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See the editorial comment for this article ‘Prevention and treatment of diuretic resistance in acute heart failure: when to use which com-
bination of diuretics?’, by P. Martens et al., https://doi.org/10.1093/eurheartj/ehad463.

Abstract

Background and 
Aims

To examine the decongestive effect of the sodium-glucose cotransporter 2 inhibitor dapagliflozin compared to the thiazide- 
like diuretic metolazone in patients hospitalized for heart failure and resistant to treatment with intravenous furosemide.

Methods 
and results

A multi-centre, open-label, randomized, and active-comparator trial. Patients were randomized to dapagliflozin 10 mg once daily 
or metolazone 5–10 mg once daily for a 3-day treatment period, with follow-up for primary and secondary endpoints until day 5 
(96 h). The primary endpoint was a diuretic effect, assessed by change in weight (kg). Secondary endpoints included a change in 
pulmonary congestion (lung ultrasound), loop diuretic efficiency (weight change per 40 mg of furosemide), and a volume assess-
ment score. 61 patients were randomized. The mean (±standard deviation) cumulative dose of furosemide at 96 h was 977 
(±492) mg in the dapagliflozin group and 704 (±428) mg in patients assigned to metolazone. The mean (±standard deviation) 
decrease in weight at 96 h was 3.0 (2.5) kg with dapagliflozin compared to 3.6 (2.0) kg with metolazone [mean difference 0.65, 
95% confidence interval (CI) −0.12,1.41 kg; P = 0.11]. Loop diuretic efficiency was less with dapagliflozin than with metolazone 
[mean 0.15 (0.12) vs. 0.25 (0.19); difference −0.08, 95% CI −0.17,0.01 kg; P = 0.10]. Changes in pulmonary congestion and vol-
ume assessment score were similar between treatments. Decreases in plasma sodium and potassium and increases in urea and 
creatinine were smaller with dapagliflozin than with metolazone. Serious adverse events were similar between treatments.

Conclusion In patients with heart failure and loop diuretic resistance, dapagliflozin was not more effective at relieving congestion than 
metolazone. Patients assigned to dapagliflozin received a larger cumulative dose of furosemide but experienced less bio-
chemical upset than those assigned to metolazone.

Trial  
registration

ClinicalTrials.gov Identifier: NCT04860011

* Corresponding author. Email: ross.campbell@glasgow.ac.uk
† The first two authors contributed equally to the study.
© The Author(s) 2023. Published by Oxford University Press on behalf of the European Society of Cardiology. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits 
non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

European Heart Journal (2023) 44, 2966–2977 
https://doi.org/10.1093/eurheartj/ehad341

CLINICAL RESEARCH 
Heart failure and cardiomyopathies

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/44/31/2966/7173307 by guest on 28 August 2023

https://orcid.org/0000-0002-6333-9496
https://orcid.org/0000-0002-9129-1717 
https://orcid.org/0000-0001-8362-668X
https://orcid.org/0000-0002-5446-9969
https://orcid.org/0000-0002-4856-832X
https://orcid.org/0000-0003-4306-5317
https://orcid.org/0000-0001-8441-6887
https://orcid.org/0000-0001-9213-2067
https://orcid.org/0000-0002-7262-7000
https://orcid.org/0000-0002-8604-0710
https://orcid.org/0000-0003-3299-4014 
https://orcid.org/0000-0001-9895-2795
https://orcid.org/0000-0002-7970-3643
https://orcid.org/0000-0002-6317-3975
https://orcid.org/0000-0002-0050-2129
https://doi.org/10.1093/eurheartj/ehad463
mailto:ross.campbell@glasgow.ac.uk
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1093/eurheartj/ehad341


. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Structured Graphical Abstract

Does the combination of dapagliflozin and intravenous loop diuretics result in greater decongestion compared to the combination of 
metolazone and intravenous loop diuretics in patients with heart failure and diuretic resistance?

In a multi-centre, open-label, randomized, active comparator trial dapagliflozin was not more effective at relieving congestion than me-
tolazone. Patients assigned to dapagliflozin received a larger cumulative dose of furosemide. Decreases in plasma sodium and potassium 
and increases in urea and creatinine were smaller with dapagliflozin than with metolazone.

Both dapagliflozin and metolazone are similarly effective at relieving congestion when added to intravenous furosemide in patients with 
diuretic resistance. Treatment with an SGLT2i is well tolerated and associated with a better biochemical profile.
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Safety
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Introduction
Patients with heart failure (HF) who do not achieve the therapeutically 
desired diuresis despite a high dose of a loop diuretic are said to have 
‘diuretic resistance’ and this lack of response is associated with worse 
clinical outcomes including prolonged hospital stay, higher risk of re-
admission after hospital discharge, and greater symptom burden and 
mortality.1–6 The usual treatment for this problem is to add a different 
diuretic to simultaneously block sodium resorption in a separate seg-
ment of the nephron.7–18 The commonest approach is to add a thiazide 
(or thiazide-like) diuretic acting in the distal convoluted tubule, although 
this can cause worsening kidney function, hyponatraemia, and 

hypokalaemia.7,8,11–16,19,20 However, there has been recent interest 
in agents acting on the proximal tubule because most sodium is ab-
sorbed in this segment. One such treatment, acetazolamide, has been 
shown to enhance decongestion when added to an intravenous (IV) 
loop diuretic in a placebo-controlled trial, although this was associated 
with a small increase in creatinine.17 The sodium-glucose cotransporter 
type 2 (SGLT2) is also responsible for sodium absorption in the prox-
imal tubule and SGLT2 inhibitors might also augment the natriuretic 
and aquaretic action of loop diuretics.21,22 These agents are of particu-
lar interest as they are not known to cause electrolyte disturbances, as 
they have been postulated to lead to a smaller reduction in blood vol-
ume, relative to interstitial fluid volume, compared to loop diuretics, 
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and because they improve outcomes in patients with HF.23,24 If correct, 
the latter difference might lead to less kidney dysfunction with an 
SGLT2 inhibitor compared to a conventional diuretic.

To test whether an SGLT2 inhibitor might be an alternative to a 
thiazide-like diuretic in the treatment of patients with loop diuretic re-
sistance, we compared the addition of dapagliflozin or metolazone to 
loop diuretic treatment in patients hospitalized with HF who remained 
congested despite treatment with a high dose of IV furosemide. 
Metolazone was chosen as the reference therapy because it is believed 
to be at least as potent as alternative thiazide diuretics, effective in pa-
tients with a low glomerular filtration rate, and is recommended in 
guidelines. We hypothesized that dapagliflozin would lead to greater 
decongestion than metolazone but cause less kidney dysfunction. The 
primary endpoint of this randomized trial was the diuretic effect, mea-
sured as the reduction in weight, over 5 days (96 h).

Methods
Study design
This was a multi-centre, open-label, randomized, active-comparator, con-
trolled clinical trial designed, and conducted by the Heart Failure 
Research Group at the University of Glasgow, sponsored by NHS 
Greater Glasgow & Clyde and The University of Glasgow. The Clinical 
Trials Unit at the Robertson Centre for Biostatistics (RCB, University of 
Glasgow) was responsible for data management and statistical analysis. 
The study protocol and statistical analysis plan are included in the 
supplementary data online, appendix. This study was performed according 
to the UK Policy Framework for Health and Social Care Research, The 
Medicines for Human Use (Clinical Trials) Regulations, and the 
Declaration of Helsinki, and was approved by the Research Ethics 
Committee (REC) and the Health Research Authority (HRA). All patients 
provided written informed consent. This trial is registered at 
ClinicalTrials.gov identifier: NCT04860011; EudraCT Number: 
2020-004832-48.

Trial participants
Adult patients hospitalized for worsening HF (regardless of ejection frac-
tion) with diuretic resistance defined as insufficient decongestion (decrease 
in weight <1 kg or negative fluid balance <1 L) over the prior 24 h despite 
treatment with high dose IV loop diuretic (equivalent to ≥160 mg IV fur-
osemide in 24 h) were eligible.15 Additional inclusion criteria were plasma 
B-type natriuretic peptide (BNP) ≥ 100 pg/mL or plasma N-terminal 
proBNP (NT-proBNP) ≥ 400 pg/mL, persisting congestion (defined as 
any of pitting peripheral oedema, ascites, elevated jugular venous pressure, 
or radiographic or ultrasonic evidence of pulmonary congestion) and an ex-
pected hospital length of stay >3 days. Exclusion criteria included type 1 dia-
betes, an estimated glomerular filtration rate (eGFR) < 20 mL/min/1.73 m2, 
and receipt of an SGLT2 inhibitor, thiazide, or thiazide-like diuretic in the 
48 h before randomization. A full list of inclusion and exclusion criteria is 
given in the protocol in the supplementary data online, appendix.

Randomization and treatment allocation
Participants were randomized using an online web portal in a 1:1 ratio, to 
receive dapagliflozin or metolazone, employing a mixed minimization and 
randomization approach, designed to maintain a balance between treat-
ment groups for left ventricular ejection fraction (LVEF) (≤40% and 
>40%), eGFR (≤30 mL/min/1.73 m2,  > 30 mL/min/1.73 m2) and trial site. 
Participants had to be randomized within 24 h of screening, and the allo-
cated study drug was administered within 1 h of randomization.

Patients were assigned to dapagliflozin 10 mg once daily or metolazone 
5–10 mg once daily for up to three consecutive days. Treating physicians 

were permitted to select a dose of either 5 mg or 10 mg metolazone, ac-
cording to their clinical judgement, as this reflects dosing with this agent 
in routine practice. Up-titration or down-titration of the dose of treatment 
was permitted at the discretion of the treating physician. The dose of dapa-
gliflozin was fixed at 10 mg as this is the dose proven in HF trials and recom-
mended in guidelines. Either of the randomized treatments could be 
stopped or continued (or the alternative treatment commenced), at the 
treating physician’s discretion after the 3-day trial period.

No dose of loop diuretic was specified.

Follow-up and endpoints
Study participants were followed-up daily for 5 days (96 h) for all clinical 
endpoints, reviewed at hospital discharge, and reassessed 90 days after 
discharge.

The primary endpoint was the diuretic effect, as assessed by mean change 
in weight, from randomization to 96 h. The secondary endpoints were the 
change in congestion, assessed using lung ultrasound (LUS), loop diuretic ef-
ficiency, and a volume assessment (‘congestion’) score, assessed over the 
same period.

Loop diuretic efficiency was defined as weight loss in kilograms divided 
by the equivalent of 40 mg of furosemide. LUS examinations were per-
formed by trained investigators using a phased array transducer with a 
Philips Lumify handheld ultrasound machine and an eight-zone protocol 
(four zones on each hemithorax; 6 s video clips), in addition to an assess-
ment of each hemidiaphragm, as described previously.25,26 LUS measures 
of congestion were: (1) the sum of B-lines in eight zones, and (2) pleural 
effusion size (the sum of pleural effusion scores from each hemidiaph-
ragm), as described in the online appendix along with a description of 
the imputation procedures. LUS images were analysed in a core labora-
tory (www.ultrasoundcore.net) at the Brigham Women’s Hospital, 
Boston, USA, blinded to clinical characteristics, treatment assignment, 
and outcomes.

The volume assessment score was a modification of the score used in the 
Acetazolamide in Decompensated Heart Failure with Volume Overload 
(ADVOR) trial and a detailed description of this is provided in the online 
appendix (Supplementary data online, Table S1).17

Change in NT-proBNP was an exploratory endpoint, measured in a core 
laboratory, using automated measurements (e411, Roche Diagnostics).

Safety assessments and adverse events
Safety endpoints included changes in kidney function, serum sodium, and 
potassium from randomization to 96 h. A clinically significant worsening 
in kidney function was defined as an increase in serum creatinine of 
>26.5 μmol/L (0.3 mg/dL) from baseline. Hypokalaemia and hyperkalaemia 
were defined as serum potassium ≤3.5 mmol/L and ≥5.5 mmol/L respect-
ively, and hyponatraemia was defined as a serum sodium concentration 
≤125 mmol/L.

The occurrence of adverse events was recorded daily from the date of 
randomization until the earliest of (a) 5 days post-completion of trial treat-
ment, (b) the date of crossover to non-trial dapagliflozin or metolazone, or 
(c) the date of discharge. In addition, adverse events of interest were re-
corded at each study visit using a safety questionnaire.

Sample size calculation and statistical analysis
We estimated that 27 patients per treatment group (54 patients in total) 
would provide 90% power (α level = 0.05) to detect a clinically meaningful 
difference of 2 kg in mean weight change (≃2 L fluid) between the two 
groups at 96 h, assuming a standard deviation (SD) of 2.2 kg. A final sample 
size of approximately 60 participants was planned to account for potential 
dropouts.

The primary and secondary efficacy analyses were conducted according 
to the intention-to-treat principle (i.e. in all patients), and it was planned that 
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safety analyses would be performed in patients taking at least one dose of 
randomized treatment (which, in the event, was also in all patients).

Baseline characteristics are summarized as mean SD or median (first and 
third quartile, Q1, Q3) for continuous variables and counts (percentages) 
for categorical variables. For the primary and secondary endpoint analyses, 
randomized groups were compared using a mixed effects linear regression 
model of endpoint measurements at all time points. The model included a 
random effect for participants. Fixed effects were included for time point, 
LVEF, eGFR, and trial site. To take account of possible differences in treat-
ment time course, two models were fitted. In one, fixed effects were in-
cluded for separate treatment effects at each post-baseline visit and, in 
the other, fixed effects were included for a treatment effect at 24 h, and 
a common treatment effect at 48, 72, and 96 h. Treatment effect estimates 
from both models are reported with 95% confidence intervals (CIs) and 
P-values. Model-predicted means from Model 2 at each time point are pre-
sented graphically with 95% CIs. For the safety outcome measures, Firsher’s 
exact test, t-test, and Wilcoxon–Mann–Whitney tests were used to test for 
differences between groups. All analyses were performed using R (version 
4.0.0).

Results
Patients
Between 05 May 2021 to 03 January 2023, 1651 patients with HF who 
were receiving ≥160 mg IV furosemide daily were screened, the most 
common reason for exclusion was absence of diuretic resistance 
(Supplementary data online, appendix and Figure S1). 61 patients 
were randomized at seven sites across the UK. All participants were in-
cluded in the intention-to-treat analysis. One patient was randomized 
but withdrew consent before receiving investigational treatment 
(Supplementary data online, appendix and Figure S1). The remaining 
60 participants had data on the primary endpoint available at all assess-
ment points. Data on vital status were available for all participants. No 
patients crossed over between treatment groups during the 3 days of 
study drug administration. Three patients in the metolazone arm were 
prescribed dapagliflozin between 72 and 96 h, and nine patients in the 
metolazone arm were prescribed dapagliflozin at discharge. Among the 
30 patients initially assigned to dapagliflozin, two were prescribed me-
tolazone between 72 and 96 h, and 4 prescribed metolazone at 
discharge.

Patients were randomized a median (Q1, Q3) of 6 (4, 11) days 
after admission. Their median age was 79 years, and 46% were 
men (Table 1). The median LVEF was 45% and the median 
NT-proBNP level was 4053 pg/mL. Overall, 44% of patients had an 
LVEF of ≤40%. Most patients had peripheral oedema (98%), pulmon-
ary crepitations (93%), elevated jugular venous pressure (75%), and a 
third of patients had ascites (36%). The median (Q1, Q3) LUS B-line 
count was 12 (6, 18).

Comorbidities were common, in particular atrial fibrillation/flutter 
(67%), anaemia (61%), and type 2 diabetes (46%). Most participants 
had chronic kidney disease (CKD) (90%). The median eGFR was 
41 mL/min/1.73 m2 at baseline, and 26% of patients had Grade 4 
CKD (eGFR <30 mL/min/1.73 m2).

Patient characteristics were largely balanced between treatment 
groups at baseline, except for a higher proportion with type 2 diabetes 
and a higher median NT-proBNP in the dapagliflozin arm and some 
more evidence of congestion in the metolazone arm.

The rate of prescription of a renin-angiotensin system inhibitor 
was low (23%) although more patients were prescribed a beta- 
blocker (75%)  and a mineralocorticoid receptor antagonist (MRA) 
(36%).

Loop diuretic use after randomization
The mean (SD) cumulative dose of furosemide administered over the 
96 h after randomization was 977 (492) mg in the dapagliflozin group 
and 704 (428) mg in patients assigned to metolazone and (P = 0.02). 
The mean (SD) daily dose of furosemide was 255 (120) mg in the da-
pagliflozin group and 185 (115) mg in the metolazone group. The 
mean dose of furosemide per day is shown in Supplementary data 
online, Table S3. The mean (SD) daily dose of dapagliflozin and metola-
zone used over the three days of study treatment was 10 (0) mg and 5.4 
(1.3) mg, respectively.

Primary efficacy endpoint
Weight loss was numerically but not statistically significantly smaller in 
patients treated with dapagliflozin compared with metolazone (Table 2
and Figure 1).

The mean (SD) decrease in weight with dapagliflozin at 24, 48, 72, 
and 96 h with dapagliflozin was −1.2 (1.2) kg, −2.2 (1.3) kg, −2.6 
(1.8) kg, and −3.0 (2.5), respectively compared to −1.8 (1.1) kg, −2.6 
(1.5) Kg, −3.2 (1.8) kg, and −3.6 (2.0) kg, respectively, with metolazone. 
The modelled mean (95% CI) differences in change in weight at 24, 48, 
72, and 96 h were 0.55 (−0.22, 1.31) kg (P = 0.17), 0.46 (−0.31, 1.22) kg 
(P = 0.25), 0.59 (−0.18, 1.35) kg (P = 0.14), and 0.65 (−0.12, 1.41) kg 
(P = 0.11), respectively.

In the alternative model, the estimated mean (95% CI) difference in 
change in weight was 0.55 (−0.22, 1.31) kg at 24 h (P = 0.17) and 0.56 
(−0.06, 1.19) kg over 48–96 h (P = 0.08).

In a post hoc sensitivity analysis, we also adjusted the treatment effect 
for type 2 diabetes (yes/no), baseline NT-proBNP level, and as cities 
(yes/no). This did not meaningfully change the results (see 
Supplementary data online, Table S2 and Figure S5).

Secondary efficacy endpoints
The mean decrease in B-line count over 96 h was similar in patients 
assigned to dapagliflozin and metolazone (Table 2 and Figure 2A).

Overall, 17 patients assigned to dapagliflozin and 11 assigned to me-
tolazone had a pleural effusion at baseline. Effusion score decreased 
similarly in the two treatment groups (Table 2 and Figure 2B).

The mean (95% CI) change in modified ADVOR volume assessment 
score at 24, 48, 72, and 96 h after randomization was also similar be-
tween treatment groups (Table 2 and Figure 2C).

Loop diuretic efficiency, defined as the change in weight (kg) per 
40 mg of furosemide administered, was smaller with dapagliflozin 
than with metolazone at each time point after randomization although 
the difference was only significant at 24 h (Table 2 and Figure 2D).

Exploratory efficacy endpoints
The median (Q1, Q3) decreases in NT-proBNP in the dapagliflozin 
group at 24, 48, 72, and 96 h were 27 (−770, 429), −91 (−1676, 
184), −361 (−1308, −52), and −436 (−1758, 76) pg/mL, respectively. 
The corresponding decreases in the metolazone group were 138 
(−232, 1347) P = 0.19, 16 (−442, 1240) P = 0.23, −223 (−854, 826) 
P = 0.18, and −341 (−819, 481) P = 0.26 pg/mL. Urinary spot sodium 
was greater at all time points in the metolazone group (see 
Supplementary data online, Figure S2). Daily urine output and cumula-
tive net fluid balance were similar between groups (see 
Supplementary data online, Figures S3 and S4).
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Table 1 Baseline characteristics according to treatment allocation

Characteristic All (n = 61) Dapagliflozin (n = 30) Metolazone (n = 31)

Age (years) 79(71–85) 79 (73–86) 79 (68–84)

Male sex—n (%) 28 (46) 13 (43) 15 (48)

White race—n (%) 59 (97) 29 (97) 30 (97)

BMI (kg/m2) 33 (27–37) 32 (27–36) 33 (28–38)

SBP (mmHg) 116 (106–128) 115 (104–128) 118 (109–127)

Heart rate (bpm) 72 (66–83) 71 (66–82) 72 (67–85)

HF history

Ischaemic aetiology—n (%) 20 (33) 10 (33) 10 (32)

Valvular HF—n (%) 12 (20) 5 (17) 7 (23)

LVEF (%) 45 (35–55) 45 (35–55) 45 (35–55)

LVEF ≤40%—n (%) 27 (44) 13 (43) 14 (45)

Prior HF Hospitalization—n (%) 35 (57) 12 (40) 23 (74)

Past medical history—n (%)

Type 2 diabetes 28 (46) 19 (63) 9 (29)

Myocardial infarction 21 (34) 9 (30) 12 (39)

Stroke 5 (8) 0 5 (16)

AF/flutter 41 (67) 18 (60) 23 (74)

Peripheral arterial disease 3 (5) 2 (7) 1 (3)

Chronic anaemiaa 37 (61) 19 (63) 18 (58)

CKDb 55 (90) 28 (93) 27 (87)

Physical examination

Elevated JVP (>4 cm)—n (%) 46 (75) 21 (70) 25 (81)

Pulmonary crepitations—n (%) 57 (93) 27 (90) 30 (97)

Peripheral oedema—n (%) 60 (98) 30 (100) 30 (97)

Ascites—n (%) 22 (36) 7 (23) 15 (48)

Modified ADVOR clinical congestion score 6.0 (5.0–9.0) 6.0 (5.5–8.0) 7.0 (5.2–9.0)

Pleural effusionc—n (%) 29 (48) 13 (43) 16 (52)

Pleural effusion size score 2.0 (2.0–3.0) 2.0 (2.0–3.0) 2.0 (0.0–2.0)

B-lines (total number B-lines) 12.0 (5.8–18.0) 12.0 (6.2–18.2) 12.5 (3.5–17.8)

Baseline blood tests

NT-proBNP (pg/mL) 4053 (1768–6461) 4855 (1792–9753) 3806 (1228–6140)

eGFR (mL/min/1.73 m2) 40.7 (32.4–54.4) 40.7 (34.1–50.7) 40.7 (29.2–59.1)

eGFR <30 mL/min/1.7 3 m2—n (%) 14 (26) 7 (25) 7 (26)

Sodium (mmol/L) 138 (135–140) 138 (133–139) 139 (137–141)

Potassium (mmol/L) 4.0 (3.8–4.3) 4.1 (3.8–4.4) 4.0 (3.8–4.2)

Urea (mmol/L) 12.4 (8.3–17.2) 12.4 (9.6–15.9) 12.2 (7.8–18.7)

Creatinine (μmol/L) 130 (101–172) 131 (101–168) 130 (101–172)

HbA1c (mmol/mol) 43.5 (37.0–51.2) 44.5 (37.0–56.5) 40.0 (37.8- 50.0)

Treatment before admission—n (%)

ACEi/ARB/ARNI 19 (31) 12 (40) 7 (23)

Continued 
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Safety endpoints and adverse events
The prespecified laboratory safety assessments and adverse events of 
interest are shown in Table 3.

Serum sodium and potassium decreased more and urea and creatin-
ine increased more, with metolazone compared to dapagliflozin, al-
though only differences in urea and sodium were significant (Table 3
and Figure 3). However, there was no difference between treatments 
in the proportion of patients crossing the predefined thresholds for 
worsening kidney function, hyponatraemia, or hypokalaemia.

There was no significant difference in adverse events of interest be-
tween metolazone and dapagliflozin although a higher proportion of 
patients (13%) treated with metolazone experienced symptoms of 
hypotension/volume depletion compared to those treated with dapa-
gliflozin (0%) (P = 0.11).

Median (Q1, Q3) length of stay was similar between dapagliflozin and 
metolazone groups, at 20 (13, 32) and 19 (12, 26) days (P = 0.41), re-
spectively. Mortality was similar between groups at all time points 
(see Supplementary data online, Figure S6), with two (7%) in-hospital 
deaths in the dapagliflozin group compared to 4 (13%) in the metola-
zone group. By 90 days, five patients (17%) in the dapagliflozin group 
and seven (23%) patients in the metolazone group had died.  Time to 
first HF hospitalization and time to first HF hospitalization/ all cause 
mortality were similar between treatment groups (Supplementary 
data online, Figures S7 and S8).

Discussion
Some patients admitted to the hospital with worsening HF and conges-
tion do not respond adequately to an IV loop diuretic. Guidelines rec-
ommend concomitant administration of another diuretic acting at a 
different site in the nephron to overcome this resistance and relieve 

persisting congestion. Usually, a thiazide diuretic or metolazone is re-
commended although there has also been recent interest in the use 
of acetazolamide. Like acetazolamide, SGLT2 inhibitors act in the prox-
imal tubule and may augment the action of a loop diuretic.23,27,28

Because most sodium absorption takes place in the proximal tubule, 
we hypothesized that an agent acting in this segment of the nephron 
would lead to greater decongestion than one acting distally. 
However, the primary outcome of weight loss, a measure of deconges-
tion, was not significantly different between patients randomly assigned 
to the SGLT2 inhibitor dapagliflozin compared to metolazone: mean 
(SD) decrease in weight at 96 h −3.0 (2.5) kg vs. −3.6 (2.0) kg, respect-
ively, mean (95% CI) difference between groups 0.65 (−0.12, 1.41) (P =  
0.11). The prespecified secondary outcomes which also reflected con-
gestion, including the number of B-lines and size of pleural effusions on 
LUS, and the modified ADVOR volume assessment score, also de-
creased to a similar extent in each treatment group. Although these 
data collectively suggested equivalent decongestion in the two rando-
mized treatment groups, this required a higher total dose of furosemide 
in the dapagliflozin group, with a mean total cumulative dose of 977 mg 
at 96 h, compared to 704 mg in the metolazone group. As a result, di-
uretic efficiency (kilogram of weight loss per 40 mg of furosemide), the 
final secondary endpoint, was lower in the dapagliflozin group com-
pared to the metolazone group, suggesting a more modest natriuretic 
action of SGLT2 inhibitors than anticipated. However, despite the use 
of more furosemide, decongestion in the dapagliflozin group was 
achieved with smaller decreases in plasma sodium and potassium, and 
smaller increases in urea (blood urea nitrogen) and creatinine than in 
the metolazone group, in keeping with our hypothesis that SGLT2 in-
hibition would cause less kidney dysfunction and electrolyte disturb-
ance than metolazone (Structured Graphical Abstract).

The present findings can be compared to those from other recent 
trials of combination diuretic therapy in patients hospitalized with 
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Table 1 Continued  

Characteristic All (n = 61) Dapagliflozin (n = 30) Metolazone (n = 31)

Beta-blocker 45 (74) 25 (83) 20 (65)

MRA 22 (36) 11 (37) 11 (35)

Loop diuretic 54 (89) 26 (87) 28 (90)

Thiazide or thiazide-like diuretic 8 (13) 3 (10) 5 (16)

SGLT2i 2 (3) 2 (7) 0

ICD/CRT 3 (5) 1 (3) 2 (6)

Treatment at randomization—n (%)

ACEi/ARB/ARNI 14 (23) 10 (33) 4 (13)

Beta-blocker 46 (75) 24 (80) 22 (71)

MRA 22 (36) 10 (33) 12 (39)

Total daily loop diuretic dose at randomization (mg) 244 (120) 260 (139) 229 (99)

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ADVOR, Acetazolamide in Decompensated Heart Failure with Volume Overload; AF, atrial fibrillation; 
ARNI, angiotensin receptor–neprilysin inhibitor; BMI, body mass index; CKD, chronic kidney disease; CRT, cardiac resynchronization therapy; eGFR, estimated glomerular filtration rate; 
HbA1c, glycated haemoglobin; HF, heart failure; ICD, implantable cardioverter defibrillator; JVP, jugular venous pressure; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid 
receptor antagonist; NT-proBNP, N-terminal-pro-B-type natriuretic peptide; SBP, systolic blood pressure; SGLT2i, sodium–glucose cotransporter 2 inhibitor. 
Values expressed as n (%) or median (quartile 1–quartile 3), or mean (SD). 
aFemale Hb <120 g/L; Male Hb <130 g/L. 
beGFR <60 mL/min/1.73 m2. 
cAssessed clinically.
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Table 2 Primary and secondary efficacy endpoints

Dapagliflozin  
(n = 30)

Metolazone  
(n = 31)

Between-group difference  
(95% CI)a

P-value

Primary endpoint n= n=

Weight at baseline (kg) 30 87.6 (20.2) 31 91.7 (23.1)

Change from baseline (kg)

24 h 30 −1.2 (1.2) 30 −1.8 (1.1) 0.55 (−0.22, 1.31) 0.17

48 h 30 −2.2 (1.3) 30 −2.6 (1.5) 0.46 (−0.31, 1.22) 0.25

72 h 30 −2.6 (1.8) 30 −3.2 (1.8) 0.59 (−0.18, 1.35) 0.14

96 h 30 −3.0 (2.5) 30 −3.6 (2.0) 0.65 (−0.12, 1.41) 0.11

48–96 h — — — — 0.56 (−0.06, 1.19) 0.08

Secondary endpoints

Sum of B-lines on LUS (eight zones) at baseline 26 12.0 (5.8, 18.0) 30 12.5 (3.5, 17.8) — —

Change from baseline

24 h 23 −2.0 (−3.5, 0.5) 29 −2.0 (−5.0, 2.0) 0.54 (−1.56, 2.64) 0.62

48 h 25 −3.0 (−5.0, 2.0) 25 −3.0 (−6.0, 0.0) 0.28 (−1.85, 2.41) 0.80

72 h 25 −3.0 (−5.0, 0.0) 27 −1.0 (−6.5, 1.5) −0.24 (−2.35, 1.87) 0.83

96 h 24 −3.0 (−5.2, -0.8) 29 −1.0 (−6.0, 1.0) −1.16 (−3.27, 0.94) 0.29

48–96 h — — — — −0.38 (−2.09, 1.32) 0.67

Total pleural effusion score at baseline 30 2.5 (1.6, 3.5) 31 1.9 (1.0, 2.7) — —

Change from baseline

24 h 29 −0.6 (−1.2, −0.2) 30 −0.1 (−0.7, 0.5) −0.39 (−1.05, 0.26) 0.24

48 h 29 −0.8 (−1.4, −0.2) 30 −0.5 (−1.0, −0.1) −0.24 (−0.93, 0.46) 0.50

72 h 29 −1.0 (−1.7, −0.3) 30 −0.7 (−1.3, −0.1) −0.19 (−0.98, 0.60) 0.63

96 h 29 −1.1 (−1.9, −0.3) 30 −0.7 (−1.4, −0.1) −0.26 (−1.04, 0.52) 0.50

48–96 h — — — — −0.23 (−0.88, 0.42) 0.48

Loop diuretic efficiency

24 h 30 0.23 (0.22) 29 0.34 (0.24) −0.11 (−0.20, −0.01) 0.03

48 h 30 0.19 (0.13) 30 0.30 (0.23) −0.09 (−0.18, 0.00) 0.07

72 h 30 0.17 (0.13) 30 0.27 (0.22) −0.08 (−0.17, 0.01) 0.10

96 h 30 0.15 (0.12) 30 0.25 (0.19) −0.08 (−0.17, 0.01) 0.10

48–96 h — — — — −0.08 (−0.17, 0.00) 0.07

Modified ADVOR score at baseline 30 5.8 (5.0, 6.6) 31 6.3 (5.4, 7.2) — —

Change from baseline

24 h 29 −0.8 (−1.4, −0.2) 30 −0.9 (−1.5, −0.2) −0.04 (−0.85, 0.77) 0.92

48 h 29 −1.4 (−2.1, −0.8) 30 −1.7 (−2.3, −1.0) 0.10 (−0.75, 0.96) 0.81

72 h 29 −1.9 (−2.6, −1.1) 30 −2.3 (−3.0, −1.5) 0.29 (−0.57, 1.15) 0.51

96 h 29 −2.2 (−3.0, −1.5) 30 −2.6 (−3.3, −1.9) 0.22 (−0.63, 1.08) 0.60

48–96 h — — — — 0.21 (−0.48, 0.89) 0.56

ADVOR, acetazolamide in decompensated heart failure with volume overload; LUS, lung ultrasound; CI, confidence interval. 
Baseline data are presented as mean (SD) or median (Q1, Q3). 
Change from baseline data are presented as mean (SD) or median (Q1, Q3). 
The between group differences in change from baseline data are presented as means with 95% confidence intervals from a mixed effects linear regression model measured at all visit time 
points including a random effect for the subject and fixed effects for the visit time point, baseline LVEF, baseline eGFR, and study site. 
aBetween-group difference presented as mean difference (95% CI).
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worsening HF, albeit not specifically with diuretic resistance. In the 
Combination of Loop with Thiazide-type Diuretics in Patients with 
Decompensated Heart Failure (CLOROTIC) trial, the median (inter-
quartile range) weight loss over 72 h in patients randomly assigned to 

placebo in addition to IV furosemide was 1.5 (0.0–3.2) kg and 2.0 
(2.1–4.6) kg in those assigned to hydrochlorothiazide, giving an adjusted 
placebo-corrected difference of 1.14 (0.42–1.84) kg.13 The total mean 
dose of furosemide administered from enrolment to 72 h was 375 mg 

Figure 1 Mean change in weight (kg) from randomization to 48, 72, and 96 h in dapagliflozin vs. metolazone groups. Model-predicted mean change in 
weight from baseline with 95% confidence intervals at each time point. The treatment effect estimate displayed in the text represents the 
between-group difference (dapagliflozin vs. metolazone) in the common effect estimate between 48 and 96 h.

Figure 2 Secondary endpoints—mean change in B-lines (panel A), pleural effusion score (panel B), and congestion score (panel C ), from randomiza-
tion to 48, 72, and 96 h. Mean diuretic efficiency (panel D) was calculated at 24, 48, 72, and 96 h. Model-predicted mean change from baseline with 95% 
confidence intervals at each time point. The treatment effect estimate displayed in the text represents the between-group difference (dapagliflozin vs. 
metolazone) in the common effect estimate between 48 and 96 h.
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Table 3 Safety assessments and adverse events of interest

n= Dapagliflozin (n = 30) n= Metolazone (n = 31) P-value

Change in serum urea from baseline, mmol/L

24 h 30 −0.0 (1.4) 29 0.6 (1.5) 0.26

48 h 30 −0.0 (1.9) 29 1.9 (2.7) <0.01

72 h 28 0.1 (3.0) 29 3.7 (3.9) <0.01

96 h 30 −0.0 (3.7) 29 4.4 (5.0) <0.01

Change in eGFR from baseline, mL/min/1.73 m2

24 h 30 −3.0 (−5.8, −0.9) 30 −2.5 (−4.6, 0.3) 0.83

48 h 30 −3.0 (−6.2, −0.1) 30 −5.2 (−9.9, −2.5) 0.02

72 h 28 −3.7 (−7.5, 1.5) 30 −8.9 (−13.6, −3.4) 0.01

96 h 30 −5.9 (−9.4, −0.8) 30 −7.3 (−12.3, −4.9) 0.09

Change in serum creatinine from baseline, µmol/L

24 h 30 8.4 (14.6) 30 6.9 (13.1) 0.67

48 h 30 10.4 (18.7) 30 20.8 (18.9) 0.04

72 h 28 11.2 (28.2) 30 29.3 (26.9) 0.02

96 h 30 16.5 (32.5) 30 29.7 (29.7) 0.11

Impaired renal functiona

Increase in serum creatinine concentration of >26.5 μmol/L 30 14 (47) 30 15 (50) 1.00

eGFR decrease > 50% 30 2 (7) 30 0 0.49

Change in serum potassium from baseline, mmol/L

24 h 29 0.0 (−0.4, 0.2) 28 0.3 (−0.5, −0.1) 0.02

48 h 29 −0.2 (−0.4, 0.0) 28 −0.3 (−0.6, 0.0) 0.29

72 h 28 0.0 (−0.6, 0.4) 29 −0.3 (−0.5, −0.1) 0.30

96 h 29 −0.1 (−0.4, 0.2) 28 −0.3 (−0.4, 0.0) 0.43

Hypokalemia/hyperkalemiaa

Serum potassium ≤3.0 mmol/L 30 1 (3) 30 3 (10) 0.61

Serum potassium ≤3.5 mmol/L 30 15 (50) 30 19 (63) 0.44

Serum potassium ≥5.5 mmol/L 30 1 (3) 30 0 1.00

Change in serum sodium from baseline, mmol/L

24 h 30 1.0 (−1.0, 2.8) 30 −1.0 (−2.0, 0.0) <0.01

48 h 30 1.0 (−1.0, 2.0) 30 −2.0 (−3.0, 0.0) <0.01

72 h 28 1.0 (−2.0, 2.2) 30 −2.0 (−5.0, −1.0) <0.01

96 h 30 0.5 (−1.0, 2.0) 30 −3.0 (−4.8, −1.2) <0.01

Hyponatraemiaa

Serum sodium ≤125 mmol/L 30 1 (3) 30 0 1.00

Serum sodium ≤130 mmol/L 30 5 (17) 30 4 (13) 1.00

AE of special interest— 30 — 30 — —

Symptoms of hypotension/volume depletion — 0 — 4 (13) 0.11

Urinary tract infections 0 1 (3) 1.00

Genital infections 0 0 n/a

Ketoacidosis 0 0 n/a

Continued 
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in the placebo group and 340 mg in the hydrochlorothiazide group 
(compared with 756 mg in the dapagliflozin group and 566 mg in the 
metolazone group in the present trial). The greater diuretic effect of hy-
drochlorothiazide was achieved at the expense of worse renal function 
and more hypokalaemia.

Perhaps of more interest, is the ADVOR trial,17,29 given the proxim-
ity of site of action of both dapagliflozin and acetazolamide in the prox-
imal tubule although neither directly inhibits sodium-hydrogen 
exchanger 3 which accounts for most sodium reabsorbtion in this seg-
ment of the nephron. In addition, acetazolamide appears to have rela-
tively more effect on sodium compared to water excretion than SGLT2 
inhibitors. The estimated mean decrease in weight in the placebo group 
by day 3 was 1.64 kg compared to 3.31 kg on acetazolamide, giving a 

placebo-corrected difference of approximately 1.68 kg. In the current 
trial, the mean (SD) decrease in weight at 72 h was 3.2 (1.8) kg in pa-
tients randomized to metolazone, consistent with the greater weight 
loss observed with combination diuretic therapy in ADVOR (and 
CLOROTIC). By comparison, the mean weight loss in patients assigned 
to dapagliflozin was 2.6 (1.8) kg which was not significantly different 
from the decrease in weight with metolazone. Although acetazolamide 
has not been compared directly to metolazone or a thiazide diuretic, its 
use in ADVOR led to a small but significant increase in creatinine, like 
that seen in previous studies with metolazone and thiazide diuretics. 
Potassium appeared to be lower with acetazolamide compared to pla-
cebo in ADVOR and acetazolamide has been reported to cause a re-
duction in potassium in other studies. Compared to values at 
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Table 3 Continued  

n= Dapagliflozin (n = 30) n= Metolazone (n = 31) P-value

Hepatic injury 0 0 n/a

Clinically meaningful escalation of loop diuretic therapyb 0 0 n/a

New utilization/escalation of vasoactive therapy 0 1 (3) 1.00

Renal replacement therapy 0 0 n/a

Worsening HF 0 1 (3) 1.00

AE, adverse event; eGFR, estimated glomerular filtration rate; n/a, not applicable. 
aAt any time point between baseline and 96 h assessment. 
bDefined as >50% increase in daily dose.

Figure 3 Safety endpoints—mean change in blood urea nitrogen (panel A), creatinine (panel B), serum potassium (panel C), and serum sodium (panel 
D) from baseline with 95% confidence intervals at each time point. *P < 0.05; **P < 0.01.
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admission (day 3 vs. day 0), serum potassium levels declined by 0.4 ±  
0.3 mmol/L in the acetazolamide arm and 0.2 ± 0.2 mmol/L in the 
placebo arm (P = 0.022).30 However, on day 3, mild hypokalaemia 
(3–3.5 mmol/L) was not significantly more frequent with acetazolamide 
(P = 0.061).

Collectively, these trials show that each of a thiazide/thiazide-like di-
uretic, acetazolamide, and an SGLT2 inhibitor augments decongestion 
in patients already receiving IV loop diuretic. Because the patients stud-
ied in each trial were different, the treatments were not compared dir-
ectly, and the dose of loop diuretic varied between treatment groups, it 
is not possible to draw firm conclusions about the relative efficacy of 
each therapy (or strategy). Moreover, in some countries, the selective 
vasopressin receptor 2 antagonist tolvaptan is another agent that can 
be used to augment diuresis.14

There is now irrefutable evidence of the benefit of SGLT2 inhibitors 
in HF, and guidelines recommend their initiation in the hospital, but, as 
with other therapies, once patients are ‘stabilized’. The present data 
suggest that SGLT2 inhibitors can be started earlier, if needed, to facili-
tate decongestion. More research into the treatment of diuretic resist-
ance is needed and future investigation should focus on the safety and 
efficacy of adding a thiazide/thiazide-like diuretic or acetazolamide, and 
perhaps tolvaptan, in patients with persisting congestion despite treat-
ment with a loop diuretic and SGLT2 inhibitor (and in patients with HF 
with reduced/mildly reduced ejection fraction, an MRA).

Limitations and strengths
The present trial was unblinded which may have led to bias. This was a 
pragmatic trial in which the clinicians responsible for the care of the par-
ticipating patients were free to adjust the dose of furosemide as they 
thought appropriate. We did not attempt to mandate usual care and 
we do not believe that there is any universally agreed and routinely 
used furosemide-dosing protocol. Effectively, the comparison was of 
two decongestion strategies- one using furosemide plus metolazone 
and another using furosemide plus dapagliflozin. The latter resulted in 
the use of more furosemide than the former but, as we found, with 
less biochemical disturbance. The sample size was small but a post 
hoc power calculation showed sufficient power to detect a difference 
between treatments of 1 kg in weight. Nevertheless, in a larger trial, 
some of the differences between treatments, such as in diuretic effi-
ciency, may have become statistically significant. There were some im-
balances in patient characteristics between the treatment groups at 
baseline. Strengths of this trial include the use of LUS to assess conges-
tion and the relatively large proportion of women included.

Conclusions
In hospitalized patients with HF and loop diuretic resistance, we did not 
prove that dapagliflozin was more effective at relieving congestion than 
metolazone. Patients assigned to dapagliflozin received a larger cumu-
lative dose of furosemide but experienced less biochemical upset 
than those assigned to metolazone.
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