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Abstract

Aims In this prospective, placebo-controlled, double-blind, exploratory study, we examined early and more delayed effects
of empagliflozin treatment on haemodynamic parameters (primary endpoint: cardiac output) and kidney function including
parameters of acute kidney injury (AKI) in patients with acute decompensated heart failure (HF).
Methods and results Patients with acute decompensated HF with or without diabetes were randomized to empagliflozin
10 mg or placebo for 30 days. Haemodynamic, laboratory, and urinary parameters were assessed after 6 h, 1 day, 3 days,
7 days, and 30 days of treatment. Median time between hospital admission and randomization was 72 h. Baseline character-
istics were not different in the empagliflozin (n = 10) and placebo (n = 9) groups. Empagliflozin led to a significant increase in
urinary glucose excretion throughout the study (baseline: 37 ± 15 mg/24 h; Day 1: 14 565 ± 8663 mg/24 h; P = 0.001).
Empagliflozin did not affect the primary endpoint of cardiac index or on systemic vascular resistance index at any time
point. However, empagliflozin significantly reduced parameters of AKI (urinary TIMP-2 and IGFBP7 by NephroCheck® as
indicators of tubular kidney damage), which became significant after 3 days of treatment [placebo: 1.1 ± 1.1 (ng/mL)2/
1000; empagliflozin: 0.3 ± 0.2 (ng/mL)2/1000; P = 0.02] and remained significant at the 7 day time point [placebo: 2.5 ± 3.8
(ng/mL)2/1000; empagliflozin: 0.3 ± 0.2 (ng/mL)2/1000; P = 0.003].
Conclusions In this study, empagliflozin treatment did not affect haemodynamic parameters but significantly reduced
markers of tubular injury in patients with acute decompensated HF.
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Background

Sodium-glucose cotransporter-2 (SGLT2) inhibitors reduce
heart failure (HF) hospitalization or cardiovascular (CV) death
in patients with HF [HF with reduced ejection fraction (HFrEF)
and HF with preserved ejection fraction (HFpEF), respec-
tively], type 2 diabetes mellitus (T2D), and/or chronic kidney
disease (CKD). Inhibition of the SGLT2 transporter, which is
expressed in the proximal tubule of the kidney, induces
glucosuria and osmotic diuresis. Recent evidence suggests

that SGLT2 inhibition also improves outcome in patients with
acute decompensated HF—a situation often combined with
impaired kidney function.

Aims

In this prospective, placebo-controlled, double-blind,
exploratory pilot study, we randomized patients with acute
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decompensated HF with and without T2D to empagliflozin
or placebo. We investigated haemodynamic and kidney
parameters including markers of kidney tubular stress
indicating acute kidney injury (AKI) at different time points.

Methods

This study had to be terminated prematurely due to the
COVID-19 pandemic. The endpoints were exploratively evalu-
ated in the recruited collective of 19 study participants re-
ceived empagliflozin 10 mg or placebo for a period of 30 days
in addition to their concomitant medication. The primary
endpoint of the study was cardiac output (CO) as determined
by the ClearSight System®. Power calculation was based on
detecting a difference in CO between the empagliflozin and
placebo groups. A multivariate analysis of variance was con-
sidered with baseline and five follow-up measurements of
CO with treatment group and diabetes effect and testing
for a treatment–time interaction. The following assumptions
were considered: power 0.8, alpha 0.05, an autoregressive
correlation structure across time, rho 0.5, standard deviation
of CO 1 L/min based on Bubenek-Turconi et al.,1 a mean dif-
ference of zero between treatments at baseline and first two
follow-up measurements, and a constant difference thereaf-
ter. Based on our assumptions, a total sample size of 48
would allow a detection of a 1 L/min minimal difference in
CO.

Secondary endpoints included additional haemodynamic
parameters and vital signs as well as several laboratory and
urinary values including the AKI Risk Score by NephroCheck®.

For categorical variables, non-missing sample size, fre-
quencies, and percentages were tabulated. Continuous vari-
ables were summarized using means, medians, quartiles,
standard deviations, and non-missing sample size. Distribu-
tions of continuous variables were assessed using graphical
methods (box-plots).

Inclusion criteria were age ≥ 18 years, presence of acute
HF requiring hospital admission, and associated signs and
symptoms regardless of ejection fraction or diabetes status
as well as a serum level of N-terminal pro-brain natriuretic
peptide (NT-proBNP) > 1000 pg/mL. Non-invasive haemody-
namic measurement, transthoracic echocardiography, blood
pressure, blood, and urine chemistry were performed at
baseline and 6 h, 1 day, 3 days, 7 days, and 30 days following
treatment initiation. We used the ClearSight System®
(Edwards Lifesciences, Irvine, USA) as a validated2

non-invasive tool to explore effects of empagliflozin on
haemodynamic parameters including CO, stroke volume
index (SVI), blood pressure, heart rate (HR), and systemic
vascular resistance index (SVRI). Serum chemistry including
haematology, lipid profile, glucose metabolism, estimated
glomerular filtration rate (eGFR) [Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula], and serum
cystatin C, NT-proBNP, aldosterone, and erythropoietin was
performed at each visit, and we collected 24 h urines at
different time points to measure excretion of glucose and
sodium. Additionally, we used NephroCheck® to assess
tubular kidney damage. NephroCheck® is an in vitro diagnos-
tic device that quantifies urinary concentrations of tissue
inhibitors of metalloproteinases-2 (TIMP-2) and insulin-like
growth factor-binding protein 7 (IGFBP7) by fluorescence
immunoassay on the Astute 140® Meter. The test has been
established to assess the risk of moderate or severe AKI.3

Table 1 Baseline characteristics of the study population

Placebo (N = 9) Empagliflozin (N = 10) P-value

Age, years 72.3 ± 9.9 71.8 ± 13.4 0.93
Male, no. (%) 3 (33.3) 6 (60) 0.48
Systolic blood pressure, mmHg 126 ± 24 139 ± 23 0.19
Diastolic blood pressure, mmHg 67 ± 13 80 ± 24 0.46
Heart rate, b.p.m. 73 ± 10 75 ± 17 0.41
LVEF, % 38 ± 11 34 ± 11 0.64
Type 2 diabetes, no. (%) 1 (11) 4 (40) 0.36
History of coronary heart disease, no. (%) 3 (33) 5 (50) 0.79
Medication, no. (%)

Antiplatelets 5 (55.6) 3 (30) 0.79
Oral anticoagulants 6 (66.7) 6 (60) >0.999
Diuretics 8 (88.9) 8 (80) >0.999
Calcium channel blockers 3 (33.3) 1 (10) 0.66
Beta-blockers 8 (88.9) 8 (80) >0.999
RAAS inhibitors 7 (77.8) 8 (80) 0.66

eGFR, mL/min/1.73 m2 56 ± 16 63 ± 22 0.57
NT-proBNP, pg/mL 3996 ± 6293 3562 ± 2527 0.74

Note: Values are mean ± standard deviation for normally distributed data and median and interquartile range for non-normally distrib-
uted data, or no. (%); P-values for continuous variables were calculated using t-test; P-values for categorical variables were calculated
using χ2 test; P-values ≤ 0.05 were categorized as statistically significant.
Abbreviations: eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro-brain natri-
uretic peptide; RAAS, renin-angiotensin-aldosterone system.
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Results

Baseline characteristics

From June 2018 to May 2020, a total of 19 patients
underwent randomization. The median time between hospi-
tal admission and randomization was 72 h. Baseline charac-
teristics were not different between empagliflozin and
placebo-treated patients. The mean age of study participants
was 72.1 ± 11.7 years, 47% were male, with a mean left ven-
tricular ejection fraction (LVEF) of 36%, a history of CV dis-
ease in 42%, and diabetes in 26%. Mean NT-proBNP was
3420 pg/mL, mean eGFR was 58 mL/min/1.73 m2, and pa-
tients had a baseline blood pressure of 114/70 mmHg with
an HR of 80/min. No difference in baseline medication was
present between treatment groups including renin-angioten-
sin-aldosterone system (RAAS) inhibition, beta-blockers, and
oral diuretics (Table 1).

Effect of empagliflozin on haemodynamic
parameters

Cardiac output was not significantly different between
empagliflozin and placebo-treated patients at any time point
(Table 2). No treatment-dependent difference in SVRI, SVI,
HR, and blood pressure was observed between both groups
(Table 2).

Effect of empagliflozin on metabolic parameters
and kidney function

As expected, empagliflozin treatment significantly increased
urinary glucose excretion throughout the study period [from
37 ± 15 mg/24 h at baseline to 14 565 ± 8663 mg/24 h at
Day 1 (P = 0.001) and 8890 ± 10 872 mg/24 h at Day 30
(P = 0.06)] (Figure 1, Table 2). In parallel with glucosuria,
24 h urinary volume increased in empagliflozin-treated pa-
tients without reaching statistical significance, most likely
due to the small sample size. No difference in serum blood
glucose, diuretic requirement, urinary sodium excretion, or
body weight was found between both groups throughout
the study (Table 2).

Empagliflozin had no significant effect on eGFR in compar-
ison with placebo at any time point while serum cystatin C
was transiently increased after 6 h but not at later time
points in patients receiving empagliflozin (Table 2). TIMP-2
and IGFBP7 (by NephroCheck®) were significantly reduced
with empagliflozin treatment [from 0.9 ± 1.1 (ng/mL)2/1000
at baseline to 0.3 ± 0.2 (ng/mL)2/1000 at Day 3 (P = 0.02)
and 0.3 ± 0.2 (ng/mL)2/1000 at Day 7 (P = 0.003)] suggesting
nephroprotective effects of empagliflozin (Figure 1, Table 2).Ta
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Discussion/conclusions

Our study in acute decompensated HF patients demonstrates
a significant reduction of risk markers of AKI by empagliflozin
suggesting that SGLT2 inhibitor treatment may prevent AKI in
patients with acute decompensated HF. Acute decompen-
sated HF frequently causes kidney impairment and treatment
of decompensated HF may lead to AKI.4 SGLT2 inhibitors have
been shown to reduce both cardiac (CV death or HF hospital-
ization) and kidney endpoints in chronic HF patients,5–7 but
concerns have been raised that the agents could lead to AKI
in patients with acute decompensated HF. Recent data from
the EMPULSE trial, enrolling patients with acute decompen-
sated HF on average within 3.4 days after hospital
admission, did not show an increased risk for AKI in
empagliflozin-treated patients. Our data, enrolling patients
within the same period, extend these results by demonstrat-
ing that empagliflozin significantly decreases the urinary AKI
risk markers TIMP-2 and IGFBP7, previously established as a
sensitive tool to assess AKI risk before a decrease of kidney
function becomes evident.8,9 Renoprotective effects of SGLT2
inhibitors have been attributed to kidney tubular-glomerular
feedback with subsequent reduction of glomerular filtration
pressure as the driving mechanism. In our study, this was ev-
idenced by a transient elevation of serum cystatin C and a
trend towards a lower eGFR with empagliflozin. Beyond
tubuloglomerular feedback, other mechanisms such as re-
duced tubular energy consumption may also contribute to
the nephroprotective effects of SGLT2 inhibitors.

Taken together, our data in patients with acute decompen-
sated HF suggest that empagliflozin treatment does not affect
haemodynamic parameters but significantly reduces markers
of AKI.

This study has certain limitations. The main limitation is
that the reduction of important validated markers of acute

kidney damage is an exploratory finding in a limited number
of patients and warrants confirmation in a larger study with
changes in renal function defined as primary outcome. Still,
the present study was randomized, blinded, and placebo-
controlled, and changes in renal function assessed by
laboratory measurement and AKI Risk Score measured by
NephroCheck® were predefined exploratory endpoints.
Additional studies using larger populations will be required
to investigate these effects of SGLT2 inhibition on structural
changes of the kidney.
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Figure 1 Effect of empagliflozin on markers of acute kidney injury (AKI). Urinary glucose excretion (A) and AKI risk markers (B) in patients with acute
decompensated heart failure treated with empagliflozin (n = 10; black line) or placebo (n = 9; blue dotted line). Data are shown as mean ± standard
error at baseline, after 1, 3, and 7 days. P-values are calculated from the Wald tests for the intervention effect at each visit.
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