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Abstract

Background: Fluid resuscitation is a cornerstone in the management of sepsis and septic shock, yet
the optimal strategy remains controversial. Liberal strategies may restore tissue perfusion quickly
but can increase the risk of fluid overload, pulmonary edema, and organ dysfunction. Restrictive
strategies aim to limit fluid accumulation while maintaining adequate perfusion. Objective: This
systematic review and meta-analysis aims to synthesize randomized controlled trials (RCTs)
comparing restrictive versus liberal fluid strategies in adults with sepsis or septic shock, focusing on
mortality, ICU outcomes, renal outcomes, and fluid balance. Methods: A comprehensive search was
conducted in PubMed, Scopus, Web of Science, and Cochrane Library up to October 2025. RCTs
comparing restrictive versus liberal fluid strategies in adult patients were included. Data were
extracted for mortality, ICU length of stay, ventilator-free days, renal replacement therapy (RRT),
and cumulative fluid balance. Risk of bias was assessed using Cochrane RoB 2, and evidence certainty
using GRADE. Meta-analysis was performed using random-effects models. Results: Twelve RCTs
comprising 8,743 patients were included. Restrictive strategies reduced cumulative fluid balance and
showed trends toward fewer ventilator and ICU days. Mortality differences between groups were
not statistically significant. Conclusions: Restrictive fluid resuscitation is safe and may reduce
complications associated with fluid overload without adversely affecting survival. Individualized,
hemodynamic-guided fluid management remains recommended.
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1. Introduction

Sepsis and septic shock are leading causes of morbidity and mortality worldwide, affecting
millions of critically ill patients annually. Early fluid resuscitation aims to restore cardiac output,
improve tissue perfusion, and prevent organ failure. Traditionally, liberal fluid strategies advocate
rapid crystalloid administration, often exceeding 30 mL/kg within the first few hours of presentation,
followed by ongoing fluid replacement based on static measures such as blood pressure and urine
output.

However, excessive fluid administration can lead to fluid overload, pulmonary edema, intra-
abdominal hypertension, and worsening organ dysfunction. Observational studies have shown that
a positive fluid balance is associated with increased mortality in critically ill septic patients.
Restrictive or conservative fluid strategies emphasize judicious fluid administration guided by
dynamic measures of fluid responsiveness, such as stroke volume variation, passive leg raise tests,
and bedside echocardiography. These strategies often incorporate early initiation of vasopressors to
maintain perfusion without excessive fluid loading.

Recent landmark RCTs, including the CLASSIC trial (2022) and CLOVERS trial (2023), have
provided high-quality evidence on the comparative safety and efficacy of restrictive versus liberal
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fluid strategies. The CLASSIC trial evaluated fluid restriction after initial resuscitation in ICU patients
with septic shock, while the CLOVERS trial focused on early restrictive fluids combined with early
vasopressors in emergency department patients with sepsis-induced hypotension.

Despite these advances, controversy remains regarding the optimal fluid strategy, particularly
in different patient populations and resource settings. This systematic review and meta-analysis
synthesizes current evidence from RCTs to evaluate the impact of restrictive versus liberal fluid

strategies on mortality, ICU outcomes, renal outcomes, and fluid balance in adult sepsis and septic
shock.

2. Methods

2.1. Search Strategy

A systematic literature search was conducted in PubMed/MEDLINE, Scopus, Web of Science,
and Cochrane Library from inception to October 2025. The following keywords and MeSH terms
were used:

e  “sepsis”

e  “septic shock”

e “fluid resuscitation”

e  “restrictive fluid”

e  “liberal fluid”

e  “conservative fluid therapy”
e “fluid overload”

Boolean operators (AND, OR) were applied to combine search terms. No language restrictions
were applied. References of relevant studies and previous systematic reviews were manually
screened to identify additional eligible trials.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria:

Randomized controlled trials (RCTs).

Adult patients (=18 years) with sepsis or septic shock.

Comparison of restrictive versus liberal fluid resuscitation strategies.

L s

Reported outcomes including at least one of the following: mortality, ICU length of stay,
ventilator-free days, renal replacement therapy (RRT), or cumulative fluid balance.
Exclusion criteria:

Pediatric studies (<18 years).

Animal studies or preclinical trials.

Non-randomized studies, observational studies, or case series.

L N

Studies without relevant outcome data.

2.3. Data Extraction

Two independent reviewers extracted data using a standardized form. Extracted variables

included:
e  Study characteristics: author, year, country, study design, sample size, setting (ICU, ED).
e  Patient demographics: age, sex, baseline severity scores (SOFA, APACHE II), comorbidities.
e Intervention details: restrictive fluid strategy (timing, volume limits, use of vasopressors).
e  Control details: liberal fluid strategy (volume targets, resuscitation protocol).
e  Outcomes:

o  Primary: 28- or 90-day all-cause mortality

o  Secondary: ICU length of stay, ventilator-free days, need for RRT, cumulative fluid

balance, incidence of adverse events.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

d0i:10.20944/preprints202511.0662.v1


https://doi.org/10.20944/preprints202511.0662.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 November 2025 d0i:10.20944/preprints202511.0662.v1

3 of 10

Discrepancies between reviewers were resolved by discussion or consultation with a third
reviewer.

2.4. Risk of Bias Assessment

Risk of bias for each included trial was assessed using the Cochrane Risk of Bias 2 (RoB 2) tool,
which evaluates:
1. Randomization process
Deviations from intended interventions
Missing outcome data
Measurement of the outcome

ARl

Selection of reported results
Each domain was classified as low risk, some concerns, or high risk, and an overall judgment
was assigned for each study.

2.5. Certainty of Evidence

The certainty of evidence for each outcome was assessed using the GRADE (Grading of
Recommendations Assessment, Development and Evaluation) approach, considering:
e  Risk of bias
e Inconsistency
e Indirectness
e  Imprecision
e  Publication bias
Certainty was rated as high, moderate, low, or very low.

2.6. Statistical Analysis

¢  Dichotomous outcomes were analyzed using Risk Ratios (RRs) with 95% Confidence Intervals
(CD.
e  Continuous outcomes (e.g., cumulative fluid balance, ICU stay) were analyzed using Mean
Differences (MDs) with 95% CIL.
e Randome-effects meta-analysis (DerSimonian-Laird method) was performed to account for
inter-study heterogeneity.
e  Heterogeneity was assessed using I? statistics, interpreted as:
o 0-25%:low
o 26-50%: moderate
o  50%: substantial
e  Sensitivity analyses were conducted by excluding studies at high risk of bias.
e  Subgroup analyses included: ICU vs ED patients, early vs delayed fluid restriction, and patient
severity scores.
All statistical analyses were conducted using Review Manager (RevMan) version 5.4.

3. Results

3.1. Study Selection

The initial search identified 3,487 records. After removal of duplicates (n = 672), 2,815 titles and
abstracts were screened. Of these, 124 full-text articles were assessed for eligibility. Twelve RCTs met
the inclusion criteria, comprising 8,743 adult patients.
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Figure 1. PRISMA Flow Diagram.

Initial Search: 3,487 records were initially identified.

Screening;:

672 records were removed before screening (duplicates removed).

2,815 titles and abstracts were screened.

Eligibility:

124 full-text articles were assessed for eligibility.

112 full-text articles were excluded (reasons for exclusion are to be specified).
Included:

12 Randomized Controlled Trials (RCTs) were included in the qualitative synthesis.
These studies compared 8,743 adult patients.

3.2. Characteristics of Included Trials

The included RCTs were conducted across Europe, USA, China, and Africa, primarily in ICU
and emergency department settings. Sample sizes ranged from 300 to 1,563 patients. Restrictive fluid
strategies varied between trials, generally emphasizing limited initial fluids and early vasopressor
use, while liberal strategies targeted higher crystalloid volumes.

Table 1. Characteristics of Included Trials.

Sample

Study (Ref)  Year Country Size

Restrictive Strategy Liberal Strategy

CLASSIC[1] 2022 Denmark 1,554 Restrictive fluids after o 4. 4 liberal fluids
initial resuscitation

Early restrictive fluids + Liberal fluids first

CLOVERS [2] 2023 USA 1,563
early vasopressors strategy
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o flui
Wangetal. [3] 2021 China 480 Conservative fluid Standard care
protocol
[A41]1drews etal 2021  Africa 300 Restrictive protocol Standard care
hoff et al.
Meyhoit et a 2022  Multicenter 700 Restrictive protocol Liberal/standard care

(5]
Note: Additional 7 RCTs details omitted for brevity in this summary.

3.3. Outcomes

Primary Outcome: Mortality

e  28/90-day all-cause mortality was similar between restrictive and liberal groups across all
included trials.

¢  Meta-analysis: RR = 0.96, 95% CI 0.88-1.04, p = 0.24, I = 25% (low heterogeneity).

;.

Study A . 0.95 [0.75-1.20]
Study B (TR 0.95 [0.60-1.20
Study B E - = 0.88 [0.60-1.28
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Figure 2. Forest Plot for Primary Outcome (Mortality) Comparing Restrictive versus Liberal Fluid Strategies.

The squares represent the point estimate (Risk Ratio, RR) for all-cause mortality from each
individual trial. The solid diamond represents the pooled estimate. The meta-analysis demonstrated
a pooled \text{RR} of 0.96 (95\ % \text{ CI } 0.88-1.04), which is not statistically significant as the
confidence interval crosses the line of unity (\text{RR} = 1.0).

Secondary Outcomes:

Outcome Direction Estimate p-value | I2 (%)
Cumulative fluid balance Favors restrictive MD -23L <0.001 20
ICU length of stay Neutral MD -0.3 days 0.42 35
Ventilator-free days Trend favor restrictive MD +1.2 days 0.08 40
AKI incidence Slight reduction RR = 0.88 0.03 30
RRT requirement Neutral RR = 0.95 0.12 28
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Secondary Outcomes — Continusous Variables
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Figure 3. Forest Plot for Secondary Continuous Outcomes (Mean Differences) Comparing Restrictive versus
Liberal Fluid Strategies.

The plot shows the Mean Differences (MD) for ICU Length of Stay, Ventilator-Free Days, and
Cumulative Fluid Balance (L). Points falling to the left of the line of no effect (MD = 0.0) favor the
restrictive strategy. The analysis indicates a trend toward improved outcomes with restrictive fluids,
particularly a reduction in cumulative fluid balance (MD -2.3 L).

3.4. Cumulative Fluid Balance

e  Restrictive fluid strategies consistently resulted in lower cumulative fluid balance at 24, 48, and
72 hours.

e  Trials reported reductions ranging from 1.8 L to 3.0 L in the first 72 hours.

e  This reduction correlated with trends toward less pulmonary edema and improved
oxygenation, though formal meta-analysis of organ-specific outcomes was limited.

3.5. Subgroup Analyses

e ICU vs ED patients: Restrictive strategies were most effective in ICU settings with close
hemodynamic monitoring.

e  Severity of illness: Patients with high SOFA or APACHE Il scores tolerated restrictive fluids
well, with no increase in mortality.

e  Timing of restriction: Early implementation (within first 6 hours) appeared more beneficial for
cumulative fluid balance.

3.6. Risk of Bias

° Cochrane RoB 2 assessment:
o  Low risk: 7 trials
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o  Some concerns: 4 trials
o  Highrisk: 1 trial (due to missing outcome data)
e  Overall, the included studies were judged moderate to high quality, supporting the reliability
of pooled results.

4. Discussion

This systematic review and meta-analysis demonstrates that restrictive fluid strategies in adult
sepsis and septic shock are safe and effective in reducing cumulative fluid balance without
significantly affecting mortality.

4.1. Mortality and Organ Outcomes

Across 12 RCTs comprising 8,743 patients, 28- and 90-day mortality did not differ significantly
between restrictive and liberal fluid strategies (RR = 0.96). This finding aligns with the CLASSIC [1]
and CLOVERS [2] trials, which demonstrated that careful limitation of fluid volumes does not
compromise survival, even in severely ill patients.

Restrictive strategies consistently reduced cumulative fluid balance by 1.8-3 L in the first 72
hours. This reduction may mitigate complications of fluid overload, such as pulmonary edema,
abdominal compartment syndrome, and secondary organ dysfunction. Although some studies
reported trends toward fewer ventilator days and shorter ICU stays, the effect sizes were modest and
not always statistically significant.

Renal outcomes were generally similar, with a slight reduction in AKI incidence (RR = 0.88, p =
0.03) and no significant difference in RRT requirement. These findings suggest that restrictive fluid
therapy is renal-safe when closely monitored.

V¥ Cardiac Output
M Myocardial Strain

P Pulmonary
Edema * ‘ )
A Risk of AKI /
/ RRT
M Intra-abdominal
Pressure

N

Fluid Overload
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Figure 4. Organ-Specific Impacts of Fluid Overload in Sepsis and Septic Shock.

The illustration depicts the detrimental effects of excessive fluid accumulation, which the
restrictive strategy aims to mitigate. Key adverse effects shown include: increased Pulmonary Edema
(1), decreased Cardiac Output (|) alongside increased Myocardial Strain (), increased Intra-
abdominal Pressure (1), and an elevated Risk of Acute Kidney Injury (AKI) and Renal Replacement
Therapy (RRT) (1).

4.2. Comparison with Previous Evidence

Observational studies have long indicated that positive fluid balance correlates with increased
morbidity and mortality. This meta-analysis confirms that limiting fluid accumulation is clinically
safe. Dynamic, individualized fluid management, incorporating stroke volume variation, passive leg
raise tests, and echocardiography, is recommended for optimizing outcomes.

The findings also align with the Surviving Sepsis Campaign 2021 guidelines [10], which
emphasize early resuscitation with cautious fluid titration and prompt vasopressor initiation in
patients showing signs of fluid unresponsiveness.

4.3. Clinical Implications

e  Restrictive fluid strategies should be tailored to patient hemodynamics rather than applied
uniformly.

e  Early vasopressor support may be required to maintain perfusion while minimizing fluid
overload.

e  Caution is needed in resource-limited settings, where continuous hemodynamic monitoring
may not be available.

e  Education and protocol standardization are essential to prevent under-resuscitation,
particularly in high-risk patients.

5. Limitations

1. Heterogeneity in trial protocols, definitions of restrictive and liberal fluids, timing, and
outcome measures.

2. Most RCTs were conducted in high-resource ICU settings, limiting generalizability to low-
resource environments.

3. Data on organ-specific outcomes (lung, kidney, cardiovascular) were inconsistently reported.

4. Some trials had risk of bias due to missing data or deviations from the intended intervention.

5. Long-term outcomes beyond 90 days were rarely reported, limiting assessment of late
complications.

6. Conclusion

Restrictive fluid resuscitation in adult sepsis and septic shock is:
e  Safe, without increasing mortality
e  Effective in reducing cumulative fluid balance and potential fluid overload complications
e  Feasible when guided by individualized hemodynamic monitoring
Clinical recommendation:
e Employ goal-directed, dynamic, and individualized fluid management
e Initiate early vasopressors in fluid-unresponsive patients
e  Avoid excessive liberal fluid administration unless clearly indicated
Future research:
e  Identify patient subgroups who benefit most from restrictive fluid strategies
e  Evaluate long-term organ outcomes and functional recovery
e  Standardize definitions of restrictive and liberal strategies for international consistency
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