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Negative Publicity Due to ICD Shocks  
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but many more patients receive 

shocks than lives are saved 



MADIT II: Long-Term Follow-up 

• Sustained survival benefit of ICD therapy  

– NNT with ICD to save 1 life: 17 at 2 years and 6 at 8 years 

– 34% mortality reduction at 8 years 

Goldenberg I. Circulation 2010; 122: 1265-1271 



ICD Therapy 
Appropriate, inappropriate and 
unnecessary Shocks 



ICD Shocks 

• Appropriate shocks: Shocks triggered by potentially 

life-threatening arrhythmias  

– Unnecessary shocks: Other painless therapy can be used to 

terminate arrhythmia 

– Necessary shocks : Shock for arrhythmias not terminated by 

other means  

 

• Inappropriate Shocks: Shocks triggered by an 

inappropriate detection 



Inappropriate Shocks in Clinical Practice 



Shocks Affect Patients’ Quality of Life 

• Psychological impact of shocks on patients has been 

clinically studied 

 

• For patients, simply the fear of shocks can be 

disruptive to a normal, active life 

 

• Shock reduction has been shown to improve ICD 

patient’s quality of life 
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Sears SE, et al. Clin Cardiol. 2003;26:107-111.  Irvine J, et al. Am Heart J. 2002;144:282-289. 

Wathen MS, et al. Circulation. 2004;110:2591-2596. 



Inappropriate Shocks in Clinical Practice 

• Meta Analysis of inappropriate shocks in 1,544 ICD pts.: 

– Incidence: 7% at 1 y, 13% at 3 y, 18% at 5 years 

– Causes: SVT (76% of pts.) 

– Outcome: Associated with higher mortality 

van Rees JB. J Am Coll Cardiol 2011; 57: 556–562 

Predictors of all-cause mortality 



Prognostic Importance of ICD Shocks 

• SCD-HeFT patients who received and ICD (n=811) 

• 33.2% received shocks: 15.8% only appropriate, 10.7% only 

inappropriate and 6.7% both 

• Patients who receive shocks for any arrhythmia have a higher 

risk of death than those who do not receive such shocks 

Poole JE. N Engl J Med 2008; 359: 1009-1017 



Appropriate shocks but not ATP are 
associated with Higher Mortality 

• Retrospective analysis of pooled data 
– PainFREE I and II, EMPIRIC and PREPARE  

– 2,135 pts, EF 31%, 87% CAD, 55% NYHA II/III, 42% NYHA I/ no CHF 

Sweeney M. Heart Rhythm 2010; 7: 353 - 360  



ICD Shocks in Atrial Fibrillation 

• 913 consecutive ICD pts: 73% had no AF, 9% paroxysmal AF, 

7% persistent AF, 11% permanent AF 

• Permanent AF: mortality risk doubled, higher risk any therapy 

• Paroxysmal/persistent AF: 3 times higher risk of inappropriate 

shocks 

Borleffs J. J Am Coll Cardiol 2010; 55: 879–885 
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Potential Benefits of Shock Reduction 

• Improved patient quality of life 

• Increased ICD therapy acceptance 

• Extended ICD longevity 

• Less demand for post-shock care 

• May improve survival benefits of ICDs 

• Reduced healthcare spending 

Wathen MS. Circulation 2001; 104: 796-801.  Wathen MS. Circulation 2004; 110: 2591-2596 

Sears SE Jr. Clin Cardiol. 2003; 26(3): 107-111.  Ahmad M. PACE. 2000; 23(6): 934-938.  

Sweeney M. Heart Rhythm 2010; 7: 353 - 360  



Reducing inappropriate and 
unnecessary Shocks 

Identify patients at high risk to tailor drug + device therapy 

- Medical Therapy - esp. antiarrhythmic/AV nodal blocking 
- Ablation - SVT, AV node, VT 
- Device programming - increase use of generic strategies & 
specific algorithms 



Strategies to Safely Reduce Shocks 
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Lead Integrity Alert Avoids  
Inappropriate Shocks in Lead Failure 

• Fractures in pace-sense electrodes of ICDs often lead to 

inappropriate shocks due to oversensing 

• LIA is based on lead impedance and an oversensing trigger 

• When triggered it extends the NID to 30 out of 40 

• LIA provided at least 3-day warning of inappropriate shocks in 

76% of pts. 

Swerdlow CD. Circulation. 2008; 118: 2122-2129 



Lead Integrity Alert Reduces 
Inappropriate Shocks in Lead Failure 

• Evaluation of LIA algorithm by comparing pts. with 

Sprint Fidelis lead failure without versus with LIA 

• Pts. with LIA had:  

– Less often inappropriate shocks as first sign of failure (p=0.0006) 

– Less inappropriate shocks (p=0.017) 

Kallinen LM. Heart Rhythm 2010; 7: 1048 –1055 



LIA Reduces Inappropriate Shocks 

• 213 pts. with lead fracture and LIA were compared to 

213 pts. with lead fracture but without LIA 

• LIA group had 46% reduction in percentage of pts. 

receiving inappropriate shocks 

Swerdlow CD. Circulation. 2010; 122: 1449-1455 



ATP for Fast VTs Reduces Shocks 

Wathen MS. Circulation 2001; 104: 796-801 

Note: ATP success was 89% with 3 ATP; 85% with up to 2 

ATP (protocol), 77% adjusted efficacy rate 
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• PainFREE Rx I: 220 ICD pts. with CAD received empirical ATP 

(up to 2) for fast VTs (188-250 bpm), NID 12/16 

• ATP terminated 396 out of 446 FVT episodes (89%) 

• VT acceleration and FVT syncope were rare (4 and 2% resp.) 



ATP for Fast VTs Reduces Shocks 

• PainFREE Rx II: 634 prim./sec. prevention ICD pts. randomized 

to empirical ATP or shock for fast VTs (188-250 bpm), NID 18/24 

• ATP is highly effective, equally safe and improves QoL 

Wathen MS. Circulation 2004; 110: 2591-2596 
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CRT-D with NID programmed to 30/40 

• RELEVANT: 324 primary prevention pts. with non-ischemic 

etiology with CRT-D programmed to: NID 30/40 or 12/16 (control) 

• Study arm showed: 

– Better event-free survival to first delivered therapy for total, appropriate 

and inappropriate episodes  

– Lower total number of delivered shocks  

– Reduced HF hospitalization 

Gasparini M. Eur Heart J 2009; 30(22): 2758-2767  



Strategic Programming Reduces Shocks 

• PREPARE: Prospective, cohort controlled study 

• 700 primary prevention ICD or CRT-D patients programmed to 

ATP for fast VT (182-250 bpm), NID 30/40, VT monitor (<182 bpm) 

• Reduction of unnecessary and inappropriate shocks, improved 

survival 

Wilkoff BL. J Am Coll Cardiol 2008; 52: 541-550 



PainFree SST Study 

Auricchio A.  et al. Europace 2011 advance access published June 13, 2011 



PainFree SST Study Phase 1: Results 

• 100% appropriate detection of VF episodes 

Heintze J, Schloss E, Auricchio A et al. Presented at the ACC congress April 2011 in New Orleans 



PainFree SST Study Phase 2 

• Objective:  

– Evaluate percentage of pts. inappropriate shock free at 1 year 

– Compare safety of VF NID 30/40 and 18/24 in 2-ary prevention  

• Design 

– Up to 2,000 patients will be included    

– CRT-D, DR and VR 

– Randomization of 2-ary prevention pts. to VF NID 18/24 or 30/40  

– At least 1 year follow-up 

 

• Status 

– Enrolment complete except for VR devices 



Simulating Clinical Experience: Virtual ICD 

• Computer modeling addresses some of the 

limitations of randomized controlled trials:  

– Fast and early results 

– Individual algorithms can be tested separately 

– Possibility to repeat the test many times 

– Cost-saving 
 

• Virtual ICD study predicts shock reduction results for 

a combination of strategies/features using a 

computer model and ICD episode data from a long-

term clinical study 

Volosin K. J Cardiovasc Electrophysiol 2010.  



Virtual ICD - Approach 

• Build the model - Virtual ICD  

– Based on data from prior studies (PainFree II, WAVE, ENTRUST) 
 

• Validate the model 

– Adjudicated episodes from  

the EMPIRIC trial (ATP, PR-Logic) 
 

 

 

 

• Apply the model  

– Adjudicated SCD-HeFT episodes were used to establish clinically 

understandable performance predictions 

Volosin K. J Cardiovasc Electrophysiol 2010.  



Virtual ICD - Results of New Algorithms 

98% of patients free of inappropriate shocks at 1 year 

Volosin K. J Cardiovasc Electrophysiol 2010.  
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Conclusion 

• Inappropriate shocks decrease quality of life and 

device acceptance while increasing morbidity and 

potentially mortality 

 

• Newer ICD programming and specific algorithms help 

address the various causes of inappropriate shocks  

 

• First indications suggest  that up to 98% of pts. May 

be free of inappropriate shocks 1 year post-implant, 

while sensitivity for VT/VF detection is ensured 


