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Aims As sacubitril/valsartan may potentiate early natriuresis, expert consensus documents recommend diuretic dose
reduction on first initiation. However, there are limited data on the effects of sacubitril/valsartan on the background
of varying diuretic regimens or on diuretic requirements over time in heart failure (HF) with preserved ejection
fraction (HFpEF).
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Methods
and results

In this post hoc analysis of PARAGON-HF, of the 4796 patients, background diuretic therapy was distributed as follows:
341 (7%) on no diuretic, 698 (15%) on non-loop diuretic, and 3757 (78%) were on loop diuretics (1255, 1589, and
913 were on <40, 40 and >40 mg furosemide equivalent doses, respectively). The primary composite outcome of
total HF hospitalizations and cardiovascular death was analysed using semiparametric proportional rates methods.
The cumulative incidence of the primary composite outcome (first events) was lowest in patients on no diuretic
and highest in those on >40 mg of loop diuretic (p< 0.001). The effects of sacubitril/valsartan (vs. valsartan) on the
primary composite outcome (recurrent events) did not significantly vary by baseline diuretic use (pinteraction = 0.65).
Treatment effects on safety outcomes were similar across diuretic categories. Sacubitril/valsartan reduced new loop
diuretic initiations over the course of the trial (hazard ratio 0.83; 95% confidence interval 0.68–1.00, p = 0.055), with
similar mean loop diuretic dose and rates of diuretic discontinuation between treatment groups in follow-up. Patients
randomized to sacubitril/valsartan experienced a slight early reduction in diuretic initiation or dose escalation at
30 days after initiation (net reduction 1.7%, p = 0.02), but these differences were not sustained beyond this timepoint.
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Conclusions Patients with HFpEF on higher baseline diuretic doses were at heightened risk of HF events, but similarly
benefited from sacubitril/valsartan with a consistent safety profile across a range of diuretic doses. Initiation of
sacubitril/valsartan was associated with modestly lower new loop diuretic requirement in follow-up.
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Graphical Abstract

Sacubitril/valsartan and loop diuretic requirement in heart failure with preserved ejection fraction in the PARAGON-HF trial.
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Introduction
Clinical congestion represents a hallmark feature of heart failure
(HF) with preserved ejection fraction (HFpEF) and its management,
typically with loop diuretics, is guideline-recommended as a key
component of comprehensive care. Higher doses of loop diuretics
however have been associated with markers of neurohormonal
excess and progression of kidney disease; as such, loop diuretic
sparing strategies are welcome in clinical practice. Neprilysin
inhibition results in increases in circulating natriuretic peptides
which in turn promote diuresis and natriuresis.1 In patients with
HF with reduced ejection fraction (HFrEF), sacubitril/valsartan
was associated with reduced loop diuretic requirement compared
with treatment with enalapril.2 Expert consensus guidelines now
suggest consideration of reduced loop diuretic requirement upon
initiation of sacubitril/valsartan; however, limited data exist on the
effect of sacubitril/valsartan on longitudinal diuretic use specifically
in patients with HFpEF.3 This may be particularly important in
HFpEF given a tendency to greater preload dependence compared
to patients with HFrEF.4

The PARAGON-HF (Prospective Comparison of ARNI with
ARB Global Outcomes in HF with Preserved Ejection Fraction)
trial demonstrated a modest, but statistically non-significant reduc-
tion in the primary composite outcome of total HF hospitalizations
and cardiovascular death with sacubitril/valsartan versus valsar-
tan.5 Secondary analyses have suggested the potential for accen-
tuated clinical benefit of sacubitril/valsartan in proximity to HF
hospitalization.6 Some have even suggested that initiation of sacu- ..
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bitril/valsartan may be preferentially considered in patients with a
more congested HF phenotype.7,8

In this secondary analysis of the PARAGON-HF trial, we sought
to assess the efficacy and safety of sacubitril/valsartan relative to
valsartan according to background diuretic therapy and to examine
the effect of sacubitril/valsartan on longitudinal patterns of diuretic
use.

Methods
Study design
The PARAGON-HF trial study design and results have been previ-
ously reported.8 In brief, PARAGON-HF was a double-blind, random-
ized, controlled trial comparing sacubitril/valsartan versus valsartan in
patients≥50 years of age with symptomatic HF (New York Heart Asso-
ciation class II–IV), left ventricular ejection fraction ≥45%, evidence
of structural heart disease, elevated natriuretic peptides, and neces-
sity for diuretics for at least 30 days assessed at the time of screen-
ing. Participants were allowed to be screened, but not randomized,
during hospitalization for HF. Exclusion criteria included symptomatic
hypotension or systolic blood pressure <100 mmHg at screening, esti-
mated glomerular filtration rate <30 ml/min/1.73 m2, or serum potas-
sium>5.2 mmol/L at screening. The ethics committee at each study site
approved the study protocol and study participants provided written
informed consent.

Clinical endpoints
The primary endpoint was the composite of total (first and recurrent)
HF hospitalizations and cardiovascular death. Safety outcomes included

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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the occurrence of hypotension (systolic blood pressure <100 mmHg),
elevations in serum creatinine (≥2.0, ≥2.5 , and≥3.0 mg/dl), and drug
discontinuation.

Statistical analysis
All patients with diuretic dose information were included in this anal-
ysis. Patients with missing loop diuretic doses were not considered
in this analyses. In longitudinal analyses, patients were removed at
the time point where data were missing and included again at a sub-
sequent time point where data were available. Use of mineralocor-
ticoid receptor antagonist (MRA) alone was considered in the ‘no
diuretic’ category. Total daily furosemide dose equivalents were cal-
culated for all patients on a loop diuretic. Bumetanide 1 mg, torsemide
20 mg, azosemide 60 mg, and ethacrynic acid 100 mg were consid-
ered equivalent to 40 mg of intravenous furosemide and 80 mg of oral
furosemide. A small proportion of patients (n = 330) were on more
than one diuretic therapy (most frequently loop diuretic and thiazide
or thiazide-like diuretic). In these cases, patients were analysed as part
of the group of the most potent diuretic in the combination (i.e. cat-
egorized as part of the ‘loop diuretic’ subgroup if treated with both a
loop and non-loop diuretic).

Baseline patient characteristics were compared according to diuretic
use across the following categories: no diuretic, non-loop diuretic
and furosemide dose equivalents of >40, =40 and <40 mg. Data are
reported as mean± standard deviation, median (interquartile range)
for skewed distributions, and frequency (percentage) for categorical
variables. Student’s t-tests, Pearson chi-square tests, and ANOVA tests
were used where appropriate.

Treatment effects of sacubitril/valsartan versus valsartan, across
diuretic categories, on the primary composite outcome as well as
total HF hospitalizations were analysed using semiparametric propor-
tional rates methods of Lin et al.9 Time to first events analyses were
performed using Cox regression for first primary outcomes, its compo-
nents, and the renal composite outcome. Cumulative incidence of first
events was displayed using Kaplan–Meier curves. Treatment effects on
safety outcomes were also analysed with Cox regression.

Temporal changes in mean loop diuretic dose over the course of the
trial were evaluated using a repeated measures mixed-effect model. ..
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.. Treatment, time, and the interaction between assigned treatment
and time were included as fixed effects. The percentage of patients
experiencing a loop diuretic dose decrease or increase was calculated
at 30, 180 and 365 days post randomization and compared between
treatment groups using regression analysis. Time to initiation among
baseline non-users of loop diuretics and discontinuation or disruption
among baseline users were analysed using Cox regression models and
displayed with Kaplan–Meier curves. Loop diuretic disruption was
defined as any interruption in diuretic use for≥30 days. No adjustments
were made for multiple testing.

All analyses were conducted using STATA 17 (Stata Corp., College
Station, TX, USA). A p-value of <0.05 was considered statistically
significant.

Results
Baseline diuretic use in PARAGON-HF
Of the 4796 patients, background diuretic therapy was distributed
as follows: 7.1% (n = 341) were on no diuretic, 14.5% (n = 698)
on non-loop diuretic, and 78.3% (n = 3757) on loop diuretic
(Figure 1). Of those on loop diuretic, 33.4% (n = 1255), 42.2%
(n = 1589), and 24.3% (n = 913) were on <40, 40 and >40 mg
furosemide equivalent doses, respectively (Figure 1). The most
frequently prescribed total daily oral furosemide diuretic dose was
40 mg, followed by 20 and 80 mg (Figure 1). A small proportion of
patients (n = 330) were on more than one diuretic therapy with
the most common combination being a loop diuretic and thiazide
or thiazide-like diuretic.

Patient characteristics
There were several notable differences in patient charac-
teristics across diuretic categories (online supplementary
Table Appendix S1). Patients receiving the highest doses of diuretic
(>40 mg) at baseline tended to have worse kidney function, higher
body mass index, lower left ventricular ejection fraction, higher
systolic blood pressure, and were more often treated with MRA.

Figure 1 Baseline diuretic use in PARAGON-HF.

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Efficacy and safety outcomes according
to baseline diuretic use
Overall, the cumulative incidence of the primary composite and its
components as well as the renal composite outcome were lowest
in patients on no diuretic or non-loop diuretic and highest in those
receiving furosemide dose equivalent of >40 mg (all p< 0.001;
online supplementary Figure Appendix S1).

Efficacy of sacubitril/valsartan compared to valsartan with regard
to the primary composite outcome did not significantly vary by
baseline diuretic use (pinteraction = 0.65): no diuretic (rate ratio
[RR] 0.68; 95% confidence interval [CI] 0.39–1.19), <40 mg (RR
0.93; 95% CI 0.70–1.24), 40 mg (RR 0.87; 95% CI 0.68–1.11),
>40 mg (RR 0.84; 95% CI 0.65–1.09), non-loop diuretic (RR
1.20; 95% CI 0.74–1.96). Treatment effects of sacubitril/valsartan
versus valsartan were consistent regardless of background diuretic
use for total HF hospitalizations (pinteraction = 0.72) and first HF
hospitalization or cardiovascular death (pinteraction = 0.52) (Table 1).
Treatment effects remained similarly consistent across a range of
loop diuretic dose (online supplementary Table S2).

Treatment effects on most safety outcomes were similar across
diuretic categories (online supplementary Table S3). Interaction
testing did not detect significant heterogeneity by diuretic use
group. There was however a signal for greater hypotension with
sacubitril/valsartan when considering patients on any loop diuretic
dose as an aggregate (pinteraction = 0.01). A similar risk of discon-
tinuation due to serious adverse events was observed with sacubi-
tril/valsartan versus valsartan irrespective of baseline diuretic use.

Changes in diuretic use over time
The mean furosemide equivalent dose was 50± 49 mg
in the valsartan-treated group and 51± 51 mg in the
sacubitril/valsartan-treated group at baseline. The mean
furosemide equivalent dose did not differ between study arms
during trial follow-up (p = 0.53) (Figure 2). Overall, 1116 patients
were identified as diuretic non-users and 3680 as diuretic users,
at baseline. Among baseline diuretic non-users, treatment with
sacubitril/valsartan resulted in a modest reduction in new diuretic
initiations that did not meet statistical significance (hazard ratio
[HR] 0.83; 95% CI 0.68–1.00, p = 0.055; Figure 3A). Conversely,
there was no significant difference on new diuretic discontinuations
or treatment disruptions in baseline diuretic users over the course
of the trial (HR 0.96; 95% CI 0.82–1.12, p = 0.62; Figure 3B).
When net change in diuretic dose was analysed cross-sectionally,
patients randomized to sacubitril/valsartan experienced a slight
early reduction in diuretic use at 30 days after initiation (net
reduction 1.7%, p = 0.02) but no net differences in diuretic use
were observed later in follow-up (Figure 4).

Discussion
In this post hoc analysis of the PARAGON-HF trial, we found
that sacubitril/valsartan compared to valsartan exhibited consis-
tent benefits and safety profile across a range of diuretic use and
dosing, and that treatment with sacubitril/valsartan was associated ..
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.. with an early modest reduction in loop diuretic dose requirement.
However, mean loop diuretic dose and rates of discontinuation
remained similar in follow-up. This suggests that the early border-
line reduction in loop diuretic dose requirement associated with
sacubitril/valsartan in patients with HFpEF may reflect another facet
of prevention of worsening HF (Graphical Abstract).

Diuretic therapy is central to the management of patients with
HF regardless of left ventricular ejection fraction; however, studies
characterizing the use and impact on outcomes in patients with
HFpEF are limited. In this study, 78% of patients were on loop
diuretic therapy at randomization, in keeping with the requirement
in PARAGON-HF to be treated with at least intermittent diuretic
therapy at screening. The mean and median furosemide equivalent
doses were 50 and 40 mg, respectively, with the most frequently
prescribed total daily furosemide equivalent dose being 40 mg. In
TOPCAT (Treatment of Preserved Cardiac Function Heart Failure
with an Aldosterone Antagonist) Americas, 62% of patients were
on loop diuretic at baseline with a median baseline furosemide
equivalent dose of 40 mg.10

As expected, patients receiving the highest doses of diuretic
experienced the highest risk of clinical outcomes including the
primary composite outcome (and its components) and the renal
composite outcome. This is consistent with other studies demon-
strating a similar dose-dependent association between higher loop
diuretic dose and worse clinical outcomes in both HFpEF10,11 and
HFrEF.12,13 Whether this association is related to baseline HF sever-
ity and adverse patient risk profile, degree of congestion, or direct
deleterious effects of high-dose loop diuretics is uncertain.14

Based on the postulated diuretic sparing effects, consensus
statements have offered preferential consideration of sacubi-
tril/valsartan in congested HF phenotypes which has been extrap-
olated to treatment algorithms in HFpEF. Indeed, the potential for
sacubitril/valsartan to counteract residual congestion was thought
to partly explain recent observations demonstrating the great-
est absolute and relative benefits of sacubitril/valsartan in patients
most recently hospitalized for HF.5 In this study, although clinical
risk profiles varied by diuretic dose, the clinical benefits of sacubi-
tril/valsartan versus valsartan remained consistent irrespective of
background diuretic therapy.

A similar safety profile of sacubitril/valsartan relative to
valsartan was also observed across a wide range of diuretic
doses. As expected, hypotension occurred more frequently in
sacubitril/valsartan-treated patients. While interaction testing did
not reveal significant differences across groups, there was a signal
for increased hypotension when any dose of loop diuretic was
considered in aggregate. In clinical practice, diuretic-naïve patients
who are newly being started on sacubitril/valsartan should be
monitored for hypotension, and appropriate measures should be
undertaken to mitigate these potential risks. Event rates were
too small to evaluate treatment effect on the renal composite
outcome; however, notably, important rises in serum creatinine
did not differ across the range of diuretic therapy.

Understanding the diuretic sparing effects of HF medical therapy
is of particular interest given the potential need for diuretic dose
reduction to mitigate the risk for over diuresis, hypotension, and
worsening renal function. Consensus guidelines suggest diuretic

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Global p=0.53

Figure 2 Mean loop diuretic dose over time according to treatment assignment. Sac/Val, sacubitril/valsartan; Val, valsartan.

Figure 3 Treatment effect on loop diuretic utilization in study follow-up. Kaplan–Meier curves displaying (A) the time to loop diuretic
initiation among patients not on loop diuretic at baseline and (B) time to discontinuation or disruption among patients being treated with
loop diuretic at baseline. Disruption was defined as any interruption in diuretic use of ≥30 days. CI, confidence interval; HR, hazard ratio;
Sac/Val, sacubitril/valsartan; Val, valsartan.

dose reduction on sacubitril/valsartan initiation on the basis of
sustained net reduction in loop diuretic dose observed in the
HFrEF population.2,15,16 In contrast, in the present study of well
characterized HFpEF patients, mean loop diuretic dose remained
similar between treatment groups in the absence of significant
impact on loop diuretic dose decrease or discontinuations over ..

..
..

..
..

..
..

..
. the course of follow-up. These differences in sacubitril/valsartan

diuretic effect in patients with HFrEF versus HFpEF are observed
despite similar burden of metrics of congestion as indicated by sim-
ilar mean baseline loop diuretic doses in PARADIGM-HF (48 mg
for sacubitril/valsartan and 50 mg for enalapril) and PARAGON-HF
(51 mg for sacubitril/valsartan and 50 mg for valsartan).

© 2022 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 4 Changes in diuretic use at 30, 180 and 365 days according to treatment assignment. (A) Loop diuretic increase or new initiation
among patients not on loop diuretic at baseline. (B) Loop diuretic dose decrease or discontinuation among patients taking loop diuretic at
baseline. Sac/Val, sacubitril/valsartan; Val, valsartan.

The discrepancy in influence of sacubitril/valsartan on diuretic
dose between patients with HFpEF versus HFrEF may lie in reasons
for diuretic dose titration. Downstream diuretic dose adjustments
are frequently made to mitigate the deleterious effects of diuretics
including hypotension, even in the face of persistent congestion.
Patients with HFpEF are known to have a blood pressure profile
that is significantly higher in comparison to patients with HFrEF.2

Indeed, the baseline systolic blood pressure among randomized
patients in PARAGON-HF1 was approximately 10 mmHg higher
than patients in PARADIGM-HF.3 The difference in baseline blood
pressure in these two HF phenotypes may partially explain the
observed variability in diuretic dose adjustment.

On the other hand, sacubitril/valsartan resulted in a borderline
significant 17% reduction in new loop diuretic initiations and a small
early net reduction in overall loop diuretic requirement. Worsening
HF is common in patients with HFpEF, and may occur even in
those in ambulatory care, and often managed with escalation of
loop diuretics.17 The borderline reduction in new loop diuretic use
may represent another facet of prevention of worsening HF with
sacubitril/valsartan.

Several limitations of this analysis are worth noting. First, the
analyses of the efficacy and safety of sacubitril/valsartan by back-
ground diuretic therapy were not pre-specified and thus should
be considered hypothesis generating. Second, sample sizes within
some evaluated subgroups were small. Third, diuretic dose infor-
mation was not available for all patients at all time-points. Fourth,
diuretic utilization was compared between treatment groups at
pre-determined study visits and therefore may not be granular ..
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. enough to account for changes that may have occurred between

study visits. Lastly, the specific rationale by patients or clinicians
for diuretic dose decrease or discontinuation was not available. It
is possible that alterations in diuretic regimen may have been in
response to other clinical changes and thus may not necessarily
reflect reduced congestion in all cases.

In summary, sacubitril/valsartan exerts consistent benefits across
a range of diuretic categories and doses with a similar safety pro-
file. Treatment with sacubitril/valsartan did not influence the mean
loop diuretic dose or rate of diuretic discontinuation in follow-up,
but did result in a modest, borderline significant reduction in new
loop diuretic initiation. Taken together, this early reduction in new
diuretic requirement underscores the clinical benefits of sacubi-
tril/valsartan in preventing worsening HF. In contrast to HFrEF,
however, routine diuretic dose reduction on sacubitril/valsartan ini-
tiation in HFpEF may be less warranted.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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