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Survival Trends in Heart FailureSurvival Trends in Heart Failure

5 years 5 years 
survival :    survival :    

< 50%.< 50%.

Levy D.  Levy D.  

N N EnglEngl J Med 2002; J Med 2002; 
347: 1397347: 1397--402.402.
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Sudden D ea t h s
T o t a l  D ea t h s

Risk of SCD in Risk of SCD in TreatmentTreatment Arms Arms 
of CHFof CHF--Beta Blocker TrialsBeta Blocker Trials

54%54%31%31% 54%54%
Sudden Sudden 

Death % of Death % of 
Total DeathTotal Death



Many studies have shown Many studies have shown 
that in selected that in selected 

cardiomyopathycardiomyopathy patients, patients, 
ICD therapy can reduce ICD therapy can reduce 

mortality by mortality by reducing the risk reducing the risk 
of sudden deathof sudden death



The main difficulty is to The main difficulty is to 
identifyidentify thethe patient at riskpatient at risk
who will benefit from ICD who will benefit from ICD 

implantationimplantation



Survivors of SCD, VF or Survivors of SCD, VF or 
p oorl y  t ol e ra t e d  VT   p oorl y  t ol e ra t e d  VT   

R e c urre n c e  ra t e  R e c urre n c e  ra t e  
=  2 5=  2 5 --3 0  %  a t  on e  y e a r3 0  %  a t  on e  y e a r



SECONDARY  PREVENTIONSECONDARY  PREVENTION

AVID (Antiarrhythmic Drug Versus Defibrillator)

Resuscitated SCD, Syncopal VT Resuscitated SCD, Syncopal VT 
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SECONDARY  PREVENTIONSECONDARY  PREVENTION
AVID (Antiarrhythmic Drug Versus Defibrillator)

NEJM NEJM 
1997; 337:15761997; 337:1576

SurvivalSurvival

YearsYears

P<0.02



SECONDARY  PREVENTIONSECONDARY  PREVENTION
AVID (Antiarrhythmic Drug Versus Defibrillator)
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SECONDARY  PREVENTION  TRIALSSECONDARY  PREVENTION  TRIALS

20%20%

CIDSCIDS
3 years3 years
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SuddenSudden cardiaccardiac deathdeath

EzekowitzEzekowitz. . 
Ann Intern Ann Intern 
Med. Med. 
2003;138:4452003;138:445

MetaMeta--analysis of secondary analysis of secondary 
prevention trialsprevention trials



AllAll--causecause mortalitymortality

EzekowitzEzekowitz. . 
Ann Intern Ann Intern 
Med. Med. 
2003;138:4452003;138:445

MetaMeta--analysis of secondary analysis of secondary 
prevention trialsprevention trials



-- Cardiac arrest due to VF or VT not due Cardiac arrest due to VF or VT not due 
to a transient or reversible cause.to a transient or reversible cause.

-- Spontaneous sustained VT.Spontaneous sustained VT.

SECONDARY    PREVENTIONSECONDARY    PREVENTION
ACC/AHA/NASPE 2002 GuidelinesACC/AHA/NASPE 2002 Guidelines

ICD indications in CAD and DCM ptsICD indications in CAD and DCM pts



M  6 8 y ,  D C M  s inc e 1 9 9 6 ,  E F  =  2 0 %
1 9 9 9  :  S y nc op e = >  F as t  V T

210/min





Endocavitary tracing

2000 : Syncope and choc2000 : Syncope and choc



SINUS  &  PACED RYTHMVentricular FibrillationCHOC

Endocavitary tracing

CHARGING

ICD interrogationICD interrogation



PLACE  OF  PLACE  OF  ICDsICDs ININ

PRIMARY   PREVENTIONPRIMARY   PREVENTION



Primary Prevention TrialsPrimary Prevention Trials

ischisch CMCM dilated CMdilated CM

DEFINITEDEFINITEDEFINITE

SCD-HeFTSCDSCD--HeFTHeFT
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N N EnglEngl J MedJ Med
2002; 346:8772002; 346:877
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N N EnglEngl J MedJ Med
2002; 346:8772002; 346:877

MADIT IIMADIT II

ICDICD

No ICDNo ICD

SurvivalSurvival

YearsYears

P=0.007P=0.007

-- 31% 31% atat 20 M20 M



N N EnglEngl J MedJ Med
2002; 346:8772002; 346:877

MADIT IIMADIT II
Mortality EventsMortality Events



SuddenSudden cardiaccardiac deathdeath

EzekowitzEzekowitz. . 
Ann Intern Ann Intern 
Med. Med. 
2003;138:4452003;138:445

MetaMeta--analysis of primary analysis of primary 
prevention trials in CAD ptsprevention trials in CAD pts



AllAll--causecause mortalitymortality

EzekowitzEzekowitz. . 
Ann Intern Ann Intern 
Med. Med. 
2003;138:4452003;138:445

MetaMeta--analysis of primary analysis of primary 
prevention trials in CAD ptsprevention trials in CAD pts



NEJM NEJM 
JanvJanv 20052005



SCDSCD--HeFTHeFT

NEJM NEJM 
JanvJanv 20052005

Will Amiodarone and/or an ICD improve 
survival compared to placebo in patients 
with:

CHFCHF (NYHA Class II and III) due to 
ischemic or nonischemic dilated 

cardiomyopathy

and 

EFEF≤≤ 35%35%



Inclusion criteriaInclusion criteria

Placebo (847)Placebo (847) ICD implant (829)ICD implant (829)

40 months average follow40 months average follow-- upup

•• Optimize: Optimize: ββB, ACEB, ACE--I, I, 
DiureticsDiuretics

AmiodaroneAmiodarone (845)(845)

SCDSCD--HeFTHeFT protocolprotocol

NEJM NEJM 
JanvJanv 20052005



•• PrimaryPrimary
––To compare To compare all cause all cause 

mortalitymortality after 2.5 years of after 2.5 years of 
followfollow--up up (Power: 90% to detect 25% benefit)(Power: 90% to detect 25% benefit)

•• SecondarySecondary
–– Mortality Mortality –– Ischemic, NonIschemic, Non--IschemicIschemic
–– ……NEJM NEJM 

JanvJanv 20052005

SCDSCD--HeFTHeFT EndpointsEndpoints



•• NYHA II 70%, NYHA III 30%NYHA II 70%, NYHA III 30%

•• Ischemic 52%, nonIschemic 52%, non--ischemic 48%ischemic 48%

•• ACE Inhibitor or ARB ACE Inhibitor or ARB 87%87%

•• BetaBeta--blocker 78%blocker 78%

SCDSCD--HeFTHeFT
Patients characteristicsPatients characteristics

NEJM NEJM 
JanvJanv 20052005



SCDSCD--HeFTHeFT
ResultsResults

--23 %23 %

NEJM NEJM 
JanvJanv 20052005



SCDSCD--HeFTHeFT –– ResultsResults
CAD patientsCAD patients

NEJM NEJM 
JanvJanv 20052005



SCDSCD--HeFTHeFT –– ResultsResults
DCM patientsDCM patients

NEJM NEJM 
JanvJanv 20052005



MetaMeta--analysisanalysis ofof RandomizedRandomized ControlledControlled
Trials:Trials:

ICD for ICD for thethe PreventionPrevention ofof MortalityMortality in in NonischemicNonischemic CardiomyopathyCardiomyopathy

-- 31%31%
(p=0.002)

WithoutWithout COMPANION : RR 0.74; 95% CI, 0.58COMPANION : RR 0.74; 95% CI, 0.58--0.96; 0.96; PP=0.02=0.02

AllAll--CauseCause MortalityMortality

AkshayAkshay
JAMA JAMA 

DecDec 20042004



ICD implantation is reasonable for ICD implantation is reasonable for 
primary prevention in patientsprimary prevention in patients

-- with LVEF < 30with LVEF < 30––35%35%
-- on optimal background therapy on optimal background therapy 
including including ACEiACEi, beta, beta--blocker, and blocker, and 
an an aldosteronealdosterone antagonist.antagonist.

(Class of recommendation I, level of evidence A)(Class of recommendation I, level of evidence A)

ESC Guidelines ESC Guidelines (update 2005)(update 2005)

EuropeanEuropean HeartHeart Journal (2005) 26, 1115Journal (2005) 26, 1115––11401140



ICD therapy is recommended for primary ICD therapy is recommended for primary 
prevention in patients with:prevention in patients with:

••ischemic and non ischemic heart diseaseischemic and non ischemic heart disease

••who have an LVEF less than or equal to 30%, who have an LVEF less than or equal to 30%, 

••with NYHA functional class II or III symptoms with NYHA functional class II or III symptoms 

••while undergoing chronic optimal medical therapy, while undergoing chronic optimal medical therapy, 

••and have reasonable expectation of survival with a and have reasonable expectation of survival with a 
good functional status for more than 1 year. good functional status for more than 1 year. 

(Class I recommendation)(Class I recommendation)

ACC/AHA  2005 Guideline UpdateACC/AHA  2005 Guideline Update

www.acc.orgwww.acc.org and and 
www.americanheart.www.americanheart.

orgorg



Limitations Limitations ofof ICD ICD 
TherapyTherapy



DeviceDevice--relatedrelated
Infection or Infection or erosionerosion
HematomaHematoma
PneumothoraxPneumothorax
LeadLead dislodgmentdislodgment
InadequateInadequate defibrillationdefibrillation thresholdthreshold
ConnectionConnection problemsproblems
LeadLead malfunctionsmalfunctions or fracturesor fractures
ElectromagneticElectromagnetic interferenceinterference

TherapyTherapy--relatedrelated
FrequentFrequent shocksshocks, , appropriateappropriate or or inappropriateinappropriate
AccelerationAcceleration ofof ventricularventricular tachycardiatachycardia
PsychologicalPsychological reactionsreactions
Longer or Longer or additionaladditional hospitalizationhospitalization ((possiblypossibly for for 
rightright ventricularventricular pacingpacing))

Complications Complications ofof ICD ICD TherapyTherapy



Subcutaneous ICD System Subcutaneous ICD System 



ICD therapy is associated with an ICD therapy is associated with an 

increased risk of HF hospitalization   increased risk of HF hospitalization   
(new or worsened heart failure)

= Deleterious effect of ventricular = Deleterious effect of ventricular 

pacing (ventricular pacing (ventricular desynchronizationdesynchronization))

Limitations Limitations ofof ICD ICD TherapyTherapy



EF < 30% is the single most powerful EF < 30% is the single most powerful 
independent predictor for SCDindependent predictor for SCD

Limitations of ICD TherapyLimitations of ICD Therapy

Present indications of prophylactic ICD Present indications of prophylactic ICD 
therapy in CAD and DCM patients is based therapy in CAD and DCM patients is based 

mainly on ejection fractionmainly on ejection fraction

Witch is not the ideal riskWitch is not the ideal risk--stratification methodstratification method

Patient SelectionPatient Selection



ICD indications based ICD indications based 
only on EF will prevent only on EF will prevent a a 

limited numberlimited number of all of all 
sudden deaths in CAD sudden deaths in CAD 

pts and DCM ptspts and DCM pts

Limitations Limitations ofof ICD ICD TherapyTherapy



CAD CAD 
ptspts

Resuscitated Resuscitated 
SCD, SCD, 

SyncopalSyncopal VTVT

MI ptsMI pts

EF<30%EF<30%

MI MI 
ptspts

300,000300,000200,000200,000100,000100,00000

Events Per Year Events Per Year 
(SCD)(SCD)

30302525202010105500

Risk of Sudden Death Risk of Sudden Death 
% / year% / year

Myerburg RJ. Circulation.1998;97:1514-1521.

> 50%> 50% ofof thethe deathsdeaths in CAD patients in CAD patients occurredoccurred inin
patients patients whosewhose EF EF waswas > 30%> 30%

and 20% occurred in patients with an EF >50%.

Gorgels Eur Heart J. 2003;24: 1204



CAD 
pts

MI ptsMI pts

EF < 30%EF < 30%

AVID, CASH, CIDS

Many ICD pts will never use their 
devices:

in primary prevention:in primary prevention:

•• Appropriate ICD therapy at 1 year:Appropriate ICD therapy at 1 year: 21%21%

•• Appropriate ICD therapy at 3 year:Appropriate ICD therapy at 3 year: 32%32%

•• Annual rate:Annual rate: 10%10%

TheunsTheuns EurEur J Heart Failure 2005; 7: 1027J Heart Failure 2005; 7: 1027



>>>> Multiple Multiple studiesstudies completedcompleted withinwithin thethe pastpast
decadedecade have have demonstrateddemonstrated thatthat ICDsICDs cancan
improveimprove survivalsurvival in in selectedselected patients patients withwith
CAD CAD andand DCM.DCM.

>> >> Ejection fraction < 30 Ejection fraction < 30 –– 35% is the main 35% is the main 
selection filter for implanting selection filter for implanting ICDsICDs in CAD pts in CAD pts 
and DCM ptsand DCM pts……

but is far from an ideal riskbut is far from an ideal risk--stratification test stratification test 
on which to base prophylactic ICD therapy.on which to base prophylactic ICD therapy.

CONCLUSIONS CONCLUSIONS 



Future ChallengeFuture Challenge

Develop a better screening Develop a better screening 
method based on multiple method based on multiple 
parameters to identify the parameters to identify the 
true indications of true indications of 
prophylactic ICD therapyprophylactic ICD therapy

CONCLUSIONS CONCLUSIONS 







23% risk reduction in 
mortality with ICD (non-
significant) compared to 
amiodarone/ metoprolol

" p=0.08 "

Mortality reduction Year
1: 39% " Year 2: 27% " 
Year 3: 31% " p<0.02 "

20% risk reduction in 
mortality with ICD 
(non-significant) " 

p=0.14 "

Results

Mar-98Apr-97Jan-97Study End

57 months31 months36 monthsMean Follow-Up

Cardiac arrest survivor
with documented VT "

Primary VF " VT with
syncope " VT with

symptoms and
LVEF<40% " VT with

syncope with symptoms
and LVEF<40% " VT 

with BP <80 and
LVEF<40%"

Documented VF " 
Cardiac arrest " VT 
with hemodynamic

compromise"

Inclusion Criteria

518 patients; 1:1:1:1 
randomization

1,016 patients; 1:1 
randomization

659 patients; 1:1 
randomization

Size and Scope 

All-cause mortalityAll-cause mortalityAll-cause mortalityPrimary Endpoint

ICD vs. amiodarone, 
metoprolol, propafenone

ICD vs. empirical
therapy with amiodarone

or sotalol

ICD vs. amiodaroneRandomization

1987-1998 1995-1997 1990-1997 Study Treatment
Period

CASH CASH AVID AVID CIDS CIDS 



Secondary preventionSecondary prevention



primary prevention primary prevention 
(1)(1)



primary prevention primary prevention 
(2)(2)



MADIT II MADIT II substudysubstudy: mortality by time from last MI in both arms.: mortality by time from last MI in both arms.

time-dependence of mortality risk and ICD benefit in MADIT II patient population



T Wave Alternans Identifies Low-Risk Patients Who May 
Not Benefit From ICD Therapy

TWA exercise testing

An automatic (ie, computer-generated) system that computes 
beat-to-beat fluctuations was used to interpret TWA tests. A 
positive TWA was defined as the presence of sustained TWA 
>/= 1.9 microvolts for at least 1 minute with an onset heart rate 
</= 110 bpm. TWA was negative if it did not meet criteria for 
positive and if the maximum negative heart rate was >/= 
105/min. 


