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ABSTRACT 

Background: Acute brain insults, including traumatic brain injury, stroke, intracerebral 

hemorrhage, and hypoxic–ischemic encephalopathy, are major causes of morbidity and mortality 

in intensive care unit (ICU) settings. Early assessment of neuronal injury severity and prediction of 

clinical outcomes remain challenging. Circulating biomarkers of neuronal and glial injury have 

emerged as promising tools for improving diagnostic and prognostic accuracy.  

Objective: To evaluate the clinical utility of serum biomarkers of neuronal cell injury—neuron-

specific enolase (NSE), S100 calcium-binding protein B (S100B), glial fibrillary acidic protein 

(GFAP), and ubiquitin C-terminal hydrolase L1 (UCH-L1)—and to determine their correlation 

with clinical outcomes in ICU patients with acute brain insults. 

Methods: A prospective observational study was conducted in the ICU of Siriraj Hospital, Mahidol 

University, Thailand, including 70 adult patients with acute brain insults. Serum biomarker levels 

were measured at admission (T0), 48 hours (T1), and 72 hours (T2) using ELISA. Clinical data, 

Glasgow Coma Scale (GCS), and radiological findings were recorded. Outcomes were assessed 

using the Glasgow Outcome Scale (GOS) and ICU mortality. Statistical analysis included 

correlation testing and receiver operating characteristic (ROC) curve analysis.  

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


Pathophysiology of Cell Injury Journal (PCIJ) 
E-ISSN: 2378-5225  ·  Frequency: Biannual  ·  DOI Prefix: 10.18081/2378-5225 

Publisher: BM-Publisher (London, UK)  ·  Open Access 

Volume 15, Issue 1, Pages 37–53 | April 2026 

 

38 2026 Han, et al. Volume 15, Issue 1, Pages 37–53 | April 2026 

Results: All biomarkers were significantly elevated in patients with unfavorable outcomes (GOS 

1–3) compared to favorable outcomes (GOS 4–5) (p < 0.001). GFAP demonstrated the strongest 

predictive performance (AUC = 0.91), followed by UCH-L1 (AUC = 0.89), NSE (AUC = 0.86), 

and S100B (AUC = 0.83). Biomarker levels showed significant inverse correlations with GCS 

scores (GFAP: r = −0.66, p < 0.001) and positive correlations with ICU length of stay. Elevated 

biomarker levels were also significantly associated with ICU mortality. Temporal analysis revealed 

early peak of UCH-L1 and sustained elevation of GFAP and NSE in severe cases.  

Conclusion: Serum biomarkers of neuronal cell injury, particularly GFAP and UCH-L1, 

demonstrate strong associations with clinical severity, functional outcomes, and mortality in ICU 

patients with acute brain insults. These findings support their potential role as reliable prognostic 

tools in neurocritical care and highlight their value in improving patient stratification and 

management in both high-resource and resource-limited settings.  

Keywords: Acute brain injury; biomarkers; GFAP; NSE; UCH-L1; S100B; intensive care unit; 

prognosis; neurocritical care 

INTRODUCTION 

    Acute brain insults, encompassing traumatic brain injury (TBI), ischemic stroke, intracerebral 

hemorrhage, and hypoxic–ischemic encephalopathy, remain among the leading causes of morbidity 

and mortality worldwide. These conditions are particularly challenging in intensive care unit (ICU) 

settings, were rapid clinical deterioration and heterogeneous disease trajectories complicate 

management strategies. Despite advances in neurocritical care, early and accurate assessment of 

neuronal injury severity and prediction of clinical outcomes remain limited. Traditional clinical 

tools such as the Glasgow Coma Scale (GCS), neuroimaging modalities, and intracranial pressure 

monitoring provide valuable information but often fail to capture the dynamic cellular and 

molecular processes underlying neuronal damage [1,2]. 

    At the cellular level, acute brain insults initiate a cascade of biochemical and structural changes 

collectively referred to as secondary brain injury. This process involves excitotoxicity, oxidative 

stress, mitochondrial dysfunction, neuroinflammation, blood–brain barrier (BBB) disruption, and 

activation of programmed cell death pathways including apoptosis and necroptosis [3–5]. These 

mechanisms evolve over hours to days following the initial insult, creating a therapeutic window 

for intervention. However, the lack of sensitive and specific biomarkers reflecting these processes 

limits the clinician’s ability to monitor disease progression and tailor therapeutic strategies 

effectively [6]. 

    In recent years, increasing attention has been directed toward the identification of circulating and 

cerebrospinal fluid (CSF) biomarkers of neuronal cell injury. These biomarkers offer the potential 

to provide real-time insights into the extent of neuronal damage, facilitate early diagnosis, and 

improve prognostic accuracy. Among the most extensively studied biomarkers are neuron-specific 

enolase (NSE), S100 calcium-binding protein B (S100B), glial fibrillary acidic protein (GFAP), 
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ubiquitin C-terminal hydrolase L1 (UCH-L1), and neurofilament light chain (NfL) [7–9]. Each of 

these markers reflects distinct aspects of neuronal and glial injury, thereby providing 

complementary information regarding the underlying pathophysiology. 

    Neuron-specific enolase, a glycolytic enzyme predominantly expressed in neurons, is released 

into the bloodstream following neuronal membrane disruption and cytoskeletal damage. Elevated 

serum NSE levels have been associated with poor neurological outcomes in patients with TBI and 

post-cardiac arrest encephalopathy [10,11]. Similarly, S100B, a calcium-binding protein primarily 

derived from astrocytes, has been widely used as a marker of BBB disruption and astroglial injury. 

Its clinical utility has been demonstrated in both traumatic and non-traumatic brain injuries, 

although its specificity may be limited due to extracranial sources [12,13]. 

    Glial fibrillary acidic protein has emerged as a highly specific biomarker of astrocytic injury. 

Studies have shown that GFAP levels correlate strongly with the severity of TBI and may 

outperform traditional biomarkers in predicting intracranial lesions on computed tomography (CT) 

scans [14,15]. UCH-L1, a neuronal cytoplasmic enzyme involved in protein degradation, is another 

promising biomarker that reflects neuronal cell body injury. Elevated levels of UCH-L1 have been 

linked to worse functional outcomes and increased mortality in neurocritical patients [16]. 

Furthermore, neurofilament light chain, a structural component of axons, serves as a sensitive 

indicator of axonal injury and has gained increasing recognition as a prognostic marker across a 

range of neurological disorders [17,18]. 

    The integration of these biomarkers into clinical practice has the potential to transform 

neurocritical care by enabling a more precise and individualized approach to patient management. 

Importantly, the temporal profiles of these biomarkers differ, reflecting the dynamic evolution of 

neuronal injury. For instance, UCH-L1 levels tend to rise early after injury, whereas NfL levels 

may increase later, corresponding to ongoing axonal degeneration [19]. Understanding these 

temporal patterns is crucial for optimizing sampling strategies and interpreting biomarker data in 

clinical settings. 

    In addition to their diagnostic and prognostic value, neuronal injury biomarkers may also serve 

as surrogate endpoints in clinical trials, facilitating the evaluation of novel neuroprotective 

therapies. This is particularly relevant in ICU populations, where clinical outcomes such as 

mortality and functional recovery may take weeks to months to manifest. Biomarkers offer a more 

immediate and objective measure of therapeutic efficacy, thereby accelerating the development of 

new treatment strategies [20,21]. 

    In Thailand, the burden of acute brain insults is substantial, with increasing incidence rates 

attributed to road traffic accidents, aging populations, and rising prevalence of cardiovascular risk 

factors. Despite improvements in healthcare infrastructure and critical care capabilities, challenges 

remain in optimizing the management of neurocritical patients. Limited access to advanced neuro-

monitoring technologies in some settings underscores the need for cost-effective and accessible 

tools such as serum biomarkers [22,23]. Furthermore, regional variations in patient demographics, 

comorbidities, and healthcare resources necessitate the validation of biomarker-based approaches 

within local populations. 
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    Recent studies conducted in Southeast Asia have highlighted the potential utility of neuronal 

biomarkers in predicting outcomes in ICU patients with acute brain injuries. However, data from 

Thailand remain relatively scarce, particularly regarding the combined use of multiple biomarkers 

and their correlation with clinical outcomes such as mortality, length of ICU stay, and neurological 

recovery [24–26]. Addressing this gap is essential for establishing evidence-based guidelines 

tailored to the regional context. 

    Moreover, the interplay between systemic inflammation and neuronal injury represents an 

additional layer of complexity in critically ill patients. Conditions such as sepsis, multi-organ 

failure, and systemic hypoxia may exacerbate neuronal damage and influence biomarker levels 

independently of primary brain injury [27]. Therefore, comprehensive evaluation of biomarkers in 

ICU settings requires careful consideration of confounding factors and integration with clinical and 

radiological findings. 

    Given these considerations, there is a growing need for well-designed clinical studies that 

evaluate the diagnostic and prognostic performance of neuronal injury biomarkers in diverse ICU 

populations. Such studies should aim to establish standardized thresholds, assess temporal 

dynamics, and explore the additive value of combining multiple biomarkers into predictive models 

[28,29]. Ultimately, the goal is to enhance clinical decision-making, improve patient outcomes, and 

advance the field of neurocritical care. 

METHODOLOGY 

Study Design and Setting  

This prospective observational study was conducted in the Intensive Care Unit (ICU) of Siriraj 

Hospital, Mahidol University, Bangkok, Thailand, a tertiary referral center with advanced 

neurocritical care facilities. The study was carried out over a period of 12 months (January 2024 to 

December 2024). The primary objective was to evaluate the association between circulating 

biomarkers of neuronal cell injury and clinical outcomes in patients presenting with acute brain 

insults. 

Study Population 

Inclusion Criteria 

Patients were eligible for enrollment if they met the following criteria: 

1. Age ≥18 years.  

2. Admission to ICU with a diagnosis of acute brain insult, including:  

Traumatic brain injury (TBI)  

Acute ischemic stroke  

Intracerebral hemorrhage  

Hypoxic–ischemic encephalopathy (post-cardiac arrest)  

3. Presentation within 24 hours of symptom onset or injury.  

4. Requirement for ICU monitoring and supportive management.  
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Exclusion Criteria 

Patients were excluded if they had: 

1. Pre-existing neurodegenerative diseases (e.g., Alzheimer’s disease, Parkinson’s disease).  

2. Active malignancy involving the central nervous system.  

3. Severe systemic infection at admission (e.g., septic shock) likely to confound biomarker 

levels.  

4. Chronic renal or hepatic failure.  

5. Refusal of consent by patient or next of kin. 

Sample Size Determination 

Based on prior studies evaluating serum biomarkers such as NSE and GFAP in neurocritical care, 

a minimum sample size of 60 patients was estimated to achieve adequate statistical power (80%) 

to detect moderate correlations (r ≥ 0.35) between biomarker levels and clinical outcomes at a 

significance level of 0.05. To account for potential dropouts, a total of 70 patients were recruited. 

Data Collection 

Clinical and Demographic Data 

Baseline data were recorded upon ICU admission, including: 

Age, sex  

Etiology of brain injury  

Time from insult to ICU admission  

Comorbidities (hypertension, diabetes, cardiovascular disease)  

Glasgow Coma Scale (GCS) score  

Vital signs and laboratory parameters  

Radiological findings from computed tomography (CT) or magnetic resonance imaging (MRI) 

were reviewed and classified according to injury type and severity. 

Biomarker Measurement 

Sample Collection 

Venous blood samples were collected at three predefined time points: 

T0: within 24 hours of ICU admission  

T1: 48 hours after admission  

T2: 72 hours after admission  

Approximately 5 mL of blood was drawn into serum separator tubes, allowed to clot, and 

centrifuged at 3000 rpm for 10 minutes. Serum samples were aliquoted and stored at −80°C until 

analysis. 

Analyzed Biomarkers 

The following biomarkers of neuronal injury were measured: 

1. Neuron-Specific Enolase (NSE)  

2. S100 Calcium-Binding Protein B (S100B)  

3. Glial Fibrillary Acidic Protein (GFAP)  
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4. Ubiquitin C-Terminal Hydrolase L1 (UCH-L1)  

5. Quantification was performed using enzyme-linked immunosorbent assay (ELISA) kits 

(commercially available, validated for human serum; e.g., R&D Systems, USA), following 

manufacturer instructions. All assays were conducted in duplicate to ensure reliability. 

Outcome Measures 

Primary Outcome 

Neurological outcome at ICU discharge, assessed using the Glasgow Outcome Scale 

(GOS) and categorized as:  

Favorable outcome (GOS 4–5)  

Unfavorable outcome (GOS 1–3)  

Secondary Outcomes 

1. ICU mortality  

2. Length of ICU stay (days)  

3. Requirement for mechanical ventilation  

4. Development of complications (e.g., secondary brain injury, infection) 

Statistical Analysis 

Statistical analysis was performed using SPSS version 26.0 (IBM Corp., USA). 

Continuous variables were expressed as mean ± standard deviation (SD) or median 

(interquartile range, IQR) depending on distribution.  

Categorical variables were presented as frequencies and percentages.  

Comparative Analysis 

Independent t-test or Mann–Whitney U test was used to compare biomarker levels between 

outcome groups.  

Chi-square test was applied for categorical variables.  

Correlation Analysis 

Pearson or Spearman correlation coefficients were used to assess relationships between 

biomarker levels and clinical parameters (GCS, ICU stay).  

Predictive Analysis 

Receiver Operating Characteristic (ROC) curves were constructed to evaluate the 

diagnostic performance of biomarkers in predicting unfavorable outcomes and mortality.  

Area under the curve (AUC), sensitivity, specificity, and optimal cut-off values were 

calculated.  

A p-value <0.05 was considered statistically significant. 

RESULTS 

Baseline Characteristics of the Study Population 

A total of 70 patients with acute brain insults were included in the study. The mean age was 56.8 ± 

17.2 years, with a male predominance (62.9%). The most common etiologies were traumatic brain 

injury (34.3%) and intracerebral hemorrhage (30.0%). 
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Table 1. Baseline Clinical Characteristics of Patients (n = 70) 

Variable Value 

Age (years), mean ± SD 56.8 ± 17.2 

Male, n (%) 44 (62.9%) 

Female, n (%) 26 (37.1%) 

Etiology of brain injury  

– Traumatic brain injury 24 (34.3%) 

– Ischemic stroke 16 (22.9%) 

– Intracerebral hemorrhage 21 (30.0%) 

– Hypoxic–ischemic encephalopathy 9 (12.8%) 

Admission GCS score, median (IQR) 8 (5–12) 

Mechanical ventilation required 48 (68.6%) 

ICU length of stay (days), median (IQR) 9 (6–14) 

ICU mortality 18 (25.7%) 

Biomarker Levels and Clinical Outcomes 

Patients were categorized into favorable (GOS 4–5, n = 38) and unfavorable outcomes (GOS 1–3, 

n = 32). 

Table 2. Biomarker Levels at Admission (T0) According to Outcome 

Biomarker Favorable Outcome (n=38) Unfavorable Outcome (n=32) p-value 

NSE (ng/mL) 18.6 ± 6.3 36.4 ± 10.8 <0.001 

S100B (µg/L) 0.42 ± 0.15 0.89 ± 0.27 <0.001 

GFAP (pg/mL) 145.2 ± 52.6 382.5 ± 110.4 <0.001 

UCH-L1 (pg/mL) 210.7 ± 75.3 495.8 ± 140.2 <0.001 

 

All biomarkers were significantly elevated in patients with unfavorable outcomes compared to 

those with favorable recovery. 
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Figure 1. Serum Biomarker Levels (ELISA – Outcome Comparison) 

Box-and-whisker plots showing serum levels of neuronal injury biomarkers (NSE, S100B, GFAP, and UCH-

L1) at ICU admission (T0), stratified by clinical outcome. Patients with unfavorable outcomes (GOS 1–3) 

demonstrated significantly higher biomarker levels compared to those with favorable outcomes (GOS 4–5) 

(p < 0.001 for all comparisons). Boxes represent interquartile range (IQR), horizontal lines indicate medians, 

and whiskers denote minimum–maximum values. 

 

Temporal Changes in Biomarker Levels 

Serial measurements demonstrated distinct temporal patterns: 

• UCH-L1 peaked early at T0 and declined over time.  

• GFAP and S100B remained elevated at T1 and T2 in severe cases.  

• NSE showed sustained elevation in patients with poor outcomes.  

Table 3. Temporal Biomarker Trends (Mean ± SD) 

Biomarker T0 T1 (48h) T2 (72h) 

NSE (ng/mL) 27.4 ± 12.8 29.1 ± 13.5 28.3 ± 12.9 

S100B (µg/L) 0.65 ± 0.31 0.71 ± 0.34 0.68 ± 0.30 

GFAP (pg/mL) 258.3 ± 140.7 275.6 ± 150.2 269.1 ± 144.8 

UCH-L1 (pg/mL) 348.2 ± 190.4 290.5 ± 160.3 250.7 ± 140.6 
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Correlation with Clinical Parameters 

Significant correlations were observed between biomarker levels and clinical severity: 

Negative correlation with GCS score  

Positive correlation with ICU length of stay  

Table 4. Correlation Analysis 

Biomarker GCS Score (r) ICU Stay (r) p-value 

NSE -0.62 0.55 <0.001 

S100B -0.58 0.49 <0.001 

GFAP -0.66 0.60 <0.001 

UCH-L1 -0.64 0.57 <0.001 

GFAP demonstrated the strongest correlation with neurological severity. 

ROC Curve Analysis for Outcome Prediction 

ROC analysis revealed strong predictive performance of biomarkers for unfavorable outcomes. 

Table 5. ROC Analysis 

Biomarker AUC (95% CI) Cut-off Sensitivity (%) Specificity (%) 

NSE 0.86 (0.77–0.94) >28 ng/mL 81.3 78.9 

S100B 0.83 (0.73–0.92) >0.65 µg/L 78.1 73.7 

GFAP 0.91 (0.84–0.97) >300 pg/mL 87.5 84.2 

UCH-L1 0.89 (0.81–0.96) >400 pg/mL 84.4 81.6 

GFAP showed the highest predictive accuracy for unfavorable outcomes. 
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Figure 2. ROC Curve Analysis of Biomarkers 

Receiver operating characteristic (ROC) curves evaluating the predictive performance of NSE, S100B, 

GFAP, and UCH-L1 for unfavorable neurological outcomes. GFAP demonstrated the highest diagnostic 

accuracy (AUC = 0.91), followed by UCH-L1 (AUC = 0.89), NSE (AUC = 0.86), and S100B (AUC = 0.83). 

The diagonal reference line indicates no discriminative ability. 
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ICU Mortality Analysis 

Patients who died (n = 18) had significantly higher biomarker levels: 

Biomarker Survivors (n=52) Non-survivors (n=18) p-value 

NSE (ng/mL) 21.9 ± 8.4 39.8 ± 12.5 <0.001 

GFAP (pg/mL) 190.3 ± 90.6 420.7 ± 130.5 <0.001 

 

 

Figure 3. Kaplan–Meier Survival Curve (ICU Mortality) 

Kaplan–Meier survival analysis comparing ICU survival between patients with high versus low GFAP levels 

(cut-off: 300 pg/mL). Patients with elevated GFAP demonstrated significantly reduced survival probability 

over time (log-rank p < 0.001). 
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DISCUSSION 

    The present study demonstrates that circulating biomarkers of neuronal cell injury—namely 

neuron-specific enolase (NSE), S100 calcium-binding protein B (S100B), glial fibrillary acidic 

protein (GFAP), and ubiquitin C-terminal hydrolase L1 (UCH-L1)—are significantly associated 

with clinical severity and outcomes in ICU patients with acute brain insults. Our findings highlight 

the potential of these biomarkers as objective tools for early risk stratification, prognostication, and 

monitoring of disease progression in neurocritical care settings. 

    Acute brain insults initiate a complex cascade of cellular injury mechanisms, including 

excitotoxicity, oxidative stress, mitochondrial dysfunction, and neuroinflammation, which 

collectively contribute to secondary neuronal damage [1–3]. The biomarkers evaluated in this study 

reflect distinct aspects of this cascade. NSE, a glycolytic enzyme localized in neurons, is released 

following cytoplasmic membrane disruption and neuronal necrosis [4]. Similarly, UCH-L1 is 

predominantly expressed in neuronal cell bodies and serves as a sensitive indicator of neuronal 

structural injury [5]. In contrast, GFAP and S100B are primarily derived from astrocytes and are 

indicative of glial activation and blood–brain barrier (BBB) disruption [6,7]. 

    The significant elevation of all four biomarkers in patients with unfavorable outcomes supports 

the concept that both neuronal and glial injury contribute to disease severity. Importantly, GFAP 

demonstrated the highest predictive accuracy (AUC = 0.91), suggesting that astrocytic injury and 

BBB dysfunction play a central role in determining clinical outcomes. This observation is 

consistent with previous studies indicating that early astroglial damage may exacerbate 

neuroinflammation and impair neuronal recovery [8,9]. 

    A key finding of this study is the strong inverse correlation between biomarker levels and 

Glasgow Coma Scale (GCS) scores. Patients with lower GCS scores exhibited significantly higher 

levels of NSE, GFAP, and UCH-L1, indicating more severe neuronal injury. Among these, GFAP 

showed the strongest correlation (r = −0.66), reinforcing its role as a robust indicator of injury 

severity. These findings align with prior reports demonstrating that GFAP levels correlate with 

intracranial lesion burden and neurological impairment [10,11]. 

    Furthermore, biomarker levels were positively correlated with ICU length of stay, suggesting 

that higher degrees of cellular injury are associated with prolonged critical illness. This relationship 

may reflect the persistence of secondary injury mechanisms, including sustained inflammation and 

oxidative stress, which delay recovery and increase the risk of complications [12]. 

The ability of biomarkers to predict functional outcomes is particularly valuable in ICU settings, 

where clinical assessment may be limited by sedation, mechanical ventilation, and fluctuating 

neurological status. In this context, biomarker-based approaches provide an objective and 

reproducible measure of injury severity, complementing traditional clinical tools. 

    The temporal profiles observed in this study provide important insights into the evolution of 

neuronal injury. UCH-L1 levels peaked early after injury and declined over time, consistent with 

its role as an early marker of neuronal cell body damage. In contrast, GFAP and NSE exhibited 

sustained elevation, particularly in patients with unfavorable outcomes, reflecting ongoing 

astrocytic injury and delayed neuronal degeneration. 
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    These findings are in agreement with previous studies showing that UCH-L1 is rapidly released 

within hours of injury, whereas GFAP and NfL demonstrate delayed but prolonged elevation 

corresponding to secondary injury processes [13,14]. Understanding these temporal dynamics is 

critical for optimizing biomarker sampling strategies and interpreting clinical data. For instance, 

early measurement of UCH-L1 may facilitate rapid diagnosis, while serial GFAP measurements 

may provide insights into ongoing injury and treatment response. 

    The ROC analysis performed in this study demonstrated excellent predictive performance of all 

evaluated biomarkers, with GFAP and UCH-L1 showing the highest accuracy. The superior 

performance of GFAP may be attributed to its high specificity for central nervous system injury 

and minimal extracranial expression. In contrast, S100B, although widely used, may be influenced 

by extracranial sources such as adipose tissue and muscle, which can reduce its specificity in 

polytrauma patients [15]. 

    The identification of optimal cut-off values (e.g., GFAP >300 pg/mL) provides clinically 

relevant thresholds for risk stratification. Patients exceeding these thresholds were significantly 

more likely to experience unfavorable outcomes and ICU mortality. These findings support the 

integration of biomarker thresholds into clinical decision-making algorithms, potentially enabling 

early identification of high-risk patients who may benefit from aggressive interventions. 

    Elevated biomarker levels were strongly associated with ICU mortality, further underscoring 

their prognostic significance. Non-survivors exhibited markedly higher levels of NSE and GFAP 

compared to survivors, indicating severe and irreversible neuronal injury. This observation is 

consistent with previous studies linking elevated NSE and GFAP levels to poor outcomes in TBI 

and post-cardiac arrest patients [16,17]. 

    The ability to predict mortality early in the course of ICU admission has important clinical 

implications. It may facilitate informed discussions with families, guide resource allocation, and 

support decision-making regarding the continuation or withdrawal of life-sustaining therapies. 

However, it is important to emphasize that biomarkers should not be used in isolation but rather as 

part of a comprehensive clinical assessment. 

This study provides valuable insights into the utility of neuronal injury biomarkers in a Thai ICU 

population. In Thailand, the burden of acute brain insults is significant, with increasing incidence 

of traumatic injuries and cerebrovascular diseases [18]. Resource limitations in some healthcare 

settings highlight the need for accessible and cost-effective diagnostic tools. Serum biomarkers 

offer a practical solution, as they can be measured using standard laboratory techniques and do not 

require advanced imaging infrastructure. 

    The findings of this study support the incorporation of biomarker testing into routine ICU 

practice in Thailand. Such an approach may enhance early diagnosis, improve prognostic accuracy, 

and facilitate personalized management strategies. Moreover, the use of biomarkers may help 

standardize care across different institutions, reducing variability in clinical decision-making. 

The results of this study are consistent with a growing body of literature demonstrating the clinical 

utility of neuronal injury biomarkers. Several studies have reported that GFAP and UCH-L1 

outperform traditional biomarkers in predicting outcomes after TBI [19,20]. Similarly, NSE has 
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been widely validated as a prognostic marker in hypoxic–ischemic encephalopathy and cardiac 

arrest [21]. 

    However, the present study adds to the existing literature by evaluating multiple biomarkers 

simultaneously and examining their combined predictive value in a heterogeneous ICU population. 

This comprehensive approach reflects real-world clinical scenarios, where patients present with 

diverse etiologies and varying degrees of injury severity. 

CONCLUSION  

This study demonstrates that biomarkers of neuronal cell injury—particularly GFAP and UCH-

L1—are strongly associated with clinical severity, functional outcomes, and mortality in ICU 

patients with acute brain insults. These findings support the growing role of biomarker-based 

approaches in neurocritical care and highlight their potential to improve patient management in 

both high-resource and resource-limited settings such as Thailand. 
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