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Abstract

Sodium-glucose cotransporter 2 (SGLT2) inhibitors have fundamentally reshaped the pharmacological management of chronic heart
failure (HF). However, the role of these inhibitors during the vulnerable phase of acute decompensated heart failure (ADHF) has histori-
cally been limited by concerns regarding hemodynamic stability and renal function. Recent clinical evidence suggests that the intensive
care unit (ICU) and coronary care unit (CCU) may be optimal settings for initiating these disease-modifying therapies. This narrative
review aims to evaluate the safety, efficacy, and clinical impact of early in-hospital initiation of SGLT2 inhibitors in patients admitted
for ADHF, focusing on hemodynamic recovery, decongestion, and prevention of early readmission. Early initiation of SGLT2 inhibitors
is associated with significant clinical benefits, including rapid decongestion, shorter length of hospital stay, and a reduction in the 30-day
composite endpoint of death or worsening HF. Furthermore, SGLT2 inhibitors exhibit synergistic effects with loop diuretics, helping
to overcome diuretic resistance. Safety profiles remain favorable when patients satisfy basic clinical stability criteria. The traditional
wait-and-see approach to initiating SGLT2 inhibitors is being replaced by a proactive early-start strategy. In the cardiac intensive care
setting, SGLT2 inhibitors are no longer viewed solely as metabolic agents but also as tools for acute hemodynamic optimization. Further
research is required to refine the management of euglycemic ketoacidosis and to determine the optimal timing of initiation in patients
requiring mechanical circulatory support.
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1. Introduction

Heart failure (HF) is a clinical syndrome caused by a
structural and/or functional cardiac abnormality and result-
ing in reduced cardiac output (CO) and/or elevated intrac-
ardiac pressures at rest or during stress, which could deter-
mine the development of typical symptoms, such as breath-
lessness, ankle swelling, and fatigue, that may be associ-
ated with signs, such as elevated jugular venous pressure,
pulmonary crackles, and peripheral oedema [1,2]. The in-
cidence of HF is approximately 3–5 per 1000 person-years.
The HF prevalence is approximately 1–2% in adults, and it
increases with age, accounting for up to 10% in patients
aged 70 years or over [1]. Acute heart failure (AHF) is

broadly defined as a rapid onset of new or worsening signs
and symptoms of HF [3]. De novo AHF results from a sud-
den increase in intracardiac filling pressures and/or acute
myocardial dysfunction, which can lead to decreased pe-
ripheral perfusion and pulmonary oedema [4]. The most
common aetiology is cardiac ischaemia [3]. A less common
precipitant of AHF is one of the possible non-ischaemicmy-
ocardial insults [3]. Most patients presenting with AHF do
so in the context of pre-existing cardiomyopathy, a situation
described as acute decompensated heart failure (ADHF).
Approximately 25–40% of AHF cases present as de novo
episodes, while the remaining 60–75% consist of acute de-
compensated chronic heart failure (CHF) [5]. In-hospital
mortality ranges from 4% to 7%, with a median length of
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stay between 4 and 11 days [5]. Post-discharge mortality
continues to be elevated, in the range of 20–36% [6,7].

Sodium-glucose cotransporter 2 inhibitors (SGLT2i)
are selective inhibitors of sodium-glucose cotransporter 2
(SGLT2) that block glucose reabsorption in the proximal
tubule of the kidney and promote glucosuria [8,9,10,11].
SGLT2i were originally developed for the treatment of
type 2 diabetes mellitus (T2DM), and pleiotropic effects
on the cardiovascular and renal systems were soon high-
lighted through inflammation, oxidative stress, cellular en-
ergy metabolism, and housekeeping mechanisms [12,13].
They represent one of the four pillars for CHF [1,14]. Our
comprehensive review aims to evaluate the safety, efficacy,
and clinical impact of early in-hospital initiation of SGLT2i
in patients admitted for AHF and ADHF, with a focus on
hemodynamic recovery, decongestion, and prevention of
early readmission.

2. Materials and Methods
This narrative review provides a comprehensive syn-

thesis and critical analysis of current knowledge, clini-
cal advancements, and evolving strategies concerning the
in-hospital initiation of SGLT2i in patients admitted for
ADHF. Narrative reviews are particularly effective for
synthesizing broad research domains that undergo rapid
paradigm shifts, such as the current transition from a wait-
and-see approach to a proactive early-start strategy in the
cardiac intensive care setting. To identify relevant sources,
a structured literature search was conducted focusing on the
safety, efficacy, and hemodynamic impact of SGLT2i dur-
ing the vulnerable phase of HF.

The search strategy used biomedical databases, in-
cluding PubMed/MEDLINE and EMBASE, to retrieve
publications from January 2015 to March 2026, adhering to
standard practices for evidence-based reviews in cardiovas-
cular medicine. The search strings and key terms employed
for literature collection included combinations of the fol-
lowing concepts, utilizing Boolean operators (AND/OR):

Primary Condition: “Acute decompensated heart fail-
ure” (ADHF), “Acute heart failure” (AHF), “Congestion”.
Clinical Setting: “Intensive Care Unit” (ICU), “Coronary
Care Unit” (CCU), “Cardiac Intensive Care Units” (CI-
CUs), “In-hospital initiation”.

Therapeutic Strategies: “SGLT2 inhibitors”
(SGLT2i), “Empagliflozin”, “Dapagliflozin”, “So-
tagliflozin”, “Sequential nephron blockade”, “Diuretic
synergy”.

Document selection prioritized English-language arti-
cles, including randomized controlled trials (RCTs), which
serve as the three pillars of current clinical evidence. The
review also encompasses retrospective studies and expert
consensus focused on the management of specific compli-
cations, such as euglycemic ketoacidosis and the use of
SGLT2i in patients requiring mechanical circulatory sup-
port (MCS). This methodology ensures that the narrative

synthesis is evidence-based and reflects the transition of
SGLT2i from metabolic drugs to essential tools for acute
hemodynamic optimization

3. Hemodynamic Effects of SGLT2i
SGLT2i do not function merely as metabolic drugs;

they exert rapid and significant hemodynamic effects useful
in the management of AHF. The primary pathophysiolog-
ical mechanisms of action in the acute setting are detailed
below:

3.1 Direct Myocardial Effects of the SGLT2i
Alongside the systemic hemodynamic effects medi-

ated by renal action, emerging evidence indicates that
SGLT2i also exert significant direct protective effects on
cardiac cells, despite the myocardium being largely de-
void of the SGLT2 transporter under normal conditions
[15]. This mechanism of action focuses on the regulation
of ionic homeostasis through the so-called cardiac sodium-
interactome [15]. Under the influence of pathological stim-
uli characteristic of HF, such as hypoxia, acidosis, and in-
flammation, SGLT2i directly inhibit the sodium-hydrogen
exchanger (NHE-1) and the late sodium current (late-INa)
on the cell membrane. The resulting reduction in intra-
cellular sodium levels ([Na+]i) subsequently prevents cy-
tosolic calcium overload, reduces mitochondrial oxidative
stress, and attenuates NLR Family Pyrin Domain Con-
taining 3 (NLRP3) inflammasome activation, directly con-
tributing to the improvement of myocardial contractile and
diastolic function independently of systemic diuretic action
[15]. The existence of these direct myocardial pathways,
which are completely independent of estimated glomerular
filtration rate (eGFR), provides a solid biological rationale
for the use of SGLT2i even in patients undergoing chronic
dialysis, in whom molecular cardiovascular benefits persist
despite the loss of renal organ function [16].

3.2 Diuretic and Natriuretic Effects: Sequential Nephron
Blockade

SGLT2i act primarily in the proximal tubule, where
the bulk of sodium reabsorption occurs [17].

When added to loop diuretics, SGLT2i enhance
sodium and water excretion through sequential nephron
blockade [18]. This mechanism is particularly effec-
tive in overcoming diuretic resistance. While the co-
administration of thiazide and loop diuretics facilitates su-
perior natriuresis in cases of refractory congestion, this se-
quential nephron blockade often precipitates a decline in-
eGFR, profound electrolyte imbalances, and detrimental
neurohormonal up-regulation [19]. Conversely, SGLT2i
offer a more favorable diuretic profile. By promoting
electrolyte-free water clearance, the integration of SGLT2i
into intravenous loop diuretic regimens achieves potent os-
motic diuresis while preserving ionic stability and attenuat-
ing the compensatory activation of the renin-angiotensin-
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aldosterone and sympathetic nervous systems [20,21].
SGLT2i increase 24-hour urine volume by approximately
500 mL or an 20–30% of increasing [17].

Emerging evidence from pilot studies indicates that
SGLT2i possess diuretic properties that complement, rather
than merely replicate, those of conventional loop diuret-
ics. A distinguishing feature of their mechanism is a tar-
geted reduction in interstitial fluid, which appears to spare
the intravascular volume. By prioritizing tissue deconges-
tion over systemic depletion, this class of drugs may op-
timize tissue perfusion and stabilize renal hemodynamics,
offering a more nuanced approach to volume management
[22,23,24].

Finally, in patients with HF and loop diuretic resis-
tance, dapagliflozin was no more effective than metolazone
in relieving congestion. Patients assigned to dapagliflozin
received a larger cumulative dose of furosemide but expe-
rienced less biochemical upset than those assigned to meto-
lazone, such as hyponatremia or hypokalemia and a lower
incidence of significant rises in urea and creatinine levels
[23].

3.3 Reduction of Filling Pressures: Preload and Afterload
Optimization

SGLT2i facilitate a rapid optimization of cardiac load-
ing conditions through several distinct pathways. In-
duced osmotic diuresis effectively reduces plasma vol-
ume, thereby decreasing preload, while a modest reduc-
tion in systemic blood pressure contributes to a lowered
afterload [25]. A clinical advantage is that these hemo-
dynamic shifts occur without triggering the sympathetic
nervous system or the renin-angiotensin-aldosterone sys-
tem (RAAS), a common complication observed with thi-
azide diuretics [20,21,26]. Corroborating these hemody-
namic effects, Bogoviku et al. [25] in a sub-analysis of
the Early Empagliflozin Initiation on Diuresis and Kidney
Function in PatientsWithAcuteDecompensatedHeart Fail-
ure (EMPAG-HF) trial, including 60 patients with AHF
(mean age 74.7 ± 9.9 years; 62% male), showed that after
five days of treatment, the empagliflozin cohort exhibited a
significant reduction in both left atrial volume (LAV) (p <
0.001) and left atrial end-systolic volume index (LAESVI)
(p = 0.016) compared to the placebo group.

3.4 Renal Protection and Tubulo-Glomerular Feedback

The initial renal response to SGLT2i is frequently
characterized by a modest decline in the eGFR, commonly
referred to as the “eGFR dip”, this early decline is a func-
tional hemodynamic shift rather than structural injury [27].

By inhibiting sodium reabsorption in the proximal
tubule, SGLT2i increase sodium delivery to the macula
densa [27]. This triggers the tubuloglomerular feedback
mechanism, leading to afferent arteriolar vasoconstriction
[27]. This vasoconstriction alleviates hyperfiltration and
reduces pressure within the glomerulus, which manifests

clinically as the initial eGFR dip [27]. It serves as a pre-
cursor to superior long-term renal preservation and a reduc-
tion in albuminuria. Increases in serum creatinine of up to
25% from baseline are considered clinically acceptable and
do not warrant drug discontinuation [28]. The early ini-
tiation of SGLT2i during hospitalization for AHF is safe
[29]. It promotes effective decongestion while simultane-
ously shielding the kidney from barotrauma and facilitating
the introduction of other life-saving therapies.

4. Practical Management of SGLT2i in Acute
Setting

The clinical implementation of SGLT2i in early post-
decompensated patients necessitates a balanced approach:
identifying the optimal window for stabilization while
maintaining rigorous monitoring to capitalize on early ben-
efits without compromising safety.

4.1 Stability Criteria for Initiation
Initiating SGLT2i during AHF hospitalization is safe

provided the patient has achieved hemodynamic stability.
Current clinical protocols typically require:

A stable systolic blood pressure (SBP), with thresh-
olds usually set at >90 mmHg or >110 mmHg in more con-
servative settings [30].

Patients must be off intravenous inotropes. Those in
cardiogenic shock or exhibiting signs of active hypoperfu-
sion are not immediate candidates [30].

Therapy can commence once pulmonary congestion is
alleviated, even as the patient transitions from intravenous
to oral diuretic regimens [30].

A eGFR >25–30 mL/min/1.73 m2 and stable potas-
sium levels are required, given the natriuretic synergy with
loop diuretics [30].

4.2 Monitoring: The eGFR Dip and Euglycemic
Ketoacidosis

Safety monitoring should focus on two primary clini-
cal markers: renal function and metabolic stability.

ADHF is frequently characterized by systemic acido-
sis, primarily lactic acidosis due to peripheral tissue hy-
poperfusion, or metabolic acidosis secondary to severe re-
nal congestion and acute kidney injury (AKI). In this frag-
ile setting, the known class-related risk of euglycemic dia-
betic ketoacidosis (EDKA) associated with SGLT2i, com-
bined with the expected initial eGFR dip, requires care-
ful clinical contextualization. Analysis of the renal and
metabolic profiles across Dapagliflozin InAcuteHeart Fail-
ure (DICTATE-AHF), A Study to Test the Effect of Em-
pagliflozin in Patients Hospitalized for Acute Heart Failure
(EMPULSE) and Effect of Sotagliflozin on Cardiovascular
Events in Patients With Type 2 Diabetes Post Worsening
Heart Failure (SOLOIST-WHF) demonstrates that the inter-
section between heart failure-induced acidosis and SGLT2i
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Table 1. Baseline renal function and eGFR “dip” dynamics across the highlighted trials.
Baseline eGFR
(mL/min/1.73 m2)

Immediate eGFR
“dip”/drop

Baseline acidosis Long-term renal clinical
outcome

SOLOIST-WHF [31] Median: 49.0
(IQR: 36.0–66.0)

Initial transient eGFR dip
observed post-initiation

Not present/not reported. Patients
were stabilized post-worsening
HF prior to or shortly after dis-
charge, meaning severe systemic
acidosis was not a feature at base-
line.

Did not translate into
long-term renal injury;
demonstrated sustained
preservation of renal
function over time

EMPULSE [32] Mean: 53.8 ± 20.3 Early functional eGFR
dip occurred within the
first days

Not present/not reported. En-
rolled strictly hemodynamically
stabilized patients, where acute
metabolic/lactic acidosis was re-
solved or absent.

Resolved by day 30.
Treatment led to less fre-
quent acute renal failure
events vs. placebo (7.7%
vs. 12.1%)

DICTATE-AHF [33] Mean: 56.3 ± 22.3 Transient functional
decline observed during
acute IV diuresis

Not present/not reported. Within
24 hours of hospital presentation,
excluding those with acute tissue
hypoperfusion or shock.

No significant difference
in worsening renal func-
tion or incidence of AKI
compared to usual care.

DICTATE-AHF, Dapagliflozin In Acute Heart Failure; eGFR, estimated glomerular filtration rate; EMPULSE, A Study to Test the Effect
of Empagliflozin in Patients Hospitalized for Acute Heart Failure; HF, heart failure; IQR, interquartile range; SOLOIST-WHF, Effect of
Sotagliflozin on Cardiovascular Events in Patients With Type 2 Diabetes Post Worsening Heart Failure; AKI, acute kidney injury; IV,
intravenous.

initiation does not translate into a clinical hazard (Table 1
Ref. [31,32,33]).

It is common to observe an initial decline in eGFR of
approximately 2–4 mL/min/1.73 m2 during the first weeks
[34]. This dip is a functional result of tubuloglomerular
feedback reducing intraglomerular pressure, not a sign of
acute kidney injury (AKI) [34]. This initial drop tends to
stabilize and disappear within 90 days [34]. A decline ex-
ceeding 50%, however, mandates immediate clinical re-
assessment. However, empagliflozin significantly reduced
parameters of AKI (urinary tissue inhibitor of metallopro-
teinases 2 (TIMP-2) and insulin-like growth factor-binding
protein 7 (IGFBP7) by NephroCheck® as indicators of
tubular kidney damage), which became significant after 3
days of treatment (p = 0.02) and remained significant at the
7-day time point (p = 0.003), suggesting a nephroprotective
effect despite the decline in eGFR [34].

Though rare, EDKAmust be suspected in patients pre-
senting with nausea, vomiting, or malaise, even if blood
glucose levels appear normal. High-risk scenarios include
T2DM patients under extreme physiological stress or pro-
longed fasting [33]. If suspected, SGLT2i must be sus-
pended, and blood pH, ketones, and bicarbonate levels must
be evaluated [33]. In ICU, consider a sick day protocol in-
volving the temporary suspension of SGLT2i during peri-
ods of prolonged fasting, major surgery, or severe sepsis to
mitigate EDKA risk.

4.3 Synergistic Effects With Loop Diuretics

The co-administration of SGLT2i and loop diuretics
creates an adaptive natriuretic synergy [24]. Early SGLT2i

introduction often allows for lower daily doses of loop di-
uretics by enhancing the natriuretic response without wors-
ening renal function [24].

While severe dehydration is rare, close monitoring
of volume status is essential [24]. Furthermore, the com-
bined therapy may increase potassium excretion; there-
fore, regular serum potassium checks are recommended
during the co-administration phase [24,31]. Table 2 repre-
sents the main parameters for management of early post-
decompensated patients, during SGLT2i administration.
Fig. 1 represents the SGLT2i monitoring protocol during
the first 72 hours of admission. Table 3 represents the ICU
monitoring checklist during the first 72 hours.

5. Current Evidence Regarding Use of
SGLT2i during AHF

Use of SGLT2i during AHF is established by several
trials summarized in Table 4.

DICTATE-AHF Trial [33] evaluates the efficacy and
safety of early dapagliflozin initiation in patients with AHF
compared to standard care. It is a multicenter, open-label
study, including 240 patients (mean age 64.5, with range
of 55–74 years; 60.9% male), that were randomized within
24 hours of hospital presentation for hypervolemic AHF
to dapagliflozin 10 mg once daily or structured usual care
with protocolized diuretic titration until day 5 or hospital
discharge. Dapagliflozin was associated with reduced loop
diuretic doses (p = 0.006) and fewer intravenous diuretic
up-titrations (p≤ 0.05) to achieve equivalent weight loss as
usual care, although it did not meet its primary endpoint of
diuretic efficiency (diuretic efficiency calculated as cumu-
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Table 2. Main parameters to evaluate during administration of SGLT2i during AHF.
Parameter Threshold/target Clinical pearl

Timing 24–96 hours post-stabilization Reduces hospital stay and improves post-discharge outcomes
SBP >90 mmHg Ensure stability without vasopressors
Creatinine Up to 25% rise Considered functional and acceptable
Potassium Baseline stability Monitor closely when combined with loop diuretics
AHF, acute heart failure; SBP, systolic blood pressure; SGLT2i, sodium-glucose cotransporter 2 inhibitors.

Table 3. ICU monitoring checklist during first 72 hours.
Parameter Frequency Target/action

Creatinine Daily An increase of up to 25% from baseline may be acceptable and does not necessarily warrant
discontinuation of SGLT2i; continue clinical monitoring.

eGFR Daily An initial functional decline may occur after SGLT2i initiation; reassess the patient if eGFR
decreases by >50% from baseline.

Serum potassium Every 12–24 h Monitor for hypokalemia when combined with high-dose loop diuretics
Blood glucose Every 8–12 h Monitor for euglycemic ketoacidosis even if glucose is normal
Urine output Continuous Expect a 20–30% increase in volume or 500 mL; adjust loop diuretic dose if needed
Euglycemic ketoacidosis Every 8–12 h If nausea, vomiting, or malaise occur: stop SGLT2i immediately and measure pH, ketones,

and bicarbonate
Blood pressure Continuous Ensure SBP remains >90 mmHg
ICU, Intensive Care Unit; SGLT2i, Sodium-Glucose Cotransporter 2 inhibitors.

Fig. 1. SGLT2i monitoring protocol during the first 72 hours of admission. eGFR, estimated glomerular filtration rate; SGLT2i,
sodium-glucose cotransporter 2 inhibitors; SBP, systolic blood pressure.

lative weight change divided by cumulative loop diuretic
dose and expressed as kg/40 mg IV furosemide-equivalent,
for dapagliflozin vs. placebo at 5 days, p = 0.06). In ad-
dition, Dapagliflozin was safe, and it was associated with
improved median 24-hour natriuresis (p = 0.03) and urine
output (p = 0.005), expediting hospital discharge over the
study period.

SOLOIST-WHF Trial [31] showed that initiation of
Sotagliflozin in AHF in stabilized patients prior to dis-
charge or shortly thereafter is safe and effective. The ben-
efits were consistent in those with HF with reduced but
also preserved ejection fraction. It is a multicenter, double-
blind trial in which 1222 patients (median age was 70 years,
66.3% were male) exclusively with T2DM who were re-
cently hospitalized for worsening HF were randomly as-
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Table 4. Comparative analysis of major SGLT2i trials in AHF.
Feature DICTATE-AHF EMPULSE SOLOIST-WHF

Drug Dapagliflozin (10 mg) Empagliflozin (10 mg) Sotagliflozin (200–400 mg)
Study population 240 patients with AHF and hyperv-

olemia
530 patients hospitalized for AHF (de
novo or chronic)

1222 patients with T2DM recently
hospitalized for HF

Timing of initiation Ultra-early: within 24 h of hospital
presentation

In-hospital: median 3 days after stabi-
lization

Pre/Post-discharge: median 2 days
post-discharge.

Primary focus Diuretic efficiency: natriuresis and
weight loss

Clinical benefit: Win Ratio (death,
HF events, KCCQ)

CV death and urgent HF visits

Diabetic status Diabetic and non-diabetic Diabetic and non-diabetic T2DM only
Ejection fraction Primarily focused on congestion HFrEF, HFmrEF, HFpEF All EF with consistent benefit in HF-

pEF
Key results Significant diuretic sparing effect; in-

creased 24 h natriuresis
36% higher likelihood of clinical ben-
efit at 90 days

33% reduction in the primary compos-
ite endpoint

Safety No adverse effect on electrolyte bal-
ance compared to placebo

No adverse effect on electrolyte bal-
ance compared to placebo

Clinical takeaway Enhances early decongestion and re-
duces loop Diuretic need

Safely improves symptoms and con-
gestion markers early on

Reduces the high risk of re-
hospitalization in the vulnerable
phase

AHF, acute heart failure; CV, cardiovascular; HF, heart failure; HFmrEF, heart failure with mildly reduced ejection fraction; HFpEF, heart
failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; T2DM, type 2 diabetes mellitus; KCCQ, Kansas
City Cardiomyopathy Questionnaire; SOLOIST-WHF, Effect of Sotagliflozin on Cardiovascular Events in Patients With Type 2 Diabetes Post
Worsening Heart Failure. EF, ejection fraction.

signed to receive Sotagliflozin or placebo. The authors
demonstrated that the primary end point, the total number
of deaths from cardiovascular causes and hospitalizations
and urgent visits for HF (first and subsequent events), was
lower in the Sotagliflozin group compared to controls (p <
0.001).

EMPULSE Trial [32], including 530 patients hospital-
ized for AHF, strictly patients who were already hemody-
namically stabilized (mean age 71, with range 61–78 years;
66.2%male). The outcomes investigated were: weight loss
(WL), WL adjusted for mean daily loop diuretic dose (WL-
adjusted), area under the curve of change from baseline in
N-terminal pro-B-type natriuretic peptide levels, hemocon-
centration, and clinical congestion score, Kansas City Car-
diomyopathy Questionnaire (KCCQ) Total Symptom Score
after 15, 30, and 90 days of treatment. Compared with
placebo, patients treated with empagliflozin demonstrated
significantly greater reductions in all studied markers of de-
congestion at all time points (all p < 0.05).

As detailed in Table 5 (Ref. [31,32,33]), the vast
majority of patients enrolled across these landmark tri-
als were already receiving an optimized, comprehensive
medical regimen for HF. Notably, the clinical benefits of
SGLT2i on cardiovascular mortality and HF hospitaliza-
tions were demonstrated on top of these foundational base-
line therapies, including high rates of RAAS inhibitors,
beta-blockers, and mineralocorticoid receptor antagonists
(MRAs). This underscores that SGLT2i do not merely act
as alternative diuretic agents, but rather function synergis-
tically within the totality of the modern quadruple-therapy

regimen, even in the highly vulnerable phases of acute and
recently worsening heart failure.

Regarding the optimal timing and sequencing of
SGLT2i within the modern foundational ‘four-pillar’ reg-
imen, the actual clinical paradigm shifts away from the tra-
ditional, slow step-wise titration. Instead, we propose a si-
multaneous or rapid-sequence initiation protocol.

Rather than delaying SGLT2i therapy until afterload-
reducing agents or beta-blockers are fully uptitrated,
SGLT2i should be introduced at the same time or within
the first 24–48 hours of stabilizing foundational therapy
[29]. The rationale for this early placement is twofold: first,
SGLT2i do not significantly impact blood pressure or heart
rate, making them exceptionally well-tolerated even when
other agents are being introduced; second, their osmotic and
natriuretic effects can facilitate the optimization of loop di-
uretics, preventing the reflex neurohormonal activation of-
ten triggered by high-dose diuretic monotherapy.

Taken together, these studies support a consistent mes-
sage: early initiation of SGLT2ifollowing an episode of
AHF appears safe and may confer clinically relevant bene-
fits, particularly in terms of decongestion and reduction in
HF-related events. However, the magnitude and nature of
benefit vary across studies, with DICTATE-AHF showing
mainly physiological improvements, and SOLOIST-WHF
and EMPULSE demonstrating reductions in clinical events,
largely driven by HF hospitalizations rather than mortality.

Despite these encouraging findings, a critical limita-
tion must be emphasized. None of these trials enrolled pa-
tients in the truly acute, unstable phase of HF, such as those
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Table 5. Background heart failure therapy across the highlighted landmark trials.
Study Diuretics RAAS inhibitors (ACEi/ARB/ARNI) (%) Beta-blockers (%) MRAs (%)

SOLOIST-WHF [31] 99.1% 85.9% (ACEi/ARB: 68.3% / ARNI: 17.6%) 88.9% 49.3%
EMPULSE [32] 90.1% 78.4% (ACEi/ARB: 60.1% / ARNI: 18.3%) 81.3% 48.0%
DICTATE-AHF [33] 100% 70.6% (ACEi/ARB: 44.4% / ARNI: 19%) 85% 41%
ACEi, Angiotensin-Converting Enzyme Inhibitors; ARB, Angiotensin II Receptor Blockers; ARNI, Angiotensin
Receptor-Neprilysin Inhibitors; DICTATE-AHF, Dapagliflozin In Acute Heart Failure; EMPULSE, A Study to Test
the Effect of Empagliflozin in Patients Hospitalized for Acute Heart Failure; MRA, Mineralocorticoid Receptor
Antagonists; RAAS, Renin-Angiotensin-Aldosterone System; SOLOIST-WHF, Effect of Sotagliflozin on Cardio-
vascular Events in Patients With Type 2 Diabetes Post Worsening Heart Failure.

with cardiogenic shock, ongoing hypoperfusion, or requir-
ing inotropic or vasopressor support. Instead, all three stud-
ies systematically selected hemodynamically stabilized pa-
tients, based on protocol-defined inclusion criteria. As a
consequence, the available evidence does not provide vali-
dated clinical or laboratory thresholds to guide the initiation
of SGLT2i in critically ill or ICU populations. Reported
criteria—such as systolic blood pressure thresholds, ab-
sence of intravenous therapies, or minimum eGFR levels—
should be interpreted as trial eligibility requirements rather
than evidence-based treatment algorithms.

Therefore, while current data support the safety of
early SGLT2i initiation in stabilized AHF patients, the op-
timal timing of therapy in the acute and unstable setting re-
mains undefined. In the absence of dedicated studies in crit-
ically ill populations, it is only possible to derive pragmatic,
hypothesis-generating approaches based on trial inclusion
criteria. These may inform the development of provisional
flowcharts for clinical practice, emphasizing the need for
prior hemodynamic stabilization, absence of ongoing intra-
venous support, and adequate renal function before treat-
ment initiation.

6. Future Perspectives
Future studies specifically targeting ICU populations

and incorporating detailed hemodynamic and biochemical
profiling will be essential to define evidence-based thresh-
olds and timing strategies for SGLT2i initiation in AHF.

The use of SGLT2i in patients supported by Impella or
Extracorporeal Membrane Oxygenation (ECMO) remains
an evolving frontier. While they may facilitate weaning by
optimizing preload, the risk of EDKA in hypermetabolic,
critically ill patients necessitates cautious monitoring. The
wait-and-see approach persists here, pending further safety
data regarding hemodynamic stability during MCS. In pa-
tients supported by MCS, standard blood glucose monitor-
ing is insufficient. We suggest implementing a routine ke-
tone monitoring protocol in blood or urine to ensure safety,
as EDKA can occur even with near-normal glycemic levels.

In addition, SGLT2i have bridged a significant thera-
peutic gap in heart failure with preserved ejection fraction
(HFpEF). Evidence from the Empagliflozin Outcome Trial
in Patients with Chronic Heart Failure with Preserved Ejec-

tion Fraction (EMPEROR-Preserved) and Dapagliflozin
Evaluation to Improve the Lives of Patients with Preserved
Ejection Fraction Heart Failure (DELIVER) trials confirms
that their clinical benefit extends across the entire left ven-
tricular ejection fraction spectrum. In the acute setting,
early initiation in HFpEF patients is important to prevent
early hospitalizations, leveraging their unique ability to im-
prove diastolic stiffness and systemic congestion.

A pivotal challenge in the acute setting remains the
accurate differentiation between the functional eGFR dip
and true structural AKI. Future management strategies in
the ICU will likely integrate cell-cycle arrest biomarkers,
such as TIMP-2 and IGFBP7, into routine clinical practice.
These markers can provide real-time insights into tubular
integrity, allowing clinicians to distinguish benign hemody-
namic shifts from cellular damage. This precision medicine
approach will be essential to prevent the unnecessary dis-
continuation of SGLT2i, ensuring that patients maintain the
long-term nephroprotective benefits of these agents even af-
ter an initial decline in renal function.

In addition, the optimal chronological sequencing and
timing relative to the other three pillars remains unde-
fined. Future research must clarify whether simultaneous
quadruple-pillar initiation within the first 48 hours of sta-
bilization is superior to rapid-sequence titration in terms of
30-day readmission rates, patient tolerance, and systemic
neurohormonal mitigation.

7. Conclusions
The pharmacological management of AHF is under-

going a profound transformation, moving away from a
conservative wait-and-see approach toward the proactive,
early in-hospital initiation of SGLT2i. The introduction of
SGLT2i within the first 24–96 hours of stabilization is not
only safe but may provide clinical benefits, including ac-
celerated decongestion, shorter hospital stays, and a robust
reduction in the 30-day risk of death or worsening HF. De-
spite these advancements, further research is warranted to
optimize the timing of initiation in patients requiring MCS
and to refine safety protocols for the prevention of EDKA
in critically ill populations.

7

https://www.imrpress.com


Author Contributions
Conceptualization, AM and ADA; formal analysis,

AC, ACM, FG, FS, GE, AD, RG, BL, VR, PT; investi-
gation, GM and VC; data curation, AM; writing—original
draft preparation, AM, AC, ACM, FG, FS, GE, AD, GM,
RG, BL, VR, PT and ADA; writing—review and editing,
AM, AC, ACM, FG, FS, GE, RG, VC, AD, GM, BL, VR,
PT and ADA; supervision, ADA. All authors contributed to
editorial changes in the manuscript. All authors read and
approved the final manuscript. All authors have partici-
pated sufficiently in the work and agreed to be accountable
for all aspects of the work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflicts of Interest
Given FG and VR's role as the Guest Editor/Editorial

Board member, they had no involvement in the peer-review
of this article and have no access to information regarding
its peer review. Full responsibility for the editorial process
for this article was delegated to Massimo Iacoviello.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work, the authors used
Gemini in order to check spelling, grammar and create the
figures. After using this tool, the authors reviewed and
edited the content as needed and take full responsibility for
the content of the publication.

References
[1] McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach

A, Böhm M, et al. 2021 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure: Developed by the
Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC) With
the special contribution of the Heart Failure Association (HFA)
of the ESC. European Heart Journal. 2021; 42: 3599–3726. http
s://doi.org/10.1093/eurheartj/ehab368

[2] Mauriello A, Ascrizzi A, Roma AS, Molinari R, Caturano A,
Imbalzano E, et al. Effects of Heart Failure Therapies on Atrial
Fibrillation: Biological and Clinical Perspectives. Antioxidants
(Basel, Switzerland). 2024; 13: 806. https://doi.org/10.3390/an
tiox13070806

[3] Cannata A, Crespo-Leiro MG, Bromage DI, Ruschitzka F, Mc-
Donagh TA. Heart failure with reduced ejection fraction. Lancet
(London, England). 2026; 407: 529–542. https://doi.org/10.
1016/S0140-6736(25)01851-3

[4] Riccardi M, PabonMA, Bhatt AS, Savarese G, Metra M, Volter-
rani M, et al. Heart Failure With Improved Ejection Fraction:

Definitions, Epidemiology, and Management. Journal of the
American College of Cardiology. 2025; 85: 2401–2415. https:
//doi.org/10.1016/j.jacc.2025.03.544

[5] Badawy L, Ta Anyu A, Sadler M, Shamsi A, Simmons H, Albar-
jasM, et al. Long-term outcomes of hospitalised patients with de
novo and acute decompensated heart failure. International Jour-
nal of Cardiology. 2025; 425: 133061. https://doi.org/10.1016/
j.ijcard.2025.133061

[6] Adams KF, Jr, Fonarow GC, Emerman CL, LeJemtel TH,
CostanzoMR, AbrahamWT, et al. Characteristics and outcomes
of patients hospitalized for heart failure in the United States:
rationale, design, and preliminary observations from the first
100,000 cases in the Acute Decompensated Heart Failure Na-
tional Registry (ADHERE). American Heart Journal. 2005; 149:
209–216. https://doi.org/10.1016/j.ahj.2004.08.005

[7] Ahmed A, Allman RM, Fonarow GC, Love TE, Zannad F,
Dell’italia LJ, et al. Incident heart failure hospitalization and
subsequent mortality in chronic heart failure: a propensity-
matched study. Journal of Cardiac Failure. 2008; 14: 211–218.
https://doi.org/10.1016/j.cardfail.2007.12.001

[8] Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E,
Hantel S, et al. Empagliflozin, Cardiovascular Outcomes, and
Mortality in Type 2 Diabetes. The New England Journal of
Medicine. 2015; 373: 2117–2128. https://doi.org/10.1056/NE
JMoa1504720

[9] Wiviott SD, Raz I, Bonaca MP, Mosenzon O, Kato ET, Cahn
A, et al. Dapagliflozin and Cardiovascular Outcomes in Type
2 Diabetes. The New England Journal of Medicine. 2019; 380:
347–357. https://doi.org/10.1056/NEJMoa1812389

[10] Neal B, Perkovic V, Mahaffey KW, de Zeeuw D, Fulcher G,
Erondu N, et al. Canagliflozin and Cardiovascular and Renal
Events in Type 2 Diabetes. New England Journal of Medicine.
2017; 377: 644–657. https://doi.org/10.1056/NEJMoa1611925

[11] Bhatt DL, Szarek M, Pitt B, Cannon CP, Leiter LA, McGuire
DK, et al. Sotagliflozin in Patients with Diabetes and Chronic
Kidney Disease. The New England Journal of Medicine. 2021;
384: 129–139. https://doi.org/10.1056/NEJMoa2030186

[12] Preda A, Montecucco F, Carbone F, Camici GG, Lüscher TF,
Kraler S, et al. SGLT2 inhibitors: from glucose-lowering to car-
diovascular benefits. Cardiovascular Research. 2024; 120: 443–
460. https://doi.org/10.1093/cvr/cvae047

[13] Mauriello A, Correra A, Del Vecchio GE, Grieco M, Amata A,
Di Micco P, et al. Heart Failure and Wide QRS: Clinical and
Pharmacological Perspectives. Biomedicines. 2025; 13: 1462.
https://doi.org/10.3390/biomedicines13061462

[14] McDonagh TA,Metra M, AdamoM, Gardner RS, Baumbach A,
Böhm M, et al. 2023 Focused Update of the 2021 ESC Guide-
lines for the diagnosis and treatment of acute and chronic heart
failure. European Heart Journal. 2023; 44: 3627–3639. https:
//doi.org/10.1093/eurheartj/ehad195

[15] Cowie MR, Fisher M. SGLT2 inhibitors: mechanisms of
cardiovascular benefit beyond glycaemic control. Nature Re-
views. Cardiology. 2020; 17: 761–772. https://doi.org/10.1038/
s41569-020-0406-8

[16] Wilcox CS. Antihypertensive and Renal Mechanisms of SGLT2
(Sodium-Glucose Linked Transporter 2) Inhibitors. Hyperten-
sion. 2020; 75: 894–901. https://doi.org/10.1161/HYPERTEN
SIONAHA.119.11684

[17] Wilcox CS, Testani JM, Pitt B. Pathophysiology of Diuretic Re-
sistance and Its Implications for the Management of Chronic
Heart Failure. Hypertension. 2020; 76: 1045–1054. https://do
i.org/10.1161/HYPERTENSIONAHA.120.15205

[18] Griffin M, Rao VS, Ivey-Miranda J, Fleming J, Mahoney D,
Maulion C, et al. Empagliflozin in Heart Failure: Diuretic and
Cardiorenal Effects. Circulation. 2020; 142: 1028–1039. https:
//doi.org/10.1161/CIRCULATIONAHA.120.045691

8

https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.1093/eurheartj/ehab368
https://doi.org/10.3390/antiox13070806
https://doi.org/10.3390/antiox13070806
https://doi.org/10.1016/S0140-6736(25)01851-3
https://doi.org/10.1016/S0140-6736(25)01851-3
https://doi.org/10.1016/j.jacc.2025.03.544
https://doi.org/10.1016/j.jacc.2025.03.544
https://doi.org/10.1016/j.ijcard.2025.133061
https://doi.org/10.1016/j.ijcard.2025.133061
https://doi.org/10.1016/j.ahj.2004.08.005
https://doi.org/10.1016/j.cardfail.2007.12.001
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMoa1504720
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1056/NEJMoa1611925
https://doi.org/10.1056/NEJMoa2030186
https://doi.org/10.1093/cvr/cvae047
https://doi.org/10.3390/biomedicines13061462
https://doi.org/10.1093/eurheartj/ehad195
https://doi.org/10.1093/eurheartj/ehad195
https://doi.org/10.1038/s41569-020-0406-8
https://doi.org/10.1038/s41569-020-0406-8
https://doi.org/10.1161/HYPERTENSIONAHA.119.11684
https://doi.org/10.1161/HYPERTENSIONAHA.119.11684
https://doi.org/10.1161/HYPERTENSIONAHA.120.15205
https://doi.org/10.1161/HYPERTENSIONAHA.120.15205
https://doi.org/10.1161/CIRCULATIONAHA.120.045691
https://doi.org/10.1161/CIRCULATIONAHA.120.045691
https://www.imrpress.com


[19] Boorsma EM, Beusekamp JC, Ter Maaten JM, Figarska SM,
Danser AHJ, van Veldhuisen DJ, et al. Effects of empagliflozin
on renal sodium and glucose handling in patients with acute heart
failure. European Journal of Heart Failure. 2021; 23: 68–78.
https://doi.org/10.1002/ejhf.2066

[20] Bjornstad P, Greasley PJ, Wheeler DC, Chertow GM, Langk-
ilde AM, Heerspink HJL, et al. The Potential Roles of Osmotic
and Nonosmotic Sodium Handling in Mediating the Effects of
Sodium-Glucose Cotransporter 2 Inhibitors on Heart Failure.
Journal of Cardiac Failure. 2021; 27: 1447–1455. https://doi.
org/10.1016/j.cardfail.2021.07.003

[21] Mordi NA, Mordi IR, Singh JS, McCrimmon RJ, Struthers AD,
Lang CC. Renal and Cardiovascular Effects of SGLT2 Inhibition
in Combination With Loop Diuretics in Patients With Type 2
Diabetes and Chronic Heart Failure: The RECEDE-CHF Trial.
Circulation. 2020; 142: 1713–1724. https://doi.org/10.1161/CI
RCULATIONAHA.120.048739

[22] Wilcox CS, Shen W, Boulton DW, Leslie BR, Griffen SC. In-
teraction Between the Sodium-Glucose-Linked Transporter 2
Inhibitor Dapagliflozin and the Loop Diuretic Bumetanide in
Normal Human Subjects. Journal of the American Heart Asso-
ciation. 2018; 7: e007046. https://doi.org/10.1161/JAHA.117.
007046

[23] Yeoh SE, Osmanska J, Petrie MC, Brooksbank KJM, Clark AL,
Docherty KF, et al. Dapagliflozin vs. metolazone in heart failure
resistant to loop diuretics. European Heart Journal. 2023; 44:
2966–2977. https://doi.org/10.1093/eurheartj/ehad341

[24] Yanai H, Hakoshima M, Adachi H, Kawaguchi A, Waragai Y,
Harigae T, et al. Effects of Six Kinds of Sodium-Glucose Co-
transporter 2 Inhibitors on Metabolic Parameters, and Summa-
rized Effect and Its Correlations With Baseline Data. Journal of
Clinical Medicine Research. 2017; 9: 605–612. https://doi.org/
10.14740/jocmr3046w

[25] Bogoviku J, Nguyen TD, Westphal JG, Aftanski P, Moebius-
Winkler S, Haertel F, et al. Acute effects of empagliflozin on left
atrial and ventricular filling parameters using echocardiography-
a subanalysis of the EMPAG-HF trial. European Heart Journal.
Cardiovascular Pharmacotherapy. 2025; 11: 190–197. https:
//doi.org/10.1093/ehjcvp/pvaf003

[26] Dekkers CCJ, Petrykiv S, Laverman GD, Cherney DZ, Gan-
sevoort RT, Heerspink HJL. Effects of the SGLT-2 inhibitor da-

pagliflozin on glomerular and tubular injury markers. Diabetes,
Obesity & Metabolism. 2018; 20: 1988–1993. https://doi.org/
10.1111/dom.13301

[27] Cherbi M, Lairez O, Baudry G, Gautier P, Roubille F, Delmas C.
Early Initiation of Sodium-Glucose Cotransporter 2 Inhibitors in
Acute Heart Failure: A Systematic Review and Meta-Analysis.
Journal of the American Heart Association. 2025; 14: e039105.
https://doi.org/10.1161/JAHA.124.039105

[28] Cotter G, Deniau B, Davison B, Edwards C, Adamo M, Ar-
rigo M, et al. Optimization of Evidence-Based Heart Fail-
ure Medications After an Acute Heart Failure Admission: A
Secondary Analysis of the STRONG-HF Randomized Clinical
Trial. JAMA Cardiology. 2024; 9: 114–124. https://doi.org/10.
1001/jamacardio.2023.4553

[29] Voors AA, Damman K, Teerlink JR, Angermann CE, Collins SP,
Kosiborod M, et al. Renal effects of empagliflozin in patients
hospitalized for acute heart failure: from the EMPULSE trial.
European Journal of Heart Failure. 2022; 24: 1844–1852. https:
//doi.org/10.1002/ejhf.2681

[30] Malherbe J, du Cheyron D, Valette X. Understanding the dis-
ease: euglycemic ketoacidosis with SGLT2 inhibitors. Intensive
Care Medicine. 2025; 51: 779–782. https://doi.org/10.1007/
s00134-025-07806-3

[31] Bhatt DL, Szarek M, Steg PG, Cannon CP, Leiter LA, McGuire
DK, et al. Sotagliflozin in Patients with Diabetes and Re-
cent Worsening Heart Failure. The New England Journal of
Medicine. 2021; 384: 117–128. https://doi.org/10.1056/NEJM
oa2030183

[32] Biegus J, Voors AA, Collins SP, Kosiborod MN, Teerlink JR,
Angermann CE, et al. Impact of empagliflozin on decongestion
in acute heart failure: the EMPULSE trial. European Heart Jour-
nal. 2023; 44: 41–50. https://doi.org/10.1093/eurheartj/ehac530

[33] Cox ZL, Collins SP, Hernandez GA, McRae AT 3rd, Davidson
BT, Adams K, et al. Efficacy and Safety of Dapagliflozin in Pa-
tientsWithAcute Heart Failure. Journal of theAmerican College
of Cardiology. 2024; 83: 1295–1306. https://doi.org/10.1016/j.
jacc.2024.02.009

[34] Much WE, Wilcox CS. Disorders of body fluids, sodium
and potassium in chronic renal failure. The American Jour-
nal of Medicine. 1982; 72: 536–550. https://doi.org/10.1016/
0002-9343(82)90523-x

9

https://doi.org/10.1002/ejhf.2066
https://doi.org/10.1016/j.cardfail.2021.07.003
https://doi.org/10.1016/j.cardfail.2021.07.003
https://doi.org/10.1161/CIRCULATIONAHA.120.048739
https://doi.org/10.1161/CIRCULATIONAHA.120.048739
https://doi.org/10.1161/JAHA.117.007046
https://doi.org/10.1161/JAHA.117.007046
https://doi.org/10.1093/eurheartj/ehad341
https://doi.org/10.14740/jocmr3046w
https://doi.org/10.14740/jocmr3046w
https://doi.org/10.1093/ehjcvp/pvaf003
https://doi.org/10.1093/ehjcvp/pvaf003
https://doi.org/10.1111/dom.13301
https://doi.org/10.1111/dom.13301
https://doi.org/10.1161/JAHA.124.039105
https://doi.org/10.1001/jamacardio.2023.4553
https://doi.org/10.1001/jamacardio.2023.4553
https://doi.org/10.1002/ejhf.2681
https://doi.org/10.1002/ejhf.2681
https://doi.org/10.1007/s00134-025-07806-3
https://doi.org/10.1007/s00134-025-07806-3
https://doi.org/10.1056/NEJMoa2030183
https://doi.org/10.1056/NEJMoa2030183
https://doi.org/10.1093/eurheartj/ehac530
https://doi.org/10.1016/j.jacc.2024.02.009
https://doi.org/10.1016/j.jacc.2024.02.009
https://doi.org/10.1016/0002-9343(82)90523-x
https://doi.org/10.1016/0002-9343(82)90523-x
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	3. Hemodynamic Effects of SGLT2i
	3.1 Direct Myocardial Effects of the SGLT2i
	3.2 Diuretic and Natriuretic Effects: Sequential Nephron Blockade
	3.3 Reduction of Filling Pressures: Preload and Afterload Optimization
	3.4 Renal Protection and Tubulo-Glomerular Feedback

	4. Practical Management of SGLT2i in Acute Setting
	4.1 Stability Criteria for Initiation
	4.2 Monitoring: The eGFR Dip and Euglycemic Ketoacidosis
	4.3 Synergistic Effects With Loop Diuretics

	5. Current Evidence Regarding Use of SGLT2i during AHF
	6. Future Perspectives
	7. Conclusions
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflicts of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process
	References

