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The sodium-glucose cotransporter 2 inhibitor empagliflozin reduces the risk of cardiovascular death or heart failure hospi-
talization in patients with chronic heart failure, but whether empagliflozin also improves clinical outcomes when initiated in
patients who are hospitalized for acute heart failure is unknown. In this double-blind trial (EMPULSE; NCT04157751), 530
patients with a primary diagnosis of acute de novo or decompensated chronic heart failure regardless of left ventricular ejection
fraction were randomly assigned to receive empagliflozin 10 mg once daily or placebo. Patients were randomized in-hospital
when clinically stable (median time from hospital admission to randomization, 3days) and were treated for up to 90 days.
The primary outcome of the trial was clinical benefit, defined as a hierarchical composite of death from any cause, number of
heart failure events and time to first heart failure event, or a 5 point or greater difference in change from baseline in the Kansas
City Cardiomyopathy Questionnaire Total Symptom Score at 90 days, as assessed using a win ratio. More patients treated
with empagliflozin had clinical benefit compared with placebo (stratified win ratio, 1.36; 95% confidence interval, 1.09-1.68;
P =0.0054), meeting the primary endpoint. Clinical benefit was observed for both acute de novo and decompensated chronic
heart failure and was observed regardless of ejection fraction or the presence or absence of diabetes. Empagliflozin was well
tolerated; serious adverse events were reported in 32.3% and 43.6% of the empagliflozin- and placebo-treated patients,
respectively. These findings indicate that initiation of empagliflozin in patients hospitalized for acute heart failure is well toler-

ated and results in significant clinical benefit in the 90 days after starting treatment.

in people older than 65years and is associated with signifi-

cant morbidity, mortality and poor quality of life'-*. Multiple
randomized controlled trials testing pharmacological interventions
in patients hospitalized for acute heart failure did not find improved
post-discharge outcomes, highlighting a critical unmet need'-*.

The sodium-glucose cotransporter 2 (SGLT2) inhibitors empa-
gliflozin and dapagliflozin significantly reduce the risk of cardio-
vascular death or hospitalization for heart failure in patients with
chronic heart failure with a reduced left ventricular ejection fraction
(LVEF)>". Empagliflozin additionally significantly reduces the risk
of cardiovascular death or hospitalization for heart failure in patients
with chronic heart failure with a preserved LVEF'. The combined
SGLT1/2 inhibitor sotagliflozin has been shown to improve clini-
cal outcomes in patients with diabetes and a recent worsening heart
failure event (HFE)"2. Whether the SGLT2 inhibitor empagliflozin
provides clinical benefit in patients hospitalized for acute heart
failure was unknown. In the early phase of hospital admission for
heart failure, substantial fluid and electrolyte shifts as well as hemo-
dynamic changes regularly occur. It remained uncertain whether it
is safe to initiate treatment with an SGLT2 inhibitor in this phase.

A cute heart failure is the most common cause of hospitalization

In addition, de novo heart failure patients were not eligible for
inclusion in previous trials with SGLT2 inhibitors. Whether empa-
gliflozin is effective and safe when started in patients with de novo
hospitalization for acute heart failure who are not yet treated with
background heart failure therapies remained to be established as
well. We designed the present study to evaluate the effects of empa-
gliflozin on three fundamental goals of care in patients hospitalized
for acute heart failure: improvement of survival, reduction of HFEs,
and improvement of symptoms.

Results

Patient characteristics. From June 2020 to February 2021 a total of
566 patients were screened and 530 patients were randomly assigned
to empagliflozin (n=265) or placebo (n=265) at 118 centers in 15
countries (Fig. 1 and Supplementary Table 1). Table 1 lists the base-
line characteristics of the randomized patients. The median age was
71years (interquartile range, 61-78years), 34% were women, and
78% were white. The median time from hospital admission to ran-
domization was 3 days (interquartile range, 2-4 days). Other patient
characteristics and medications at baseline were balanced between
treatment groups (Table 1).

A full list of affiliations appears at the end of the paper.
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Fig. 1| Screening, randomization, and follow-up. Flowchart of the double-blind EMPULSE trial (NCT04157751), in which 530 patients with a primary
diagnosis of acute de novo or decompensated chronic heart failure, regardless of left ventricular ejection fraction, were randomly assigned to receive
empagliflozin 10 mg once daily or placebo. This study was carried out at 118 centers in 15 countries.

Follow-up. A total of 530 patients were included in the efficacy
analyses using the intention-to-treat principle. Five hundred and
twenty-four patients received at least one dose of the trial drug (260
in the empagliflozin group and 264 in the placebo group, Fig. 1).
These patients were subsequently included in the safety analyses.
Early discontinuation of the trial drug occurred in 114 patients
(21.8%): 52 (20.0%) in the empagliflozin group and 62 patients
(23.5%) in the placebo group. Eleven patients (2.1%) were lost to
follow-up.

Primary outcome. A total of 33 patients (6.2%) died, 11 patients
(4.2%) in the empagliflozin group and 22 (8.3%) in the placebo group.
Sixty-seven patients (12.6%) had at least one HFE (empagliflozin,
28 patients, 10.6%; placebo, 39 patients, 14.7%). The adjusted
mean change in Kansas City Cardiomyopathy Questionnaire Total
Symptom Score (KCCQ-TSS) from baseline to 90 days was 36.2 (95%
confidence interval (CI): 33.3-39.1) in the empagliflozin group and
31.7 (95% CI: 28.8-34.7) in the placebo group. Figure 2 shows the
primary efficacy analysis of the hierarchical assessment of all-cause
mortality, number and time to first HFEs, and change in KCCQ-TSS
using the stratified win ratio. Empagliflozin was superior in 53.9%
of paired comparisons and placebo was superior in 39.7%, whereas
6.4% of comparisons were tied, yielding a win ratio of 1.36 in favor of
empagliflozin (95% CI: 1.09-1.68, P=0.0054). Table 2 lists the pro-
portion of wins and win ratios for all components of the primary
outcome. The effect of empagliflozin on the primary efficacy out-
come was generally consistent across prespecified subgroups, includ-
ing acute heart failure status (de novo versus decompensated chronic
heart failure), diabetes status, age, sex, geographic region, baseline
N-terminal pro-brain natriuretic peptide (NT-proBNP), kidney
function, atrial fibrillation status and LVEF subgroup (Fig. 3).

Secondary outcomes. Table 2 lists the prespecified secondary out-
comes. The incidence of cardiovascular death or HFE until the
end-of-trial visit was 12.8% in the empagliflozin group and 18.5%

in the placebo group (hazard ratio, 0.69; 95% CI: 0.45-1.08). There
was no significant difference in the proportion of patients with a
KCCQ-TSS improvement of 10 points or greater at day 90 between
the treatment groups. Patients in the empagliflozin group had
a greater absolute change in KCCQ-TSS from baseline to day 90
(adjusted mean difference, 4.45points; 95% CI: 0.32-8.59) than
patients in the placebo group.

Patients in the empagliflozin group had a greater reduction in
NT-proBNP concentration (as measured using the area under the
curve of the change from baseline) at day 30 (adjusted geometric
mean ratio, 0.90; 95% CI: 0.82-0.98) than patients in the placebo
group. Other secondary endpoints are listed in Table 2.

Safety analyses. A summary of adverse events is provided in
Supplementary Table 2. Adverse events leading to discontinuation
of empagliflozin or placebo occurred in 8.5% and 12.9% of patients,
respectively. No ketoacidosis occurred in the empagliflozin or placebo
groups. Rates of volume depletion were 12.7% in the empagliflozin
group and 10.2% in the placebo group. Investigator-defined serious
symptomatichypotension occurredin 1.2% of the patients in the empa-
gliflozin group and in 1.5% in the placebo group. Investigator-defined
hypoglycemia occurred in 1.9% of patients treated with empagliflozin
and in 1.5% of patients treated with placebo. Details of renal and uri-
nary adverse events are given in Supplementary Table 3. Acute renal
failure occurred in 7.7% of patients in the empagliflozin group and
in 12.1% of patients in the placebo group. Urinary tract infection
occurred in 4.2% of the patients in the empagliflozin group and in
6.4% in the placebo group. Adjusted mean changes in hematocrit,
hemoglobin, alanine aminotransferase, aspartate aminotransferase,
uric acid, and estimated glomerular filtration rate between baseline
and day 90 are listed in Supplementary Table 4 and do not indicate
any safety concerns for empagliflozin. The creatinine change between
baseline and the last value on treatment was similar between the
empagliflozin and placebo groups. There was a greater increase in
hematocrit and hemoglobin in the empagliflozin group.
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Table 1| Characteristics of the patients at baseline

Empagliflozin (n=265) Placebo (n=265)
Median (IQR) or n (%) Median (IQR) or n (%)
Age (years) 71(62-78) 70 (59-78)
Sex
Men 179 (67.5) 172 (64.9)
Women 86 (32.5) 93 (35.1)
Race or ethnic group
White 211 (79.6) 202 (76.2)
Black 21(7.9) 33(12.5)
Asian 32.(12.) 25(9.4)
Other/mixed race 1(0.4) 4(1.5)
Missing 0 1(0.4)
Geographic region
Europe 168 (63.4) 171(64.5)
North America 66 (24.9) 69 (26.0)
Asia 31(11.7) 25(9.4)
NYHA class
I 8 (3.0) 6(2.3)
Il 95 (35.8) 91(34.3)
I 134 (50.6) 145 (54.7)
v 26 (9.8) 23(8.7)
Missing 2(0.8) 0
KCCQ-TSS 37.5(20.8-58.3) 39.6 (22.4-58.3)

NT-proBNP (pgml~")
Blood pressure (mmHg)
Systolic
Diastolic
Body mass index (kg m=2)
Left ventricular ejection fraction (%)

3,299 (1,843-6,130)

120 (109.0-135.0)
72.0 (64.0-82.0)
28.35 (24.54-32.46)
31.0 (23.0-45.0)

3,106 (1,588-6,013)

122 (110.0-138.0)
74.0 (67.0-80.0)
29.08 (24.69-33.60)
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 (mImin1.73m=2) 50.0 (36.0-65.0) 54.0 (39.0-70.0)
<30mlImin~'1.73m=2 27 (10.2) 24 (9.)
Missing 16 (6.0) 14 (5.3)

Hemoglobin (gdI")
Medical history

13.2 (11.8-14.8)

13.4 (11.8-14.8)

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 disease 173 (65.3) 167 (63.0)
Heart failure status
Decompensated CHF 177 (66.8) 178 (67.2)
Acute de novo 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)
ARNi 36 (13.6) 45 (17.0)
MRA 151 (57.0) 125 (47.2)
Beta-blocker 213 (80.4) 208 (78.5)
Loop diuretic 233 (87.9) 204 (77.0)

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; PCl, percutaneous coronary intervention.

NATURE MEDICINE | www.nature.com/naturemedicine


http://www.nature.com/naturemedicine

ARTICLES NATURE MEDICINE

Win ratio of
clinical benefit*

Time to death

HFE frequency
2%
Time to HFE 0.2%
0.6%
KCCQ-TSS - o
: 27.5%
Ties, none of
the previous
6.4%

Il Empaglifiozin 10 mg winner
B Placebo winner
Ties

53.9% Win ratio: 1.36
95% Cl (1.09-1.68) —e—
P =0.0054
0.25 0.5 1 2 4
N Favors Favors "
placebo empagliflozin

Fig. 2 | Primary efficacy outcome and components. The stratified win ratio was calculated using a non-parametric generalized pairwise comparison
within heart failure status strata; data are presented as the point estimate and 95% CI with a two-sided Pvalue. For the components of the win ratio, the
percentages do not reflect randomized comparisons. Please refer to Table 2 for the overall number of events and KCCQ-TSS data. *Hierarchical composite
of death, number of HFEs, time to first HFE and change from baseline in KCCQ-TSS after 90 days of treatment.

Regarding systolic blood pressure, the adjusted mean change
from baseline to 90 days was 0.1 mmHg (95% CI: —2.5 to 2.7) in the
empagliflozin group and 1.0 mmHg (95% CI: —1.6 to 3.6) in the pla-
cebo group. For diastolic blood pressure, the adjusted mean change
from baseline to 90 days was —0.3 mmHg (95% CI: —1.8 to 1.3) in
the empagliflozin group and —0.7mmHg (95% CI: —2.3 to 0.8) in
the placebo group.

Discussion

Initiation of the SGLT?2 inhibitor empagliflozin in patients hospital-
ized for acute heart failure resulted in a statistically significant and
clinically meaningful benefit in the 90days after randomization.
Both a reduction in all-cause death and HFEs as well as an improve-
ment in quality of life contributed to the increased number of wins
in the empagliflozin group. We believe that the primary endpoint is
meaningful because it allows the hierarchical assessment of benefit
across three fundamental goals of care: improvement of survival,
reduction of HFEs, and improvement of symptoms.

The effect was consistent across a broad spectrum of patients
with reduced and preserved LVEFE, acute de novo or decompen-
sated chronic heart failure, and those with or without diabetes.
Empagliflozin was well tolerated without safety concerns. The
results of EMPULSE add to the accumulating evidence on the ben-
efits of SGLT2 inhibitors in heart failure’'*.

EMPULSE is distinct from previous trials with SGLT2 inhibi-
tors for several reasons. In particular, patients in EMPULSE were
randomized early in the course of hospitalization for acute heart
failure, at a median of 3 days after hospital admission. In the Effect
of Sotagliflozin on Cardiovascular Events in Patients with Type 2
Diabetes Post Worsening Heart Failure (SOLOIST-WHEF) trial,
more than half of the patients were enrolled after hospital discharge
and that trial included only patients with diabetes. In addition,
EMPULSE evaluated patients over the first 90 days after hospital
admission, often considered the vulnerable phase of heart fail-
ure’”. Also, EMPULSE included patients without a previous history
of heart failure (that is, acute de novo), who were not yet treated
for heart failure. The data support that adding empagliflozin to
standard therapy was well tolerated and produced similar clinical

benefit as in those with chronic decompensated heart failure. Thus,
empagliflozin should be considered as an efficacious treatment in
patients hospitalized for both de novo and decompensated acute
heart failure.

The results of EMPULSE extend those of the pilot EMPA-
RESPONSE-AHF trial (Randomized, Double Blind, Placebo
Controlled, Multicenter Pilot Study on the Effects of Empagliflozin
on Clinical Outcomes in Patients with Acute Decompensated Heart
Failure), which suggested a clinical benefit of empagliflozin in
patients hospitalized for acute heart failure". Multiple large-scale
drug trials in patients who were hospitalized for acute heart failure
have failed to demonstrate compelling beneficial effects on their
primary clinical outcome, although in several of these studies the
therapy was given only for 24-48 hours and was not continued after
hospital discharge’®. PIONEER-HF (Comparison of Sacubitril/
Valsartan Versus Enalapril on Effect on NT-proBNP in Patients
Stabilized from an Acute Heart Failure Episode) had a similar design
as EMPULSE, but primarily assessed the improvement in the con-
centration of NT-proBNP rather than clinical outcomes'®. In addi-
tion, concerns have been raised about the safety of initiating chronic
heart failure therapies early after a hospital admission for acute
heart failure'”. Because patients hospitalized for acute heart failure
are often aggressively treated with diuretics and other vasoactive
agents, it was previously unclear whether an SGLT?2 inhibitor would
increase the risk for worsening renal function, volume depletion and
ketoacidosis. In the present study we show that empagliflozin was
well tolerated when initiated in-hospital with fewer serious adverse
events than placebo and with a clinical benefit that was readily
apparent by 90days. Reassuringly, no events of ketoacidosis were
reported. Changes in blood pressure were minor and comparable
between the groups. Empagliflozin significantly increased hemo-
globin and hematocrit concentrations, which might be related to
its diuretic effects. This is supported by a greater diuretic response
both at day 15 and day 90 in the empagliflozin-treated patients.

The clinical benefit of empagliflozin was generally consistent across
all prespecified subgroups, including patients with acute de novo and
decompensated chronic heart failure, and those with or without type
2 diabetes. Notably, empagliflozin showed a clinical benefit in patients
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Table 2 | Primary and secondary outcomes

Empagliflozin Placebo (n=265) P value
(n=265)
Primary endpoint Win ratio (95% CI)?
Primary endpoint (% wins)® 53.89 39.71 1.36 (1.09-1.68) 0.0054
Time to death (% wins) 715 4.01
HFE frequency (% wins)© 10.59 7.65
Time to first HFE (% wins) 0.24 0.57
>5 point difference in the KCCQ-TSS change from baseline to 35.91 27.48
day 90 (% wins)?
Percentage of ties 6.41 6.41
Components described separately in the whole study population
Deaths, n (%) 14.2) 22 (8.3)
Patients with HFE, n (%) 28 (10.6) 39 (14.7)
Total HFEs, n 36 52
Change from baseline in KCCQ-TSS at day 90¢ See secondary endpoint
Secondary endpoints Hazard ratio (95% Cl)
CVD or HFE until end-of-trial visit, n (%), events per 34 (12.8), 55.01 49 (18.5), 80.45 0.69 (0.45-1.08)
100 patient years (95% Cl) (38.10-74.99) (59.52-104.49)

Odds ratio (95% CI)
KCCQ-TSS improvement >10 points at day 90, n (%) 220.1(83.1) 202.1(76.3) 1.522 (0.927-2.501)

Adjusted mean
difference (95% CI)

KCCQ-TSS change from baseline to day 90, adjusted mean 36.19 (33.28-39.09) 31.73(28.80-34.67) 4.45(0.32-8.59)
(95% CI)

Diuretic response (kg weight loss per mean daily loop diuretic
dose)?, adjusted mean (95% Cl)

At day 15 —3.33(-4.38+to —1.02 (-2.04 to —2.31(=3.77 to
—-2.29) 0.00) -0.85)

At day 30 —3.80 (-5.39to —1.01(=2.59t0 0.57) —2.79 (-5.03 to
-2.20) —0.54)

Adjusted geometric
mean ratio (95% CI)

AUC of change from baseline in NT-proBNP at day 30, adjusted 24.07 (22.61-25.62) 26.77 (25.15-28.48)  0.90 (0.82-0.98)
geometric mean (95% CI)¢

Adjusted mean
difference (95% CI)

Percentage of days alive and out of hospital from study drug 81.37 (18.62) 80.90 (21.25) 0.47 (=2.97 to 3.91)
initiation until 30 days after initial hospital discharge, mean (s.d.)

Days alive and out of hospital from study drug initiation until 28.00 (6.15) 27.47 (6.63) NA

30 days after initial hospital discharge, mean (s.d.)

Percentage of days alive and out of hospital from study drug 87.55 (19.54) 85.79 (22.76) 1.76 (—=1.91to0 5.43)
initiation until 90 days after randomization, mean (s.d.)

Days alive and out of hospital from study drug initiation until 78.29 (20.17) 76.13 (22.85) NA

90 days after randomization, mean (s.d.)
Odds ratio (95% Cl)

Hospitalizations for heart failure until 30 days after initial hospital 14 (5.3) 12 (4.5) 1179 (0.534-2.601)
discharge, n (%)

Occurrence of chronic dialysis or renal transplant or sustained 0 2(0.8) Not possible to fit a
reduction of >40% eGFRp.gpi, OF Sustained eGFRqp epic, model
<15mlmin~"1.73 m=2 for patients with baseline eGFR

>30mlImin~'1.73m? sustained eGFR p.gpier <10 MImMin="1.73 m=2

for patients with baseline eGFR <30 mImin='1.73m=2, n (%)

AUC, area under the curve; CKD-EPIlcr, Chronic Kidney Disease Epidemiology Collaboration equation using serum creatinine concentration; CVD, cardiovascular death; eGFR, estimated glomerular filtration
rate; NA, not applicable. The stratified win ratio for the primary endpoint was calculated using a non-parametric generalized pairwise comparison within heart failure status strata. For the secondary
endpoints, the hazard ratio was calculated using a Cox proportional hazards model, the odds ratios were calculated using logistic regression models, the adjusted geometric mean ratio was calculated with
analysis of covariance (ANCOVA), and the adjusted mean differences were calculated with either ANCOVA or mixed effects models for repeated measures, as appropriate. No adjustments for multiple
testing were made. Data are given as point estimates and 95% Cl, with two-sided Pvalues, where appropriate. Full details are provided in Supplementary Note 2. ®Variance calculated using the asymptotic
normal U statistics approach. ®Pairs are analyzed within strata for a stratified win ratio, applying weights that are analogous to a Mantel-Haenszel approach. “Frequency based on events up to the earlier of
the two censoring times. “Based on multiple imputation with 100 iterations. *Excluding patients not taking diuretics for more than 1day during the time period; the units are kg per 40 mg i.v. furosemide (or
80 mg oral furosemide). The equivalent loop diuretic dose to a single dose of 40 mg furosemide is defined as 20 mg torasemide or 1mg bumetanide.
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Subgroup Empagliflozin Placebo Win ratio (95% ClI) Interaction
Number of patients P value
All patients 265 265 1.36 (1.09-1.68) —a—
Heart failure status 0.7590
De novo 88 87 1.29 (0.89-1.89) A
Decompensated chronic 177 178 1.39 (1.07-1.81) —=—
Baseline diabetes status 0.5683
Diabetic 124 116 1.47 (1.07-2.02) —a—
Non-diabetic 141 149 1.30 (0.97-1.73) h——
Age 0.8889
<70 years 116 129 1.38 (1.01-1.90) —s—
>70 years 149 136 1.43 (1.06-1.92) —a—
Sex 0.6923
Male 179 172 1.39 (1.06-1.81) —a—
Female 86 93 1.27 (0.88-1.83) ——
Region 0.0602
Asia 31 25 0.66 (0.34-1.30) k |
Europe 168 171 1.59 (1.20-2.09) —a—
North America 66 69 1.32 (0.87-2.00) e
Baseline NT-proBNP (pg mi™") 0.7904
<Median 125 130 1.36 (0.99-1.85) —a—
>Median 130 126 1.44 (1.06-1.96) —a—
Baseline eGFR (CKD-EPI) 0.7562
>60 ml min~"1.73 m™ 88 106 1.48 (1.04-2.13) —a—q
<60 ml min~'1.73 m™2 161 145 1.38 (1.04-1.83) —a—
Atrial fibrillation or flutter at baseline 0.1129
No 123 133 1.68 (1.22-2.32) —a—
Yes 142 132 1.18 (0.88-1.59) e
Baseline LVEF (%) 0.9008
HFIEF (LVEF <40%) 182 172 1.35 (1.04-1.75) —a—
HFpEF (LVEF >40%) 76 93 1.39 (0.95-2.03) s |
025 05 i 2 4
Win ratio

A

3
>

Placebo better Empagliflozin better

Fig. 3 | Primary efficacy outcome in all prespecified subgroups. Win ratios were calculated using a non-parametric generalized pairwise comparison
within subgroup strata; data are presented as point estimates and 95% Cls with two-sided interaction Pvalues. No adjustments for multiple testing were
made. HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction.

with both normal and reduced LVEFE. The Empagliflozin Outcome
Trial in Patients With Chronic Heart Failure with Reduced Ejection
Fraction (EMPEROR-Reduced) and EMPEROR-Preserved recently
showed that empagliflozin reduced the combined risk of cardiovascu-
lar death or hospitalization for heart failure in ambulant patients with
chronic heart failure with reduced and preserved ejection fraction,
respectively, regardless of diabetes status and ejection fraction, but
these trials excluded hospitalized patients™''. The results of EMPULSE
therefore extend and complement those of EMPEROR-Reduced and
EMPEROR-Preserved by focusing on patients hospitalized for acute
heart failure across the range of ejection fraction.

This trial has some limitations. The short enrollment window and
the requirement for patient stabilization might have excluded older,
frailer and more severely diseased patients. The use of sacubitril-
valsartan in EMPULSE, similar to earlier SGLT?2 trials>'’, was modest
but similar to contemporary background therapy in routine practice.

In conclusion, the results suggest that the initiation of empa-
gliflozin as part of usual care in patients who are hospitalized for
acute heart failure will result in a clinically meaningful benefit in
90 days without safety concerns.
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Methods

Trial design and oversight. We conducted a multicenter, randomized,

double-blind, 90 day superiority trial to evaluate the effect on clinical benefit, safety

and tolerability of once daily oral EMPagliflozin 10 mg compared with placebo,

initiated in patients hospitalized for acUte heart faiLure who have been StabilisEd

(EMPULSE; ClinicalTrials.gov identifier NCT04157751). The Ethics Committee

of each of the 118 sites in 15 countries approved the protocol and all patients gave

written informed consent'. Boehringer Ingelheim and Eli Lilly sponsored the trial.
The executive committee of EMPULSE (Supplementary Note 1), consisting

of academic members and representatives of Boehringer Ingelheim, designed

the protocol and provided oversight of the trial’s conduct together with the trial

sponsor. The sponsor performed statistical analyses of the trial according to a

prespecified statistical analysis plan with oversight by the executive committee

(Supplementary Note 1). Jonathan Blatchford is the statistician who coordinated

all analyses. An independent data and safety monitoring committee reviewed the

safety data.

Patients. The trial design has been reported previously'. Participants were men
or women aged at least 18 years (at least 21 years in Japan, being the age of legal
consent) who were hospitalized with a primary diagnosis of acute heart failure with
dyspnea on exertion or at rest, and at least two of the following: congestion on chest
radiograph, rales on chest auscultation, clinically relevant edema (for example, at
least 1+ on a 0-3+ scale), or an elevated jugular venous pressure. Patients were
randomized after at least 24 h and no later than 5 days after admission, as early

as possible after stabilization and while still in hospital. Patients were required to
have a systolic blood pressure of at least 100 mmHg, no inotropic support for at
least 24 h, no symptoms of hypotension, and in the 6 h prior to randomization no
increase in the i.v. diuretic dose and no i.v. vasodilators including nitrates. Patients
were required to have an NT-proBNP concentration of at least 1,600 pgml~ or

a B-type natriuretic peptide (BNP) concentration of at least 400 pgml~'. Patients
in atrial fibrillation were required to have an NT-proBNP concentration of at

least 2,400 pgml~' or a BNP concentration of at least 600 pgml~'. Patients had

to be treated with a minimum dose of 40 mg (20 mg for Japanese patients) i.v.
furosemide or equivalent. Key exclusion criteria included cardiogenic shock;
pulmonary embolism, cerebrovascular accident or acute myocardial infarction

as the primary trigger for the current hospitalization or in the preceding 90 days
before randomization; current or expected cardiac transplantation, left ventricular
assist device, or inotropic support; an estimated glomerular filtration rate (¢GFR)
less than 20 mImin~" per 1.73 m? or requiring dialysis; and prior ketoacidosis. Key
inclusion and exclusion criteria are listed in Supplementary Note 1'*

Trial visits and follow-up. Efficacy and safety parameters were assessed during
follow-up visits at 3, 5, 15, 30 and 90 days after randomization. During the

onsite visits at 15, 30 and 90 days, eGFR, natriuretic peptides, New York Heart
Association class, and health status using the Kansas City Cardiomyopathy
Questionnaire were assessed. Because of the ongoing coronavirus disease 2019
(COVID-19) pandemic, several adjustments to the study protocol were made,
outlined in Supplementary Note 1. In brief, if patients were unable to come to the
study site due to COVID-19 restrictions or safety concerns, a phone or home visit
was allowed instead of an in-person site visit; if the collection of blood samples for
the central laboratory was not possible, a local laboratory could be used and trial
medication could be shipped if participants were unable to collect it. Overall, only
two patients missed a visit due to COVID-19 disruption. In addition, 23 patients
had a remote visit due to COVID-19 disruption. Compliance was assessed by
tablet count at visits 3, 4 and 5.

Primary and secondary outcomes. The primary outcome was clinical benefit at
90 days, defined as a hierarchical composite outcome of time to all-cause death, the
number of HFEs, time to first HFE, and a 5 point or greater difference in change
from baseline in KCCQ-TSS after 90 days of treatment. HFEs included heart failure
hospitalizations, urgent heart failure visits and unplanned outpatient heart failure
visits. An event was considered a HFE only if worsening signs and symptoms of
heart failure were present and an intensification of therapy (defined as an increase
of oral or i.v. diuretics, augmentation of a vasoactive agent, or starting a mechanical
or surgical intervention) was performed. The complete definition is provided in
the study protocol (Supplementary Note 2). Secondary outcomes included time to
first occurrence of cardiovascular death or hospitalization for heart failure, change
in KCCQ-TSS, diuretic response after 15 and 30 days of treatment, change in
NT-proBNP concentration over 30 days of treatment, days alive and out of hospital,
occurrence of a heart failure hospitalization until 30 days after initial hospital
discharge and occurrence of chronic dialysis or renal transplant or significant and
sustained reduction of eGFR (definitions are provided in the study protocol; see
Supplementary Notes 1 and 2). Safety parameters included markers of volume
depletion, hypotension and acute renal failure (Supplementary Notes 1 and 2).

Statistical analysis. A sample size of 500 participants (250 per treatment arm)
was estimated to provide a power of 87% at a one-sided alpha level of 0.025
under a set of assumptions previously published' and listed in the study protocol
(Supplementary Note 2). The primary analyses were performed according to the

intention-to-treat principle and included all available data after randomization.
The primary outcome analysis was performed using a stratified win ratio, which
compares all patients randomized to empagliflozin with all patients randomized to
placebo, in their heart failure status (acute de novo or decompensated chronic heart
failure). Each comparison of two patients followed the hierarchy of comparing
time to death, number of HFEs, time to HFE or a 5 point or greater difference
in change from baseline in the KCCQ-TSS at day 90 until conclusion of a win or
loss or otherwise concluding by a tie. We calculated the stratified win ratio'” as
the number of wins in the empagliflozin group divided by the number of losses,
which was then combined across both strata. A multiple imputation approach,
according to whether patients were on treatment or off treatment, was used to
impute missing data for the KCCQ-TSS. For more details on the win ratio and
the imputation methods see Supplementary Note 1. For the secondary outcomes,
a Cox proportional hazards model was used to analyze time to cardiovascular
death or HFE. Comparison between treatment groups regarding improvement in
KCCQ-TSS of 10 points or greater after 90 days of treatment was performed using
a logistic regression model adjusting for heart failure status and baseline score.
KCCQ-TSS at day 90 was evaluated using a mixed effects model for repeated
measures adjusting for heart failure status and baseline score by visit interaction.
The area under the curve of change from baseline in log-transformed NT-proBNP
concentration, calculated using the linear trapezoidal rule, was assessed using
an analysis of covariance model adjusting for heart failure status and the log of
baseline NT-proBNP. Other secondary outcomes were analyzed using similar
methods, as appropriate. The incidence of adverse events are shown descriptively.
Pvalues or confidence intervals are not adjusted for multiple comparisons.

All analyses were performed with SAS version 9.3 or higher (SAS Institute).

The Ethics Committee of each of the 118 sites in 15 countries approved the
protocol and all patients gave written informed consent.

Reporting Summary. Further information on research design is available in the
Nature Research Reporting Summary linked to this article.

Data availability

To ensure independent interpretation of clinical study results, Boehringer
Ingelheim grants all external authors access to relevant material, including
participant-level clinical study data, as needed by them to fulfill their role and
obligations as authors under the International Committee of Medical Journal
Editors criteria. Clinical study documents and participant clinical study data are
available to be shared on request after publication of the primary manuscript

in a peer-reviewed journal, and if regulatory activities are complete and other
criteria met as per the BI Policy on Transparency and Publication of Clinical

Study Data (see https://www.mystudywindow.com). Bona fide, qualified scientific
and medical researchers are eligible to request access to the clinical study data

with corresponding documentation describing the structure and content of the
datasets. Upon approval, and governed by a legal agreement, data are shared in a
secure data-access system for a limited period of 1year, which may be extended
upon request. Prior to providing access, clinical study documents and data will

be examined, and, if necessary, redacted and de-identified to protect the personal
data of the study participants and personnel, and to respect the boundaries of the
informed consent of the study participants. Researchers should use the https://vivli.
org/ link to request access to study data and visit https://www.mystudywindow.com
for further information.
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were blinded with regard to the randomised treatment assignments until after database lock.

Reporting for specific materials, systems and methods

We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material,

system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.
Materials & experimental systems Methods

Involved in the study n/a | Involved in the study

Antibodies |Z |:| ChlIP-seq

Eukaryotic cell lines |:| Flow cytometry

Palaeontology and archaeology |:| MRI-based neuroimaging

Animals and other organisms
Human research participants

Clinical data
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Dual use research of concern

Human research participants

Policy information about studies involving human research participants

Population characteristics Participants were men or women aged at least 18 years (at least 21years in Japan, being the age of legal consent)
hospitalised with a primary diagnosis of acute heart failure with dyspnoea on exertion or at rest, and at least two of the
following: congestion on chest radiograph, rales on chest auscultation, clinically relevant oedema (e.g. at least 1+ on a 0 to 3+
scale), or an elevated jugular venous pressure. Patients were randomised after at least 24 hours and no later than 5 days
after admission, as early as possible after stabilisation and while still in hospital. Patients were required have a systolic blood
pressure of at least 100mmHg, no inotropic support for at least 24hours, no symptoms of hypotension, and in the six hours
prior to randomisation no increase in the intravenous diuretic dose and no intravenous vasodilators including nitrates.
Patients were required to have a N-terminal pro-B-type natriuretic peptide (NT-proBNP) concentration of at least 1600pg/mL
or a B-type natriuretic peptide (BNP) concentration of at least 400pg/mL. Patients in atrial fibrillation were required to have a
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NT-proBNP concentration of at least 2400pg/mL or a BNP concentration of at least 600pg/mL. Patients had to be treated
with a minimum dose of 40 mg (20mg for Japanese patients) of intravenous furosemide or equivalent. The median age was
71 (interquartile range 61 to 78) years, 34% were women, and 78% were white. The median time from hospital admission to
randomisation was 3 days .

Recruitment Participants were recruited by investigators at the trial centers based on study eligibility criteria. Any self-selection bias or
other bias would be a function of the characteristics of patients presenting during the recruitment period and the judgement
of the investigators, but would be very unlikely to be imbalanced between treatment arms, given the multicentre, double-
blind, randomized trial design.

Ethics oversight All participating centres’ ethics committees or relevant regulatory authorities approved the trial protocol

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Clinical data

Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration  ClinicalTrials.gov identifier NCT04157751

Study protocol Study protocol available from the sponsor
Data collection May 18, 2020 to June 2, 2021 at 118 hospitals in 15 countries
Qutcomes The primary outcome was clinical benefit at 90 days, defined as a hierarchical composite outcome of time to all-cause death, the

number of heart failure events, time to first heart failure event, and a5-point or greater difference in change from baseline in Kansas
City Cardiomyopathy Questionnaire Total Symptom Score after 90days of treatment. Heart failure events included heart failure
hospitalisations, urgent heart failure visits and unplanned outpatient heart failure visits. An event was only considered a heart failure
event if worsening signs and symptoms of heart failure were present and an intensification of therapy defined as an increase of oral
or intravenous diuretics, augmentation of a vasoactive agent, or starting a mechanical or surgical intervention was performed. The
complete definition is provided in the study protocol (Supplementary Appendix). Secondary outcomes included time to first
occurrence of cardiovascular death or hospitalisation for heart failure, change in Kansas City Cardiomyopathy Questionnaire Total
Symptom Score, diuretic response after 15 and 30 days of treatment, change in NT-proBNP concentration over 30 days of treatment,
days alive and out of hospital, occurrence of a heart failure hospitalisation until 30 days after initial hospital discharge and occurrence
of chronic dialysis or renal transplant or significant and sustained reduction of estimated glomerular filtration rate (definitions are
provided in the study protocol; see Supplementary Appendix). Safety parameters included markers of volume depletion, hypotension
and acute renal failure (Supplementary Appendix).

Assessments were conducted according to the protocol, as follows:
7.2.2 Primary endpoint analyses

The primary endpoint is net clinical benefit, a composite of death, number of HFEs, time to first HFE and change from baseline in
KCCQ-CSS after 90 days of treatment. All patients randomised to empagliflozin are compared to all patients randomised to placebo.

For any two patients, the patient with the greater net clinical benefit is determined by assessing the following criteria sequentially,
stopping when an advantage for either patient is shown:

1. Death within common follow-up time

* death is worse than no death

e earlier death is worse

* tied, if not possible to determine

2. Number of HFEs within common follow-up time
e more HFEs is worse
* tied, if same number of HFEs

3. Time to first HFE within common follow-up time
e earlier HFE is worse
* tied, if not possible to determine

4. KCCQ-CSS change from baseline at Day 90
* more positive change from baseline is better

Note, priority is therefore given to death over HFE, and both of these over changes in KCCQ- CSS. Below are some examples:
5. Death, e.g.:

* Patient A dies 30 days after randomisation (loses)

* Patient B dies 40 days after randomisation (wins)

6. If no winner based on death, number of HFEs within common follow-up time, e.g.:

* Patient A had two HFEs (loses)

* Patient B had one HFE (wins)

7. If no winner based on number of HFEs, time to first HFE, e.g.:
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* Patient A had an HFE 30 days after randomisation (loses)
* Patient B had an HFE 50 days after randomisation (wins)

8. If no winner based on time to first HFE, KCCQ-CSS change from baseline at Day 90, e.g.:
e Patient A: KCCQ-CSS change from baseline at Day 90 is x (loses)
e Patient B: KCCQ-CSS change from baseline at Day 90 is y (y>x) (wins)

The implemented generalised pairwise comparisons approach compares all patients in one treatment group to all other patients
within their strata in the other treatment group. The net benefit (A) is then calculated as the total number of wins in the
empagliflozin group across all strata minus the total number of losses ad then divided by the total number of comparisons. This
approach is analogous to Van Elteren’s test [R98-1473].

Separate summaries for each component of this endpoint will also be presented. Sensitivity and subgroup analyses for the primary
endpoint will be specified in the TSAP. The method of handling missing KCCQ-CSS values for this analysis is described in Section 7.3.

7.2.3 Secondary endpoint analyses
Secondary endpoints will not be tested in a hierarchical sequence, and no adjustment for multiple comparisons is planned.

Change from baseline in continuous endpoints, such as KCCQ-CSS, will be analysed usingrestricted maximum likelihood estimation
based on a mixed-effect model for repeated measures (MMRM) analysis to obtain adjusted means for the treatment effects. This
model will include discrete fixed effects for treatment group (empagliflozin or placebo) and HF status (de novo or decompensated
chronic HF) at each visit and continuous fixed effects for baseline value at each visit. Missing data caused by patient withdrawal or
other reasons will be handled implicitly by the MMRM approach. Area under the curve (AUC) of change from baseline in log-
transformed NT-proBNP level over 30 days of treatment will be analysed by an analysis of covariance (ANCOVA). Based on literature
reviews, NT-proBNP level is regarded as log-normally distributed, therefore values will be log-transformed prior to analysis
[R19-3044]. The linear trapezoidal rule will be used to calculate the AUC after the log-transformation has been applied to each value.

Analysis of covariance (ANCOVA) with a discrete fixed effect for HF status (de novo or decompensated chronic HF) and a continuous
fixed effect for baseline NT-proBNP level (log-transformed) will be used to compare treatment groups. The method of handling
missing NT-proBNP levels for this analysis is described in Section 7.3.

Comparisons between treatment groups regarding the binary endpoint variable (improvement in KCCQ-CSS of > 10 points after 90
days of treatment) will be performed using a logistic regression model adjusting for the binary covariate HF status (de novo or
decompensated chronic HF). The likelihood-ratio test will be used to test for a difference between treatments. Adjusted odds ratios
together with 1-sided 97.5% confidence limits will be used to quantify the effect of treatment, comparing empagliflozin to placebo as
the reference. Time to event endpoints will be analysed using the Cox proportional hazards model [R0O7-4680] with HF status (de
novo or decompensated chronic HF) as a covariate. Hazard ratios (HRs) and their associated one-sided 97.5% confidence limits will be
estimated for evaluating the superiority of empagliflozin to placebo.

Other secondary endpoints will be summarised descriptively (including days alive and out of hospital).

Analysis of recurrent events will be described in the TSAP.

Materialnummer 52042965
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