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Abstract

Background We sought to compare cardiovascular outcomes, renal function, and diuresis in patients receiving standard
diuretic therapy for acute heart failure (AHF) with or without the addition of SGLT2i.

Methods and results Systematic search of three electronic databases identified nine eligible randomized controlled trials
involving 2,824 patients. The addition of SGLT2i to conventional therapy for AHF reduced all-cause death (odds ratio
[OR] 0.75; 95% CI 0.56-0.99; p=0.049), readmissions for heart failure (HF) (OR 0.54; 95% CI 0.44-0.66; p <0.001), and
the composite of cardiovascular death and readmissions for HF (hazard ratio 0.71; 95% CI 0.60-0.84; p <0.001). Further-
more, SGLT2i increased mean daily urinary output in liters (mean difference [MD] 0.45; 95% CI 0.03-0.87; p =0.035)
and decreased mean daily doses of loop diuretics in mg of furosemide equivalent (MD -34.90; 95% CI [—52.58, —17.21];
p <0.001) without increasing the incidence worsening renal function (OR 0.75; 95% CI1 0.43-1.29; p=0.290).

Conclusion SGLT?2i addition to conventional diuretic therapy reduced all-cause death, readmissions for HF, and the com-
posite of cardiovascular death or readmissions for HF. Moreover, SGLT2i was associated with a higher volume of diuresis
with a lower dose of loop diuretics.
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Abbreviations
AHF Acute heart failure

ADHF Acute decompensated heart failure

CI Confidence interval

CKD Chronic kidney disease

Ccv Cardiovascular

HF Heart failure

HR Hazard ratios

MD Mean difference

OR Odds ratio

PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analysis

RCT Randomized controlled trial

RoB2 Cochrane tool for assessing risk of bias in
randomized trials

SGLT2i  Sodium-glucose cotransporter 2 inhibitors

Introduction

Acute heart failure (AHF) is the leading cause of unplanned
hospitalization in those over 65 years and is characterized
by new-onset or worsening symptoms of heart failure (HF)
[1, 2]. Most patients with AHF are admitted with evidence
of fluid overload and are generally treated with escalating
doses of intravenous loop diuretics to improve symptoms
and reduce morbidity [3, 4]. However, this diuretic regimen
is limited by worsening renal function and many patients
do not obtain adequate decongestion during the hospital
stay for AHF [5-7]. In fact, current treatment for AHF has
not changed significantly in decades. Unsurprisingly, post-
discharge outcomes have remained poor with 30-day read-
mission and 1-year mortality rates being as high as 20-30%
[8—14]. Therefore, there is an unmet need for new therapeu-
tic strategies in this population.

In recent years, sodium-glucose cotransporter 2 inhibitors
(SGLT?2i) have been proved to be effective in the treatment
of HF for reducing cardiovascular mortality and hospitali-
zations, regardless of diabetes or ejection fraction status
[4, 15-17]. SGLT?2i also reduce the composite outcome of
cardiovascular death or deterioration of renal function in
patients with chronic kidney disease (CKD) [18]. However,
less is known about the safety and efficacy of adding SGLT2i
to conventional diuretic therapy in patients admitted with
AHF.

A prior meta-analysis examining this issue found a reduc-
tion in rehospitalizations for HF in patients treated with
SGLT?2i. However, there was no significant decrease in mor-
tality with SGLT2i, which may have been related to limited
power [19]. Therefore, we aimed to perform an updated sys-
tematic review and meta-analysis of randomized controlled

@ Springer

trials (RCTs) comparing conventional diuretic therapy with
or without concomitant SGLT?2i for cardiovascular and renal
endpoints in patients with AHF.

Methods

This systematic review with meta-analysis was registered in
the international prospective register of systematic reviews
(PROSPERO) under protocol CRD42022351714. This study
was designed in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-analyses (PRISMA)
reporting guideline [20].

Study eligibility

We included studies that met the following eligibility cri-
teria: (1) peer-reviewed RCTs; (2) comparing conventional
diuretic therapy with or without SGLT2i; (3) initiated on
hospitalization or within 30 days of hospitalization for AHF;
(4) regardless of diabetes or ejection fraction status; and (5)
reporting at least one of the clinical outcomes of interest. We
excluded studies with (1) patients already taking SGLT?2i at
the time of admission with AHF; (2) no outcomes of inter-
est; and (3) an overlapping patient population with a larger
trial. There were no restrictions concerning the date or lan-
guage of publication.

Search strategy and data extraction

MEDLINE, Cochrane, and Embase databases were system-
atically searched on August 27, 2022. The search strategy
was as follows: (“acute heart failure” OR “decompensated
heart failure” OR “worsening heart failure””) AND (SGLT2
OR ?gliflozin OR empagliflozin OR canagliflozin OR sotag-
liflozin OR dapaglifiozin OR ertugliflozin). We extracted
data for (1) all-cause death; (2) readmission for HF defined
as rehospitalization or urgent visits for HF; (3) cardiovascu-
lar death; (4) the composite endpoint of cardiovascular (CV)
death or readmissions for HF; (5) incidence of worsening
renal function (WRF); (6) daily urinary output; and (7) daily
need of loop diuretic. Incidences of urinary tract infections,
ketoacidosis, hypotension, hypoglycemia, and amputations
were also accessed for safety evaluation. Endpoint defini-
tions of WRF and readmissions for HF for each included
study are shown in Supplementary Table 11 in the Appen-
dix. All identified articles were systematically assessed using
the inclusion and exclusion criteria. Article selection and
data extraction were undertaken independently by at least
two reviewers (between P.C., T.V., and C.D.). Disagreements
were resolved by consensus.
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Quality assessment

The cochrane tool for assessing risk of bias in randomized tri-
als (RoB 2) was utilized for quality assessment of randomized
studies [21]. The risk of bias evaluation was performed inde-
pendently by two authors (P.C., T.V.) with disagreements
resolved by consensus. Publication bias was assessed with
funnel-plot analysis and Egger’s test of the all-cause death
endpoint to evaluate the symmetric distribution of trials with
similar weights.

Sensitivity analysis

We performed a prespecified sensitivity analysis for all-
cause death and HF readmissions including only studies
with SGLT2i initiation in-hospital setting. In addition, we
performed a metaregression analysis for all-cause death to
assess for any interaction with the following characteristics:
prevalence of diabetes mellitus and the proportion of patients
admitted with new-onset HF (de novo HF). We also performed
sensitivity analyses restricted to (1) studies with placebo con-
trol; (2) a follow-up period of 1 to 12 months; and (3) time-to-
event statistical analyses reported as hazard ratios. Concerning
the heterogeneous definitions of WRF across studies, we per-
formed leave-one-out sensitivity analyses to ensure the results
were not dependent on a single study. We also evaluated the
Baujat plot to identify studies that had high contributions to
the heterogeneity. Finally, we performed a subgroup analysis
of studies with the same definitions of WRF.

Data analysis

Treatment effects for binary endpoints were compared using
pooled odds ratios (OR) or hazard ratios (HR) with 95% confi-
dence intervals, whereas continuous endpoints were compared
using mean difference (MD) with 95% confidence intervals.
We adopted the Mantel-Haenszel test in all binary endpoints
and the inverse-variance for continuous endpoints. Heteroge-
neity was examined with Cochran’s Q test, I statistics, and
Tau-square using the restricted maximum-likelihood estima-
tor. Heterogeneity was reported as low (I>=0-25%), moderate
(?=26-50%), or high (/> >50%). The fixed-effects model was
used for outcomes with low heterogeneity (1> <25%) and the
random-effects model for studies with moderate to high het-
erogeneity (I>>25%). All statistical analyses were performed
using R statistical software, version 4.2.1 (R Foundation for
Statistical Computing).

Results
Study selection and baseline characteristics

Our systematic search yielded 596 potential articles, as
detailed in Fig. 1. After removing duplicate records and stud-
ies with an exclusion criterion based on title/abstract review,
37 remained and were thoroughly reviewed for inclusion
and exclusion criteria. Ultimately, 9 RCTs were included,
with a total of 2,824 patients, of whom 1,411 patients were
assigned to SGLT2i plus conventional diuretic therapy and
1,413 patients were assigned to conventional diuretic therapy
alone. Study characteristics are present in Table 1, with addi-
tional information in the Supplementary Tables 2 and 3.

Cardiovascular endpoints
Starting SGLT2i during hospitalization for AHF or shortly

after hospital discharge reduced the rate of all-cause deaths
(OR 0.75; 95% CI 0.56-0.99; p=0.049; I*=0%; Fig. 2A),

| PubMed search: 128 results |
I

| Embase search: 362 results |
I

| Cochrane search: 106 results |

| Number screened: 596 results |

Duplicate reports or did not meet
1 inclusion criteria based on
title/abstract (n = 559)

Full-textreviewed: 37 studies |

—' Clinical trial registration (n = 8)
—' Non-RCT (n=6)

—| No outcomes of interest (n=5)
—| Abstract only (n=3)

——'| Study protocol (n = 2)

—| Other (n=4)

9 included studies |

Fig.1 PRISMA flow diagram of study screening and selection.
PRISMA flow diagram of study screening and selection. The search
strategy in Embase, MEDLINE, and Cochrane yielded 596 studies,
of which 37 were fully reviewed for inclusion and exclusion criteria.
Nine studies were included in the meta-analysis
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A) All-cause Death

SGLT2i Control Odds Ratio

Studies Events Total Events Total OR IC 95% Weight MH, Fixed, 95% CI
Charaya 2022 13 50 16 52 0.791 [0.333; 1.875] 10.9% ——
EMPAG-HF 2022 1 30 2 29 0.466 [0.040; 5.433] 1.9% :
EMPA-RESPONSE-AHF 2020 1 40 3 39 0.308 [0.031; 3.094] 2.8% L

EMPULSE 2022 11 265 22 265 0.478 [0.227; 1.007] 19.9% —

Ibrahim 2020 1 50 1 50 1.000 [0.061; 16.444] 0.9% :
SOLOIST-WHF 2020 65 608 76 614 0.847 [0.596; 1.205] 63.6% I.-

Total (95% CI) 92 1043 120 1049 0.747 [0.559; 0.999] 100.0% -
Heterogeneity: Tau? = 0.0069; Chi? = 2.63, df = 5 (P = 0.76); I> = 0% ' ' ' '
Test for overall effect: Z = -1.97 (P = 0.0492) 0.1 051 2 10

Favors SGLT2i Favors Control
B) Readmissions for HF
SGLT2i Control Odds Ratio

Studies Events Total Events Total OR IC 95% Weight MH, Fixed, 95% CI
Charaya 2022 14 50 17 52 0.801 [0.343; 1.867] 4.6% —t———
EMPA-RESPONSE-AHF 2020 2 40 5 39 0.358 [0.065; 1.967] 1.8% E

EMPULSE 2022 36 265 52 265 0.644 [0.405;1.024] 17.1% —HE—
SOLOIST-WHF 2020 194 608 297 614 0.500 [0.396; 0.631] 76.5% ll

Total (95% CI) 246 963 371 970 0.536 [0.439; 0.655] 100.0% -

Heterogeneity: Tau? = 0.0004; Chi? = 2.02, df = 3 (P = 0.57); I* = 0% ' ‘ ' '
Test for overall effect: Z =-6.10 (P < 0.0001) 0.1 05 1 2 10

Favors SGLT2i Favors Control

C) CV death
Hazard Ratio

Author SGLT2i Control HR IC 95% Weight IV, Fixed, 95% CI
DELIVER 2022 328 326 0.850 [0.560; 1.290] 44.1%
SOLOIST-WHF 2020 608 614 0.840 [0.580; 1.217] 55.9% I
Total (95% Cl) 936 940 0.844 [0.640; 1.114] 100.0% ——
Heterogeneity: Tau? = 0; Chi? = 0.00, df = 1 (P = 0.97); I = 0% ! '
Test for overall effect: Z =-1.20 (P = 0.2314) 0.75 1 15

D) CV death or Readmissions for HF

Favors SGLT2i Favors Control

Hazard Ratio

Author SGLT2i Control HR IC 95% Weight IV, Fixed, 95% CI
DELIVER 2022 328 326 0.782 [0.596; 1.026] 38.3% —i—

EMPULSE 2022 265 265 0.693 [0.446; 1.075] 14.6% =

SOLOIST-WHF 2020 608 614 0.668 [0.523;0.853] 47.1% —l—

Total (95% ClI) 1201 1205 0.713 [0.603; 0.844] 100.0% -

Heterogeneity: Tau? = 0; Chi? = 0.73, df = 2 (P = 0.69); 12 = 0% ! !
Test for overall effect: Z =-3.94 (P < 0.0001) 0.5 1 2

Fig. 2 Forrest plot of cardiovascular endpoints with or without SGLT?2i in

readmissions for HF (OR 0.54; 95% CI 0.44-0.66; p<0.001;
P=0%: Fig. 2B), and the composite of CV death or read-
missions for HF (HR 0.71; 95% CI 0.60-0.84; p <0.001;
I?=0%; Fig. 2D). There was no difference in CV deaths
(HR 0.84; 95% CI 0.64—1.11; p=0.231; I*=0%; Fig. 2C)
between groups. SOLOIST-WHEF had the highest weight for
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Favors SGLT2i Favors Control

AHF

these endpoints, and 51.2% of its population was assigned
to SGLT2i treatment only after hospital discharge. All other
studies for these endpoints had SGLT2i initiated in the hos-
pital. Thus, we performed a sensitivity analysis withdraw-
ing SOLOIST-WHEF from the pooled analysis to address the
effects of SGLT?2i initiation before hospital discharge. In this
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A) All-cause Death

SGLT2i Control Odds Ratio
Studies Events Total Events Total OR IC 95% Weight MH, Fixed, 95% CI
Charaya 2022 13 50 16 52 0.791 [0.333; 1.875] 30.1% —f—l#—
EMPAG-HF 2022 1 30 2 29 0.466 [0.040; 5433] 5.1% -
EMPA-RESPONSE-AHF 2020 1 40 3 39 0.308 [0.031; 3.094] 7.7% &
EMPULSE 2022 11 265 22 265 0.478 [0.227; 1.007] 54.6% —.—
Ibrahim 2020 1 50 1 50 1.000 [0.061; 16.444] 2.5% i
Total (95% CI) 27 435 44 435 0.572 [0.340; 0.962] 100.0% | + | |

Heterogeneity: Tau? = 0; Chi® = 1.22, df = 4 (P = 0.88); I’ = 0%
Test for overall effect: Z=-2.11 (P = 0.0351)

B) Readmissions for HF

0.1 051 2 10
Favors SGLT2i Favors Control

SGLT2i Control Odds Ratio
Studies Events Total Events Total OR IC 95% Weight MH, Fixed, 95% CI
Charaya 2022 14 50 17 52 0.801 [0.343;1.867] 19.4% —
EMPA-RESPONSE-AHF 2020 2 40 5 39 0.358 [0.065;1.967] 7.8% = :
EMPULSE 2022 36 265 52 265 0.644 [0.405;1.024] 72.8% —.|—
Total (95% ClI) 52 355 74 356 0.652 [0.439; 0.968] 100.0% -
Heterogeneity: Tau? = 0; Chi? = 0.70, df = 2 (P = 0.70); I = 0% ' ' ' !
Test for overall effect: Z =-2.12 (P = 0.0337) 0.1 051 2 10

Favors SGLT2i Favors Control

Fig.3 Subgroup analysis of studies with in-hospital treatment initiation with or without SGLT2i

analysis, similar results were found in all-cause deaths (OR
0.57; 95% CI 0.34-0.96; p=0.035; I*=0%; Fig. 3A) and
readmissions for HF (OR 0.65; 95% CI1 0.44-0.97; p=0.034;
I?=0%; Fig. 3B).

Prespecified metaregressions were performed showing no
significant interaction between all-cause death and covari-
ants of (1) diabetes mellitus prevalence and (2) the propor-
tion of patients admitted with new-onset HF (de novo HF).
These results are available in Figs. S1-S2 in the supplemen-
tary appendix.

In the sensitivity analysis, the beneficial effect of
SGLT?2i was preserved after restricting follow-up periods to
1-12 months. All-cause deaths (OR 0.75; 95% CI 0.56-0.99;
p=0.048; 2=0%), readmissions for HF (OR 0.54; 95% CI
0.44-0.66; p<0.001; 12=0%), and the composite of CV
death and readmission for HF (HR 0.67; 95% CI 0.54-0.83;
p<0.001; I>=0%) were significantly lower with SGLT2i
relative to control. Due to insufficient data, the analysis of
CV death in this setting was not performed. These results are
available in Fig. S3 in the supplementary appendix.

Additionally, a time-to-event sensitivity analysis calcu-
lating HR found similar results to the pooled analysis. CV
deaths and the composite of CV death or readmission for
HF had already been calculated as HR for the effect estimate
because only these data were available for such outcomes.
The sensitivity analysis for readmissions for HF (HR 0.69;
95% CI 0.56-0.84; p<0.001; P=0%) also demonstrated a

benefit in favor of SGLT?2 inhibitors. There was no differ-
ence between the groups regarding all-cause deaths (HR
0.89;95% C10.71-1.12; p=0.317; 2=0%) in the time-to-
event analysis, albeit this was likely due to reduced power,
as only two studies reported this outcome. These results are
available in Fig. S4 in the Supplementary Appendix.

We also performed a subgroup analysis restricted to pla-
cebo-controlled studies. Results were similar to those found
in the overall pooled analysis of all studies. Readmissions
for HF (OR 0.52; 95% CI 0.43-0.64; p <0.001; >=0%) and
the composite of CV death or readmissions for HF (HR 0.71;
95% CI 0.60-0.84; p <0.001; I?=0%) were reduced with
SGTL2 inhibitors. There was no difference in the occurrence
of CV deaths (0.84; 95% CI 0.64—1.11; p=0.231; > =0%)
between groups. There was also a trend toward reduced all-
cause deaths with SGLT2 inhibitor use relative to placebo
(OR 0.74; 95% CI 0.54—1.01; p=0.056; I’=0%), though
power was also reduced (4 studies). These results are avail-
able in Fig. S5 in the supplementary Appendix.

Renal function assessment

There was no difference in the occurrence of WRF between
patients treated with or without SGLT2i (OR 0.75; 95% CI
0.43-1.29; p=0.290; P=48%: Fig. 4B). The definition of
WREF in each study is reported in Table S1 of the Supple-
mentary Appendix. Due to high heterogeneity, we performed
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Author SGLT2i Control OR
Charaya 2022 50 52 2.833
EMPAG-HF 2022 26 28 0.275
EMPA-RESPONSE-AHF 2020 40 39 0.756
EMPULSE 2022 260 264 0.516
Ibrahim 2020 50 50 0.490
SOLOIST-WHF 2020 605 611 0.932
Tamaki 2021 30 29 0.500

Total (95% Cl) 1061 1073 0.745

Heterogeneity: Tau? = 0.2594; Chi® = 11.64, df = 6 (P = 0.07); I* = 48% ' o !

Test for overall effect: Z =-1.06 (P = 0.2903)

Odds Ratio

IC 95% Weight IV, Random, 95% ClI
[1.092; 7.355] 15.6% P |l—
[0.065; 1.163] 9.7% ——
[0.187; 3.051] 10.1% —
[0.235; 1.132] 18.4% ——
[0.185; 1.300] 15.3% —
[0.535; 1.626] 22.8% —A—
[0.098; 2.538] 8.2% -
[0.432; 1.285] 100.0%

0.1 05 1 2 10

Favors SGLT2i Favors Control

Fig.4 The incidence of worsening renal function was similar with or without SGLT2i in AHF

a leave-one-out sensitivity analysis by iteratively removing
one study at a time to ensure the results were not depend-
ent on a single study. The removal of each study from the
pooled analysis did not affect the WRF endpoint, except for
the study from Charaya et al. [22]. The withdrawal of this
study reduced the frequency of WRF in the SGLT2i group
compared with the control group and eliminated the het-
erogeneity in the endpoint (OR 0.64; 95% CI 0.43-0.95;
p=0.029; ’=0%; Fig. S6 in the Supplementary Appendix).
The Baujat plot also confirmed the heterogeneity in this end-
point was predominantly from Charaya et al. (Fig. S7 in the
Supplementary Appendix).

We also performed a sensitivity analysis joining only stud-
ies with the same definition of WRF (an increase > 0.3 mg/
dL of serum creatinine level). This analysis found a reduced
frequency of WRF in the SGLT2i group compared with
the control group (OR 0.43; 95% CI 0.21-0.88; p=0.021;
I*=0%; Fig. S8 in the Supplementary Appendix). Moreover,
a subgroup analysis including only placebo-controlled trials
showed similar results in the frequency of WRF (OR 0.70;
95% CI 0.47-1.06; p=0.094; I*=7%; Fig. S in the Sup-
plementary Appendix).

Diuresis parameters

SGLT2i therapy improved diuresis parameters. The mean
daily doses of loop diuretics in mg of furosemide equivalent
was lower with SGLT2i (MD —34.90; 95% CI [—52.58,
—17.21]; p<0.001; P=77%; Fig. 5A) compared with con-
trol group, whereas the mean daily urinary output, in lit-
ers, significantly increased (MD 0.45; 95% CI 0.03-0.87,
p=0.035; I’=35%; Fig. 5B).

Safety outcomes

There was no difference between groups in the incidence
of urinary tract infection (OR 0.99; 95% CI 0.70-1.42;
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p=0.969; > = 22%), hypotension (OR 1.16; 95% CI
0.73-1.84; p=0.526; P=0%), ketoacidosis (OR 0.67; 95%
CI 0.19-2.36; p=0.528; 12:0%), amputations (OR 2.35;
95% CI0.61-9.10; p=0.217; I’=0%). In contrast, the inci-
dence of hypoglycemia was higher in the SGLT2i group (OR
4.27,95% CI 1.07-17.02; p=0.039; P= 0%). These results
are plotted in Figure S10 of the supplementary appendix.

Quality assessment

The risk of Bias 2 (RoB 2) tool was used for quality assess-
ment [21]. No studies were considered at high risk of bias as
described in figure S11 in the supplementary appendix. On
funnel plot analysis, studies occupied symmetrical distribu-
tion according to weight and converged toward the pooled
effect as the weight increased. Egger’s test also indicates no
evidence of publication bias (p=0.26; Fig. S12 in the Sup-
plementary Appendix).

Discussion

In this systematic review and meta-analysis of 9 RCTs
including 2824 patients, the addition of SGLT2i to conven-
tional therapy was compared to conventional diuretic ther-
apy alone in patients admitted with AHF. The main findings
from the pooled analysis were: (1) SGLT2i reduced all-cause
death, readmissions for HF, and the composite of CV death
or readmissions for HF compared with conventional diuretic
therapy alone; (2) SGLT2i was associated with lower daily
doses of loop diuretics and higher mean daily urinary out-
put in liters as compared with conventional diuretic therapy
alone without SGLT2i; and (3) the incidence of WRF was
not significantly different with versus without the addition
of SGLT?2i to conventional diuretic therapy.
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A) Mean daily dose of loop diuretics in mg furosemide equivalent

Mean Difference

Author SGLT2i Control MD IC 95% Weight v, Random, 95% CI
Charaya 2022 50 52 -24.360 [-38.099;-10.621] 40.3% -

Ibrahim 2020 50 50 -44.710 [-47.651;-41.769] 52.5%

Thiele 2022 10 9 -22.400 [-83.548; 38.748] 7.2%

Total (95% Cl) 110 111 -34.896 [-52.583; -17.210] 100.0% -

Heterogeneity: Tau? = 152.9368; Chi = 8.53, df = 2 (P = 0.01); I = 77% ' '
Test for overall effect: Z = -3.87 (P = 0.0001) -50 0 50
Favors SGLT2i Favors Control

B) Mean daily urinary output in liters

Mean Difference

Author SGLT2i Control MD IC 95% Weight IV, Random, 95% (o]
EMPAG-HF 2022* 30 29 0.278 [-0.111; 0.667] 53.7% T
EMPA-RESPONSE-AHF 20208 30 28 1.042 [0.262; 1.822] 22.5% —
Thiele 2022* 10 9 0.286 [-0.466; 1.038] 23.8% —

Total (95% CI) 70 66 0.452 [ 0.031; 0.874] 100.0% ‘

Heterogeneity: Tau? = 0.0469; Chi? = 3.07, df = 2 (P = 0.22); I* = 35% T T

Test for overall effect: Z=2.10 (P = 0.0355)

*Urinary output was measured on day 3 after randomization
§Urinary output was measured on day 1 after randomization

Fig.5 The mean daily dose of loop diuretics in milligrams furo-
semide equivalent was significantly lower with SGLT2i therapy in
AHF (A). Daily urinary output in liters was significantly higher with

It is well established that loop diuretics are the first-line
therapy for volume overload in patients with AHF aiming to
produce natriuresis and a negative fluid balance. However,
the resulting volume depletion triggers sodium retention due
to activation of the renin—angiotensin—aldosterone system
and sympathetic nervous system, especially in tubular sites
not targeted by loop diuretics [1, 32]. Therefore, one strategy
to overcome diuretic resistance is the combination of two
different classes of diuretics.

SGLT2i may be ideal to combine with loop diuretics
in patients with AHF. These agents reduce glucose and
sodium reabsorption in the proximal tubule. Considering
that a large amount of sodium is reabsorbed in the proxi-
mal tubule, SGLT2i probably helps to overcome diuretic
resistance by increasing natriuresis. Therefore, a higher
urinary output is found in the SGLT2i group, in addition
to lower requirements of loop diuretics, likely due to the
natriuretic effect of SGLT2i [33, 34]. Indeed, higher uri-
nary sodium concentration has been associated with bet-
ter in-hospital and post-discharge outcomes in patients
with AHF [35-38]. Recent studies in patients with AHF
have shown greater urinary sodium excretion and lower

-15-1-050 05 1 15
Favors SGLT2i Favors Control

SGLT2i added to conventional diuretic therapy compared with diu-
retic therapy alone (B)

natriuretic peptides in the SGLT2i-treated individuals
[26, 30, 39, 40]. In addition, increased glucosuria pro-
motes osmotic diuresis, which may be a pivotal mecha-
nism responsible for increased diuresis with SGLT2i, as
observed in the EMPA-RESPONSE-AHF trial [25, 41].
SGLT?2i are also more effective in eliminating fluid from
interstitial space rather than intravascular space by excret-
ing more electrolyte-free water. [34]

Once tubular content of glucose and sodium are high
with SGLT?2i use, there is a decrease in the tubuloglomeru-
lar feedback, which, in turn, lowers the glomerular capillary
pressure, the renal transport work, and oxygen consump-
tion. This mechanism may explain the acute reduction in
eGFR observed after initiation of SGLT2i and the long-term
preservation of eGFR observed in patients with CKD, for
example [33]. In patients with AHF, individual studies found
a mild reduction in eGFR with the initiation of SGLT?2i.
Our study showed that this initial reduction in eGFR is tran-
sient, as the incidence of WRF was not significantly different
with versus without the addition of SGLT?2i to conventional
diuretic therapy. These data corroborate findings of diuretic
therapy in AHF, wherein the acute decline in eGFR is not

@ Springer



Clinical Research in Cardiology

Ppa[[onuod
SOX ON SOX ON SOX SOX SOX SOX ON -0qaoe[d
syuow 7'6 porad
skep ¢ skep £ JO URIPIIA Keys Teadsoy jo ySuo skep 06 skep (¢ skep 9 SI2OA ¢°7 JO UBIPOJA skep (¢ dn-mojjoq
Kep
Kep 1od Swr o Kep 1od Sw 1 19d Sw 0OH-00C Kep 1od Sw o] Aep Jod Sw o Kep 1od Swr g Kep 1od Sw Kep 1od Sw o Kep 1od Sw o
urzoyrSedwyg urzoyrSedwyg urzoy1sejog urizoynSedeq  uizogrSedwy urzoyrSedwyg urzoyrSedwyg urzoyrSedeq urzoyrSedeq Snip 171108
(9'%9-5'0%) (0°0L-0'6€) on
S0SHT'19 0'75/(0°S9 -uod/1IZ LIS
91 F95/0TF09 (¥S—€T) SE/FS-T€) OF —$'6€) T6V VN —09€)00S  TSIFTTYE6IFTSS 8IFCS/BIFSS  L'8IF08S/061FF'LS v LIFLTS/LI'STFS9 SEaulaseq YIDd
(0'8€1-0°011)
(€e1—C11) 2T TTINO'SET SH
YTFITI/ETF 6L T FSTI/BTFOCT ASET-TIT) TTT L6TFSOETT/ISTIFHLOTI —0'601) 0Z1 TTFTEL/STFOET STFITI/CTFLLL 6 VI FYLCY/TSTFOLCT TITFIOCI/6LIF6CET W ie dgs
(0°6v—520) [on
(S-82) 0TeN0'SY -uod/IT IS
TTF8E/TTFH€(16-2€) 6€/(19-T9) v SE/(LY—8T) S€ 6V TFETTEI66TF VS TE -0€0 0°T€ YIFYV91+ St PIFLE/LTF9E S'8F8TS/6'LFTTS IETFVYYIL'STFISY JAAT
(0L88-0022) (z85e—€v8) (€£109-88ST) (68%°01-08T€) S[9A9]
056£/(01LY T7L1/(6S9€ 901€/(0€19 8919/(6L69 (8s+T ‘TEL) 9STI (PISTI-€T1€D) outfeseq
€679 F966¢£/LTSTFT9SE —0991) 0SLT —GS8) LI8T VN —€¥81) 66T€ S66v F €T8Y/9TSYFITLY —€L80) 90V Y ‘(LLET99L) 9TET  18EY/(T066-6T0T) £€€S  INEOIAIN
[on
-uod/IT IS
uors
VN €6/L6 VN 29/9¢ Ve8IV LL T'98/06 96/89 VN T6/26  -uaadfH,
on
-uod/IZ'IOS
11/0% 001/001 0017001 001/001 8'€v/8'or Sve/eey 87/8¢ 9°9%/6'0S 0¢/0¢ TNd%
on
-uod/IZ'IDS
VN VN 0/0 0/0 8'CE/T'EE 8%/09 ov/8% 0/0 8¢/y¢ AH oaou od%
o1
-uod/IZ IS
£'¢€/09 29/09 1'S9/v"L9 °8/98 6'79/S°L9 9'86/€°€9 ¥L/09 8'CS/9°0S TS/8S SR %
on
(9L-¥9) (8L-6S) -uod/IZ'IDS
66FECTLVELFSTL(H8-GL) T8/(€8-LL) 08  OL/IL=€9) 69 /6'6F19°09/8'8F20C9  OL/(8L—T9) 1L €8FSIL/TTIF6'TL(ES-19) €L/(E8—EL) 6L TOFOILIT6F6IL CTIFTYLITTIFYTL (SIeag) 98y
o1
-uod/IZ'IDS
6/01 6C/0¢ 19/809 05/0S §9¢/S9C 62/0¢ 6£/0v 9Te/8TE T6/0S () siuaned
[og] l6z] 0z0T (2] [S *vTl 120T AHV

[1€]1 220z 2 T2 0 OPIML 20T T8 32 Pewe], JHM-LSIOTOS

[82] 020T 'Te % wiyeIqr 20T ASTNdNA

[92] 220 AH-DVAINA  -HSNOJSHYI-VdING

[€2] TeoT dFAITAA  [TT] TToT T8 10 ekerey)

SOIPN}S PAPN[OUL JO SOSLISORIRYD QuIfaseq | d|qeL

pringer

Qs



Clinical Research in Cardiology

_ g E E associated with death or hospitalization for HF if there is
§ _% é g concomitant evidence of decongestion [42, 43].
S EES Observational studies comparing diuretic therapy with or
§ E f: g without SGLT2i in patients with AHF have found a reduction
% ?é ;-g in the composite endpoint of mortality and hospitalization
£ LR for HF with SGLT?24i, as well as in HF rehospitalization rates
_ é,, ; [40, 44]. In contrast, RCTs have shown conflicting results
= e about the use of SGLT2i in this population. The recently
3 g3 published Dapagliflozin Evaluation to Improve the LIVEs
E § 2 of Patients with Preserved Ejection Fraction Heart Failure
g 2 g k= (DELIVER) trial found no evidence of benefit from dapa-
o £ gliflozin with regards to the primary endpoint of worsening
E, _ Jg % £y HF or cardiovascular death in the patients enrolled during
23 :: %Eﬁ ?é é“::: or following hospitalization [23]. The Effect of Sotagliflozin
§ § 2 £hsas on Cardiovascular Events in Patients With Type 2 Diabe-
- tes Post Worsening Heart Failure (SOLOIST-WHF) trial,
_ £ 5 however, found a benefit in the same endpoint for patients
& % £ who were recently hospitalized with worsening HF and were
= 25 e . . . . .
S 2 g % randomized to receive sotagliflozin as compared with pla-
3 é E ® cebo [29].
£ 5 %% None of these studies, whether observational or ran-
g § £ domized, showed a benefit in all-cause or cardiovascular
a Bz mortality, as individual endpoints, for SGLT2i use in this
a é %5 g é» scenario. To the best of our knowledge, this is the first meta-
é é g é 53 analysis to find a significant difference in all-cause mortal-
25 &< BES ity with SGLT2i in patients with AHF. Our meta-analysis

expands on prior findings by also showing a significant
reduction in the incidence of readmissions for HF, as well as
the composite of CV death or readmission for HF in patients
with AHF treated with SGLT2i compared with conventional
diuretic therapy alone.

Our study has some limitations. First, there were slight

inclusion criteria

EMPA-RESPONSE- EMPAG-HF 2022 [26]
Until 24 h according toUntil 12 h according to

DM2, Diabetes mellitus type 2; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal probrain natriuretic peptide; SBP, systolic blood

_ . % differences between the RCTs included in terms of the

& é 'c% patient population, control group (placebo and no treat-

) g & ment), and time of follow-up. However, the absence of het-

g _§ 5 erogeneity in the pooled analysis of cardiovascular outcomes

E £ % suggests that the studies are similar enough in terms of the

Soy Lq)) relative efficacy of SGLT2i vs. control to be pooled in this

= . %’g 2 o) f meta-analysis. Moreover, we performed sensitivity analy-

9 §§ § é 8 ;; ses to address these issues, which largely showed similar

§ _E f gof“é Lé S findings to the pooled data. Second, our findings may not

= §§ 25 g é apply to all patients with AHF. In general, the selected tri-

E = dER g g als excluded patients with AHF triggered by acute coronary

B < f‘i syndrome, as well as those with end-stage renal disease and

a g = S advanced liver failure. Third, a large proportion of the cohort

§ 5 g % g was enrolled after discharge; however, our sensitivity analy-

3 § § S 2 sis restricted to in-hospital initiation of SGLT2i found simi-

2 |z g Z 2 g lar results for the endpoints of all-cause death and for HF
E % =l g & hospitalization. Fourth, we included patients with acute-on-
%’ © P S £ = chronic HF, as well as de novo HF, which may have some-
i’ 253 g g é a % 2 % what different prognosis [9]. Given the lack of individual
o % ;: gg % § § é Z 8 data, it was not possible to perform analyses to stratify these
[ E " >a&a fF two populations. However, we performed a metaregression
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addressing the influence of de novo HF in all-cause death
and found no statistical significance. Fifth, the outcomes of
mean daily urinary output and mean daily dose of loop diu-
retics were based on small samples, as these outcomes were
not reported in all studies, with broad confidence intervals
and high heterogeneity. And, finally, the endpoint of WRF
had elevated heterogeneity, identified as originating from
Charaya et al. [22]. This study found a non-statistically sig-
nificant increase in WRF with SGLT?2i relative to no SGLT2i
therapy. However, SGLT2i treatment was initiated within
24 h of admission and without necessarily achieving stable
diuretic doses. Removal of this study from WRF analysis
demonstrated a significant reduction in WRF with SGLT2i
initiation for AHF.

Conclusions

In patients admitted with AHF, the addition of SGLT2i to
conventional diuretic therapy was associated with lower all-
cause death, readmissions for HF, and the composite of CV
death or readmissions for HF. Moreover, SGLT?2i increased
the daily urinary output and reduced the mean daily doses
of loop diuretics during hospitalization, without a significant
increase in WREF. These findings suggest that SGLT2i should
be considered in the treatment of patients with AHF.
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