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Abstract

Background: Intravenous fluid resuscitation is essential in early man-
agement of sepsis, but the optimal volume and resuscitation strategy are 
uncertain. This systematic review and meta-analysis aimed to synthe-
size the evidence comparing the efficacy and safety of restrictive versus 
liberal fluid resuscitation strategies in adults with sepsis or septic shock.

Methods: A systematic search of PubMed, Web of Science (WoS), 
Scopus, and CENTRAL was conducted from inception to November 

2025, following the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) and Meta-analysis of Obser-
vational Studies in Epidemiology (MOOSE) guidelines. Randomized 
controlled trials (RCTs) and observational cohort studies comparing 
protocolized restrictive fluid strategies with liberal or standard care 
were included. Primary outcomes were all-cause mortality and acute 
kidney injury (AKI). Random-effects models were used to calculate 
pooled risk ratios (RRs) and mean differences (MDs), while trial se-
quential analysis (TSA) assessed the conclusiveness of evidence.

Results: Sixteen reports from 15 unique studies (nine RCTs and six 
observational studies) involving 5,013 patients were included. In the 
analysis of RCTs, restrictive fluid therapy resulted in no significant 
difference in all-cause mortality (RR = 0.99; 95% CI, 0.90–1.08; I2 
= 0%); however, observational studies showed a significant mortal-
ity reduction (RR = 0.69), suggesting confounding by indication in 
observational datasets. TSA of the RCT data indicated insufficient 
evidence for mortality benefit. Restrictive strategies were associated 
with a lower risk of AKI (RR = 0.89; 95% CI, 0.81–0.99; P = 0.02; I2 
= 0%) and a reduced incidence of acute respiratory distress syndrome 
(ARDS) (RR = 0.69; 95% CI, 0.56–0.85; P < 0.001; I2 = 0%). No 
significant differences were observed in other ischemic, metabolic, or 
organ support outcomes. However, restrictive fluid therapy reduced 
the need for mechanical ventilation, shortened the ventilation dura-
tion and vasopressin use, and increased ventilator-free days.

Conclusions: Restrictive fluid resuscitation does not reduce overall 
mortality in adults with sepsis or septic shock, but it is associated with 
lower AKI and ARDS risk and decreased dependence on mechanical 
ventilation. Evidence regarding mortality is inconclusive, highlight-
ing the need for large-scale trials to validate this finding.

Keywords: Trial sequential analysis; Acute kidney injury; Restrictive 
fluid; Sepsis

Introduction

Sepsis is a life-threatening organ dysfunction accompanied 
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by hypotension because of peripheral vasodilation, myocar-
dial depression, and fluid extravasation [1]. It is a major cause 
of morbidity and mortality, accounting for millions of deaths 
every year, highlighting the need for continuous improvements 
in clinical management and supportive care [2, 3]. Intravenous 
(IV) fluid resuscitation is an essential treatment for early onset 
sepsis, aimed at increasing depleted intravascular volume to 
restore tissue perfusion and improve circulation caused by the 
sepsis-induced vasodilated vascular network [4, 5]. Although 
early administration of IV fluids is critical for managing sep-
sis, the optimal fluid administration is debated [6].

The current Surviving Sepsis Campaign (SSC) guidelines 
recommend administering at least 30 mL/kg of IV isotonic 
crystalloid within the first 3 h for patients with sepsis-induced 
hypoperfusion or septic shock [6]. SSC recommends a fixed-
volume fluid for initial resuscitation, but the evidence support-
ing this volume is of low certainty, and the guidelines offer no 
clear direction regarding whether a restrictive or liberal strat-
egy should be used during the initial resuscitation phase [7]. 
According to the SSC fixed-dose recommendation, two-thirds 
of patients with septic shock exhibit fluid overload, dilutional 
coagulopathy, and pulmonary edema [8, 9].

Also, evidence from randomized trials in patients with 
sepsis and septic shock indicates that administering higher vol-
umes of IV fluids may be harmful, with reported adverse out-
comes including worsening of kidney injury [10], respiratory 
failure [11], and a higher risk of death [12]. The optimal strat-
egy remains unclear after the neutral findings of the CLASSIC 
[13] and CLOVERS trials [14] regarding whether a restrictive 
fluid strategy is associated with a lower incidence of all-cause 
mortality compared to the control group in patients presenting 
with sepsis or septic shock.

A critical limitation in interpreting current evidence is the 
variation in “initial” resuscitation; notably, major trials such 
as CLASSIC and CLOVERS randomized patients only after 
they had already received substantial pre-enrolment fluid bo-
luses (often > 1–2 L), effectively testing a “post-initial-bolus” 
restrictive strategy rather than a “door-to-needle” restrictive 
strategy.

Because of the conflicting results in the literature and the 
lack of evidence supporting SSC recommendations regard-
ing the optimal fluid administration strategy during the initial 
resuscitation phase, this systematic review and meta-analysis 
was conducted to evaluate all-cause mortality and fluid-related 
adverse outcomes in adult patients with sepsis or septic shock.

Materials and Methods

This systematic review and meta-analysis was designed and 
conducted following the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines 
and the methodological standards outlined in the Cochrane 
Handbook for Systematic Reviews of Interventions and Meta-
analysis of Observational Studies in Epidemiology (MOOSE) 
recommendations [14–16]. The protocol was registered in 
PROSPERO under registration number (CRD420251182239). 
As this study is a systematic review and meta-analysis of pre-

viously published data, ethical approval and patient consent 
were not required.

Data sources and search strategy

The studies included in this meta-analysis were retrieved 
through a search across electronic databases, including Pub-
Med (MEDLINE), Web of Science (WoS), Scopus, and the 
Cochrane Central Register of Controlled Trials (CENTRAL) 
from inception to November 1, 2025. The search strategy was 
constructed using Boolean operators, incorporating the follow-
ing search terms: ((“sepsis” OR “septic shock”) AND (“restric-
tive fluid” OR “fluid sparing” OR “liberal” OR “usual care” 
OR “standard care”)). The full search strategy for each data-
base is detailed here (Supplementary Material 1, jocmr.elmer-
journals.com). Manual backward and forward citation tracking 
were performed to enhance the completeness of the search as 
backward citation analysis involved reviewing the reference 
lists of included studies and relevant reviews, while forward 
citation analysis used platforms such as Google Scholar and 
Scopus to identify newer studies that cited the included arti-
cles.

Study selection

All the records retrieved from the search were imported into 
EndNote to remove duplicates, while the remaining citations 
were uploaded to Rayyan for screening [17]. Study selection 
was conducted in two stages based on eligibility criteria. In 
the first stage, two independent reviewers screened titles and 
abstracts to identify potentially eligible studies. In the second 
stage, the full texts of these studies were assessed in detail to 
determine the inclusion of randomized controlled trials (RCTs) 
and observational studies that met the prespecified PICO 
framework. Disagreements were resolved through discussion, 
and a third reviewer adjudicated any unresolved conflicts to 
ensure methodological rigor.

Eligibility criteria and outcomes

RCTs and observational cohort studies enrolling adult patients 
(≥ 18 years) with sepsis or septic shock based on contempo-
rary international definitions and managed during the initial 
resuscitation phase, defined as the first 24 h after the recog-
nition of sepsis-induced hypoperfusion were included. For 
many included RCTs, this intervention period began after an 
initial standard-of-care fluid bolus had already been adminis-
tered prior to randomization. The intervention of interest was 
a protocolized restrictive fluid resuscitation strategy involving 
deliberate limitation of cumulative fluids, early vasopressor 
initiation, or predefined physiological triggers that guide ad-
ditional fluid use. Eligible comparators were liberal, or stand-
ard-care fluid strategies characterized by higher-volume fluid 
administration, typically ≥ 30 mL/kg, and conventional fluid-
challenge-based hemodynamic assessment within the same 
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24-h period. We excluded studies involving children or ado-
lescents aged < 18 years, cardiogenic or hemorrhagic shock, 
late (> 24 h) fluid intervention following initial resuscitation, 
non-protocolized or poorly defined strategies, fluid-type com-
parisons without volume differences, studies without compa-
rable control groups, and case reports, case series, conference 
abstracts, and non-adjusted observational studies.

The primary outcomes included both efficacy and safety. 
The primary efficacy outcome was all-cause mortality, where-
as the primary safety outcome was the incidence of acute kid-
ney injury (AKI), which was assessed at the longest available 
follow-up. The secondary clinical outcomes included ischemic 
events (cerebral, intestinal, limb, or myocardial ischemia), 
disseminated intravascular coagulation (DIC), multiple organ 
dysfunction syndrome (MODS), intensive care unit (ICU) ad-
mission rate, pulmonary edema, and the overall incidence of 
serious adverse events. Electrolyte and metabolic outcomes, 
including hyperchloremia, hypernatremia, hyponatremia, and 
hypoglycemia, were also evaluated. Additional efficacy out-
comes included the need for mechanical ventilation, vasopres-
sin requirement, initiation of renal replacement therapy (RRT), 
hospital and ICU length of stay, duration of mechanical ven-
tilation and vasopressin use, days free from organ support, 
vasopressor-free days, and ventilator-free days.

Data extraction and risk of bias assessment

Data extraction was performed independently and duplicated 
by four authors using a standardized Microsoft Excel form as 
the extracted variables included the study characteristics, pa-
tient demographics, and all reported outcomes, while all en-
tries were cross verified to ensure accuracy, and discrepancies 
were resolved by consensus.

The methodological quality of the included studies was 
evaluated using the Cochrane Risk of Bias-2 (RoB-2) tool for 
RCTs [18] and the Newcastle–Ottawa Scale (NOS) [19] for 
observational studies. The RoB-2 tool examined six domains: 
random sequence generation, allocation concealment, blinding 
of participants and personnel, blinding of outcome assessors, 
completeness of outcome data, and selective reporting. Each 
domain was classified as having a low risk, some concerns, 
or high risk of bias. For observational studies, the NOS as-
signs up to 9 points across three domains: selection (4 points), 
comparability (2 points), and outcome assessment (3 points) as 
overall NOS scores of 0–3 denote poor quality, 4–6 moderate 
quality, and 7–9 good quality, respectively. Any discrepancies 
between reviewers were resolved through discussion.

Statistical analysis and heterogeneity assessment

All statistical analyses were performed using STATA 17 MP 
and were conducted according to the intention-to-treat analy-
sis, whereby all randomized participants were analyzed in their 
originally assigned groups. A random-effects model based on 
the Der Simonian–Laird method was used to estimate risk 
ratios (RRs) for dichotomous outcomes and mean differenc-

es (MDs) for continuous outcomes. Stratified analyses were 
performed separating RCTs from observational studies for 
all primary outcomes to account for significant methodologi-
cal heterogeneity and the risk of confounding by indication. 
Overall pooled estimate combining both study designs was not 
calculated, as this would obscure the higher certainty evidence 
provided by RCTs. For studies reporting outcomes at multi-
ple long-term follow-up points, the latest available time points 
were used for meta-analysis. Statistical heterogeneity was as-
sessed using the Chi-square test and quantified using the I2 
statistic, I2 = ((Q–df)/Q) × 100%. A P value < 0.1 was con-
sidered indicative of significant heterogeneity, and I2 values ≥ 
50% were interpreted as reflecting substantial heterogeneity. 
For outcomes where I2 = 0%, we carefully reviewed the forest 
plots to distinguish between true consistency of effect versus 
sparse data or wide overlapping confidence intervals (CIs). In 
cases of significant heterogeneity, a leave-one-out sensitivity 
analysis was conducted to evaluate the robustness of the find-
ings and determine the influence of individual studies on the 
pooled estimates. Galbraith plots were constructed to detect 
potential outlier studies that contributed to significant hetero-
geneity. L’Abbe plots were used to compare the event rates be-
tween the intervention and control groups, while funnel plots 
were generated to evaluate the relationship between the effect 
size and standard error, identifying inconsistencies and poten-
tial publication bias across the included studies.

Furthermore, a trial sequential analysis (TSA) [20] was 
conducted to compare the restrictive fluid strategy with the 
control group and reduce the risk of type I error associated with 
repeated significance testing in cumulative meta-analyses. The 
TSA parameters were defined as a two-sided α of 0.05, a β of 
0.20 (80% power), and an anticipated relative risk reduction 
of 20%. The diversity-adjusted information size (DIS) was 
calculated using the heterogeneity (D2) observed in the meta-
analysis. The control event rate was derived from the pooled 
incidence observed in the control arms, and the required in-
formation size (RIS) was calculated. Evidence was considered 
conclusive if the cumulative Z-curve crossed both the conven-
tional significance boundaries and the trial sequential monitor-
ing boundaries or if it reached the RIS. If these conditions were 
not met, the evidence was inconclusive, indicating the need for 
additional RCTs.

Several subgroup analyses were conducted to explore the 
potential sources of between-study heterogeneity. For all-cause 
mortality, subgroup analyses were stratified by study design 
(RCTs vs. observational studies), and the time point at which 
mortality was assessed (in-hospital, 28-day, 30-day, 60-day, or 
90-day). Additionally, subgroup analysis was performed for 
AKI stratified according to AKI stage.

Results

Literature search

The literature search yielded 3,641 records. After removing 
687 duplicate studies, 2,954 remained for title and abstract 
screening. Of these, 2,849 were excluded based on title and 
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abstract reviews, leaving 105 full-text articles assessed for 
eligibility. Following full-text screening, 16 reports represent-
ing 15 unique studies met the predefined inclusion criteria and 
were included in the quantitative synthesis [13, 14, 21–34]. 
The study selection process is illustrated in the PRISMA flow 
diagram in Figure 1.

Characteristics and risk of bias assessment of the included 
studies

Sixteen reports from 15 unique studies were included in this 

meta-analysis, consisting of nine RCTs and six observation-
al cohort studies. Across all studies, the pooled mean age of 
participants was 63.4 years, and 3,656 (72.9%) were male. A 
restrictive fluid strategy was administered to 2,584 (51.5%) 
patients, while 2,429 (48.5%) patients received a liberal fluid 
regimen, serving as the control group among individuals pre-
senting with sepsis or septic shock. Follow-up durations var-
ied across the studies, ranging from 28 to 365 days, with a 
mean follow-up duration of 75.9 days. A detailed summary and 
baseline characteristics of each included study are presented in 
Tables 1 and 2 [13, 14, 21–34]. Quality assessment using RoB-
2 for RCTs indicated a low risk of bias for all studies, except 

Figure 1. PRISMA flow diagram. PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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for the study by Douglas et al (2020) [34] and Macdonald et 
al (2018) [26], and the NOS for observational studies demon-
strated a high overall quality rating (Supplementary Materials 
2, 3, jocmr.elmerjournals.com).

Primary outcomes: parallel pairwise meta-analysis

Primary effectiveness: all-cause death

The primary efficacy endpoint was the incidence of all-cause 
mortality, evaluated across 14 studies that included 2,528 
patients who received a restrictive fluid strategy and 2,363 
patients who received liberal fluid therapy. The incidence of 
all-cause mortality was 31.36% in the restrictive fluid group 
compared with 34.23% in the control groups. The pooled ef-
fect estimate using a random-effects model showed no statisti-
cally significant difference in all-cause mortality between the 
two strategies (RR = 0.93; 95% CI, 0.86–1.02; P = 0.11; I2 = 
1.04%) (Fig. 2).

Given the high risk of confounding in observational data, 
the primary interpretation of efficacy was based on the analy-
sis of RCTs. In the primary analysis restricted to RCTs (nine 
studies, n = 3,308), the restrictive fluid strategy resulted in no 
significant difference in all-cause mortality compared to lib-

eral fluid therapy (RR = 0.99; 95% CI, 0.90–1.08; P = 0.92; I2 
= 0%), while the analysis of observational studies (five studies, 
n = 1,583) (Supplementary Material 4, jocmr.elmerjournals.
com) demonstrated a significant reduction in mortality associ-
ated with restrictive strategies (RR = 0.69; 95% CI, 0.56–0.86; 
P = 0.001; I2 = 0%), which suggests that the apparent mortal-
ity benefit seen in observational data reflects confounding by 
indication, where patients receiving lower fluid volumes were 
less critically ill at baseline. Consequently, primary conclusion 
regarding mortality efficacy was based on the RCT subgroup.

Further, L’Abbe plot was used to assess heterogeneity 
as the plot shows that most studies lie close to the line of no 
effect, indicating no reduction in mortality risk with restric-
tive fluid strategies compared with liberal fluid therapy, while 
larger and more precise studies clustered tightly along this line, 
reinforcing the overall effect estimate (Supplementary Mate-
rial 5, jocmr.elmerjournals.com). Additionally, leave-one-out 
sensitivity analysis (Supplementary Material 6, jocmr.elmer-
journals.com) and Galbraith plots (Supplementary Material 7, 
jocmr.elmerjournals.com) were used to further assess hetero-
geneity.

Subgroup analysis of all-cause mortality across multiple 
follow-up time points was performed. The pooled estimates 
demonstrated consistent patterns across categories. However, 
these findings should be interpreted as exploratory. A restric-
tive fluid therapy was associated with a statistically signifi-

Figure 2. Forest plot of all-cause mortality. CI: confidence interval.
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cant reduction in in-hospital mortality (RR = 0.70; 95% CI, 
0.54–0.90; I2 = 0%) and 28-day mortality (RR = 0.74; 95% CI, 
0.62–0.89; I2 = 0%). No significant differences were observed 
for 30-day (RR = 0.88; 95% CI, 0.57–1.39; I2 = 0%), 60-day 
(RR = 1.01; 95% CI, 0.84–1.22; I2 = 0%), or 90-day mortality 
(RR = 0.87; 95% CI, 0.68–1.11; I2 = 41.16%) (Fig. 3).

TSA for all-cause mortality was conducted using data 
from 14 studies. The cumulative Z-curve crossed the conven-
tional significance boundary but did not cross the trial sequen-

tial monitoring boundary. Although the accrued sample size 
approached the RIS, the current evidence remains insufficient 
and inconclusive in determining whether a restrictive fluid 
strategy reduces all-cause mortality compared to liberal fluid 
therapy. Accordingly, further large, high-quality, RCTs are 
needed to establish more definitive conclusions (Fig. 4).

A funnel plot was used to evaluate the potential publica-
tion bias. Visual inspection showed that one study lay outside 
of the estimated effect size (θn), suggesting possible evidence 

Figure 3. Subgroup analysis of all-cause mortality across multiple follow-up time points. CI: confidence interval.
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of publication bias (Supplementary Material 8, jocmr.elmer-
journals.com).

Primary safety outcome: AKI

The primary safety endpoint was the incidence of AKI, based 
on evidence from 13 studies. The incidence of AKI was 22.1% 
in the restrictive fluid group (538/2,425) and 25.7% in the 
control group (583/2,267). The pooled estimate demonstrated 
a reduction in the incidence of AKI with the restrictive fluid 
strategy compared to the control group (RR = 0.89; 95% CI, 
0.81–0.99; P = 0.02; I2 = 0%) (Fig. 5).

When restricting the analysis to RCTs only, the signal for 
renal safety remained consistent; the restrictive strategy was 
associated with a reduced risk of AKI (RR = 0.92; 95% CI, 
0.85–0.99), driven by high-weight trials such as CLASSIC and 
CLOVERS.

Leave-one-out sensitivity analysis demonstrated that the 
overall pooled effect for AKI remained stable and statistically 
significant after the sequential removal of each study. How-
ever, after the exclusion of the study by Meyhoff et al (2022) 
[13] or Jiang et al (2023) [28], the pooled estimate was not 
significant (Supplementary Material 9, jocmr.elmerjournals.
com). Additionally, a subgroup analysis stratified by AKI stage 
showed no significant differences between the restrictive and 
control fluid strategies for either AKI stage 2 (RR = 0.97; 95% 
CI, 0.62–1.51; P = 0.67; I2 = 0%) or AKI stage 3 (RR = 0.84; 
95% CI, 0.48–1.47; P = 0.41; I2 = 0%) (Supplementary Materi-
al 10, jocmr.elmerjournals.com). TSA was performed to assess 

the effect of restrictive fluid therapy on the risk of AKI based 
on evidence from 13 studies. Although the cumulative Z-curve 
crossed the conventional monitoring boundary, it did not cross 
the sequential trial monitoring boundary, which indicates that 
the current evidence is insufficient and inconclusive, under-
scoring the need for large-scale randomized trials to validate 
this finding (Fig. 6).

Secondary outcomes: parallel pairwise meta-analysis

Clinical and safety outcomes

There was no significant difference between the restrictive 
fluid group and the control group regarding ischemic events, 
including cerebral ischemia (RR = 1.01; 95% CI, 0.55–1.88; 
P = 0.98; I2 = 0%), intestinal ischemia (RR = 0.94; 95% CI, 
0.62–1.41; P = 0.82; I2 = 0%), limb ischemia (RR = 1.04; 95% 
CI, 0.57–1.90; P = 0.91; I2 = 0%), or myocardial ischemia (RR 
= 2.02; 95% CI, 0.95–4.27; P = 0.61; I2 = 0%) (Supplementary 
Material 11, jocmr.elmerjournals.com). Moreover, there was 
no notable variation observed between the two fluid strategies 
regarding DIC (RR = 0.44; 95% CI, 0.08–2.27; P = 0.32; I2 = 
0%), MODS (RR = 0.78; 95% CI, 0.44–1.39; P = 0.41; I2 = 
0%), ICU admission rate (RR = 1.07; 95% CI, 0.98–1.17; P = 
0.15; I2 = 0%), pulmonary edema (RR = 0.49; 95% CI, 0.08–
2.94; P = 0.44; I2= 0%), or total serious adverse events (RR 
= 0.94; 95% CI, 0.82–1.09; P = 0.45; I2 = 0%) (Supplemen-
tary Materials 12–16, jocmr.elmerjournals.com). In contrast, 
the incidence of ARDS was reported in five studies, including 

Figure 4. Trial sequential analysis (TSA) for the incidence of all-cause mortality.
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Figure 5. Forest plot of acute kidney injury. RCT: randomized controlled trial; CI: confidence interval.

Figure 6. Trial sequential analysis (TSA) for the incidence of acute kidney injury.
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1,200 patients in the restrictive fluid group and 1,108 in the 
control group. The pooled analysis demonstrated that patients 
receiving a restrictive fluid strategy had a significantly lower 
incidence of ARDS compared with those receiving liberal flu-
id (RR = 0.69; 95% CI, 0.56–0.85; P < 0.001; I2 = 0%) (Sup-
plementary Material 17, jocmr.elmerjournals.com).

Electrolyte and metabolic outcomes

No significant differences were observed between the restric-
tive and liberal fluid groups in terms of metabolic or electro-
lyte disturbances, including hyperchloremia (RR = 0.81; 95% 
CI, 0.38–1.75; P = 0.98; I2 = 0%), hypernatremia (RR = 0.89; 
95% CI, 0.51–1.54; P = 0.72; I2 = 0%), hyponatremia (RR = 
1.06; 95% CI, 0.11–9.85; P = 0.98; I2 = 0%), or hypoglycemia 
(RR = 2.47; 95% CI, 0.88–6.93; P = 0.62; I2 = 0%) (Supple-
mentary Material 18, jocmr.elmerjournals.com).

Secondary efficacy outcomes

Across additional secondary outcomes, restrictive fluid man-
agement showed no significant difference regarding hospital 
length of stay (MD = 0.02; 95% CI, -1.33 to 1.37; P = 0.97; 
I2 = 68.16), ICU length of stay (MD = -0.31; 95% CI, -0.97 
to 0.36; P = 0.37; I2 = 72.43), organ support-free days (MD = 
0.11; 95% CI, -0.46 to 0.69; P = 0.70; I2 = 0) or vasopressor-
free days (MD = 1.42; 95% CI, -0.33 to 3.16; P = 0.11; I2 = 
73.56) (Supplementary Material 19–22, jocmr.elmerjournals.
com). Similarly, no significant differences were observed in 
vasopressin use (RR = 0.65; 95% CI, 0.30–1.44; P = 0.29; I2 
= 65.87%), initiation of RRT (RR = 0.85; 95% CI, 0.65–1.10; 
P = 0.21; I2 = 28.94%) compared with liberal fluid therapy 
(Supplementary Materials 23, 24, jocmr.elmerjournals.com). 
In contrast, the restrictive fluid strategy was associated with 
a significant reduction in the need for mechanical ventilation 
(Supplementary Material 25, jocmr.elmerjournals.com) (RR = 
0.82; 95% CI, 0.71–0.94; P < 0.001; I2 = 0%), duration of me-
chanical ventilation (MD = -1.38; 95% CI, -2.36 to -0.41; P = 
0.01; I2 = 56.55), and duration of vasopressin use (MD = -8.90; 
95% CI: -15.80 to -2; P = 0.01; I2 = 0) (Supplementary Mate-
rial 26, 27, jocmr.elmerjournals.com). Additionally, restrictive 
fluid management significantly increased ventilation-free days 
(MD = 2.12; 95% CI, 0.35–3.89; P = 0.02; I2 = 80.43) (Sup-
plementary Material 28, jocmr.elmerjournals.com).

Discussion

Summary of key findings

This systematic review and meta-analysis synthesize evidence 
comparing restrictive and liberal fluid strategies in adults with 
sepsis and septic shock. The analysis indicates that a restric-
tive fluid strategy is associated with clinical benefits, specifi-
cally a reduced risk of AKI and a lower incidence of ARDS. 
Also, patients managed with a restrictive approach exhibited 

a decreased need for mechanical ventilation, shorter durations 
of mechanical ventilation and vasopressor support, and an 
increase in ventilator-free days compared with those receiv-
ing liberal fluid therapy. Despite these benefits, the restric-
tive strategy did not reduce the primary outcome of overall 
all-cause mortality in the primary RCT analysis. While sub-
group analyses revealed a significant difference in in-hospital 
and 28-day mortality. These early time-point findings must be 
viewed with caution due to the lack of signal in the primary 
long-term analysis.

Additional subgroup analyses indicated that observational 
studies showed a greater mortality benefit than RCTs. TSA 
suggests that the current evidence remains insufficient to draw 
definitive conclusions regarding mortality and AKI reduction. 
No significant differences were observed between the two 
strategies regarding ischemic events (cerebral, intestinal, limb, 
or myocardial), metabolic or electrolyte disturbances (hyper-
chloremia, hypernatremia, hyponatremia, and hypoglycemia), 
initiation of RRT, ICU or hospital length of stay, organ sup-
port-free days, vasopressor-free days, or other serious adverse 
events.

Interpretations of main findings

The primary finding of our meta-analysis is that a restrictive 
fluid strategy does not significantly reduce long-term all-cause 
mortality compared to liberal standard care, which aligns with 
the results of several recent large-scale RCTs and prior meta-
analyses [13, 14, 35, 36]. This comparable mortality outcome 
may be attributed to the evolving standard of care, wherein 
clinicians in the liberal/control groups of modern trials have 
increasingly adopted more conservative fluid administration 
practices compared with historical cohorts (the Hawthorne ef-
fect), thereby narrowing the volume separation between study 
groups [22, 37]. Furthermore, sepsis is a heterogeneous syn-
drome with varying phenotypes; a one-size-fits-all restrictive 
approach may benefit patients with a congestive phenotype 
while potentially harming those with true hypovolemia, dilut-
ing the overall mortality signal [38, 39].

However, subgroup analysis identified a significant reduc-
tion in in-hospital and 28-day mortality, which contrasts with 
the findings of Reynolds et al [40], who reported no signifi-
cant mortality benefit at any time point. This early mortality 
benefit in the current study stems from the mitigation of early 
iatrogenic fluid overload, which exacerbates tissue edema and 
organ dysfunction during the critical inflammatory phase of 
sepsis [41, 42].

The discrepancy between early survival benefits and neu-
tral long-term (90-day) outcomes suggests that while fluid 
restriction may prevent early death from refractory shock or 
respiratory failure, long-term survival is driven by non-hemo-
dynamic factors such as immunosuppression, post-intensive 
care syndrome, and underlying comorbidities [13]. Also, the 
analysis indicates that observational studies showed a greater 
mortality benefit than RCTs, suggesting confounding by indi-
cation in the non-randomized cohorts. In real-world practice, 
patients receiving liberal fluids are often those presenting with 
more severe shock or hypovolemia, thereby inflating the mor-
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tality rate of the control group artificially [13].
Regarding renal outcomes, the analysis demonstrated 

a significant reduction in the risk of AKI with the restrictive 
strategy, which corroborates the recent work by Cai et al, who 
concluded that fluid restriction is superior in preventing severe 
AKI [43]. This finding is robust when considering the poten-
tial for dilutional bias in fluid trials, as liberal fluid adminis-
tration leads to hemodilution, which artificially lowers serum 
creatinine concentrations, masking the diagnosis of AKI. Con-
versely, restrictive strategies may lead to hemoconcentration, 
increasing the AKI diagnosis based on creatinine criteria. The 
restrictive group demonstrated a lower incidence of AKI de-
spite a detection bias that favors the liberal group; this supports 
the physiological argument that fluid restriction prevents renal 
venous congestion and kidney injury [44–47]. This finding di-
verges from those of Reynolds et al [40] and Duan et al [48], 
who found no significant difference in AKI or RRT rates. This 
variance may be attributed to the inclusion of newer trials that 
implemented stricter fluid limitation protocols and responsive-
ness testing, thereby preventing the congestive kidney failure 
often seen in liberal groups [25, 34].

In terms of respiratory outcomes, the restrictive strategy 
was associated with a lower incidence of ARDS, a reduced 
need for mechanical ventilation, and an increase in ventilator-
free days, which algin with the findings of Shahnoor et al [49], 
who reported shorter durations of mechanical ventilation in 
restrictive ventilation groups. The physiological mechanism 
is attributed to the preservation of the endothelial glycocalyx 
and the prevention of pulmonary hydrostatic edema [50, 51]. 
In sepsis, increased capillary permeability makes the lungs 
susceptible to fluid extravasation, impairing gas exchange and 
lung compliance [52, 53]. Iatrogenic pulmonary edema is min-
imized by limiting hydrostatic pressure through fluid restric-
tion, facilitating earlier liberation from mechanical ventilation 
[44, 54].

Also, a significant reduction in vasopressor support du-
ration in the restrictive group was observed. This contrasts 
with the theoretical concern that fluid restriction might require 
prolonged vasopressor use to maintain mean arterial pressure 
in the absence of volume loading [33, 34]. The reduction in 
vasopressor duration may be explained by the minimization 
of tissue edema, which can impair microcirculatory perfusion 
and oxygen extraction, perpetuating cellular shock and the 
need for hemodynamic support [55]. Additionally, restrictive 
protocols often mandate the earlier initiation of vasopressors 
(e.g., norepinephrine), which may restore vascular tone and 
recruit unstressed blood volume more than crystalloids alone, 
leading to faster shock resolution [26, 56–58]. The lack of sig-
nificant differences in ischemic events (cerebral, myocardial, 
or intestinal) or metabolic disturbances in the analysis suggests 
that restrictive strategies, when guided by safety limits, do not 
compromise end-organ perfusion, supporting the safety profile 
reported in the CLASSIC and CLOVERS trials [13, 14].

Strengths and limitations

This systematic review and meta-analysis had several meth-
odological strengths that enhanced the validity of the findings. 

The inclusion of a large sample size comprising 5,013 patients 
from 15 unique studies increases the statistical power to detect 
significant differences in secondary outcomes such as AKI and 
mechanical ventilation, addressing the sample size limitations 
in previous individual trials. Also, TSA provides a statistical 
adjustment for repeated significance testing and evaluates the 
conclusiveness of the evidence, preventing premature conclu-
sions regarding mortality benefits, a methodological rigor ab-
sent in many previous meta-analyses.

Extensive subgroup analyses were incorporated, including 
stratification by AKI stage and follow-up duration to clarify 
the discrepancy between short-term physiological benefits and 
long-term survival outcomes. In addition, the search strategy 
encompassing RCTs and observational studies allowed for a 
broader evaluation of effectiveness versus efficacy in con-
trolled settings, highlighting the divergence in results between 
study designs.

However, several limitations should be acknowledged 
such as the significant clinical and methodological heteroge-
neity in the definition of restrictive and liberal strategies. Pro-
tocols varied significantly, ranging from absolute volume caps 
(e.g., ≤ 60 mL/kg, the FEAST-style fluid sparing) to dynamic 
responsiveness-guided restrictions (e.g., passive leg raise), 
complicating the isolation of the specific element of care re-
sponsible for improved outcomes. Despite this clinical hetero-
geneity, the statistical heterogeneity (I2) for outcomes such as 
AKI and ARDS remained low (0%), as the direction of the 
effect (favoring restriction for safety outcomes) was consistent 
across trials, even if the magnitude varied. The meta-analy-
sis of mortality was dominated by a single large trial (Kjaer/
CLASSIC), which contributed half of the statistical weight in 
the RCT subgroup. While this increases the precision of the es-
timate, it also means the result is reflective of this specific pro-
tocol, which compared a restrictive strategy against a standard 
care group that had already adopted relatively conservative 
fluid practices compared to historical controls. Furthermore, 
in major RCTs, such as CLOVERS and CLASSIC, patients in 
the restrictive group received substantial volumes of fluid pri-
or to randomization (pre-enrolment fluids). However, we did 
not exclude these trials via sensitivity analysis because they 
represent the highest-quality and most pragmatic evidence 
currently available, reflecting the real-world standard where 
safety boluses precede protocolized restriction. While this may 
have diluted the separation between groups, excluding them 
would compromise the external validity and statistical power 
of the meta-analysis. Additionally, the inclusion of observa-
tional studies introduces the potential for selection bias and 
confounding by indication, as sicker patients are more likely to 
receive liberal fluid resuscitation, skewing mortality results in 
favor of restrictive strategies in non-randomized cohorts.

Clinical implications and advances in knowledge

The findings of this meta-analysis have substantial implica-
tions for the clinical management of sepsis and septic shock. 
The reduction in AKI and ARDS with restrictive fluid strate-
gies challenges the traditional paradigm that aggressive vol-
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ume loading is necessary to preserve organ perfusion. Instead, 
the data support a shift toward fluid stewardship, suggesting 
that preventing iatrogenic salt and water overload is as critical 
as initial resuscitation in preventing congestive kidney failure 
and pulmonary edema. Clinicians should adopt a conservative 
approach, particularly after the initial resuscitation phase, pri-
oritizing vasopressors and dynamic assessment over empiric 
fluid boluses to minimize the duration of mechanical ventila-
tion and ICU stay. Furthermore, the safety profile of ischemic 
events suggests that restrictive strategies do not compromise 
macrovascular perfusion to critical organs, alleviating con-
cerns about inducing end-organ ischemia.

Future research should move to precision medicine as there 
is a critical need to identify specific sepsis phenotypes (e.g., 
those with high vascular permeability vs. hypovolemia) that may 
benefit differentially from specific fluid strategies. Additionally, 
future trials should focus on the pre-hospital or immediate emer-
gency department phase to minimize pre-randomization fluid 
administration, thereby testing the true efficacy of early restric-
tions. Finally, future studies should include long-term patient-
centered outcomes such as cognitive function and health-related 
quality of life, rather than focusing on short-term mortality be-
cause survival is often influenced by post-acute factors.

Conclusions

Restrictive fluid resuscitation yields comparable long-term all-
cause mortality to that of liberal standard care in adults with 
sepsis, yet it demonstrates superior clinical efficacy by reduc-
ing the incidence of AKI and ARDS, as well as shortening the 
duration of mechanical ventilation and vasopressor support. 
Restrictive fluid stewardship represents a preferable standard 
of care for mitigating iatrogenic organ dysfunction without 
compromising tissue perfusion because of its favorable safety 
profile with no increase in ischemic events. Clinicians should 
prioritize this approach to avoid fluid overload, and future re-
search should focus on identifying specific sepsis phenotypes 
that benefit from precision resuscitation strategies.
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