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Aim The sodium—glucose cotransporter 2 (SGLT2) inhibitor empagliflozin improved clinical outcomes in patients
hospitalized for acute heart failure. In patients with chronic heart failure, SGLT2 inhibitors cause an early decline
in estimated glomerular filtration rate (eGFR) followed by a slower eGFR decline over time than placebo. However,
the effects of SGLT2 inhibitors on renal function during a hospital admission for acute heart failure remain largely

unknown.
Methods Between 1 and 5 days after a hospitalization for acute heart failure, 530 patients with an eGFR >20 ml/min/1.73 m?
and results were randomized to 10 mg of empagliflozin or placebo and treated for 90 days. Renal function and electrolytes were

measured at baseline, and after 15, 30 and 90 days. We evaluated the effect of empagliflozin on eGFR over time
and the impact of baseline eGFR on the primary hierarchical outcome of death, worsening heart failure events and
quality of life. Mean baseline eGFR was 52.4 ml/min/1.73 m? in the empagliflozin group and 55.7 ml/min/1.73 m? in the
placebo group. Empagliflozin caused an initial decline in eGFR (—2 ml/min/1.73 m? at day 15 compared to placebo).
At day 90, eGFR was similar between empagliflozin and placebo. Investigator-reported acute renal failure occurred in
7.7% of empagliflozin versus 12.1% of placebo patients. The overall clinical benefit (hierarchical composite of all-cause
death, heart failure events and quality of life) of empagliflozin was unaffected by baseline eGFR.
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Conclusion In patients hospitalized for acute heart failure, empagliflozin caused an early modest decline in renal function which was
no longer evident after 90 days. Acute renal events were similar in both groups. The clinical benefit of empagliflozin
was consistent regardless of baseline renal function.
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In patients hospitalized for acute heart failure (HF) in the EMPULSE trial, empagliflozin caused an early, modest decline in estimated glomerular
filtration rate (eGFR) which was no longer evident after 90 days. Empagliflozin did not influence sodium, and potassium was consistent regardless
of baseline renal function. *The hierarchy and components of the primary outcome measured by the win ratio were: (1) time to all-cause deaths;
(2) number of HF events; (3) time to first HF event; (4) >5 point difference in change from baseline in Kansas City Cardiomyopathy Questionnaire
total symptom score after 90 days of treatment. Cl, confidence interval; SE, standard error.

Keywords Acute heart failure © SGLT2 inhibitor e Renal function e Chronic kidney disease
Introduction This is followed by a slower decline in eGFR over time than
placebo-treated patients, eventually attenuating a decline in renal

Sodium—glucose cotransporter 2 (SGLT2) inhibitors improve clin- - fynction. In addition, acute renal events occur less frequently in

ical outcomes in patients with chronic heart failure, irrespective - patients on SGLT?2 inhibitors than those on placebo.'-35~7

of left ventricular ejection fraction.'> We recently demonstrated - In patients with acute heart failure, worsening renal function

that initiation of the SGLT2 inhibitor empagliflozin in patients who  :  frequently occurs.® Worsening renal function may occur during

were hospitalized for acute heart failure resulted in significant clin- effective decongestion with loop diuretics which is not associated

ical benefit in the 90 days after starting treatment.* . with worse outcomes.’ In contrast, worsening renal function due
Randomized clinical trials with SGLT2 inhibitors in patients - to haemodynamic deterioration is associated with an increased

with diabetes, chronic kidney disease and chronic heart failure all risk of worsening heart failure, heart failure readmissions and

demonstrate similar effects on renal function.'>°~7 During the first : (cardiovascular) death.

weeks of administration, SGLT?2 inhibitors cause an initial declinein Since changes in renal function are greater and occur more fre-

estimated glomerular filtration rate (eGFR) of 2—4 ml/min/1.73 m2. quently in acute heart failure, drugs that influence renal function
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might have a distinct impact on changes in eGFR during a hospi-
talization for heart failure. Further, changes in eGFR may influence
initiation and continuation of guideline-directed medical therapies.
However, the renal effects of SGLT2 inhibitors during an acute
heart failure hospital admission have not been well established.
We therefore aimed to investigate the effects of empagliflozin
on renal function and renal events during hospital admission and
early after discharge. Secondly, we aimed to explore the effects of
empagliflozin on mortality, heart failure events and quality of life
across the eGFR spectrum.

Methods

The design, baseline characteristics, and main results of EMPULSE
(NCT04157751) have been published elsewhere.'® In brief, EMPULSE
was a randomized double-blind, placebo-controlled trial, including 530
patients with a primary diagnosis of acute de novo or decompensated
chronic heart failure regardless of left ventricular ejection fraction.
Patients 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, 3 days)
and were treated for up to 90 days. The primary outcome of the trial
was clinical benefit, defined as a hierarchical composite of (i) time to
death from any cause, (ii) number of heart failure events, (iii) time to
first heart failure event, or (iv) a 5 point or greater difference in change
from baseline in the Kansas City Cardiomyopathy Questionnaire total
symptom score (KCCQ-TSS) at 90 days. Clinical benefit was assessed
using a win ratio. Deaths and heart failure events were not adjudicated.
All patients provided written informed consent and the study protocol
was approved by ethics committees and review boards at participating
sites.

Laboratory measurements
and definitions

Core laboratory serum creatinine, sodium, and potassium were mea-
sured at baseline, and after 15, 30 and 90 days of study medication.
eGFR was calculated using the Chronic Kidney Disease Epidemiology
Collaboration equation: eGFRcr = 142 X min (Scr/k, 1) o X max (Scr/x,
1) — 1.200 X 0.9938 Age x 1.012 [if female] where: Scr = serum crea-
tinine in mg/dl, x = 0.7 (females) or 0.9 (males), a = —0.241 (female)
or —0.302 (male), min (Scr/k, 1) is the minimum of Scr/x or 1.0, max
(Scr/k, 1) is the maximum of Scr/k or 1.0, Age (years).

Statistical analysis

In this post hoc analysis, patients were divided into three sub-
groups, based on baseline eGFR value: (i) <45, (i) >45 and <60,
(i) >60 ml/min/1.73 m2. Baseline characteristics were summarized as
means and standard deviations (SD), medians, and interquartile ranges,
or percentages. Ordinal regression likelihood ratio tests were used to
compare trends across eGFR subgroups at baseline.

To evaluate the effects of empagliflozin versus placebo on the
primary hierarchical composite outcome of clinical benefit across the
baseline eGFR subgroups, we conducted a post hoc analysis compar-
ing patients randomized to empagliflozin with those randomized to
placebo, within each baseline eGFR subgroup. Each comparison of
two patients followed the hierarchy of comparing (i) time to death, (ii)
number of heart failure events, (iii) time to heart failure event, or (iv)
a 5 point or greater difference in change from baseline in KCCQ-TSS

at day 90, until conclusion of a win, loss or 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 stratum (subgroups
of baseline eGFR). No further matching of patients at baseline was
performed. The treatment by baseline eGFR subgroup interaction
was tested using Cochran’s Q statistic (inverse variance-weighting
approach). A multiple imputation approach, according to whether
patients were on-treatment or off-treatment, was used to impute
missing data for the KCCQ-TSS, as previously described.*

Time to cardiovascular death or heart failure event was analysed
using the Cox proportional hazards model with terms for heart
failure status, treatment group, baseline eGFR and treatment group
by baseline eGFR interaction.

We analysed the differences between treatment groups in mean
eGFR, sodium and potassium at day 15, 30 and 90 separately, using
mixed effects models for repeated measures adjusted for heart failure
status and baseline value by visit interaction.

The proportion of patients experiencing renal and urinary adverse
events were compared between treatment groups using chi-squared
tests. Further comparisons were made by fitting logistic regression
models with terms for treatment group, baseline eGFR and treatment
group by baseline eGFR interaction.

All analyses were performed with SAS software, version 9.3 or
higher (SAS Institute, Cary, NC, USA). A p-value of 0.05 was con-
sidered statistically significant, and was not adjusted for multiple
comparisons.

Results

Baseline characteristics

Table 1 shows the baseline characteristics of the study partici-
pants according to eGFR <45, 45 to <60, >60 ml/min/1.73 m2.
Overall, mean+SD age of the patients was 68.4 + 13.3years,
169 (33.8%) were female and mean+SD baseline eGFR was
54.1 £20.3 ml/min/1.73m? (52.4 +19.8 ml/min/1.73m? in the
empagliflozin group and 55.7 +20.7 ml/min/1.73 m? in the placebo
group). Patients with lower eGFR were older, more often female,
with higher plasma N-terminal-prohormone brain natriuretic pep-
tide concentrations, more frequent comorbidities, a higher left
ventricular ejection fraction, and lower use of inhibitors of the
renin—angiotensin—aldosterone system.

Effects of empagliflozin on the
trajectories of renal function

The change in mean eGFR over time in the empagliflozin and
placebo group is depicted in Figure 1. Empagliflozin caused an initial
decline in eGFR, reaching a difference of 2 ml/min/1.73 m? at day
15 compared with placebo (p = 0.0822). At day 90, eGFR was
similar between empagliflozin and placebo groups (mean difference
0.9 ml/min/1.73m?; p = 0.5714). The absolute eGFR values for
both treatment groups at each time point are presented in online
supplementary Figure S7.

Effects of empagliflozin on trajectories
of serum sodium and potassium

Baseline mean+SD serum sodium concentration was
140.5 + 2.7 mmol/L in the placebo group and 140.0 + 3.3 mmol/L

© 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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Table 1 Baseline characteristics according to baseline estimated glomerular filtration rate of patients who were
hospitalized for acute heart failure

Age, years, mean + SD
Sex, n (%)

Men

Women

Race or ethnic group, n (%)
White
Black
Asian
Other/mixed race
Missing
Geographic region, n (%)
Europe
North America
Asia
NYHA class, n (%)
|
Il
1]
v
KCCQ-TSS, mean +SD
NT-proBNP, pg/ml, median [IQR]

Blood pressure, mmHg, mean +SD
Systolic
Diastolic

Body mass index, kg/mz, mean +SD

Left ventricular ejection fraction, n (%)
<40%
>40%
Missing

Haemoglobin, g/dl, mean +SD

Medical history, n (%)
Diabetes
Hypertension
Myocardial infarction
Atrial fibrillation
CABG or PCI
Valvular heart disease

Heart failure status, n (%)
Decompensated CHF
Acute de novo

Medication, n (%)

ACE inhibitor and/or ARB and/or ARNi

ACE inhibitor
ARB

ARNi

MRA
Beta-blocker

Loop diuretic

Baseline eGFR (ml/min/1.73 m?)

45 to <60
(n=121)

>60
(n=194)

p-value
for trend

73.8+10.1

114 (61.6)
71 (38.4)

149 (80.5)
14 (7.6)
20 (10.8)
2(1.9)

0

121 (65.4)
44 (23.8)
20 (10.8)

632

52 (28.1)

109 (58.9)

18 (9.7)

39.35+23.34

4666 [2436-9362]
(n = 184)

1245+ 182

704119

29.45 +6.30
(n=183)

106 (57.3)
77 (41.6)
2(1.1)
12.41+1.96
(n=172)

103 (55.7)
159 (85.9)
61(33.0)
114 (61.6)
75 (40.5)
124 (67.0)

144 (77.8)
41 (22.2)

110 (59.5)
49 (26.5)
44 (23.8)
18 (9.7)
75 (40.5)
146 (78.9)
159 (85.9)

70.0+11.8

74 (612)
47 (38.8)

100 (82.6)
8 (6.6)

11 (9.1)
1(08)
1(08)

86 (71.1)
24 (19.8)
11 (9.1)

3(25)

52 (43.0)

56 (46.3)

10 (8.3)

42.71+24.20

3287 [1817-6223]
(n = 120)

124.7 +18.1

745+128

29.80 £8.22
(n=120)

78 (64.5)

40 (33.1)

3 (2.5)

13.63 + 1.94
(n=115)

49 (40.5)
102 (84.3)
29 (24.0)
58 (47.9)
32 (26.4)
79 (65.3)

80 (66.1)
41 (33.9)

91 (75.2)
39 (32.2)
34 (28.1)
18 (14.9)
67 (55.4)
98 (81.0)
101 (83.5)

622+ 144

143 (73.7)
51 (26.3)

140 (72.2)
27 (13.9)
26 (13.4)
1(0.5)

0

116 (59.8)
53 (27.3)
25 (12.9)

5(2.6)

72 (37.1)

96 (49.5)

21 (10.8)

40.92 +£24.30

2378 [1288-3832]
(n = 190)

1227177

749+118

30.64+9.17
(n=194)

152 (78.4)
4121.1)
1(0.5)
13.89+1.98
(n=187)

73 (37.6)
138 (71.1)
31 (16.0)
71 (36.6)
40 (20.6)
115 (59.3)

111 (57.2)
83 (42.8)

150 (77.3)
77 (39.7)
32 (16.5)
43 (222)
120 (61.9)
153 (78.9)
154 (79.4)

68.4+133

331 (66.2)
169 (33.8)

389 (77.8)
49 (9.8)
57 (11.4)
4(08)
1(02)

323 (64.6)
121 (24.2)
56 (11.2)

14 (2.8)

176 (35.2)

261 (52.2)

49 (9.8)

40.78 £23.91

3240 [1725-6104]
(n = 494)

123.8+ 180

732+122

30.00+7.98
(n = 497)

336 (67.2)
158 (31.6)
6(1.2)
1329 +2.07
(n = 474)

225 (45.0)
399 (79.8)
121 (242)
243 (48.6)
147 (29.4)
318 (63.6)

335 (67.0)
165 (33.0)

351 (70.2)
165 (33.0)
110 (22.0)
79 (15.8)

262 (52.4)
397 (79.4)
414 (82.8)

<0.0001

0.0125

0.1061

0.4930

0.2738

0.5383
<0.0001*

0.3312
0.0004
0.1488

<0.0001

<0.0001

0.0004
0.0002
0.0001
<0.0001
<0.0001
0.1143

<0.0001

0.0001
0.0061
0.0862
0.0008
<0.0001
0.9823
0.0885

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor—neprilysin inhibitor; CABG, coronary artery bypass graft; CHF, chronic heart failure; eGFR,
estimated glomerular filtration rate; IQR, interquartile range; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire total symptom score; MRA, mineralocorticoid receptor antagonist; NT-proBNP,

N-terminal-prohormone brain natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary intervention; SD, standard deviation.

Note: 30 patients were excluded due to missing baseline eGFR results.

2Based on log-transformed results.

© 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 1 Estimated glomerular filtration rate (eGFR) change
from baseline over time. Note: 30 patients were excluded due
to missing baseline eGFR results. SE, standard error.

in the empagliflozin group. Baseline mean +SD serum potassium
concentration was 4.17 +0.43 mmol/L in the placebo group and
4.16 +0.45 mmol/L in the empagliflozin group. Figure 2 shows the
changes in sodium and potassium. Differences between baseline
sodium at day 15 (p = 0.0503), day 30 (p = 0.1534) and day 90
(p = 0.1314) were small and not statistically significant between
groups. Similarly, differences between baseline potassium at day
15 (p = 0.0723), day 30 (p = 0.7347) and day 90 (p = 0.9618)
were also not significantly different between the placebo and
empagliflozin groups.

Primary endpoint according to baseline
estimated glomerular filtration rate

There was no evidence of effect modification of baseline eGFR
on the primary outcome of EMPULSE. The win ratio (and

>

0.57
Placebo

—0.51 Empagliflozin

Adjusted mean (SE) change from
baseline in sodium (mmol/L)

-1.0 T T T

Baseline 15 30
Planned study day

Patients with data at visit

Placebo 224 213 202 169
Empagliflozin 222 202 203 184

95% confidence interval) for the patients with an eGFR <45,
45 to <60 and > 60 ml/min/1.73 m? was 1.56 (1.08-2.25), 1.14
(0.73-1.78) and 1.48 (1.04-2.13), respectively (p-value for inter-
action = 0.5400) (Figure 3).

Similarly, baseline eGFR did not modify the effect of empagliflozin
on the composite secondary outcome of cardiovascular death or
a heart failure event: hazard ratio (95% confidence interval) 0.54
(0.28—1.04) for eGFR <45, 0.91 (0.35—2.35) for eGFR 45 to <60,
and 0.82 (0.35-1.91) for eGFR >60 ml/min/1.73 m? (p-value for
trend = 0.4079; Table 2).

Renal adverse events

Renal adverse events by treatment group and baseline eGFR (<45,
45 to <60, >60ml/min/1.73 m?) are presented in Table 3. Renal
disorders occurred more frequently in patients with a baseline
eGFR <45 ml/min/1.73 m? compared to patients with a baseline
eGFR 45 to <60 and >60 ml/min/1.73 m?, but there was no sig-
nificant treatment group by baseline eGFR interaction (p-value
for trend = 0.6620). Overall renal disorders occurred in 17.0%
of the placebo group compared to 11.2% in the empagliflozin
group (p = 0.0528). Investigators more often reported acute kidney
injury events in patients with a baseline eGFR <45 ml/min/1.73 m?
compared to patients with a baseline eGFR 45 to <60 and
>60 ml/min/1.73 m2, but there were insufficient events to fit
the appropriate model. Investigator-reported acute kidney injury
occurred in 7.2% of patients in the placebo group compared to
3.8% in the empagliflozin group (p = 0.0935) during the 90-day
treatment period.

Discussion

In EMPULSE, patients hospitalized for acute heart failure with
an eGFR as low as 20ml/min/1.73m? were randomized to
empagliflozin or placebo and treated for 90 days. In this post hoc
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Figure 2 Changes in serum sodium and potassium over time in the empagliflozin versus placebo group. SE, standard error.
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N analysed Interaction

Category Empagliflozin Placebo Win ratio (95% CI) p-value
All patients 265 265 1.36 (1.09,1.68) =
Baseline eGFR 0.54

>60 mL/min/1.73 m? 88 106 1.48 (1.04, 2.13) e |

45 to <60 mL/min/1.73 m? 63 58 1.14 (0.73, 1.78) N

<45 mL/min/1.73 m2 98 87 1.56 (1.08, 2.25)

0.5 1 2 4

«— —>
Favours Favours
placebo empagliflozin

Figure 3 Clinical benefit of empagliflozin versus placebo across the spectrum of kidney function. Note: 30 patients were excluded due to

missing baseline estimated glomerular filtration rate (eGFR) results. Cl, confidence interval.

Table 2 Cox regression for time to first occurrence of cardiovascular death or heart failure event until end of trial
visit by baseline estimated glomerular filtration rate (<45, 45 to <60, >60 ml/min/1.73 m?)?

eGFR subgroup
(ml/min/1.73 m2)

Number of patients with event

>60 9 (10.2%) 13 (12.3%)
45 to <60 8 (12.7%) 9 (15.5%)
<45 15 (15.3%) 23 (26.4%)

Hazard ratio (95% p-value
confidence interval) for trend
0.82 (0.35-1.91) 0.4079

0.91 (0.35-2.35)
0.54 (0.28—1.04)

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate.

Note: 30 patients were excluded due to missing baseline eGFR results.

2Based on a Cox regression model with terms for heart failure status (p = 0.0251), treatment (p = 0.2113), baseline eGFR (CKD-EPI) (p = 0.1605) and treatment by baseline

eGFR (CKD-EPI) interaction (p = 0.6070).

analysis we found the clinical benefit seen in the overall primary

* was consistent regardless of baseline eGFR.* Patients

comparison
treated with empagliflozin had a modest early decline in eGFR,
but the difference with placebo was no longer apparent after
90 days. Renal adverse events were comparable between patients
treated with empagliflozin or placebo. Finally, empagliflozin did not
influence serum sodium and potassium concentrations throughout
90 days of treatment (Graphical Abstract).

The finding that the beneficial clinical effects of empagliflozin
remained present in patients with all severities of chronic kidney
disease is important since the effects of SGLT2 inhibitors are
primarily related to sodium—glucose exchange in the proximal
tubule of the kidney. Its tubular effects might theoretically be
influenced by lower glomerular filtration rate, which did not appear
in the present analysis. This is particularly relevant in acute heart
failure, where chronic kidney disease and worsening renal function
are very common.

An early decline in eGFR of 2—4 ml/min/1.73m? in patients
treated with SGLT?2 inhibitors is a very consistent and common
finding, which has been previously demonstrated in patients with
diabetes and high cardiovascular risk, chronic kidney disease and
chronic heart failure.”>>~7 The present paper extends these
findings and those from EMPA-RESPONSE-AHF, where patients
with acute heart failure were randomized to empagliflozin or

placebo within 24 h of admission.!" In that pilot study, the effect
on eGFR with SGLT2 inhibitors was seen as early as 24 h after
start and was larger (8 ml/min/1.73 m2) than in the present analysis.
Consistent with findings from the current analysis from EMPULSE,
the difference between empagliflozin and placebo was attenuated
already 30 days after admission.

The early decline observed with SGLT2 inhibitors is most likely
caused by the so-called tubuloglomerular feedback mechanism
where an increase in tubular sodium and chloride excretion is
sensed by the macula densa, leading to afferent vasoconstriction,
resulting in a reduction in renal blood flow and thereby glomerular
filtration.>® Similar to loop diuretics, this early decline in renal
function together with adequate diuresis is likely related to a lower
risk of worsening heart failure, (cardiovascular) death and heart
failure rehospitalizations. Previous studies in chronic heart failure
showed that the early decline in eGFR after initiation of SGLT2
inhibitors is followed by a slower rate of long-term decline in
renal function, indicating long-term renal protective effects. These
effects might be related to improved haemodynamics, leading to
better renal perfusion. There is however one remarkable difference
between the present study in patients with acute heart failure
and studies in patients with diabetes, chronic kidney disease and
chronic heart failure."3°~7 In the latter groups, the change in eGFR
typically cross at 52—76 weeks of randomized treatment. At this
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point, the slower rate of decline in renal function has compensated
the early decline in renal function. In the present study, the lines
already cross at 90 days, which is much earlier than in the chronic
studies. This might be related to greater changes in renal function
and haemodynamics in patients with acute heart failure. However,
it is remarkable that the initial decline in renal function was only
2 ml/min/1.73 m?, compared to 2.5-4.5 ml/min/1.73m? in the
chronic patients.

Finally, renal adverse events were comparable between patients
treated with empagliflozin and placebo. In patients with dia-
betes, chronic kidney disease and chronic heart failure, renal
adverse events were less often observed in patients treated with
SGLT?2 inhibitors.’>*~7 For example, in patients with chronic
kidney disease, dapagliflozin reduced the primary outcome of
a composite of a sustained decline in the eGFR of at least
50%, end-stage kidney disease, or death from renal or cardio-
vascular causes by 44%.” Similarly, in patients with diabetes,
empagliflozin reduced the incidence of doubling of serum creatinine
by 44%.> And in patients with chronic heart failure, empagliflozin
reduced the composite renal outcome of chronic dialysis or renal
transplantation or a profound, sustained reduction in the eGFR
by 50%.

This study has several limitations. First, we did not collect
urine samples to determine urinary albumin excretion. Second,
the number of patients in the present study (n = 530) was lower
than the randomized clinical trials with SGLT2 inhibitors in patients
with diabetes, chronic kidney disease and chronic heart failure.
Nonetheless, the current findings in patients with acute heart
failure were very consistent with these larger studies in chronic
patients.

In conclusion, the present study shows that the beneficial clin-
ical effects of empagliflozin in patients who are hospitalized for
acute heart failure were consistent regardless of baseline eGFR.
Empagliflozin caused an early modest decline in renal function, but
already after 90 days, the difference in renal function had disap-
peared. Overall renal adverse events, and investigator-reported
acute kidney injury were similar between placebo and empagliflozin
treated patients.
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Supporting Information section at the end of the article.
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