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Objectives: 

• Motivation for suppression of VT: drugs/ablation

• Why is ablation not the perfect treatment?
• Ablation outcomes and risks
• Can ablation change mortality risk?
• Indications
• What do we not know?



Investigating Ventricular Arrhythmias

In a huge medical victory, 
we have created a new disease



We now have a new disease

Patients are Living With VT
– Patients now survive with recurrent VT
– Can we suppress it?  Should we?



Motivation

Recurrent VT

Therapy for 
Recurrent VT

Worse
Prognosis

Associated

In every study…



Motivation: 

Combined 
MADIT 
Studies

Even in the ICD era, VT is associated with death

Unclustered episodes are not associated with as much risk…



ICD shocks save lives: 

MADIT RIT Moss 2012 PAINFREE SST Sterns 2016 ADVANCE III Gasparini 2017

But Avoiding Shocks Saves More?

Trials of ICD programming to avoid shocks



More VT is Worse: clusters

Guerra Europace 2014

RR 2.85 for Death/Transplant/CHF hosp/Cardiogenic shock



Clustered Arrhythmias are bad

1,764 patients in RAFT

15,000 arrhythmias in
871 patients 
11,278 VAs

Elsokkari…Sapp
JACC EP 2020



Clustered Arrhythmias are bad

Elsokkari…Sapp
JACC EP 2020



Mortality Risk 
According to 
Cluster Burden

ElSokkari JACC EP 2020

Hazard Ratio for death 
compared with patients 
with no VT



• Potassium management (POTCAST NEJM 2025)

• Reducing heart failure reduces the risk of 
sudden cardiac death
– ARNI: reduced SCD (HR 0.8 in PARADIGM)
– MRA: reduced SCD (RALES)
– Beta-blockers: reduced VA (Capricorn—carvedilol)
– Cardiac Resynchronization

Can We Modify Arrhythmia Risk?



Cardiac Resynchronization and VT

RAFT Substudy
Circ AE 2017



Suppression of VT

• Antiarrhythmic Drugs
• Catheter Ablation



Amiodarone

…Administered systemically…



Nishimura…Tung Circulation 2023



Nishimura…Tung Circulation 2023Xu…Nazarian Circulation 2025



Local Therapy



Why do we fail?

• Noninducible VT
• Nonsustained
• Not tolerated
• Can’t identify substrate

• Safety
• Diffuse patchy scar
• Too deep for RF
• Insufficient contact
• Too close to critical 

structures



Advances in Ablation

Fallavollita 2014



Advances in Ablation

Electroanatomic mapping

Marchlinski 2000



Advances in Ablation

Irrigated Tip



Advances in Ablation



Advances in Ablation



Advances in Ablation

InHeart



Advances in Ablation
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Why do we fail?

• Noninducible VT
• Nonsustained
• Not tolerated

• Can’t identify substrate

Rapid mapping
Substrate Mapping

Advanced Imaging helps



Why do we fail?
• Safety
• Too close to critical 

structures

• Diffuse patchy scar
• Too deep for RF
• Insufficient contact

Intracardiac Echo
Image Integration

Still important issues…



Our Current Capability

• Ablation Outcomes and Risks



Outcomes



Clinical Course of VT Patients: Opportunities for Intervention
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Evidence for VT Ablation: context
At Risk for VT

MI / Scar

First Episode VT

Recurrent VT 

Recurrent VT Despite AAD 

PREVENTIVE VT Zizek 2024

PARTITA Della Bella 2023

60 pts, 1o ICD, MI, no history VT, ablation vs no Rx

SMASH VT Reddy 2007 128 pts, 2o ICD, MI, ablation vs no Rx

517 pts ICD (1o/2o, ICM/NICM) 
47 with shock, randomized ablation vs no Rx

BERLIN VT Willems 2020 163 pts, 2o ICD, MI, Sust VT, ablation vs not

PAUSE SCD Tung 2022 133 pts, 2o ICD, MI/NICM, Sust VT, ablation vs not

VTACH Kuck 2010

SMS Kuck 2017

SURVIVE VT Arenal 2023

VANISH2 2025

VANISH 2016

110 pts, ICD, MI, Tolerated VT, ablation vs not

111 pts, ICD, MI, Unstable VT, ablation vs not

144 pts, ICD, MI, Sust VT, ablation vs AAD

416 pts, ICD, MI, Sust VT, ablation vs AAD

259 pts, ICD, MI, VT despite AAD, ablation vs    AAD
Total 1571 patients



Randomized Trials of Catheter Ablation: Primary Outcomes

Zizek Europace 2024

60 patients with MI and Chronic Total Occlusion
Primary prophylactic ICD, no history of VA
EF≤40 (mean 36.5)

Primary endpoint: Composite of appropriate ICD 
therapy or unplanned admission due to 
symptomatic VAs



Randomized Trials Primary Outcomes

Willems et al Circulation  2020

163 patients with new onset VT, prior MI, EF 30-50
Randomized to ablation within 2 weeks vs wait for 
3rd appropriate shock

Approximately 30% AAD use
Primary Endpoint: Composite of Death, Hospitalization 
for worsening HF, Hosp for VT/VF



Randomized Trials Primary Outcomes

Della Bella Circulation 2022

517 pts with new ICD enrolled
47 had treated VT and were randomized
 81% ischemic
 74% primary pro indication
Primary endpoint composite of death or hospitalization 
for worsening HF



Randomized Trials Primary Outcomes

• SMASH

• SMS

• VTACH

• PAUSE SCD

Any appropriate ICD therapy (ATP or Shock)

Any appropriate ICD therapy

Recurrence of any sustained VT or VF

VT recurrence, CV hospitalization, Death



Randomized Trials Primary Outcomes

Arenal JACC 2022

145 patients with prior MI with symptomatic VT 
(shock, sustained VT & Syncope, new onset VT)
Randomized to ablation or AAD (amio unless 
contraindicated)

Primary Outcome: Composite of CV Death, 
appropriate shock, unplanned HF Hosp, Severe 
treatment-related complications

SURVIVE VT



VANISH2 Trial 2025

416 patients with prior MI and VT in the 
absence of AAD, randomized to ablation or 
AAD therapy

Primary Outcome: Composite of death, 
appropriate ICD shock, VT Storm, VT treated 
emergently

Randomized Trials Primary Outcomes



VANISH Trial 2016

259 patients with prior MI and VT despite 
AAD, randomized to ablation or escalation of 
AAD therapy

Primary Outcome: Composite of death, 
appropriate ICD shock, VT Storm

Randomized Trials Primary Outcomes



Randomized Trials of Catheter Ablation: Primary Outcomes

SMASH VT
Reddy NEJM 2007

HR 0.35
P<0.007

Freedom from appropriate ICD Rx Freedom from VT/VF

VTACH
Kuck Lancet 2010

HR 0.61
P=0.045

SMS
Kuck CircAE 2017

Freedom from VT/VF

HR 0.95
P=0.84

Primary Preventive
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HR 0.72
P=0.037

VANISH 2016

Drug-Refractory, Ablation vs AAD Early vs Late Intervention

Berlin VT 
Willems Circulation 2020

PAUSE
Tung Circulation 2022

Freedom from VT/VF

Freedom from Shock/Death/Storm Freedom from Death/HF hosp/VA hosp

Partita
Della Bella Circulation 2022

Freedom from death/Worse HF Freedom from CVdeath/ AppropShock/ 
HFhosp/ Treatment Complications

Arenal  
JACC 
2022

First Line 
Ablation vs 

Amio

Survive VT
Arenal JACC 2022

First Line Ablation vs AAD

VANISH2 2025

Freedom from Death/Storm/Shock/VT in ER

PREVENTIVE VT
Zizek Europace 2024

HR 0.32
P=0.032

Appropriate ICD Rx / Hosp for VT

First Line Rx Ablation vs Control



Meta-analysis (without VANISH2)

• VT Recurrence: RR 0.82 (95%CI 0.70-0.97)
• Appropriate shock: RR 0.62 (95%CI 0.44-0.89)
• Storm: RR 0.72 (95%CI 0.54-0.95)
• Death: RR 0.94 (95%CI 0.69-1.29)

Reddy 2023



Meta-analysis (without VANISH2)

Major complications: 8.2%
– Perforation/tamponade
– CVA
– Vascular access complications, major bleeding
– Heart block
– Heart failure



Ablation complications VANISH2
Adverse events within 30 days of an ablation



Ablation complications VANISH2
Adverse events within 30 days of an ablation

Death 2/319 
Nonfatal Stroke 2/319

Perforation 1/319



Need to Consider the Alternative!

Ablation versus drugs



Meta-analysis

Reddy 2025 JACC EP

Berlin VT 2020



Randomized Trials of Catheter Ablation: Mortality

SMASH VT
Reddy NEJM 2007

VTACH
Kuck Lancet 2010

HR 1.32
95%CI 0.35-4.94
P=0.68

SMS
Kuck CircAE 2017

HR 0.82
95%CI 0.34-1.97
P=0.65

First Line Rx Ablation vs Control Drug-Refractory, Ablation vs AAD

Early vs Late Intervention

Berlin VT 
Willems Circulation 2020

PAUSE
Tung Circulation 2022

SURVIVE VT
Arenal  JACC 2022

First Line Ablation vs Amio

Partita
Della Bella Circulation 2022

VANISH 2016

VANISH2 2025



VANISH2 Mortality By Drug Stratum

Amio: HR 0.71  (0.44, 1.14)
Sotalol: HR 1.08 (0.53, 2.21)

Amio

Sotalol

Ablation
Ablation



Meta-analysis: mortality

Reddy JACCEP 2025



Meta-analysis: mortality

Reddy JACCEP 2025



VANISH2 Outcomes By Drug Stratum
Appropriate Shock

Amio: HR 1.03  (0.64, 1.66)
Sotalol: HR 0.54 (0.34, 0.87)

Amio
Sotalol

Ablation

Ablation



VANISH2 Outcomes By Drug Stratum
VT Storm

Amio: HR 0.97 (0.55, 1.69)
Sotalol: HR 0.93 (0.52, 1.67)

Amio

Sotalol

Ablation

Ablation



VANISH2 Outcomes By Drug Stratum

VT Below Detect Treated Urgently

Amio: HR 0.41 (0.17, 0.99)
Sotalol: HR 0.12 (0.03, 0.51)

Amio
Sotalol

Ablation
Ablation



VANISH2 Outcomes By Drug Stratum
VT Below Detect Treated Urgently

Amio: HR 0.41 (0.17, 0.99)
Sotalol: HR 0.12 (0.03, 0.51)

Amio

Sotalol

Ablation

Ablation



Safety

Death: 

Ablation Group 
(N=203)

Antiarrhythmic Drug Group 
(N=213)

Death 22.2% 25.4%

Serious Nonfatal Adverse Events 28.1% 30.5%

Ablation Drug
Death 1% 0
Major Bleeding 1% 0
Perforation 0.5% 0
Stroke 1.5% 0
Decompensated heart failure 2% 1.4%

Adverse Events within 30d of Ablation (selected)



Safety

Ablation Drug
Death (pulmonary toxicity) 0 0.5%
Heart Failure Admission 0 0.5%
Pulmonary Infiltrate/Fibrosis 0.5% 3.3%
Hyperthyroidism 2% 3.3%
Liver dysfunction 0 2.4%
Neurotoxicity 0 2.4%
Bradycardia symptomatic 0 1.4%
Total Nonfatal 3.4% 21.6%

Drug Attributed Adverse Effects (selected) Leading to  Reduction / Discontinuation



Treatment-Related Adverse Events: Sotalol eligible
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Treatment-Related Adverse Events: Amio eligible
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Adverse Effects

Amiodarone-treated:
– 3x higher non-cardiac death (5.6% vs 16.5%)
– 2x higher resp failure (4.6% vs 11%)
– Pulmonary infiltrates/fibrosis (0 vs 4.6%)
– Pneumonia (3.7 vs 11.9%)
– HF hospitalization 19.4% vs 31.2%)



Can Ablation Improve Survival?

Maybe…but this would be difficult to prove!
 



Arrhythmic Death is Infrequent with an ICD
VANISH2 Causes of Death



A brief comment about NICM

HELP VT Dinov 
Circulation 2014

PAUSE SCD Tung 
Circulation 2022



When should we ablate?
• In Ischemic CM without storm or bad HF

– Ablation had better efficacy than Sotalol

• In Ischemic CM with storm or bad HF
– Ablation had similar efficacy to Amiodarone, but perhaps better safety

• In Ischemic CM with VT despite AADs
– Ablation better than drug escalation (similar to new onset Amio)

• In NICM
– Ablation’s role … after drug failure? Special cases?



What we do not know

• WHEN should we intervene
• How best to treat VT in NICM
• VT in women
• Role of newer ablation techniques
• Best treatment for VT Storm?
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