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In patients with heart failure with reduced ejection fraction
(HFrEF),adversecardiacremodelingleadstodeleteriouschanges
in cardiac structure and function, including progressive left
ventricular dilatation and reduced contractile function. Ad-

verse cardiac remodeling is
central to the pathophysiol-
ogy of HFrEF. The effect of

pharmacologic interventions on the remodeling process mir-
rors their therapeutic efficacy on clinical outcomes assessed in
clinical trials of patients with HFrEF in most but not all cases.1

Early studies of neurohormonal antagonists exemplify this re-
lationship. Angiotensin-converting enzyme (ACE) inhibitors and
β-adrenergic receptor blockers attenuate2 or reverse3 the remod-
eling process, respectively, and both agents improve survival of
patients with HFrEF.4

Angiotensin receptor–neprilysin inhibition (ARNI)
therapy now has a class 1 indication for the treatment of
patients with HFrEF.4 This recommendation was based on
the PARADIGM-HF trial, which demonstrated important
clinical benefits of sacubitril-valsartan vs enalapril therapy,
including a reduction in the risk of heart failure hospitaliza-
tion and death.5 Additionally, ARNI therapy vs enalapril
therapy in PARADIGM-HF led to greater reductions in
N-terminal pro–B-type natriuretic peptide (NT-proBNP)
levels.6 However, neither the PARADIGM-HF trial or studies
that preceded it nor the PIONEER-HF trial,7 which demon-
strated sacubitril-valsartan efficacy over enalapril in reducing
natriuretic peptide levels in patients with HFrEF hospitalized
with heart failure, assessed the effect of ARNI on cardiac
structure and function. Thus, there has been an evidence gap
in the data assessing how ARNI improves outcomes in
patients with HFrEF.

Following the PARADIGM-HF trial, several studies have
attempted to fill this evidence gap. In animal models of
myocardial infarction8 or ischemia-reperfusion injury,9 ARNI
had favorable effects on ventricular remodeling. Addition-
ally, studies based on serial echocardiograms in patients with
HFrEF treated with ARNI have begun to appear. A recent
meta-analysis10 that included retrospective studies con-
cluded that ARNI therapy was associated with an absolute left
ventricular ejection fraction increase of approximately 5% vs
placebo and approximately 5% more than ACE inhibitors. In
this issue of JAMA, Januzzi et al11 and Desai et al12 present data
that substantially advance the current understanding of how
ARNI therapy exerts favorable actions in patients with HFrEF.

Januzzi et al11 conducted the PROVE-HF study,11 an open-
label multicenter investigation that enrolled 794 patients
with HFrEF who primarily had New York Heart Association
class II or III status, were taking β-blockers (95%) and ACE
inhibitors or angiotensin receptor blockers (76%), and were
candidates for ARNI per standard of care. The primary end
points were the correlation coefficients between change in
NT-proBNP concentration levels and change in markers of
cardiac remodeling (left ventricular end-systolic volume
index [LVESVI], left ventricular end-diastolic volume index
[LVEDVI], left ventricular ejection fraction, and left atrial vol-
ume index) after 12 months of ARNI therapy. Patients were
treated with escalating dosages of sacubitril-valsartan, target-
ing a dosage of 97/103 mg twice daily. Serial echocardiograms
at baseline, 6 months, and 12 months were performed locally
and sent to a core laboratory where they were interpreted in
a blinded fashion to clinical status or temporal acquisition.

In the PROVE-HF study, NT-proBNP levels declined rap-
idly, with most reduction already present 14 days after ARNI
initiation. There were significant, albeit modest, correlations
between change in NT-proBNP level and change in left ven-
tricular ejection fraction (r = −0.381), LVESVI (r = 0.405),
LVEDVI (r = 0.320), and left atrial volume index (r = 0.263) at
12 months. The correlations between changes in NT-proBNP
levels and cardiac remodeling at 6 months, while statistically
significant, were even less robust. Additionally, the correla-
tion of changes in NT-proBNP levels and markers of cardiac re-
modeling were present in 3 subgroups not well represented in
the PARADIGM-HF trial: patients with new-onset heart fail-
ure or not taking an ACE inhibitor or angiotensin receptor
blocker at baseline; those who had NT-proBNP levels lower than
inclusion criteria for PARADIGM-HF; and those who did not
achieve target dosages of sacubitril-valsartan.

In post hoc analyses that assessed the ability of ARNI to
promote reverse remodeling, sacubitril-valsartan was asso-
ciated with an increase in the mean left ventricular ejection
fraction of 5.2% at 6 months and 9.4% at 12 months. There
also were significant reductions in both LVEDVI and LVESVI,
evident already at 6 months but of greater magnitude at 12
months. In addition, there was evidence of reverse remodel-
ing of other cardiac structures (reductions in left ventricular
mass index and left atrial volume index), as well as
improved diastolic function (reduction in E/e′ ratio, the ratio
of mitral peak velocity of early filling [E] to early diastolic
mitral annular velocity [e′]).
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The PROVE-HF study was not a randomized trial be-
cause of the ethical concerns of withholding ARNI for 12
months in patients with HFrEF. Rather, ARNI was initiated in
all study participants, then NT-proBNP levels and echocardio-
graphic markers of remodeling were measured over time.
Given the lack of a control group, an important question is
whether ARNI caused the subsequent reverse remodeling.
Echocardiographic interpretation in a core laboratory blinded
to temporal acquisition should minimize the potential of
unintentional bias or drift over time. Most patients had a di-
agnosis of heart failure of at least 15 months, so the reverse re-
modeling observed seems likely related to recovery of new-
onset heart failure. Nevertheless, the absence of a control group
remains a notable limitation and allows the possibility that
some component of the reverse remodeling in PROVE-HF was
due to another therapy, such as β-blockers, started prior to
study enrollment.

In this context, the accompanying study by Desai et al,12

the EVALUATE-HF trial, provides complementary informa-
tion. EVALUATE-HF was a multicenter, double-blind, ran-
domized trial with a primary objective of assessing the effect
of ARNI vs ACE inhibitors on central aortic stiffness in 464
participants with HFrEF. As in PARADIGM-HF, a target dos-
age of sacubitril-valsartan, 97/103 mg twice daily (n = 231
patients), was compared with enalapril, 10 mg twice daily
(n = 233 patients). Randomization to ACE inhibitor therapy
was thought to be acceptable given the short study duration
of 12 weeks. The primary outcome, the between-group differ-
ence in change in aortic characteristic impedance (a measure
of proximal aortic stiffness) from baseline to 12 weeks, was
not significantly different between the treatment groups.
Aortic characteristic impedance decreased from 223.8 to
218.9 dyne × s/cm5 in the sacubitril-valsartan group and
increased from 213.2 to 214.3 dyne × s/cm5 in the enalapril
group, for a between-group treatment difference of −2.2
dyne × s/cm5 (95% CI, −17.6 to 13.2 dyne × s/cm5; P = .78).
These data are an informative null result and suggest that the
mechanism of ARNI benefit in HFrEF is not mediated via
remodeling of the aorta.

As with the PROVE-HF study, there is important informa-
tion in the EVALUATE-HF trial beyond the primary end point.
Sacubitril-valsartan, compared with enalapril, did not

improve left ventricular ejection fraction or global longitudi-
nal strain at 12 weeks, but there was evidence of reverse
remodeling via other measures, including significant reduc-
tions in LVESVI, LVEDVI, left atrial volume index, and E/e′
ratio, mirroring those findings in PROVE-HF. Importantly,
these data were demonstrated within the context of a ran-
domized trial, albeit as secondary end points, buttressing
the PROVE-HF results that were observed in the absence
of a control group. Additionally, in post hoc analyses in
EVALUATE-HF, changes in NT-proBNP levels correlated sig-
nificantly with changes in cardiac structure and function,
replicating the primary outcome of PROVE-HF and also
extending this observation to the earlier time point of 3
months after ARNI initiation.

There are clinical implications from these 2 studies.
Guidelines recommend that patients with new-onset HFrEF
should have an implantable cardioverter-defibrillator only
after a trial of guideline-directed medical therapy.13 Based
on these 2 studies, it stands to reason that ARNI should be
implemented before determining a patient’s eligibility for an
implantable cardioverter-defibrillator. Furthermore, reverse
remodeling, while detectable within 3 months, appears pro-
gressive for at least 12 months, a time course also reported
following β-blocker administration.14 In addition, the results
of these 2 studies add supportive evidence to a rapidly grow-
ing database of ARNI efficacy and provide further impetus for
the need for widespread dissemination of this therapy to
applicable patients with HFrEF.

In conclusion, the PROVE-HF study and the EVALUATE-HF
trial reported in this issue of JAMA together strongly suggest
that ARNI therapy can promote cardiac reverse remodeling
in patients with HFrEF. Although neither investigation
assessed this question as its primary end point, and one
study was observational in nature, the replication of the
reduction in left ventricular volumes, left atrial volumes, and
E/e′ ratio in these 2 reports, as well as the large, progressive
increase in left ventricular ejection fraction in PROVE-HF, are
important. As with β-blockers and ACE inhibitors, it thus
appears that the benefits of ARNI therapy on clinical out-
comes in patients with HFrEF are mediated, at least in part,
by their favorable effects on the adverse cardiac remodeling
that characterizes this condition.
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