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A Case  

• A 70 y.o. man is admitted to the CCU d/t 3 

ICD shocks over the last 2 hours 

• h/o MI – 10 years ago 

• LVEF= 30% 

• No angina, no heart failure 

 



What do we Need to Know? 
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Inappropriate shocks 

• A shock for a non-ventricular arrhythmia is 

appropriate but therapy/ programming is not 

• True inappropriate shocks are caused by 

inappropriate signal interpretation: 

– Oversensing of T waves 

– Double counting of QRS complex 

– Oversensing due to lead failure or insulation break 

– Oversensing of diaphragmatic myopotentials 

– Electromagnetic interference 

 

 



Incidence of Inappropriate 
Shocks 

 

Daubert JP, et al J Am Coll Cardiol 2008 



ICD Shocks d/t Inappropriate 
Signal Interpretation  

 



Inappropriate Therapy/ 
Programing 
• Shock therapy given for 

– Sinus tachycardia 

– Atrial flutter 

– Atrial fibrillation 

– Other SVT 

– PVCs 
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Management of Inappropriate 
Therapy/ Programing 
• Device reprogramming 

– Change detection zones 

– Add arrhythmia discrimination features 

– Add an atrial lead 

• Treat non ventricular arrhythmia 

– Drugs 

– Ablation 



Recurrent Appropriate ICD 
Shocks- Electrical Storm 
• >2 in a 24-hour period 

• Incidence rate: 10-40%.  

• Occurs in 

– Structural heart disease- post MI scar 

– Primary electrical abnormality (e.g. Brugada syn.) 

• Associated with higher risk for recurrent storms. 

• Mandates immediate diagnostic and therapeutic 

measures 

• Bad prognosis  



Recurrence of VT/VF 

 

Hohnloser et al, E Heart J 2006 

No VT 
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Death/ Transplant Free Survival 

 

Bansch D et al. JACC 2000 

Post Storm 
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Passman, R. et al. Arch Intern Med 2007. 

Impact of Shocks on Health-related Quality-of-life 
(HRQL) 



Potential Causes of ICD Storms 

• Unknown 

• Non-compliance with drug therapy  

• Worsening of heart failure 

• Early postoperative period  

• Alcohol excess  

• Electrolyte abnormalities  

• Myocardial ischemia 



Management of Electrical 
Storms 
• Drugs 

– B blockade 

– Amiodarone  

– Class I – Quinidine? 

• Pacing 

– For bradycardia and long-short TdP 

• Sedation 

• Ablation 



 

Carbucicchio c et al. Circulation 2008 



VT Ablation Following Electrical 
Storm 

 

Carbucicchio C, et al. Circulation 2008 

Median FU = 

22 months 



A 70 y.o. Man, 10 years post  MI, 
with VT Storm, Failed Amiodarone  

Isthmus 



Diastolic Potentials on the 
Ablation Catheter  



Pace Map and Concealed 
Entrainment from Isthmus  



A 65 y.o, ICD for Primary Prevention, 
Severe AS, Recurrent VTs 



• 230 post AMI patients with recurrent episodes of 

monomorphic VT (median, 11 in the preceding 6 

months).  

• All inducible monomorphic VTs with a rate 

approximating or slower than any spontaneous 

VTs were targeted. The primary end point of 

freedom from recurrent incessant VT or 

intermittent VT after 6 months of follow-up was 

achieved for 123 patients (53%) 

Stevenson WG et al. Circulation 2008 



Figure 1. Plot showing the frequency of VT during the 6 months before (blue lines) and after 

(red lines) ablation for 142 patients with ICDs before and after ablation who survived 6 

months. 

Stevenson WG et al. Circulation 2008 
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ICD implantation with substrate-

based catheter ablation  

n=62 

ICD alone 

n=64 

 

126 patients not using class l or lll antiarrhythmic drugs, prior MI, and 

either VF arrest, unstable VT, or prior ICD and single appropriate shock  
Randomized. 

13% female, mean age 66 years, mean follow-up 2 years 

71% NYHA Class ll, 18% NYHA Class lll, Mean EF 31.7% 

18% had VF arrest, 52% had unstable VT, 21% had syncope and inducible VT and 9% had prior ICD 

and single appropriate shock, 96% received beta-blockers and 91% received ACE-inhibitors, index MI 

was anterior in 41% of patients and 67% had prior revascularization  



Reddy V et al. N Engl J Med 2007; 357:2657-2665.  

SMASH-VT: Clinical End Points  

End point Ablation 

group (n=64), 

n (%) 

Control 

group (n=64), 

n (%) 

Hazard ratio 

(95% CI) 

ICD events 8 (12) 21 (33) 0.35 (0.15–0.78) 

ICD 

shocks 

6 (9) 20 (31) 0.27 (0.11–0.67) 

ICD storm  4 (6) 12 (19) 0.30 (0.09–1.00) 

Death 6 (9) 11 (17) 0.59 (0.22–1.59) 



 

Reddy V et al. N Engl J Med 2007; 357:2657-2665.  

SMASH-VT: Clinical end points  



• 16 European centers 

• 110 patients 

• Post AMI w/ stable VT  

• LVEF < 50% 

 



VTACH Study Results 

 



A 60 y.o Admitted for Recurrent 
Shocks for Polymorphic VTs  

 



Patient Taken to the EP Lab 



Purkinje Automaticity during RFA 



Catheter Ablation of VT is 
Recommended   
 

1. for symptomatic sustained monomorphic VT (SMVT), including VT 
terminated by an ICD, that recurs despite antiarrhythmic drug therapy or 
when antiarrhythmic drugs are not tolerated or not desired;  
 

2. for control of incessant SMVT or VT storm that is not due to a transient 
reversible cause; 
 

3. for patients with frequent PVCs, NSVTs, or VT that is presumed to cause 
ventricular dysfunction; 
 

4. for bundle branch reentrant or interfascicular VTs; 
 

5. for recurrent sustained polymorphic VT and VF that is refractory to 
antiarrhythmic therapy when there is a suspected trigger that can be 
targeted for ablation. 

EHRA/HRS Expert Consensus on Catheter Ablation of Ventricular Arrhythmias 

Heart Rhythm / Europace 2009  



Thank you 



Main VT Ablation Studies 

 



Strategies to Reduce Appropriate  Shocks 
for Ventricular Tachycardia / Fibrillation 

• Re-programming of ICD  

• Drug therapy 

– Limited options 

– Side effects including pro-arrhythmia 

• Catheter Ablation 

 





PREPARE Strategies to  
Reduce Shocks1 

• Avoid detecting slower tachycardia 

• Avoid detecting non-sustained tachycardia 

• Avoid detecting SVT as VT/VF 

• ATP therapy for fast VT 

• High output 1st shock 

1 Wilkoff BL, Stern R, Williamson B, et al. Design of the Primary Prevention Parameters 

Evaluation (PREPARE) trial of implantable cardioverter defibrillators to reduce patient morbidity. 

Trials 2006; 7:18. 



Shocked Episodes1 

Incidence rate (events/pt-yr): 0.26 PREPARE vs. 0.69 Control 

Incidence rate ratio: PREPARE / Control = 0.37 (63% relative reduction), p=0.003 

Ratio adjusted for baseline characteristics = 0.42 (58% relative reduction), p=0.001 
1 Peterson B and Rogers T.  Medtronic data on file. August 2008. 



MADIT-RIT 



Strategies to Reduce Appropriate  
Therapies- Device Programming   



Medical Rx to Decrease ICD 
Shocks 

 

Connolly S, et al. JAMA 2006 



Medical Rx to Decrease ICD 
Shocks 

 

OR=0.59 

Ha AH, et al. Heart Rhythm 2012 



VTACH Study Results 

 


