sired, catheter ablation can be useful.

5. In patients with IHD and an ICD who experience a first episode of monomorphic
VT, catheter ablation may be considered to reduce the risk of recurrent VT or ICD
therapies.

. In patients with prior myocardial infarction and recurrent episodes of symptom-
atic sustained VT for whom prior endocardial catheter ablation has not been suc-
cessful and who have ECG, endocardial mapping, or imaging evidence of a
subepicardial VT substrate, epicardial ablation may be considered.

References
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4.5 Nonischemic Cardiomyopathy

Recommendations for catheter ablation of VT in nonischemic cardiomyopathy (NICM)

COR LOE Recommendations References

1. In patients with NICM and recurrent sustained monomorphic VT for whom antiarrhyth-  54.5.1-54.5.6
mic medications are ineffective, contraindicated, or not tolerated, catheter ablation is

useful for reducing recurrent VT and ICD shocks.
2. In patients with NICM and electrical storm refractory to AAD therapy, catheter ablation  54.5.7-5459
is useful for reducing recurrent VT and ICD shocks.
3. In patients with NICM, epicardial catheter ablation of VT can be useful after failure of $4.5.454.5.10-54.5.13
endocardial ablation or as the initial ablation approach when there is a suspicion of an epi-

lla

cardial substrate or circuit.

. In patients with cardiac sarcoidosis and recurrent VT despite medical therapy, catheter $4.5.14-54.5.18
ablation can be useful to reduce the risk of VT recurrence and ICD shocks.

5. In patients with NICM and recurrent sustained monomorphic VT for whom antiarrhyth-

mic medications are not desired, catheter ablation can be useful for reducing recurrent

VTand ICD shocks.

6. In patients with NICM related to lamin A/C (LMNA) mutations and recurrent VT, cathe-  54.5.19

ter ablation may be considered as a palliative strategy for short-term arrhythmia control.

lla




