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ICD Therapy for Sudden Cardiac Death 
Based on Evidences Developed by 

Prospective Studies

• Evidence for secondary prevention

• Evidence for primary prevention

• Current practice in the USA



Sudden Cardiac Arrest 
(SCA)



Leading Causes of Death in 
the US

National Vital Statistics Report, Vol 49 (11), Oct. 12, 2001.
State-specific mortality from sudden cardiac death – United States 1999. MMWR. 2002;51:123-126.
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Evolution of ICD



Sudden death rates of ICD patients



Am J Cardiol 1990

ICD group

Medical Rx group



• Total (all-cause) mortality

• Prospective studies



Since ICD was invented to prevent 
SCD, the benefit should be assessed 
by the reduction of SCD and not by 
total mortality. 

ICDs cannot prevent deaths from 
CHF, MI, stroke or cancer.

Fogoros R.  Am J Cardiol



NASPE (North American Society of 
Pacing and Electrophysiology) Policy 
Conference, February 1992

 Total mortality (all-cause mortality) rates, not 
sudden death rates, should be the primary 
endpoint of studies comparing antiarrhythmic
therapies. 

 Prospective studies should be done to determine 
the benefits of ICD therapy over medical therapy.

Kim, Fogoros et al,  PACE, 1992



AVID (Antiarrhythmics Versus 
Implantable Defibrillators) Study

• ICDs versus drug therapy (for 
secondary prevention of SCD)

• Primary endpoint: total mortality

• Drug therapy: amiodarone or sotalol



Kim SG et al. NEJM

PES EP-guided

Holter-guided





ESVEM study: EP versus Holter-guided Rx

On-treatment analysis Intention-to-treat analysis



Sotalol was better than other drugs



CASCADE study
Amiodarone versus EP or Holter-guided Rx

Amiodarone

EP or Holter-guided

Amiodarone

EP/Holter-guided



AVID (Antiarrhythmics Versus 
Implantable Defibrillators) Study

• Drug therapy: amiodarone or sotalol





Other Secondary ICD Trials

• CASH (Cardiac Arrest Study in Hamburg)

• CIDS (Canadian Implantable Defibrillator 
Study)



Secondary Prevention of Sudden Death

• ICD therapy improves survivals better 
than antiarrhythmic drug therapy.

• Antiarrhythmic drugs have very limited 
values and should be avoided (except for 
amiodarone and possibly sotalol in some 
clinical settings).



Primary Prevention of Sudden Death
Multicenter Studies

• Drug therapy

• Device therapy



CAST(Cardiac Arrhythmia Suppression Trial): post-MI, 
EF<40%, VPCs > 10/hour

Placebo

Encainide/flecainide



Amiodarone for primary prevention of 
sudden cardiac death

• EMIAT (European Myocardial Infarction 
Amiodarone Trial)

• CAMIAT (Canadian Amiodarone
Myocardial Infarction Arrhythmia Trial)

• CHF-STAT (Congestive Heart Failure-
Survival Trial of Amiodarone Therapy)

• GESICA



CHF-STAT (VA study)



Arrhythmic

Ischemia

HF

HF&ischemia

None



Post-MI beta blocker study





MADIT (Multicenter Automatic Defibrillator 
Implantation Trial)

• Post-MI patient with nonsustained VT 
and LV ejection fraction <35%.

• EP testing to induce ventricular 
tachycardia.

• Randomization: ICD versus medical 
therapy



Post-MI, NSVT, EF<35%, inducible VT by PES



MUSTT (Multicenter UnSustained
Tachycarida Trial)

• Hypothesis: EP-guided therapy will 
improve survival of post-MI patients 
with nonsustained VT.



MUSTT
Multicenter UnSustained Tachycardia Trial 

EPS 

CAD, EF <40%, nonsustained VT

R

Registry 
Follow-Up

EP-Guided RxNo AA Rx

(+)(-)



MUSTT
Multicenter UnSustained Tachycardia Trial 

EPS 

CAD, EF <40%, nonsustained VT

R

EP-guided AAD ICD if no success
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MUSTT: primary endpoint (EP-gudied therapy vs no therapy)

No therapy

EP-guided therapy
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MUSTT
Multicenter UnSustained Tachycardia Trial 

EPS 

CAD, EF <40%, nonsustained VT

R

EP-guided AAD ICD if no success

Registry 
Follow-Up

EP-Guided RxNo AA Rx

(+)(-)



MUSTT: subgroup analysis (not the study hypothesis)

E
EP-guided

EP-guided drug

No therapy

ICD therapy





MADIT II

No requirement for electrophysiology 
studies or nonsustained VT

Chronic coronary artery disease with prior MI

EF <30%



MADIT II

Exclusions

NYHA functional class IV at enrollment

MI <1 month

Coronary artery bypass graft (CABG) <3 months



P=0.007

MADIT-II
post-MI > 30 days, EF<30%, no CABG < 3 months, no NYHA class IV



CMS (Center for Medicaid and Medicare Services) 
ICD Coverage Criteria after MADIT II and AVID

• Documented CA due to VF not due to a reversible cause. (1991)

• Doc. Sustained VT not associated with acute MI or reversible 
cause(1999)

• Familial or inherited conditions with high risk of life-threatening 
VT “such as LQTS or HCM.” (1999)

• CAD + prior MI (>4wks) +EF < 35% + inducible sustained VT. 
1996, 2003 (MADIT-1)

• Prior MI + EF < 30%, + QRS >120ms. 2003 (MADIT II).



DINAMIT
Defibrillator in Acute MI Trial (St J) 

LVEF <35 and 24 hour HR >80 or SDNN <70

Acute MI 6-40 days

R

ICD Standard
Rx

Excluded: NYHA IV,
Revasc, need for
Xplant



DINAMIT 



DEFINITE
Defibrillators in Non-Ischemic Cardiomyopathy Treatment (St J) 

EF <35; nonsustained VT or 
>10 VPCs/h

Non-Ischemic DCM

R

ICD  + ßB + ACEI ßB + ACEI

P=ns



Cardiomyopathy Trial (CAT) 
1o Prevention Trial of Nonischemic Dilated 

Cardiomyopathy N = 104
Circ 2002;105:1453-1458

NIDCM < 9 months
NYHA II-III, EF <30

R
ICD OTHER

Stopped because of no difference.
13 deaths ICD, 17 deaths Other



Sudden Cardiac Death-Heart 

Failure Trial (SCD-HeFT)

 Primary prevention trial (NIH-supported)

 Coronary and noncoronary patients
Congestive heart failure





SCD-HeFT primary results: placebo, amiodarone and ICD



SCD-HeFT:  Ischemic patients 
(predefined subgroup and hypothesis)



SCD-HeFT:  Nonischemic patients 
(predefined subgroup and hypothesis)



CMS ICD Coverage after SCD-HeFT
1/27/05

– Ischemic dilated cardiomyopathy with prior 
MI >40 days*, CHF (class II-III), EF<35%

– Nonischemic dilated cardiomyopathy >9 
months** , CHF (class II-III), EF<35%

* DINAMIT  

** CAT 



CMS ICD Coverage after SCD-HeFT
1/27/05

CHF (NYHA IV) if the patient meets CRT criteria 



CMS ICD Coverage after SCD-HeFT
1/27/05

• Additional Requirements.

– Patient must be able to sign consent.

– Enrollment in a CMS-approved registry.

– a single lead device unless justified.



CMS ICD Coverage after SCD-HeFT
1/27/05

• Exclusions:

– Shock
– Symptomatic hypotension when in a stable 

rhythm.
– CABG or PTCA within 3 months* 
– Acute MI within 40 days** 
– Symptoms indicating need for revascularization.
– Irreversible brain damage, OMS.
– Any disease limiting life expectancy to <1y.

*MADIT II

**DINAMIT



CMS ICD Coverage previously approved 
before Jan 2005

• Documented CA due to VF not due to a reversible cause. (1991)

• Doc. Sustained VT not associated with acute MI or reversible 
(1999)

• Familial or inherited conditions with high risk of life-threatening 
VT “such as LQTS or HCM.” 1999

• CAD + prior MI (>4wks) +EF < 35% + inducible VT-S. 1996, 2003 
(MADIT-1)

• Doc. Prior MI + EF < 30%, (+ QRS >120ms). 2003 (MADIT II).



SCD-HeFT: NYHA class II



SCD-HeFT: NYHA class III



Mortality/year and Mode of death in CHF patients
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Mode of death in CHF patients

“Conversion of mode of death” by ICD
Kim SG. Am Heart J
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SCD-HeFT: NYHA class III



Primary prevention of sudden death
Conclusions

• Preventing sudden death (by ICD) improves 
survival of patients with severe heart disease.

• ICDs or antiarrhythmic drug therapy does not 
prevent progression of heart disease.

• Survival could be further improved by preventing 
progression of heart disease.

• Beta blockers, ACE inhibitors, statins, 
revascularization, etc.

• Cardiac resynchronization therapy (CRT) 



Cardiac Resynchronization Therapy 
(CRT)



COMPANION NYHA III-IV, EF<35%, QRS>120ms
All-cause mortality



CARE-HF (Cardiac Resynchronization-Heart Failure)
Primary endpoint (death or CV hospitalization)



CARE-HF study
All-cause mortality



Questions on the ICD Therapy

• Is ICD therapy cost effective?

• Can a society afford such an expensive 
therapy?



Cost-effectiveness of ICD and 
CRT Therapy
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Societal Spending on Other Life-Saving 
Interventions1

$68,000Flammability standard for upholstered 
furniture

$42,000Flashing lights at railroad crossings

$18,000,000Strengthen buildings in earthquake-prone 
areas

$1,200,000Ground fault circuit interrupters

$240,000Front disk (vs. drum) brakes in cars

$210,000Smoke detectors in homes

$190,000Annual mammography for women age 40-49

$120,000Airbags (vs. manual lap belts) in cars

Cost/Life-Year

Saved in 1993Intervention

1Tengs TO, et al. Five-Hundred Life-Saving Interventions and Their Cost-Effectivenss. Risk Analysis, Vol. 15, No. 3, 1995.



Number Needed to Treat To Save 1 Life
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Implantable Defibrillators (ICDs and CRT-Ds)

Ace Inhibitors

Angiotensin II Antagonists

Calcium Blockers

Cox-2 Inhibitors

Erythropoietins

Seizure Disorders

Antipsychotics, other

SSRI/SNRI

Proton Pump Inhibitors

Statins

($ Billions)

Total United States Sales, 2004E

1 IMS Health, IMS National Sales PerspectivesTM, 2005.  Leading 20 Therapeutic Classes by U.S. Sales, 2004. Accessed March 7, 2005.
2 JP Morgan Annual Market Model for Implantable Cardioverter Defibrillators.  The MedTech Monitor.  JP Morgan; New York: January 6, 2004.

*

*  Implantable defibrillator sales estimates include initial implants and replacements



CMS Registry for ICD Therapy

• Data collected for all patients undergoing ICD 
implant for primary prophylaxis.

• Implanting doctor, patient demographics, hospital 
admission, history and risk factors, diagnostic 
studies, ICD procedure, adverse events, 
discharge data, and discharge medications are 
reported on a 3 pages data form. 









Adapted from: Myerburg RJ. Sudden Cardiac Death: Exploring the Limits of Our Knowledge.  
J Cardiovasc Electrophysiol Vol. 12, pp. 369-381, March 2001. 
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