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Abstract
Traumatic brain injury is one of the leading causes of
death and disability in children and adolescents. Pa-
tients with moderate or severe lesions can be readily
recognized clinically, require immediate radiologic
diagnostics by computed tomography (CT) or mag-
netic resonance imaging (MRI), admission to inten-
sive care units, and, in some cases, will go on to
require neurosurgical intervention. Patients with mild
traumatic brain injuries (MTBIs) are diagnostically
challenging. Often, the event is unobserved and head
injury can only be suspected. Clinical symptoms are
unreliable and clinical findings from neurological
examination have to be interpreted with care. As a
small percentage of MTBI patients progress to have a
life-threatening intracranial hemorrhage, the recog-
nition of this group of patients and their judicious
and timely management is, therefore, an important
goal. Subjecting every MTBI patient to a cranial CT
scanning results in high costs and unnecessary
exposure to ionizing radiation. Admitting all MTBI
patients for observation and performing CTs only in
case of clinical deterioration is costly and a sub-
stantial drain on resources, not to mention the radi-
ation exposure and a source of stress for the majority
of patients. Current European guidelines for diag-
nostics and therapy in MTBI patients are only par-
tially applicable to the pediatric population. This
article reviews the clinical problem, treatment op-
tions and guidelines, as well as diagnostic tools, with
special focus on neuroprotein S-100B in pediatric and
adolescent patients with MTBISs.

Key Words
S-100B - Children - TBI - Review - Commotio
cerebri

'Department of Pediatric and Adolescent Surgery, Medical
University Graz, Graz, Austria,
?Department of Surgery, District Hospital Vorau, Vorau, Austria.

Received: June 8, 2010; accepted: June 12, 2010;
Published Online: July 12, 2010

318

Eur J Trauma Emerg Surg 2010;36:318-24
DOI 10.1007/s00068-010-1120-8

Introduction
Traumatic brain injury (TBI) is one of the leading
causes of death and disability in children and adoles-
cents [1, 2]. Internationally, the Glasgow Coma Scale
(GCS) has proven to be most useful in the clinical
severity grading of TBIs. The European Federation of
Neurological Societies (EFNS) has classified TBIs as
mild, moderate, or severe [3]. The current literature
categorizes patients with a GCS score of 13-15 at the
time of hospital admission as mild TBI (MTBI), those
with a GCS score of 9-12 as moderate TBI, and those
with a GCS score of 8 or less as severe TBI. MTBI
accounts for 95% and moderate or severe TBI for the
other 5% of patients who sustain a head injury [4]. The
diagnosis and management of TBI in children is chal-
lenging. The clinical presentation of patients with
moderate or severe TBI is clear in most cases and
leaves no doubt as to the diagnosis. Cranial computed
tomography (CCT) is immediately obtained and pa-
tients are admitted to the intensive care unit (ICU) or
neurosurgical intervention as indicated by the clinical
picture [2]. Although there are guidelines for patients
with MTBI [3], the diagnosis and treatment still remain
controversial.

The majority of MTBI patients present to the
hospital with a history of head trauma and an assort-
ment of clinical symptoms, including nausea, vomiting,
headache, amnesia, or loss of consciousness [5]. To
complicate matters, however, the patient history is of-
ten unclear, as the event may not have been observed.
Furthermore, clinical symptoms in children and ado-
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lescents may well be caused by other conditions, such
as gastroenteritis or intoxication [5]. In patients where
the injury results in elevated intracranial pressure, the
clinical symptoms may be unreliable [6]. Unfortu-
nately, neurological examinations are difficult in chil-
dren, hence, the clinical findings have to be interpreted
with caution [7]. Following an MTBI, 0.7-4.0% of pa-
tients go on to develop a life-threatening intracranial
hematoma [8-10], with 0.3-3.1% requiring neurosur-
gical intervention [3]. Despite the infrequency of the
progression of MTBI, these reports, nevertheless,
underscore the need to rule out cerebral damage in
children presenting with suspected or observed head
trauma before hospital discharge [11]. Two different
approaches have been advocated in the literature; one
of inpatient monitoring for 3-5 days and CCT only in
case of clinical deterioration [12, 13], and one of rou-
tine CCT in all patients and discharge in the absence of
a traumatic lesion [14-16]. However, both of these
approaches have associated disadvantages; one is
associated with the high effort and costs of inpatient
treatment and the other is the exposure of children to
unnecessary ionizing radiation.

The Diagnostic Dilemma in Patients with MTBIs
The diagnostic value of plain skull X-rays is debatable
[3]. Some older studies have demonstrated an in-
creased risk of intracranial hemorrhage in the presence
of skull a fracture. This lead to the use of this investi-
gation as a triage tool [17-19]. In a meta-analysis,
Hofman et al. [20] estimated the sensitivity of the
evidence of a skull fracture for the diagnosis of intra-
cranial hemorrhage as 0.38. Here, the EFNS concludes
that “‘skull radiography is of insufficient value in the
detection of intracranial abnormalities in patients with
MTBI” [3].

Availability and short scanning times have made
CCT an ideal candidate for excluding intracranial
injuries in MTBI patients and EFNS guidelines con-
sider it as the gold standard for the detection of life-
threatening abnormalities after MTBI [3]. Two large
studies in adult MTBI patients have demonstrated that
CCTs can be safely limited to patients with certain
clinical risk factors [12, 21]. These include documented
loss of consciousness, post-traumatic amnesia, GCS
score 13-14, and the presence of certain risk factors
(see guidelines below) [3]. Although useful, CCT has
certain drawbacks, particularly in children. For one,
the sensitivity for axonal lesions, which may be rele-
vant in patients with ‘“‘commotio cerebri” is low [22]. In
an analysis of 437 children (408 with MTBI and 29 with
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severe TBI), only two of the MTBI patients had
intracranial hemorrhage (both without consequence)
[23]. From their analysis, the authors conclude that
children encountering mild head injury combined with
primary loss of consciousness or vomiting require
hospitalization and that initial CCTs do not lead to
therapeutic consequences in this group [23]. Further-
more, the cranial X-ray exposure in young children has
been thought to be responsible for one fatal cancer for
every 1,000-1,500 CCTs [24, 25]. Finally, deep sedation
or a general anesthetic is required in young children,
increasing the cost and acting as a further source of
morbidity.

In the first 3 days after MTBI, magnetic resonance
imaging (MRI) is more sensitive than CCT [26-29].
Long scanning times necessitate anesthesia or sedation
in a great proportion of children, along with limited
availability and higher costs, making primary MRI
imaging for MTBIs impractical in many circumstances.

Management and Classification of MTBI Patients

According to EFNS Guidelines
For the classification and management of MTBI pa-
tients, the EFNS has defined risk factors allowing the
classification of MTBI subtypes. These risk factors in-
clude (amongst others) unclear accident history, con-
tinued post-traumatic amnesia, retrograde amnesia
> 30 min, severe headache, vomiting, focal neurological
deficits, seizures, age < 2 or > 60 years, high-energy
accidents, and intoxication with alcohol or drugs.
Table 1 shows the sub-classification criteria and thera-
peutic consequences as proposed by the EFNS [3].
Although useful for adults, there are several drawbacks
when applying this scheme to children. As mentioned
above, the neurological examination including the GCS
may be unreliable. The assessment of some of the risk
factors such as post-traumatic amnesia or severe
headache may not be easy in pre-school children.
Furthermore, it seems unreasonable that all patients
< 2 years of age automatically fall into categories II and
II1, therefore, requiring a mandatory CCT scan. A child
of this age will undoubtedly require a general anesthetic
for this investigation, increasing the risk of morbidity.

There is a clear need for guidelines to inform
management decisions in children which include addi-
tional parameters applicable to the younger patient.

Necessity of CCT in MTBI Patients
A recently published investigation by Kuppermann
et al. [30] focused on pediatric patients with MTBIs
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Table 1. Mild traumatic brain injury (MTBI) sub-classification and therapeutic consequences in MTBI patients on the basis of the European
Federation of Neurological Societies (EFNS) guidelines [3]. (LOC: Loss of consciousness; PTA: post-traumatic amnesia, risk factors are defined in

the text).

MTBI (GCS score 13-15)

Category 0 Category I Category II Category III
Clinical picture GCS 15 GCS 15 GCS 15 GCS 13-14

No LOC LOC < 30 min Risk factors

No PTA PTA < 60 min

No risk factors

Diagnostics Discharge home

CCT normal

CCT pathologic, no intervention necessary

CCT pathologic, intervention necessary

No risk factors

CCT recommended

Discharge home with warning
instructions (unless coagulation
or other disorders present)

CCT mandatory

Admit for inpatient observation
(24 h). Consider to consult neu-
rotrauma center and repeat CCT

(MRT)
Admit for inpatient observation
(24 h). Consider to consult
neurotrauma center and repeat CCT (MRI)
Admit to neurotrauma care unit

(GCS score 14-15 at admission and history of head
trauma) and derived and validated age-specific pre-
diction rules for clinically relevant TBI (ciTBI; where
clinical relevance was defined as death from TBI,
neurosurgery, intubation > 24 h, or hospital admis-
sion > 2 nights). For patients younger than 2 years of
age, the prediction rule (normal mental status, no scalp
hematoma except frontal, no loss of consciousness or
loss of consciousness for less than 5 s, non-severe in-
jury mechanism, no palpable skull fracture, and acting
normally according to the parents) had a negative
predictive value for ciTBI of 100% and a sensitivity of
100%. The prediction rule for children > 2 years age
(normal mental status, no loss of consciousness, no
vomiting, non-severe injury mechanism, no signs of
basilar skull fracture, and no severe headache) had a
negative predictive value of 99.95% and a sensitivity of
96.8% [30]. The diagnostic and therapeutic scheme
derived by the authors is shown in Figure 1.

Pathophysiology of Neuroprotein S-100B
Neuroprotein S-100B is member of the S-100 super-
family. It is a 21-kDa cytosolic calcium binding protein
present in astroglial and Schwann cells, as well as some
tumors [22, 31]. It has major functions in cell-cell
communication, cell growth and morphology, energy
metabolism, and signal transduction [31]. S-100B is
found mainly in glial cells, but also in adipocytes, bone
marrow, skeletal muscle, and melanocytes [32]. Any
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Figure 1. Therapeutic and diagnostic management of mild traumatic
brain injury (MTBI) patients according to the investigation of
Kuppermann et al. [30].

acute nerve lesion causes immediate leaking of S-100B
from damaged glial cells to blood or cerebrospinal fluid
[33]. After secretion, S-100B is eliminated by renal
clearance with a serum half-life time of 60-120 min
[34-36]. Thus, any nerve injury (central or peripheral)
is accompanied by a rise in the levels of serum S-100B
within a few minutes. Conversely, a normal S-100B
serum level precludes the presence of intracranial
pathology in patients presenting with MTBI.
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Reference Ranges of S-100B
Several authors have determined the normal serum
value for S-100B in the adult population. Anderson
et al. [37], in a series of 459 healthy adults, determined
an upper reference (97.5th percentile) of 0.13 pg/l
using a non-commercial analysis. Another study in 206
healthy adult patients using the Roche Elecsys Sys-
tem® revealed an upper reference of 0.105 pg/l (95th
percentile) [38]. Biberthaler et al. [5] measured S-100B
in 540 healthy patients and noted an upper reference of
0.10 pg/l (95th percentile).

These levels were all measured in adults. It,
therefore, remained unclear if these values were also
applicable to the pediatric population. In the study by
Berger et al. [7] using enzyme-linked immunosorbent
assay (ELISA) in 44 healthy controls (mean age
3.98 years, standard deviation 3.38 years) and 20 pa-
tients with fractures (mean age 7.15 years, standard
deviation 2.79 years), an upper serum reference of
0.016 ng/ml was determined. Spinella et al. [39] in 2003
used semiautomated luminometric immunoassay for
measuring serum S-100B levels in 136 healthy control
patients (mean age 8.5 years, standard deviation
5 years). They reported a mean serum S-100B level of
0.3 pg/l, with an inverse correlation to the patient age,
but did not provide a value for the upper reference
values in their study [39]. A recent analysis of 394
healthy children (mean age 7.2 years, standard devia-
tion 4.2 years) used an electrochemiluminescence
immunoassay for the measurement of serum S-100B.
In this study, the mean serum S-100B was 0.10 pg/l,
with an upper reference (95th percentile) of 0.16 pg/l
for the 3- to 18-year-old age group [40]. Below the age
of 3 years (n = 65), the data was scattered and did not
allow the calculation of a reference range (Figure 2).

All of these investigations in children showed an
inverse correlation of serum S-100B to the patient age
[39, 40]. Comparing the three studies aiming to deter-
mine S-100B reference ranges in children, the results are
scattered, with Berger et al. reporting levels ten times
lower than Castellani et al. and Spinella et al. showing a
mean value three times higher than Castellani et al. As
all three authors used healthy controls, the different
analysis methods used may be responsible for the vari-
ation in the data.

S-100B in Children with MTBIs
During the last decade, S-100B has been regarded with
increasing interest in the diagnosis and monitoring of
TBIs [41, 42]. A normal serum level of S-100B reliably
predicts the absence of significant central nervous
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Figure 2. Reference ranges of serum S-100B in children as published
by Castellani et al. [40].

system injuries [37, 43, 44]. Furthermore, it could be
demonstrated that alcohol intoxication does not influ-
ence the S-100B serum level [45, 46].

Berger et al. [47, 48] were the first to report serum
measurements of S-100B in children in 2002. They
concluded “‘that serum S-100B is increased in almost
half of children after mild, moderate, and severe in-
flicted and non-inflicted CHI”” [48]. A closer look at
their study reveals that the majority of their patients
sustained moderate to severe injuries (GCS score 12 or
lower in 9/10 patients in the first study [47] and 18/45
patients with GCS score 12 or lower in the second
study [48]). In a subsequent study in 2006, Berger and
Kochanek investigated neuroprotein S-100B in serum
and urine and could prove that S-100B was detectable
in the urine of the majority of patients with elevated
serum S-100B and that all subjects with undetectable
urine S-100B had a favorable outcome [49]. Due to the
renal excretion pathway, the S-100B peak in the urine
occurs later than in the serum (mean 55.3 vs. 14.6 h
after the injury) — a fact which could help to recognize
injuries, even in patients with delayed referral. Mea-
suring S-100B in the urine is non-invasive — a clear
benefit in pediatric patients. Unfortunately, up to now,
no reference ranges for S-100B in the urine have been
published in the literature. A further study by Berger
et al. [50] looking at patients with and without TBIs
showed S-100B to be neither specific nor sensitive for
inflicted TBIs. This study, however, looked at all
severities of TBI with no direct comment or focus on
MTBI, making it difficult to draw any conclusions on
the diagnostic value of S-100B in this subgroup.

Geyer et al. [51] investigated serum S-100B in 148
children with MTBI in 2009, focusing on the correla-
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tion between clinical symptoms and S-100B (and neu-
ron-specific enolase, NSE). They divided their subjects
into two groups depending on the clinical presentation:
one group of patients with MTBI (GCS score 13-15
and clinical symptoms) and a contusion group (no
clinical symptoms). They demonstrated that S-100B
did not allow discrimination between symptomatic
and asymptomatic children. They did demonstrate a
significant inverse correlation of serum S-100B and
patient age and a weak but significant correlation of
S-100B and NSE [51]. As previously discussed, the
difficulty in MTBI patients, especially in children, is
not to distinguish between children with or without
symptoms, as the absence or the presence of clinical
symptoms can be determined clinically. The important
issue is to identify those patients who require further
diagnostics and treatment.

An investigation by Berger et al. [7] in 2005 was
the first to address this issue in children. They enrolled
100 children with mild, moderate, and severe TBIs and
64 control patients and correlated S-100B (among
other neuroproteins) levels to CCT findings. The au-
thors could demonstrate significantly higher mean S-
100B in TBI patients compared to the control group.
The ability of initial S-100B levels to predict TBI was
determined by receiver operating characteristic (ROC)
curves and calculated an area under the curve (AUC)
of 0.82 with 77% sensitivity and 72% specificity. The
authors also investigated the correlation of S-100B to
extracranial injuries and found no significant correla-
tion between S-100B and extracranial fractures or the
injury severity [7]. Another study investigated 139 pa-
tients with MTBIs and determined the correlation of
CCT findings to S-100B levels. In this study, signifi-
cantly higher S-100B levels were found in patients with
pathological conditions in the CCT scan when com-
pared to those patients with normal CT scans [11]. In
this series, an AUC of 0.68 was calculated. The sensi-
tivity of S-100B was 1.0, specificity 0.42, negative pre-
dictive value 1.0, and positive predictive value 0.46.
Compared to the investigation by Berger et al., the
AUC and specificity are lower, but the sensitivity is
higher. Partially, this discrepancy might be attributed
to the different severities of TBI in the respective pa-
tient cohorts. Mirroring studies in adults [37, 52], the
authors showed a significantly higher serum S-100B
levels in patients with multiple injuries. The most
important finding was the absence of any intracranial
pathology on CCT in patients with a normal S-100B
serum level. Hence, a normal serum S-100B could
safely rule out pathological lesions in the CCT in this
study. As well as a high sensitivity and negative pre-
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dictive value, there was a high false-positive rate. This
finding could, at least partially, be attributed to the low
sensitivity of CCT for minimal lesions. Being aware of
this fact, it could be hypothesized that neuroproteins
are more sensitive markers for neuronal damage than
CT scans [53, 54]. However, further investigations on
this field, maybe using MRI as the positive control, will
be required to prove this theory.

Conclusion

Pediatric and adolescent patients with mild traumatic
brain injuries (MTBIs) are diagnostically challenging.
In the management of these patients, X-ray exposure
has to be kept to a necessary minimum. At the same
time, no patient with intracranial pathologies should be
overlooked. European traumatic brain injury (TBI)
guidelines can be only partially applied in children.
Among the clinical symptoms, neuroprotein S-100B
has proven to be a sensitive tool in ruling out pathol-
ogies in both adults and children. The low specificity
reported in the literature may be partially attributed to
the use of cranial computed tomography (CCT) as the
positive control. Future studies using other control
examinations might reveal neuroproteins as the most
sensitive marker for neuronal damage. Overall, pedi-
atric guidelines for the diagnostic and therapeutic
management of MTBIs would be desirable. Here,
S-100B could play a role in the careful selection of
patients for neuroimaging and, thus, the reduction of
X-ray exposure.
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