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The current ACC/AHA/HFSA 2017 guidelines recom-
mend implantable cardioverter defibrillator (ICD) as pri-
mary prevention in patients with left ventricular ejection
fraction (LVEF) <35% despite optimal guideline-directed
medical therapy (GDMT) after 90 days to reduce the risk
of sudden cardiac death (SCD); however, these recommen-
dations are based on trial data that predate contemporary
medical therapy [1]. Published in 1996, the Multicenter
Automatic Defibrillator Implantation Trials (MADIT) I
trial was the first of these landmark trials (Table 1) [2]. In
this trial, patients with history of myocardial infarction (MI)
and inducible ventricular tachycardia were randomized to
receive ICD versus medical therapy alone. Less than a third
of patients were on beta blockers, while approximately 60%
on angiotensin-converting enzyme inhibitors (ACE-I) or
angiotensin receptor blocker (ARB). In 2003, the MADIT
II trial demonstrated a 31% reduction in mortality in patients
with prior MI and LVEF <£30% in the ICD arm [3]. In the
MADIT I and MADIT II trials, only up to 72% of patients
were on ACE-I/ARB in MADIT II (compared to only 60%
in MADIT I) and only 70% on BB (compared to 26% in
MADIT ) [2, 3]. The Sudden Cardiac Death in Heart Fail-
ure Trial (SCD-HeFT) trial in 2005 reported 23% reduction
in overall mortality in the ICD group compared to standard
therapy alone in patients with ischemic and nonischemic
cardiomyopathy [4]. In SCD-HeFT, the use of ACE-I/ARB
was higher than that observed in MADIT-II, and the use
of digoxin and beta blockers at enrollment and throughout
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follow-up was similar. As evidenced by the current ACC/
AHA/HFSA heart failure treatment guidelines, the clinical
trials that led to ICD recommendation enrolled patients with
reduced LVEF despite background medical therapy that no
longer reflects contemporary standards of optimization.

In this exciting new era of novel drugs and devices in
heart failure, there are four pillars of GDMT to reduce
morbidity and mortality in patients with heart failure with
reduced ejection fraction (HFrEF) [5, 6]. These four pil-
lars are angiotensin receptor-neprilysin inhibitors (ARNI,
preferred over ACE-I and ARB), guideline-directed beta
blockers, mineralocorticoid receptor antagonists (MRA),
and sodium-glucose cotransporter 2 inhibitors (SGLT2i).
The development of ARNI and SGLT2i fundamentally
changed the management and prognosis of patients with
HFrEF [7-9]. A recent analysis of the Prospective Study
of Biomarkers, Symptom Improvement, and Ventricu-
lar Remodeling During Sacubitril/Valsartan Therapy for
Heart Failure (PROVE-HF) trial showed that in ICD-
eligible patients, after six and twelve months of therapy
with ARNI, EF had improved to>35% in 32% and 62%
of patients, respectively [10, 11]. In another analysis of
Prospective Comparison of ARNI [Angiotensin Receptor-
Neprilysin Inhibitor] with ACE-I [Angiotensin-Converting
Enzyme Inhibitor] to Determine Impact on Global Mor-
tality and Morbidity in Heart Failure Trial (PARADIGM-
HF), Rohde et al. found that ARNI reduced the risk of
SCD independent of ICD use, both in patients with an
ICD (HR: 0.49; 95% CI: 0.25 to 0.99) and in those eligible
for implantation (HR: 0.81; 95% CI: 0.67 to 0.98) [12].
The benefit was particularly evident in patients eligible for
ICD with nonischemic cardiomyopathy (p <0.05). In addi-
tion, in a meta-analysis of 34 randomized controlled trials,
Fernandes et al. found that SGLT?2i use in patients with
diabetes was associated with a significant reduction in the
risk of SCD (OR: 0.72; 95% CI: 0.54-0.97; P=0.03) [13].
In patients with HFrEF independent of diabetes, dapagli-
flozin was found to significantly reduce the risk of SCD
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Table1 Overview of landmark trials of ICD therapy for primary
prevention of SCD: ICM: Ischemic cardiomyopathy, NICM: nonis-
chemic cardiomyopathy, MI: myocardial infarction, LVEF: left ven-

tricular ejection fraction, Hx VT: history of nonsustained ventricular
tachycardia, VT: ventricular tachycardia, MedTx: medical therapy.

TRIAL

Patients

ICD + Med Tx

Med Tx alone

Outcome

MADIT I (1996)

MADIT II (2003)

DEFINITE (2004)

SCD-HeFT (2005)

DANISH (2016)

ICM (prior MI)
LVEF < 35%

Hx VT + induced VT
95 ICD: 101 MedTx
ICM (prior MI)
LVEF < 30%

742 ICD: 490 MedTx
NICDM

LVEF <36%

229 ICD: 229 MedTx
ICM and NICM
LVEF < 35%

847 ICD:829 MedTx:
845 MedTX + Amio

NICDM
LVEF <35%
556 ICD: 560 MedTx

ACE-I/ARB: 60%
BB: 26%

BB or sotalol: 27%
Digoxin: 58%
ACE-I/ARB: 68%
BB: 70%
Digoxin: 57%
ACE-I/ARB: 97%
BB: 86%
Digoxin: 42%
ACE-I/ARB: 94%
BB: 69%
Digoxin: 67%

ACE-I/ARB: 96%
BB: 92%
MRA: 59%

ACE-I/ARB: 55%
BB: 8%

BB or sotalol: 15%
Digoxin: 38%
ACE-I/ARB: 72%
BB: 70%
Digoxin: 57%
ACE-I/ARB: 96%
BB: 84%
Digoxin: 42%
ACE-I/ARB: 98%
BB: 69%
Digoxin: 70%

ACE-I/ARB: 97%
BB: 92%
MRA: 57%

54% reduction in overall mortality in ICD subgroup

31% reduction in overall mortality in ICD subgroup

Reduction in SCD, nonsignificant in all cause mortality

23% reduction in overall mortality in ICD subgroup

No significant difference in mortality

and ventricular arrhythmias (HR 0.79; 95% CI 0.63-0.99,
P=0.037) [14].

Despite the superior outcomes in patients with HFrEF,
most patients are not receiving optimal doses of the
medications [15]. In the CHAMP-HF (Change the Man-
agement of Patients with Heart Failure) registry of out-
patients with HFrEF, less than 1% of eligible patients
were receiving target doses of ARNI/ACE-I/ARB, beta
blocker, and MRA [16]. Though the recent incorporation
of the newest pillar, SGLT21i, increases the complexity of
GDMT and may make pharmacologic optimization even
more challenging, this “quad therapy” is vastly superior
to the traditional BB plus ACE/ARB. Taken in combi-
nation, contemporary GDMT—ARNI, BB, MRA, and
SGLT2i—as compared to a traditional BB and ACE-I/
ARB regimen, has been shown to reduce the risk of heart
failure hospitalization (HR 0.32; 95% CI 0.24-0.43),
cardiovascular death (HR: 0.50; 95% CI 0.37-0.67), and
all-cause mortality (HR 0.53; 95% CI 0.40-0.70) [17].
Contemporary GDMT is estimated to prolong survival,
ranging from 6.3 additional years for a 55-year-old to 1.4
additional years for an 80-year-old [17]. The earlier this
regimen is initiated, the more benefit patients can accrue.
In addition to the survival benefit, GDMT improves LVEF
and reduces the incidence of SCD. The benefits are seen
within weeks of therapy initiation; thus, the method and
timing of initiation should be tailored based on a patient’s
needs, comorbidities, and preferences to initiate all four
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pillars and achieve target or maximally tolerated doses
most quickly and safely [17]. As we continue to witness
new medical therapies that improve outcomes in HFrEF
patients, the definition of what constitutes “optimal”
GDMT continues to evolve. The current guidelines rec-
ommending ICD implantation are founded on data prior
to the recent advances in medical management, therefore,
a critical reevaluation of the timing and the patients who
can benefit from an ICD referral is recommended. We
suggest that the current guidelines should revisit base-
line GDMT with regard to timing of ICD implantation
to reflect the aforementioned changes and advances
in GDMT. In the most recent clinical trials including
PARADIGM-HF, DAPA-HF, EMPEROR-Reduced only
14%, 26%, 31% of patients had ICD respectively [7-9].
This observation could be due to many reasons, includ-
ing patients’ preference, lack of access or the therapy not
being offered, among others. A study to consider is to
analyze the subgroups of patients without ICD and on
GDMT and propensity-match them with those with ICD
and compare their outcomes.

In summary, we do not recommend against ICD use as
primary prevention nor are we undermining its pivotal role
in helping reduce SCD in patients with HFrEF. We believe
that the current advances in medical management might be
able to spare patients from an invasive procedure with its
known adverse effects and the potential for inappropriate
therapies being delivered as well [18].
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