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ABSTRACT

Background/Aim: Convulsive status epilepticus (CSE) is a neurological emergency associated with substantial morbidity
and mortality. Prolonged seizure activity may result in neuronal injury, highlighting the need for reliable biomarkers that
reflect the extent of brain damage. Neuron-specific enolase (NSE) and S100 calcium-binding protein B (S100B) have
emerged as promising peripheral biomarkers of neuronal injury. Although several studies have evaluated NSE and S100B
in neurological disorders, evidence regarding their clinical utility in pediatric CSE remains limited. Furthermore, relatively
few studies have investigated the relationship between these biomarkers, seizure duration, and treatment requirements in
children with idiopathic CSE. Therefore, the present study aimed to evaluate serum concentrations of NSE and S100B in
children with CSE and to investigate their association with seizure duration and the number of antiseizure medications
required for seizure control.

Methods: This cross-sectional analytical study included 50 children aged 1-16 years with idiopathic CSE and 30 age and
sex -matched children with controlled idiopathic epilepsy serving as controls. Serum NSE and S100B concentrations were
measured one hour and 24 hours after seizure onset in patients and once in controls using enzyme-linked immunosorbent
assay (ELISA). Correlations between biomarker levels, seizure duration, and the number of antiseizure medications
required to terminate seizures were analyzed.

Results: Serum NSE and S100B concentrations were significantly higher in children with CSE than in controls (P < 0.001).
Both biomarkers increased significantly from one hour to 24 hours after seizure onset (P <0.001). No significant differences
were observed between generalized and focal CSE. Serum NSE and S100B levels demonstrated significant positive
correlations with seizure duration and the number of antiseizure medications required for seizure control (P < 0.05).
Conclusion: Serum NSE and S100B levels are significantly elevated in children with convulsive status epilepticus and
correlate with seizure severity and duration. These biomarkers may serve as useful adjunctive indicators of seizure-related
neuronal injury. Larger prospective multicenter studies are warranted to validate their role in routine clinical practice.
Keywords: Serum S100 Calcium-Binding Protein B, Neuron Specific Enolase, Neuronal Injury, Convulsive Status
Epilepticus, Children.
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INTRODUCTION

Status epilepticus (SE) is a neurological
emergency characterized by prolonged seizures causing
neuronal injury, blood-brain barrier (BBB) disruption, and
increased mortality [1]. SE is one of the most serious
neurological emergencies in both children and adults,
requiring immediate recognition and prompt treatment to
minimize neurological injury and improve clinical
outcomes [2]. The most classification referenced in clinical
practice is the International League Against Epilepsy
(ILAE), operational classification of seizure types which
classify seizures into focal and generalized [3]. According
to the ILAE, SE is defined as a condition resulting from
either the failure of mechanisms responsible for seizure
termination or the initiation of mechanisms leading to
abnormally prolonged seizures [4]. Operationally,
convulsive SE is considered when a generalized tonic—
clonic seizure persists for more than 5 minutes (time point

T1), while prolonged seizure activity beyond approximately
30 minutes (time point T2) is associated with an increased
risk of permanent neuronal injury, neuronal death, and long-
term neurological sequelae [5].

Despite substantial advances in the management
of pediatric SE, prolonged seizures remain associated with
considerable morbidity and mortality [6]. Experimental and
clinical studies have demonstrated that sustained epileptic
activity results in excessive glutamate release,
excitotoxicity, mitochondrial dysfunction, oxidative stress,
neuroinflammation, disruption of the blood-brain barrier,
and apoptosis, all of which contribute to neuronal and
astroglial injury [7]. The extent of this injury appears to
increase with seizure duration and treatment delay,
emphasizing the importance of early identification of
patients at risk of neurological damage [8].

The diagnosis of convulsive SE is primarily
clinical and may be supported by electroencephalography
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(EEG), particularly when seizure activity is uncertain or
non-convulsive SE is suspected. However, neither clinical
assessment nor EEG directly quantifies the degree of
neuronal injury. Consequently, there has been growing
interest in identifying circulating biomarkers that reflect
acute brain damage and may provide objective information
regarding disease severity, prognosis, and response to
therapy [9].].

Neuron-specific enolase (NSE) is one of the most
extensively investigated biomarkers of neuronal injury. It is
a glycolytic enzyme predominantly localized within the
cytoplasm of neurons and neuroendocrine cells [10]. Under
physiological conditions, circulating NSE concentrations
remain low because of the integrity of neuronal cell
membranes and the blood-brain barrier [11]. Following
neuronal damage, NSE is released into the extracellular
space and subsequently enters the systemic circulation,
making it a potential indicator of acute neuronal injury [ 12].
Elevated serum NSE concentrations have been reported in
several neurological disorders, including traumatic brain
injury, hypoxic—ischemic encephalopathy, ischemic stroke,
encephalitis, and status epilepticus [13].

S100 calcium-binding protein B (S100B) is a
calcium-binding protein predominantly expressed by
astrocytes and Schwann cells [14]. Increased serum S100B
concentrations reflect astroglial activation or injury and are
also considered indicators of BBB disruption [15]. Similar
to NSE, elevated S100B levels have been described in
various acute neurological conditions and have been
associated with the severity of brain injury [16]. Because
neuronal and astroglial damage occur simultaneously
during prolonged seizures, the combined assessment of
NSE and S100B may provide complementary information
regarding seizure-induced brain injury [17].

Although several studies have evaluated NSE and
S100B in neurological disorders, evidence regarding their
clinical utility in pediatric convulsive status epilepticus

remains limited and sometimes inconsistent [18].
Differences in patient populations, seizure etiology,
sampling time, and laboratory methodology have

contributed to variable findings across published studies
[19]. Furthermore, relatively few studies have investigated
the relationship between these biomarkers, seizure duration,
and treatment requirements in children with idiopathic
convulsive SE [20].

Therefore, the present study aimed to evaluate
serum concentrations of neuron-specific enolase (NSE) and
S100 calcium-binding protein B (S100B) in children with
convulsive status epilepticus and to investigate their
association with seizure duration and the number of
antiseizure medications required for seizure control. We
hypothesized that prolonged seizure activity would be
associated with higher serum concentrations of both
biomarkers, reflecting increased neuronal and astroglial
injury.

PATIENTS AND METHODS:
This cross-sectional analytical study was
conducted at the Pediatric Department, Tanta University

Hospitals, Egypt, between July 2022 and July 2023. The
study enrolled 50 consecutive children aged 1-16 years
who presented with idiopathic convulsive status epilepticus
(CSE). CSE was diagnosed according to the ILAE criteria
as continuous convulsive seizure activity lasting >5 minutes
or recurrent convulsive seizures without recovery of
consciousness between episodes. These patients had been
allocated into two groups depending on the seizure type,
one group had generalized convulsive SE and the other
group had focal SE. The control group comprised 30 age-,
and sex -comparable children with previously diagnosed
idiopathic epilepsy who had remained seizure-free for at
least three months while receiving suitable antiseizure
medication therapy. The study protocol was approved by
the Institutional Research Ethics Committee of Tanta
University Hospital (Approval Code. 34140/9/20), and
written informed consent was obtained from the parents or
legal guardians of all participants before enrolment.
Inclusion criteria:

Children were eligible if they: were between 1 and
16 years of age; had idiopathic convulsive status epilepticus
(generalized or focal motor); and had no evidence of
structural brain abnormalities on neuroimaging.

Exclusion criteria:

Children were excluded if they had: non-
convulsive status epilepticus; febrile status epilepticus;
psychogenic nonepileptic seizures; intracranial infection;
acute ischemic or hemorrhagic stroke; traumatic brain
injury; brain tumors; inflammatory or demyelinating
neurological diseases; neurodegenerative  disorders;
metabolic encephalopathy; congenital or acquired cardiac
disease.

All patients were subjected to complete history
taking, thorough clinical examinations, laboratory
investigations  (routine and research work) and
neurodiagnostic evaluation.

Clinical assessment:

All patients underwent comprehensive history
taking and physical examination upon admission. The
following data were recorded: age and sex; seizure type
(generalized or focal); seizure duration; precipitating
factors; number of antiseizure medications required for
seizure termination; neurological examination findings.
The cessation of seizures was ascertained by the
enhancement of muscular tone, eye movements, color of the
face and light reflex.

Laboratory investigations:
Blood sampling

For children with CSE, 2 venous blood samples
each about 5 ml was withdrawn from each child under
complete aseptic precautions at two predefined time points.
The first sample after one hour from the onset of SE, the
other after 24 hours from the onset of SE. For control group,
one sample was enough. The blood was collected in plain
tubes and allowed to clot then centrifuged for 15 minutes
and the serum samples have been separated from the clot
within 60 minutes after collection to prevent the leakage of
NSE from blood cells.
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Immediate assay for routine laboratory
investigations was done and included: liver function tests,
kidney function tests, random blood glucose, serum
sodium, serum potassium, ionized calcium, magnesium,
phosphorus and antiepileptic drug serum levels. Also,
immediate assay for complete blood count was done
utilizing EDETA-Collected sample. While the remaining
portion of the sample was kept at -20 c until the time of
biomarker analysis (NSE and S100B protein). Another
arterial blood sample about 0.5 ml was taken through a
heparinized syringe for measurement of ABG.

Research biomarkers investigations:
Measurements of serum NSE and S100B

Serum concentrations of neuron-specific enolase
(NSE) and S100 calcium-binding protein B (S100B) were
quantified using commercially available enzyme-linked
immunosorbent assay (ELISA) kits according to the
manufacturers' instructions. Calibration curves were
generated for each assay, and biomarker concentrations
were calculated from the corresponding standard curves.
All measurements were performed under identical
laboratory conditions. ELISA kits used for NSE and S100B
assay were Human NSE ELISA Kit, SunRed, China, 201-
12-0938 and Human S100B ELISA Kit, Sun Red,
China,201-12-4851, respectively.

Neurodiagnostic evaluation:

Brain magnetic resonance imaging (MRI) was
performed to exclude structural brain lesions including
tumors, abscesses, prior strokes, or mesial temporal
sclerosis.

Electroencephalography (EEG) was carried out
after stabilization to confirm epileptic activity, classify
seizure type, and exclude alternative diagnoses when
clinically indicated.

Outcome measures:

The primary outcome was the difference in serum

NSE and S100B concentrations between children with

convulsive status epilepticus and controls. Secondary
outcomes included the association of biomarker
concentrations with: seizure duration; seizure type; and
number of antiseizure medications required to terminate
seizures.

Statistical analysis:

Data were analyzed using IBM SPSS Statistics
version 20.0 (IBM Corp., Armonk, NY, USA).Continuous
variables were tested for normality using the Shapiro—Wilk
test. Normally distributed variables are presented as mean
+ standard deviation (SD), whereas non-normally
distributed variables are presented as median and
interquartile range (IQR). Comparisons between two
independent groups were performed using the independent-
samples Student's 7 test or the Mann—Whitney U test, as
appropriate. Paired comparisons between biomarker levels
measured at one hour and 24 hours were performed using
the paired ¢ test or Wilcoxon signed-rank test. Correlations
between serum biomarker concentrations, seizure duration,
and the number of antiseizure medications were assessed
using Pearson's or Spearman's correlation coefficients
according to data distribution. A P value <0.05 was
considered statistically significant.

RESULTS:

1-Baseline clinical characteristics of the patient
group

Baseline clinical characteristics of the patient
group are summarized in Table 1. The mean age of children
with CSE was 6.68 + 3.31 years, and males represented
70% of the study population. Generalized CSE was the
predominant seizure type, accounting for 76% of cases,
whereas focal motor status epilepticus was observed in
24%. The duration of seizures ranged from 30 minutes to
48 hours, and two to five antiseizure medications were
required to achieve seizure control.

Table 1: Baseline clinical characteristics of the patient group

N=50

Age (years) 6.68+3.31
Sex Male 35(70.0%)
Female 15(30.0%)

Inappropriate AED type 3(6.0%)

Precipitating factors for SE Missing doses 9(18.0%)
Unknown 38(76.0%)
EEG Focal epileptic activity 12(24.0%)
Generalized epileptic activity 38(76.0%)
Type of seizures Partial motor seizures 12(24.0%)
Generalized convulsive SE 38(76.0%)
2 13(26.0%)
The number of antiseizure medications 3 13(26.0%)
used to control seizures 4 11(22.0%)
5 13(26.0%)

Duration of SE (hours) 30-48.0

Data is presented as mean + SD or frequency (%) or range. SE: Status Epilepticus, EEG: Electroencephalogram, AED:

Antiepileptic Drug
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2-Comparison of serum NSE and S100B between patients and controls

One hour after seizure onset, children with CSE had significantly higher serum NSE concentrations than the
control group (19.18 +2.35 vs. 12.66 £5.07 ng/mL, P <0.001). Similarly; serum S100B concentrations were significantly
higher in patients with CSE (0.44. £0.18) than in controls (0.13. £0.22) [P < 0.001], indicating increased neuronal and
astroglial injury associated with prolonged seizures. Table 2

Table 2: Comparison between mean serum levels of NSE, S100B one hour after the onset of SE in the patient group

and its level among the control group
Type of biomarkers Status epilepticus Control group Test P
(n=50) (n=30)
NSE (ng/ml) 19.1842.35 12.66+5.07 t=6.628 <0.001*
Serum S100B (ng/mL) 0.44.+0.18 0.13.+0.22 t=7.026 <0.001"

Data is presented as mean + SD. *: Significant P <0.05. t: Student t-test. NSE: Neuron Specific Enolase, SE: Status
Epilepticus, S100B: S100 Calcium-Binding Protein B

3-Temporal changes in biomarker concentrations:

Within the CSE group, serum concentrations of both biomarkers increased significantly between the first and
second sampling times. Mean serum NSE increased from 19.18 £ 2.35 ng/mL at one hour to 24.54 + 4.05 ng/mL at 24
hours (P < 0.001).Likewise; serum S100B concentrations were significantly higher at 24 hours (0.72. £0.36) than at one
hour (0.44. +0.18) after seizure onset (P < 0.001). Table 3

Table 3: Comparison between mean serum levels of NSE and S100B one hour and 24 hours following the onset of

status epilepticus in the patient group
Type of biomarkers 1 Hour 24 Hours Test P
NSE (ng/ml) 19.18+2.35 24.54+4.05 t=13.257 <0.001"
S100B (ng/mL) 0.44. +0.18 0.72. £0.36 t=6.371 <0.001"

Data is presented as mean = SD or range. *: Significant P <0.05. t: Paired t-test. NSE: Neuron Specific Enolase, S100B:
S$100 Calcium-Binding Protein B

Biomarker levels according to seizure type:

No statistically significant differences were observed in serum NSE or S100B concentrations between children
with generalized convulsive status epilepticus and those with focal motor status epilepticus at either sampling time (all P
> 0.05), suggesting that biomarker elevation was associated with prolonged seizure activity rather than seizure semiology.
Table 4

Table 4: Comparison between mean serum levels of NSE and S100B one hour and 24 hrs after the onset of status
epilepticus in the patient group according to to seizure type

Time of Focal motor SE Generalized convulsive SE
mean serum Test P
(n=12) (n=38)
levels
NSE (ng/ml)
1 Hour 20.12+3.13 18.89+2.01 t=1.286 0.219
24 Hour 25.84+4.30 24.13+3.94 t=1.282 0.206
S100B (ng/mL)
1 Hour 0.44+0.18 0.68+0.49 t=0.028 0.978
24 Hour 0.68+0.49 0.73+0.31 t=0.355 0.728

Data is presented as mean £ SD. t: Student t-test. NSE: Neuron Specific Enolase, SI00B: S100 Calcium-Binding Protein B

5-Correlation between serum biomarkers levels and clinical severity as assessed by seizure duration and the number
of antiseizure medications required to terminate seizures:

Serum concentrations of both NSE and S100B showed significant positive correlations with seizure duration.
Higher biomarker concentrations were associated with longer seizure duration, indicating greater neuronal injury in
children experiencing prolonged convulsive status epilepticus. Furthermore, both biomarkers demonstrated significant
positive correlations with the number of antiseizure medications required to terminate seizures. Children requiring multiple
antiseizure medications had significantly higher serum NSE and S100B concentrations, suggesting that elevated biomarker
levels may reflect increased seizure severity and treatment refractoriness. Table 5 and Figure 1
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Table 5: Correlation between biomarker serum levels (NSE, S100B), duration of status epilepticus, and the number
of antiseizure medications used to control status epilepticus in patient group

The number of antiseizure medications used to control SE

Biomarker serum levels

r P
NSE (ng/ml) 0.549 <0.001"
S100 B (ng/ml) 0.660 <0.001"

Duration of SE (hours)

NSE (ng/ml)

0.568 <0.001"

S100B (ng/ml)

0.418 0.003"

r: correlation coefficient.
Calcium-Binding Protein B.

*: Significant P <0.05. SE: Status Epilepticus, NSE: Neuron Specific Enolase, S100B: S100
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Figure 1: Correlations between biomarker serum levels (neuron specific enolase, S100 Calcium-Binding Protein B),
duration of status epilepticus, and the number of antiseizure medications used to control status epilepticus in patient group.
A and B correlations between biomarker serum levels and the number of antisezure medications used to control status
epilepticus. C and D correlations between biomarker serum levels and duration of status epilepticus.

DISCUSSION:

The present study examined the clinical utility of
serum NSE and S100B as biomarkers of neuronal injury in
children with idiopathic CSE. We found that serum NSE
and S100B concentrations were significantly higher in
children with CSE than in those with well-controlled
idiopathic epilepsy. In addition, both biomarkers increased
during the first 24 hours after seizure onset and showed
positive associations with seizure duration and with the
number of antiseizure medications required to terminate
seizures. No significant differences were observed between

generalized and focal CSE. Taken together, these findings
suggest that prolonged convulsive seizures are associated
with measurable neuronal and astroglial injury and that
NSE and S100B may provide complementary information
regarding the severity of seizure-related brain injury.

These observations are biologically plausible.
Prolonged seizures can induce excitotoxicity, oxidative
stress, neuroinflammation, and BBB disruption, all of
which may contribute to neuronal damage and astroglial
activation [21]. NSE is a glycolytic enzyme predominantly
found in neurons and is released into the circulation
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following neuronal injury, whereas S100B is mainly
produced by astrocytes and is considered a marker of
astroglial activation and BBB dysfunction [22]. Because
these biomarkers reflect different but related aspects of
brain injury, their simultaneous assessment may provide a
more comprehensive view of the pathophysiological
consequences of prolonged seizures than either marker
alone [23].

The higher serum NSE and S100B concentrations
observed in this study are consistent with prior evidence
linking prolonged seizures to acute neuronal injury. Recent
studies have identified both biomarkers among the most
promising fluid indicators of neuroglial injury in status
epilepticus, although further standardization of assays and
prospective validation are still required before routine
clinical use can be recommended [24]. Likewise,
prospective pediatric studies have reported elevated NSE
and S100B concentrations after prolonged seizures, with
biomarker levels correlating with seizure severity and
clinical outcome measures [25]. Collectively, these data
support the biological relevance of our findings and
reinforce the potential role of NSE and S100B as adjunctive
biomarkers of acute brain injury in pediatric CSE.

The present study demonstrated that serum NSE
and S100B concentrations increased significantly between
one hour and 24 hours after the onset of CSE, reflecting the
dynamic evolution of seizure-induced neuronal and
astroglial injury. This temporal pattern is biologically
plausible, as neuronal injury continues after seizure
termination because of ongoing excitotoxicity, oxidative
stress, neuroinflammation, and blood-brain barrier
disruption [26]. Accordingly, biomarker measurements
obtained during the first 24 hours may better reflect the
cumulative extent of brain injury than early single
measurements. While NSE represents delayed release from
injured neurons, S100B primarily reflects persistent
astroglial activation and BBB dysfunction during the early
postictal period.

These findings are consistent with those of Cresto
, et al [27] who reported progressive increases in both NSE
and S100B during the first 24 hours after pediatric CSE, and
with the systematic review by Prakash , et al [28], which
concluded that serial biomarker assessment is more
informative than isolated measurements because neuronal
and astroglial injury evolves over time.

Another important finding was the significant
positive correlation between serum NSE and S100B
concentrations and seizure duration, indicating that longer
seizures are associated with greater neuronal injury. This
observation is consistent with studies by Wang , et al [29],
and Macedo, et al [30], as well as by Lybeck , et al [31], all
of them identified seizure duration as one of the strongest
predictors of elevated neuroglial biomarkers following
status epilepticus.

Serum NSE and S100B concentrations also
correlated positively with the number of antiseizure
medications required to terminate CSE. Because the need
for multiple antiseizure medications reflects greater seizure
severity and  refractoriness,  higher = biomarker

concentrations most likely indicate a greater burden of
seizure-induced brain injury rather than an effect of
treatment itself [32]. These findings suggest that NSE and
S100B may have prognostic value in addition to reflecting
acute neuronal injury, although larger longitudinal studies
are needed to determine their ability to predict long-term
neurological outcome

Another important finding was the absence of
significant differences in serum NSE and S100B
concentrations between children with generalized and focal
CSE, suggesting that seizure duration and persistence rather
than seizure phenotype are the principal determinants of
seizure-induced neuronal injury. Similar findings have been
reported by Hanin , et al [33], who found that serum NSE
concentrations were independent of seizure type after
adjustment for seizure duration, while Lange ,et al showed
that S100B reflects the severity of neurological injury rather
than seizure phenotype [34]. However, the relatively small
number of children with focal CSE in our study may have
limited the ability to detect modest subgroup differences.

The present findings have important clinical
implications. Serum NSE and S100B may serve as
complementary biomarkers of seizure-induced brain injury
and may assist in assessing disease severity and identifying
children at greater risk of prolonged or refractory seizures
[35]. However, because these biomarkers are influenced by
factors such as BBB disruption and other neurological
disorders, they should be interpreted alongside clinical
assessment, electroencephalography, and neuroimaging
rather than as stand-alone diagnostic tests [36]. The
progressive increase in biomarker concentrations during the
first 24 hours also supports the value of serial rather than
single measurements, although future studies should
evaluate additional sampling time points to define their
optimal temporal profile.

The strengths of this study include its prospective
design, evaluation of two complementary biomarkers, serial
measurements at one and 24 hours after seizure onset, and
correlation of biomarker concentrations with clinically
relevant indicators of disease severity. Nevertheless, several
limitations should be acknowledged, including the single-
center design, relatively small sample size, inclusion of
only idiopathic CSE, absence of cerebrospinal fluid
biomarker measurements, limited sampling to the first 24
hours, lack of long-term neurological outcome assessment,
and the absence of ROC analysis to establish clinically
useful diagnostic cut-off values. Therefore, larger
multicenter  prospective  studies with  standardized
protocols, serial biomarker assessment, and long-term
follow-up are required before these biomarkers can be
incorporated into routine pediatric neurocritical care.

Despite the encouraging findings of the present
study, further research is required before serum NSE and
S100B can be incorporated into routine clinical practice.
Future multicenter studies including diverse etiologies of
pediatric status epilepticus should validate the diagnostic
and prognostic performance of these biomarkers and
determine whether their utility varies according to seizure
etiology. Integration of serum biomarkers with quantitative
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electroencephalography, neuroimaging, and clinical
severity scores may further improve early risk stratification
Before routine clinical implementation, standardized
sampling protocols, assay methods, reference ranges, and
validated diagnostic cut-off values must be established.
Because both NSE and S100B may be elevated in a variety
of neurological and systemic disorders, they should be
regarded as adjunctive biomarkers that complement, rather
than replace, clinical assessment, electroencephalography,
and neuroimaging.

In summary, serum NSE and S100B were
significantly elevated in children with idiopathic convulsive
status epilepticus, increased progressively during the first
24 hours after seizure onset, and correlated with seizure
duration and treatment intensity, supporting their potential
role as biomarkers of seizure-induced neuronal and
astroglial injury. However, the relatively small sample size,
single-center design, and absence of long-term outcome
assessment limit the clinical applicability of these findings.
Accordingly, larger multicenter prospective studies
incorporating serial biomarker measurements, ROC
analysis, multivariable prediction models, and long-term
neurological follow-up are required before routine clinical
use can be recommended.

CONCLUSION:

Serum neuron-specific enolase (NSE) and S100
calcium-binding protein B (S100B) concentrations were
significantly elevated in children with idiopathic convulsive
status epilepticus compared with children with well-
controlled idiopathic epilepsy. Both biomarkers increased
during the first 24 hours after seizure onset and correlated
positively with seizure duration and the number of
antiseizure medications required for seizure control,
indicating that they reflect the severity of seizure-induced
neuronal and astroglial injury.

These findings support the potential role of NSE
and S100B as complementary biomarkers of acute brain
injury following prolonged convulsive seizures. However,
because both biomarkers lack disease specificity, they
should be interpreted as adjunctive indicators alongside
clinical  assessment, electroencephalography, and
neuroimaging rather than as diagnostic markers of status
epilepticus.

Given the relatively small sample size, single-
center design, and absence of long-term outcome
assessment, routine clinical use of serum NSE and S100B
cannot yet be recommended. Larger multicenter
prospective studies are needed to validate their diagnostic
and prognostic value and to establish standardized sampling
protocols and clinically meaningful cut-off values before
routine implementation in pediatric neurocritical care.
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