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ABSTRACT

The main function of the implantable cardioverter-defibrillator (ICD) is to protect against sudden cardiac death (SCD) due to
ventricular tachyarrhythmia (VTA). Current guidelines provide a recommendation to implant a prophylactic ICD for the primary pre-
vention of SCD in individuals having heart failure with reduced ejection fraction (HFrEF) who never experienced a previous sustained
VTA. However, these recommendations are based on clinical trials conducted more than 20 years ago and may not be applicable to
contemporary patients with HFrEF who have a lower arrhythmic risk as a result of advances in heart failure medical therapies. Thus,
there is an unmet need for more appropriate selection of contemporary patients with HFrEF for a primary prevention ICD. In this
article, we review data underlying the current clinical equipoise on the need for routine implantation of a primary prevention ICD
in patients with HFrEF and the rationale for conducting clinical trials that aim to reassess the role of the ICD in this population.
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Introduction

Current recommendations for prophylactic primary preven-
tion implantable cardioverter-defibrillator (ICD) implantation
in individuals with heart failure with reduced ejection fraction
(HFrEF)'~> originate from trials that found a significant survival
benefit with a primary prevention ICD with a relative mortality
risk reduction of 23%-34%.°"® However, in those trials the
majority of study participants (>70%) randomized to the ICD
arm did not receive lifesaving therapy from the ICD during
long-term follow-up. Subsequent data showed that the rate
of appropriate ICD shocks is ~1%-3% per year in persons
with either ischemic or nonischemic HFrEF in the background
of previous guideline-directed medical therapy (GDMT),
comprising mainly an evidence-based beta-blocker,
angiotensin-converting enzyme inhibitor (ACEl)/angiotensin
receptor blocker (ARB), and mineralocorticoid receptor
antagonist (MRA).”"" Therefore, the majority of patients
may not derive benefit but are exposed to the risk of
adverse events associated with the ICD (including infection
and inappropriate shocks). The introduction of angiotensin
receptor-neprilysin inhibitors (ARNIs) and sodium-glucose
cotransporter-2 inhibitors (SGLT2is) was shown to further
reduce the risk of sudden cardiac death (SCD) in patients
with HFrEF.'*"'* Use of comprehensive GDMT is associated
with improvement in left ventricular ejection fraction (LVEF),
which may explain in part the impact on risk for SCD.">"’
Three trials currently are reassessing the role of primary pre-
vention ICDs in the setting of contemporary GDMT. The PRO-
FID EHRA (Prevention of Sudden Cardiac Death After
Myocardial Infarction by Defibrillator Implantation) trial in
Europe aims to evaluate the
benefit or harm of routine ICD
implantation for primary pre-
vention of SCD with contempo-
rary GDMT in 3595
postmyocardial infarction pa-
tients with reduced LVEF
<35%. The BRITISH (Using car-
diovascular  magnetic  reso-
nance identified scar as the
Benchmark Risk Indication
Tool for Implantable cardi-
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overter defibrillators in patients
with Non-Ischemic Cardiomy-
opathy and Severe systolic
Heart failure) trial will assess
whether the use of cardiac mag-
netic resonance-defined scar to
direct ICD implantation in 1252
patients  with  nonischemic
HFrEF and LVEF <35% is asso-
ciated with a reduction in mor-
tality. The CONTEMP-ICD
(Comparative Effectiveness of
ICD Versus Non-ICD Therapy
in Contemporary Heart Failure

Patients at a Low Risk for Arrhythmic Death) trial will randomize
3290 participants with ischemic or nonischemic HFrEF on
optimal GDMT with a low arrhythmic risk, from the United
States and Canada, to non-ICD vs ICD treatment arms.

Herein we review data on the current clinical equipoise on
the need for routine implantation of a primary prevention ICD
in patients with either ischemic or nonischemic HFrEF who
receive contemporary GDMT to inform why conducting trials
that aim to update the standard of care regarding primary pre-
vention ICDs for patients with HFrEF is ethically justified and
important.

ICD for the primary prevention of sudden death

The main function of an ICD is to protect a person against SCD
due to ventricular tachyarrhythmia (VTA), by delivering a
cardioverting or defibrillating shock and/or antitachycardia
pacing, based on device programming.'®?" During its early
implementation, the ICD was used for individuals who had
survived SCD or experienced life-threatening VTA.?*"?> In
1996, the first randomized controlled trial investigating the
efficacy of prophylactic primary prevention ICD in patients
at high risk for VTA but without previous arrhythmic events
was published.6 Since then, 3 primary prevention trials
(MADIT-II [Multicenter Automatic Defibrillator Implantation
Trial 11],° DEFINITE [Defibrillators in Non-Ischemic Cardiomy-
opathy Treatment Evaluation],” and SCD-HeFT [Sudden Car-
diac Death in Heart Failure Triall?) published in 2002-2005
reported all-cause mortality relative risk reductions in the
range of 23%—-31% with prophylactic ICD placement in per-
sons with HFrEF (Figure 1).°® This was largely driven by a
reduction in SCD and was similar between those with
ischemic and nonischemic HFrEF (hazard ratio [HR] 0.79 for
ischemic and 0.73 for nonischemic etiology).® The absolute
risk reduction in the risk of all-cause mortality with primary pre-
vention ICDs was 6%-7% over 5 years.® These studies
provided the evidence for the current recommendation for a
primary prevention ICD in persons with HFrEF." >

However, significant advances in HFrEF medical therapy
have occurred since the conduction of these trials, which
had an impact on symptoms, left ventricular function, and
risk for death.’>"” Thus, the absolute benefit of the ICD in
contemporary patients with HFrEF now may be lower,
resulting in uncertainty regarding the balance of risks and
benefits of primary prevention ICDs in all contemporary
patients with HFrEF.?>?” The variable risk-to-benefit ratio of
the ICD in contemporary patients with HFrEF, as well as the
improvement in HFrEF management compared to previous
landmark ICD trials, both result in a clinical equipoise on the
need for routine implantation of a primary prevention ICD in
contemporary patients with HFrEF (Figure 2).

Attenuated benefit in contemporary patients with HFrEF
Declining utilization rates of the ICD

In the 3 landmark primary prevention ICD trials, the overall
rate of appropriate ICD therapy for VTA was 27% (MADIT-
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Outcomes and rates of appropriate implantable cardioverter-defibrillator (ICD) therapy for ventricular tachyarrhythmias in landmark primary prevention ICD trials. HR

= hazard ratio. (Data are derived from references 6-8.)

,° 20% (DEFINITE),” and 19% (SCD-HeFT)® at 5 years
(Figure 1). Thus, most participants did not utilize the device
during the trial, despite a statistically significant overall mor-
tality reduction. Accordingly, in MADIT-II, ICD therapy was
associated with only 0.167 life-year saved (2 months) during
the trial® and 0.52 life-year saved (6.2 months) over an
extended follow-up of 8 years.>” An analysis of >4000 partic-
ipants enrolled in 3 MADIT primary prevention ICD trials
(MADIT-Il, MADIT-CRT, MADIT-RIT) from 1997 to 2011
showed a further reduction in the 1-year rate of
life-threatening fast VTA (>200 bpm or ventricular fibrillation)
in ICD recipients: from 7% in MADIT-Il (conducted in the
years 1997-2001); 5% in MADIT-CRT (conducted in the years
2004-2009); and to 3% in MADIT-RIT (conducted in the years

Contemporary GDMT
results in incremental
reduction in major CV
events and SCD

Improved HFrEF
management
compared to prior s

ICD trials

2009-2011)."%*" In a more recent analysis of a national registry,
which included individuals with a primary prevention ICD from
2010-2015, we reported an appropriate shock rate of only 1%~
3% per year, which was lower than the rate of inappropriate
ICD therapy.'' Of note, contemporary data demonstrating
the low rate of appropriate ICD therapy for VTA in real-world
and clinical trial settings were observed in the setting of stan-
dard GDMT for HFrEF, comprising mainly beta-blocker, ACEI
or ARB, and MRA in approximately one-quarter of patients,
even before the advent of ARNI and SGLT2i, 2 therapies that
seem to further reduce event rates.

Mechanisms that may explain the recent reduction in the
rate of appropriate ICD therapy among primary prevention
recipients are multiple, and include improved coronary

Improved non-pharmacologic
management of HFrEF:

Coronary revascularization
* Valvular disease

* Exercise/diet

Need for personalized
selection for a primary
prevention ICD in

contemporary patients
with HFrEF

Low utilization rates:

* >70% did not use the ICD in
landmark primary prevention
trials
Very low rates of appropriate ICD
shocks in contemporary patients

Figure 2

2| Risk/benefit of the §— % ’

Potential adverse effects:
Device-related complications and
infections

Effect of inappropriate shocks on
anxiety/quality of life

Clinical equipoise on the need for a primary prevention implantable cardioverter-defibrillator (ICD) in all contemporary patients with heart failure with reduced ejec-
tion fraction (HFrEF). CV = cardiovascular; GDMT = guideline-directed medical therapy; SCD = sudden cardiac death.
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revascularization rates, improved HFrEF GDMT, more
advanced ICD programming to a high-rate cutoff and longer
delays before treatment, broader application of ICDs into
lower-risk populations, and improved management of
valvular disease (Figure 2).

Nevertheless, yearly rates of appropriate ICD shocks on
average of 2% still are compatible with the up to 20% appro-
priate ICD shock rate over the current estimated ICD battery
lifetime. Furthermore, these data do not take into account
that a relatively high proportion of mortality cases among pa-
tients with no ICD that may be due to VTA.*? Therefore, addi-
tional risk stratification strategies for arrhythmic risk within the
HFrEF population still are warranted, despite declining appro-
priate ICD intervention rates (see section on Risk Stratification
for a Primary Prevention ICD in Patients With HFrEF).

Declining rates of SCD

Improved GDMT has been associated with a corresponding
decline in the risk of SCD in patients with HFrEF
(Figure 3).33 Declining rates of SCD in contemporary patients
with HFrEF may explain the outcome of the more recent
DANISH (Defibrillator Implantation in Patients with Non-
ischemic Systolic Heart Failure) trial (Figure 4).** In this study,
1116 patients with nonischemic HFrEF who received standard
GDMT (beta-blocker 92%; ACEI/ARB 96%; MRA 58%) were
randomized to ICD vs no ICD treatment. Both the absolute
rate of SCD and the proportion of deaths due to SCD were
lower in this trial compared to the earlier trials, and at 8 years,
treatment with an ICD was not associated with a significant
survival benefit (hazard ratio 0.82; P = .28).>® However, the
generalizability of the DANISH trial results to real-world pa-
tients with nonischemic HFrEF is limited by several important
factors, including (1) the inclusion of elevated pro-BNP in the
eligibility criteria, which may have biased the results toward a
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higher risk of heart failure [HF] death than SCD; (2) the fact that
58% of patients in both arms of the trial received a cardiac
resynchronization therapy device; (3) the high level of target
GDMT achieved at baseline that does not reflect real-world
clinical practice; and (4) the lack of statistical power to assess
noninferiority. It also should be noted that the prespecified
subgroup analysis of DANISH showed an age-dependent
association between ICD implantation and mortality, wherein
an age cutoff for ICD implantation at <70 years yielded the
highest survival for the population as a whole.?” The limitations
of DANISH and its post hoc findings resulted in a subsequent
discrepancy between U.S. and European recommendations
for a primary prevention ICD in patients with a nonischemic
etiology of HFrEF.?> Therefore, additional studies are
needed to further reassess the role of the ICD in
contemporary patients with chronic nonischemic HFrEF.

Improved medical management and coronary revascular-
ization rates were shown to reduce arrhythmic risk and
improve survival in contemporary patients with chronic
ischemic HFrEF.3¢ Furthermore, a survey of current practice
reported that the majority of patients (>90%) who receive a
primary prevention ICD, regardless of HF etiology, undergo
generator replacement even though they have not experi-
enced any ventricular tachycardia or appropriate ICD
therapy.”’ Thus, there is an unmet need to reassess the yield
of ICD placement for the primary prevention of SCD in
contemporary patients with either ischemic or nonischemic
HFrEF.

Contemporary therapy for HF

Newer pharmacologic therapies for HFrEF, including ARNI"?
and SGLT2i,">"* were shown to further reduce the risk of HF
events, cardiovascular (CV) mortality, and SCD, when admin-
istered on top of standard GDMT. A recent cross-trial

PARADIGM-HF

DAPA-HF

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2013 2014 2015 2016 2017 2018 2019

Figure 3

Decline in the rate of sudden cardiac death in clinical trials of patients with heart failure with reduced ejection fraction over the past 3 decades. (Modified from refer-

ence 33.)
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All-cause mortality during follow-up by treatment arm in the DANISH trial. Cl = confidence interval; ICD = implantable cardioverter-defibrillator. (Modified from

reference 34.)

analysis (the Lancet 2020)*® showed that the anticipated
aggregate treatment effects of comprehensive contempo-
rary GDMT with beta-blocker, MRA, ARNI, and SGLT2i are
substantially greater compared with dual therapy of ACEI/
ARB and beta-blocker, resulting in an additional 62% reduc-
tion in the risk of the composite outcome of HF/CV death, a
50% reduction in the risk of CV death alone, leading to 6.3
years of life gained with early implementation of contempo-

A GDMT and all-cause mortality®
Treatment All-Cause Mortality HR  (95%CI)
ARNI + BB + MRA + SGLT2 —_— 039 (0.31-0.49)
ARNI + BB + MRA + Vericiguat —— 041(0.32-053)
ARNI + BB + MRA + Omecamtiv e 0.44 (0.36-0.55)
ACEI + BB + Dig + H-ISON —_— 046 (0.35-0.61)
ACEI + BB + MRA + IVA — 0.48(0.39-0.58)
ACE! + BB + MRA + Vericiguat —— 049 (0.39-0.62)
ACEI + BB + MRA + Omecamtiv — 0.52(0.43-0.63)
ARNI + ARB + BB + Dig e 0.65(0.55-0.76)
ARNI + BB + MRA —_—— 0.44 (0.37-0.54)
ACEI + BB + MRA == 0.52(044-0.61)
ACEI + MRA + Dig —— 0.66 (0.56-0.78)
ACE! + B8 + Dig —- 0.68(0.59-0.78)
ARB + BB + Dig - 0.73(0.64-0.83)
ACEI + ARB + Dig - 0.83(0.72-0.96)
Dig + H-ISDN —_— 0.67(0.53-0.86)
ARNI + BB —_ 0.58 (0.50-0.68)
ACE! + BB - 069 (0.61-0.77)
ARB + BB - 0.74 (0.66-0.82)
ACEI + Dig - 0.87(0.78-0.98)
ARB + Dig -t 0.94 (0.84-1.05)
88 - 0.78 (0.72-0.84)
ACEI = 0.89 (0.82-0.96)
ARB ! 0.95(0.88-1.02)
Dig 0.99(0.911.07)
PLBO 1.00
025 05 1 2
Figure 5

rary HF management.® A recent network meta-analysis of 75
HFrEF trials, representing 95,444 participants, further
showed that a combination of ARNI, beta-blocker, MRA,
and SGLT2i is most effective in reducing all-cause death (haz-
ard ratio 0.39; 95% confidence interval 0.31-0.49)
(Figure 5A).*7 Thus, comprehensive contemporary GDMT
for HFrEF is likely to attenuate the survival benefit of prophy-
lactic ICD therapy shown in previous landmark trials.

B ARNI and risk SCD*
O
=}
Enalapril
§ il HR=0.80 (0.68, 0.94)
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©o
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3 |
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(=T ¢ T T T T T T T
0 180 360 540 720 900 1080 1260
5 Days since randomization
Number at risk
Enalapril 4212 3860 2410 994
LCZ 4187 3891 2478 1005
o .
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Serious Ventricular Arrhythmia / Resuscitated Cardiac Arrest / Sudden Death
o
=
5 ﬂjfr_,_J—
|
2
[
a w
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F
g
o HR 0.79 (95%CI 0.63-0.99), p=0.037
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- S | T T T T T T T i 4
] 20 180 270 360 450 540 630 720
Days since Randomization
Number at risk
Placebo 2371 2317 2257 2202 2047 1599 1196 646 223
Dapaglifiozin 2373 2329 2273 2223 2098 1639 1218 653 227
| Placebo Dapaglifiozin ‘

A: Effect of contemporary guideline directed medical therapy (GDMT) on all-cause mortality. B: Effect of angiotensin receptor-neprilysin inhibitor (ARNI) on the risk of
sudden cardiac death (SCD). C: Effect of sodium-glucose cotransporter-2 inhibitor (SGLT2i) on the risk of SCD or ventricular tachyarrhythmia (VTA). BB = beta-
blocker; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker; Cl = confidence interval; Dig = digoxin; H-ISDN = hydralazine-iso-
sorbide mononitrate; HR = hazard ratio; IVA = ivabradine, LCZ = LCZ696 (ARNI); MRA = mineralocorticoid receptor antagonist. [Reprinted with permission from

references 39 (A), 40 (B), and 43 (C).]
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ARNI

In the PARADIGM-HF (Prospective Comparison of ARNI with
an ACE-Inhibitor to Determine Impact on Global Mortality
and Morbidity in Heart Failure) trial,’? sacubitril/valsartan
was associated with a significant 20% reduction in the com-
posite primary outcome of CV death or hospitalization for
HF and with a 16% reduction in all-cause mortality.' Accord-
ingly, ARNI treatment now has a Class | recommendation for
patients with HFrEF.%° Importantly, in PARADIGM-HF, treat-
ment with ARNI was also shown to be associated with a signif-
icant reduction in VTA, appropriate ICD shocks, and SCD
(Figure 5B).*%41 Nevertheless, in this trial, primary prevention
ICDs were underutilized, particularly in Eastern Europe, and
use of an ICD still was associated with a reduction in SCD.*?
However, ICD use was not randomized,* so this result re-
mains subject to confounding by patient characteristics. In
the PROVE-HF (Prospective Study of Biomarkers, Symptom
Improvement, and Ventricular Remodeling During Sacubi-
tril/Valsartan Therapy for Heart Failure) study, use of sacubi-
tril/valsartan was associated with 62% of study participants
who were eligible for ICD implantation with LVEF <35% at
study entry showing LVEF >35% after 12 months of treat-
ment."'”

SGLT2i

The DAPA-HF (Study to Evaluate the Effect of Dapagliflozin
on the Incidence of Worsening Heart Failure or Cardiovascu-
lar Death in Patients With Chronic Heart Failure With
Reduced Ejection Fraction) and EMPEROR-Reduced (Empa-
gliflozin Outcome Trial in Patients With Chronic Heart Failure
With Reduced Ejection Fraction) trials have shown significant
improvement in outcomes in patients with HFrEF when
treated with SGLT2i.">'* Moreover, in DAPA-HF, use of
dapagliflozin also was associated with a significant 21%
relative risk reduction in SCD or serious ventricular arrhyth-
mias (Figure 5C).* In a manner similar to sacubitril/valsartan,

10

[}

Device-related
complications
requiring admission

Inappropriate ICD
shocks

Systemic infections

Figure 6
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use of SGLT2i may also result in reverse cardiac remodeling,
which would be expected to reduce risk for VTA and
SCA.16,17

It should be noted that, even though guidelines strongly
recommend that patients with HFrEF be treated with all
4-pillar GDMT at optimal dosages,” implementation of this
recommendation is variable and suboptimal in real-world clin-
ical practice,” possibly because of intolerability and copay
issues. Thus, patients with HFrEF who are on suboptimal
GDMT still may need to be protected by an ICD (see section
on Optimized Medical Management).

Adverse events and health care utilization associated with
primary ICD implantation

Most contemporary patients implanted with a primary preven-
tion ICD do not utilize the device during long-term follow-up
but still are exposed to the risk of device-related complica-
tions that may necessitate hospitalization and operative
device revision or replacement. Thus, more appropriate selec-
tion for primary ICD therapy has important patient-centered
and health care utilization implications.

Patient-related outcomes

ICDs can prevent SCD but cannot affect the underlying car-
diac substrate. Thus, the potential longer lifespan enjoyed
by persons with a primary prevention ICD is shifting the clin-
ical burden to the resulting increase in CV events and to the
possibility of repeated ICD shocks.*>™’ Figure 6 shows
4-year rates of CV events associated with transvenous ICD
vs no ICD treatment, showing increased rates of HF admis-
sions (10%),%® inappropriate ICD shocks (8%),* and major
device-related complications requiring admission and/or
intervention (10%).47:°° Multiple studies have shown that
approximately one-third of persons who receive either an
appropriate or inappropriate ICD shock develop some
form of psychological distress in the aftermath, and

Invasive
interventions

Lead-related
complications

Heart failure
admissions

Four-year rates of major cardiovascular complications associated with implantable cardioverter-defibrillator (ICD) vs no ICD therapy. (Data are derived from refer-

ences 48-50.)
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substantial reductions in physical activity have been
noted,” ™’ whereas currently only a distinct minority of
individuals with an ICD receive appropriate lifesaving
therapy from the device (1%-3% annually)."" Regardless of
ICD shocks, up to 15% of persons express some difficulty
in emotional adjustment following ICD implantation, with
younger patients most affected.”’ Thus, the potential sur-
vival benefit of prophylactic ICD placement comes at the
cost of increased risk for major CV complications, reduced
quality of life, and increased potential for postshock anxiety.
It should also be noted that the current risks associated with
ICDs have decreased significantly (including rates of inap-
propriate shocks).>" Therefore, the risks/benefits of the ICD
in a contemporary setting are unclear.

Health care utilization

Despite lack of contemporary data on uniform benefit of
routine ICD implant in all patients with HFrEF and the
risk of device-related complications and inappropriate
ICD shocks, the number of ICD implants is rising globally.
According to a recent report, the global ICD market was
valued at $6.6 billion in the year 2017 and is estimated
to reach $8.3 billion by 2026.°*°% Furthermore, MADIT-II
data on the cost-effectiveness of prophylactic ICD per cur-
rent guidelines suggest a relatively high incremental cost-
effectiveness ratio of $235,000 per year-of-life saved at
3.5 years and $78,600 to $114,000 at 12 years.>® Thus,
findings from trials designed to personalize selection for

MADIT-ICD Benefit Group and corresponding personalized ICD-Benefit Score

MADIT-ICD

Benefit Group HEctte High
nr Low High
VT/VF Score
(<7) =7 =7
Non-arrhythmic Low High Low
Mortality Score (<3) (23) (<3)

ICD-Benefit Score 0 13 D5 3R 50 63 75 88 100

Benefit Score <50
mVT>-200 bpm or VF

Figure 7
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primary ICD therapy may have major implications on
health care utilization.

Risk stratification for a primary prevention ICD in patients
with HFrEF

As noted earlier, 3 trials currently are reassessing the role of
primary prevention ICDs, using different risk stratification
approaches. The PROFID EHRA trial in Europe aims to evaluate
the noninferiority of no ICD vs routine ICD implantation in 3595
postmyocardial infarction patients with reduced LVEF <35%
who receive optimal GDMT.*® This trial is conducted without
further risk stratification for arrhythmic risk in this population.
Cardiac magnetic resonance—identified scar has emerged as
a compelling risk factor for the prediction of SCD in nonische-
mic HFrEF.>**” However, data with regard to its utility in strat-
ifying patients who would benefit from an ICD vs those who
would not are limited.”®” The BRITISH trial will assess whether
the use of cardiac magnetic resonance-defined scar to direct
ICD implantation in 1252 patients with nonischemic HFrEF
and LVEF <35% is associated with a reduction in mortality.60
In the CONTEMP-ICD trial, we will rely on clinical risk
assessment by weighing the patient-specific risk of VTA (for
which primary device implantation may be lifesaving) against
the competing risk of nonarrhythmic mortality (for which pri-
mary ICD implantation does not provide protection). We
recently developed and exterally validated an ICD benefit
prediction score that integrates these competing risks
(Figure 7).%" The study population comprised all 4531 patients

Non-arrhythmic Mortality

VTI/VF Score
Score

anbis Siiot Variable Points

_750,
LVEF <=25% CRT-D 1

i i 1

Atrial arrhythmia & NYHA =11 l
Heart Rate > 75 by i

. L Diabetes
SBP <140 mmHg =

BMI <23 kg/m*

Myocardial Infarction " .
Atrial arthythmia
Age <75 +2 +2
5 2 LVEF <=25%
Male

Age = 75 years
Prior NSVT

Benefit Score >=50

m Non-arrhythmic mortality

MADIT-ICD Benefit Score*. BMI = body mass index; CRT-D = cardiac resynchronization therapy—defibrillator; ICD = implantable cardioverter-defibrillator; LVEF =
left ventricular ejection fraction; MADIT = Multicenter Automatic Defibrillator Implantation Trial; NSVT = nonsustained ventricular tachycardia; NYHA = New York
Heart Association; SBP = systolic blood pressure. VF = ventricular fibrillation; VT = ventricular tachycardia. (Reprinted with permission from reference 61.)
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enrolled in all MADIT trials (MADIT-II, MADIT-CRT, MADIT-
RISK, and MADIT-RIT), including 3001 patients with ischemic
cardiomyopathy (66%) and 1532 patients with nonischemic
cardiomyopathy (34%). We identified 8 simple clinical predic-
tors of life-threatening VTA (ventricular tachycardia >200
bpm or ventricular fibrillation) and 7 predictors of nonarrhyth-
mic mortality (Figure 7, right). The 2 scores were combined to
create a scale of ICD benefit in the total population (Figure 7,
left), and a personalized ICD Benefit Score was developed
based on the distribution of the 2 competing risks scores in
the study population (https://is.gd/madit). The C indices for
VTA and nonarrhythmic mortality scores were 0.83 and 0.81,
respectively. External validation in the more contemporary
primary prevention RAID (Ranolazine in High-Risk ICD Pa-
tients) trial p0|ou|ation61 and in additional 4 independent
large external contemporary cohorts®* > confirmed model
stability, with similar C indices for the VTA and the
nonarrhythmic mortality scores. Nevertheless, additional,
more comprehensive, external validations studies for the
MADIT-ICD Benefit Score are warranted in contemporary
patients with HFrEF. Furthermore, there is a need to continue
developing and refining new risk scores for primary ICD
implant in contemporary cohorts, which will include clinical,
biological, and advanced imaging factors that are not
included in the present score.

The MADIT-ICD Benefit Score can be used to identify per-
sons with HFrEF with a lower predicted risk of life-threatening
VTA vs nonarrhythmic mortality (Figure 7, bottom) who may
not benefit from a primary prevention ICD and thus was
incorporated into the inclusion criteria of the CONTEMPT-
ICD trial (Table 1). We decided to rely on clinical risk stratifica-
tion, despite its potential limitations compared to structural

risk assessment by use of cardiac magnetic resonance-
defined scar burden, to enhance the generalizability and prac-
tical dissemination of the trial results into clinical practice
because the routine use of cardiac magnetic resonance in
patients with either ischemic or nonischemic HFrEF still has
not been uniformly implemented into real-world clinical prac-
tice. Nevertheless, it is possible that the clinical score may fail
to identify patients with high structural risk for VTA. Therefore,
cardiac magnetic resonance imaging data, when performed
as standard of care, will also be collected during the trial to
determine the incremental yield of scar burden assessment
to clinical risk stratification.

CONTEMP-ICD trial

CONTEMP-ICD is a prospective, multicenter, open-label, ran-
domized controlled trial enrolling 3290 participants with
HFrEF who are treated with optimally tolerated stable
GDMT and are eligible for a primary prevention ICD** but
who have a lower predicted risk of life-threatening VTA than
nonarrhythmic mortality. We have obtained letters of support
from principal investigators of 115 U.S. and Canadian centers,
each stating that they agree that there is an equipoise on the
need for routine implantation of a primary prevention ICD in
all patients with HFrEF. Both electrophysiology and HF spe-
cialists from each site will participate in the trial, as either
site Principal Investigator or Co-Principal Investigator, to
ensure comprehensive assessment of management and out-
comes in both arms. Enrolled participants will be randomized
to non-ICD vs ICD treatment arms. We hypothesize that in
patients with HFrEF who are at a lower predicted arrhythmic
risk, non-ICD is noninferior to ICD with respect to the primary

Table 1 Eligibility criteria for CONTEMP-ICD

Inclusion criteria

Exclusion criteria

Age >18 years
Class | or lla indication for a primary prevention ICD*

Echocardiogram* documenting LVEF <35% after being stable for 1 month

on optimal GDMT'

Optimal GDMT is prespecified as either receiving all 4 pillar therapies (beta-

Existing ICD/CRT-D
Class | or lla indication for CRT*
Acute Ml within the past 3 months

Chronic renal failure requiring hemodialysis

blockers, ARNI, MRA, and SGLT2i) or GDMT Score®® >6 (with documented

reason for not receiving all 4 therapies)

MADIT-ICD Benefit Score < 50%": This range includes only patients in whom

Coronary revascularization within the past 3 months

the predicted risk of nonarrhythmic mortality is greater than the predicted
risk for the development of life-threatening ventricular tachyarrhythmias

(Figure 7, bottom)
Ischemic or nonischemic* cardiomyopathy

History of sustained VT or VF
Life expectancy <1 year
Inability to consent

ARNI = angiotensin receptor-neprilysin inhibitor; CONTEMP-ICD = Comparative Effectiveness of ICD Versus Non-ICD Therapy in Contemporary Heart Failure Pa-
tients at a Low Risk for Arrhythmic Death; CRT = cardiac resynchronization therapy; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular ejection
fraction; MADIT = Multicenter Automatic Defibrillator Implantation Trial; Ml = myocardial infarction; MRA = mineralocorticoid receptor antagonist; SGLT2i =
sodium-glucose cotransporter-2 inhibitor; VF = ventricular fibrillation; VT = ventricular tachycardia.

*Performed as a standard of care procedure.

TComponents of GDMT Score may be updated per update in heart failure guidelines.

*Unless known genetic cause of cardiomyopathy.
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endpoint of all-cause mortality and superior with respect to
the secondary endpoint of survival free of major CV events
requiring admission (Figure 6). Eligibility criteria are listed in
Table 1. The trial is funded by the Patient Centered Outcome
Research Institute (PCORI) and has engaged representatives
from Heart Rhythm Society (HRS), Heart Failure Society of
America (HFSA), American College of Cardiology (ACC),
American Heart Association (AHA), Association of Black Cardi-
ologist (ABC), and Women Heart. The trial is further endorsed
globally by the Canadian Heart Rhythm Society (CHRS), Cana-
dian Heart Failure Society (CHFS), European Heart Rhythm
Association (EHRA), and Heart Failure Association of the
ESC (HFA).

Mitigating concerns of randomization to non-ICD
treatment in contemporary patients with HFrEF

Participants randomized to the non-ICD arm of the
CONTEMP-ICD trial will be treated with stable optimal
GDMT at enrollment based on inclusion criteria but will not
receive an ICD for primary prevention. Therefore, participants
allocated to this arm will not be protected from the risk of SCD
upon the development of life-threatening ventricular tachy-
cardia/ventricular fibrillation. Although the rates of SCD
have declined substantially over time among ambulatory per-
sons with HFrEF in randomized clinical trials of pharmacologic
therapy,33 there still is evidence of residual SCD and VTA rates
among patients with HFrEF in several observational registries
and recent clinical trials.*%=#?” Furthermore, in contrast to the
negative outcome in DANISH, recent observational data and
a meta-analysis still show a survival benefit of primary ICD in
patients with HFrEF.°*”’? The CONTEMP-ICD trial is
designed to mitigate concerns of non-ICD treatment in
persons with HFrEF, despite indication for the device, by
utilizing the following measures:

1. Personalized Risk Assessment: Inclusion criteria will require
having a lower predicted risk of life-threatening VTA vs
nonarrhythmic mortality based on the MADIT-ICD Benefit
Score (Figure 7, bottom).®’ Despite being new, we believe
that using the novel MADIT-ICD Benefit Score in this
comparative effectiveness clinical trial has important ad-
vantages: (l) using the score can reduce ethical concerns
of randomizing patients who have a high predicted
arrhythmic risk to no-ICD therapy; (ll) it takes into account
the competing risk of life-threatening ventricular tachy-
cardia/ventricular fibrillation vs the competing risk of non-
arrhythmic mortality (whereas older scores, such as the
Seattle Heart Failure Model”*’* and our previous
MADIT-II score,”® only stratified risk by all-cause mortality);
(1) it is based on simple, readily available, clinical factors
that can easily be implemented in real-world clinical prac-
tice following trial completion; and (IV) high performance
and external validation in contemporary cohorts.®’*”
Nevertheless, the aforementioned limitations of the
score, including the need for additional external real-
world contemporary validation studies and the fact that it

does not take into account structural risk, will be presented
to patients and providers.

. Optimized Medical Management: Guidelines recommend

that patients with HFrEF be treated with multiple medica-
tions proven to improve outcomes, as tolerated.*®
Currently the "4 pillars” of GDMT for HFrEF consist of
beta-blocker, ARNI (or ACEI/ARB as an alternative if ARNI
not tolerated or inaccessible), MRA, and SGLT2i. However,
implementation of this recommendation is variable and sub-
optimal in prac’cice.76 Furthermore, current guidelines for a
primary prevention ICD state that consideration should be
given to patients “on GDMT" but do not specify the type
and dosages comprising optimal GDMT required prior to
device implantation or documentation of reasons for lack
of optimal GDMT,'™ resulting in wide variability in the
medical management of patients who receive an ICD.**”¢
To address variability in management for HFrEF in clinical
practice, the inclusion criteria of the CONTEMPT-ICD trial
require that candidates for participation either are treated
with all "4 pillars” of GDMT (Figure 8, left) or have GDMT
Score >6 (Figure 8, right).f’6 The GDMT Score was devel-
oped by the Heart Failure Collaboratory (comprising inves-
tigators, clinicians, patients, government representatives
including U.S. Food and Drug Administration, and National
Institutes of Health participants, payers) to ensure consistent
and optimal GDMT management in clinical trials of HFrEF.*®

. Implementation of GDMT Optimization: Novel HF medica-

tions require 3-6 months to meaningfully improve reverse
remodeling and LVEF as well as to impact patients’ CV
mortality or SCD risk.””” In CONTEMP-ICD, recently devel-
oped guidance will be provided to sites on protocolized 4-
pillar GDMT implementation in patients with newly diag-
nosed HFrEF,’® with real-world measures to address
co-pay issues and consideration of providing SCD protec-
tion with a temporary wearable cardioverter-defibrillator
while patients are being medically optimized.”” Following
contemporary GDMT optimization, individuals with newly
diagnosed HFrEF will be screened for eligibility for the
trial.

. Discussion With Eligible Patients: The potential risk of not

being implanted with a primary prevention ICD, despite
current guideline recommendation, will be discussed in
detail with eligible patients before enrollment and will be
detailed and stressed in the patient consent form. Patient
discussion material was carefully developed by the Steer-
ing Committee and our Patient Partners.

. In-Trial Risk Assessment: Study participants who will

develop sustained ventricular tachycardia or ventricular
fibrillation during the trial will cross over to the ICD arm
and will be implanted with an ICD for secondary preven-
tion. In addition, the trial will utilize a group sequential
design for monitoring harm of non ICD vs ICD using the
log-rank statistic for time to death at an overall 1-sided sig-
nificance level of 2.5%. A data safety monitoring board will
closely follow unblinded data, with stringent stopping
rules upon any signal of potential harm.
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4 Drugs Agg:ﬁ:iﬁés Example Score
BetBloekErs I o2
None 0 None 0
<50% max daily dose 1 Any dose 2
250% max daily dose 2
Ivabradine
None 0
Nane 0 Any dose 1
G 2 Vericiguat
SGLT2i*/ None 0
Othert e O Any dose 1
None 0
<50% max daily dose ACEI/ARB 1 Hydralazine/Nitrates
250% max daily dose ACEI/ARB 2 None 0
Sacubitril-valsartan (any dose) 3 Any dose 1

Figure 8

Guideline-directed medical therapy (GDMT) Score. RAAS = renin-angiotensin-aldosterone system; other abbreviations as in Figure 5. (Reprinted with permission

from reference 76.)

6. Exclusion of Individuals Who Are Eligible for Cardiac
Resynchronization Therapy: Cardiac resynchronization
therapy was shown to result in reverse remodeling, HF
improvement, and antiarrhythmic effects.’® This is particu-
larly evident in those in sinus rhythm with left bundle
branch block who form ~25% of patients with HFrEF.”"
This mode of therapy should not be denied to eligible
HFrEF patients. Thus, CONTEMP-ICD is focused on
current equipoise on the need for prophylactic ICD place-
ment in HFrEF patients who are at lower arrhythmic risk
and are not indicated for cardiac resynchronization therapy.

7. Crossover: The protocol allows crossover from the non-ICD
to the ICD arm, based on provider (treating physician)
discretion. The primary analysis of the study will be per-
formed on an intention-to-treat basis. However, we will
also carry out a secondary on-treatment analysis that takes
into account crossover between arms during the trial to
validate the consistency of our findings after taking into
account the outcome of patients who received an ICD
during the trial.

Conclusion

Landmark primary prevention ICD trials have shown a survival
benefit with prophylactic ICD placement. However, rates of
life-threatening VTA and the need for appropriate interven-
tion by the ICD in primary prevention recipients have declined
as a result of advancements in pharmacological and nonphar-
macologic HF therapy, reaching an average of 2% per year.

The recent introduction of ARNI and SGTL2i was shown to
further improve CV morbidity and mortality and SCD in
patients with HFrEF. Thus, patients with HFrEF and a low
arrhythmic risk may not derive a benefit from a prophylactic
ICD but still may be exposed to the complications of an intra-
cardiac device. CONTEMP-ICD will compare ICD to non-ICD
therapy in HFrEF patients with a predicted low arrhythmic risk,
and this trial may significantly impact the management of a
large and increasing population of HF patients globally. If
the trial confirms the hypothesis, it is expected that approxi-
mately one-half of HFrEF patients who currently are being
referred for prophylactic ICD placement will no longer be
indicated for a device.
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