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Abstract

Aims Effective and safe decongestion remains a major goal for optimal management of patients with acute heart failure (AHF). The
effects of the sodium–glucose cotransporter 2 inhibitor empagliflozin on decongestion-related endpoints in the EMPULSE
trial (NCT0415775) were evaluated.

Methods
and results

A total of 530 patients hospitalized for AHF were randomized 1:1 to either empagliflozin 10 mg once daily or placebo for 90
days. The outcomes investigated were: weight loss (WL),WL adjusted for mean daily loop diuretic dose (WL-adjusted), area
under the curve of change from baseline in N-terminal pro-B-type natriuretic peptide levels, hemoconcentration, and clinical
congestion score after 15, 30, and 90 days of treatment. Compared with placebo, patients treated with empagliflozin de-
monstrated significantly greater reductions in all studied markers of decongestion at all time-points, adjusted mean differ-
ences (95% confidence interval) at Days 15, 30, and 90 were: for WL −1.97 (−2.86, −1.08), −1.74 (−2.73, −0.74); −1.53
(−2.75, −0.31) kg; for WL-adjusted: −2.31 (−3.77, −0.85), −2.79 (−5.03, −0.54), −3.18 (−6.08, −0.28) kg/40 mg furosem-
ide i.v. or equivalent; respectively (all P< 0.05). Greater WL at Day 15 (i.e. above the median WL in the entire population)
was associated with significantly higher probability for clinical benefit at Day 90 (hierarchical composite of all-cause death,
heart failure events, and a 5-point or greater difference in Kansas City Cardiomyopathy Questionnaire total symptom score
change from baseline to 90 days) with the win ratio of 1.75 (95% confidence interval 1.37, 2.23; P< 0.0001).

Conclusion Initiation of empagliflozin in patients hospitalized for AHF resulted in an early, effective and sustained decongestion which
was associated with clinical benefit at Day 90.
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Structured Graphical Abstract

from baseline in NT-proBNP, haemoconcentration, clinical congestion score) in the EMPULSE trial (NCT0415775).
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Empagliflozin in acute heart failure: the EMPULSE Trial. CI, confidence interval. Data shown for the treatment effect graphs are adjustedmean change
from baseline, with error bars representing standard error. *The units of weight changes per mean daily loop diuretic dose are presented in kg/40 mg
of intravenous furosemide (or 80 mg of oral furosemide) or equivalent. The equivalent to 40 mg of furosemidewas defined as 20 mg of torasemide or
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3. Time to first HF event; 4. ≥5 point difference in change from baseline in KCCQ total symptom score (KCCQ-TSS) after 90 days of treatment.
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Introduction
Congestion is a leading pathophysiological and clinical feature of heart
failure (HF) and a major cause of underlying HF hospitalizations.1–3 In

patients with acute HF (AHF) residual congestion at discharge contri-
butes to readmission and predicts a poor outcome,4 thus safe and ef-
fective decongestion remains the principal goal of AHF therapy.1–3

Diuretics are first-line therapy in patients with AHF, but a poor diuretic
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response, impaired kidney function or electrolyte abnormalities may
hamper their use.5 Therefore, there is a clinical need for novel decon-
gestive therapies.

Sodium–glucose cotransporter 2 (SGLT-2) inhibitors have unambigu-
ously shown favourable, multidirectional impact on the natural course
and prognosis in patients with chronic HF and have become a corner-
stone of guideline-recommended pharmacological therapy.6,7 Although
the mechanisms underlying such beneficial effects of SGLT-2 inhibitors
still remain elusive, the diuretic/natriuretic effect with an ability to facili-
tate safely a response to ‘conventional’ diuretics, has been implied as at
least partially responsible.8–10 Whether SGLT-2 inhibitors can exert
the same decongestive efficacy in the settings of AHF has not yet been
established.11,12 In the EMPULSE (EMPagliflozin in patients hospitalized
with acUte heart faiLure who have been StabilizEd) trial, early initiation
of SGLT-2 inhibitor empagliflozin in patients hospitalized for AHF after
initial stabilization led to a statistically significant and clinically meaningful
benefit within 90 days after randomization.13,14 Here, we aimed to ana-
lyse a spectrum of potential decongestive effects of empagliflozin com-
pared with placebo in addition to standard medical treatment in the
EMPULSE trial. Thus, we evaluated the effects of empagliflozin on pre-
specified, decongestion-related endpoints of the study and explored
whether decongestion itself translates into clinical benefit.

Methods
Study design
EMPULSE (ClinicalTrials.gov NCT0415775) was a multinational, multicen-
tre, randomized, double-blind trial designed to evaluate the effects of oral
empagliflozin compared with placebo on clinical benefit, safety, and toler-
ability in AHF. In the study, patients admitted to the hospital for AHF after
initial stabilization were 1:1 randomized to receive either 10 mg empagliflo-
zin (once daily) or placebo for 90 days. The detailed description of the study
design as well as the results of the main study have been published else-
where.13,14 In brief, to be eligible to enter the study, patients must have
been admitted to the hospital with the primary diagnosis of AHF and trea-
ted with a minimum dose of 40 mg of intravenous furosemide (20 mg for
Japanese patients) or equivalent. They also must have had dyspnoea (exer-
tional or at rest) and at least two of the following four signs: (i) congestion
on chest X-ray, (ii) rales on chest auscultation, (iii) clinically relevant oedema
(e.g. ≥1+ on a 0 to 3+ scale), (iv) elevated jugular venous pressure. The key
exclusion criteria were: AHF primarily triggered by pulmonary embolism,
cerebrovascular accident or acute myocardial infarction; Type 1 diabetes
mellitus; treatment with SGLT-1 or SGLT-2 inhibitors in the 90 days prior
to randomization and estimated glomerular filtration rate (eGFR) <20 mL/
min/1.73 m2 or dialysis requirement. During the hospitalization, the eligible
patients were randomized (between 24 h and Day 5 from admission) into
the study after an initial stabilization that was defined as: systolic blood pres-
sure ≥100 mmHg with no symptoms of hypotension (in the preceding 6 h);
no increase of intravenous diuretic dose (for 6 h prior to randomization);
no intravenous vasodilators (6 h prior to randomization); and/or inotropic
drugs (24 h prior to randomization).

The primary outcome was defined as clinical benefit measured by the
stratified win ratio. The order and components of the primary outcome
was: time to all-cause death, number of HF events (including hospitalizations
for HF, urgent HF visits, and unplanned outpatient visits), time to first HF
event, and a ≥5 point difference in change from baseline in the Kansas
City Cardiomyopathy Questionnaire total symptom score (KCCQ-TSS)
after 90 days of treatment. An increase in the KCCQ score represents
an improvement in patient-reported quality in life, while a decrease reflects
worsening. The change from baseline in KCCQ-TSS score after 90 days of
treatment was selected as a component of the primary endpoint in the
EMPULSE trial, as it best quantifies symptom frequency and severity. Of

note, we have recently demonstrated that, in the EMPULSE trial, empagli-
flozin significantly improved all key KCCQ domains, including not only
TSS, but also clinical summary score, and overall summary score, which col-
lectively encompass symptoms, physical function, quality of life, and social
function.15

The study fulfilled the requirements stated in the Declaration of Helsinki
and was independently approved by the ethics committees at each partici-
pating centre; written informed consent was obtained from each partici-
pant. Boehringer Ingelheim and Eli Lilly sponsored the trial.

Endpoints of the present analysis
The pre-specified, decongestion-related endpoints relevant for this analysis
were: weight loss, weight loss adjusted per mean daily loop diuretic dose,
the area under the curve (AUC) of change from baseline in log-transformed
in N-terminal pro-B-type natriuretic peptide levels (over 30 days of treat-
ment), hemoconcentration (measured as changes in haematocrit), and clin-
ical congestion score. This score was calculated as a sum of the points
allocated for the following signs and symptoms: dyspnoea, orthopnoea,
and fatigue. For each variable a 0- to 3-point scale has been used, where
points were allocated for: absence (0 points), seldom (1 point), frequent
(2 points), and continuous (3 points) based on the frequency of the clinical
sign. The units of weight changes per mean daily loop diuretic dose are pre-
sented in kg/40 mg of intravenous furosemide (or 80 mg of oral furosem-
ide) or equivalent. The equivalent to 40 mg of furosemide was defined as
20 mg of torasemide or 1 mg of bumetanide. Of note, weight loss adjusted
to diuretic dose is an acceptable metric of diuretic response.16,17 The units
of loop diuretic doses are presented in mg of intravenous furosemide, or
equivalent. To enable combined summaries of oral and intravenous loop
diuretics, oral dose levels were halved (e.g. 80 mg of oral furosemide was
considered equivalent to 40 mg of intravenous furosemide).16,17 The
decongestion-related endpoints were evaluated at Days 15, 30, and 90 of
treatment.

Statistical analyses
We analysed the differences between treatment groups in change from
baseline value at Days 15, 30, and 90 separately, using mixed effects models
for repeated measures adjusted for HF status and baseline value by visit
interaction for the following endpoints: body weight, body weight per
mean daily loop diuretic dose (kg/40 mg furosemide or equivalent), loop di-
uretic dose level, clinical congestion score, haematocrit, and KCCQ-TSS.

In the analyses of the weight change per mean daily loop diuretic dose at
Days 15, 30, and 90, we excluded patients who missed more than 1 day of
loop diuretic dosing during the relevant period. The same approach was
used to analyse the mean daily loop diuretic doses.

The AUC of change from baseline in log-transformed NT-proBNP level
over 15/30/90 days of treatment was analysed by analysis of covariance
(ANCOVA). Based on literature reviews, NT-proBNP level is regarded
as log-normally distributed, therefore, values were log-transformed prior
to analysis. The linear trapezoidal rule was used to calculate the AUC after
the log-transformation was applied to each value. The model included log(-
baseline NT-proBNP) as a linear covariate and HF status and treatment
group as fixed effects.

ANCOVA was also used to analyse the mean daily dose of loop diuretics
from the day after randomization until initial hospital discharge. The model
included mean daily dose of loop diuretic until day before randomization as
a linear covariate and the treatment group as a fixed effect.

In a post hoc analysis, patients were divided into two subgroups, based on
weight loss at Day 15: (i) >overall median weight reduction, (ii) ≤overall
median weight reduction. The same was done at Day 30. In addition, sub-
groups were formed within treatment groups at Days 15 and 30 (>treat-
ment group median weight reduction, ≤treatment group median weight
reduction).

To evaluate the effects on the primary hierarchical composite endpoint
of clinical benefit across these subgroups, we conducted post hoc analyses

Empagliflozin in acute heart failure 3
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comparing patients>overall median weight reduction with those≤ overall
median weight reduction, stratified by treatment group. The same proced-
ure has been also replicated for median change in haematocrit (≥each treat-
ment group median change vs. <each treatment group median change) at
Days 15 and 30. Each comparison of two patients followed the hierarchy
of comparing time to death, number of HF events, time to HF event, or a
5 point or greater difference in change from baseline in KCCQ-TSS at
Day 90, until the conclusion of a win or loss or otherwise concluding by
a tie, as previously described. We calculated the win ratio as the number
of wins in the empagliflozin group divided by the number of losses within
each treatment group stratum. A multiple imputation approach, according
to whether patients were on-treatment or off-treatment, was used to im-
pute missing data for the KCCQ-TSS, as previously described.16–19 The de-
tailed explanation of methods used to analyse multiple endpoints and its
assumptions is presented in the methodology section of the
Supplementary material online.

All analyses were performed with SAS software, version 9.3 or higher
(SAS Institute). P-values of 0.05 were considered statistically significant,
and were not adjusted for multiple comparisons.

Results
Baseline characteristics
The study population consisted of 530 patients (265 in each treatment
arm) with median (Q1–Q3): age 71 (61–78) years, ejection fraction 32
(23–45) %, and NT-proBNP 3242 (1725–6104) pg/mL at baseline. The
treatment arms were balanced with regard to demographics, baseline
clinical and laboratory profile (details are presented in Table 1). The me-
dian (interquartile range) time from hospital admission to initial stabil-
ization and subsequent randomization was 3 (2–4) days. There was no
difference in median time to randomization between empagliflozin: 3
(2–4) days and placebo group: 3 (2–4) days.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Characteristics of the patients at baseline

Empagliflozin
(n=265)

median (IQR)
or n (%)

Placebo (n= 265)
median (IQR)

or n (%)

Age (years) 71 (62–78) 70 (59–78)

Sex

Men 179 (67.5) 172 (64.9)

KCCQ-TSS 37.5 (20.8–58.3) 39.6 (22.4–58.3)

NT-proBNP (pg/mL) 3299 (1843–6130) 3106 (1588–6013)

Blood pressure
(mmHg)

Systolic 120 (109.0–135.0) 122 (110.0–138.0)

Diastolic 72.0 (64.0–82.0) 74.0 (67.0–80.0)

Body weight (kg) 82.0 (70.0–98.8) 82.3 (70.3–100.0)

Body-mass index (kg/m2) 28.3 (24.5–32.5) 29.1 (24.7–33.6)

Clinical congestion
score

3.0 (1.0–4.0) 2.0 (1.0–4.0)

Left ventricular
ejection fraction (%)

31.0 (23.0–45.0) 32.0 (22.5–49.0)

≤40% 182 (68.7) 172 (64.9)

>40% 76 (28.7) 93 (35.1)

Missing 7 (2.6) 0

Estimated GFR (mL/
min/1.73 m2)

50.0 (36.0–65.0) 54.0 (39.0–70.0)

<30 mL/min/1.73 m2 27 (10.2) 24 (9.1)

Missing 16 (6.0) 14 (5.3)

Hemoglobin (g/dL) 13.2 (11.8–14.8) 13.4 (11.8–14.8)

Haematocrit (%) 40.0 (36.0–45.0) 41.0 (36.0–45.0)

Medical history

Diabetes 124 (46.8) 116 (43.8)

Hypertension 205 (77.4) 221 (83.4)

Myocardial infarction 66 (24.9) 62 (23.4)

Atrial fibrillation 134 (50.6) 128 (48.3)

CABG or PCI 78 (29.4) 78 (29.4)

Valvular heart diseasea 173 (65.3) 167 (63.0)

Heart failure status

Decompensated CHFb 177 (66.8) 178 (67.2)

Acute de novoc 88 (33.2) 87 (32.8)

Medication

ACE inhibitor and/or
ARB and/or ARNi

186 (70.2) 185 (69.8)

ACE inhibitor 88 (33.2) 89 (33.6)

ARB 64 (24.2) 52 (19.6)

Continued

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Continued

Empagliflozin
(n= 265)

median (IQR)
or n (%)

Placebo (n=265)
median (IQR)

or n (%)

ARNi 36 (13.6) 45 (17.0)

Beta-blocker 213 (80.4) 208 (78.5)

MRA 151 (57.0) 125 (47.2)

Loop diuretic 233 (87.9) 204 (77.0)

Any diuretic (loop,
thiazides, or other)

248 (93.6) 232 (87.5)

Thiazides 31 (11.7) 23 (8.7)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNi,
angiotensin receptor neprilysin inhibitor; CABG, coronary artery bypass graft; CHF,
chronic heart failure; GFR, glomerular filtration rate; MRA, mineralocorticoid
receptor antagonist; NYHA, New York Heart Association; PCI, percutaneous
coronary intervention.
aReported by treating physicians. Patients with hemodynamically significant (severe)
uncorrected primary cardiac valvular disease planned for surgery or intervention
during the course of the study were excluded from the study. Patients with secondary
mitral regurgitation or tricuspid regurgitation due to dilated cardiomyopathy were not
excluded unless planned for surgery or intervention during the course of the study.
bPatients, who had already diagnosed chronic heart failure before admission to the
hospital.
cPatients with the first diagnosis of heart failure at admission to the hospital.
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Impact of empagliflozin on weight loss
At baseline, body weight did not differ between groups: 86.7 (SD 26.1)
for empagliflozin and 86.8 (SD 24.2) kg for placebo, respectively. At Day
15, patients treated with empagliflozin had significantly greater weight
loss than those receiving placebo: adjusted mean difference (95% con-
fidence interval, CI): −1.97 (−2.86, −1.08) kg, P< 0.0001. Analogously,
there was a sustained, significantly greater weight loss among patients
receiving empagliflozin vs. placebo at Days 30 and 90, adjusted mean dif-
ferences (95% CI): −1.74 (−2.73, −0.74), P= 0.0007 and −1.53 (−2.75,
−0.31) kg, P= 0.0137, respectively. The longitudinal changes in body
weight in both treatment arms during the study are presented in
Table 2 and in Figure 1.

Impact of empagliflozin on weight loss
adjusted per mean daily loop diuretic dose
At baseline, diuretics were used in 248 (93.6%) patients in the empagli-
flozin arm and in 232 (87.5%) in the placebo arm. The total dose of iv or

oral diuretics was greater in those receiving empagliflozin vs. placebo
during the initial hospital stay (see Supplementary material online,
Table S1). However, the adjusted mean difference (95% CI) between
treatment groups in the mean daily dose of iv or oral loop diuretics
from the day after randomization until hospital discharge 6.98
(−8.59, 22.56) mg of iv furosemide (or equivalent) was not statistically
significant (P= 0.38). Patients allocated to empagliflozin did not receive
significantly greater doses of diuretics, when compared with placebo,
adjusted mean difference (95% CI) at Day 15: 6.7 (−1.0, 14.4), P=
0.0862, at Day 30: 5.3 (−1.6, 12.3), P= 0.1295, and at Day 90: 3.1
(−3.4, 9.6) mg of iv furosemide (or equivalent), P= 0.3488.

Patients receiving empagliflozin had significantly greater weight loss
adjusted per daily diuretic dose at all investigated time-points. The ad-
justed mean difference (95% CI) in weight change per mean daily loop
diuretic dose between empagliflozin and placebo were: −2.31 (−3.77,
−0.85) (kg/40 mg of furosemide), P= 0.002 (at Day 15), −2.79
(−5.03, −0.54), P= 0.0152 (at Day 30), and −3.18 (−6.08, −0.28),
P= 0.0319 (at Day 90), respectively. The longitudinal changes of

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Effect of Empagliflozin on weight change and weight change per mean daily loop diuretic dose

Endpoint Day Adjusteda mean (SE) Adjusteda mean difference
(95% confidence interval), P-value

Empagliflozin Placebo

Body weight change from baseline (kg) 15 −3.20 (0.32) −1.23 (0.32) −1.97 (−2.86, −1.08), <0.0001

30 −3.19 (0.36) −1.45 (0.36) −1.74 (−2.73, −0.74), 0.0007

90 −2.36 (0.44) −0.83 (0.44) −1.53 (−2.75, −0.31), 0.0137

Body weight change from baseline per mean daily loop diuretic dose
(kg/40 mg furosemide or equivalent)

15 −3.33 (0.53) −1.02 (0.52) −2.31 (−3.77, −0.85), 0.0020

30 −3.80 (0.81) −1.01 (0.81) −2.79 (−5.03, −0.54), 0.0152

90 −2.85 (1.04) 0.33 (1.05) −3.18 (−6.08, −0.28), 0.0319

aAdjusted for HF status and baseline value by visit interaction.

Figure 1 The trajectories of adjusted mean changes in body weight during the study in empagliflozin and placebo arms.
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mean values of body weight per mean daily loop diuretic dose in both
study arms during the study are presented in Table 2 and Figure 2.

Changes in Nt-proBNP
There was a significant reduction in the AUC of NT-proBNP from
baseline up to Days 15 and 30 in the empagliflozin arm when compared
with placebo, adjusted geometric mean ratio (95% CI): 0.92 (0.86, 0.98)
P= 0.010 and 0.90 (0.82, 0.98) P= 0.018, respectively. The difference
did not maintain statistical significance when assessed at Day 90: 0.89
(0.79, 1.00) P= 0.056 (Table 3).

Hemoconcentration (changes in
haematocrit)
There was no difference in the mean baseline haematocrit value be-
tween placebo and empagliflozin: 40.73 (SD 6.36) vs. 40.40 (SD 6.17)
%, respectively. The haematocrit significantly rose in the empagliflozin
group when compared with placebo at all time-points: adjusted mean
differences (95% CI) were 1.71 (1.02, 2.4), 1.62 (0.88, 2.35), and 1.94
(1.11, 2.76), at Days 15, 30, and 90, respectively, all P< 0.0001
(Figure 3, Table 3).

Change in clinical congestion score
At baseline, the mean clinical congestion score did not differ between
study groups: placebo 2.77 (SD 2.14) vs. empagliflozin 2.92 (SD 2.12)
points. Patients allocated to empagliflozin had a greater score reduction
in comparison to placebo at Day 15; adjusted mean difference (95%CI):
−0.34 (−0.60, −0.09) P< 0.01, which at Day 90 reduced to: −0.23
(−0.47, 0.02), P= 0.067 (Table 3).

The effect of body weight loss and
haematocrit change on clinical benefit
at 90 days
Finally, we aimed to explore if the magnitude of decongestion itself (ex-
pressed by weight loss) was associated with clinical benefit at Day 90. In
the overall population, the median weight change at Days 15 and 30
were −1.0 kg at both time-points. Patients with greater weight loss
(i.e. above median weight reduction) at Days 15 and 30 were more like-
ly to experience clinical benefit at Day 90, the win ratios (95% CI) were:
1.75 (1.37, 2.23) and 1.55 (1.22, 1.98), P< 0.0001 and P= 0.0004, re-
spectively (Figure 4A).

This analysis was also performed separately in each treatment arm
(within each treatment arm clinical benefit at Day 90 was compared be-
low vs. above median weight change at Days 15 and 30). The median
(IQR) weight change at Days 15 and 30 in the placebo group were
−0.7 (−2.90, 1.15) and −0.5 (−3.60, 1.5) kg, respectively; while the me-
dian weight change in the empagliflozin arm were: −1.6 (−6.00, 0.00)
and −1.7 (−5.60, 0.60) kg, respectively. Patients with greater weight
loss (above the median weight reduction) were more likely to experi-
ence clinical benefit within each treatment arm. In the placebo group
the patients with a higher reduction of weight at Days 15 and 30 had
a higher proportion of wins in the hierarchical clinical composite study
outcome: win ratio (95% CI) 1.60 (1.16, 2.22) and 1.46 (1.05, 2.03), re-
spectively, both P< 0.05. Analogously, patients in the empagliflozin arm
with a greater weight reduction at Days 15 and 30 had a higher propor-
tion of wins: win ratio (95% CI) 1.93 (1.35, 2.75) and 1.74 (1.23, 2.46),
respectively, both P< 0.01 (Figure 4B and C).

In the overall population, the median changes in haematocrit at Days
15 and 30 were: 1.0% and 0.0%, respectively. Patients with greater
haematocrit increase (i.e. above median) at Days 15 and 30 were
more likely to experience clinical benefit at Day 90, the win ratios

Figure 2 The trajectories of adjusted mean changes in body weight per mean daily dose of loop diuretics during the study in empagliflozin and placebo
arms.
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(95% CI) were: 1.40 (1.09, 1.80) and 1.30 (1.01, 1.67), P= 0.0082 and
P= 0.0419, respectively (Figure 5A).

This analysis was also performed separately in each treatment arm
(within each treatment arm clinical benefit at Day 90 was compared be-
low vs. above median change in haematocrit at Days 15 and 30). The
median (IQR) changes in haematocrit at Days 15 and 30 in the placebo
group were 0.0 (−2.0, 2.0) and −1.0 (−3.0, 1.0) %, respectively; while
the median changes in haematocrit in the empagliflozin arm were: 1.0
(−1.0, 4.0) and 1.0 (−2.0,4.0) %, respectively. There was a strong trend
toward more pronounced clinical benefit among patients with a greater
increase in haematocrit (above the median) with the win ratios (95%
CI) at Days 15 and 30 in the placebo group: 1.36 (0.96, 1.92) and
1.36 (0.96, 1.92), respectively, and in the empagliflozin group 1.33
(0.93, 1.90) and 1.42 (1.00, 2.01) (Figure 5B and C).

Discussion
There are several novels and clinically relevant findings of the present
analyses. Initiation of empagliflozin in patients hospitalized for AHF re-
sulted in an early (seen already at the first assessment at Day 15), clin-
ically meaningful and sustainable (present until Day 90) decongestion.
Of note, compared with placebo, treatment with empagliflozin resulted
in an uniform pattern of significantly greater changes in all studied mar-
kers of decongestion at nearly all time-points. The magnitude of decon-
gestion (as evidenced by greater weight loss) was associated with
clinical benefit (Structured Graphical Abstract).

Congestion is a major reason leading to cardiac decompensation,
thus indisputably considered as a key therapeutic target in AHF.
Achieving complete decongestion at hospital discharge and its mainten-
ance during the early, post-discharge period independently predicts
better outcomes.20,21 During this period, which comprises the vulner-
able first weeks after discharge, patients carry the highest risk of HF de-
compensation. Therefore, optimization of decongestive therapy is one
of the fundamental goals to prevent future death and HF rehospitaliza-
tion. In this context, SGLT-2 inhibitors, which tend to facilitate decon-
gestion in patients with chronic HF9,10 may offer an incremental clinical
benefit. However, the evidence on the decongestive effects of SGLT-2
inhibitors in the settings of AHF is still very limited. In the

SOLOIST-WHF trial which recruited diabetic patients with AHF, sota-
gliflozin therapy initiated either before (in nearly half of the population)
or shortly after hospital discharge, significantly reduced cardiovascular
deaths and HF hospitalizations.22 However, there are no further re-
ports available, primarily focusing on the analysis of decongestive effects
of sotagliflozin from this trial. Another much smaller study, comprising
80 patients with AHF, reported that symptomatic improvement, reduc-
tion in NT-proBNP, and diuretic response were similar with empagliflo-
zin and placebo.11 However, in this study patients (with and without
diabetes mellitus) were randomized to therapy within the first 24 h
of presentation to the hospital and all the endpoints were evaluated
during 4 days after randomization.11 Of note, patients receiving empa-
gliflozin had an increased cumulative urinary volume and a more nega-
tive fluid balance, and additional diuretic effect was linked to the
presence of urinary glucose.11,12 It may suggest that the effect of empa-
gliflozin in AHF is entirely different or at least complementary to loop
diuretics and further suggests the potential incremental decongestive
effect of empagliflozin in the settings of AHF.12 To the best of our
knowledge, this is the first comprehensive longitudinal evidence of
the decongestive effects of empagliflozin in patients hospitalized with
a primary diagnosis of AHF (across the whole spectrum of baseline
ejection fraction and history of HF preceding hospital admission) which
may translate into clinical benefit.

An accurate estimation and classification of congestion in AHF still
remains an unmet need and has been the subject of numerous stud-
ies.1,3 An application of clinical score based on physical examination
has rather limited value, and often needs to be combined with addition-
al biomarkers and imaging modalities. Thus, in this study we used sev-
eral pre-defined measures allowing comprehensive, repeated
assessment of congestion in a large cohort of patients discharged
from the hospital. One of them was patient’ weight loss monitored
at Days 15, 30, and 90. We are fully aware of the limitations of weight
assessments as a surrogate of congestion status; however, it is still the
most frequent and practical tool used in the everyday clinical practice,
widely recommended by the guidelines.6 The weight loss may naturally
be also a result of meaningful negative caloric balance (that may be fa-
cilitated by SGLT-2 inhibitors), but this mechanism usually needs more
time to be achieved and detected.8 Thus, we believe that an early
weight loss seen already at Day 15 (first assessment) and Day 30

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Effect of Empagliflozin on other markers of decongestion

Endpoint Day Adjusteda mean (SE) Adjusteda mean difference
(95% confidence interval), P-value

Empagliflozin Placebo

Clinical congestion score change from baseline (points) 15 −1.78 (0.09) −1.43 (0.09) −0.34 (−0.60, −0.09), 0.0079

90 −1.85 (0.09) −1.63 (0.09) −0.23 (−0.47, 0.02), 0.0668

Haematocrit change from baseline (%) 15 1.53 (0.25) −0.18 (0.25) 1.71 (1.02, 2.40), <0.0001

30 0.65 (0.26) −0.96 (0.26) 1.62 (0.88, 2.35), <0.0001

90 0.07 (0.29) −1.87 (0.30) 1.94 (1.11, 2.76), <0.0001

AUC of change from baseline in NT-proBNP (pg/mLadays) 15 12.69b 13.80b 0.92c (0.86, 0.98), 0.0101

30 24.07b 26.77b 0.90c (0.82, 0.98), 0.0176

90 63.50b 71.30b 0.89c (0.79, 1.00), 0.0562

aClinical congestion score and haematocrit were adjusted for HF status and baseline value by visit interaction. NT-proBNP was adjusted for HF status and log-transformed baseline value.
bAdjusted geometric mean.
cAdjusted geometric mean ratio.
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Figure 3 The trajectories of adjusted mean changes in haematocrit during the study in empagliflozin and placebo arms.

Figure 4 The win ratios for primary efficacy outcome* at Day 90 by median weight change at Days 15 and 30 in (A) the entire population (stratified by
treatment group), (B) the placebo arm only (unstratified), and (C ) the empagliflozin arm only (unstratified). *Hierarchical composite of death, number of
heart failure events, time to first heart failure event and change from baseline in KCCQ-TSS after 90 days of treatment. The win ratio was calculated
using a non-parametric generalized pairwise comparison procedure; data are presented as the point estimate and 95% CI with a two-sided P-value.
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(favouring by ∼2 kg patients receiving empagliflozin) reflects mainly fa-
cilitation of an excretion of fluid overload and confirms fast and effect-
ive decongestion, which is maintained until Day 90 (while the weight
tended to return to baseline values in patients receiving placebo). Of
importance, as the other indices of decongestion (namely:
NT-proBNP and clinical congestion score, hemoconcentration) all fol-
lowed the same pattern, we believe it further supports our assumption.

In this analysis, additionally to weight loss that proxies decongestion,we
also used weight loss adjusted per total dose of diuretics used, which is a
widely recognized marker of diuretic response/decongestive efficacy.16,23

Although, these twometrics are interrelated, they provide slightly different
clinical information and in the previous studies weight loss indexed to total
diuretic dose appeared to provide incremental and independent prognos-
tic information.23 Our findings suggest that empagliflozin added to stand-
ard therapy improves diuretic efficacy, and this effect is becoming evident
at Day 15 and sustained until Day 90. At hospital admission, patients allo-
cated to the empagliflozin arm tended to be receivingmore diuretics (des-
pite randomization), which however did not impact the results
(baseline-adjusted comparisons were performed and presented).
Importantly, the difference in diuretic use was not statistically significant
at subsequent study visits (Days 15, 30, and 90) adjusted for the baseline
values. Importantly, adjustment for total diuretic use throughout the study
confirmed statistically greater reduction in weight loss which suggests
greater diuretic efficacy of active treatment.

Patients receiving empagliflozin demonstrated significantly higher va-
lues of haematocrit at all time-points vs. those receiving placebo but also
tended to have an increase in haematocrit (vs. baseline values) atDays 15
and 30 (with a return to baseline values at Day 90), whereas there was a
constant drop in haematocrit in the placebo group. It seems to support
the view that treatment with empagliflozin results in haemoconcentra-
tion and can revert a gradual attenuation of intravascular decongestion
(as evidenced by a gradual drop in haematocrit) seen in AHF patients re-
ceiving only standard diuretic therapy. Haemoconcentration (an in-
crease in haematocrit) indicates an effective intravascular
decongestion, when the rate of diuresis exceeds the plasma refill rate
from the extravascular space. However, with time despite the mainten-
ance of diuretic therapy (and often stable weight), there may be a recur-
rence of intravascular volume overload. As reported by Testani et al. in
patients with AHF, an early haemoconcentration with subsequent hae-
modilution is not associated with clinical benefit in contrast to late and
sustained increase in haematocrit/haemoconcentration.24 Our results
can indicate a specific decongestive pattern associated with empagliflo-
zin treatment in AHF, which can be characterized as an early and sus-
tained intravascular decongestion paralleled with significant weight
drop indicating also an effective fluid removal from the extravascular
(interstitial) space. Recently Mullens et al. hypothesized that SGLT-2 in-
hibitors may act as a smart diuretic through incremental osmotic diur-
esis, should improve plasma refill rate and facilitate removal of the

Figure 5 The win ratios for primary efficacy outcome* at Day 90 by median haematocrit change at Days 15 and 30 in (A) the entire population (strati-
fied by treatment group), (B) the placebo arm only (unstratified), and (C ) the empagliflozin arm only (unstratified). *Hierarchical composite of death,
number of heart failure events, time to first heart failure event and change from baseline in KCCQ-TSS after 90 days of treatment. The win ratio was
calculated using a non-parametric generalized pairwise comparison procedure; data are presented as the point estimate and 95% CI with a two-sided
P-value.
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fluid overload from intra- and extravascular compartments.25 Our data
indirectly support this view.

The initiation of empagliflozin after clinical stabilization led to a great-
er reduction in the NT-proBNP, which was evident already at Day 15
and sustained until Day 90. The beneficial effect of empagliflozin on
NT-proBNP, which has been used in this analysis as an index of an ef-
fective decongestion, can be also interpreted in a broader context link-
ing decongestion with attenuating neurohormonal activation and
hemodynamic stress. Of importance, a decrease in the level of natri-
uretic peptides from admission to an early post-discharge phase is a
strong predictor of reduced risk of HF worsening.26

Lastly, while exploratory, the magnitude of decongestion itself (de-
fined as weight reduction exceeding the median reduction for each
group) was associated with better outcome (in the entire cohort and
in both study arms separately). As the study was not designed to an-
swer the question of the mechanism of SGLT-2 inhibitor action, we
may only speculate that effective decongestion is one of the mechan-
isms that translates into overall clinical success of the drug in AHF.

Limitations
The relatively modest number of patients enrolled to the study may be
considered as a potential limitation and the use of inclusion and exclu-
sion criteria which limit the generalizability of the presented data. We
did not monitor patient weight during the entire hospital stay, thus
would not be able to compare our data with other studies mainly focus-
ing on the clinical implication of decongestion achieved during the in-
hospital phase. Importantly though, we provided the analysis on an early
post-discharge, the most vulnerable phase of the disease. The study was
not designed to perform mechanistic insight into decongestion/diuretic
response, so there are some data lacking, such as an analysis of urinary
electrolytes, markers of tubular function/damage, which would add
some pathophysiological background to reported results in our paper,
that would be valuable. We believe that an impact of empagliflozin on
the indices of decongestion reflects its true clinical effect irrespective of
a difference in baseline diuretic distribution. Lastly, multicovariate ad-
justment of the win ratio is methodologically limited, as it can be strati-
fied only by categorical variables. Thus, in the presented analysis the win
ratio was stratified only by treatment group, which is an obvious
limitation.

Conclusion
Initiation of empagliflozin in AHF patients after initial in-hospital stabil-
ization resulted in an early, effective and sustained improvements in all
decongestion indexes, which was associated with clinical benefit at Day
90.

Supplementary material
Supplementary material is available at European Heart Journal online.
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