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Abstract

Aims Dapagliflozin (DAPA), a sodium-glucose co-transporter 2 inhibitor, has been shown to reduce cardiovascular mortality
among patients with chronic heart failure. We aimed to evaluate the impact on a worsening renal function (WRF) by adding
DAPA as compared to standard decongestive therapy with loop diuretics alone.
Methods and results We enrolled 114 consecutive acute decompensated heart failure (ADHF) patients with a left ventricular
ejection fraction (LVEF) of less than 50%. The patients were prospectively randomized to be assigned either to DAPA group
who received DAPA at a dose of 10 mg once daily within 24 h after admission or conventional therapy group (CON group)
who received loop diuretics alone. All patients were adjusted by increasing or decreasing the loop diuretic by 10 mg to main-
tain a 1–2 mL/kg/h urine output. The primary endpoint was the incidence of WRF, which was defined as an increase in the
serum creatinine of ≥0.3 mg/dL from baseline. The median age of the patients was 77 [interquartile range (IQR): 64, 85] years,
35% were female and the median LVEF was 33 [IQR: 28, 38] %. There was no significant difference in the incidence of WRF
between the two groups (16.1%, n = 9 vs. 12.1%, n = 7, P value = 0.54). The total dose of loop diuretics through day 7 was
lower in the DAPA group than CON group (184 ± 79.5 mg vs. 214 ± 66.5 mg, P value = 0.03).
Conclusions This randomized prospective trial revealed the addition of DAPA within 24 h after admission reduced the
diuretic dose without WRF.
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Introduction

Congestion is the major reason for hospitalizations in patients
with acute decompensated heart failure (ADHF) and is an im-
portant target for therapy.1 Furthermore, residual congestion
is associated with a greater risk of death and heart failure
readmission.2 Therefore, diuretics are essential for fluid man-
agement in ADHF. However, diuretic use, especially loop di-
uretics, is a predictor of a worsening renal function (WRF),
which is associated with a poor outcome.3

Dapagliflozin (DAPA), a sodium-glucose co-transporter 2
(SGLT2) inhibitor, has been shown to reduce readmissions
for heart failure and cardiovascular mortality among patients

with chronic heart failure (CHF) regardless of the left
ventricular ejection fraction (LVEF).4,5 In patients with CHF,
the SGLT2 inhibitor causes a significant increase in the 24-h
urine volume when used in combination with a loop
diuretic.6 On the other hand, SGLT2 inhibitors cause an initial
decline in the estimated glomerular filtration rate (eGFR),
which is called an initial dip.7 A few reports on early initiation
of SGLT2 inhibitors in ADHF have evaluated the diuretic effi-
ciency or clinical benefit.8,9 However, it has not been well in-
vestigated whether early administration of SGLT2 inhibitors
for ADHF patients reduces WRF under a controlled diuretic
strategy. Therefore, we aimed to evaluate the impact on
the WRF by adding DAPA as compared to standard deconges-
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tive therapy with loop diuretics alone. Furthermore, the
SGLT2 inhibitors for CHF caused changes in biomarkers relat-
ing to iron metabolism consistent with an increase in iron
mobilization and use in previous reports.10 The impact of
SGLT2 inhibitors on iron kinetics in ADHF is not well investi-
gated. Therefore, the effect of DAPA on iron metabolism
was observed in patients with ADHF in this study.

Methods

Study design

The ROAD-ADHF (Randomized trial to assess worsening renal
function by adding dapagliflozin for acute decompensated
heart failure) was a single-centre, prospective, randomized
trial. This study protocol was approved by the Institutional
Review Board and was conducted in accordance with the
Declaration of Helsinki and International Conference on Har-
monization Guidelines for Good Clinical Practice. Informed
consent was signed by all study participants. This study was
registered on the University Hospital Medical Information
Network under the identifier (UMIN000044342).

Patient population

Eligible patients were males or females aged >18 years who
were hospitalized for ADHF with an LVEF of less than 50%.
The diagnosis of ADHF was defined using the Framingham
criteria.11 Exclusion criteria included recent treatment with
SGLT2 inhibitors or unacceptable side effects associated with
the SGLT2 inhibitors, recent diuretic medications other than
loop diuretics such as thiazide diuretics or tolvaptan, type 1
diabetes mellitus, acute coronary syndrome, an eGFR below
20 mL per minute per 1.73 m2 of body surface area, and car-
diogenic shock requiring catecholamine or ventilatory
management.

Trial procedure

All eligible patients were randomly assigned in a 1:1 fashion
to the DAPA group which received DAPA at a dose of 10 mg
once daily within 24 h after admission or the conventional
therapy group (CON group) which received only loop di-
uretics, along with the initial therapy such as oxygen therapy
including non-invasive positive pressure ventilation or medi-
cal therapy including nitroglycerin. DAPA was discontinued
at the physician’s discretion if there were adverse events.

Standard decongestive therapy

All patients were adjusted by increasing or decreasing the
loop diuretic by 10 mg to maintain 1–2 mL/kg/h urine output
every 12 h.12,13 In addition, we did not use other diuretics
such as acetazolamide, thiazide-like diuretics, tolvaptan and
amiloride. Conditions for switching to an oral loop diuretic
were (1) no need for oxygen and (2) no evidence of conges-
tion on the chest X-ray. After determining the maintenance
dose of the oral loop diuretics and confirming that the pa-
tient had not gained weight for more than 24 h, the patient
could be discharged.

Data collection

The vital signs and body weight were measured over 7 days
after randomization. In addition, blood samples including
for the sodium, creatinine and plasma osmolality and urine
samples such as for the spot urinary sodium, spot urinary glu-
cose and urine osmolality were collected on day 1 (initiation
of DAPA), day 2 (24 h after the initiation), day 3 (48 h after
the initiation), day 5 (96 h after the initiation) and day 7
(144 h after the initiation). Moreover, the haemoglobin
(Hb), haematocrit (Ht), serum iron, total iron binding capacity
(TIBC), ferritin, N-terminal pro-brain natriuretic peptide
(NT-pro BNP) and high-sensitive troponin I (hs-TnI) were mea-
sured upon admission and at discharge. An iron deficiency
was defined as a ferritin level <100 ng/mL or a TSAT <20%
and a ferritin level <300 ng/mL.10 Transthoracic echocardiog-
raphy (TTE) was performed at baseline and pre-discharge ac-
cording to the standard techniques using a commercially
available machine as previously reported.14 Right heart
catheterization (RHC) was performed using a 7Fr Swan-Ganz
catheter (Edwards Lifesciences GmbH, Vienna, Austria) before
discharge if consent was obtained. The mean pulmonary
artery wedge pressure, systolic and diastolic pulmonary
artery pressures, mean pulmonary artery pressure, right
ventricular end-diastolic pressure and mean right arterial
pressure were documented. The cardiac index was measured
by thermodilution and Fick’s method.

Study endpoints

The primary endpoint of this study was the incidence of WRF.
WRF was defined as an increase in the serum creatinine of
≥0.3 mg/dL from baseline within 7 days from admission,15

based on evidence that most WRF occurs within that
period.16 The secondary endpoints included the urine vol-
ume, total amount of loop diuretics through day 7, diuretic
response through day 7, blood and urinary measurements
including the plasma osmolality and urine osmolality, and
pre-discharge TTE data and RHC data before discharge. The
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diuretic response was defined as Δ weight kg/[(total intrave-
nous dose)/40 mg] + [(total oral dose)/80 mg] furosemide or
equivalent loop diuretic dose) through day 7.17 The safety
endpoints were as follows: (1) a blood glucose less than
70 mg/dL with or without symptoms, ketoacidosis, fractures,
amputations or urinary tract infections and (2) adverse
events that led to treatment discontinuation including he-
patic injury (an elevation of aspartate aminotransferase or al-
anine aminotransferase ≥3 times the upper limit of normal),
severe kidney injury (eGFR < 20 mL/min/1.73 m2) and physi-
cian’s decision.

Statistical analysis

Continuous variables with a normal distribution were pre-
sented as the mean standard deviation (SD) and were com-
pared by a Student’s t-test. Continuous data without a nor-
mal distribution were shown as the median (interquartile
range [IQR]) and the difference between the two segments
was calculated by the Wilcoxon rank sum test. Categorical
variables are presented as the number and percentage. They
were compared by either a chi-square test or Fisher’s exact
test as appropriate. A value of P < 0.05 was considered to
be statistically significant. Statistical analyses were performed
using JMP version 17.0.0 software (SAS Institute). In addition,
a post-hoc subgroup analysis based on eGFR and diabetes
was conducted to evaluate the consistency of the treatment
effect. Furthermore, propensity score matching was applied
to control for confounding factors such as systolic blood pres-
sure at admission, renal function at admission, diabetes
mellitus and medications other than dapagliflozin as much
as possible.

The power calculation was based on the previous report,
which showed that the incidence of WRF during 7 days was
57.7% for conventional treatment with furosemide.15 There
has been little data about the rate of WRF over 7 days with
a DAPA additional therapy. Therefore, we assumed the inci-

dence of WRF was 15% in the DAPA group and 40% in the
CON group. A sample size of 114 patients was calculated to
provide a power of 80% at a two-sided alpha level of 0.05.

Results

Patients

From May 2021 through May 2023, 117 patients were ran-
domized (58 patients to the DAPA group and 59 to the CON
group). Figure 1 shows the flow chart of this study. In the
DAPA group, one patient who withdrew informed consent
and one who developed cardiogenic shock were excluded.
In the CON group, one patient who had a myocardial infarc-
tion within 24 h of randomization was also excluded. Finally,
we analysed a total of 114 patients (56 patients in the DAPA
group and 58 in the CON group). Table 1 shows the baseline
characteristics of the two groups. The mean age of the pa-
tients was 73 years, 35% were female, 68% had de novo
acute HF, and the mean LVEF was 32.5% and the median
NT-pro BNP was 6902 pg/mL. The baseline characteristics be-
tween the two groups were well balanced; however, the LVEF
was higher and Hb lower in the DAPA group than in the CON
group. In addition, 45 patients were assigned to each group
after propensity score matching with systolic blood pressure,
creatinine, diabetes mellitus, renin-angiotensin system inhib-
itor, beta-blocker and mineralocorticoid receptor antagonist
at admission. There were no significant differences in base-
line characteristics including the LVEF and Hb.

Primary endpoint

Figure 2A shows the rate of WRF. There was no significant dif-
ference in the incidence of WRF between the two groups
(16.1%, n = 9 vs. 12.1%, n = 7, P = 0.54). In addition, the inci-
dence of WRF were similar between the two groups after

Figure 1 CONSORT diagram.
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propensity score matching (17.8%, n = 8, 13.3%, n = 6,
P = 0.56). Subgroup analysis based on eGFR or diabetes
showed no significant differences in the incidence of WRF
between two groups (Table S1). In patients with diabetes
mellitus, the incidence of WRF was similar between two
groups (20.0%, n = 3 vs. 0.0%, n = 0, P = 0.15).

Furthermore, we analysed the change in the eGFR from
day 1 as shown in Figure 2B. The decline in the eGFR was
significantly greater in the DAPA group than CON group up
to 3 days, but there was no significant difference in the eGFR
change between the two groups at day 5 and day 7.

Impact of DAPA on the urine volume and
cumulative dose of loop diuretics

Figure 3 demonstrates the urine volume and urine volume
per body weight per hour. There were no significant differ-
ences in urine volume over 7 days and the urine volume
per body weight per hour over 7 days. Moreover, the urine
volume per body weight per hour was regulated at
1–2 mL/kg/h according to the standard decongestive
therapy.11,12 Figure 4 shows the cumulative dose of loop di-
uretics. The total dose of intravenous or oral loop diuretics

after day 3 was lower in the DAPA group than CON group
(184 ± 79.5 mg over 7 days vs. 214 ± 66.5 mg over 7 days,
P = 0.03).

Impact of DAPA on the diuretic response and
blood and urinary measurements

There were no significant differences in the body weight
through day 7 (�3.2 kg [�5.2, �1.6] vs. �3.5 [�4.5, �2.0],
P = 0.72). In addition, there were no significant differences
in the diuretic response through day 7 (�0.88 kg/40 mg furo-
semide equivalent [�1.5, �0.53] vs. -0.80 kg/40 mg furose-
mide equivalent [�1.4, �0.37], P = 0.32). Table 2 shows the
plasma and urinary electrolytes in both groups. In the DAPA
group, the serum sodium was significantly higher on days 2
and 3 than in the CON group. However, the spot urinary so-
dium and fractional excretion of sodium (FENa) did not signif-
icantly differ between the two groups over 7 days. The spot
urinary glucose was significantly higher in the DAPA group
than CON group after 2 days. In addition, the plasma osmolal-
ity was significantly higher from day 1 to day 3, and the urine
osmolality tended to be higher after day 2 in the DAPA group
than in the CON group.

Figure 2 The incidence of WRF and the eGFR change through day 7. (A) The incidence of worsening renal function (WRF) before and after propensity
score matching. (B) The change in the eGFR from day 1 through day 7.
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Other laboratory data, medications, TTE and RHC
before discharge

The results of the laboratory data, TTE data, RHC data and
medications before discharge are shown in Table 3. The Hb,
serum iron and transferrin saturation (TSAT) were signifi-
cantly lower in the DAPA group than CON group. However,
the Ht, TIBC and ferritin were similar between the two
groups. The rate of an iron deficiency was similar between
the two groups. Transfusions were performed in four patients
in the DAPA group and in three in the CON group (7.1% vs.
5.2%, P value = 0.66). Oral or intravenous iron supplementa-
tions were used in three patients in the DAPA group and in
two in the CON group (5.4% vs. 3.5%, P value = 0.62). After
excluding nine patients with transfusions and oral or intrave-
nous iron supplementation, the serum iron and TSAT were
significantly lower in the DAPA group than the CON group,

and the TIBC, ferritin and rate of an iron deficiency were
similar between the two groups. Furthermore, the serum iron
and TSAT were significantly lower in the DAPA group com-
pared to the CON group after propensity score matching
(65 [46, 85] vs. 78 [61, 99], P value = 0.047 and 19.5 [15.8,
29.5] vs. 27.7 [21.2, 36.7], P value<0.01). Additionally, there
were no significant differences in the high-sensitive troponin
I and NT-pro BNP levels. Regarding medications, the
furosemide equivalent loop diuretic doses at discharge were
significantly lower in the DAPA group than CON group
(21.8 ± 12.5 mg vs. 27.2 ± 15.5 mg, P = 0.04). There were
no significant differences in the renin-angiotensin system in-
hibitors, beta-blockers and mineralocorticoid receptor antag-
onists at 7 days and before discharge. TTE before discharge
was performed in 55 patients (98.2%) in the DAPA group
and in 58 (100%) in the CON group. The left ventricular diam-
eter at end-diastole, change in the LVEF, left atrial dimension

Figure 3 Urine volume and urine volume per body weight. (A) Urine volume through day 7. (B) Urine volume per body weight per kilogram through
day 7.

Figure 4 Cumulative loop diuretic dose through day 7.
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and inferior vena cava diameter were similar between the
two groups. RHC before discharge was performed in 54
patients (96.4%) in the DAPA group and in 54 (93.1%) in the
CON group. There were no significant differences in the pul-
monary artery wedge pressure, pulmonary artery pressure,
right atrial pressure and cardiac index by the thermodilution
method or the Fick method.

Safety

The safety data are presented in Table 4. The length of stay
was similar between the two groups. In addition, there were
no significant differences in hypoglycaemia with or without
symptoms, ketoacidosis, fractures, amputations and urinary
tract infections. Three patients (5.4%) discontinued DAPA
during the hospitalization. The reasons for the discontinua-
tion were elevated liver enzymes, a urinary tract infection
and decreased appetite, respectively.

Discussion

Main findings

This prospective randomized trial, the ROAD-ADHF trial, had
three major findings. (1) The incidence of WRF was not re-
duced by adding DAPA within 24 h after admission. (2) The
total dose of intravenous or oral loop diuretics was signifi-
cantly lower in the DAPA group than in the CON group ac-
cording to the standard decongestive therapy. (3) Despite
the reduction in the loop diuretics, the RHC or TTE data be-
fore discharge were similar between the two groups.

Incidence of WRF

WRF was reported to occur in 20% to 30% of the patients
with ADHF in the previous studies.18 In addition, the inci-
dence of WRF within 7 days was reported to be approxi-
mately 20% by adding empagliflozin for ADHF patients.19 In
our study, the incidence of WRF was approximately 15%
and that result was similar to the previous reports.18,19

WRF is a common reason for withholding or reducting a
guideline-directed medical therapy in the management of
heart failure patients.20 Therefore, it is a very important find-
ing that WRF was not increased by adding DAPA within 24 h
after admission.

Lower total dose of loop diuretics over 7 days in
the DAPA group

The use of DAPA was reported to reduce the increase of the
diuretic therapy during hospitalization in the previous
study.21 However, in the previous studies, the diuretic strat-
egy was left to the discretion of the physicians, and other
types of diuretics such as thiazides or acetazolamide could
be added.17,21 On the other hand, in our study, we adjusted
the intravenous furosemide by 10 mg to maintain a urine out-
put of 1–2 mL/kg/h according to the guidelines.11,12 In addi-
tion, no other types of diuretics were used during the hospi-
talization in this study. The protocol for adjusting loop
diuretics and excluding the use of other diuretics is consid-
ered novel. In fact, Figure 3 demonstrates that most of the
patients maintained a urine output of 1–2 mL/kg/h according
to the standard decongestive therapy. Moreover, there were
no differences in the congestion at discharge observed by the
NT-pro BNP level, TTE data and RHC. Residual congestion can
worsen the outcomes in ADHF patients.2 The guidelines rec-
ommend that euvolemia should be achieved with the lowest
dose of diuretics.12 Therefore, it was proved to be able to
reduce the use of loop diuretics and the amount of loop di-
uretics at discharge by adding DAPA within 24 h after the
ADHF admission in this study. A reduction in the loop diuretic

Table 2 Blood and urine measurements over the 7 days.

Variable
DAPA group
(n = 56)

Conventional therapy
group (n = 58) P value

Serum sodium, mmol/L
Day 1 141 [139, 143] 141 [138, 142] 0.36
Day 2 141 [140, 143] 140 [138, 141] <0.01
Day 3 141 [139, 143] 140 [138, 142] <0.01
Day 5 140 [138, 142] 140 [137, 142] 0.38
Day 7 139 [138, 142] 140 [137, 142] 0.38

Spot urinary sodium, mmol/L
Day 1 129 [101, 149] 121 [97,.4, 145] 0.58
Day 2 118 [91.9, 141] 116 [92.8, 146] 0.92
Day 3 99.0 [81.4, 130] 113 [79.3, 132] 0.48
Day 5 88.1 [60.1, 114] 82.8 [56.5, 111] 0.93
Day 7 80.6 [57.0, 105] 80.6 [50.5, 105] 0.95

Fractional excretion of sodium, %
Day 1 1.9 [0.88, 3.6] 1.5 [0.84, 2.3] 0.19
Day 2 1.6 [0.72, 3.0] 1.5 [0.79, 3.0] 0.76
Day 3 1.1 [0.50, 1.8] 1.3 [0.65, 2.1] 0.57
Day 5 0.70 [0.40, 1.3] 0.72 [0.40, 1.4] 0.94
Day 7 0.62 [0.42, 1.3] 0.60 [0.41, 1.0] 0.50

Spot urinary glucose, mmol/L
Day 1 0.22 [0.056, 1.1] 0.22 [0.11, 0.39] 0.61
Day 2 40 [19, 96] 0.17 [0.11, 0.42] <0.01
Day 3 62 [18, 140] 0.17 [0.11, 0.42] <0.01
Day 5 53 [23, 130] 0.22 [0.056, 0.39] <0.01
Day 7 55 [12, 120] 0.22 [0.010, 0.39] <0.01

Plasma osmolality, mOsm/kg
Day 1 291 [286, 294] 287 [283, 291] 0.02
Day 2 289 [286, 294] 286 [281, 291] <0.01
Day 3 291 [287, 296] 287 [283, 292] <0.01
Day 5 290 [284, 295] 289 [285, 294] 0.42
Day 7 292 [286, 297] 290 [287, 294] 0.46

Urinary osmolality, mOsm/kg
Day 1 445 [381, 527] 480 [389, 575] 0.37
Day 2 494 [417, 680] 458 [354, 575] 0.09
Day 3 540 [439, 693] 440 [387, 584] <0.01
Day 5 560 [424, 714] 494 [369, 612] 0.03
Day 7 564 [441, 687] 502 [401, 616] 0.09

Note: Values are median [IQR].
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Table 3 Examination findings and medication.

Variable DAPA group (n = 56) CON group (n = 58) P value

Vital sign at discharge
Body weight change, kg �3.7 [�5.5, �1.6] �4.3 [�7.0, �2.1] 0.31
HR, bpm 72 [62, 79] 75 [66, 81] 0.19
SBP, mmHg 115 [98, 123] 115 [97, 131] 0.57
DBP, mmHg 65 [59, 76] 73 [57, 81] 0.42

Laboratory data at discharge
Serum creatinine, μmol/L 94.6 [75.1, 114] 89.7 [76.0, 109] 0.64
Hb, g/dL 12.5 [11.4, 14.1] 13.3 [12.3, 14.6] 0.046
Ht, % 38 [35, 42] 41 [36, 44] 0.08
Iron, μg/dL 66 [46, 83] 82 [63, 101] 0.02
TIBC, μg/dL 301 [258, 348] 301 [258, 332] 0.45
TSAT, % 20 [15, 30] 28 [21, 35] <0.01
Ferritin, ng/mL 172 [87.6, 378] 202 [94.5, 380] 0.51
Iron deficiency, n (%) 23 (41.8) 20 (35.1) 0.46
Reticulocyte, ‰ 12 [9.0, 16] 11 [8.0, 16] 0.45
Erythropoietin, mIU/mL 11 [6.7, 17] 10 [6.5, 16] 0.59
hs-TnI, pg/mL 0.03 [0.02, 0.2] 0.03 [0.02, 0.1] 0.14
NT-pro BNP, pg/mL 1925 [788.4, 5064] 1822 [915.6, 3426] 0.61
Total cholesterol, mg/dL 157 [136, 188] 164 [138, 182] 0.64
Triglyceride, mg/dL 105 [83.5, 142] 106 [80, 131] 0.80
LDL cholesterol, mg/dL 94 [70, 117] 101 [73.5, 118] 0.63
HbA1c, % 6.2 [5.7, 6.7] 6.0 [5.8, 6.4] 0.50

Medication at 7 days
ACEi or ARB or ARNi during 7 days, n (%) 43 (76.8) 45 (77.6) 0.92
ACEi at 7 days, n (%) 21 (37.5) 20 (34.5) 0.74
ARB at 7 days, n (%) 10 (17.9) 19 (32.8) 0.07
ARNi at 7 days, n (%) 12 (21.4) 6 (10.3) 0.10
Beta-blocker at 7 days, n (%) 32 (57.1) 28 (48.3) 0.34
MRA at 7 days, n (%) 39 (69.6) 47 (81.0) 0.16

Medication before discharge
ACEi and/or ARB and/or ARNi, n (%) 42 (75.0) 47 (81.0) 0.44
ACEi, n (%) 24 (42.9) 20 (34.5) 0.36
ARB, n (%) 4 (7.1) 12 (20.7) 0.03
ARNi, n (%) 14 (25.0) 15 (25.9) 0.92
Beta-blocker, n (%) 48 (85.7) 55 (94.8) 0.09
MRA, n (%) 39 (70.0) 47 (81.0) 0.16
Furosemide equivalent loop diuretic dose, mg/day 21.8 ± 12.5 27.2 ± 15.5 0.04

Echocardiographic data before discharge DAPA group (n = 55) CON group (n = 58) P value

LVDD, mm 57 [51, 62] 56 [50, 62] 0.49
LVDS, mm 47 [40, 53] 45 [40, 54] 0.86
LVEF, % 38 [32, 45] 35 [28, 39] 0.03
Change in LVEF from admission, % 2.0 [0.0, 7.0] 2.0 [0.0, 7.3] 0.62
LAD, mm 47 [43, 50] 46 [43, 50] 0.62
IVCD, mm 13 [11, 15] 14 [12, 16] 0.11
IVC collapse > 50% with sniff, n (%) 48 (87.3) 54 (93.1) 0.29
TRPG, mmHg 28 [21, 34] 25 [23, 32] 0.79

Right heart catheterization DAPA group (n = 54) CON group (n = 54) P value

Mean PAWP, mmHg 11 [6.0, 15] 9.5 [6.0, 17] 0.74
Systolic PAP, mmHg 25 [21, 35] 25 [21, 31] 0.39
Diastolic PAP, mmHg 12 [8.0, 18] 12 [8.0. 18] 0.81
Mean PAP, mmHg 17 [13, 24] 17 [14, 23] 0.68
RVEDP, mmHg 5.0 [3.0, 8.5] 4.5 [3.0, 7.8] 0.24
Mean RAP, mmHg 3.5 [2.0, 6.0] 4.0 [1.5, 6.0] 0.66
CI by thermodilution method, L/min/m2 2.6 [2.3, 3.2] 2.51 [1.9, 3.0] 0.11
CI by Fick method, L/min/m2 1.9 [1.6, 2.4] 2.0 [1.6, 2.3] 0.87

Note: Values are mean±SD, median [IQR] or n (%).
Abbreviations: ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor neprilysin
inhibitor; CI, cardiac index; DBP, diastolic blood pressure; Hb, haemoglobin; HbA1c, haemoglobin A1c; HR, heart rate; hs-TnI,
high-sensitive troponin I; Ht, haematocrit; IVC, inferior vena cava; IVCD, inferior vena cava diameter; LAD, left atrial dimension; LVDD, left
ventricular diameter at end diastole; LVDS, left ventricular diameter at end systole; LVEF, left ventricular ejection fraction; MRA, mineral-
ocorticoid receptor antagonist; NT-pro BNP, N-terminal pro-brain natriuretic peptide; PAP, pulmonary arterial pressure; PAWP, pulmonary
artery wedge pressure; RAP, right atrial pressure; RVEDP, right ventricular end-diastolic pressure; SBP, systolic blood pressure; TIBC, total
iron binding capacity; TRPG, tricuspid regurgitation pressure gradient; TSAT, transferrin saturation.
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dose might be associated with a lack of a difference in the
renal function decline after 3 days. In addition, high diuretic
doses during HF hospitalizations have been associated with
an increased mortality in a previous report.22 A reduction in
the diuretic dose with the addition of DAPA may be beneficial
with respect to the long-term prognosis as well as the
long-term renal function.

Decline in the eGFR up to 3 days by adding DAPA

There were two possible mechanisms with regard to the de-
crease in the eGFR after initiating the SGLT2 inhibitor. One
was the ‘initial dip’ and the second was ‘osmotic diuresis’.

SGLT2 inhibitors are reported to cause an initial dip by aug-
menting the tubuloglomerular feedback.23 The action of
SGLT2 inhibitors in the proximal convoluted tubules results
in an increased concentration of Na+ in the macula densa.
This leads to an adenosine-mediated signal cascade and, in
turn, vasoconstriction of the afferent arterioles, which causes
the initial dip. This study revealed that an initial dip might be
observed when treating ADHF in combination with loop
diuretics.

The osmotic diuretic effect of SGLT2 inhibitors was re-
ported in the EMPA-RESPONSE-AHF study.24 The serum so-
dium, plasma and urinary osmolality, and urinary glucose
level increased over 3 days by adding DAPA without affecting
the diuretic response or FENa as shown in Table 2. As more
glucose is excreted by adding DAPA, more water is drawn
to the urine keeping the osmolality constant. The serum so-
dium and plasma osmolality are increased as a result of an in-
creased electrolyte-free water excretion. Our study revealed
that osmotic diuresis was one of the mechanisms of DAPA
when treating ADHF in combination with loop diuretics.

Impact of DAPA on the iron metabolism for ADHF

There is little knowledge about how the addition of DAPA to
ADHF affects iron metabolism. This study revealed serum iron

and TSAT were significantly lower in the DAPA group than
CON group among the ADHF patients after excluding patients
with transfusions and oral or intravenous iron supplementa-
tion. The TSAT was significantly reduced in the DAPA group
as compared to that in CHF patients with a placebo.10 The cy-
tosolic iron repletion hypothesis has been proposed.25 The
effect of SGLT2 inhibitors on decreasing the hepcidin and fer-
ritin and increasing the transferrin represents a direct effect
mediated by an increase in the sirtuin-1 signalling, and those
changes lead to an increase in the iron utilization. That effect
of DAPA might be applicable to ADHF patients, but further
studies are needed on the impact of DAPA on the iron metab-
olism in ADHF.

Study limitations

This study had several limitations. First, this study was not a
placebo-controlled trial and the participants were not
blinded. The investigators knew the treatment allocation,
which might have affected the dosages of the drugs. How-
ever, there were no differences in the congestion upon dis-
charge observed in the NT-pro BNP level, TTEs and RHC data.
In addition, the amount of loop diuretics was lower than that
in other countries. The dose of furosemide in Japan was less
than half of the dose of furosemide administered in the USA
in a previous report.26 In fact, the average dose of loop di-
uretics in this study was 26.3 ± 9.5 mg/day in the DAPA group
and 30.6 ± 11.4 mg/day in the conventional therapy group,
however, Charaya et al. reported an average dose of loop di-
uretics of 78.46 ± 38.95 mg/day in the group who received
DAPA and 102.82 ± 31.26 mg/day in the control group.21

However, there might have been fewer differences in the
dosage of loop diuretics among the attending physicians
due to the standardized diuretic treatment protocol in this
study. Finally, this study lacked the statistical power to
demonstrate a significant difference, as the incidence of
WRF was lower than anticipated in both groups. One possible
reason for the lower-than-expected incidence of WRF could
be that excessive diuretic use was avoided owing to the
standardized diuretic treatment protocol. Larger scale studies
with longer follow-up are deemed necessary.

Conclusions

This prospective randomized trial, the ROAD-ADHF, revealed
that the addition of DAPA within 24 h after admission re-
sulted in a reduction in the diuretic dose in those without
WRF over 7 days. The conclusions are limited by the small
sample size and the absence of a placebo group. Larger scale
studies with longer follow-up are needed to confirm these
findings.

Table 4 Safety endpoint.

Variable
DAPA group
(n = 56)

Conventional
therapy group

(n = 58) P value

Length of stay, days 14 [11, 18] 15 [13, 19] 0.18
Hypoglycaemia without
symptom, n (%)

0 (0.0) 1 (1.7) 0.24

Hypoglycaemia with
symptom, n (%)

0 (0.0) 0 (0.0) -

Ketoacidosis, n (%) 0 (0.0) 0 (0.0) -
Fracture, n (%) 0 (0.0) 0 (0.0) -
Amputation, n (%) 0 (0.0) 0 (0.0) -
Urinary tract infection,
n (%)

2 (3.6) 3 (5.2) 0.68

Note: Values are median [IQR] or n (%).
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