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Aims Dapagliflozin resulted in significant and sustained reductions in first and recurrent heart failure (HF) hospitalizations
among patients with HF across the spectrum of ejection fraction. How treatment with dapagliflozin differentially
impacts hospitalization for HF of varying complexity is not well studied.
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Methods
and results

In the DELIVER and DAPA-HF trials, we examined the effects of dapagliflozin on adjudicated HF hospitalizations of
varying complexity and hospital length of stay (LOS). HF hospitalizations requiring intensive care unit stay, intravenous
vasoactive therapies, invasive/non-invasive ventilation, mechanical fluid removal or mechanical circulatory support
were categorized as complicated. The balance was classified as uncomplicated. Of the total 1209 HF hospitalizations
reported in DELIVER, 854 (71%) were uncomplicated and 355 (29%) were complicated. Of the total 799 HF
hospitalizations reported in DAPA-HF, 453 (57%) were uncomplicated and 346 (43%) were complicated. Relative
to patients experiencing a first uncomplicated HF hospitalization, those with complicated HF hospitalizations had
a significantly higher in-hospital mortality both in DELIVER (16.7% vs. 2.3%, p< 0.001) and DAPA-HF (15.1%
vs. 3.8%, p< 0.001). Dapagliflozin similarly reduced total ‘uncomplicated’ (DELIVER: rate ratio [RR] 0.67, 95%
confidence interval [CI] 0.55–0.82 and DAPA-HF: RR 0.69, 95% CI 0.54–0.87) and ‘complicated’ HF hospitalizations
(DELIVER: RR 0.82, 95% CI 0.63–1.06 and DAPA-HF: RR 0.75, 95% CI 0.58–0.97). Dapagliflozin consistently reduced
hospitalizations irrespective of their LOS: <5 days (DELIVER: RR 0.76, 95% CI 0.58–0.99 and DAPA-HF: RR 0.58,
95% CI 0.42–0.80) or ≥5 days (DELIVER: RR 0.71, 95% CI 0.58–0.86 and DAPA-HF: RR 0.77, 95% CI 0.62–0.94).
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Conclusion A substantial proportion of hospitalizations (∼30–40%) among patients with HF irrespective of ejection fraction
required intensification of treatment beyond standard intravenous diuretics. Such patients experienced significantly
higher in-hospital mortality. Treatment with dapagliflozin consistently reduced HF hospitalizations regardless of
severity of inpatient course or LOS.
Clinical Trial Registration: ClinicalTrials.gov, DELIVER (NCT03619213) and DAPA-HF (NCT03036124).
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Graphical Abstract

CI, confidence interval; HF, heart failure; ICU, intensive care unit; IV, intravenous; MCS, mechanical circulatory support.
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Background
Hospitalizations for heart failure (HF) are associated with poor
prognosis and significant healthcare costs. Efforts to prevent HF
hospitalization are a top priority for physicians and payers alike
and these events represent an important clinical trial endpoint and
quality measure.

Hospitalizations for HF are recognized as a sentinel event in
the natural history of disease with mortality rates that are up to
three-fold higher in patients experiencing hospitalization compared
to those that do not.1,2 However HF hospitalizations may vary
widely with regard to their complexity, length of stay (LOS), and
post-discharge trajectory.3 Patients with HF carry a high burden
of comorbidities4 including chronic kidney disease and underlying
lung disease which enhance the risk of complications with standard
therapies and increase the risk for intensive care unit (ICU) needs
as well as invasive or non-invasive ventilation. While clinical trials
have typically focused on any HF hospitalizations, how chronic HF
treatment differentially impacts hospitalizations of varying severity
is not as well studied. ..
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. Treatment with dapagliflozin resulted in significant reductions in

first and recurrent HF hospitalizations in patients with HF across
the left ventricular ejection fraction (LVEF) spectrum.5,6 In this
post hoc analysis of the DELIVER and DAPA-HF trials, we fur-
ther describe the frequency and outcomes of HF hospitalizations
requiring management beyond standard intravenous (IV) diuretics
and examine the effects of dapagliflozin on HF hospitalizations of
varying severity of inpatient treatment course and LOS across the
spectrum of ejection fraction.

Methods
Study design
The study designs and primary results of the DELIVER and DAPA-HF
trials have previously been reported.5,6 Both trials were double-blind,
randomized controlled trials which assessed the effect of dapagliflozin
10 mg once daily relative to placebo. DELIVER enrolled ambulatory
or hospitalized patients aged >40 years with symptomatic HF, LVEF
>40%, evidence of structural heart disease, at least intermittent
diuretic requirement, and elevated natriuretic peptides. DAPA-HF

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Effects of dapagliflozin on HF hospitalizations by complexity 3

included patients aged ≥18 years with symptomatic HF, LVEF ≤40%,
and elevated natriuretic peptides. The study protocols received ethics
committee approval at each study site and participants provided
written informed consent.

Statistical analysis
We evaluated total (first and recurrent) HF hospitalizations that were
adjudicated by a clinical endpoints committee. ‘Complicated hospital-
izations’ were defined, according to investigator reported data as those
requiring intensive therapy including ICU stay, IV vasoactive therapies
(vasopressor, inotrope or vasodilator), invasive or non-invasive ven-
tilation, mechanical fluid removal, ultrafiltration or mechanical circula-
tory support (MCS), where data were available. Six HF hospitalizations
in DELIVER and 10 HF hospitalizations in DAPA-HF with insufficient
data on complexity parameters were excluded. HF hospitalizations
not requiring these in-hospital resources were classified as ‘uncom-
plicated’. Where data on LOS were available, HF hospitalizations were
further categorized according to their LOS: longer (≥5 days) or shorter
(≥5 days). One thousand one hundred four of the total 1209 (91%) HF
hospitalizations in DELIVER and all 798 (100%) of the included HF hos-
pitalizations in DAPA-HF had a known LOS. We evaluated the influence
of dapagliflozin relative to placebo on the occurrence of adjudicated
HF hospitalizations of varying complexity and LOS. Treatment effects
on total HF hospitalizations were analysed using semiparametric pro-
portional rates methods of Lin et al.7 We also conducted a trial-level
meta-analysis of treatment effects by HF hospitalization complexity sta-
tus across DELIVER and DAPA-HF.

For descriptive purposes, baseline characteristics and presenting
clinical symptoms and signs of worsening HF of patients experiencing a
first HF hospitalization were compared according to HF hospitalization
complexity status. Data are reported as mean± standard deviation,
median (interquartile range) for skewed distributions, and frequency
(percentage) for categorical variables. Student’s t-tests and chi-square
tests were used where appropriate.

Since the decision to admit and hospital care practices may vary
significantly worldwide, the breakdown of complicated hospitalizations
requiring various interventions were calculated as a percentage of
total hospitalizations by geographic region. Among the subset of
patients with available discharge data, in-hospital mortality was further
estimated for first complicated and uncomplicated HF hospitalizations
and compared using Pearson chi square tests. Post-discharge mortality
was assessed in a time-to-first events analysis using Cox proportional
hazards models. Interaction testing was carried out to evaluate for any
region-specific differences in associations between complexity of HF
hospitalization and outcomes.

All analyses were conducted using STATA 17 (Stata Corp., College
Station, TX, USA). A p-value of <0.05 was considered statistically
significant.

Results
Baseline characteristics
In DELIVER, over a median follow-up of 2.3 years, 6263 partici-
pants experienced a total (first and recurrent) of 1209 HF hos-
pitalizations of which 854 (71%) were uncomplicated and 355
(29%) were complicated in that they required at least one intensive
intervention. Overall, 14% required an ICU stay, 18% required IV
vasoactive medications (vasopressor, inotrope or vasodilator), and ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..

Figure 1 Comparison of heart failure (HF) hospitalizations
requiring escalated care by trial. ICU, intensive care unit; IV, intra-
venous; MCS, mechanical circulatory support.

7% required invasive or non-invasive ventilation, mechanical fluid
removal or MCS (Figure 1). In DAPA-HF, over a median follow-up
time of 1.5 years, 4744 participants experienced a total of 799
HF hospitalizations of which 453 (57%) were uncomplicated and
346 (43%) were complicated. Overall, 22% required an ICU stay,
31% required IV vasoactive medications (vasopressor, inotrope or
vasodilator), and 6% required invasive or non-invasive ventilation,
mechanical fluid removal or MCS (Figure 1). For descriptive pur-
poses, baseline characteristics (online supplementary Table S1) and
clinical symptoms and signs of worsening HF (online supplementary
Table S2) are described based on first uncomplicated or compli-
cated HF hospitalization. The relative proportion of uncomplicated
versus complicated HF hospitalizations was similar when consid-
ering first and total (first and recurrent) HF hospitalizations. In
DELIVER, those with a complicated first HF hospitalization were
younger, had a slightly lower baseline LVEF, and had lower use
of baseline loop diuretics compared with those with uncompli-
cated HF hospitalizations. In DAPA-HF, participants experiencing
first uncomplicated HF hospitalization had a generally lower bur-
den of comorbidities and were less often on renin–angiotensin
system inhibitor or angiotensin receptor–neprilysin inhibitor at
baseline. In both trials, patients who experienced a complicated
HF hospitalization more frequently experienced signs and symp-
toms consistent with a low output state and high filling pressures.
Of the 1104 hospitalizations in DELIVER with available data on
LOS, 29% had a LOS <5 days and 71% had a LOS ≥5 days. Of the
798 hospitalizations in DAPA-HF with available data on LOS, 26%
had a LOS <5 days and 74% had a LOS ≥5 days.

Heart failure hospitalization complexity
by geographic region
The geographic distribution of complicated HF hospitalizations
was similar for both trials and is displayed in Figure 2. In both trials,
complicated HF hospitalizations occurred most frequently in Latin
America and Asia, and least frequently in North America and
Europe or Saudi Arabia. Complicated hospitalizations requiring

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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4 S. Chatur et al.

Figure 2 Geographic distribution of total (first and recurrent) complicated heart failure hospitalizations (HFH) in DELIVER (A) and DAPA-HF
(B). HF, heart failure; ICU, intensive care unit; IV, intravenous; MCS, mechanical circulatory support.

ICU stay were most common in Latin America and those requiring
IV vasoactive medications were most frequent in Asia.

In-hospital and post-discharge mortality
Among patients enrolled in DELIVER, in-hospital mortality among
patients experiencing a first HF hospitalization was highest in ..
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.. Latin America (13.4%) followed by Europe or Saudi Arabia (6.4%),
Asia (4.7%), and North America (3.6%) (p= 0.04). In DAPA-HF,
although in-hospital mortality was numerically higher in Latin
America (11.0%) followed by North America (10.5%), Europe
(8.9%), and Asia (3.5%), these regional differences were not
statistically significant (p= 0.19). Among patients experiencing a
first HF hospitalization, those with a complicated hospitalization

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Effects of dapagliflozin on HF hospitalizations by complexity 5

experienced significantly higher rates of in-hospital mortality com-
pared with those with uncomplicated hospitalizations in both
DELIVER (16.7% vs. 2.3%, p< 0.001) and DAPA-HF (15.1% vs.
3.8%, p< 0.001). Post-discharge mortality was similar among
patients surviving first complicated HF hospitalization versus
uncomplicated HF hospitalization in DELIVER (hazard ratio [HR]
0.91, 95% confidence interval [CI] 0.64–1.29; p= 0.59), and
DAPA-HF (HR 1.14, 95% CI 0.84–1.53; p= 0.40). In DELIVER,
interaction testing did not identify any region-specific differences
in these associations between HF hospitalization complexity and
either in-hospital mortality (pinteraction = 0.40) or post-discharge
mortality (pinteraction = 0.21) (online supplementary Table S3). In
DAPA-HF, while there were no region specific differences with
respect to post-discharge mortality (Pinteraction = 0.20) there was
a borderline-significant interaction between HF hospitalization
complexity and region for in-hospital mortality (pinteraction = 0.045).
In DAPA-HF, hospitalizations requiring more intensive in-hospital ..
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. interventions were less closely associated with in-hospital mor-
tality in Asia compared with other regions (online supplementary
Table S3).

Treatment effect of dapagliflozin on total
heart failure hospitalizations according
to severity of inpatient course and length
of stay
Relative to placebo, treatment with dapagliflozin consistently
reduced total uncomplicated and complicated HF hospitalizations
in both DELIVER (uncomplicated: RR 0.67, 95% CI 0.55–0.82
and complicated: RR 0.82, 95% CI 0.63–1.06; p for hetero-
geneity= 0.20) and DAPA-HF (uncomplicated: RR 0.69, 95% CI
0.54–0.87 and complicated: RR 0.75, 95% CI 0.58–0.97; p for
heterogeneity= 0.61) (Figure 3). Reductions in complicated HF

Figure 3 Treatment effect of dapagliflozin on total (first and recurrent) ‘uncomplicated’ and ‘complicated’ heart failure (HF) hospitalizations
in DELIVER (A) and DAPA-HF (B). CI, confidence interval; ICU, intensive care unit; IV, intravenous; MCS, mechanical circulatory support.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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6 S. Chatur et al.

hospitalizations were driven by lower requirement of ICU stays
(DELIVER: 81 vs. 88 and DAPA-HF: 75 vs. 103), IV vasoactive ther-
apies (DELIVER: 95 vs. 124 and DAPA-HF: 108 vs. 141), and inva-
sive or non-invasive ventilation, mechanical fluid removal or MCS
(DELIVER: 32 vs. 47 and DAPA-HF 22 vs. 29) with dapagliflozin
compared with placebo. Similar results were found when the defi-
nition of complicated HF hospitalization excluded the requirement
for ICU admission which may be a subjective decision in some
regions (online supplementary Table S4).

In a trial level meta-analysis of DELIVER and DAPA-HF,
dapagliflozin significantly reduced total uncomplicated (RR 0.68,
95% CI 0.58–0.79) and complicated (RR 0.78, 95% CI 0.65–0.94)
HF hospitalizations across the spectrum of ejection fraction
(Graphical Abstract).

Among HF hospitalizations with known LOS information, the
median LOS was 7 (4–12) days in the placebo arm compared with 7
(4–11) days in the dapagliflozin arm in DELIVER and 7 (4–14) days
in the placebo arm compared with 8 (5–14) days in the dapagliflozin
arm in DAPA-HF.

The total number of days spent in the hospital for HF in trial
follow-up was significantly lower in the dapagliflozin-treated group
compared with placebo in both DELIVER (4087 vs. 6379 days;
incidence rate ratio [RR] 0.64, 95% CI 0.49–0.83; p= 0.001)
and DAPA-HF (3899 vs. 5048 days; incidence RR 0.76, 95% CI ..
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. 0.60–0.98; p= 0.034). Dapagliflozin reduced total HF hospital-
izations irrespective of their hospital LOS in both DELIVER
(LOS <5 days [RR 0.76; 95% CI 0.58–0.99] or LOS ≥5 days
[RR 0.71; 95% CI 0.58–0.86]; p for heterogeneity= 0.63) and in
DAPA-HF (LOS <5 days [RR 0.58; 95% CI 0.42–0.80] or LOS
≥5 days [RR 0.77; 95% CI 0.62–0.94]; p for heterogeneity= 0.11)
(Figure 4).

Discussion
In this post hoc analysis, ∼30% of hospitalizations among patients
with HF with mildly reduced or preserved ejection fraction in
DELIVER and over 40% of hospitalizations among patients with
HF with reduced ejection fraction (HFrEF) in DAPA-HF required
escalation of treatment beyond decongestion with IV diuretic.
Patients experiencing complicated HF hospitalizations had substan-
tially higher in-hospital mortality irrespective of ejection fraction.
Treatment with dapagliflozin consistently reduced HF hospitaliza-
tions irrespective of severity of in-hospital course or LOS.

In current clinical practice, patients with HF are generally older
with a higher burden of cardiovascular and non-cardiovascular
comorbidities which may impact the severity of in-hospital course
when decompensated.8 While more intensive use of in-hospital

Figure 4 Treatment effect of dapagliflozin on total (first and recurrent) heart failure (HF) hospitalization by length of stay (LOS) in DELIVER
(A) and DAPA-HF (B). CI, confidence interval.

© 2023 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Effects of dapagliflozin on HF hospitalizations by complexity 7

therapies are typically associated with the care of patients with
HFrEF, we found a substantial number of hospitalized patients
with higher LVEF similarly required therapies beyond standard IV
diuretics. In fact, the proportions of ‘complex’ HF hospitalizations
in DELIVER mirror proportions needing advanced therapies in
patients with HFrEF in the real world.9

Complicated hospitalizations were associated with markedly
higher rates of in-hospital mortality irrespective of ejection
fraction. No significant differences in the burden of most comor-
bidities were detected in patients with HF with mildly reduced
or preserved ejection fraction and the burden of comorbidities
was generally lower in patients with HFrEF with complicated
versus uncomplicated HF hospitalizations. Baseline haemodynamic
profiles were also similar between patients with and without
complicated HF hospitalization in both trials. In DAPA-HF, patients
experiencing complicated HF hospitalizations were less well opti-
mized on background HF therapy which may explain a propensity
to decompensation and need for higher level of care in patients
with HFrEF. Baseline use of loop diuretic was lower in patients
with complicated HF hospitalizations in DELIVER; however, it is
not clear whether this reflects a lower requirement for decon-
gestive therapy or under optimization of volume status. As such,
variability in presenting severity and treatment course may reflect
other intrinsic biologic or social differences that impact toler-
ance of decompensation and requirement for more intensive
interventions.10

Treatment patterns among complicated hospitalizations were
subject to substantial geographic variation particularly with regard
to the need for ICU care and receipt of IV vasoactive medications.
This may reflect varying standards of care for HF patients globally,
including with respect to thresholds for admission and need for
escalation in care. In both trials, regions with the highest propor-
tion of complicated HF hospitalizations requiring ICU stay also had
the highest in-hospital mortality, suggesting that geographic varia-
tions in this element of in-hospital care may be reflective of greater
disease severity on presentation. However, it is noteworthy that in
DAPA-HF, more advanced in-hospital interventions in Asia (which
were most commonly IV vasoactive therapies) was less associated
with in-hospital mortality than in other regions.

In both trials, dapagliflozin demonstrated consistent treatment
benefits on preventing HF hospitalizations irrespective of the
complexity of inpatient course or hospital LOS. These data
are in line with observations from EMPEROR-Preserved and
EMPEROR-Reduced which similarly demonstrate the clinical ben-
efits of sodium–glucose cotransporter 2 (SGLT2) inhibitors in
preventing inpatient worsening HF events across the spectrum of
severity.11,12 Prevention of HF hospitalizations, including those that
require greater in-hospital interventions, with SGLT2 inhibitors
may add to the overall value of their use across the spectrum of
ejection fraction.

The following limitations should be noted. As this was not a
pre-specified analysis, the findings are hypothesis generating. While
the definition used to identify complicated and uncomplicated HF
hospitalizations has not been prospectively validated, it is based on
routinely used markers of clinical severity which have been used
in other analyses.9 The criteria used to categorize hospitalizations ..
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.. as complicated and uncomplicated were not formally adjudicated.
Components of these criteria including the decision to admit to
ICU may be subject to practice variation as opposed to true phys-
iologic requirement. Some hospitalizations lacked clear discharge
dates, thus precluding calculation of LOS. LOS is also subject to
geographic variation and may reflect factors unrelated to severity
of hospital course. No data were available regarding the costs of
hospitalizations.

In two contemporary trials, a substantial proportion of hos-
pitalizations (∼30–40%) among patients with HF, irrespective of
ejection fraction, required intensification of treatment beyond stan-
dard IV diuresis. Such patients experienced significantly higher
in-hospital mortality. Treatment with dapagliflozin consistently
reduced HF hospitalizations regardless of severity of inpatient
course or LOS.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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