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Abstract

The optimal fluid management strategy for patients with sepsis remains a topic of debate. This meta-
analysis aims to evaluate the impact of restrictive versus liberal fluid regimens on mortality, adverse events,
and other clinical outcomes in patients with sepsis. We systematically reviewed 11 randomized controlled
trials published between 2008 and 2023, comprising a total of 4,121 participants. The studies assessed 90-
day mortality, 30-day mortality, adverse events, hospital length of stay, ICU admission rate, mechanical
ventilation, ventilator-free days, ICU-free days, and vasopressor-free days. Quality assessments indicated
minimal bias across the studies. The meta-analysis showed no statistically significant difference in 90-day
mortality between restrictive and liberal fluid regimens (OR, 0.93; 95% CI, 0.80 to 1.70; P=0.30). Similar
results were observed for 30-day mortality (OR, 0.73; 95% CI, 0.30 to 1.80; P=0.50). Adverse events were
comparable between the two groups (OR, 0.81; 95% CI, 0.55 to 1.19; P=0.28). Furthermore, there were no
significant differences in hospital length of stay (OR, 0.47; 95% CI, -0.85 to 1.80; P=0.48) or ICU admission
rate (OR, 1.09; 95% CI, 0.66 to 1.77; P=0.75) between the restrictive and liberal fluid regimens. Regarding
mechanical ventilation and ventilator-free days, no significant distinctions were observed (OR, 0.87; 95%
CI, 0.65 to 1.17; P=0.48; OR, 0.99; 95% CI, -0.17 to 2.15; P=0.09, respectively). ICU-free days and
vasopressor-free days also showed no significant differences between the two groups (OR, 0.97; 95% CI, -
0.28 to 2.21; P=0.13; OR, -0.38; 95% CI, -1.14 to 0.37; P=0.32, respectively). This comprehensive meta-
analysis of clinical trials suggests that restrictive and liberal fluid management strategies have comparable
outcomes in patients with sepsis, including mortality, adverse events, and various clinical parameters.
However, most studies favored restrictive fluid regimen over liberal approach regarding the number of
vasopressor-free days, need for mechanical ventilation, adverse events, 30-day mortality, and 90-day
mortality in sepsis patients.
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Introduction And Background

Sepsis and septic shock remain critical challenges in modern medicine, contributing significantly to
morbidity, mortality, and healthcare costs worldwide [1]. Sepsis is characterized as a potentially fatal organ
dysfunction primarily caused by a faulty immune response. Septic shock represents the most severe form of
sepsis [2]. In this sub-type, circulatory and cellular abnormalities are quite severe, which increase the risk of
mortality. Furthermore, septic shock is characterized by profound hypotension and inadequate tissue
perfusion despite adequate fluid resuscitation. Although there has been variability in reported mortality,
estimates suggest that mortality due to sepsis is 210%, which can increase to 240% when septic shock is
present [3,4].

Despite advances in medical science, the management of sepsis remains a complex puzzle with numerous
therapeutic interventions under scrutiny [5]. Among these, fluid resuscitation strategies play a crucial part
in the early phase of sepsis management. The purpose of intravenous fluid resuscitation is to optimize
tissue perfusion and hemodynamic stability. In sepsis, there is a reduction in intravascular volume due to
vasodilated vascular network [6]. Therefore, intravenous fluid augments the macrovascular perfusion (e.g.,
stroke volume and cardiac output) and microvascular perfusion (e.g., capillary blood flow). Generally, early
and aggressive fluid administration has been a cornerstone of sepsis management for decades. However,
aggressive fluid resuscitation is linked to fluid overload, edema, and dilutional coagulopathy [7]. Apart from
fluid resuscitation, clinicians also use vasopressors to reduce hypoperfusion caused by sepsis [3]. The
common practice includes a combination of both therapies for sepsis-induced hypoperfusion.

Historically, the liberal approach to fluid resuscitation advocated for the administration of generous
amounts of intravenous fluids, aiming to rapidly correct hypovolemia and improve cardiac output [9]. This
approach was based on the assumption that aggressive fluid administration would enhance tissue perfusion,
mitigate the risk of organ failure, and reduce mortality. However, the unintended consequences of fluid
overload, such as pulmonary edema, abdominal compartment syndrome, and impaired oxygen exchange,
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have sparked a reevaluation of this strategy [10]. A recent research by Della Rocca et al. has questioned the
conventional wisdom of liberal fluid administration in sepsis, as accumulating evidence suggests potential
harm associated with fluid overload [11].

In contrast, the restrictive fluid resuscitation approach emerged from concerns regarding the potential
harms associated with fluid overload [12]. This approach emphasizes careful monitoring and cautious
administration of fluids, with the goal of preventing iatrogenic complications and maintaining a state of
euvolemia rather than inducing supra-physiological levels of intravascular volume. Proponents of the
restrictive strategy argue that limiting fluid administration can mitigate the risk of organ dysfunction,
decrease the need for invasive interventions such as mechanical ventilation, and ultimately lead to
improved patient outcomes [13]. So far, a significant body of evidence has emerged regarding the efficacy of
both fluid resuscitation approaches in sepsis and septic shock patients. Multiple randomized controlled
trials (RCTs) and observational studies have explored the clinical implications of liberal versus restrictive
fluid strategies [14,15], yielding conflicting results. This meta-analysis seeks to comprehensively evaluate
the existing evidence, elucidate the underlying mechanisms driving the effects of fluid resuscitation, and
offer a nuanced understanding of when and how these strategies might be best employed in the
management of refractory sepsis and septic shock.

Review
Methodology

This meta-analysis was conducted in accordance with the guidelines outlined in the Cochrane Handbook for
Systematic Reviews of Interventions [16]. The predetermined protocol was duly registered in the
International Prospective Register of Systematic Reviews (PROSPERO) with the registration number
CRD42023461930. For this meta-analysis, all RCTs that were published up through 2023 were considered.
The present meta-analysis has been conducted in adherence to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [17]. Given that the individual studies included in the
meta-analysis had already obtained ethical approval, there was no need for additional permission for this
systemic review. The PICOS protocols for this meta-analysis were as follows: (P) patients with sepsis or
septic shock; the intervention (I) being the use of liberal or restrictive fluid regimen; the control (C) patients
on either restrictive or liberal fluid regimen; and the outcomes (O) 90-day mortality, vasopressor-free days,
adverse events, ICU-free days, and hospital length of stay.

Search Strategy and Data Sources

For this systemic review and meta-analysis, we performed a comprehensive search in various databases
including PubMed, CINAHL Ultimate, Web of Science, and Scopus to identify relevant studies that evaluated
liberal versus restrictive fluid regimen in sepsis. The search was carried out by using a combination of
various keywords including “hemodynamic support,” or “fluid resuscitation,” or “liberal versus restrictive
fluid strategy,” and “sepsis,” or “septic shock.” Furthermore, related terms and alternatives to these
keywords were also used for the systemic search. The details of keywords and different Boolean operators
used in search are mentioned in the Appendix. To identify more studies related to the topic, a search was
also undertaken in Google Scholar. The inclusion criteria of the studies comprised the following: (1)
compared the liberal or restrictive fluid regimen in sepsis and septic shock patients, (2) reported clinical
outcomes in patients, (3) studies were published in English language. Only patients with sepsis or septic
shock were considered for this meta-analysis. Patients who underwent liberal or restrictive fluid regimen but
were not suffering from sepsis or septic shock were excluded.

Data Extraction

After searching various databases, the results were exported to an Endnote file. All the retrieved files from
the database search were transferred to Endnote, the reference manager. Then, all duplicates were removed
in Endnote. The remaining results were uploaded to Rayyan, a web-based software for conducting systemic
reviews [18]. At this stage, two independent reviewers were involved in the study selection process. Both
reviewers were blinded during the selection process by turning on the “blind” option in Rayyan. In the first
step, the authors made a decision based on the title and abstract of the records. In the second step, the blind
was removed, and the decision of inclusion or exclusion was compared until a shared decision was reached.
In case of any disagreements, a third reviewer was involved to make the final decision. Finally, data were
obtained regarding demographics, study design, intervention used, and outcomes of the study.

Risk-of-Bias Assessment

The risk-of-bias assessment tool in Review Manager (RevMan) version 5.3 software, developed by The
Cochrane Collaboration in Oxford, UK, in 2014, was used by two authors to independently evaluate the risk
of bias. The study's evaluation encompassed several key factors: the presence of proper sequence generation
to minimize selection bias, the concealment of allocation to prevent selection bias, the prevention of
knowledge regarding assigned interventions during the study to minimize performance bias, the appropriate
blinding of participants and personnel to minimize performance bias, the blinding of outcome assessors to
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minimize detection bias, the adequate handling of incomplete outcome data to minimize attrition bias, the
absence of selective outcome reporting in the study's report to minimize reporting bias, and the absence of
other potential issues that could introduce bias and jeopardize the study's validity. All issues were effectively
settled by the third author.

Outcome Measures

The primary outcome was 90-day mortality in participants. The secondary outcomes included adverse
events, hospital length of stay, ICU admission rate, ICU-free days, mechanical ventilation, ventilator-free
days, and vasopressor-free days.

Data Analysis

A random-effects meta-analysis was conducted using the DerSimonian and Laird method [19]. This approach
accounts for potential heterogeneity across studies and provides a pooled estimate of the effect size along
with a 95% confidence interval (CI). The effect size used in the analysis was the odds ratio (OR) for binary
outcomes. The assessment of heterogeneity among the included studies was conducted using the I? statistic,
which measures the proportion of overall variation across studies that can be attributed to heterogeneity
rather than random chance. A value of I greater than 50% indicates substantial heterogeneity. The results of
the meta-analysis are reported using forest plots, displaying the pooled effect sizes and their corresponding
95% Cls. The statistical significance of the results is indicated by p-values, with a threshold of 0.05.

Results
Included Studies

A total of 8,462 articles were generated from the databases (1,765 articles from PubMed, 3,403 from Scopus,
2,488 from Web of Science, and 806 from CINAHL Ultimate). Furthermore, 106 articles were also identified
from Google Scholar. After removal of duplicates, 7,873 remained articles, which were further excluded based
on the title and abstract of the articles, leaving 1,023 articles for further analysis. Finally, after exclusion of
all non-relevant articles by independent reviewers, only 11 articles were included for final analysis.

Flow Diagram

Figure I shows the PRISMA flow diagram of the systemic review and meta-analysis.
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FIGURE 1: Flow diagram of the systemic review and meta-analysis

Characteristics of Included Studies

A total of 11 RCTs were included in the meta-analysis including a total of 4,121 participants (Table 1).
Regarding outcome measures, the cumulative 90-day mortality was 28.36% (558/1967) in the restrictive fluid
regimen group and 29.93% (594/1984) in the liberal fluid regimen group in nine studies. Two studies did not

report 90-day mortality [20,21].

Participants Follow- .
Complications/adverse
up
Total Restrictive Liberal period DL
Higher deaths were reported in
90-day )
the liberal group compared to
1563 782 781 follow- o
the restrictive group (116 vs
u
P 109; P=0.61).
90-da Adverse events occur in 221
1554 1554 784 follo v out of 751 in the restrictive
W-
group and 238 out of 772 in the
u
P liberal group.
12 deaths were reported in the
restrictive group, while 12
deaths were reported in the
109 54 30 days liberal group. There were no

significant differences in
adverse events in both groups.
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Conclusion

No significant difference was found in
mortality outcomes.

The intravenous fluid restriction was found
to cause no decrease in the death rate at
90 days when compared to the standard
intravenous fluid therapy

The implementation of a restricted
resuscitation strategy showed a beneficial
impact on the administration of intravenous
fluids in patients diagnosed with severe
sepsis and septic shock, as compared to
the standard care group consisting of
sepsis patients.
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No mortality was reported.
There was no difference in
adverse events.

No mortality was reported.
There was no significant
difference in adverse events
among the two groups.

Mortality was reported in four
patients in the restrictive and
three in the liberal group.
Adverse effects were reported
in eight patients in both groups.

Mortality was reported in
51/106 and 34/103 patients in
restrictive and liberal groups,
respectively. The adverse
effects rate was similar in both
groups.

Mortality was reported in 25/75
in the restrictive group and
31/76 in the liberal group; p =
0.32). Adverse effects occurred
in 30 and 48 patients in the
restrictive and liberal groups,
respectively.

Mortality was reported in 56.1%
and 48.8% of patients in the
restrictive and liberal groups,
respectively. There was no
difference in the adverse
effects.

An insignificant mortality rate
was reported in both groups
(18.55 and 23.45, respectively).

Mortality was recorded in 26
patients 13 in each group.
Adverse effects were not
significantly different.

The results of the phase Il trial indicate that
the implementation of a conservative fluid
management plan did not result in a
statistically significant reduction in the
average daily fluid balance exceeding 500
mL in patients diagnosed with sepsis.

Participants were found to be not as unwell
as they were expected to be.

The use of a protocol involving limited fluid
intake and prompt administration of
vasopressor medication in emergency
department patients presenting with
indications of sepsis and low blood
pressure seems to be a viable approach.

The intervention group received more
vasopressors and fluids.

In adult patients with septic shock in ICU,
the implementation of a PRR fluid showed
efficacy in reducing the quantities of
resuscitation fluid as compared to a
standard care strategy.

Fluid minimization in patients with septic
shock can be performed by the use of fluid
responsiveness protocol assessments.
However, larger trials are needed in septic
shock.

A restrictive fluid treatment has improved
the function of the lungs such as shortening
the ventilation and stay in ICU without
provoking the instability of hemodynamics

Insignificant difference was reported in
whole mortality, incidence of complications
among the two groups, and shock
resolution speediness

TABLE 1: Characteristics of studies included in the systematic review and meta-analysis

ICU, intensive care unit; PRR, protocol restricting resuscitation

Quality Assessment of the Included Studies

The risk-of-bias assessments for the 11 papers included in the meta-analysis are detailed in Figures 2, 3. All
11 (100%) studies were assessed to have a minimal risk of bias in terms of random sequence creation,
attrition bias, and reporting bias. Furthermore, all studies were determined to have a low risk of allocation
concealment bias, which is a form of selection bias. Similarly, all studies were assessed to have minimal risk
of bias in terms of performance bias (blinding of participants and investigators) and detection bias (blinding
of outcome assessors). A total of 10 (91%) studies had minimal bias regarding incomplete outcome data.
Reporting bias was reported in only one study included in the systemic review. No study had other biases.
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FIGURE 2: Risk-of-bias graph of all included studies presenting the
review authors’ judgments about each risk-of-bias item
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FIGURE 3: Risk-of-bias summary for each of the study

Andrews et al. [26], Benakatti et al. [29], Chen and Kollef [28], Corl et al. [20], Hjortrup et al. [27], Inwald et al. [21],
Macdonald et al. [25], Meyhoff et al. [23], Semler et al. [24], Santhanam et al. [30], Shapiro et al. [22]

Mortality Outcomes

A total of nine studies involving 3,939 participants reported 90-day mortality outcomes and were included
in the analysis. The 90-day mortality difference between restrictive and liberal fluid regimens was not

statistically significant (OR, 0.93; 95% CI, 0.80 to 1.70; P=0.30; 12=0% [low heterogeneity]) (Figure 4). Data
from three studies was analyzed for 30-day mortality. Similarly, there was no significant difference
regarding 30-day mortality in restrictive and liberal fluid regimens (OR, 0.73; 95% CI, 0.30 to 1.80; P=0.50;

12=57% [moderate heterogeneity]) (Figure 5).
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FIGURE 4: The 90-day mortality outcome

Santhanam et al. [30], Benakatti et al. [29], Chen and Kollef [28], Hjortrup et al. [27], Andrews et al. [26],
Macdonald et al. [25], Semler et al. [24], Corl et al. [20], Meyhoff et al. [23], Shapiro et al. [22]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel
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FIGURE 5: The 30-day mortality outcome

Andrews et al. [26], Macdonald et al. [25], Corl et al. [20]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel

Adverse Events

A total of six studies reported adverse outcomes and were included in the analysis. Adverse events in both

restrictive and liberal fluid regimens were comparable (OR, 0.81; 95% CI, 0.55 to 1.19; P=0.28). The I% value
for the analysis was 37%, which indicates moderate heterogeneity (Figure 6).

Restrictive Liberal Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, 95% CI
Hjortrup et al. 2016 30 75 48 76 204% 0.39]0.20,0.75] 2016 (e
Andrews etal. 2017 0 102 2 106 15% 0.20[0.01,4.26) 2017 S
Macdonald etal. 2018 4 50 4 49 62% 0.98[0.23,4.15] 2018 1
Corletal 2020 § 55 4 54 68% 1.25(0.32,4.93] 2020 e T
Meyhoff etal. 2022 21 15 238 772 438% 0.94[0.75,1.16] 2022 -
Shapiro etal. 2023 7 782 19 781 215% 1.11(0.59,2.08] 2023 -
Total (95% CI) 1816 1838 100.0% 0.81[0.55, 1.19]
Total events 28 35
Heterogeneity. Tau®= 0.08; Chi*=7.93,df= 5 (P = 0.16); F= 37% 6,0 + ] + 505

iy = 02 0.1 10
Testfor overall effect Z=1.08 (P = 0.28) Restrictive Fluid Regimen  Liberal Fluid Regimen

FIGURE 6: Adverse events reported in the included studies

Hjortrup et al. [27], Andrews et al. [26], Macdonald et al. [25], Corl et al. [20], Meyhoff et al. [23], Shapiro et al. [22]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel

Hospital Length of Stay and ICU Admission Rate

Five studies were included in the analysis that reported hospital length of stay. In both restrictive and liberal
fluid groups, there was no significant difference in hospital length of stay (OR, 0.47; 95% CI, -0.85 to 1.80;
P=0.48). The I2 value for the analysis was 97%, which indicates considerable heterogeneity (Figure 7). Only
three studies reported ICU admission rate, which were included in the analysis. ICU admission rates in both
restrictive and liberal fluid regimens were comparable (OR, 1.09; 95% CI, 0.66 to 1.77; P=0.75). The 12 value
for the analysis was 46%, which indicates moderate heterogeneity (Figure 8).
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FIGURE 7: Hospital length of stay

Santhanam et al. [30], Andrews et al. [26], Macdonald et al. [25], Inwald et al. [21], Corl et al. [20]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel

Restrictive fluid regimen  Liberal fluid regimen Odds Ratio Qdds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl _Year M-H, Random, 95% CI
Macdonald etal 2018 29 49 33 50 234% 0.75(0.33,1.69] 2018
Inwald etal. 2019 10 39 1" 34 17.3% 0.72[0.26,1.99] 2019
Shapiro etal. 2023 525 780 462 780 59.3% 1.42[1.15,1.74] 2023 | ]
Total (95% CI) 868 864 100.0% 1.09[0.66, 1.77]
Total events 564 506
Heterogeneity: Tau*= 0.10; Chi*= 3.67, df= 2 (P = 0.16); F= 6% ob o 1 P )
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FIGURE 8: ICU admission rate

Macdonald et al. [25], Inwald et al. [21], Shapiro et al. [22]

SD, standard deviation; CI, confidence interval; M-H, Mantel-Haenszel; ICU, intensive care unit

Other Outcome Measures

Five studies were included in the analysis that reported mechanical ventilation. In both restrictive and
liberal fluid groups, there was no significant difference in mechanical ventilation (OR, 0.87; 95% CI, 0.65 to
1.17; P=0.48). The I? value for the analysis was 0%, which indicates no heterogeneity (Figure 9). Only six
studies reported ventilator-free days, which were included in the analysis. Number of ventilator-free days in
both restrictive and liberal fluid regimens were comparable (OR, 0.99; 95% CI, -0.17 to 2.15; P=0.09). The 2
value for the analysis was 84%, which indicates considerable heterogeneity (Figure 10). Number of ICU-free
days in both restrictive and liberal fluid regimens were comparable (OR, 0.97; 95% CI, -0.28 to 2.21; P=0.13).
The 12 value for the analysis was 50%, which indicates moderate heterogeneity (Figure 11). Number of ICU-
free days in both restrictive and liberal fluid regimens were comparable (OR, -0.38; 95% CI, -1.14 to 0.37;

P=0.32). The I? value for the analysis was 60%, which indicates moderate heterogeneity (Figure 12).

Restrictive Fluid Regimen  Liberal Fluid Regimen Odds Ratio 0dds Ratio

Study or Subgroup Events Total Events Total Weight M.H, Random, 95% CI _Year M-H, Random, 95% CI
Hjortrup etal. 2016 41 75 43 76 208% 0.93(0.49,1.76) 2016 —r
Macdonald etal. 2018 10 50 a 49 8.6% 1.11[0.41,302] 2018 —
Inwald et al. 2019 4 36 8 32 50% 0.38(0.10,1.39) 2019 =
Corl etal. 2020 15 53 17 52 1256% 0.81(0.35,1.87] 2020 ==
Shapiro etal. 2023 48 782 53 781 53.0% 0.90 (0.60,1.35) 2023 -
Total (95% Cl) 996 990 100.0% 0.87 [0.65, 1.17] %
Tolal events 18 130

Tauf= - ChiE= - - - B [ J
Heterogeneity: Tau®* = 0.00; Chi*= 1.90, df= 4 (P = 0.75), F= 0% b oh e 100

Testfor overall effect: Z=0.93 (P = 0.35) Favours (Restrictive) Favours (Liberal)

FIGURE 9: Forest plot of mechanical ventilation used

Hjortrup et al. [27], Macdonald et al. [25], Inwald et al. [21], Corl et al. [20], Shapiro et al. [22]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel
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FIGURE 10: Ventilator-free days

Chen and Kollef [28], Macdonald et al. [25], Semler et al. [24], Inwald et al. [21], Corl et al. [20], Shapiro et al. [22]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel
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FIGURE 11: ICU-free days

Benakatti et al. [29], Semler et al. [24], Inwald et al. [21], Shapiro et al. [22]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel; ICU, intensive care unit
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FIGURE 12: Vasopressor-free days

Chen and Kollef [28], Macdonald et al. [25], Semler et al. [24], Corl et al. [20], Shapiro et al. [22]

SD, standard deviation; Cl, confidence interval; M-H, Mantel-Haenszel

Discussion

Sepsis is a complex and life-threatening condition that requires careful management, and intravenous fluid
therapy is a crucial component of its treatment [9]. This meta-analysis aimed to evaluate the impact of
restrictive versus liberal fluid regimens in patients with sepsis. The key outcomes focused were mortality,
adverse events, hospital length of stay, ICU admission rate, and other relevant measures. The findings of
this meta-analysis shed light on the ongoing debate regarding the optimal fluid management strategy for
sepsis patients. One of the primary concerns in sepsis management is mortality reduction. The analysis of
90-day mortality outcomes from nine studies did not reveal a statistically significant difference between
restrictive and liberal fluid regimens. However, most of the studies included in the analysis showed lower
mortality in the restrictive group compared to the liberal group [22-24,26,27,29]. Only two studies showed
higher mortality in the liberal group compared to the restrictive group [25,28]. However, both of these
studies had a small sample size, and the difference in outcome measures was not statistically significant.
Only one RCT by Corl et al. reported 60-day mortality; therefore, there was not enough data for analysis.
Their findings also showed no statistically significant difference in mortality outcomes in the liberal or
conservative group [20]. The findings suggest that neither approach confers a substantial advantage in terms
of reducing mortality. The lack of significant heterogeneity in this outcome (12=0%) enhances the robustness
of this conclusion.

It is noteworthy that the results regarding 30-day mortality were also consistent with those of 90-day
mortality. This suggests that the short-term effects of fluid management strategies do not significantly
impact patient survival. These findings challenge the conventional belief that a more liberal fluid approach
might improve outcomes by ensuring adequate tissue perfusion. Another critical aspect of fluid
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management is the occurrence of adverse events. Our analysis revealed that adverse events were comparable
between restrictive and liberal fluid regimens. This finding aligns with the observations of several studies,
including those by Andrews et al. [26], Macdonald et al. [25], and Corl et al. [20]. These studies reported
similar rates of adverse events in both groups, suggesting that a more conservative fluid strategy does not
necessarily lead to a higher incidence of complications. However, there was moderate heterogeneity in this

outcome (12:37%), suggesting some variability in the reported adverse events across studies. The absence of
a significant difference in adverse events between the two approaches is reassuring, as it indicates that a
restrictive strategy does not compromise patient safety. Given the potential risks associated with fluid
overload, the adoption of a more conservative fluid strategy appears justifiable.

Hospital length of stay and ICU admission rate are essential components of the healthcare burden associated
with sepsis. Our analysis found no significant difference in hospital length of stay between restrictive and

liberal fluid regimens. However, there was substantial heterogeneity in this outcome (12=97%). This
variability in reported hospital lengths of stay across studies may reflect differences in patient populations,
treatment protocols, or healthcare systems. Similarly, ICU admission rates did not significantly differ

between the two fluid management strategies, with moderate heterogeneity in this outcome (12=46%). These
findings suggest that fluid strategy alone does not strongly influence the duration of hospitalization or the
likelihood of ICU admission in sepsis patients. It is important to note that hospital length of stay and ICU
admission rate are influenced by a multitude of factors beyond fluid management, such as comorbidities,
severity of illness, and local healthcare practices. Therefore, while our analysis did not identify a significant
impact of fluid strategy on these outcomes, clinicians should consider the broader clinical context when
making decisions regarding fluid resuscitation.

Additional outcome measures included mechanical ventilation, ventilator-free days, and ICU-free days. Our
analysis did not find a significant difference in mechanical ventilation between restrictive and liberal fluid

regimens, and there was no heterogeneity in this outcome (12=0%). Similarly, the number of ventilator-free
days did not significantly differ between the two strategies, but there was considerable heterogeneity

(IZ=84%). However, the p-value for this parameter was close to statistical significance (P=0.09). Most studies
included in the analysis showed that the restrictive fluid group had more ventilator-free days compared to
the liberal fluid approach [20-22]. ICU-free days and vasopressor-free days also showed no significant

differences between the two fluid management approaches, with moderate heterogeneity (IZ=50% and

12=60%, respectively). These findings suggest that restrictive fluid strategies do not compromise patients’
respiratory or hemodynamic status when compared to more liberal approaches. The heterogeneity observed
in some of these outcomes may be attributed to variations in patient populations, clinical practices, and
study methodologies across the included studies. It underscores the need for caution in interpreting these
results and highlights the importance of considering individual patient characteristics when determining the
appropriate fluid strategy.

Limitations

Although the present meta-analysis provides significant evidence regarding the liberal versus restrictive
fluid regimen, there are several limitations. First, the analysis demonstrated a lack of consistent statistical
significance across certain outcomes. For instance, the observed reduction in mortality among patients
receiving restrictive fluid did not reach statistical significance. This could be attributed to the relatively
small effect sizes, the variation in study methodologies, or the limitations of the available data. The clinical
implications of these findings might be less straightforward than implied by the reported ORs. Second,
despite efforts to minimize bias, the risk of publication bias cannot be entirely ruled out. Additionally, the
follow-up periods of the included studies varied, which may influence the detection of longer-term
outcomes. Finally, the results of this meta-analysis should be considered in conjunction with the clinical
context and the condition of patients.

Conclusions

In conclusion, this meta-analysis of 11 studies involving more than 4,000 sepsis patients suggests that
restrictive and liberal fluid regimens yield comparable outcomes in terms of mortality, adverse events,
hospital length of stay, ICU admission rate, and other relevant measures. However, most studies included in
the analysis favored a restrictive approach of fluid management. Clinicians should carefully consider the
individual patient's clinical status, comorbidities, and specific clinical context when making decisions
regarding fluid resuscitation. Further research, including large-scale RCTs, is needed to refine our
understanding of optimal fluid management strategies in sepsis and to identify subpopulations that may
benefit from specific approaches.

Appendices
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Terms and strategy

#1 Restrictive fluid strategy

#2 Liberal fluid strategy

#3 Liberal fluid regimen

#4 Restrictive fluid regimen

#5 Liberal versus restrictive fluid strategy
#6 Liberal vs restrictive hemodynamic support
#7 Hemodynamic support

#8 Fluid resuscitation

#9 Intravenous fluid management

#10 OR/1-9

#11 Sepsis

#12 Septic shock

#13 Refractory sepsis

#14 Septic infection

#15 OR/11-14

#16 10 AND 15

TABLE 2: Terms and strategy used for literature search

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Ahmed M. Abdelbaky, Wael G. Elmasry , Ahmed H. Awad

Acquisition, analysis, or interpretation of data: Ahmed M. Abdelbaky, Wael G. Elmasry , Ahmed H.
Awad

Drafting of the manuscript: Ahmed M. Abdelbaky, Wael G. Elmasry , Ahmed H. Awad

Critical review of the manuscript for important intellectual content: Ahmed M. Abdelbaky, Wael G.
Elmasry , Ahmed H. Awad

Supervision: Ahmed M. Abdelbaky

Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Martin GS: Sepsis, severe sepsis and septic shock: changes in incidence, pathogens and outcomes . Expert
Rev Anti Infect Ther. 2012, 10:701-6. 10.1586/eri.12.50
2. Abraham E: New definitions for sepsis and septic shock: continuing evolution but with much still to be

2023 Abdelbaky et al. Cureus 15(10): e47783. DOI 10.7759/cureus.47783 11 0f 12


https://dx.doi.org/10.1586/eri.12.50?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1586/eri.12.50?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2016.0290?utm_medium=email&utm_source=transaction

Cureus

10.

11.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

done. JAMA. 2016, 315:757-9. 10.1001/jama.2016.0290

Singer M, Deutschman CS, Seymour CW, et al.: The Third International Consensus Definitions for Sepsis
and Septic Shock (Sepsis-3). JAMA. 2016, 315:801-10. 10.1001/jama.2016.0287

Evaluation and management of suspected sepsis and septic shock in adults . (2023). Accessed: September
20, 2023: https://medilib.ir/uptodate/show/1613.

Rochwerg B, Alhazzani W, Sindi A, et al.: Fluid resuscitation in sepsis: a systematic review and network
meta-analysis. Ann Intern Med. 2014, 161:347-55. 10.7326/M14-0178

Byrne L, Van Haren F: Fluid resuscitation in human sepsis: time to rewrite history? . Ann Intensive Care.
2017, 7:4.10.1186/513613-016-0231-8

Self WH, Semler MW, Bellomo R, et al.: Liberal versus restrictive intravenous fluid therapy for early septic
shock: rationale for a randomized trial. Ann Emerg Med. 2018, 72:457-66.
10.1016/j.annemergmed.2018.03.039

Colling KP, Banton KL, Beilman GJ: Vasopressors in sepsis. Surg Infect (Larchmt). 2018, 19:202-7.
10.1089/sur.2017.255

Brown RM, Semler MW: Fluid management in sepsis. ] Intensive Care Med. 2019, 34:364-73.
10.1177/0885066618784861

Schrier RW: Fluid administration in critically ill patients with acute kidney injury . Clin ] Am Soc Nephrol.
2010, 5:733-9. 10.2215/CJN.00060110

Della Rocca G, Vetrugno L, Tripi G, Deana C, Barbariol F, Pompei L: Liberal or restricted fluid
administration: are we ready for a proposal of a restricted intraoperative approach?. BMC Anesthesiol. 2014,
14:62. 10.1186/1471-2253-14-62

Messina A, Robba C, Calabro L, et al.: Perioperative liberal versus restrictive fluid strategies and
postoperative outcomes: a systematic review and metanalysis on randomised-controlled trials in major
abdominal elective surgery. Crit Care. 2021, 25:205. 10.1186/s13054-021-03629-y

Palmer L: Fluid management in patients with trauma: restrictive versus liberal approach . Vet Clin North Am
Small Anim Pract. 2017, 47:397-410. 10.1016/j.cvsm.2016.10.014

Silversides JA, Perner A, Malbrain ML: Liberal versus restrictive fluid therapy in critically ill patients .
Intensive Care Med. 2019, 45:1440-2. 10.1007/s00134-019-05713-y

Chatrath V, Khetarpal R, Ahuja J: Fluid management in patients with trauma: restrictive versus liberal
approach. ] Anaesthesiol Clin Pharmacol. 2015, 31:308-16. 10.4103/0970-9185.161664

Higgins JP, Altman DG, Getzsche PC, et al.: The Cochrane Collaboration's tool for assessing risk of bias in
randomised trials. BMJ. 2011, 343:d5928. 10.1136/bmj.d5928

Moher D, Shamseer L, Clarke M, et al.: Preferred reporting items for systematic review and meta-analysis
protocols (PRISMA-P) 2015 statement. Syst Rev. 2015, 4:1. 10.1186/2046-4053-4-1

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A: Rayyan-a web and mobile app for systematic
reviews. Syst Rev. 2016, 5:210. 10.1186/s13643-016-0384-4

George BJ, Aban IB: An application of meta-analysis based on DerSimonian and Laird method . ] Nucl
Cardiol. 2016, 23:690-2. 10.1007/s12350-015-0249-6

Corl KA, Prodromou M, Merchant RC, et al.: The Restrictive IV Fluid Trial in Severe Sepsis and Septic Shock
(RIFTS): a rpilot study. Crit Care Med. 2019, 47:951-9. 10.1097/CCM.0000000000003779

Inwald DP, Canter R, Woolfall K, et al.: Restricted fluid bolus volume in early septic shock: results of the
Fluids in Shock pilot trial. Arch Dis Child. 2019, 104:426-31. 10.1136/archdischild-2018-314924

Shapiro NI, Douglas IS, Brower RG, et al.: Early restrictive or liberal fluid management for sepsis-induced
hypotension. N Engl ] Med. 2023, 388:499-510. 10.1056/NE]Mo0a2212663

Meyhoff TS, Hjortrup PB, Wetterslev |, et al.: Restriction of intravenous fluid in ICU patients with septic
shock. N Engl ] Med. 2022, 386:2459-70. 10.1056/NEJMo0a2202707

Semler MW, Janz DR, Casey JD, Self WH, Rice TW: Conservative fluid management after sepsis
resuscitation: a pilot randomized trial. ] Intensive Care Med. 2020, 35:1374-82. 10.1177/0885066618823183
Macdonald SP, Keijzers G, Taylor DM, et al.: Restricted fluid resuscitation in suspected sepsis associated
hypotension (REFRESH): a pilot randomised controlled trial. Intensive Care Med. 2018, 44:2070-8.
10.1007/s00134-018-5433-0

Andrews B, Semler MW, Muchemwa L, et al.: Effect of an early resuscitation protocol on in-hospital
mortality among adults with sepsis and hypotension: a randomized clinical trial. JAMA. 2017, 318:1233-40.
10.1001/jama.2017.10913

Hjortrup PB, Haase N, Bundgaard H, et al.: Restricting volumes of resuscitation fluid in adults with septic
shock after initial management: the CLASSIC randomised, parallel-group, multicentre feasibility trial.
Intensive Care Med. 2016, 42:1695-705. 10.1007/s00134-016-4500-7

Chen C, Kollef MH: Targeted fluid minimization following initial resuscitation in septic shock: a pilot study .

Chest. 2015, 148:1462-9. 10.1378/chest.15-1525

Benakatti G, Singhi S, Muralidharan J, Bansal A: 15 Conventional vs. restrictive maintenance fluid regime in
children with septic shock after initial resuscitation: a randomized open label controlled trial. Arch Dis
Child. 2012, 97:5. 10.1136/archdischild-2012-302724.0015

Santhanam I, Sangareddi S, Venkataraman S, Kissoon N, Thiruvengadamudayan V, Kasthuri RK: A
prospective randomized controlled study of two fluid regimens in the initial management of septic shock in
the emergency department. Pediatr Emerg Care. 2008, 24:647-55. 10.1097/PEC.0b013e31818844cf

2023 Abdelbaky et al. Cureus 15(10): e47783. DOI 10.7759/cureus.47783

12 0f 12


https://dx.doi.org/10.1001/jama.2016.0290?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2016.0287?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2016.0287?utm_medium=email&utm_source=transaction
https://medilib.ir/uptodate/show/1613?utm_medium=email&utm_source=transaction
https://medilib.ir/uptodate/show/1613?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/M14-0178?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.7326/M14-0178?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13613-016-0231-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13613-016-0231-8?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.annemergmed.2018.03.039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.annemergmed.2018.03.039?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/sur.2017.255?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1089/sur.2017.255?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0885066618784861?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0885066618784861?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2215/CJN.00060110?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.2215/CJN.00060110?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-2253-14-62?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/1471-2253-14-62?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13054-021-03629-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13054-021-03629-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cvsm.2016.10.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.cvsm.2016.10.014?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00134-019-05713-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00134-019-05713-y?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0970-9185.161664?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/0970-9185.161664?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.d5928?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/bmj.d5928?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/2046-4053-4-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/2046-4053-4-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13643-016-0384-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13643-016-0384-4?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12350-015-0249-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s12350-015-0249-6?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CCM.0000000000003779?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CCM.0000000000003779?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/archdischild-2018-314924?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/archdischild-2018-314924?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa2212663?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa2212663?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa2202707?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1056/NEJMoa2202707?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0885066618823183?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1177/0885066618823183?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00134-018-5433-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00134-018-5433-0?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2017.10913?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jama.2017.10913?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00134-016-4500-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1007/s00134-016-4500-7?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.15-1525?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1378/chest.15-1525?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/archdischild-2012-302724.0015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1136/archdischild-2012-302724.0015?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/PEC.0b013e31818844cf?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/PEC.0b013e31818844cf?utm_medium=email&utm_source=transaction

	Restrictive Versus Liberal Fluid Regimen in Refractory Sepsis and Septic Shock: A Systematic Review and Meta-Analysis
	Abstract
	Introduction And Background
	Review
	Methodology
	Results
	FIGURE 1: Flow diagram of the systemic review and meta-analysis
	TABLE 1: Characteristics of studies included in the systematic review and meta-analysis
	FIGURE 2: Risk-of-bias graph of all included studies presenting the review authors’ judgments about each risk-of-bias item
	FIGURE 3: Risk-of-bias summary for each of the study
	FIGURE 4: The 90-day mortality outcome
	FIGURE 5: The 30-day mortality outcome
	FIGURE 6: Adverse events reported in the included studies
	FIGURE 7: Hospital length of stay
	FIGURE 8: ICU admission rate
	FIGURE 9: Forest plot of mechanical ventilation used
	FIGURE 10: Ventilator-free days
	FIGURE 11: ICU-free days
	FIGURE 12: Vasopressor-free days

	Discussion
	Limitations

	Conclusions
	Appendices
	TABLE 2: Terms and strategy used for literature search

	Additional Information
	Author Contributions
	Disclosures

	References


