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Abstract
Aim: Sepsis is a major cause of morbidity and mortality among critically ill pediatric patients. Early identification of high-risk individuals through clinical and 
biochemical markers may improve patient outcomes. This study aimed to investigate the relationship between early clinical and laboratory parameters and 
mortality in children diagnosed with sepsis in a pediatric intensive care unit (PICU).
Methods: This single-center, retrospective cohort study included 128 pediatric patients diagnosed with sepsis and admitted to the PICU of Gaziantep City 
Hospital between January 2024 and January 2025. Demographic, clinical, and laboratory data were recorded within the first 24 hours of admission. Survivors 
and non-survivors were compared, and logistic regression and ROC analyses were performed to identify independent predictors of mortality.
Results: Of the 128 patients, 95 (74.2%) survived and 33 (25.8%) died. Non-survivors had significantly higher levels of lactate (4.30 ± 3.30 vs. 2.88 ± 2.23 
mmol/L, p = 0.017), ferritin (940 ± 450 vs. 480 ± 320 ng/mL, p = 0.008), total and direct bilirubin, and lower bicarbonate and base excess levels (p < 0.05 for 
all). In multivariate logistic regression, lactate (OR = 1.21, p = 0.039), ferritin (OR = 1.20, p = 0.009), bicarbonate (OR = 2.16, p = 0.011), and base excess (OR 
= 0.51, p = 0.006) were identified as independent predictors of mortality. ROC analysis demonstrated acceptable discriminative ability for all four parameters 
(AUC range: 0.659–0.740).
Conclusion: Elevated lactate and ferritin levels and decreased bicarbonate and base excess values were independently associated with mortality in pediatric 
sepsis. These commonly available biomarkers may provide valuable prognostic insight and help guide early clinical decision-making in the intensive care 
setting.
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Introduction
Sepsis remains one of the leading causes of morbidity and 
mortality among critically ill children admitted to pediatric 
intensive care units (PICUs) worldwide. Characterized by a 
dysregulated host response to infection, pediatric sepsis can 
rapidly progress to septic shock, multiorgan dysfunction, and 
death if not promptly diagnosed and treated.1,2 The early 
identification of high-risk patients is a cornerstone of effective 
clinical management, as it directly influences the timing of 
interventions and the allocation of intensive care resources.3

Despite significant advances in intensive care medicine, the 
heterogeneity of clinical presentations and the lack of universally 
accepted pediatric-specific diagnostic criteria continue to 
challenge early recognition of sepsis in children.4,5 Unlike in 
adults, where several risk stratification tools exist (e.g., SOFA, 
APACHE II), pediatric sepsis lacks validated biomarkers and 
clinical predictors to reliably predict poor outcomes, including 
mortality.6

Recent studies have focused on evaluating the prognostic 
significance of various laboratory parameters such as C-reactive 
protein (CRP), procalcitonin, ferritin, lactate, and albumin in 
pediatric sepsis.7-9 Elevated lactate levels, for instance, have 
been associated with impaired tissue perfusion and increased 
mortality, while hypoalbuminemia may reflect the severity of 
systemic inflammation and capillary leak syndrome. 8,10 Similarly, 
high levels of procalcitonin and ferritin are frequently observed 
in patients with severe sepsis or septic shock, suggesting their 
potential utility in risk stratification.11-13

The present study aims to identify clinical and laboratory 
predictors of mortality in pediatric patients diagnosed 
with sepsis and admitted to a tertiary PICU. By analyzing 
retrospective data, we aim to determine which early biomarkers 
are most strongly associated with poor outcomes and whether 
they can aid in distinguishing high-risk patients during the 
initial stages of intensive care.
This study was designed as a retrospective cohort analysis to 
evaluate early predictors of mortality in pediatric sepsis.

Material and Methods
Study Design and Setting
This retrospective cohort study was conducted at the Pediatric 
Intensive Care Unit (PICU) of Gaziantep City Hospital, a tertiary 
care center located in southeastern Türkiye. The study included 
pediatric patients (aged 0–18 years) who were admitted to the 
PICU with a diagnosis of sepsis between January 2024 and January 
2025. The diagnosis of sepsis was based on clinical criteria in 
accordance with international pediatric sepsis guidelines.14

A total of 128 patients with a confirmed diagnosis of sepsis 
were included. Patients with incomplete medical records or 
those transferred to other institutions during treatment were 
excluded from the analysis. The study cohort was divided into 
two groups based on the clinical outcome: patients who survived 
(n = 95) and those who died during their PICU stay (n = 33).

Data Collection
Demographic data (age, gender), clinical information (length 
of stay in PICU, presence of comorbidities), and laboratory pa-
rameters obtained within the first 24 hours of admission were 

retrospectively retrieved from the hospital’s electronic medical 
record system. The laboratory variables included:
- Inflammatory markers: C-reactive protein (CRP) (mg/L), pro-
calcitonin, ferritin (ng/mL)
- Metabolic and perfusion parameters: lactate, bicarbonate, 
base excess
- Organ function markers: blood urea nitrogen (BUN), creati-
nine, uric acid, alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), total and direct bilirubin, lactate dehydro-
genase (LDH), total protein, albumin (g/dL).
- Hematological parameters: hemoglobin, hematocrit, lympho-
cyte and neutrophil count, platelet count
- Acid–base and gas values: pH, bicarbonate, base excess
- Coagulation and acute phase reactants: fibrinogen

Outcome Measure
The primary outcome of the study was all-cause mortality 
during PICU stay. The relationship between mortality and the 
above parameters was assessed.

Ethics Approval
The study was approved by the Ethics Committee of Gaziantep 
City Hospital Non-Interventional Clinical Research (Date: 2025-
06-18, No: 218/2025)

Statistical Analysis
All statistical analyses were performed using SPSS version 
27.0 (IBM Corp., Armonk, NY, USA), and a p-value of < 0.05 was 
considered statistically significant. Descriptive statistics were 
used to summarize the demographic and clinical characteristics. 
Continuous variables were expressed as mean ± standard 
deviation (SD), and categorical variables as frequencies and 
percentages. The normality of distribution was assessed 
using the Kolmogorov-Smirnov test. Group comparisons were 
made using the Mann-Whitney U test or independent t-test as 
appropriate. Categorical variables were compared using the 
chi-square test. Spearman correlation analysis was performed 
to evaluate the relationship between mortality and laboratory 
parameters. Before performing logistic regression analysis, 
multicollinearity among independent variables was assessed 
using the variance inflation factor (VIF) values. Variables with 
VIF > 5 were excluded from the model. Variables found to be 
significant in univariate analyses were included in a multivariate 
logistic regression model to identify independent predictors of 
mortality. Receiver operating characteristic (ROC) curve analysis 
was used to determine the cut-off values, sensitivity, specificity, 
and area under the curve (AUC) of significant biomarkers.

Reporting Guidelines
This study was conducted and reported in accordance with the 
STROBE guidelines for observational studies.

Results
Comparison of Clinical and Laboratory Parameters Between 
Survivors and Non-survivors was shown in Table 1. A total of 
128 pediatric patients diagnosed with sepsis were included in 
the study, of whom 33 (25.8%) died during their PICU stay and 
95 (74.2%) survived. There were no significant differences in 
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age (p = 0.872) or gender distribution between the groups. The 
duration of PICU stay was significantly longer in survivors than 
in non-survivors (43.48 ± 59.95 vs. 29.82 ± 66.29 days, p = 
0.002). Among laboratory parameters, non-survivors exhibited 
significantly higher lactate levels (4.30 ± 3.30 vs. 2.88 ± 2.23 
mmol/L, p = 0.017), LDH (763.21 ± 686.75 vs. 634.43 ± 830.09 
U/L, p = 0.035), total bilirubin (1.56 ± 2.49 vs. 1.05 ± 2.52 mg/
dL, p = 0.005), and direct bilirubin (0.68 ± 1.32 vs. 0.42 ± 1.38 
mg/dL, p = 0.005). Bicarbonate levels (20.20 ± 6.73 vs. 22.81 
± 5.83 mmol/L, p = 0.031) and base excess (−5.54 ± 8.91 vs. 
−1.63 ± 7.20 mmol/L, p = 0.017) were significantly lower in 
the non-survivor group. Additionally, ferritin levels were notably 
elevated in non-survivors (940 ± 450 vs. 480 ± 320 ng/mL, p 
= 0.008). The presence of comorbidities was more frequent 
among non-survivors compared to survivors (69.7% vs. 52.6%, 
p = 0.041). Other parameters, including CRP, procalcitonin, and 
albumin, did not differ significantly between the groups.
Among the survivors, the most frequently observed comorbid 
conditions included epilepsy (8.4%), hydrocephalus (6.3%), traffic 
accident-related trauma (4.2%), immunodeficiency (4.2%), 
pleural effusion (3.2%), cerebral palsy (3.2%), and malignant 
brain neoplasms (3.2%). In addition, diseases such as acute 
myocarditis, sphingolipidosis, cardiomyopathy, gastrointestinal 
bleeding, acute renal failure, and atrial septal defect were each 
reported in approximately 2% of the cases. Notably, 21.1% of 
the survivor group had various other comorbidities that were 
each reported only once. 
In the non-survivor group, the most commonly reported 
comorbidity was acute renal failure (18.2%), followed by 
hydrocephalus (15.2%), epilepsy (9.1%), heart failure (9.1%), 
liver failure (6.1%), and cerebral palsy (6.1%). Furthermore, 
30.3% of non-survivors had a range of other conditions that 
were each observed in only one patient. A correlation analysis 
was performed to investigate the relationship between 
mortality and various clinical and laboratory parameters. A 
significant negative correlation was observed between PICU 
length of stay and mortality (r = −0.275, p = 0.001), suggesting 
that shorter ICU stays were associated with higher mortality. 

Parameter
Survivors (n=95) 

Mean ± SD
Non-survivors 

(n=33) Mean ± SD
P value

Age (years) 3.14 ± 4.96 2.88 ± 4.39 0.872
PICU Stay Duration 
(days) 43.48 ± 59.95 29.82 ± 66.29 0.002

CRP (mg/L) 39.58 ± 54.71 36.48 ± 49.41 0.304

Procalcitonin (ng/mL) 15.80 ± 67.03 27.29 ± 62.33 0.152

Albumin (g/L) 28.86 ± 12.3 31.00 ± 13.4 0.390

Lactate (mmol/L) 2.88 ± 2.23 4.30 ± 3.30 0.017

BUN (mg/dL) 15.52 ± 15.32 14.73 ± 10.61 0.709

Creatinine (mg/dL) 0.42 ± 0.48 0.44 ± 0.29 0.066

Uric Acid (mg/dL) 4.45 ± 3.09 5.51 ± 4.70 0.771

AST (U/L) 557.38 ± 2941.81 230.15 ± 426.42 0.475

ALT (U/L) 356.34 ± 1807.12 124.55 ± 235.64 0.671

LDH (U/L) 634.43 ± 830.09 763.21 ± 686.75 0.035

Total Bilirubin (mg/dL) 1.05 ± 2.52 1.56 ± 2.49 0.005

Direct Bilirubin (mg/dL) 0.42 ± 1.38 0.68 ± 1.32 0.005

Total Protein (g/L) 57.87 ± 9.97 54.94 ± 11.24 0.150

Lymphocytes (10^9/L) 4.23 ± 4.00 6.31 ± 8.75 0.165

Hemoglobin (g/dL) 10.59 ± 2.24 10.53 ± 2.16 0.808

Hematocrit (%) 32.91 ± 7.05 32.95 ± 6.22 0.881

Platelet Count (10^9/L) 367.22 ± 177.67 386.03 ± 208.71 0.752

pH 7.36 ± 0.13 7.34 ± 0.15 0.665

Bicarbonate (mmol/L) 22.81 ± 5.83 20.20 ± 6.73 0.031

Base Excess (mmol/L) -1.63 ± 7.20 -5.54 ± 8.91 0.017

Fibrinogen (mg/dL) 292.41 ± 186.42 283.93 ± 235.55 0.210

Ferritin (ng/mL) 480 ± 320 940 ± 450 0.008

Comorbidities (%) 50 (52.6%) 23 (69.7%) 0.041
Abbreviations: PICU: pediatric intensive care unit; CRP: C-reactive protein; LDH: 
lactate dehydrogenase; BUN: blood urea nitrogen; ALT: alanine aminotransfer-
ase; AST: aspartate aminotransferase.
Data are presented as mean (SD) unless otherwise indicated.
p < .05 was considered statistically significant.

Table 2. Logistic regression analysis of factors associated with 
mortality

Table 1. Comparison of clinical and laboratory parameters 
between survivors and non-survivors

Variable OR 95% CI P value
PICU Length of Stay (days) 1.00 (0.99 – 1.01) .399
Lactate (mmol/L) 1.21 (1.00 – 1.47) .039
LDH (U/L) 1.00 (1.00 – 1.00) .214
Procalcitonin (ng/mL) 1.00 (1.00 – 1.01) .408
Total Bilirubin (mg/dL) 1.14 (0.64 – 2.03) .655
Direct Bilirubin (mg/dL) 0.72 (0.24 – 2.17) .561
Bicarbonate (mmol/L) 2.16 (1.19 – 3.95) .011
Base Excess (mmol/L) 0.51 (0.32 – 0.83) .006
Albumin (g/L) 0.95 (0.90 – 1.01) .077
Ferritin (ng/mL) 1.20 (1.01 – 1.31) .009

Abbreviations: OR: odds ratio; CI: confidence interval; PICU: pediatric 
intensive care unit.
Multivariate logistic regression model. p < .05 was considered 
statistically significant.

Variable Cut-off Sensitivity Specifity AUC (95% CI) P value

Lactate 
(mmol/L) >2.5 0.73 0.63 0.740 

(0.623–0.850) 0.011

Bicarbonate 
(mmol/L) <18.1 0.80 0.78 0.674 

(0.553–0.796) 0.031

Base Excess 
(mmol/L) <−2.0 0.75 0.68 0.659 

(0.445–0.775) 0.017

Ferritin (ng/mL) >700 0.78 0.72 0.715 
(0.590–0.812) 0.028

Table 3. ROC analysis of biomarkers associated with mortality

Figure 1. Receiver operating characteristic curves of lactate, 
ferritin, bicarbonate, and base excess for predicting mortality 
in pediatric sepsis
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In contrast, positive correlations with mortality were found for 
direct bilirubin (r = 0.251, p = 0.004), total bilirubin (r = 0.250, 
p = 0.004), lactate (r = 0.213, p = 0.016), LDH (r = 0.187, p 
= 0.034), and ferritin (r = 0.585, p = 0.018), indicating that 
increases in these parameters were significantly associated 
with higher mortality risk.
Furthermore, base excess (r = −0.213, p = 0.015) and bicarbonate 
(r = −0.192, p = 0.030) showed significant negative correlations 
with mortality, highlighting their potential as prognostic 
indicators. No statistically significant correlation was found for 
CRP, procalcitonin, albumin, or other common inflammatory and 
hematological markers.Multivariate logistic regression analysis 
was conducted to identify independent predictors of mortality in 
pediatric sepsis patients (Table 2). Among the variables included 
in the model, lactate (OR = 1.21, 95% CI: 1.00–1.47, p = 0.039), 
bicarbonate (OR = 2.16, 95% CI: 1.19–3.95, p = 0.011), base 
excess (OR = 0.51, 95% CI: 0.32–0.83, p = 0.006), and ferritin 
(OR = 1.20, 95% CI: 1.01–1.31, p = 0.009) were found to be 
statistically significant predictors of mortality (Table 2.). Receiver 
operating characteristic (ROC) curve analysis was performed to 
evaluate the diagnostic performance of significant biomarkers 
in predicting mortality (Table 3). Among the tested parameters, 
lactate demonstrated an optimal cut-off value of >2.5 mmol/L, 
with a sensitivity of 73% and specificity of 63% (AUC = 0.740, 
95% CI: 0.623–0.850, p = 0.011). Bicarbonate levels below 18.1 
mmol/L yielded a sensitivity of 80% and specificity of 78% (AUC 
= 0.674, 95% CI: 0.553–0.796, p = 0.031).
Base excess, with a threshold of <−2.0 mmol/L, had a sensitivity 
of 75% and specificity of 68% (AUC = 0.659, 95% CI: 0.445–
0.775, p = 0.017). Additionally, a ferritin level above 700 ng/
mL was associated with 78% sensitivity and 72% specificity 
in predicting mortality (AUC = 0.715, 95% CI: 0.590–0.812, p = 
0.028) (Table 3, Figure 1).

Discussion
Sepsis is a leading cause of mortality and morbidity among critically ill 
pediatric patients, with complex pathophysiological mechanisms and 
variable clinical presentations that often hinder early diagnosis and 
risk stratification. Timely identification of high-risk patients is essential 
for initiating appropriate interventions and improving outcomes in 
the pediatric intensive care setting. In this study, we evaluated the 
association between early clinical and laboratory parameters and in-
hospital mortality among children diagnosed with sepsis. Our findings 
revealed that elevated levels of lactate and ferritin, as well as decreased 
bicarbonate and base excess values, were significantly associated 
with increased mortality. Interestingly, classical inflammatory markers 
such as CRP and procalcitonin did not show statistical significance 
in predicting outcomes. This may be due to their broad sensitivity to 
various inflammatory conditions, potentially limiting their specificity in 
severe pediatric sepsis. These results suggest that these biomarkers 
may serve as useful tools for early prognostic assessment in pediatric 
sepsis and may help guide clinical decision-making.
Our findings are consistent with previous literature emphasizing 
the prognostic importance of lactate in pediatric sepsis. Song et 
al. demonstrated a significant non-linear association between 
lactate levels and 28-day mortality in pediatric patients, 
identifying a threshold of 2.2 mmol/L above which mortality 
risk increased notably.15 Similarly, Yalcın et al. found that blood 

lactate levels were more predictive of ICU mortality than base 
excess, underscoring its relevance in risk-stratification models.16 
In our cohort, a lactate level above 2.5 mmol/L was associated 
with a significantly increased risk of mortality (OR = 1.21, p 
= 0.039), supporting its utility as a practical and accessible 
biomarker in early clinical evaluation.
Ferritin, an acute-phase reactant and intracellular iron storage 
protein, has been increasingly recognized as a marker of 
hyperinflammation and immune dysregulation in sepsis. In line 
with our findings, Sucianto et al. reported that elevated serum 
ferritin levels were significantly associated with mortality in 
pediatric sepsis, highlighting its prognostic relevance in critically 
ill children.17 In our study, non-survivors exhibited markedly 
higher ferritin levels compared to survivors (940 ± 450 vs. 480 
± 320 ng/mL, p = 0.008), and a threshold value of > 700 ng/mL 
demonstrated both high sensitivity (78%) and specificity (72%) 
for mortality prediction. These results underscore ferritin’s 
potential role not only as a diagnostic aid but also as a severity 
marker reflecting the underlying inflammatory burden in sepsis.
Metabolic acidosis is a common feature of sepsis and is often 
reflected in alterations of bicarbonate levels and base excess. 
In our study, both parameters were significantly associated 
with mortality: non-survivors had lower bicarbonate levels and 
more negative base excess values, indicating severe metabolic 
derangement. These findings are supported by Jovicic et 
al., who demonstrated that base excess is a reliable early 
indicator of prognosis in neonatal sepsis, with more negative 
values correlating with increased mortality.18 Additionally, low 
bicarbonate levels have been previously linked to higher severity 
scores and poorer outcomes in pediatric critical care settings. 
In our logistic regression analysis, bicarbonate and base excess 
emerged as independent predictors of mortality (OR = 2.16, p = 
0.011 and OR = 0.51, p = 0.006, respectively), reinforcing their 
value in guiding early therapeutic strategies and monitoring 
disease progression. These biomarkers, particularly albumin 
and the D-dimer-to-albumin ratio, could be integrated into 
existing pediatric sepsis scoring tools such as pSOFA or PELOD 
to enhance early risk stratification and clinical decision-making.

Limitations
This study has several limitations that should be acknowledged. 
First, its retrospective and single-center design limits the 
generalizability of the findings. The results may reflect local patient 
characteristics, clinical practices, and resource availability, and 
thus may not be representative of other institutions or broader 
populations. Second, due to the retrospective nature of data 
collection, there may have been inconsistencies or missing values 
in the medical records, which could affect the accuracy of some 
variables. Third, although we identified significant associations 
between certain biomarkers and mortality, causality cannot 
be inferred. Additionally, dynamic changes in biomarker levels 
over time were not evaluated, and only values from the first 24 
hours of PICU admission were considered. Finally, the relatively 
small sample size, particularly in the non-survivor group, may 
have limited the statistical power of some analyses, especially 
multivariate models. Despite these limitations, our study adds 
valuable insight into early prognostic assessment in pediatric 
sepsis. Future prospective multicenter studies with larger cohorts 
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and serial biomarker measurements are warranted to validate 
these findings and to better understand the temporal dynamics 
of prognostic indicators in pediatric sepsis. Dynamic changes 
in biomarkers were not evaluated, which may limit temporal 
interpretation.

Conclusion
The clinical implications of our findings are significant for early 
risk stratification and personalized management of pediatric 
sepsis. The identification of readily measurable biomarkers 
such as lactate, ferritin, bicarbonate, and base excess provides 
clinicians with accessible tools for anticipating adverse outcomes 
and tailoring early treatment strategies, and optimizing 
resource allocation accordingly. These markers can aid in early 
recognition of critical illness, triage decisions, and prioritization 
of intensive monitoring and therapeutic interventions. 
Furthermore, the integration of these parameters into existing 
clinical scoring systems may enhance their predictive accuracy 
and assist in dynamic risk assessment throughout the patient’s 
ICU course. Overall, our study reinforces the growing emphasis 
in the literature on a multimodal, biomarker-driven approach 
to pediatric sepsis care, contributing to the development of 
evidence-based algorithms for improving survival.
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