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Abstract
Purpose Increased serum biomakers, such as S100 calcium-binding protein B (S100B) and neuron-specific enolase (NSE), are
associated with traumatic brain injury (TBI). The purpose of this study is to investigate the serum levels of S100B and NSE in
pediatric TBI patients and to predict a clinical outcome.
Methods Peripheral venous blood was collected within 6 h of injury and at 1 week to measure S100B and NSE. The serum
S100B and NSE levels were measured using commercially available enzyme-linked immunosorbent assay kits. The authors
divided participants into two groups at admission: a favorable group (patients with Glasgow Coma Scale [GCS] scores of 10–15)
and an unfavorable group (patients with GCS scores of less than 9). Both S100B and NSE levels were compared between the two
groups at the time of admission and 1 week later.
Results Ten pediatric patients were enrolled (5 in the favorable group, 5 in the unfavorable group). The median serum S100B
level of 134.21 pg/ml (range, 51.00–789.65 pg/ml) in patients with TBI at admission dropped to 41.49 pg/ml (range, 25.65–
260.93 pg/ml) after 1 week, with significant differences between the traumatic event and 1 week later (p = 0.007). The median
serum NSE level of 14.76 ng/ml (range, 6.48–21.23 ng/ml) in patients with TBI at admission was higher than that after 1 week
(4.96 ng/ml, range, 3.01–31.21 ng/ml), with significant differences (p = 0.015). A significant difference was observed in S100B
after 1 week between patients in the favorable and unfavorable groups (p = 0.047). One patient whose serum S100B and NSE
levels were elevated 1 week after TBI eventually died.
Conclusions Elevated serum S100B and NSE levels in pediatric TBI patients decreased 1 week after traumatic events. The serum
S100B level 1 week after TBI was related to the severity of brain damage. These results indicated that serum S100B and NSE
might play a role in predicting the prognosis and monitoring ongoing brain injury in pediatric TBI patients.
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Introduction

Pediatric traumatic brain injury (TBI) is a common cause of
death and can often leave serious sequela. The evaluation of
TBI in children is not easy. It is difficult to evaluate pediatric
patients with repeated brain computed tomography (CT) scans
or invasive intracranial pressure (ICP) monitors. Non-inva-
sive, repetitive, and simple serum biomarkers measurement
can be especially helpful for children if the severity of brain

damage can be determined and the clinical outcome can be
predicted.

Over the past years, serum biomarkers such as S100
calcium-binding protein B (S100B) and neuron-specific
enolase (NSE) have been introduced to diagnose brain
injury [1–3]. S100B is mainly released by glial cells
and has a serum half-life of 60–120 min. NSE is pri-
marily located in the cytoplasm of neurons and is the
only marker that assesses damage to neurons. It has a
serum half-life of > 20 h. It is assumed that after TBI,
the membrane integrity of the brain cells is disturbed
and S100B and NSE are released into the blood [4].

In this study, the serum S100B and NSE levels in children
with TBI were evaluated at admission and 1 week after trau-
ma. We hypothesized that we could predict the clinical out-
come and monitor ongoing brain injury from the serum
S100B and NSE levels.
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Clinical material and methods

Patient population

Ten pediatric patients with TBI who provided written informed
consent were enrolled in this study. The prospective protocol
was reviewed and approved by the Institutional Review Board
of our hospital. All patients enrolled in the study arrived at the
hospital within 6 h after head trauma. Children with concomi-
tant injuries were included. To assess injury severity, we divid-
ed the patients into two groups at admission: a favorable group
(patients with Glasgow Coma Scale [GCS] scores of 10–15)
and an unfavorable group (patients with GCS scores of less
than 9). To evaluate the clinical outcome, we used Glasgow
Outcome Scale (GOS) 6 months after TBI.

Sample collection and enzyme-linked
immunosorbent assays (ELISAs) for S100B and NSE

Tomeasure the serum S100B andNSE levels, peripheral venous
whole blood was obtained at admission and 1 week after TBI.
Blood samples from the study participants were collected in
citrate-supplemented tubes and centrifuged at 3200 rpm for
10 min at 4 °C. The supernatant was transferred to a microtube
and frozen immediately at − 80 °C until analysis. The analysis
was performed using commercially available enzyme-linked im-
munosorbent assay (ELISA) kits (R&D Systems, Minneapolis,
MN, USA), according to the manufacturer’s instructions. All
patient samples collected were assayed simultaneously.

Statistical analysis

We analyzed the serum S100B and NSE levels at admission and
1 week after TBI and analyzed the correlation of S100B and
NSE. We evaluated differences in the serum biomarkers level
between the favorable and unfavorable groups at admission. All
analyses were performed using SPSS 18.0 for Windows (SPSS,
Inc., Chicago, IL, USA). Because the data were not distributed
normally, they were analyzed using the Wilcoxon rank-sum test
and the Mann-Whitney U test. Correlations were assessed using
the nonparametric Spearman’s rank correlation analysis. p values
< 0.05 were considered significant.

Results

Of the ten consecutive patients enrolled, eight were men and
two were women (median age, 15 years; age range, 6–
18 years). The patients had various types of traumatic brain
hemorrhage: epidural hemorrhage (6 patients), contusion (2
patients), diffuse axonal injury (1 patient), and subarachnoid
hemorrhage (1 patient). Peripheral venous blood was sampled
from all patients at admission and 1 week after TBI. The

patient characteristics are summarized in Table 1. Mental
change (60%) and headache (40%) were the most common
symptoms after TBI. Of the six mentally deteriorated patients,
four were stuporous, one was drowsy, and one was semi-co-
matose. The GCS at admission was 15 in 2 patients, 14 in 3
patients, 9 in 4 patients, and 4 in 1 patient. The GOS at
6 months was 5 (good recovery) in 7 patients, 4 (moderate
disability but independent) in 2 patients, and 1 (death) in 1
patient. Four patients underwent craniotomy or craniectomy
for removal of hematoma. Three patients experienced con-
comitant trauma including the lung, bone, liver, and bowel.

Serum S100B and NSE concentrations after TBI

Median serum S100B and NSE concentrations at admission
after TBI were 134.21 pg/ml and 14.76 ng/ml, respectively
(Table 2). No significant differenceswere observed in the serum
S100B and NSE levels between men and women (p = 0.400
and 0.711, respectively). No correlation was found between the
serum concentrations of the S100B and NSE levels and age
(p = 0.067 and 0.370, respectively). The various types of trau-
matic brain hemorrhage did not significantly affect the serum
levels of S100B (p = 0.565) and NSE (p = 0.647). No signifi-
cant difference was shown between the serum S100B and NSE
levels and the presence of concomitant injury (p = 0.809 and
0.809, respectively). The difference between surgical and non-
surgical treatment for TBI had no significant effect on the serum
levels of S100B (p = 0.286) and NSE (p = 0.394).

The correlation between the serum S100B and NSE levels
at admission was positive (p = 0.004, r = 0.818). Moreover,
the serum S100B and NSE levels 1 week after trauma showed
a significant positive correlation (p = 0.001, r = 0.952). The
twice measured serum S100B and NSE levels also showed a
positive relation (p = 0.001, r = 0.898) (Fig. 1).

Table 1 Patient characteristics with traumatic brain injury

Variable Value

Age (years) Median, 15 (range, 6–18)

Gender (male:female) 8:2

Symptoms

Mental change 6

Headache 4

Glasgow Coma Scale score at admission

10–15 (favorable) 5

< 10 (unfavorable) 5

Glasgow Outcome Scale score at 6-month

5 7

4 2

1 1

Craniotomy or craniectomy 4

Extracranial injury 3
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The median serum S100B level of 134.21 pg/ml (range,
51.00–789.65 pg/ml) in patients with TBI at admission
dropped to 41.49 pg/ml (range, 25.65–260.93 pg/ml) after
1 week, with significant differences between measurements
within 6 h after the traumatic event and 1 week later (p =
0.007) (Fig. 2). The median serum NSE level of 14.76 ng/ml
(range, 6.48–21.23 ng/ml) in patients with TBI at admission
was higher than that after 1 week (4.96 ng/ml, range, 3.01–
31.21 ng/ml), with significant differences (p = 0.015) (Fig. 3).

The median serum S100B level (52.15 pg/ml) 1 week after
TBI in the unfavorable group was higher than that in the
favorable group (29.33 pg/ml), with significant differences
(p = 0.047) (Fig. 4). The median serum NSE level at admis-
sion (18.02 ng/ml), the NSE level 1 week after trauma
(6.65 ng/ml), and the S100B level at admission (178.12 pg/
ml) in the unfavorable group were higher than those in the
favorable group (6.92 ng/ml, 3.22 ng/ml, and 77.26 pg/ml,
respectively). However, no statistical differences were found
in the favorable and unfavorable groups (p = 0.076, 0.076, and
0.251, respectively). In the unfavorable group, one patient
diagnosed with diffuse axonal injury was semi-comatose. In
the patient, the serum S100B level of 178.12 pg/ml and the
NSE level of 14.29 ng/ml at admission were elevated to
260.93 pg/ml (serum S100B level) and 31.21 ng/ml (serum
NSE level) 1 week after TBI, and the patient eventually died.

Discussion

In this pilot study, serial blood measurements of S100B and
NSE were investigated to evaluate the severity of initial brain
damage after TBI and to predict the clinical outcome. The
poor consciousness in children after trauma had a significant
effect on the serum S100B and NSE levels. After 1 week of
brain trauma, a statistically significant decrease was observed
in the serum S100B and NSE levels, but they increased in one
patient, with a fatal outcome.

S100B and NSE as biomarkers

The first human TBI study of the value of S100B as a serum
biomarker of brain injury assessment was published by
Ingebrigtsen et al. in 1995 [5]. Later, it became known as
being effective for assessing various brain injury lesions.

Fig. 1 Correlation between serum S100B and NSE level after traumatic
brain injury in pediatric patients

Fig. 2 Comparison of serum S100B levels between those at admission
and 1 week after traumatic brain injury

Table 2 Serum S100B and NSE levels after traumatic brain injury

Serum biomarkers Median value (range)

At admission 1 week after trauma

S100B (pg/ml) 134.21 (51.00–789.65) 41.49 (25.65–260.93)

NSE (ng/ml) 14.76 (6.48–21.23) 4.96 (3.01–31.21)

Fig. 3 Comparison of serum NSE levels between those at admission and
1 week after traumatic brain injury
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The release of S100B from the central nervous system (CNS)
suggests that low S100B serum levels are consistent with blood-
brain barrier (BBB) opening without damage of neuronal tissue,
whereas a larger increase implies release from damaged glia [6].
As in the above study, our results showed lower S100B serum
level in the favorable group consisting of GCS 14 and 15 and
higher S100B level in the unfavorable group consisting of GCS
4 and 9. The physiological functions of S100B have been shown
to be concentration dependent, where lower concentrations are
beneficial and higher concentrations correlate to harmful effects
[7]. NSE is a biomarker of neuronal damage. Early NSE levels
have been correlated with outcome in children, particularly
those younger than 4 years of age [1]. In a comparative study
of S100B and NSE, S100B was a better outcome predictor
overall, with NSE only predicting mortality [8]. NSE has a
longer half-life than S100B, while S100B is related to extracra-
nial injury. Therefore, NSE may be useful in TBI patients with
multiple trauma. The limitation of NSE is the occurrence of
false-positive results in the setting of hemolysis [9]. TBI causes
leaking of S100B and NSE from damaged brain cells into the
blood or cerebrospinal fluid (CSF). The concentrations of bio-
markers in the CSF might be more accurate for outcome predic-
tion in TBI. However, biomarkers measurement in the CSF
could not demonstrate statistical significance, probably due to
its heightened sensitivity to the smallest of influences [10].

In our study, serially measured serum S100B and NSE
levels at within 6 h and 1 week after trauma showed a signif-
icant positive correlation (r = 0.898). A positive correlation
between S100B and NSE might indicate injury of both glial
and neuronal cells [11]. Kruijk et al. [12] found a strong cor-
relation between S100B and NSE (r = 0.5) in patients of
whom the S100B and NSE serum levels were increased. In
patients with mild TBI, a weaker correlation (r = 0.258) be-
tween S100B and NSE has been reported [13]. S100B and
NSE are released not only from the CNS, but also from

extracranial system. An elevated S100B level was reported
in patients with extracranial injury without TBI [14].
However, another report has also shown that the S100B level
does not affect on patients with extracranial injury [12]. Our
results showed that the presence of concomitant extracranial
injury had no significant effect on S100B and NSE. Serum
S100B released from an extracranial origin appears to have a
faster clearance than S100 released from the CNS [14]. When
using biomarkers to evaluate TBI patients, the extracranial
factors should be considered. The extracranial factors could
be excluded using repeated measurement after 12 h, consider-
ing their half-life. S100B and NSE have a significant negative
correlation with age. Gazzolo et al. [15] found a rapid decrease
from 0 to 7 years followed by an increase from 7 to 13 years
and then by a second decrease from 14 to 15 years of age. We
did not find any correlation between S100B and NSE levels
and age, probably because of the small number of patients.
Serum S100B presents higher level in the focal, more severe
brain injuries, such as cerebral contusion and subdural hema-
tomas, compared to more diffuse injuries [10]. Also, S100B is
a good marker of BBB permeability. Understanding different
types of TBI with proper brain imaging is necessary for clin-
ical use of S100B. Recently, Thompson et al. [16] suggested
that functional MRI connectivity correlate with serum levels
of the S100B protein in the acute phase of TBI.

S100B and NSE in mild and moderate to severe TBI
patients

S100B and NSE have been most commonly studied for eval-
uation of brain damage. These protein biomarkers can be used
as a diagnostic tool for prediction of clinical outcome and
monitoring secondary injury development. A significant neg-
ative correlation has been shown between serum S100B and
NSE levels and the severity of injury assessed using GCS in
pediatric patients with mild to moderate TBI [1, 17, 18]. A
wide range of brain damage may be helpful from patients with
minor injuries to those who are unconscious. The initial mea-
surement of serum biomarkers after trauma is considered the
most important for outcome prediction [19]. Our results
showed that in the favorable group, the serum S100B and
NSE levels measured at admission were low and we predicted
a mild degree of brain damage. One week later, the measured
serum S100B and NSE levels were lower than those at admis-
sion, and the GOS scores at 6 months were reported as good
recovery. Biomarkers are also helpful in unconscious patients
in need of neuro-intensive care. For severe TBI patients at the
time of acute care, secondary brain damage or ongoing brain
injury should be monitored and routine radiological examina-
tion including brain CT may be limited. At this time, the
serum biomarker of brain damage can help as surrogate
markers in the treatment and monitoring of brain injury.
Four patients in the unfavorable group of five patients with

Fig. 4 Comparison of serum S100B levels 1 week after traumatic brain
injury between those in the favorable and unfavorable groups
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stuporous or semi-comatose mentality showed a decrease in
serum S100B and NSE levels 1 week after admission and a
good GOS score of 4 (moderate disability but independent) or
5 (good recovery). However, one patient with increased
S100B and NSE serum levels 1 week later had a fatal result
with a GOS score of 1 (death). The half-life of S100B has
been shown to be in the range of 1 to 2 h in patients with
TBI [20]. Because of the short half-life of serum S100, a
steady increase in S100B indicates sustained inflow, i.e., on-
going brain injury. Our results showed that serum S100B level
1 week after TBI in the unfavorable group was higher than
that in the favorable group, with significant differences.
Serum NSE at admission and 1 week after trauma or S100 at
admission levels in the unfavorable group were higher than
those in the favorable group, without statistical differences.
The serial measurement of serum biomarker should be con-
sidered to increase the accuracy of the test.

S100B and NSE in pediatric patients

Increased serum biomarker levels are correlated with second-
ary brain damage. To detect ongoing brain injury, brain CT or
ICP monitoring are used in neuro-intensive units. Korfias
et al. [21] reported neurological deteriorations not detected
using ICP monitoring and a secondary increase of serum bio-
markers. Serum biomarkers can be used instead of ICP mon-
itoring in pediatric TBI patients who are reluctant to monitor
with ICP probe due to invasiveness or economic reasons. In
the 2013 Scandinavian CT guidelines for mild and moderate
TBI patients, if the concentration is less than 0.10 μg/l within
6 h after trauma and the patient is suffering from a mild TBI
without extracranial trauma, avoiding performing a head CT
scan could be considered [22]. In theory, this can reduce the
number of unnecessary CT scans by about one third. Serum
S100Bmeasurement may be helpful for mild TBI screening in
the emergency room when patients worry about radiation ex-
posure and CT scan cost, or if intoxicated patients need seda-
tion and intubation. Pediatric TBI patients may benefit most
when serum biomarkers are used instead of unnecessary CT
scans, because radiation from the CT scans is particularly
harmful for children. Serum S100B and NSE are used as a
surrogate marker of TBI in children and adults. Berger et al.
[23] reported that in severe pediatric TBI patients, increasing
serum levels show a higher risk of unfavorable outcome com-
pared to patients with subsequent serum concentrations in
steady decline. Other authors suggest that these biomarkers
can provide valuable information about brain damage in pre-
term newborns and hypoxic-ischemic injuries [24, 25].

The main limitations of our study are the small data set and
insufficient serial blood measurements. The normal range of
serum S100B and NSE levels in the pediatric group was not
presented in the ELISA test kits used in this study. Pediatric
patients who arrived more than 6 h after brain trauma were

excluded from this study. The time range from trauma to hos-
pital arrival was thus narrow. Analysis of our results may have
been limited by the small amount of data. Two blood measure-
ments immediately after trauma and at 1 week after trauma
may not have been sufficient to observe a change in serum
biomarker levels after TBI. Sufficient serial serum biomarkers
data in pediatric patients with TBI are needed to establish
them as good indicators for brain damage.

Conclusions

Elevated serum S100B and NSE levels in pediatric patients
within 6 h after TBI decreased at 1 week after trauma. These
indicators were higher in pediatric patients with poor con-
sciousness at the beginning of the brain trauma. This was a
preliminary study on the potential association between serum
S100B and NSE levels and pediatric TBI. In particular, serum
S100B 1 week after trauma seems to be closely related to the
severity of brain damage. Our results have implications for
further research on determining whether serum S100B and
NSE levels in pediatric TBI patients could be useful to predict
the clinical outcome and know the severity of brain damage by
serial measurements.
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