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RESEARCH LETTER

Implantable Cardioverter-Defibrillator Eligibility 
After Initiation of Sacubitril/Valsartan in Chronic 
Heart Failure: Insights From PROVE-HF
G. Michael Felker , MD, MHS; Javed Butler , MD, MPH; Nasiren E. Ibrahim, MD; Ileana L. Piña , MD, MPH;  
Alan Maisel, MD; Devavrat Bapat, MS; Alexander Camacho , PhD; Jonathan H. Ward, PharmD;  
Kristin M. Williamson, PharmD; Scott D. Solomon , MD; James L. Januzzi , MD; for the PROVE-HF Investigators

Current guidelines recommend implantable cardio-
verter-defibrillator (ICD) implantation for preven-
tion of sudden death in patients with heart failure 

(HF) and reduced ejection fraction (EF) and EF ≤35% 
after at least 3 months of optimized HF therapy.1 The 
angiotensin receptor–neprilysin inhibitor sacubitril/val-
sartan induces favorable ventricular remodeling2 and 
improves clinical outcomes in patients with HF with 
reduced EF (HFrEF) compared to enalapril.3 We investi-
gated the impact of sacubitril/valsartan initiation on ICD 
eligibility in patients enrolled in the PROVE-HF study 
(Prospective Study of Biomarkers, Symptom Improve-
ment, and Ventricular Remodeling During Sacubitril/
Valsartan Therapy for Heart Failure) (URL: http://www.
clinicaltrials.gov. Unique identifier: NCT02887183).

PROVE-HF was a 52-week, multicenter, open-
label, single-arm study that enrolled 794 patients with 
chronic HFrEF and left ventricular ejection fraction 
≤40% who were then initiated and titrated on sacubi-
tril/valsartan.2 Echocardiographic assessments were 
performed at baseline and 6 and 12 months and were 
interpreted at a core laboratory that was blinded to 
the sequence of echocardiograms. The protocol was 
approved by the institutional review board at each 
participating center, and all participants provided 
informed consent before enrollment in the study. The 
data, analytic methods, and study materials will not be 
made available to other researchers for purposes of 
reproducing the results.

For this study, patients with a baseline EF >35% or 
for whom EF at baseline was missing were excluded (N 
= 133). Longitudinal change in EF was estimated using 
latent growth curve modeling4 and missingness was han-
dled using maximum likelihood. Groups (improved >35% 
vs remained ≤35%) were determined using fitted EF 
values; predictors of grouping at month 12 were subse-
quently evaluated using multivariable logistic regression.

Mean age of the study population was 65 years and 
27% were women. The geometric mean for NT-proBNP  
(N-terminal pro-B-type natriuretic peptide) was 889 pg/
mL. Patients were generally well-treated: 76% were tak-
ing an angiotensin coverting enzyme inhibitor/angio-
tensin II receptor blocker before enrollment, 97% were 
receiving a beta blocker, and 44% were taking a min-
eralocorticoid receptor antagonist. Median baseline EF 
was 27% and mean time since HF diagnosis was 6.4 
years. At baseline, 31% had an ICD alone and 15% had 
a cardiac resynchronization therapy defibrillator device.

Histograms of changes in EF at each time point after 
initiation of sacubitril/valsartan are shown (Figure). The 
median absolute EF change from baseline was 4.8 points 
(IQR, 4.5–5.1) at 6 months and 9.6 points (IQR, 9.0–
10.2) at 12 months. Six months after initiation of sacu-
bitril/valsartan, 214 of 661 patients (32%) who were 
ICD-eligible at baseline had improved EF to >35%. By 
12 months, this number increased to 407 of 661 (62%). 
A sensitivity analysis excluding patients with an implanted 
device at baseline produced similar findings, with 138 of 
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356 (39%) showing improvements in EF to >35% by 
6 months, and 266 of 256 (75%) showing this level of 
improvement at 12 months. Significant baseline predic-
tors of improving EF to >35% during follow-up included 
lower NT-proBNP, shorter duration of HF, higher baseline 
EF, and non-Hispanic White race (vs. non-Hispanic Black 
race). There were 23 deaths during follow-up: 8 in the 
group with improved EF and 15 in the group that did not 
improve EF. Five of 23 deaths were sudden, all occurring 
in the group with improved EF.

The primary finding of the present study was that 
among a cohort of patients with HFrEF who met primary 
prevention ICD eligibility criteria at baseline, 32% improved 
their EF to >35% by 6 months and 62% to >35% by 12 
months after initiation of sacubitril/valsartan therapy. These 
improvements occurred despite excellent background 
medical therapy, and were consistent whether or not 
patients with implanted devices at baseline were excluded. 
These findings have potential clinical implications for the 
care of patients with HFrEF: (1) in patients without ICD at 
the time of sacubitril/valsartan initiation, a substantial pro-
portion of patients may have sufficient favorable ventricular 
remodeling to no longer qualify for primary prevention ICD 
therapy; and (2) the time course of favorable improvements 
in left ventricular EF may continue for at least 12 months. 
Although there is a potential concern that sudden death 
could still occur during this window of reassessment for 
improvements in EF, the risk of sudden death in HFrEF 
patients treated with sacubitril/valsartan is low (≈2% within 
6 months in the PARADIGM  trial [Prospective Comparison 
of ARNI with ACEI to Determine Impact on Global Mortal-
ity and Morbidity in Heart Failure])5 and <1% at 1 year (5 
of 661) in the present study.

Our study has important limitations. Our analysis 
focused on the use of ICDs for primary prevention of sud-

den death in patients with HFrEF, and considerations may 
differ for secondary prevention or for patients with recent 
myocardial infarction. PROVE-HF was a single-arm study 
without a concurrent control arm. Although our study was 
designed to mirror real-world clinical use, the achieved 
doses of sacubitril/valsartan may be higher than in rou-
tine practice. These findings could be confirmed prospec-
tively in appropriately designed clinical trials.
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Figure. Absolute changes in ejection fraction over time.
A, At month 6 and month 12 (B). LVEF indicates left ventricular ejection fraction.
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