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Background 
• Use of the ICD for VT/VF unquestioned, eg. for secondary prophylaxis 

• Primary prophylaxis: Guidelines (Class I indication) unchanged since    
>10 years, > 100.000 ICD implanted in Europe per year at high cost 

• Overall mortality in HF pts has improved, explained by better drug-
treatment, cardiac revascularisation techniques and better prevention

• Shocks are now <4% per year, many patients die without shock 

• Has ICD benefit decreased in primary prophylactic therapy? 



Objectives 
• To characterise all-cause mortality in a prospective cohort of ICD 

candidates newly implanted for primary prophylaxis and compare with  
a non-randomised no-ICD control cohort

• To determine prespecified clinical baseline characteristics contributing 
to the risk of the primary outcome all-cause mortality

• To define subgroups within the cohort with a lower or higher benefit 
from ICD treatment



Zabel et al, ESC Heart Fail 2019



EU-CERT-ICD prospective study
• EUropean Comparative Effectiveness 

Research to Assess the Use of Primary 
ProphylacTic Implantable Cardioverter 
Defibrillators (EU-CERT-ICD; NCT0206419)

• Investigator-initiated, prospective, controlled, 
non-randomised, multicentre cohort study

• Funded 2013-2018 by EU 7th Framework 
Program (FP7)

• 44 clinical centres, 15 countries
• Coordinated by UMG Göttingen
• Enrolment from 12 May 2014 – 7 Sep 2018 



Study Protocol 



Inclusion/Exclusion Criteria
Inclusion:
• Ischaemic or dilated cardiomyopathy
• LVEF ≤ 35% with optimal medical therapy
• Class-I ICD indication according to ESC guidelines
• Age ≥ 18 y

Exclusion: 
• CRT planned or clearly indicated
• Previous pacemaker or device
• Higher degree AV block 
• Unstable cardiac condition
• Limited life expectancy < 1 y



Outcomes 

• Primary endpoint: All-cause mortality
• Co-primary endpoint: First appropriate ICD shock
• Secondary endpoints included: Sudden cardiac death



Statistics
• Kaplan-Meier curves, Cox regression analyses
• Stratification by region after grouping of countries and centres into 

regions: Western/Central, Northern (Scandinavia), Southern (Spain, 
Greece), Eastern

• For adjustment of remaining baseline differences between ICD and 
control group, we used stepwise multivariate models (p≤0.10 entry 
and stay) and propensity-score based techniques (propensity strata, 
propensity score as covariate, propensity matching) 

• Interaction of ICD effect with sex, age, ICM/DCM, mortality risk group, 
diabetes, and region was determined

• Sample size of 1500 ICD vs. 750 controls (2:1 ratio) with 279 mortality 
events sufficient for 80% power, two-sided p<0.05



Patient Flowchart



Baseline 
characteristics:

ICD vs. control group

 



Main results
• Eastern Europe: 1136/2247 patients (50%), 492/774 controls (63%)
• 1-ICD: 1192/1516 pts (79%), 2-ICD: 299 pts (20%), S-ICD: 25 

(1.6%), CRT: none
• Crossovers: 61 pts control to ICD, 9 pts ICD to control (mean 0.9 y)
• Overall FU (May 15, 2019): 2.4 ± 1.1 y (max. 4.8), ICD group: 2.7 ± 

1.0 y, control: 1.7 ± 1.2 y
• Annualised mortalities: Overall: 6.3%/y. (342 deaths), ICD: 5.5%/y, 

control: 9.2%/y 
• Annualised first appropriate shock rate: 2.8%/y, 107 patients (7.0%) 

had 148 appr. shocks 



All-cause mortality: ICD vs. control group

ICD group 

Control group
Hazard ratio 0.682 
95% CI 0.537-0.865
p=0.0016

Follow-up time (years)

Su
rv

iv
al

 p
ro

ba
bi

lit
y



All-cause mortality: ICD vs. control group
p<0.0001
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Follow-up time (years)

All n=2247 patients



Sudden cardiac death: ICD vs. control group

Hazard ratio 0.166 
95% CI 0.089-0.310
p<0.0001

Follow-up time (years)
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Final multivariate prediction model 
for mortality

 



Adjusted hazard ratios
for comparison of 

mortality ICD vs. no-ICD 
(multivariate predictors), 
and sensitivity analyses 

(propensity score 
techniques) 

 



Mortality hazard ratios (adjusted by multivariate 
risk score) for selected subgroups



• Possible biases of a non-randomised, controlled cohort 
study despite adjustment techniques
• Control group follow-ups were shorter and not as frequent

Limitations 

 



• In contemporary ICM/DCM patients (LVEF ≤35%, narrow 
QRS), primary prophylactic ICD treatment was associated 
with a 27% lower mortality after adjustment.
• There appear to be patients with less survival advantage, 

such as older patients or diabetics. 
• Randomised ICD studies are now clearly warranted.

Conclusions 

 



Thank you for your attention!
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