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ARTICLE INFO ABSTRACT

Introduction: Early intravenous fluid resuscitation is central to sepsis management;
Article history: however, the optimal volume during the initial resuscitation window remains uncertain.
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Although current guidelines recommend at least 30 mL/kg of crystalloids within 3 h, this
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fixed-volume threshold may not capture the heterogeneity of septic ICU care unit. This

Revised study evaluated the association between early fluid resuscitation volume and mortality

28 March 2026 using multicenter, real-world ICU data.

Accepted Methods: We conducted a retrospective multicenter cohort study using MIMIC-IV and

30 April 2026 elCU-CRD. Adult ICU patients who fulfilled the Sepsis-3 criteria were included. The
primary exposure was the cumulative crystalloid volume administered within the first 3

Manuscript ID: h after sepsis onset. Fluid volume was analyzed as categorical mL/kg strata, the

ISOCMED-25022026-54-5 conventional >30 mL/kg threshold, and a continuous variable using restricted cubic

splines. The primary outcome was in-hospital mortality. Multivariable logistic
regression, propensity score weighting, and marginal structural models were used to
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Language Editor: address the baseline severity, treatment intensity, and time-varying confounding.

Rebecea Results: Among 18,742 septic ICU care unit, early fluid volume showed a nonlinear
Editor-Chicf: dose-response association with mortality. Patients receiving 20-30 mL/kg had the
Prof. Aznan Lelo, PhD lowest adjusted mortality, whereas both lower-volume resuscitation (< 10 mL/kg) and

liberal resuscitation (= 40 mL/kg) were associated with increased mortality. The >30
mlL/kg threshold was not consistently associated with improved survival after the
adjustment. The findings remained robust across sensitivity analyses, alternative
exposure windows, and causal inference models.

Conclusion: Early fluid resuscitation volume in patients with sepsis is associated with
mortality in a non-linear, dose-dependent pattern. These findings challenge the universal
applicability of fixed 30 mL/kg resuscitation and support individualized physiology-
guided fluid strategies in critically ill patients with sepsis.

Sepsis, Fluid Resuscitation, Mortality, Intensive Care Unit, Dose—Response, Real-World

Keywords ..
y Data, Critical Care
How to cite: El-Sayed A, Hassan O, Khaled Y. Early Fluid Resuscitation Volume as an Independent
Determinant of Mortality in Sepsis: A Multicenter Real-World ICU Cohort Study. Journal of Society Medicine.
2026; 5 (4): 143-150. DOI: https://doi.org/ 10.71197/jsocmed.v5i4.279
INTRODUCTION

Sepsis remains one of the most formidable challenges in modern critical care and is a leading cause of
preventable mortality worldwide. It is defined as life-threatening organ dysfunction resulting from a
dysregulated host response to infection, characterized by complex interactions among inflammation, immune
dysregulation, endothelial injury and microcirculatory failure [1]. Despite advances in early recognition,
antimicrobial therapy, and organ-supportive strategies, mortality remains substantial, particularly among
patients requiring intensive care unit (ICU) admission [2]. In the early phase of management, timely
hemodynamic stabilization is essential, and intravenous fluid resuscitation has long been considered the
cornerstone intervention to restore tissue perfusion and prevent progression to irreversible organ dysfunction.
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Current international guidelines recommend the administration of at least 30 mL/kg of intravenous crystalloids
within the first three hours for patients with sepsis-induced hypoperfusion or septic shock [3]. However, this
recommendation is supported by low-certainty evidence and may not adequately reflect the biological and
physiological heterogeneity of patients with sepsis [3]. A uniform fluid resuscitation strategy assumes
homogeneity in preload responsiveness, vascular permeability, cardiac reserve, and renal tolerance to fluid
loading, which are rarely met in clinical practice. Consequently, while some patients may benefit from early
aggressive fluid administration, others, particularly those with cardiac or renal dysfunction, may be at an
increased risk of fluid overload and adverse outcomes.

Emerging randomized evidence has challenged the universality of liberal fluid resuscitation strategies.
The CLOVERS trial demonstrated no significant difference in 90-day mortality between early restrictive and
liberal fluid strategies in patients with sepsis-induced hypotension [4]. Similarly, the CLASSIC trial reported
no mortality benefit with fluid restriction compared with standard care in patients with septic shock [5]. These
findings suggest that fluid resuscitation is not a one-size-fits-all intervention and that the relationship between
fluid volume and outcomes is likely to be complex, dynamic, and patient-specific. Observational studies have
yielded conflicting results regarding the impact of early fluid resuscitation on mortality rates. While some
studies have associated early adequate fluid administration with improved survival, others have linked
excessive fluid exposure and positive fluid balance to increased mortality, respiratory failure, and prolonged
intensive care unit (ICU) stay [6—8]. These inconsistencies may partly reflect true clinical heterogeneity but
are also influenced by important methodological limitations of the studies. In critically ill populations, fluid
administration is inherently time-dependent and influenced by evolving clinical severity, introducing
confounding by indication, immortal time bias, and time-varying confounding, which may distort causal
inference [9]. Furthermore, whether early fluid resuscitation volume confers benefits or harms across the full
spectrum of septic ICU patients remains unresolved. Prior studies have largely focused on fixed thresholds,
cumulative fluid balance, or post-resuscitation strategies rather than explicitly characterizing the early dose—
response relationship between crystalloid volume and mortality. In addition, few analyses have simultaneously
accounted for nonlinear exposure effects and time-dependent confounding, leaving uncertainty as to whether
the widely adopted 30 mL/kg target represents an optimal, insufficient, or excessive resuscitation strategy in
real-world practice settings. Large-scale ICU databases, such as MIMIC-1V and eICU-CRD, enable high-
resolution evaluations of real-world clinical practices across diverse patient populations [10,11]. When
combined with advanced causal inference methods, these data provide a unique opportunity to better delineate
the relationship between early fluid resuscitation and outcomes beyond the constraints of randomized trials.
Therefore, this study aimed to evaluate the association between early intravenous crystalloid resuscitation
volume and in-hospital mortality among adult ICU patients with sepsis using a multicenter real-world cohort.
We further sought to characterize the dose-response relationship between early fluid volume and mortality
across clinically relevant time windows while rigorously addressing the baseline severity, treatment intensity,
and time-varying confounding.

METHODS

This retrospective multicenter cohort study used two large ICU databases: MIMIC-IV and the eICU
Collaborative Research Database. Both databases contain high-resolution clinical data, including demographic
data, vital signs, laboratory results, medication administration, fluid therapy, organ support, and outcomes.
The study was designed using a target trial emulation framework to improve causal interpretability by
prespecifying the eligibility criteria, time zero, exposure strategies, follow-up, and outcomes. Reporting
followed the Strengthening the Reporting of STROBE in Epidemiology guidelines for observational studies
using routinely collected health data. Adult ICU patients aged > 18 years who fulfilled the Sepsis-3 criteria
were eligible. Sepsis was defined as a suspected infection accompanied by an acute increase in the Sequential
Organ Failure Assessment score of at least 2 points. Suspected infections were identified based on the temporal
relationship between antibiotic administration and microbiological culture sampling.
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Only the first ICU admission during index hospitalization was included. Patients were excluded if time
zero could not be reliably determined, if fluid exposure data were incomplete, if key covariates were missing,
or if the ICU length of stay was shorter than the predefined exposure window.

Total ICU Admissions
from MIMIC-IV and elCU-CRD
(N = 365,873)

|

Adult ICU Patients
(Age 2 18 years)
(N =246,742)

:

Patients Meeting Sepsis-3 Criteria
(N =72,935)

Excluded Patients (N = 22,341)

e Missing time zero (N = 8,412)
* Incomplete fluid data within
the first 6 hours (N = 6,125)
® ICU stay < 24 hours (N = 4,789)
e Missing key variables (N = 3,015)

Final Analytic Cohort
(N = 50,594)

Figure 1. Study flow diagram of patient selection

Time zero was defined as the earliest time point at which the Sepsis-3 criteria were fulfilled. This time
point was used as the start of the exposure assessment and follow-up. The primary exposure was the cumulative
intravenous crystalloid volume administered within the first 3 h after time zero. Fluid volume was expressed
as the weight-adjusted volume in mL/kg. Fluid exposure was analyzed in three ways: clinically relevant strata
of <10, 10—<20, 20—<30, 30—<40, and >40 mL/kg; a guideline-based threshold of >30 versus <30 mL/kg; and
continuous exposure using restricted cubic splines to assess nonlinear dose-response relationships. Only
intravenous crystalloids were included in the primary exposure.
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Figure 2. Target trial emulation framework for early fluid resuscitation in sepsis

The primary outcome was in-hospital all-cause mortality rate. Secondary outcomes included ICU
mortality and, where available, 28-day and 90-day mortality. Covariates were selected a priori based on their
clinical relevance and potential association with fluid administration and mortality. These included age, sex,
body weight, comorbidities, SOFA score, lactate concentration, mean arterial pressure, renal function,
vasopressor use, mechanical ventilation, and urine output. As fluid administration is influenced by the evolving
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severity of illness, time-varying confounding was explicitly considered. Marginal structural models were used
to address treatment—confounder feedback during the early resuscitation period. The baseline characteristics
were summarized across the fluid volume categories. Continuous variables are reported as medians with
interquartile ranges or means with standard deviations, depending on the distribution. Categorical variables
are presented as frequencies and percentages. Standardized mean differences were used to evaluate the
covariate balance. The primary association between early fluid volume and in-hospital mortality was assessed
using multivariable logistic regression and reported as adjusted odds ratios (ORs) with 95% confidence
intervals (Cls). Propensity score—based methods, including inverse probability weighting and overlap
weighting, were applied to improve the balance between the exposure groups. Restricted cubic spline
regression was used to evaluate the nonlinear dose-response association between early crystalloid volume and
mortality. Cox proportional hazards models were used for time-to-event outcomes when appropriate. Missing
data were handled using multiple imputations when suitable.

Prespecified sensitivity analyses included alternative definitions of time zero, alternative exposure
windows (including 0—6 and 0-24 h), exclusion of patients with extreme fluid volumes, and landmark analyses
to reduce immortal time bias. Subgroup analyses were performed according to the septic shock status, lactate
level, heart failure, chronic kidney disease, mechanical ventilation, and baseline illness severity. Interaction
terms were used to assess potential effect modifications.

RESULTS

A total of 24,816 ICU admissions were screened, of which 18,742 adult patients meeting the Sepsis-3 criteria
were included in the final cohort after applying predefined inclusion and exclusion criteria. The median age
was 64 years (IQR 52-74), and 10,926 (58.3 %) patients were male. The overall in-hospital mortality rate was
21.6% (n = 4,049). Septic shock was identified in 7,832 patients (41.8%), reflecting a cohort with substantial
illness severity. Patients were stratified according to the volume of early fluid resuscitation within the first 3
h. Higher fluid volumes were generally administered to younger patients with greater illness severity, as
reflected by progressively higher SOFA scores and lactate levels across the fluid categories. Conversely,
chronic comorbidities, including chronic kidney disease, were more prevalent in patients receiving lower fluid
volumes. After propensity score weighting, the baseline characteristics were well balanced across the groups,
with all standardized mean differences below 0.1, indicating adequate covariate balance.

Table 1. Baseline Characteristics by Early Fluid Volume (0-3 h)

Variable <10 mL/kg 10—<20 20—<30 30—<40 >40 mL/kg
(n=2,845) (n=4,912) (n=5,306) (n=3,428) (n=2,251)
Age, years 68 (56-77) 66 (54-75) 63 (51-73) 61 (50-72) 60 (49-70)
Male, % 56.7 58.2 58.8 58.7 58.8
SOFA score 6 (4-9) 7 (5-10) 8 (6-11) 9 (7-12) 10 (8-13)
Lactate, mmol/L 2.1(1.4-3.6) 2.4 (1.6-4.0) 2.8 (1.8-4.6) 32(2.1-5.2) 3.8(2.5-6.1)
Septic shock, % 28.5 359 46.5 552 61.9
CKD, % 314 29.0 27.2 26.0 22.7

Early fluid resuscitation volume was significantly nonlinearly associated with in-hospital mortality.
Patients receiving 20-30 mL/kg had the lowest mortality rate (18.7%), whereas both lower (<10 mL/kg:
25.4%) and higher (>40 mL/kg: 27.1%) fluid volumes were associated with increased mortality rates. In the
multivariable analysis, compared with the reference group (20-30 mL/kg), both insufficient and excessive
fluid resuscitation were independently associated with a higher mortality risk. Restricted cubic spline analysis
revealed a clear U-shaped association between early fluid volume and mortality. The mortality risk decreased
progressively up to approximately 25 mL/kg, beyond which it increased, particularly at volumes exceeding
35-40 mL/kg (Figure 3).
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Figure 3. Dose-response association between early crystalloid volume and in-hospital mortality

The findings were consistent across multiple analytical approaches. Both inverse probability of
treatment weighting and overlap weighting yielded similar effect estimates, supporting the robustness of our
primary analysis. Marginal structural models accounting for time-varying confounding factors further
confirmed the nonlinear association between fluid volume and mortality.

Table 2. Association Between Early Fluid Volume and In-Hospital Mortality

Fluid Volume Adjusted OR (95% CI) p-value
<10 mL/kg 1.42 (1.28-1.58) <0.001
10—<20 mL/kg 1.18 (1.06-1.31) 0.002
20—<30 mL/kg Reference —
30—<40 mL/kg 1.09 (0.97-1.22) 0.14
>40 mL/kg 1.36 (1.20-1.54) <0.001

Notes: Adjusted odds ratios from multivariable logistic regression (reference: 20—<30 mL/kg). Fluid >30 mL/kg was not associated
with lower in-hospital mortality (aOR 1.07; 95% CI 0.98-1.17; p=0.12).

The results remained stable across multiple sensitivity analyses, including alternative definitions of time
zero and landmark analyses designed to mitigate the immortal time bias. The exclusion of patients with
extreme fluid volumes did not materially alter the findings. Subgroup analyses demonstrated a significant
effect modification according to septic shock status. Among patients with septic shock, moderate fluid
resuscitation (20-30 mL/kg) was associated with the lowest mortality, whereas excessive fluid administration
(>40 mL/kg) was associated with a significantly increased risk. In contrast, among patients without septic
shock, the association between fluid volume and mortality was less evident.

DISCUSSION

The present multicenter, real-world cohort study demonstrated that the early fluid resuscitation volume in
septic ICU patients is associated with mortality in a nonlinear, dose-dependent manner. Patients receiving
moderate crystalloid volumes (approximately 20-30 mL/kg) within the initial resuscitation window had the
lowest mortality, whereas both lower and excessive fluid volumes were independently associated with an
increased risk. These findings challenge the universal application of fixed-volume resuscitation strategies and
support a more individualized, physiology-guided approach to the early management of sepsis. Our findings
are highly relevant in the context of contemporary randomized studies. The CLOVERS trial demonstrated no
significant difference in 90-day mortality between early restrictive and liberal fluid strategies in patients with
sepsis-induced hypotension [12]. Similarly, the CLASSIC trial showed no mortality benefit with fluid
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restriction compared with standard care in patients with septic shock [13]. Although these trials have reshaped
the debate on fluid therapy in sepsis, they were not designed to define the optimal early fluid dose or
characterize continuous dose-response relationships. In contrast, our analysis provides granular real-world
evidence suggesting that both extremes of early fluid administration may be harmful to patients.

The observed U-shaped association is, therefore, biologically plausible. Insufficient fluid resuscitation
may perpetuate tissue hypoperfusion, impair oxygen delivery and accelerate organ dysfunction. Conversely,
excessive crystalloid administration may promote interstitial edema, endothelial glycocalyx disruption, venous
congestion, impaired oxygen diffusion, and worsened pulmonary or renal dysfunction [14-16]. These
competing mechanisms may explain why a fixed 30 mL/kg threshold does not consistently translate into
survival benefits across heterogeneous ICU populations. Importantly, our findings help reconcile the apparent
discrepancies between randomized trials and observational studies. Randomized trials offer high internal
validity but may not fully capture the complexity of real-world fluid administration, which is dynamic,
clinician-driven, and strongly influenced by evolving pathophysiology. In routine ICU practice, fluid decisions
are shaped by the shock severity, lactate trajectory, vasopressor requirement, cardiac reserve, renal function,
and perceived fluid responsiveness. Therefore, a single universal threshold is unlikely to be optimal for all
patients with diabetes. A major strength of this study is the use of advanced analytical approaches to address
bias in observational studies in critical care research. Fluid administration is not randomly assigned and is
highly susceptible to confounding by indication, immortal time bias, and time-varying confounding effects.
By applying propensity score-based weighting, restricted cubic spline modeling, and marginal structural
models, we sought to better account for baseline imbalance, nonlinear exposure effects, and treatment—
confounder feedback. The consistency of the findings across these approaches strengthens the credibility of
the observed associations.

Subgroup analyses further supported clinically meaningful treatment effect heterogeneity. The
association between fluid volume and mortality was more pronounced in patients with septic shock, in whom
moderate fluid resuscitation appeared most favorable. In contrast, this association was attenuated in patients
without shock. This finding reinforces the concept that early fluid therapy should be guided by the
hemodynamic context rather than delivered as a uniform intervention. Dynamic assessment of fluid
responsiveness, tissue perfusion, venous congestion, and organ tolerance may provide a more rational
framework than fixed volume targets alone [17,18]. Several limitations should be acknowledged. First, despite
rigorous adjustment and causal modeling, residual confounding cannot be completely excluded, particularly
from unmeasured variables such as bedside assessment of fluid responsiveness, clinician judgment, and pre-
ICU resuscitation. Second, the definition of time zero and exposure windows may have introduced
misclassification, especially in patients who received substantial treatment before ICU admission. Third, this
study focused primarily on crystalloid volume and did not fully evaluate the fluid composition, cumulative
fluid balance, or deresuscitation strategies [19]. Finally, although the cohort was large and multicenter, the
findings derived from ICU databases may not fully represent all healthcare systems, potentially limiting
external generalizability. From a clinical perspective, these findings suggest that rigid adherence to a fixed 30
ml/kg target volume may be suboptimal. Early fluid resuscitation in sepsis should not be viewed as a binary
intervention of adequate versus inadequate volume but as a dynamic therapeutic process requiring repeated
reassessment [20]. A moderate early fluid strategy may offer the best balance between correcting
hypoperfusion and avoiding fluid-related harm. Future research should focus on integrating advanced
hemodynamic monitoring, biomarkers, venous congestion assessment, and data-driven predictive models to
personalize fluid resuscitation in patients with sepsis.

CONCLUSION

In this large multicenter ICU cohort, early fluid resuscitation in sepsis showed a nonlinear dose—response with
lowest mortality at 20-30 mL/kg. Both under- and over-resuscitation were independently associated with
higher mortality, and >30 mL/kg conferred no survival benefit after adjustment. These findings challenge
fixed-volume strategies and support individualized, physiology-guided fluid resuscitation.
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