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Abstract

Background: Ascites is the most common decompensating event in cirrhosis, and its management becomes markedly more
difficult when renal dysfunction coexists, since escalating diuretic doses raises the risk of Acute Kidney Injury (AKI), hyponatremia,
and hepatorenal syndrome. Sodium-Glucose Cotransporter-2 (SGLT2) inhibitors, natriuretic agents with established cardiorenal
benefit in heart failure and chronic kidney disease, have been proposed as an alternative or adjunct to diuretic escalation in cirrhotic
ascites, but their comparative efficacy and renal safety in this setting remain uncertain.
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Objectives: To systematically review and, where data permitted, meta-analyze the efficacy (ascites/volume control) and safety
(renal and infectious outcomes) of SGLT2 inhibitors compared with standard-of-care diuretic therapy in adults with cirrhotic as-
cites, with attention to renal outcomes as a proxy for the renal-dysfunction-relevant cardiorenal-hepatic axis.

Methods: A literature search was conducted on August 11, 2026, without date restriction, covering PubMed/MEDLINE-, Em-
base-, Cochrane CENTRAL-, and medRxiv-indexed sources, supplemented by citation tracking. Randomized controlled trials com-
paring an SGLT2 inhibitor (* background diuretics) against standard diuretic-based care or placebo in adults with cirrhotic ascites
were eligible for quantitative synthesis; single-arm and retrospective studies were retained for narrative synthesis and triangula-
tion. Risk of bias was assessed with the Cochrane RoB 2 tool. A random-effects (DerSimonian-Laird) model was used to pool Risk
Ratios (RR) with 95% confidence intervals (CI) for outcomes reported by more than one comparative trial; heterogeneity was
quantified with I, Screening, extraction, and risk-of-bias assessment were performed by a single Al-assisted reviewer (see Preface).

Results: Of 29 records identified, 5 studies were included in qualitative synthesis: two randomized controlled trials (empagli-
flozin, n = 42; dapagliflozin, n = 40), one pilot randomized crossover trial (n = 10), one existing systematic review/meta-analysis,
and one retrospective cohort. Both comparative RCTs showed better ascites/volume control with the SGLT2 inhibitor arm (empagli-
flozin: 42.9% vs 100% requiring large-volume paracentesis, p < 0.001; dapagliflozin: significantly better 6-month ascites control, p =
0.04), but they diverged sharply on renal safety. Quantitative synthesis of AKI across the two RCTs (N = 82) gave a pooled random-ef-
fects RR of 1.32 (95% CI 0.24-7.23; 1> = 84.7%; p = 0.75) — a statistically imprecise, highly heterogeneous estimate driven by op-
posite-direction findings (empagliflozin RR 0.58, 95% CI 0.29-1.19, favoring lower AKI; dapagliflozin RR 3.33, 95% CI 1.08-10.34,
favoring higher AKI). Infection risk was numerically increased with dapagliflozin (55% vs 20%, p = 0.04) but not separately quan-
tifiable for empagliflozin. No identified trial specifically enrolled or subgroup-analyzed patients with baseline renal dysfunction.

Conclusions: Existing randomized evidence is too sparse, too heterogeneous, and too indirect to support a confident conclusion
about SGLT2 inhibitor efficacy or renal safety relative to diuretic escalation specifically in cirrhotic ascites with renal dysfunction.
Ascites control appears to improve with SGLT2 inhibitor add-on therapy, but the effect on AKI risk is inconsistent across the only two
comparative trials available, and infection risk may be increased. GRADE certainty for all outcomes was rated very low. Adequately
powered, renal-dysfunction-enriched randomized trials with a protocolized diuretic-escalation comparator arm and standardized

cardiorenal-hepatic composite endpoints are needed before this question can be answered.

Introduction

Ascites represents the most frequent decompensating event
in the natural history of cirrhosis, occurring in approximately
50% of patients within ten years of diagnosis and carrying a grim
prognosis with one-year mortality exceeding 50% in refractory
cases [1,2]. Standard management follows a stepwise approach
commencing with sodium restriction, progressing to escalating
doses of mineralocorticoid receptor antagonists and loop diuretics,
and culminating in Large-Volume Paracentesis (LVP), Transjugular
Intrahepatic Portosystemic Shunt (TIPS), or liver transplantation
for refractory disease [3]. This therapeutic ladder, however,
conceals a fundamental clinical dilemma: diuretic escalation itself
constitutes a double-edged sword, capable of precipitating Acute
Kidney Injury (AKI), hyponatremia, hepatic encephalopathy, and
hepatorenal syndrome—particularly once renal dysfunction is
already established [4]. It is precisely in this high-risk population,
where further diuretic titration is most perilous and alternative
strategies are most urgently needed, that the evidence base remains
most deficient.

Sodium-Glucose  Cotransporter-2  (SGLT2) inhibitors—
including empagliflozin, dapagliflozin, and canagliflozin—have
emerged as a therapeutic class with pleiotropic effects extending
well beyond their original indication for type 2 diabetes mellitus

[5,6]. By blocking proximal tubular glucose-sodium co-transport,

these agents induce natriuresis and osmotic diuresis, and have
demonstrated unequivocal cardiorenal benefit in large-scale trials
enrolling patients with heart failure and chronic kidney disease,
irrespective of diabetes status [7,8]. Mechanistically, SGLT2
inhibitors attenuate proximal tubular sodium reabsorption through
a specialized microdomain comprising SGLT2, MAP17, and NHE3,
diverting a substantial fraction of filtered sodium to distal nephron
segments, thereby modulating the Renin-Angiotensin-Aldosterone
System (RAAS) and sympathetic nervous system activity [9]. This
mechanism directly addresses the low distal sodium delivery that
underlies diuretic resistance in cirrhotic ascites [10].

The pathophysiological rationale for repurposing SGLT2
inhibitors in cirrhotic ascites is compelling. Cirrhosis and

congestive heart failure share common hemodynamic
derangements: arterial underfilling with compensatory RAAS
activation, sympathetic nervous system overactivity, and

antidiuretic hormone hypersecretion [11]. However, cirrhosis is
distinguished by splanchnic arterial vasodilatation driven by portal
hypertension rather than low cardiac output, creating a unique
volume-overload state with paradoxically reduced effective arterial
blood volume [12]. Conventional loop diuretics inhibit NKCC2 in
the thick ascending limb, reducing macula densa NaCl sensing,
stimulating renin release, and upregulating distal transporters—a
“braking phenomenon” that limits their long-term efficacy and
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may exacerbate hemodynamic instability [13]. SGLT2 inhibitors, by
contrast, act proximally and may achieve natriuresis with less RAAS
activation, potentially preserving renal perfusion and glomerular
filtration [14].

Several lines of preliminary evidence have fueled enthusiasm
for SGLT2 inhibitors in cirrhosis. A systematic review of 16 studies
encompassing compensated cirrhosis (n=5), decompensated
cirrhosis (n=3), and refractory ascites (n=8) found that all studies
of decompensated disease reported ascites reduction, with most
also indicating slowed disease progression [15]. A meta-analysis
of ten studies (two randomized controlled trials, four single-arm
prospective trials, and four retrospective studies) reported reduced
need for LVP (RR 0.45, 95% CI 0.31-0.66) and mortality (aHR 0.46,
95% CI 0.38-0.55) with SGLT2 inhibitor use [16]. A large Taiwan
nationwide cohort study of 24,259 patients with both type 2
diabetes and cirrhosis demonstrated that SGLT2 inhibitor use was
associated with significantly reduced risks of end-stage kidney
disease (aHR 0.34), AKI (aHR 0.66), major adverse cardiovascular
events (aHR 0.67), and hepatic decompensation (aHR 0.65)
compared with DPP4 inhibitors [17,18].

Despite these encouraging signals, substantial uncertainty
persists regarding the comparative efficacy and safety of SGLT2
inhibitors relative to diuretic escalation specifically in cirrhotic
ascites with pre-existing renal dysfunction. The safety profile
in cirrhosis is not merely extrapolatable from heart failure
populations: cirrhosis-specific concerns include volume depletion
risk in a population already prone to hypotension, heightened
susceptibility to genitourinary infections due to glycosuria and
immunocompromise, electrolyte disturbances, and the potential
for precipitating hepatorenal syndrome [19,20]. Bacterial infection
is a leading cause of acute-on-chronic liver failure, and SGLT2
inhibitor-associated urinary tract infection risk may be amplified in
decompensated cirrhosis [21]. Indeed, a recent systematic review
noted that a minority of studies revealed safety concerns, with two

Explicit PICO Question
Tablel
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of nine studies showing evidence of hemodynamic instability and
AKI, two of thirteen for electrolyte abnormalities, and two of five
for infection risk [15].

Critically, no trial to date has specifically enrolled or subgroup-
analyzed patients with cirrhotic ascites and baseline renal
dysfunction—the very population in whom diuretic escalation is
riskiest and an alternative strategy most clinically relevant. The
empagliflozin trial explicitly excluded patients with eGFR <30 mL/
min, likely excluding the most renally impaired patients [22]. The
dapagliflozin pilot study did not mandate a protocolized diuretic
escalation comparator arm, and its observed increase in AKI and
infections raised important safety concerns [23]. The discordant
renal safety signals between these two available randomized
trials—empagliflozin suggesting potential renal protection [24]
and dapagliflozin showing increased AKI risk [25]—highlight the
unresolved nature of this question and the possibility of agent-
specific effects or comparator-dependent interactions [26,27].

This systematic review and meta-analysis was therefore
conducted to synthesize the available evidence on the efficacy
(ascites/volume control) and safety (renal, infectious, and hepatic
outcomes) of SGLT2 inhibitors compared with standard-of-care
diuretic therapy in adults with cirrhotic ascites, with particular
attention to renal outcomes as a proxy for the renal-dysfunction-
relevant cardiorenal-hepatic axis. The review is structured
according to PRISMA 2020 guidance and the Cochrane Handbook,
and explicitly acknowledges the limitations of the current
evidence base—small sample sizes, indirectness of populations,
heterogeneity of comparator definitions, and absence of renal-
dysfunction-enriched cohorts—rather than concealing them. Given
the pressing clinical need for alternatives to diuretic escalation
in this vulnerable population, this synthesis aims to provide a
transparent evidence map to inform clinical decision-making and
identify priority areas for future research.

Population (P)

Adults (218 years) with cirrhosis and ascites (recurrent or refractory), with a particular focus on the subgroup with concurrent
renal dysfunction (e.g., elevated serum creatinine, reduced eGFR, or prior AKI episodes).

Intervention (I)

An SGLT?2 inhibitor (empagliflozin, dapagliflozin, canagliflozin, or other agent in the class), administered alone or as add-on to
standard diuretic therapy.

Comparator (C)

Escalation of conventional diuretic therapy (mineralocorticoid-receptor antagonist + loop diuretic dose titration), or standard
care/placebo where the trial did not use a protocolized escalation algorithm.

Outcomes (0)

Primary: control of ascites / need for large-volume paracentesis; acute kidney injury. Secondary: weight/volume reduction, diuret-
ic dose change, hyponatremia, infection, hepatic encephalopathy, mortality/decompensation, and composite cardiorenal-hepatic

events.

Study design (S)

Randomized controlled trials prioritized for quantitative synthesis; prospective and retrospective comparative cohort studies
retained for narrative synthesis and triangulation.

Hypothesis

We hypothesized that, compared with diuretic escalation, SGLT2
inhibitor therapy in cirrhotic ascites would achieve comparable or

superior volume/ascites control while reducing the incidence of
AKI and other cardiorenal-hepatic adverse events, particularly in
patients with pre-existing renal dysfunction. As detailed in Sections
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10-13, the available randomized evidence neither clearly confirms
nor refutes this hypothesis: efficacy signals for ascites control
were consistent, but renal-safety signals were directly conflicting
between the two available trials, and no trial enrolled a renal-
dysfunction-defined cohort.

Protocol and Registration

This review was structured according to PRISMA 2020
reporting guidance and the methodological principles of the
Cochrane Handbook for Systematic Reviews of Interventions
(current edition).

PROSPERO registration status: NOT YET REGISTERED.

No PROSPERO registration number is presented in this
document, because none has been obtained. Fabricating one would
misrepresent the review’s status to any reader who attempted
to verify it on the PROSPERO register. Before this review (or an
expanded, fully resourced version of it) is submitted for publication,
the review team should:

a. Finalize the protocol (objectives, eligibility criteria,
search strategy, outcomes, and analysis plan as drafted in this
document).

b.  Submit the protocol to PROSPERO (https://www.crd.
york.ac.uk/prospero/) prior to formal screening, and cite the
resulting registration number (format CRD420XXXXXXXX) in
the final manuscript.

c.  Deviations from the registered protocol, if any arise
during the full review, should be documented transparently in
the final manuscript’s methods section.

Search Strategy
Databases and Dates

A literature search was conducted on August 11, 2026 (no
lower date limit), retrieving records indexed in or overlapping
with PubMed/MEDLINE, Embase, Cochrane Central Register of
Controlled Trials (CENTRAL), and the medRxiv preprint server,
using iterative web-based biomedical search. This approach
identified the key primary studies cited in this review (Section
11) and cross-verified them against their original journal pages.
It is not equivalent to running the Boolean strategy natively inside
each database interface, which is required for a database-verified,
reproducible record count.

Boolean Search Strategy (for direct execution in
PubMed/Embase/CENTRAL)

The following strategy is provided for the review team to
execute directly in each database, in accordance with Cochrane
Handbook guidance on sensitive, reproducible search construction:

(“sodium-glucose  transporter 2  inhibitor*”[tiab] OR
“SGLT2 inhibitor*”[tiab] OR SGLT-2[tiab] OR gliflozin*[tiab] OR
empagliflozin[tiab] OR dapagliflozin[tiab] OR canagliflozin[tiab] OR
ertugliflozin[tiab])AND(“liver cirrhosis”[MeSH] OR cirrho*[tiab]
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OR “decompensated liver disease”[tiab])AND(ascites|[MeSH]
OR ascites[tiab] OR “large volume paracentesis”’[tiab] OR
“refractory ascites”[tiab] OR “recurrent ascites”[tiab])JAND(“renal
insufficiency”[MeSH] OR “acute kidney injury”[MeSH] OR “renal
dysfunction”[tiab] OR “acute kidney injury”[tiab] OR AKI[tiab] OR
“hepatorenal syndrome”[tiab] OR diuretic*[tiab])

Filters applied in the native database run should include:
humans; no language restriction (non-English abstracts translated);
randomized controlled trial and observational study filters run
separately (RCT filter for the quantitative-synthesis arm; broader
filter for narrative/triangulation studies). Clinical trial registries
(ClinicalTrials.gov, WHO ICTRP) should also be searched for
unpublished/ongoing trials.

Supplementary Search Methods

a.  Backward citation tracking of reference lists in identified
trials and reviews.

b.  Forward citation tracking (e.g. via Google Scholar “cited
by”) of the two included comparative RCTs.

c. Hand-search of recent hepatology/gastroenterology
conference abstracts (AASLD, EASL) for unpublished trial data.

Selection Criteria and Study Flow
Inclusion Criteria

a.  Adult patients (218 years) with cirrhosis and ascites, of
any etiology.

b.  Comparison of an SGLT2 inhibitor against a diuretic-
based standard-care or placebo comparator arm.

c.  Reported at least one efficacy (ascites/volume control)
or safety (renal, infectious, electrolyte) outcome relevant to the
review’s PICO.

d. Randomized controlled trial design prioritized for
quantitative synthesis; prospective/retrospective comparative
studies eligible for narrative synthesis.

Exclusion Criteria
a. Case reports or case series without a comparator arm.

b. Studies in heart failure or chronic kidney disease
populations without cirrhosis (retained only as background/
mechanistic citations, not as included studies).

c. Narrative reviews, editorials, or commentaries without
extractable original patient-level or arm-level data.

d. Duplicate reports of an already-included trial (e.g.,
conference abstract superseded by full-text publication).

PRISMA 2020 Flow Diagram

The flow diagram below documents the actual record counts
from the search described in Section 3, screened and assessed by a
single Al-assisted reviewer (see Preface) (Figure 1).
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Identification

Records identified through
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(n =5)

l

Screening

l

n=

Records after duplicates removed
( 4)

l

Records screened by title/abstract
(n =24)

l

Records excluded

SGLT2i or diuretic therapy in
cirrhotic ascites (n = 9)
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Eligibility

(n=

Full-text articles assessed for
eligibi

ility
15)

Full-text articles excluded (n = 10):

* Not comparative/no control arm (case reports/g

* Mechanistic/heart-failure population, not cirrh

+ Narrative review/commentary, no extractable origj
+ Duplicate report of already-included trial

eries) (n=4)
osis (n=2)
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(n=1)
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ded

Studies includes
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« 1 retrospective cohort

synthesis (n = 5)
« 2 RCTs (quantitative synthesis, AKI outcome)
« 1 pilot randomized crossover trial
« 1 existing systematic review/meta-analysis

d in qualitative

r triangulation)
(referenced narratively)

(meta-analysis

Studies included in
quantitative synthesis

(n =2, N = 82 patients)

, AKI outcome)

Figure 1

Data Extraction

Data were extracted directly from each included article’s
published abstract, results text, and (where accessible) full text, by
a single Al-assisted reviewer, and cross-checked against the source
URL. The following variables were extracted for every included
study:

a.  Study identifiers: first author, publication year, journal,

country, trial registry number.

b.  Design: RCT (parallel/crossover), prospective cohort,
retrospective cohort; blinding; randomization method.

c.  Population: sample size per arm, cirrhosis etiology,

baseline Child-Pugh/MELD score, baseline renal function
(creatinine/eGFR), diabetes status,

ascites classification

(recurrent vs refractory).

d. Intervention/comparator: SGLT2 inhibitor agent and
dose, background standard-of-care components (diuretic
regimen, LVP protocol), comparator arm composition, follow-
up duration.

e.  Outcomes and effect sizes: ascites control/LVP need (n/N
per arm), AKI incidence (n/N per arm), infection incidence,
hyponatremia incidence, weight/volume change (mean, SD/

IQR), mortality, survival, MELD/Child-Pugh change.

f. Potential confounders/effect modifiers noted by study
authors: diabetes status, diuretic-intractable vs diuretic-resistant
refractory ascites subtype, baseline blood pressure/midodrine use,
baseline eGFR.
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Extracted Study-Level Data
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Table 2
Study Design /N Intervention vs Comparator Key Efficacy Result Key Safety Result
. 0,
LVP needed: 9/21 (42.9%) AKI:7/21 (33.3%) vs 12/21
Parallel RCT, asses- o (57.1%), not statistically significant.
Bakosh/Kamal et al. - Empagliflozin 10 mg/day + vs 21/21 (100%), p<0.001. .
. sor-blinded, phase - . . . Hyponatremia and leg cramps more
2024 (Egypt Liver J; SoC vs SoC (diuretics + LVP as Weight loss greater with . ——
II; N=42 (21/21); . ; frequent with empagliflozin; renal
NCT05430243) needed) empagliflozin (median -7.0 - . :
3-month follow-up function deteriorated in SoC arm but
vs -1.0 kg, p=0.004) o
not empagliflozin arm.
Ascites control at 6 months
L . . o o
Singh/De et al. Parallel double-blind P 51gn1f1.cant.1y better with AKE: 10/2.0 (50 /0.) vs 3/20 .(15 @'
e e Dapagliflozin 10 mg/day + dapagliflozin (p=0.04). No p=0.04 (higher with dapagliflozin).
2024 (Dig Dis Sci; RCT; N=40 (20/20); . ) .
NCT05014594) 6-month follow-u SMT vs placebo + SMT difference in MELD/CTP Infections: 55% vs 20%, p=0.04
P or survival (65% vs 72.2%, (higher with dapagliflozin).
p=0.75).
Randomized place- P T.ran51ent mnerease 24-h No clinically significant hyponatre-
Kongphakdee et al. Dapagliflozin vs placebo, urinary sodium excretion; no . .
bo-controlled cross- Lon . mia or hypernatremia observed;
2026 (Int ] Hepatol) . crossover significant sustained effect
over pilot; N=10 ; generally well tolerated.
on urine volume.
Systematic review
Existing SR/MA +.meta—analy51s of . SGLTZ] vs retrospective/ Referenced narratlvel).r;.not Referenced narratively; independent
. . single-arm/retro- historical comparators across independently re-verified e
(medRxiv preprint, . . ; . . verification recommended before
2024) spective + RCT data | pooled prospective and retro- | for this review (see Section citing pooled estimates
(referenced, not spective study sets 12.2). '
re-extracted)

Risk of Bias Assessment

Risk of bias in the two included randomized controlled trials
was assessed using the Cochrane Risk of Bias 2 (RoB 2) tool, across
its five domains: randomization process, deviations from intended
interventions, missing outcome data, outcome measurement,

and selective reporting. Assessment was performed by a single
Al-assisted reviewer based on the published methods sections; a
defensible, PRISMA-compliant review requires this to be repeated
independently by two human reviewers with disagreements
resolved by a third, which has not occurred here (Table 3).

Table 3
Domain | D1: Randomization D2: Deviations D3: Missing data D4: Measurement D5: Reporting
Some concerns (asses- . Some concerns
Bakosh/ qu (SNOSE alloca- sor-blinded, not partici- Low (ITT analysis; 37/42 (LVP decision partly | Low (prespecified primary end-
Kamal tion concealment, . completed, dropout S .
- pant-blinded; open-label clinical judgment, point reported)
2024 block randomization) balanced) ;
SoC) assessor-blinded)
. Some concerns (attri-
Singh/ Low (do.ubl.e—blmd Low (double-blind, place- tion/completion not Low (double-blind .Some concerns (full (?utcome
randomization 1:1 o . list vs prespecified registry end-
De 2024 bo-controlled) fully detailed in available | outcome assessment) .
stated) points not fully cross-checked)
abstract-level data)

Overall risk-of-bias judgment: both trials are judged “some
concerns” overall, chiefly because one used open-label standard
care rather than double-blind placebo (Bakosh/Kamal 2024) and
because attrition/reporting details could not be fully verified from
the accessible record for the other (Singh/De 2024). Neither trial
was judged “high risk” on the available information.

Statistical Analysis

a.  Effect measure: Risk Ratio (RR) with 95% confidence
intervals for dichotomous outcomes (AKI, LVP need, infection);
mean difference for continuous outcomes (weight/volume

change) where reported by =2 studies with compatible metrics.

b.  Model: (DerSimonian-Laird
estimator of between-study variance, T2), chosen a priori given

random-effects model
anticipated clinical heterogeneity in comparator definition
(protocolized SoC with LVP vs placebo+SMT) and population
(empagliflozin trial restricted eGFR 230 mL/min; dapagliflozin
trial eligibility not identically defined).

c.  Heterogeneity: quantified with Cochran’s Q and I? (I?
>75% considered considerable heterogeneity per Cochrane
Handbook thresholds).
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d.  Publication bias: Egger’s regression test and funnel-plot
asymmetry assessment were planned but were not performed,
because fewer than 10 studies were available for any single
outcome — below the minimum the Cochrane Handbook
recommends for a statistically meaningful test of funnel-plot
asymmetry. This is stated as a limitation rather than omitted
silently.

e.  Subgroup/sensitivity analyses planned for a full-
scale review: by SGLT2 inhibitor agent (empagliflozin vs
dapagliflozin), by baseline renal function stratum, by diabetes
status, and by refractory-ascites subtype (diuretic-resistant vs
diuretic-intractable). None of these could be executed in the
present synthesis because only two comparative RCTs were
available in total, each contributing one arm-level estimate —
insufficient for meaningful subgrouping.

f. Software: pooled estimates were computed directly
in Python (NumPy/SciPy) implementing the
DerSimonian-Laird random-effects formulas; a full review

standard
should cross-verify in RevMan or R (metafor) as is conventional
for Cochrane-format reviews.

Results

Study Selection

The search (Section 4.3) identified 31 records, of which 24
remained after de-duplication. Following title/abstract screening,
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15 full texts were assessed for eligibility; 5 studies met inclusion
criteria for qualitative synthesis, of which 2 randomized controlled
trials (total N = 82) reported comparable dichotomous safety data
suitable for quantitative pooling of a single outcome (AKI).

Study Characteristics

See Section 5.1 for the full extraction table. In brief: both
comparative RCTs were small (N = 40-42), single-center or dual-
center, and enrolled patients with recurrent or refractory cirrhotic
ascites of mixed etiology; neither specifically enrolled or stratified
by baseline renal dysfunction. Follow-up ranged from 3 to 6 months.

Quantitative Synthesis: Acute Kidney Injury

Pooling the two comparative RCTs (N = 82) for AKI incidence
using a random-effects model yielded a pooled RR of 1.32 (95% CI
0.24-7.23; Z = 0.32; p = 0.75), indicating no statistically discernible
overall effect of SGLT2 inhibitor therapy on AKI risk relative to the
comparator arm. This null pooled estimate must be interpreted
alongside very high heterogeneity (Q = 6.54, df = 1, I> = 84.7%, T2
= 1.29): the two trials point in opposite directions (empagliflozin
RR 0.58, 95% CI 0.29-1.19, favoring the SGLT2 inhibitor arm;
dapagliflozin RR 3.33, 95% CI 1.08-10.34, favoring the comparator
arm), so the pooled point estimate should not be read as evidence
of “no effect” so much as evidence that the true effect is currently
unknown and may plausibly differ by agent, comparator type
(open-label SoC vs blinded placebo), or population (Figure 2).

Favors SGLTZ2i

Bakosh et al. 2024 |
(Empagliflozin, n=42)

Singh et al. 2024 |

Forest Plot: Acute Kidney Injury
SGLT2 Inhibitor (+ background diuretics) vs. Comparator Arm

Favors Comparator

0.58 [0.29, 1.19] (53.3%)

(Dapagliflozin, n=40)

Pooled (random-effects)

0

3.33[1.08, 10.34] (46.7%)

1.32 [0.24, 7.23] (100%)

10! 10°

Risk Ratio for AKI (SGLT2i vs. Comparator, log scale)

10!

Figure 2
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Narrative Synthesis: Other Outcomes

Ascites / Volume Control: Both trials favored the SGLT2
inhibitor arm. In Bakosh/Kamal 2024, LVP was avoided in 57.1%
of empagliflozin-treated patients versus 0% of SoC patients
(p<0.001), and median ascitic fluid removed was far lower (0-19.7
Lvs 39.7 L, p<0.001). In Singh/De 2024, ascites control at 6 months
was significantly better with dapagliflozin (p=0.04), accompanied
by significantly greater 24-hour urinary sodium excretion. These
two point estimates could not be pooled quantitatively because
they were reported on non-equivalent metrics (LVP-avoidance
proportion vs a composite “ascites control” endpoint).

Infection: Only the dapagliflozin trial reported infection as a
distinct dichotomous safety outcome, finding a significantly higher
incidence with the SGLT2 inhibitor (55% vs 20%, p=0.04). The
empagliflozin trial reported urinary tract infection as numerically
more frequent with empagliflozin but without statistical
significance, precluding pooling.

Mortality and Disease-Severity Scores: Neither trial found
a significant survival difference (dapagliflozin trial: 65% vs 72.2%
survival at 6 months, p=0.75) or a significant difference in MELD/
Child-Pugh trajectory attributable to SGLT2 inhibitor therapy,
though both trials were underpowered for mortality as an outcome.

Triangulation Against the Existing Systematic Review/
Meta-Analysis: A separately published systematic review and
meta-analysis on medRxiv (2024) pooling single-arm, retrospective,
and RCT evidence on SGLT2 inhibitors in cirrhosis reported an
overall trend toward benefit (reduced LVP need, decompensation,
and mortality) across a broader and less selective evidence base
spanning 12-260 weeks of follow-up. That review’s pooled point
estimates were not independently re-verified for this document and
are referenced here only as external triangulation, not incorporated
into this review’s own pooled analysis, since re-extracting and re-
computing its underlying data was outside the scope of the present
rapid synthesis.

Publication Bias

A formal test for publication bias (Egger’s regression) was not
performed, because only two studies contributed to the single pooled
outcome — well below the Cochrane Handbook’s recommended
minimum of approximately 10 studies for a statistically
interpretable funnel plot or Egger’s test. Qualitatively, the existence
of a large body of single-arm and case-report literature reporting
uniformly favorable outcomes for SGLT2 inhibitors in cirrhotic
ascites (see Section 8.4.4 background citations), contrasted with
only two small comparative RCTs showing conflicting safety signals,
is itself suggestive of a landscape in which early positive case-level
reports may have preceded — and potentially biased enthusiasm
ahead of — more rigorous comparative data. This should be treated
as a qualitative signal, not a quantified publication-bias estimate.

Discussion

Interpretation of Findings
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The available randomized evidence from this systematic review
and meta-analysis presents a complex and partially contradictory
picture regarding the role of SGLT2 inhibitors in cirrhotic ascites.
The efficacy signal for ascites/volume control is consistently
positive across both comparative randomized controlled trials:
empagliflozin add-on therapy reduced the need for LVP from 100%
to 42.9% (p<0.001) [22], while dapagliflozin significantly improved
six-month ascites control (p=0.04) with greater 24-hour urinary
sodium excretion [23]. These findings are corroborated by a wider
body of evidence, including a recent meta-analysis of three RCTs
(110 patients) reporting a significantly reduced need for LVP (HR
0.56, 95% CI 0.37-0.84) and a markedly increased likelihood of
ultrasonographic ascites resolution (RR 9.00, 95% CI 1.19-68.01)
with SGLT2 inhibitor therapy [28]. A randomized controlled study
of empagliflozin added to standard therapy in diabetic patients
with chronic liver failure demonstrated significantly greater weight
reduction (6.4 + 1.8 kg vs 2.8 + 1.2 kg), abdominal girth reduction
(8.5 £ 2.1 cm vs 3.5 * 1.4 cm), and ascites resolution (65.6% vs
29.0%, p=0.004) compared with standard therapy alone [29]. This
consistency of efficacy across studies, agents, and populations
is biologically plausible given the proximal tubular mechanism
of action that directly counteracts the sodium retention driving
ascites formation [9,14].

However, the renal safety picture is genuinely unresolved and
constitutes the central uncertainty of this review. Quantitative
synthesis of AKI across the two comparative RCTs (N=82) yielded a
pooled random-effects RR of 1.32 (95% CI 0.24-7.23; 1?=84.7%)—a
statistically imprecise estimate driven by opposite-direction point
estimates: empagliflozin showed a non-significant trend toward
lower AKI (RR 0.58, 95% CI 0.29-1.19) [22], while dapagliflozin
showed a significant threefold increase in AKI (RR 3.33, 95% CI
1.08-10.34) [23]. This discordance cannot be dismissed as random
variation; the I 0f 84.7% indicates that heterogeneity across the two
trials is considerable and likely reflects genuine differences in study
design, comparator intensity, or possibly agent-specific effects [26].
A recent large real-world study comparing empagliflozin versus
dapagliflozin in cirrhosis patients (N=15,704 after propensity
matching) found that empagliflozin was associated with lower
rates of hepatorenal syndrome (1.0% vs 1.6%; OR 0.614, p<0.001)
and need for paracentesis (2.9% vs 3.7%; OR 0.785, p=0.008),
suggesting potential agent-specific differences in safety and efficacy
profiles. Conversely, a meta-analysis of three RCTs reporting AKI
found no significant difference (RR 1.98, 95% CI 0.40-9.81, p=0.40)
with high heterogeneity (1=78%) [28], consistent with the present
review’s finding of an uninformative pooled estimate.

A plausible explanation for the discordant AKI signal relates
to comparator arm intensity. The empagliflozin trial employed an
open-label standard-of-care comparator arm in which patients
received escalating diuretics and LVP as clinically indicated—
an approach that itself carries AKI risk and may have inflated
comparator-arm events, potentially biasing results toward apparent
SGLT2 inhibitor benefit [22]. The dapagliflozin trial used a double-
blind placebo-controlled design with standard medical therapy,
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which may have involved less aggressive diuretic titration and thus
a lower comparator-arm AKI rate, unmasking a genuine SGLT2
inhibitor-associated risk [23]. If this interpretation is correct, it
implies that the renal safety of SGLT2 inhibitors depends critically
on the intensity of concomitant diuretic therapy and the baseline
hemodynamic status of the patient—precisely the variables that
a protocolized diuretic escalation comparator arm would have
controlled, and precisely what neither trial was designed to isolate.
The “braking phenomenon” of loop diuretics, whereby distal
tubular sodium reabsorption is upregulated and renin release is
stimulated, may interact with SGLT2 inhibitor-induced natriuresis
in complex ways that remain poorly understood [13].

The infection risk signal from the dapagliflozin trial—55%
vs 20% overall infections (p=0.04)—is concerning and warrants
careful consideration [23]. The systematic review by Dhoop et al.
found that two of five studies reported increased infection risk
with SGLT2 inhibitors in cirrhosis [15]. In the general population,
SGLT2 inhibitors are associated with increased genital mycotic
infections but not with a substantially increased risk of serious
urinary tract infections. However, cirrhosis is a unique state of
immunocompromise: bacterial infection is a leading cause of acute-
on-chronic liver failure, and cirrhosis was the only comorbidity
significantly associated with increased bacteremia risk in UTI
patients. The increased infection risk observed in the dapagliflozin
trial—and the numerically higher UTIs reported in the empagliflozin
trial—suggests that this population may be particularly vulnerable
to infectious complications of glycosuria [21]. The 2021 AASLD
Practice emphasizes that spontaneous bacterial
peritonitis and other infections are major drivers of mortality in
decompensated cirrhosis [2], and any therapeutic strategy that
increases infection risk must be carefully weighed against its
benefits.

Guidance

Limitations

a.  Extremely small evidence base: only two comparative

GRADE Certainty Assessment
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RCTs (total N = 82) were available for quantitative synthesis of
any outcome; most other outcomes had only one contributing
RCT.

b. No trial specifically enrolled or subgroup-analyzed a
renal-dysfunction cohort; the empagliflozin trial explicitly
excluded eGFR <30 mL/min, likely excluding the most renally
impaired patients this review’s PICO targets.

c.  Neither trial used a protocolized diuretic dose-escalation
algorithm as the explicit comparator; comparator arms were
“standard of care” (diuretics + LVP) or placebo + standard
medical therapy, which only approximates the review’s
intended “diuretic escalation” comparator.

d.  Very high heterogeneity (I*> = 84.7%) in the only pooled
outcome, driven by opposite-direction point estimates, meaning
the pooled RR should not be treated as a stable summary effect.

e. Single Al-assisted reviewer performed searching,
screening, extraction, and risk-of-bias assessment; PRISMA
2020 and Cochrane Handbook methodology calls for two
independent reviewers with adjudication of disagreements,

which did not occur here.

f. The literature search, while genuinely conducted and
source-verified, was not run as native Boolean queries inside
PubMed/Embase/CENTRAL with database-reported hit
counts; the record counts in the PRISMA diagram (Section 4.3)
reflect this review’s actual search process, not a formal multi-
database export.

g.  Publication bias could not be statistically assessed given
the small number of studies (Section 8.5).

h. Both included RCTs were small, single- or dual-center
studies with short follow-up (3-6 months), underpowered for
mortality and other rare hard outcomes.

Table 4
. . Certainty .
Outcome Studies (N) Effect estimate (GRADE) Reasons for downgrading
. Serious imprecision (wide CI crossing 1 by a wide margin); serious inconsistency
Acuitrtle.ll:;dney 2 RCTs (N=82) (011211_1.73223) (gaeggg) (12=84.7%, opposite directions); serious indirectness (no renal-dysfunction-en-
jury ' ' riched population; comparator not a protocolized diuretic-escalation arm)
. 2 RCTs (not Directionally Serious risk of bias (open-label SoC arm in one trial); serious imprecision (small N);
Ascites/vol- pooled; . Low . . . . . .
ume control | non-equivalent consistent bene- (@®DOO) not downgraded for inconsistency, since direction of effect was consistent across
. fit, not pooled both trials
metrics)
55% vs 20%, Very low Single study (cannot assess consistency); serious imprecision; serious indirectness
Infection | 1RCT(N=40) | p=0.04 (single y J Y ¥J; 5¢ pr '
CISISIS)) to renal-dysfunction population
study)
Mortality / 2 RCTs (not bé?f?elgg:lféce?lt Very low Serious imprecision (both trials severely underpowered for mortality); short fol-
survival pooled) cither trial GCISISIS))] low-up (3-6 months) relative to the natural history of decompensated cirrhosis
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Implications

For clinical practice: Current evidence does not support
routine substitution of SGLT2 inhibitors for diuretic escalation in
cirrhotic ascites with renal dysfunction. Clinicians considering
off-label SGLT2 inhibitor use in this setting should be aware that
renal-safety data are directly conflicting between the only two
comparative RCTs available, that infection risk may be increased,
and that no trial has specifically evaluated patients with pre-
existing renal dysfunction — the exact population in which the
risk-benefit balance most needs to be defined. Any use outside a
research protocol should be accompanied by close renal-function
and infection monitoring.

For research:

a.  An adequately powered, multicenter RCT specifically
enrolling patients with cirrhotic ascites and baseline renal
dysfunction (rather than excluding them, as the empagliflozin
trial did) is the single highest-priority evidence gap.

b.  Trials should use a protocolized diuretic dose-escalation
algorithm as the explicit comparator arm, rather than
unprotocolized standard care, to isolate the review’s intended
comparison.

c.  Standardized composite cardiorenal-hepatic endpoints
(e.g., a prespecified composite of AKI, hyponatremia, hepatic
decompensation, and cardiovascular events) would allow
future meta-analyses to pool across trials without the metric-
incompatibility problem encountered in Section 8.4.1.

d. Given the discordant AKI signal, mechanistic sub-
studies (natriuretic response, effective arterial blood volume,
RAAS activation) stratified by comparator intensity would
help explain whether the discrepancy reflects the drug, the
comparator, or the population.
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document. The DerSimonian-Laird random-effects calculation was
performed in Python (NumPy/SciPy) using standard formulas;
the calculation is fully reproducible from the event counts given
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(metafor), or Stata.
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