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Risk of SCD:
Primary 
prevention

2



2022 ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death
(European Heart Journal; 2022 – doi: 10.1093/eurheartj/ehac262)

Risk stratification and primary prevention of SCD in chronic CAD

Class
Leve

l
ICD therapy should be considered in 

patients with CAD, NYHA class I, and LVEF 

≤30% despite ≥3 months of OMT.
IIa B

MADIT-II

SCD-HEFT



ICD implantation for Primary Prevention of SCD

Most have LVEF ≤ 35% and HF symptoms

However, current recommendations in patients with both 
ischaemic and non-ischaemic cardiomyopathy originate from 
clinical trials carried out approximately two decades ago 

Are they still applicable in the current era of contemporary HF 
management?



2022 ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death
(European Heart Journal; 2022 – doi: 10.1093/eurheartj/ehac262)

CAVEAT: Cardiac Resynchronisation Therapy



Background of standard GDMT



Background of standard GDMT

Real world rates of ICD therapy: 30 month F-U

Heart Rhythm: Volume 12, Issue 12, December 2015, Pages 2426-2433



Background of standard GDMT

Heart Rhythm: Volume 12, Issue 12, December 2015, Pages 2426-2433

Rates of ICD therapy:
Real world vs Historical studies



Background: Declining rate of SCD

N Engl J Med 2017; 377:41-51 DOI: 10.1056/NEJMoa1609758



Declining rate of VT/VF in the MADIT-Trials



DANISH TRIAL



ICD-Related CV major adverse events

PRAETORIAN Study: 3 year rates for TV-ICD:
A: 10% Device related complications B: 8% Inappropriate shock rates 

MADIT II: 
C: 39% increased risk for HF admission 



Registry Study: EU-CERT-ICD 2014-2018

Eur Heart J, Volume 41, Issue 36, 21 September 2020, Pages 3437–3447, 
https://doi.org/10.1093/eurheartj/ehaa226

Non-randomized, open, controlled, multicentre cohort study
LVEF ≤35% and NYHA II or III
or 
LVEF ≤30% and NYHA I
65% IHD – not a risk factor

Incidence of SCD



Contemporary Management in HFrEF

Angiotensin receptor/Neprilysin inhibitor - ARNi

SGLT2-Inhibitors

Optimization of GDMT doses



ARNi for HFrEF: PARADIGM-HF



*Risk reduction of SCD as a cause of death was not a prespecified analysis of PARADIGM-HF and patients were not randomized by ICD status.

Desai AS, et al. Eur Heart J. 2015;36(30):1990-1997.

ENTRESTO reduced risk of SCD* by 20% compared 
to enalapril (post-hoc analysis)

6.0%

HR (95% CI):

0.80 (0.68, 0.94)

Enalapril (n=311)

ENTRESTO (n=250)
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20%
RELATIVE RISK 

REDUCTION 

VS ENALAPRIL

(1.4% ARR)

over a median duration of 27 months2



*Risk reduction of SCD as a cause of death was not a prespecified analysis of PARADIGM-HF and patients were not randomized by ICD status.

1. Desai AS, et al. Eur Heart J. 2015;36(30):1990-1997. 

2. Data on File. CLCZ696B2314. SCD by ICD use and treatment group, Novartis Pharmaceutical Corp; April, 2018. 

3. McMurray JJ, et al. N Engl J Med. 2014;371(11):993-1004.

Risk of SCD in absence or presence of ICDs1,* 

(post-hoc analysis)

Patients WITHOUT an ICD treated with ENTRESTO had 

a lower risk of SCD vs non-ICD patients treated with enalapril1-

3

Patients WITH an ICD treated with ENTRESTO had 

a lower risk of SCD vs ICD patients treated with enalapril1-

3

PARADIGM-HF

vs 7.3%
(525/7156)

2.9%
(36/1243)

SCD Risk                    With an ICD Without an ICD

SCD, n (%)
HR, ENTRESTO vs Enalapril 

(95% CI)

ENTRESTO
12/623 

(1.9%) 0.49 

(0.25 – 0.98)
Enalapril

24/620 

(3.9%)

SCD, n (%)
HR, ENTRESTO vs Enalapril 

(95% CI)

ENTRESTO
238/3564 

(6.7%) 0.82 

(0.69 – 0.98)
Enalapril

287/3592

(8.0%)



SGLT2 Inhibitors for HFrEF: DAPA-HF



Effect of SGLT2 Inhibitors on the risk of SCD: DAPA-HF

European Heart Journal (2021) 42, 3727–3738 doi:10.1093/eurheartj/ehab560



ICD Benefit in EMPEROR Reduced

Personal communication – Ilan Goldenberg



ICD Benefit in EMPEROR Reduced

Personal communication – Ilan Goldenberg



CONTEMP-ICD
Study Design and Hypothesis

Prospective, multicentre, open-label, randomized-controlled trial

Eligible for a primary prevention ICD (exclude CRT) but have a higher 
predicted risk of non-arrhythmic mortality vs. SCD. 

Non-ICD vs. ICD treatment arms 



Ethical issues associated with randomization to 
Non-ICD in clinical trials

Consistent GDMT optimization:

GDMT Score

Exclusion of patients who are at a high risk for the development of 

arrhythmic events:

MADIT-ICD Benefit Score



MADIT-ICD BENEFIT SCORE

European Heart Journal, Volume 42, Issue 17, 1 May 2021, Pages 1676–1684,

https://is.gd/madit

https://is.gd/madit




GDMT SCORE



GDMT SCORE



Primary Specific Aim

Compare the risk of all-cause mortality of Non-ICD vs. ICD management in HFrEF 
patients who have a non-arrhythmic mortality risk that exceeds the risk of VTA per 
the MADIT-ICD Benefit Score

We hypothesize that in HFrEF patients at a lower arrhythmic risk medical 
management without an ICD is non-inferior to prophylactic ICD placement for the 
primary endpoint of all-cause mortality.



Secondary Aims
Specific Aim 2: Evaluate whether Non-ICD vs. ICD is associated with improved survival free of major CV events 
in patients with HFrEF who are at a lower arrhythmic risk

We hypothesize that Non-ICD management is associated with improved survival free of major CV events 
requiring hospitalization compared with prophylactic ICD implant.

Specific Aim 3: Assess the healthcare utilization (HCU) and quality of life (QoL) implications of Non-ICD vs. ICD 
management approaches in HFrEF patients with a lower predicted arrhythmic risk 

We hypothesize that the reduction in major CV events associated with Non-ICD management approach will 
translate into lower HCU (defined in section C.1.2.) and improved QoL (assessed through the Kansas City 
Cardiomyopathy Questionnaire [KCCQ], EuroQol-5 Dimension (EQ-5D), Patient-reported Outcomes [PRO]).

Specific Aim 4: Determine the effect of Non-ICD vs. ICD management on all-cause mortality in prespecified 
subgroups

We hypothesize that, in HFrEF patients who are at a lower arrhythmic risk, Non-ICD vs. ICD is consistently 
non-inferior with respect to the primary endpoint of all-cause mortality in prespecified subgroups (including 
age, sex, race/ethnicity, ICM/NICM status, Charlson comorbidity index, and the use of novel GDMT 
treatment).





Eligibility Criteria



Outcome measures
Primary or 
Secondary

Name of Outcome Specific measure to be used Timepoints Estimated power 

Primary All-cause mortality All-cause mortality End of follow-up
(average 3.0-years)

90% (Cox model)
(NI margin = 
1.20)*

Secondary Major adverse CV 
events requiring 
hospitalization*

First occurrence of HF 
hospitalizations, stroke, MI, 
device-related major 
complications or 
inappropriate ICD shocks 
requiring admission**

End of follow-up
(average 3.0-years)

>99% (Cox 
model)‡

Secondary Healthcare utilization All-cause hospital 
admissions, ED visits, 
planned and unplanned clinic 
visits

End of follow-up
(average 3.0-years)

>99% (Fisher 
exact test)***

Secondary Quality of life Kansas City Cardiomyopathy 
Questionnaire [KCCQ], 
Patient-reported Outcomes 
[PRO],¶ EuroQol-5 Dimension 
(EQ-5D)

One-year >99.9% (Fisher’s 
exact test) +



STATISTICAL DESIGN AND POWER



Noninferiority two-arm design for primary endpoint of all-cause 
mortality, comparing ICD+CRT-D & no-ICD+CRT-D

Letting HR = Hazard ratio [ No-ICD+CRT-D / ICD+CRT-D ], study is 
powered for the following null and alternative hypotheses: 

H0:HR ≥ 1.20 vs Ha:HR < 1.20

(i.e., No-ICD+CRT-D is inferior to ICD+CRT-D, vs. not)

Margin (i.e., 1.20 on HR scale) selected based on previous trial data: 
all ICD trials show a mortality reduction of >25% for prophylactic 
ICD implantation vs. Non-ICD therapy

Proposed trial sample size: 3290 patients from ~115 sites



Study Team and Partners

Funding support: Patient-Centered Outcome Research Institute (PCORI)
Sponsor: University of Rochester
Steering Committee: 

Leading HF and EP specialists
Engagement Committee:

Patient partners and stakeholders
Pharmacologic counseling: Dr. Kathrine DiPalo
Endorsement from:

Heart Rhythm Society 
European Heart Rhythm Association
Heart Failure Society of America
European Heart Failure Society
American Heart Association
American College of Cardiology
Canadian Heart Failure and Heart Rhythm Societies





Clinical Implications

Findings from the proposed study will result in a paradigm change in HFrEF 
management, shifting healthcare resources from unnecessary routine 
prophylactic ICD placement to more appropriate HF management that 
actively incorporates pharmacologic and non-pharmacologic management 
with personalized selection for primary device therapy.

If the trial confirms the hypothesis, it is expected that approximately one half 
of HFrEF patients who are currently referred for prophylactic ICD placement 
will no longer be indicated for a device. 


