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Introduction 

ÅDespite a 2 decades of advancement in ICD 

therapy, inappropriate shocks remain a major 

clinical problem 

ÅIn the primary prevention era inappropriate 

shocks are even more important 

ÅAppropriate shocks are decreasing in 

incidence 

ÅShocks are being delivered to patients with 

no history of symptomatic arrhythmias 

ÅMultiple strategies have been developed to 

reduce inappropriate shocks 

 



MADIT-II: One or More Inappropriate ICD 

Therapies 

16% 



Heart Failure After Inappropriate Shocks 

Hazard Ratio=1.2 
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SCD HeFT Time to first inappropriate 

shock from implant 
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SCD HeFT Mortality with Shocks 
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APP vs. no 

APP 

INAPP vs. no 

INAPP 

Both shock 

types vs. no 

shock 

5.68 (3.97, 8.12) 

 

1.98 (1.29, 30.5) 

 

11.27 (6.70, 18.94) 

< 0.001 

 

= 0.002 

 

< 0.001 

HR (95% CI) P Value Shock Type 

Hazard ratio with 95% confidence interval 

Poole et al, NEJM, 2008 



    

HR 95% CI P HR 95% CI P 

Baseline variables 

History of atrial fibrillation 1.3 1.0ï1.7 0.11 1.4 1.0ï1.7 <0.01 

Age >70 yrs 2.7 2.2ï3.4 <0.01 1.9 1.5ï2.5 <0.01 

NYHA functional class >II 2.0 1.6ï1.5 <0.01 1.5 1.1ï1.9 0.03 

Renal clearance <90 ml/min 2.7 2.0ï3.7 <0.01 1.7 1.2ï2.4 0.02 

QRS duration >120 ms 2.0 1.6ï2.5 <0.01 1.4 1.1ï1.8 0.02 

No use of beta-blockers 1.3 1.0ï1.7 0.01 

Interim events 

Inappropriate shock 1.4 1.0ï2.0 0.07 1.6 1.1ï2.3 0.01 

Per inappropriate shocks (5)     1.3 1.1ï1.6 <0.01 1.4 1.2ï1.7 <0.01 

Interim appropriate shocks 2.5 1.9ï3.3 <0.01 1.6 1.2ï2.1 <0.01 

Van Rees JB et al. J Am Coll Cardiol, 2011;57:556-562  

Predictors of All-Cause Mortality  



Programmable Discrimination Options 

ÅRate Cutoff 

ÅDetection Interval (Duration) 

ÅRR Interval Features 

ÅSudden Onset 

ÅStability 

ÅTime Out 

ÅMorphology Discrimination 

ÅDual Chamber Timing algorithms 



Rate Only Discrimination 

ÅIn SCD HeFT, single chamber devices 

programmed to single zone (VF) at 188 

bpm with no discriminators 

ÅVF detection set at 18/24 beats 

ÅInappropriate shocks for 

supraventricular arrhythmias only 12% at 

5 years! 

ÅThis is the standard by which other 

programming options should be 

assessed 



ICD Detected Rhythms  

811 patients with an ICD 

* Median time to first shock:  15 mo 

 Sudden Cardiac Death 

SCD-HeFT 
             Heart Failure Trial 

269 pts  (33%) > 1 ICD Shock 

22% VT or VF 

17% Inapp 



SCD-HeFT: ~35% of ALL Shocks were 

Inappropriate 

Poole et al.,  HRS 2004 

VF zone ONLY( >188 bpm, no discriminators) 
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Appropriate and Inappropriate Shocks 

1Daubert JP et al:  51:1357, 2Bardy GH et al:  NEJM 352(3):225, 2005;  
3Saxon et al:  Circ 114:2766, 2006; 4Olshansky B et al:  Circulation 115:9, 2007  

*Data are for 1st shock only 

ÅBy 4-5 years approximately 1/3 of ICD patients have experienced at least 
1 shock episode with 16-18% receiving at least 1 inappropriate shock2  

ÅSVTs & atrial arrhythmias most common rhythm responsible for 
inappropriate shocks1 
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Dorian et al, Heart Rhythm, 2004;1:540-547 

ASTRID Study 

(Stability and Onset) 



ICD Detection duration too short?  
ÅATP for Fast VT (PainFree II Study)  

ÅRandomized shock vs ATP: VCL 240-320 mS 

Wathen, et. al, Circulation, October 26,  2004 



  

PainFREESM Rx II:5 

 

5 Wathen MS, et al. Circulation. 2004;110:2591-2596. 
7 Wathen MS, et al. Circulation. 2001;104:796-801. 

Percentages GEE adjusted for patients with multiple episodes 

ATP Successfully Terminated 3 out of 4  

Fast VTs Painlessly5,7 



PREPARE: Programming Strategies to 

Reduce Shocks in Primary Prevention Pts 

700 pts, 12 mo.; shock morbidity endpoints 

ÅLonger detection durations (30/40 vs. 18/24) 

>25% of ICD detected VF is non-sustained 

Å330 ms slowest treated cutoff 

excludes most rapid SVTs 

ÅVT monitor zone to 360 ms 

ÅSVT discriminators ON to 300 ms 

ÅATP for VT 240-330 ms 



  

PREPARE Programming Strategy11 

150 bpm 

182 bpm 

167 bpm 
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P<0.01 

Control: 16.9% 

PREPARE: 8.5% 
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Å700 Bi-V and non-Bi-V 
ICDs; primary preventions 

ÅCohort controlled 
(EMPIRIC, MIRACLE) 

ÅSettings 

Prolonged detection (30/40) 

 (up to 9 sec) 

Increased HR threshold (182) 

Detection enhancements 

ATP use 

ÅEndpoint: morbidity index 

PREPARE: Patient Specific Programming 
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 700 656 604 567 541 

 689 548 452 373 246 

Months 

 700 674 633 615 434 

 689 612 531 445 345 

Months 

Patient Mortality 
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Pt at risk 

Pt at risk 

P<0.01 

Control: 8.7% 

PREPARE: 4.9% 

Empiric programming superior 
to physician-tailored control 

in primary prevention 
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PREPARE Patients Were Less Likely 

to Receive a Shock in the First Year11 

11 Wilkoff BL, et al. J Am Coll Cardiol. 

2008;52:541-550. 

* Results remain significant after adjusting for differences in baseline characteristics. 

** Not significant after adjusting for differences in baseline characteristics. 

 



  

MADIT-RIT 

ÅObjective 

  Determine if dual-chamber ICD or 
CRT-D devices with high rate cutoff 
and/or long delay are associated 
with fewer inappropriate therapies 
than standard programming during 
post-implant follow-up of patients 
with indication for primary 
prevention device therapy 

 



  

Randomization Arms 

MADIT-RIT A 
(Standard  
programming) 

MADIT-RIT B 
(High rate cutoff) 

MADIT-RIT C 
(Long delay) 

Zone 1 (VT): Zone 1 (VT): Zone 1 (VT-1): 

Å170 bpm, 2.5s delay Å170 bpm Å170 bpm, 60s delay 

ÅOnset/Stability Detection 

Enhancements ON 

ÅMonitor only ÅñRhythm ID Detectionò 

Enhancements ON 

ÅATP + Shock ÅATP + Shock 

Zone 2 (VF): Zone 2 (VF): Zone 2 (VT): 

Å200 bpm, 1s delay Å200 bpm, 2.5s delay Å200 bpm, 12s delay 

ÅñQuick Convert ATPò 

ÅShock 

ÅñQuick Convert ATPò 

ÅShock 

ÅñRhythm ID Detectionò 

Enhancements ON 

ÅATP + Shock 

Zone 3 (VF): 

Å250 bpm, 2.5s delay 

ÅñQuick Convert ATPò 

ÅShock 
All programming is within approved labeling 



Supraventricular rhythms 

(normal conduction) 

exhibit rate and shock 

electrograms with 

specific relative timing 

and signal 

characteristics. 

NSR or SVT Electrograms 

. 

NSR or SVT 
Vector 

Rate 

Shock 
SVT 



VTC discriminates normal 

conduction (NSR/SVT) from 

VT by analyzing the timing 

and correlation of the shock 

signals aligned by the rate 

channel. 

VT versus SVT Discrimination 

. 

NSR or SVT 

VT 

Rate 

Shock 
VT 

NSR 

Align 

Peaks 



97 %              

(35/36 SVT) 

97 %            

(35/36 SVT) 

Specificity 

99 %             

(80/81 VT) 

Single Chamber 

(without V > A) 

100 %           

(81/81 VT) 

Dual Chamber 

(with V > A) 

Sensitivity 

VTC Algorithm 
Sensitivity and Specificity 

ÅSensitivity = proportion of VT classified correctly. 

ÅSpecificity = proportion of SVT classified correctly.  

 

Gold et al, 2001 



Wavelet-based Template Matching        
 

 



Wavelet Template Matching- Medtronic SC ICDs 

Can 
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SVCcoil 

EGM Vectors 
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+16 mV 

-16 mV 

< 70% 

>= 70% 



  

  

Klein et. al, Improving SVT Discrimination in Single-Chamber ICDs: 

A New Electrogram Morphology-Based Algorithm; (J Cardiovasc Electrophysiol, Vol. 17, pp. 1-10, December 

2006) 

 



How Well Do Morphology Algorithms Work 

When they are not active? 
REDUCE-HF:  

Wavelet  

Status 

On 65% 

Monitor 35% 

SVT Limit 320 ms 

(median) 

Rejected 

SVT 

14 (27%) 

Reasons for Inappropriate Detection of SVT 



Shock 

Cascade of Events Leading to ICD Shock 

Tachycardia 

Duration/ 
no. 

intervals 

Ignore  
non-  

sustained 

Detection 
Enhance-

ments 
Discrimin-

ation 

Ignore 
SVT 

ÅMorphology 
onset, stability, 
other logic 

ÅSingle/dual 
chamber 

ATP 

ÅTerminate VT 
ÅAllow time ­ 

self-term 
ÅTerminate 

some SVT 

VT 

Ignore 
slow 

rhythms 
(VT, SVT) 

Heart rate 
threshold 


