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Secondary prevention: 
Should it be accompanied by 

VT ablation or not? 





Effect of ICDs

AVID 2ary prev
25.3% 2 year 
mortality

VF
Polymorphic VT
Rapid VT / flutter
Hemodynamically unstable VT
Hemodynamically stable VT
(Non-target arrhythmia)

50% reduction in SCD in all 
populations tested



Sotalol

Pacifico NEJM 
1999

Amiodarone

Pacifico:  Sotalol 44% RRPacifico:  Sotalol 44% RR

Connolly: 
Sotalol 40% RRR,
Amio 73% RR

Connolly: 
Sotalol 40% RRR,
Amio 73% RR



VTACH Results

Kuck Lancet 2010

2 transient serious adverse events 
(TIA, ST elevation), 
No change in mortality, CHF risk, or 
quality of life.

HR 0.61
P=0.045



Study 1 year 2 yrs

Control Ablation Control Ablation

V TACH1 40% 60% 30% 50%

IVTC2 70%

VANISH3 50% 65% 40% 50%

Summary OF VT Ablation Trials

VT Catheter ablation is a palliative procedure with high likelihood of recurrence

1. Kuck Lancet 2010

2. Tung R Heart Rhythm 2015 

3. Sapp J et al NEJM 2016



International VT Ablation Center Collaborative

Tung R Heart Rhythm 2015 

30% recurrence at 1 yr



International VT Ablation Center Collaborative

Tung R Heart Rhythm 2015 



Patients were different in almost 
every way

Tung R Heart Rhythm 2015 



The Importance of VT in the ICD Era

VT is still associated with adverse 
outcomes…(or at least shocks are)

Poole NEJM 2008  SCD-HeFT substudy

Sweeney Heart Rhythm 2010
PainFREE Rx, PainFREE RxII, 
Empiric, Prepare



ATP and Shocks reduce Mortality

Strickberger A JCE 2017 (in press)

Group HR 95 % CI p
No Rx vs ATP 0.87 (0.8-0.95) 0.002
No Rx vs shock 0.55 (0.5-0.58) <0.001
ATP vs Shock 0.62 (0.57-0.7) <0.001

Group HR 95 % CI p
No Rx vs ATP 0.87 (0.8-0.95) 0.002
No Rx vs shock 0.55 (0.5-0.58) <0.001
ATP vs Shock 0.62 (0.57-0.7) <0.001

ICD shocks are 
associated 
With reduced mortality

ATP is associated with 
reduced mortality

Substrate is assoc with 
reduced mortality

Elimination of VT with 
catheter ablation may 
eliminate VT

No evidence VT 
ablation can change 
mortality

Data from 69,383 pts with ICDs 2008-13



Reducing Shocks

 “The combination of Long Detection Interval (LDI) 
and ATP during charging is extremely effective and 
significantly reduces appropriate but unnecessary 
therapies

 The use of LDI alone yielded a 39% reduction in 
appropriate but unnecessary therapies

 ATP on top of LDI determined another 52% 
reduction in unnecessary shocks”

Europace (2016) 18 (11): 1719-1725



VANISH: Methods

Randomized trial (22 sites)
 Stratified by centre and Amiodarone vs Non-Amiodarone at 

baseline

Inclusion
 Prior MI
 ICD
 One of the Following VT Events

 ≥ 3 episodes VT treated with ATP, with symptoms
 ≥ 1 appropriate ICD shock
 ≥ 3 VT episodes within 24 hours
 Sustained VT below programmed ICD detection

 VT Event occurred despite antiarrhythmic drug therapy

Sapp J et al NEJM 2016



Methods: Escalated AAD Arm

Sotalol  Amiodarone load then 200 mg/day

Amiodarone <300  Amio reload, then 300 mg/day

Amiodarone ≥300 mg/day  Amio + Mexiletine 600 
mg/day

Sapp J et al NEJM 2016



Methods: Catheter Ablation

 All inducible VTs targeted for ablation
 Mappable  map and ablate
 Unmappable VTs  substrate + pace-map
 Non-inducible or Unstable  

substrate/LAVA/latency
 Endpoint of no-inducible VT

 Patients remained on baseline antiarrhythmic 
drug therapy

Sapp J et al NEJM 2016



Results: Primary Outcome

Composite: Death, VT Storm 30d, Appropriate Shock
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Years of Follow-up

Probability of Event-free Survival

Ablation (+ 
AAD)

AADHR 0.72 (95%CI 0.53, 0.98)
P=0.037

 No. at Risk

 Ablation 132 80 40 20 8
 AAD 127 61 25 17 6

27.9 +/- 17.1 months follow-up



 ICD is mainstay of Rx
 No evidence VT ablation will reduce SCD, VF or any hard endpoint 

except VT (in some)
 Sicker patients have:

 More VT (ATP and shocks) 
 Higher mortality
 Lower ablation success rates
 VT ablation does not change mortality

 Successful ablation is a marker for less sick patients
 Despite successful ablation VT often recurs

 Adjuvant palliative therapy

Summary





Not the plumber



Results: Primary Outcome

Composite: Death, VT Storm 30d, Appropriate Shock
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Results: Subgroups

Only significant interaction was 
the baseline antiarrhythmic drug 
(amiodarone vs. non-
amiodarone)



Results: Baseline antiarrhythmic drug strata



Treatment-Attributable Adverse Events

Event
AAD Group

(n=127)
No. (%)

Catheter Ablation Group
(n=132)
No. (%)

P

Catheter Ablation Related

Vascular injury 3 (2.3) 0.25

Major Bleeding  1 (0.8) 3 (2.3) 0.62
Cardiac Perforation  1 (0.8) 2 (1.5) 1.00
Endocarditis  1 (0.8) 0.49

Heart Block  1 (0.8) 0.49

Antiarrhythmic Drug Related

Death

Pulmonary toxicity 2 (1.6) 0.24
Liver toxicity/multiorgan failure 1 (0.8) 0.49

Pulmonary Infiltrate 2 (1.6) 0.24
Shortness of Breath 3 (2.4) 1 (0.8) 0.36
Heart Failure Admission 1 (0.8) 3 (2.3) 0.62
Hyperthyroidism  5 (3.9) 3 (2.3) 0.49
Hypothyroidism 5 (3.9) 2 (1.5) 0.27
Hepatic Dysfunction  6 (4.7) 0.013
Tremor/Ataxia  6 (4.7) 0.013
SFX Leading To Drug Therapy Change 6 (4.7) 0.013
Other adverse events  no. (%) 6 (4.7) 4 (3.0) 0.53

TOTAL PATIENTS 39 (30.7) 20 (15.2) 0.0031

TOTAL EVENTS 51 22 0.0023



Conclusion

Catheter ablation is superior to escalation of antiarrhythmic 
drug therapy… 

WHEN AMIODARONE FAILS

…for reducing the combined endpoint of death, appropriate 
shock, and VT storm, driven by reductions in VT storm and 
shock.



Priorities for 2 Prevention

1. ICD with Painfree II / appropriate programming

2. If VT… start amiodarone
(Sotalol can be used an intermediate step if good EF)

3. If VT on Amio (slower and better tolerated) …
Or S/E on Amio (needs discontinuation) … 

catheter ablation…
4. Repeat catheter ablation…





Next Steps

 VANISH-2 Pilot Study



Results: Baseline Characteristics

Antiarrhythmic Drug
N=127

Catheter Ablation
N=132

Age (yr) 70.3 ± 7.3 67.0 ±8.6

Male 118 (92.9%) 123 (93.2%)

Diabetes—no.(%) 40 (31.5) 37 (28.0)

Hypertension –no.(%) 88 (69.3) 92 (69.7)

Renal Insufficiency –no.(%) 26 (20.5) 23 (17.4)

Atrial Fibrillation or Atrial flutter – no.(%) 47 (37.0) 52 (39.4)

Functional Class    

NYHA FC I –no.(%) 28 (22.0) 33 (25.0)

NYHA FC II –no.(%) 68 (53.5) 69 (52.3)

NYHA FC III –no.(%) 31 (24.4) 30 (22.7)



Results: Baseline Characteristics

Antiarrhythmic Drug
N=127

Catheter Ablation
N=132

Ejection Fraction—% 31.2 ± 10.7 31.1 ± 10.4

Single Chamber ICD—no.(%) 44 (34.7) 43 (32.6)

Dual Chamber ICD—no.(%) 61 (48.0) 60 (45.5)

CRT Defibrillator—no.(%) 22 (17.3) 29 (22.0)

Estimated GFR (Cockroft-Gault) 70.2 ± 26.4 75.8 ± 29.0

Sodium (mmol/L) 138.4 ± 3.4 138.5 ± 3.0

Potassium (mmol/L) 4.3 ± 0.4 4.3 ± 0.4

NT-proBNP (pg/mL) 937.3 ± 895.5 1010.3 ± 1252.7



Results: Baseline Characteristics

Antiarrhythmic Drug
N=127

Catheter Ablation
N=132

Antiarrhythmic Drug At Time of 
Qualification:

   

Non Amiodarone – no.(%) 43 (33.9) 47 (35.6)

Sotalol – no.(%) 43 (33.9) 46 (34.8)

Procainamide – no.(%) 0 1 (0.76)

Amiodarone–no.(%) 84 (66.1) 85 (64.4)

Dose < 300 mg/day 73 (57.5) 77 (58.3)

Dose ≥300 mg/day –no.(%) 11 (8.7) 8 (6.1)



Results: Baseline Characteristics

Antiarrhythmic Drug
N=127

Catheter Ablation
N=132

Other Medications    

Beta-blocker – no.(%) 122 (96.1) 124 (93.9)

ACE Inhibitor –no.(%) 83 (65.4) 86 (64.4)

ARB –no.(%) 28 (22.1) 31 (23.5)

Diuretic – no.(%) 89 (70.1) 90 (68.2)

Digoxin – no.(%) 25 (19.7) 27 (20.5)

Aspirin – no.(%) 85 (75.9) 99 (83.9)

Calcium channel blocker – no.(%) 19 (15.0) 14 (10.6)

Warfarin – no.(%) 42 (37.5) 47 (39.5)

Non-warfarin anticoagulant –no.(%) 12 (9.5) 11 (8.3)



Results: Components of Primary Outcome



Pending Studies

ICD

Recurrent VT with ICD

  Storm

  Shocks

  Symptomatic ATP

VT

Pro-
ICD

Structural 
Heart 

Disease

MANTRA VT

PARTITA

VANISH 2

INTERVENE

PAUSE-SCD

VANISH

Ablation vs 
Amiodarone

Drug naive

Ablation vs 
Aggressive 
Drug 
Therapy

Drug 
refractory



This is a very difficult area to study

• CEASE-VT
• ASPIRE
• CALYPSO
• STAR-VT



VANISH2 Pilot:  Funding

• Biosense Webster
• St. Jude Medical

• Heart and Stroke Foundation



Need for the trial

• National survey
• Named as a priority in multiple consensus 

documents (2006 AHA/ACC/ESC; 2009 
HRS/EHRA; 2014 EHRA/HRS/APHRS)

• Patient Focus Groups



Trial Design

Prior MI
VT

ICD 
(or will receive 
one within 2 

weeks)

Catheter Ablation

Antiarrhythmic Drug Therapy

Amiodarone if:

Sotalol

eGFR<30; 
FC III; 
EF<20%; 
Prolonged QT

VT Storm
Torsades
B-block contraindic



Sample size

• Pilot: 75 patients
• Main trial 330 patients
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Sotalol

Pacifico NEJM 
1999
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Side-effects

Long-term 
amiodarone 
treatment 
(CIDS f/u)

Bokhari Circulation, 2004

82% of pts had 
amio SFX

50% requiring 
dose reduction

22% serious



VT Reduction: Catheter Ablation

VT is a result of disease of PART of the myocardium

Stevenson





Thermocool Study  Stevenson et al, Circulation, 2008

Survival Curve



Ablation Evidence And Trials

Randomized Trials
 SMASH-VT  (Reddy NEJM 2007)
 V-Tach  (Kuck Lancet 2010)



ICD

Recurrent VT with ICD
  Storm?
  Shocks?
  Symptomatic ATP?

VT

Pro-
ICD

Structural 
Heart 

Disease

VTACH
SMASH-VT VANISH

Ablation vs 
Amiodarone
Antiarrhythmic 
Drug naive

Ablation vs 
Aggressive 
Drug Therapy
Drug 
refractory

Ablation vs no therapy



VANISH Trial

 Multicentre, multinational randomized trial 
(22 sites)

 Canadian Institutes of Health Research
 Unrestricted Research Grants: St. Jude 

Medical, Biosense Webster



VANISH: Methods

Exclusion
 Unable to consent
 Acute coronary syndrome, MI, or other reversible cause of VT
 Ineligible to take amiodarone or mexiletine
 Ineligible for catheter ablation
 Severe renal failure, functional class IV dyspnea or angina, 

pregnancy, estimated survival < 1 year
 Prior catheter ablation for VT



Methods

 Standardized ICD Programming and f/u
 Blinded adjudication of endpoints
 Primary Outcome:

 Death
 Appropriate ICD shock after 30 days
 VT Storm after 30 days



VANISH: Results

7 patients had repeat ablation 
within 30 days.  After 

experiencing a primary 
outcome, 27 were treated 
with escalated AAD and 13 

had repeat ablation

37 patients treated with 
catheter ablation after 
experiencing a primary 

outcome, 23 had further 
escalation of AAD therapy



Catheter Ablation Procedural Characteristics



Causes Of Death



Limitations

 Not powered to assess mortality
 Multicentre trial, operator-dependence
 Potential impact of prolonged  detection time



Discussion

 High risk population: 
~50% recurrence and ~25% mortality at 3 years

Most deaths due to heart failure or non-cardiac 
causes

 A significant difference in mortality was not 
observed



Discussion

 Most of the benefit was observed among 
patients with VT despite amiodarone.

 Adverse events tended to be more  
frequent among patients treated with 
escalated antiarrhythmic drug therapy.



International VT Ablation Center Collaborative

Tung R Heart Rhythm 2015 



Effect of ICDs

AVID 2ary prev
25.3% 2 year 
mortality

Risk modifiable with ICD

 ICD: for mortality reduction
Sudden death 
transformed to a 
chronic disease

 Drugs and Ablation for VT Reduction



SMASH-VT: ICD Therapy
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HR 0.35
P<0.007

VT Ablation reduces 
recurrent VT in patients who 
have not had recurrent VT 
with 5% complication rate



SMASH-VT: ICD Therapy

3-Center RCT, 128 patients with VT/VF being implanted with ICD 
(also included some pts with therapy from primary prophylactic ICD)
Excluded VT storm and recurrent VT

Randomized to prophylactic VT ablation vs ICD alone



SMASH-VT: ICD Therapy
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Over 2 years…
For every 100pts:
67 would get abl needlessly
19 would have VT prevented
13 would get VT anyway
 5 would have complication



VTACH

Lancet  2010

RCT of patients with stable VT (no syncope, BP >90)  to receive either 
ICD or ICD and ablation

110 pts; 54 randomized to ablation, 8 not ablated (1 excluded, 2 
had complications precluding ablation, 5 had technical problems or 
access issues etc)

A group with higher risk of recurrent VT
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