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ABSTRACT

Objective To determine the impact of sodium-dependent
glucose type 2 cotransporter inhibitors on the renal
function in acute heart failure.

Methods In a single-centre, controlled, randomised
study, patients were prescribed dapagliflozin in addition to
standard therapy, or were in receipt of standard therapy.
The prespecified outcome was renal function deterioration;
the secondary outcomes were the development of
resistance to diuretics, weight loss, death during
hospitalisation and the rehospitalisation or death for any
reason within 30 days following discharge.

Results 102 patients were included (73.4+11.7 years,
57.8% men). The average left ventricular ejection fraction
was 44.9%=+14.7%, the average N-terminal prohormone
of brain natriuretic peptide (NT-proBNP) was 4706 (1757;
11 244) pg/mL, the average estimated glomerular filtration
rate (eGFR) was 51.6+19.5 mL/min. eGFR decreased 48
hours after randomisation in the dapagliflozin group (4.2
(—11.03; 2.28) mL/min vs 0.3 (—6; 6) mL/min; p=0.04)
but did not differ between the groups on discharge
(54.71+19.18 mL/min and 58.92+24.65 mL/min; p=0.36).
The incidence of worsening renal function did not differ
(34.4% vs 15.2%; p=0.07). In the dapagliflozin group,
there was less tendency to increase the dose of loop
diuretics (14% vs 30%; p=0.048), lower average doses
of loop diuretics (78.46+38.95 mg/day vs 102.82+31.26
mg/day; p=0.001) and more significant weight loss
(4100 (2950; 5750) g vs 3000 (1380; 4650) g; p=0.02).
In-hospital mortality was 7.8% (4(8%) in the dapagliflozin
and 4 (7.7%) in the control group (p=0.95). The number
of deaths within 30 days following discharge in the
dapagliflozin group and in the control group was 9 (19%)
and 12 (25%), p=0.55; the number of rehospitalisations
was 14 (29%) and 17 (35%), respectively (p=0.51).
Conclusion The use of dapagliflozin was associated
with a more pronounced weight loss and less need to
increase diuretic therapy without significant deterioration
of the renal function. Dapagliflozin did not improve the
in-hospital and 30-day prognosis after discharge.

Trial registration number N04778787.

INTRODUCTION
Acute heart failure (AHF) is one of the
leading causes of hospital admissions, with a

WHAT IS ALREADY KNOWN ABOUT THIS
SUBJECT?

= Sodium-dependent glucose type 2 cotransporter in-
hibitors (SGLT2i) drugs have shown their safety and
efficacy in patients with chronic heart failure, but the
question of their use in acute heart failure (AHF) re-
mains open. There is a paucity of knowledge about
SGLT2i effect on renal function in patients with AHF.

WHAT DOES THIS STUDY ADD?

= In the dapagliflozin group, a more significant weight
loss was achieved with tendency to use lower aver-
age doses of loop diuretics. We demonstrated that
initiation of dapagliflozin in patients with AHF was
associated with a significant decrease in estimated
glomerular filtration rate (eGFR). However, eGFR val-
ue did not differ between the groups on discharge.
The incidence of worsening renal function did not
differ between the groups.

HOW MIGHT THIS IMPACT CLINICAL
PRACTICE?

= We have shown that physicians should not be
afraid of the early initiation of SGLT2i in patients
with AHF, because this does not lead to significant
deterioration of renal function. Since the add-on
therapy with dapagliflozin was associated with an
improved response to loop diuretics, SGLT2i should
be considered in patients with AHF in the absence
of contraindications.

high frequency of rehospitalisation and unfa-
vourable outcomes.'

A cornerstone of the treatment for AHF is
the use of loop diuretics. However, one-third
of patients cannot achieve decongestion due
to the development of acute cardiorenal
syndrome (CRS), or CRS type 1, representing
an acute deterioration of the cardiac func-
tion, manifested by a decrease in kidney func-
tion and the development of resistance to
diuretics.”

The glucosuric agents—inhibitors of the
sodium-dependent glucose type 2 cotrans-
porter (SGLT2i)—demonstrated a decrease
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in heart failure hospitalisations (HHF) and mortality
seen in patients with type 2 diabetes mellitus (TD2M) in
several trials.” * This raised the question of whether the
use of SGLT2i is possible in patients without TD2M. The
results of two studies with regard to the use of SGLT2i
in chronic heart failure (HF) with a reduced ejection
fraction (EF) show a decrease in HHF and cardiovas-
cular mortality with SGLT2i, regardless of TD2M.’
Thus, SGLT2i and in particular dapagliflozin have been
licensed for patients with and without TD2M and severe
left ventricle (LV) insufficiency.’

The question with regard to the use of SGLT2i in AHF
remains open. According to a pilot study, randomised,
double-blind, placebo-controlled, multicentre study
on the effects of empagliflozin on clinical outcomes in
patients with acute decompensated heart failure (EMPA-
RESPONSE-AHF), the use of empagliflozin did not affect
the response to diuretics in AHF. However, it was safe and
reduced mortality and the frequency of rehospitalisation
60 days post discharge.7 The safety and possible benefi-
cial effects of SGLT2i in decompensated HF were also
shown in a larger effect of sotagliflozin on cardiovascular
events in patients with type 2 diabetes post worsening
heart failure (SOLOIST-WHEF study), in which sotagli-
flozin prescribed to patients with TD2M before discharge
or shortly after, reduced the frequency of a primary end
point (death from cardiovascular causes and hospitalisa-
tion and urgent visits for HF).® Thus, the question was
raised about the need to study SGLT?2i in the early stages
of hospitalisation for AHF, regardless of the presence of
TD2M and LVEF values.

One of the alarming factors during the initiation
of SGLT?2i is the temporary decrease in the estimated
glomerular filtration rate (eGFR),” which may be asso-
ciated with a worse prognosis in patients with AHF.'" !
This manuscript describes a substudy of an ongoing trial.
Its aim is the evaluation of the effect of SGLT2i on renal
function in patients with AHF.

MATERIALS AND METHODS

Study design

A randomised, open-label, parallel-group, controlled,
single-centre trial was conducted in a primary hospital.

Run-in ization Intri
follow-up

Post-discharge
follow-up

Phone
call

30 days after discharge

Screening

AHF admission dapagliflozin group

p &

First 24 hours

control group

6 days (interquartile
range, 4.25to 7)

Figure 1 Study design. AHF, acute heart failure.

Study population

The study involved patients over 18 years of age admitted
to the hospital with AHF and planned intravenous admin-
istration of loop diuretics. Diagnosis was based on the
European Society of Cardiology (ESC) HF guidelines,'?
with patients presenting with dyspnoea at rest or with
minimal exertion and signs and symptoms of congestion
(rales on chest auscultation, peripheral oedema, swelling
of the cervical veins, hepatomegaly, ascites, hepatojug-
ular reflux).

The diagnosis was confirmed by echocardiography
(ECHO) in order to assess systolic (LVEF<50%) and
diastolic dysfunction (the ratio of early diastolic trans-
mitral E flow to the average early diastolic velocity of
the fibrous ring é>14); left atrial volume index>34 mL/
m?; the maximum speed of tricuspid regurgitation>2.8
m/s (American Society of Echocardiography/European
Association of Cardiovascular Imaging recommenda-
tions)'” and the presence of an enlarged, non-collapsing
inferior vena cava (IVC) (diameter>2]1 mm and IVC
collapsibility<50%).

Patients were included after signing an informed
consent form.

Exclusion criteria were as follows: (1) cardiogenic
shock (systolic blood pressure (SBP)<90 mm Hg; signs
of hypoperfusion (altered mental status, cold skin,
diuresis<30 mL/hour, blood lactate>2.0 mmol/L), (2)
requirement of mechanical ventilation, (3) use or antic-
ipated use of intravenous inotropes Or vasopressors,
(4) urinary tract infection, (5) type 1 diabetes mellitus,
episodes of diabetic ketoacidosis or hypoglycaemia, (6)
prior use of drugs from the SGLT2i group, taken regularly
within 4 weeks, (7) eGFR<30 mL/min/1.73 m? (chronic
kidney disease Epidemiology Collaboration (CKD)-EPI),
(8) individual SGLT?2i intolerance, (9) Child-Pugh class
C liver failure, (10) mental illness (inability to sign
an informed consent form, lack of comprehension of
possible consequences), (11) currently hospitalised for
AHF primarily triggered by acute myocardial infarction or
pulmonary embolism, (12) pregnancy or breast feeding
and (13) refusal to sign an informed consent form.

Research protocol
Screening and inclusion were carried out during the
first 24 hours of hospitalisation (figure 1). Baseline data
were collected at the time of signing of the consent to
participate in the study. Patients were randomised using
the ‘envelope’ method. When the patient was included
in the study, the researcher assigned the patient one
of a sequentially-numbered sealed opaque envelope
containing an allocation card wrapped in aluminium foil,
each of which indicated which group (dapagliflozin or
control) the patient was assigned to. The envelopes were
made up by a person not involved in the trial, and the
investigator had no prior knowledge of the randomisa-
tion sequence.

The Charlson Comorbidity Index was calculated for all
patients.14
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Assessed for eligibilty (n= 151)

Excluded (n=49)
Not meeting inclusion criteria (n=9)
not hospitalized for AHF (n=5)

unable to randomize<24 h (n=4)
Mesting inclusion crieria (n=40)
€GFR<30 mi\min (n=18)

cardiogenic shock (n=1)
TIDM (n=1)
prior use of SGLT2i (n=2)
unable to provide consent due to mental iiiness (n=8)
refusal to sign an informed consent (n=10)
Randomized (n=102)
l Allocati l
Allocated to dapagiifiozine group (n=50) Allocated to control group (n=52)
Received allocated intervention (1=50) Received allocated intervention (n=52)
l | Intr ital Follow-Up } l
Deterioration of renal function (n=17) Deterioration of renal function (n=8)
Increasing the dose of loop diureics (1=7) Increasing the dose of loop diureics (n=16)
Weight loss during hospitalization: 4100 [2950; 5750] g Weight loss during hospitalization: 3000 [1380; 4650] g
Died (n=4) Died (n=4)
l 1§ Post-discharge Follow-Up } i
Lost tofollow-up* (n=2) Lost to follow-up* (n=4)
Died (n=9) Died (n= 12)
Rehosoitalized (n= 14) Rehospitalized (n= 17)
Analysed (n=50) Analysed (n=52)
Excluded from analysis (n= 0) Excluded from analysis (n= 0)

Figure 2 Allocation and follow-up of trial participants in

the impact of dapagliflozine treatment on renal function and
diuretics use in acute decompensated heart failure. Values
are mean=SD or n. AHF, acute heart failure; eGFR, estimated
glomerular filtration rate; SGLT2i, sodium-dependent glucose
type 2 cotransporter inhibitors; TD1M, type 1 diabetes
mellitus.

Patients of the intervention group received dapagli-
flozin at a dose of 10 mg per day, in addition to standard
therapy. Patients of the control group received the stan-
dard therapy for AHF. The treatment was carried out in
accordance with current clinical recommendations,'?
according to which the basis of therapy is the use of loop
diuretics. Patients who required inotropic agents, vaso-
pressors and mechanical support were not included.

The intravenous administration of 40 mg of furose-
mide was allowed within the first 24 hours from admission
(provided that the patient had not previously received
loop diuretics on a regular basis). If regular therapy with
loop diuretics had been carried out during the month
prior to hospitalisation, the daily dose was increased
by more than twofold with the switch to intravenous
administration.

Laboratory data were obtained at randomisation,
48 hours after randomisation and on discharge. The
dynamics in terms of body weight were evaluated as an
indicator of the effectiveness of the diuretic therapy. The
patient’s weight was measured on an empty stomach at
09:00, every day of hospitalisation.

Study endpoints

The primary endpoint was the deterioration of renal func-

tion (an increase in blood creatinine level of 0.3 mg/dL

(26.4 pmol/L) or more within 48 hours (Kidney Disease:

Improving Global Outcomes (KDIGO) criteria) '®).
Secondary endpoints included:

1. the development of resistance to diuretics (the need to
increase the daily dose of loop diuretics by more than
twice compared with the initial dose, or the need to
add another class of diuretics'®). The initial dose was
considered to be the daily dose of loop diuretics, as
used on the first day of hospitalisation;

2. weight loss during hospitalisation;

3. death from any cause during hospitalisation;

4. rehospitalisation or death for any reason within 30
days following discharge.

The following safety endpoints were also considered:

1. Symptomatic hypotension (malaise, dizziness, presyn-
cope, syncope or falls) with a SBP<100 mm Hg.

2. Oligoanuria (a decrease in diuresis to 400 mL within
24 hours (KDIGO").

3. Episode of ketoacidosis.

4. Urinary tract infection.

Follow-up after discharge
Thirty days after discharge, a telephone survey of patients
was conducted.

Statistical analysis

The Student’s t-test (in a normal distribution) or the
Mann-Whitney test (abnormal distribution) were used.
Categorical variables were presented in the form of abso-
lute and relative values, and the ? criterion or the exact
Fisher criterion were used. Normally distributed contin-
uous variables are presented as mean+SD, and non-
normally distributed variables as median and 25th—75th
percentile. For statistical analysis, we used SPSS V.22.0 for
Windows (SPSS). The differences were considered signif-
icant at p<0.05.

RESULTS

Trial population

From December 2020 to May 2021, a total of 151 patients
with a clinical diagnosis of AHF, and matching the inclu-
sion/exclusion criteria, were hospitalised at a hospital in
Moscow. Forty-nine of them were not included because
they did not meet the inclusion criteria or refused to
sign an informed consent form. A total of 102 patients
were randomised, of whom 50 were assigned to receive
dapagliflozin in addition to standard therapy, and 52 to
standard therapy (figure 2).

Patients were enrolled in the trial a median of 17.5
hours (7.25; 22) after admission. Dapagliflozin was
started 17 hours (7.5; 22) hours after admission.

The average age was 73.4+11.7 years; 57.8% were men,
64 (63%) New York Heart Association (NYHA) class
III, and 38 (37%) NYHA class IV. The mean LVEF was
44.9%+14.7%; 37% of the patients had HF with preserved
EF (HFpEF), 26% of the patients had LVEF <35%. The
ischaemic genesis of HF (determined on the basis of
myocardial infarction in the medical history or ECHO
data with local wall motion abnormities and the presence
of significant coronary artery stenoses according to coro-
nary angiography) was in 55.9% of the patients. Thirty-two
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per cent of the patients had TD2M. Data on N-terminal
prohormone of brain natriuretic peptide (NT-proBNP)
were available in 37% of patients; the average NT-proBNP
index was 4706 (1757; 11 244) pg\mL. Fifty-six per cent of
patients had atrial fibrillation. The mean eGFR on rando-
misation was 51.6+19.5 mL/min. The Charlson Comor-
bidity Index was 6.9+2.2.

Thirty-six per cent of the patients had de novo HF. The
number of hospitalisations during the previous year was
1(0.15; 1).

There were no patients receiving angiotensin receptor-
neprilysin inhibitor (ARNI) therapy, or patients with
cardioverter/defibrillator (ICD) and cardiac resynchro-
nisation therapy (CRT).

The clinical and functional characteristics on randomi-
sation for the two study groups are presented in table 1.
No differences were observed for any variable.

Outcomes of hospitalisation
The median duration of the hospitalisation was 6 days
(4.25; 7).

At randomisation, eGFR in the dapagliflozin group
and in the control group was 55.65+18.17 mL/min and
52.7£17.34 mL/min, respectively (p=0.62). 48 hours
after randomisation, there was a decrease in eGFR in
the dapagliflozin group (4.2 (-11.03; 2.28) mL/min)
compared with the control group (0.3 (-6; 6) mL/min),
p=0.04, which was not accompanied by intergroup differ-
ences in eGFR (50.91+20.80 mL/min in the dapagliflozin
group and 56.63+19.33 mL/min in the control group,
p=0.3). By the time of discharge, eGFR in the dapagli-
flozin and control groups did not differ (54.71+19.18
mL/min and 58.92+24.65 mL/min, respectively); p=0.36
(figure 3). The decrease in eGFR during the period of
observation (randomisation; discharge) was significant in
the dapagliflozin group (-4 (-10.25; 9.1) mL/min vs 2.7
(-3.85; 9) mL/min; p=0.049) (table 2).

In the dapagliflozin group, episodes of deterioration of
renal function, defined as an increase in blood creatinine
by 0.3 mg/dL or more for 48 hours (KDIGO) " occurred
no more frequently than in the control group (34.4%
and 15.2%, respectively; p=0.07). Dapagliflozin with-
drawal, due to a decrease in eGFR below 30 mL/min, was
required in 12% of patients, followed by a resumption of
therapy after the normalisation of creatinine in 4%.

On randomisation, the doses of loop diuretics did not
differ (98.78+36.83 mg/day in the dapagliflozin group
and 103.84+35.23 mg/day in the control group; p=0.47).
When comparing the average doses of loop diuretics
used every day during hospitalisation, a significant differ-
ence was revealed (78.46+38.95 mg/day in the dapagli-
flozin and 102.82+31.26 mg/day in the control group;
p=0.001) (figure 4). The need to increase the daily dose
of loop diuretics occurred less frequently in the dapagli-
flozin group (14% and 30%; p=0.048). The need to add
another class of diuretics (thiazides or acetazolamide)
did not differ (10% vs 15%; p=0.66).

The weight loss during hospitalisation was more
pronounced in the dapagliflozin group (4100 (2950;
5750) g vs 3000 (1380; 4650) g; p=0.02) (figure 5).

In-hospital mortality was 7.8% (4 (8%) in the dapagli-
flozin and 4 (7.7%) in the control group (p=0.95).

Postdischarge follow-up
A telephone survey was used to reach 88 (86%) patients
(44 (96%) in the dapagliflozin and 44 (92%) in the
control group). The number of deaths within 30 days
following discharge in the dapagliflozin group and in
the control group was 9 (19%) and 12 (25%), p=0.55;
the number of rehospitalisations was 14 (29%) and 17
(35%), respectively (p=0.51).

Information on the outcomes of hospitalisation and
the 30-day prognosis is provided in table 3.

Safety

Information about safety endpoints is summarised in
table 4. There was no difference in the frequency of
oligoanuria (2% in the dapagliflozin group and 1.9%
in the control group, p=0.98) or in symptomatic hypo-
tension (6% in the dapagliflozin group and 9.6% in the
control group, p=0.5). None of the recruited patients
showed symptoms of severe hypoglycaemia, diabetic
ketoacidosis or urinary tract infection.

DISCUSSION

In this randomised, open-label, single-centre trial, we
show that the use of dapagliflozin in patients with AHF
is not associated with significant deterioration of renal
function.

The decrease in eGFR is a strong predictor of an
unfavourable prognosis in outpatients with chronic HF,
reflecting the number of working nephrons. However,
with AHF, a decrease in eGFR does not always reflect struc-
tural damage to nephrons.'® ' The pathogenesis of eGFR
decline in AHF is complex, and its significance depends
on the specific clinical situation.”® In some studies, an
acute decline in eGFR with AHF was associated with a
better prognosis.”’?' It seems that fluid removal resulting
from the aggressive treatment of congestion can lead to
transient worsening renal function or acute renal injury
(AKI). Thus, a decrease in eGFR could be a reflection of
successful decongestion.”*

In our study, the decrease in eGFR during hospitalisa-
tion was more pronounced in the dapagliflozin group (-4
(-10.25;9.1) mL/min vs 2.7 (-3.85;9) mL,/min; p=0.049).
The difference in the frequency of determination of
renal function did not reach statistically significant values
(p=0.07), although it was at the margin of confidence.
On the other hand, our results indicate an improved
response to diuretics in the dapagliflozin group. This
conclusion can be made, first, due to the fact that there
was less tendency in need of increasing the doses of loop
diuretics compared with the control group (p=0.048).
Second, the average doses of loop diuretics used during
hospitalisation were lower with dapagliflozin (p=0.001).
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Table 1 Baseline characteristics

Variable Dapagliflozin group (n=50) Control group (n=52) P value
Age (years) 72.6+12.2 74.2+11.3 0.48
Male 29 (58) 27 (52) 0.54
De novo acute HF 17 (34) 20 (38) 0.64
Myocardial infarction 26 (52) 25 (48) 0.69
PCI 14 (28) 8 (15) 0.12
CABG 3(6) 2(4) 0.68
TD2M 15 (30) 16 (30) 0.93
Arterial hypertension 46 (92) 48 (92) 0.95
Atrial fibrillation 25 (50) 30 (57) 0.44
Pacemaker 2 (4) 3(6) 0.68
NYHA class IV 16 (34) 23 (44) 0.2
Average eGFR, mL/min 55.65+18.17 52.7+17.34 0.62
CKD* 26 (52) 31 (59) 0.43
eGFR less than 45 mL/min 12 (24) 14 (27) 0.7
NT-proBNP at rabdomisation, pg/mL 5333 (2029.25; 9902.25) 4381 (2312.5; 11514) 0.57
Pretreatment time, hours 17(7.5; 22) 15(6; 23) 0.9
Anaemia 20 (40) 22 (42) 0.81
Haemoglobin, g/L 130.76+21.2 124.96+23.9 0.2
Blood glucose, mmol/L 7 (5.38; 8.03) 6.45 (5.32; 7.68) 0.59
Troponin, ng/mL 0.025 (0.02; 0.173) 0.035 (0.0175; 0.16) 0.35
Stroke/TIA 7(14) 5(10) 0.58
COPD 16 (32) 20 (38) 0.49
Bronchial asthma 8(19) 9(17) 0.86
Peptic ulcer disease of the stomach\12-duodenum 7(13) 509 0.49
Comorbidity Index 6.8+2.4 71x2.2 04
Pleural effusion 25 (50) 35 (67) 0.07
Oedema 49 (98) 50 (96) 0.6
Anasarka 12 3(6) 0.33
SBP at, mm Hg 132.9+17.9 130.1+21.1 0.47
DBP at, mm Hg 78.72+8.7 78.5+11 0.92
HR (beats/min) 91.8+17.85 93.6+18.92 0.6
Medical therapy
Beta-blocker 28 (56) 33(63) 0.44
ACEIARB 37 (74) 35 (67) 0.46
MRA 22 (44) 19 (36) 0.44
Loop diuretics 33 (66) 32 (62) 0.64
Doses of loop diuretics (in furosemide equivalents), mg 42.07+11.14 46+15.89 0.28
ECHO
LVEF>50 22 (44) 18 (34) 0.33
LVEF=41-49 7(14) 10 (19) 0.48
LVEF<40 21 (42) 23 (44) 0.82
Average LVEF 45.6+15.7 44.4+13.6 0.62

Values are mean+SD, n(%) or median (25th, 75th IQR).

*Estimated glomerular filtration rate (eGFR) less than 60 mL/min.

ACEIi/ARB, ACE inhibitors/angiotensin Il receptor blockers; CABG, coronary artery bypass graft; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; DBP, diastolic blood pressure; ECHO, echocardiography; eGFR, estimated glomerular filtration rate; HF, heart failure; HR, heart rate; LVEF,
left ventricular ejection fraction; MRA, mineralo-receptor antagonists; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; NYHA, New York Heart
Association; PCI, percutaneous coronary intervention; SBP, systolic blood pressure; T2DM, type 2 diabetes mellitus; TIA, transient ischaemic attack.

Charaya K, et al. Open Heart 2022;9:¢001936. doi:10.1136/openhrt-2021-001936 5



Open Heart

Mean
eGFR
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Randomization 48 hours after Discharge

randomization
== Dapaglifiozin group ~#— Control group

Figure 3 The use of dapagliflozin was not associated with a
significant deterioration of renal function from randomisation
to discharge. eGFR, estimated glomerular filtration rate.

A decrease in the need to intensify diuretic therapy
with SGLT2i in AHF was previously reported in EMPA-
RESPONSE-AHF,” as well as in a retrospective analysis®*
where the early initiation of SGLT2i in AHF and TD2M
was associated with decreased doses of loop diuretics.
Moreover, SGLT2i introduction has already shown to
reduce the need for the start and/or the intensification
of diuretics in chronic HE.® Third, the use of dapagli-
flozin was associated with a pronounced decrease in body
weight during hospitalisation (p=0.02). The latter effect
was not demonstrated in the EMPA-RESPONSE-AHF
study,” but was shown in the recently presented Empagli-
flozin in Patients Hospitalized for Acute Heart Failure
(EMPULSE) study, which evaluated the efficacy and safety
of empagliflozin in patients with AHF.*® Weight loss is not
the most sensitive indicator of the response to diuretic
therapy and decongestion.27 However, it is popular as an
outcome in several AHF studies.” *** Insufficient weight
loss during hospitalisation for AHF was associated with an
unfavourable prognosis.”

The decrease in eGFR, observed 48 hours after dapagli-
flozin administration, was expected, although it was the
reason for drug withdrawal in 12% of the patients. The
results obtained confirm the data available in the litera-
ture with regard to the effect of SGLT2i on eGFR during
the initial stages of its use.

Average Doses of Loop diuretics during
hospitalization, mg\day

180

160

140 ‘

120

100
80
60
40
20

Dapagliflozin group Control group

Figure 4 The use of dapagliflozin was associated with
lower doses of loop diuretics (p=0.001).

As previously shown in several trials related to SGLT2i
(with empagliﬂozin,go dapagliﬂozin,31 32 canagliﬂozinsg),
which included both patients with and without TD2M,
and with and without CKD and with and without chronic
HF, a decrease in eGFR in the first 4-8 weeks is normal
with regard to the initiation of SGLT2i. After this time, the
slowing in the progression of CKD and the stabilisation
of eGFR becomes significantly better with SGLT2i than
in the placebo groups.34 In the EMPA-RESPONSE-AHF
study, there also was a significant decrease in eGFR in the
empagliflozin group (-10+12 mL/min vs -2+12 mL/min;
p=0.009) on the fourth day of hospitalisation.7

There are several possible mechanisms with regard
to the decrease in eGFR when initiating SGLT2i. First,
due to the inhibition of sodium reabsorption in the
proximal convoluted tubule, its delivery to the macula
densa increases. This leads to an increase in the release
of adenosine causing, in turn, the narrowing of the
bringing and constriction of the afferent arteriole.”® Due
to the blockade of sodium absorption in the proximal
tubules, its delivery to the macula densa increases, and
is accompanied by an increase in prostaglandin secre-
tion with the expansion of the efferent arteriole, which is
also manifested by a decrease in eGFR.*® HF is generally
characterised by an increase in sodium reabsorption in
the proximal tubules. This leads to a decrease in chlorine
delivery to the macula densa, and subsequent activation

Table 2 Dynamics of estimated glomerular filtration rate (eGFR)

Dapagliflozin group

(n=50) Control group
Variable (n=52) P value
Dynamics of eGFR (randomisation;48 hours after randomisation), mL/min -4.2(-11.03; 2.28) 0.3 (-6; 6) 0.04
Dynamics of eGFR (48 hours after randomisation; day of discharge), mL/min -2 (-5;9.43) 2 (-7.88;7.68) 0.88
Dynamics of eGFR (randomisation; day of discharge), mL/min -4 (-10.25; 9.1) 2.7 (-3.85;9) 0.049
eGFR on randomisation, mL/min 55.65+18.17 52.7+17.34 0.62
eGFR after 48 hours after randomisation, mL/ min 50.91+20.80 56.63+19.33 0.3
eGFR at discharge, mL/min 54.71+19.18 58.92+24.65 0.36

Values are mean+SD.
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Figure 5 The use of dapagliflozin was associated with a
more pronounced weight loss.

of renin—angiotensin—aldosterone system, which is one of
the links in the vicious circle of HF pathogenesis.'® Thus,
according to the mechanism of action on the efferent
arteriole, SGLT2i somewhat resembles ACE inhibitors\
angiotensin II receptor blockers, the initiation of which
is also associated with a decrease in eGFR.”” Both with
narrowing of the afferent artery® and with dilation of the
efferent zurtery,36 the resulting decrease in hyperfiltration
and glomerular hypertension has nephroprotective prop-
erties.”* %

Despite the aforementioned properties, in a series of
clinical cases,” the administration of SGLT2i to patients
with TD2M and AHF was not associated with a decrease
in eGFR on the third day of follow-up. In our study, by
the time of discharge, eGFR did not differ in the dapagli-
flozin group and in the control group.

As in our study, the use of SGLT2i was not associated
with an increase in the frequency of AKI in the EMPA-
RESPONSE-AHF study,” the EMPULSE study®® and in the
SOLOIST-WHF study.®

Thus, the decrease in eGFR and the development of
AKI that occurs during hospitalisation for AHF are not
always associated with a worse prognosis, and in the pres-
ence of adequate diuresis, may even act as harbingers of

a better prognosis.*

The maximum absorption of sodium and the largest
consumption of oxygen take place in the proximal
tubules. Given this situation, the nephroprotection of
SGLT2i can also be explained by their direct effect on
the proximal tubule and a decrease in eGFR. By reducing
eGFR, SGLT2i also reduces the filtration of tubulotoxic
factors (such as albumin), thereby slowing the progres-
sion of kidney damage.” With AHF, possible nephropro-
tective properties of SGLT2i such as reducing oxidative
stress and alleviating damage in ischaemia may also be
useful.”®

The undoubted marker of an unfavourable prognosis
in the outcome of hospitalisation for AHF is the pres-
ence of residual congestion. It is known that there are
two forms of congestion—intravascular and interstitial.
In most patients, they are present together. Treatment
with loop diuretics leads to a decrease in intravascular
congestion. At the same time, tissue congestion persists.40
SGLT2i can be a useful addition to loop diuretics due to
its property of reducing interstitial volume.” *' In our
study, a more pronounced decrease in congestion in the
dapagliflozin group can be indirectly judged by a more
pronounced weight loss.

Another argument in favour of early administration
of SGLT2i is that, according to previous clinical obser-
vations, it is better to start the initiation of guideline-
directed medical therapy in the in-hospital period, as this
improves the adherence of patients.**

At the time of study conduction dapagliflozin was
recommended for patients without TD2M only if LVEF
is less than 40%. Our study included patients regardless
of LVEF. This decision was made, first, according to the
paradigm of role of inflammation and oxidative stress in
HFpEF, where SGLT2i can benefit through the blockade
of NH1 receptors.43 Second, it was shown that SGLT2i
improves the diastolic function of the LV and the LV mass
index.** We also had data from the SOLOIST-WHF study,
where sotagliflozin was shown to have a beneficial effect,
although 20.1% of patients had LVEF>50%.° The study
was stopped earlier than planned, but SOLOIST-WHF for

Table 3 Outcomes of hospitalisation and the 30-day prognosis

Variable Dapagliflozin group (n=50) Control group (n=52) P value
Intrahospital mortality, n (%) 4 (8) 4(7.7) 0.95
Length of hospitalisation, days 6(5;7) 55(4;7) 0.12
1-month mortality, n (%) 9(19) 12 (25) 0.55
1-month rehospitalisation, n (%) 14 (29) 17 (35) 0.51
Increasing the dose of loop, n (%), 7 (14) 16 (30) 0.048
Adding another class of diuretic drugs, n (%) 5(10) 8 (15) 0.66
Mean doses of loop diuretics during hospitalisation (in 78.46+38.95 102.82+31.26 0.001
furosemide equivalents), mg
Deterioration of renal function, n (%) 17 (34.4) 8(15.2) 0.07
Weight loss during hospitalisation function, g 4100 (2950; 5750) 3000 (1380; 4650) 0.02
Values are mean+SD or n (%).
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Table 4 Safety events

Event Dapagliflozin group Control group P value
Episode of symptomatic hypotension, n (%) 3(6) 5(9.6) 0.5
Episode of oligoanuria, n (%) 1(2) 1(1.9) 0.98
Episode of ketoacidosis, n (%) 0 0 NS
Episode of urinary tract infections, n (%) 0 0 NS

Values are n (%).

the first time in the randomised controlled trial (RCT)
demonstrated a reduction in major combined endpoints
such as HF hospitalisations+cardiovascular death+urgent
visits for worsening HE.* Li et al showed that the use of
SGLT?2i was associated with a decrease in HHF, and the
incidence of AKI in patients with HFpEF and TD2M.*
The possible beneficial effect of SGLT2i in HFpEF can
be judged on the basis of the results of the EMPA-REG
OUTCOME study, which evaluated the effectiveness of
empagliflozin in patients with TD2M, with or without a
reported history of HF. A predictive method was applied
to the population in this trail,"’ according to which
empagliflozin was shown to decrease mortality and HF
hospitalisations, regardless of LVEF. Third, regardless of
LVEF, the basis of treatment in AHF is diuretic therapy,®
and here the diuretic properties of SGLT2i* could be
useful.

Recently, Empagliflozin Outcome Trial in Patients With
Chronic Heart Failure With Preserved Ejection Fraction
showed that, in patients with chronic HF and LVEF>40%,
empagliflozin reduced the primary end point of cardio-
vascular death or HHF, primarily related to a 29% lower
risk of HHFE.* The American Heart Association recently
added SGLT?2i to their guidelines for treatment of HFpEF
(Class of Recommendation 2a).%

Despite the fact that our study is generally similar to the
EMPULSE® study, there are some differences that could
affect the results: first, our study included patients in the
first 24 hours from admission (in the EMPULSE study the
period before inclusion was from 24 hours to 5 days after
admission). Second, one of the conditions for inclusion
in the EMPULSE study was stable doses of diuretics for 6
hours, but we do not have such a criterion.

We did not demonstrate a difference in hospital prog-
nosis. The number of deaths (4 (8%) in the dapagliflozin
and 4 (7.7%) in the control group; p=0.95) did not differ.

In our study, the mean LVEF was 44%, and 37% of
patients had HFpEF. Thus, the patient population is
different from that in the EMPA-RESPONSE-AHF’ and
EMPULSE studies,26 where the mean LVEF was 36% and
31%, respectively. Perhaps, the difference in the results
can be explained by these differences. This requires
further research.

We also evaluated the 30-day prognosis after discharge.
The number of deaths and rehospitalisations did not
differ between the groups (p=0.55 and p=0.51, respec-
tively). Thus, it was not shown that dapagliflozin improves

the prognosis in AHF. Our results are partially consistent
with the SOLOIST-WHF study,8 where primary end point
(death from cardiovascular causes and hospitalisation
and urgent visits for HF) decreased, but not mortality. On
the other hand, the results are consistent with the data
in the EMPA-RESPONSE-AHF study7 and the EMPULSE
study,? in which a difference in the frequency of rehos-
pitalisations and mortality was achieved, not on the 30th
day, but on the 60th day and 90th day after discharge.

Several RCTs of the use of SGLT2i in AHF are currently
being conducted.

The Efficacy and Safety of Dapagliflozin in Acute Heart
Failure, NCT04298229 (DICTATE-AHF study)® is similar
in time of inclusion to the EMPA-RESPONSE-AHF study7
in that in both SGLT?2i is prescribed at an early stage
of hospitalisation, but one of the inclusion criteria for
the DICTATE-AHF study is the presence of TD2M. The
Dapagliflozin and Effect on Cardiovascular Events in
Acute Heart Failure -Thrombolysis in Myocardial Infarc-
tion 68, NCT04363697"" is similar in time of inclusion
to the EMPULSE study (delayed initiation of SGLT2i in
both), and includes patients regardless of TD2M, but
only with LVEF<40%. The Dapagliflozin Evaluation to
Improve the LIVEs of Patients With PReserved Ejection
Fraction Heart Failure, NCT03619213,52 as is the case
with the SOLOIST-WHF study,8 will include patients
before discharge from hospital or immediately after. One
of the criteria for inclusion is LVEF>40%.

Thus, our study is unique in that patients with any
LVEF and any glycaemic status is included in the first
24 hours of hospitalisation. Given the features of the
recruited population, as well as the fact that for the first
time in the RCT with SGLT2i in patients with AHF, the
primary endpoint is the renal outcome, this substudy can
be considered as a pilot.

Limitations

The study has several limitations. First and foremost,
this was not a placebo-controlled trial, and the partic-
ipants were not blinded. Due to the lack of a standard-
ised treatment protocol, the decision with regard to
the dosages and regimens for diuretic drugs was left
to the attending physician. The investigators knew the
treatment allocation, which could also have affected
the dosages of drugs. The results of this study should
therefore be interpreted with caution. The small patient
number limits the significance of the study. Since we did

8
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not include patients with eGFR<30 mL/min, requiring
mechanical ventilation, intravenous use of inotropic
drugs and vasodilators, the results cannot be applied to
the general AHF population.

The recruited population has some specific features
associated with the treatment at the outpatient stage.
Despite the fact that 26% of the patients had LVEF<35%,
there were none who took ARNI. Patients with ICD and
CRT were also absent. We can explain this in terms of
non-medical reasons. The low prevalence of NTproBNP
levels (37%) makes it more difficult to compare this study
to others.

The length of hospitalisation was shortened due to the
COVID-19 pandemic. The study protocol did not include
the clinical examination of patients after discharge—
in order to identify the cases of rehospitalisations and
deaths, a telephone survey was conducted. Thus, we have
no data on laboratory changes and the clinical condition
after discharge.

CONCLUSION

The addition of dapagliflozin to the standard treatment
of AHF is not associated with a significant deterioration
of renal function, resulted in pronounced weight loss
and a tendency to use less diuretics in cooperation to
standard treatment. Our findings support a rationale for
starting SGLT2i therapy during AHF hospitalisation in
the absence of contraindications to this group of drugs.
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