ORIGINAL PAPER

Serum S100B Protein as a Molecular Marker
of Severity in Traumatic Brain Injury in

Children

Sérovy protein ST00B jako molekularni marker zavaznosti

poranéni mozku u déti

Abstract

Objectives: S100B is a protein biomarker that reflects CNS injury. The aims of the current
study were to investigate correlations between the initial level of serum S100B protein
and mortality and computerized tomography (CT) findings, as well as to establish whether
there is an association between S100B and Glasgow outcome scale (GOS) after six months.
Methods: This prospective study enrolled 43 patients with traumatic brain injury (TBI), veri-
fied by computerized tomography and categorized by Marshall classification. Venous blood
samples were taken on admission and every 24 h for a maximum of six consecutive days.
The outcome was evaluated six months after TBI using the Glasgow outcome scale (GOS)
in all patients. Results: GOS was taken as principal end-point for all predictive analyses.
We demonstrated statistically significant relationships between groups of patients with
GOS =1 and GCS <8 (p = 0.046), Marshall classification score > Il (p < 0.001) and increased
incidence of some types of injury — intracranial bleeding (p = 0.045), subdural haematoma
(p = 0.008), skull fracture (p = 0.024), and oedema (p = 0.001). The ratio of STO0B in 2"¢
day/initial STOO0B value significantly differentiated between the groups of patients compared
(with GOS = 1 and with GOS > 1; p = 0.03). Levels of S100B were elevated in patients
with some specific types of injury, namely intracranial bleeding, subdural haematoma and
oedema. Conclusion: The level of S1T00B was confirmed as a clinically valuable indicator of
severity of injury and is proposed as an effective predictor of risk outcome (GOS = 1).

Souhrn

Cile: S100B je proteinovy biomarker, ktery odrazi poranéni CNS. Cilem této studie bylo zjistit
korelaci mezi poc¢atecni hladinou sérového proteinu ST00B a mortalitou a pomoci nalezd po-
Citacové tomografie (CT) a dale prozkoumat, zda existuje spojeni mezi S100B a Glasgowskou
skalou vysledkl (GOS) po Sesti mésicich. Metody: Do této prospektivni studie bylo zafazeno
43 pacientl s poranénim mozku (TBI). TBI bylo ovéfeno pocitacovou tomografii podle Mar-
shallovy klasifikace. Pi pfijeti a nasledné kazdych 24 hod po dobu maximdalné Sesti po sobé
jdoucich dnfi byly odebirany vzorky Zilni krve. Vysledky byly u vsech pacientd posouzeny Sest
mésict po TBI pomoci Glasgowské skaly vysledkl (GOS). Vysledky: GOS byla povazovéna za
zakladni koncovy bod pro viechny prediktivni analyzy. Prokazali jsme statisticky vyznamny
vztah mezi skupinou pacientti s GOS = 1 a GCS < 8 (p = 0,046), Marshallovym klasifika¢nim
hodnocenim > Il (p < 0,001) a zvysenym vyskytem urcitého typu zranéni — intrakranidlnim
krvdcenim (p = 0,045), subdurdinim hematomem (p = 0,008), frakturou lebky (p = 0,024),
edémem (p = 0,001). Pomér S100B druhy den/pocate¢ni hodnota ST00B vyznamné sta-
tisticky diferencoval porovndvanou skupinu pacientt (s GOS = 1 a's GOS > 1; p = 0,03).
Hladiny ST00B byly zvy3eny u pacientd s urcitym typem poranéni, zejména intrakranialnim
krvacenim, subdurdlnim hematomem a edémem. Zavér: Hladina S100B byla potvrzena jako
klinicky cenny indikator zdvaznosti zranéni a byla navrzena jako efektivni prediktor rizika
vysledku (GOS = 1).
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SERUM S100B PROTEIN AS A MOLECULAR MARKER OF SEVERITY IN TRAUMATIC BRAIN INJURY IN CHILDREN

Introduction

Accidents are a major cause of morbidity
and mortality in children aged a year or
more, and traumatic brain injury (TBI) is
the injury most responsible for deaths [1].
Case series from multiple trauma centres
report that 75-97% of trauma deaths in
children result from TBI [2].

Despite significant progress in cerebral
monitoring, it remains difficult to quan-
tify the extent of primary trauma in TBI, to
monitor secondary changes, and to pre-
dict neurological outcome with the dia-
gnostic tools available to us today. Stan-
dard methods of addressing prognoses
of severity of initial brain injury and an-
ticipating the onset of secondary injury
have included neurological examination,
neuro-imaging studies, intracranial pres-
sure monitoring, electrodiagnostic test-
ing, and transcranial dopplers.

However, the use of protein biomarkers
for the detection of injury and prediction
of outcomes has been attracting increas-
ing clinical interest. These markers have
been investigated in serum, cerebrospinal
fluid (CSF) and even urine. Most of the
protein biomarkers that have been inves-
tigated to date are mediators of the injury
response or subsequent cellular damage
or death [3].

The S100 proteins are a family of di-
meric cytosolic calcium-binding proteins
made up of an alpha and a beta isomer.

S100 proteins are found in abundance in
the astroglial and Schwann cells and have
also been found in certain tumours, such
as schwannoma, glioma, melanoma, and
neuroblastoma [4,5]. Elevations in serum
S100B protein levels have been reported
to reflect injury to the brain and increased
permeability of the blood-brain barrier [6].

We believe that initial serum S100B
levels (simple blood test) can provide
valuable diagnostic indications of the struc-
tural damage at an early stage of severe
TBI, especially in patients lacking reliable
clinical (sedated and intubated), imaging
(normal or minimal damage on initial com-
puterized tomography) or neurophysiolog-
ical evaluation, and may assist in eventual
prognosis. Serial measurements of S100B
levels can also monitor secondary events
and contribute to better day-to-day assess-
ment and treatment.

The aims of the current study were to
study correlations between the initial level
of serum S100B protein and both mor-
tality and the computerized tomography
(CT) findings that indicate radiologically
visible brain damage, as well as to inves-
tigate whether there is an association be-
tween S100B and the Glasgow outcome
scale (GOS).

Methods
This prospective cohort study consecuti-
vely enrolled 43 children of < 19 yrs of

age with severe TBI brought to the Uni-
versity Children’s Hospital, Brno, from
June 2007 through November 2008.
All the patients were monitored conti-
nuously in PICU and received standard
neuro-intensive care, including intubation
and mechanical ventilation, haemody-
namic monitoring, and intracranial pres-
sure monitoring based on TBI therapeutic
protocol. Intracranial hypertension was
treated progressively by use of a stan-
dard step-wise protocol that included se-
dation, paralysis, mild hyperventilation
(target paCO, 32-35 mmHg), osmothe-
rapy with mannitol, and use of barbitu-
rates. Cerebral perfusion pressure was
maintained at 60 mmHg (50 mmHg in in-
fants) by lowering intracranial pressure to
20 mmHg (15 mmHg in infants) and by
maintaining mean arterial blood pressure
at 80 mmHg (70 mmHg in infants).

The Glasgow coma scale [7] was based
on evaluation of the emergency measures
taken, although without consideration of
pharmacological interventions. Initial CT
scans obtained on admission were ana-
lyzed after the classification established
by Marshall et al [8] into the following
categories: grade |, no visible intracra-
nial pathology seen on CT; grade Il, cis-
terns present with midline shift 0-5mm,
lesion densities present, but no high- or
mixed-density lesion larger than 25ml,
may include bone fragments and foreign
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Figure 1. Relationship of S100B initial concentration and age.
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Figure 2. Values of S100B concentration during follow-up period of six days.

bodies; grade lll, cisterns compressed or
absent with midline shift 0-5mm, no
high- or mixed-density lesion larger than
25ml; grade IV, midline shift more than
5mm, no high- or mixed-density lesion
larger than 25ml; grade V, any lesion sur-
gically evacuated; and grade VI, high- or
mixed-density lesion larger than 25ml,
not surgically evacuated.

Venous blood samples to determine
levels of S100 were always taken on ad-
mission, then every day until a maxi-
mum of six days of hospitalization. Sam-
ples were centrifuged and serum was
frozen to —70°C for analysis. S100B was
measured immuno-luminometrically with
a commercially available kit (Elecsys® ana-
lyzer, Roche Diagnostics).

Clinical outcome was measured after six
months using the GOS [9] with its ratings of
1 (death), 2 (vegetative state), 3 (severe dis-
ability), 4 (moderate disability), and 5 (good
outcome), based on electro-encephalo-
graphy and neurological examination. The
person who carried out the assays and
decided upon outcome was completely
blinded to the clinical information.

The study protocol and informed con-
sent approach were approved by the ethics
committee of the University Hospital,

Brno. Parents provided written informed
consent for their children to participate in
this trial.

Statistical analysis

The standard methods of nonparametric
statistics were employed for the analysis.
Categorical data were described by fre-
guency analysis of categories, continuous
data using median and percentiles. Rela-
tionships between categorical variables
were analyzed by means of maximum li-
kelihood chi-square test; the Mann-Whit-
ney U test was used for comparison of
values of continuous variables between
categories of patients.

Receiver operating characteristic curves
(ROC) were applied for the analysis of the
predictive power of injury characteristics,
biochemical parameters and initial CT
diagnostics. GOS score = 1 was taken as
principal study endpoint for the purposes
of predictive analyses.

Analyses were performed using Sta-
tistica 8 (StatSoft, Inc.) and SPSS 17
(SPSS Inc.).

Results
GOS was taken as principal end-point
for all predictive analyses, i.e. those ana-

lyses that have been performed in order
to assess the predictive potential of a set
of characteristics, both of patient and of
injury.

A total of 43 children (53.5% boys,
46.5% girls) with TBI were enrolled. Table 1
shows summary statistics of the initial
characteristics of the injured children.
Common descriptors such as age, sex and
weight are not related to the final GOS
values. Similarly, no significant correlation
between age and S100B initial values was
observed (Figure 1).

Glasgow outcome scale
Table 1 shows some statistically significant
relationships between certain descriptors
and a group of patients with GOS = 1:
e GCS < 8 (all patients with GOS = 1 be-
long to this category, p = 0.046),
® Marshall classification score > Il (no pa-
tient with GOS = 1 has Marshall score
lorll, p<0.001),
® Increased incidence of some type of in-
jury, as diagnosed by CT scan:
® intracranial bleeding (p = 0.045),
subdural haematoma (p = 0.008),
skull fracture (p = 0.024),
e subarachnoid bleeding, oedema
(p=0.001),
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5%-95t percentile range (in parentheses).

Table 1. Summary statistics of sample data1.

Parameters Whole sample GOS > 1 GOS=1 p?
Sample size n=43 n=37 n=6

Age (months) 103 (11-202) 103 (11-204) 38 (8-171) 0.381
Weight (kg) 35 (10-76) 35 (10-76) 20 (8-120) 0.890
Sex (male) n=23(53.5%) n=21(56.8%) n=233.3%) 0.284
GCS:

<8 n=27(62.8%) n=21(56.8%) n=6(100.0%) 0.046
9-13 n=4(9.3%) n=4(10.8%) n=0(0.0%)

>13 n=12(27.9%) n=12(32.4%) n=20(0.0%)

Marshal classification:

[+ 11 n=31(72.1%) n=31(83.8%) n=20(0.0%) < 0.001
n+1v n=5(11.6%) n=2(54%) n =3(50.0%)

V + VI n=7(16.3%) n=4(10.8%) n =3(50.0%)

Initial CT diagnostics

No findings n=4(9.3%) n=4(10.8%) n=20(0.0%) 0.260
Single findings:

intracranial bleeding n =20 (46.5%) n=15(40.5%) n=>5(83.3%) 0.045
diffuse axonal injury n=38(18.6%) nN=6(16.2%) n=2(33.3%) 0.348
subdural haematoma n=15(34.9%) n=10(27.0%) n=>5(83.3%) 0.008
contusion n=38(18.6%) n=8(21.6%) n=20(0.0%) 0.101
skull fracture n=18(41.9%) n=13(35.1%) n=>5(83.3%) 0.024
epidural haematoma n=4(9.3%) n=3(8.1%) n=1(16.7%) 0.535
subarachnoid bleeding n =24 (55.8%) n=19(51.4%) n=5(83.3%) 0.125
oedema =19 (44.2%) n=13(35.1%) n=6(100.0%) 0.001
Multiple findings:

skull fracture + other findings n=16(37.2%) n=11(29.7%) n=5(83.3%) 0.012
multiple bleeding findings n=11(25.6%) n=10(27.0%) n=1(16.7%) 0.575
other combinations n=7(16.3%) n=7(18.9%) n=20(0.0%) 0.128
Days ICU stay 6 (3-16) 6 (3-20) 5(3-14) 0.293

' Categorical variables are summarized as “n"” and percentage of a given category; continuous variables are described by median and by

2 Statistical significance of difference between groups with GOS > 1 and GOS = 1 was analyzed by means of Mann-Whitney U test (con-
tinuous variables) and maximum likelihood chi-square (categorical variables).

e multiple CT findings, namely skull
fracture in combination with some
other injury type (p = 0.012).

All the parameters that significantly dis-
tinguished patients with GOS = 1 from
the others (Table 1) serve as candidates
for effective predictors.

Dynamics of S100B

Figure 2 shows a statistically significant
decrease in S100B values in the group of
patients with final GOS > 1. This signifi-
cant decrease started during the second
day of hospitalization and continued for
the whole follow-up period of six days.
Initially, 91.7% of patients exceeded the
cut-off level of 0.105 pg/l, while by the

end of the follow-up period this had be-
come only 6.5% (p < 0.001). On the other
hand, the cohort with GOS = 1 did not
exhibit a statistically significant decrease
in STO0B values, although in median
value the level of STOO0B decreased within
the period (from 1.6 pg/l to 0.27 pg/l).
The level of S100B remained significantly
higher in the risk group (GOS = 1) in com-
parison with the GOS > 1 group for the
whole follow-up period, including initial
value on the first day (Table 2). The de-
crease of STO0B level in the risk group of
patients was not significant in comparison
with the initial value (Figure 2). Based on
time-related profiles, we related the sub-
sequent follow-up values of S100B to the
initial level in pair-wise calculated ratios.

Only S100B in second day/initial S1T00B
ratio significantly differentiated the two
groups of patients compared (with GOS =
=1 and with GOS >1; p = 0.03) (Figure 3,
Table 2).

Levels of S100B and
CT findings
Levels of S100B were elevated in pa-
tients with some specific types of injury,
namely intracranial bleeding, subdural
haematoma and oedema (Table 3). In-
creased ST00B levels (on both first and se-
cond days of hospitalization) were found
in patients with GCS < 8; p = 0.024 and
p =0.031 (Table 4).

Combined injury (skull fracture plus
some other type) is significantly asso-
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Figure 3. S100B during follow-up related to the initial value in comparison of groups with GOS > 1 and GOS = 1.

Table 2. Summary statistics of S100B values.

Values of S100B and sample size: (patients: with GOS > 1/with GOS = 1) Whole sample

GOS>1 GOS=1 p?

Quantitative values of S100B in pg/I'

" Quantitative values are summarized by median and by 5"-95" percentile range.
2 Categorical variables are described as “n” and percentage.

3 Statistical significance of difference between GOS > 1 and GOS = 1 was analyzed by means of Mann-Whitney U test (continuous va-
riables) and maximum likelihood chi-square (categorical variables).

Initial value (36/6) 0.54 (0.09-7.18) 0.50 (0.09-7.18) 1.60 (0.11-31.24) 0.048
2" day (36/6) 0.16 (0.07-2.89) 0.15 (0.05-0.53) 0.94 (0.11-21.76) 0.002
3 day (37/6) 0.09 (0.04-5.33) 0.08 (0.03-0.16) 0.86 (0.08-11.51) 0.000
4* day (33/5) 0.06 (0.02-3.82) 0.06 (0.02-0.19) 0.58 (0.07-11.38) 0.001
5t day (32/4) 0.06 (0.02-0.61) 0.06 (0.02-0.14) 0.22 (0.06-3.06) 0.010
6t day (31/3) 0.06 (0.02-0.27) 0.06 (0.02-0.12) 0.27 (0.07-3.61) 0.010
Proportion of values S100B > 0.105 pg/I?

Initial value (36/6) n=39(92.9%) n=33091.7%) n=6(100.0%) 0.327
2" day (36/6) n=31(73.8%) n =25 (69.4%) n=6(100.0%) 0.046
3rd day (37/6) n=15(34.9%) n=10(27.0%) n=>5(83.3%) 0.008
4* day (33/5) n=821.1%) n=4(12.1%) n=4(80.0%) 0.002
5th day (32/4) n=5(13.9%) n=2(6.3%) n=3(75.0%) 0.002
6t day (31/3) n=4(11.8%) n=2(6.5%) n=2(66.7%) 0.014
Ratio of S100B values in follow-up’

S100B 2" day/initial S1T00B1 0.34 (0.05-0.97) 0.34 (0.04-0.62) 0.61(0.27-2.03) 0.030
S100B 4" day/initial STO0B1 0.12 (0.01-2.69) 0.12 (0.01-0.66) 0.36 (0.04-5.35) 0.286
S100B 6" day/initial ST00B1 0.08 (0.01-0.72) 0.09 (0.01-0.64) 0.08 (0.05-2.54) 0.531
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Table 3. Initial CT diagnostics in relation to GCS, Marshal classification and initial S1T00B value.

CT examination No of patients GCS<8 Marshall S100B
n (%)’ n (%)? classification llI-VI initial value
n (%)> (po/1y®
Initial CT diagnostics
No findings n=4(9.3%) n=1(25.0%) n=0(0.0%) 0.38 (0.06-2.69)

Single findings
intracranial bleeding
diffuse axonal injury
subdural haematoma
contusion

skull fracture
epidural haematoma

subarachnoid bleeding

oedema

Multiple findings

skull fracture + other findings
multiple bleeding findings

other combinations

n =20 (46.5%)
n=38(18.6%)
n=15(34.9%)
n=28(18.6%)
n=18(41.9%)
n=4(9.3%)
n =24 (55.8%)
n =19 (44.2%)

n=16(37.2%)
n=11(25.6%)
n=7(16.3%)

' Diagnostic findings within the whole dataset.

n=15(75.0%)
n=7(87.5%)
n=10(66.7%)
n=4(50.0%)
n=9(50.0%)
n=2(50.0%)
n=16(66.7%)
n=14(73.7%)

n=7(43.8%)*
n=28(72.7%)
n=7(100.0%)*

n =38 (40.0%)
n=2(250%)
n=38(53.3%)*
n=2(25.0%)
n=9(50.0%)*
n=4(100%)*
n=9(37.5%)
n=28(42.1%)

n=9(56.3%)*
n=3(27.3%)
n=0(0.0%)*

0.94 (0.21-14.83)*
0.54 (0.11-31.24)
0.94 (0.11-6.07)*
0.36 (0.09-14.83)
0.46 (0.09-31.24)
0.13(0.13-1.60)
0.77 (0.13-14.83)
1.13(0.13-31.24)*

0.46 (0.09-31.24)
0.77 (0.16-14.83)
0.76 (0.36-4.57)

3Median and 5"-95™ percentile range.

2Diagnostic findings in patients with GCS < 8 or with Marshall classification > II.

*Statistically significant difference between groups of patients with and without given CT finding; analyzed by Mann-Whitney U test
(continuous variables) or by ML chi-square (categorical variables).

ciated with GCS and Marshall classifica-
tion score (Table 3). Apart from this re-
lationship, the GCS score appears to be
rather independent of injury type, while
increased Marshall classification is also as-
sociated with skull fracture, subdural and
epidural haematoma (Table 3).

ROC analysis

Increased initial values of S100B also con-
tributed to risk prediction, but not at the
cut-off level > 0.105 pg/l. In fact, this level
appears to be too low to serve as an effec-
tive cut-off point. In first day of hospita-
lization it was exceeded by 100% of the
risk patients (GOS = 1) but also by 91.7%
of the others. Consequently, the initial
level of S100B attained only a very low
specificity at this point (Table 5). Objec-
tive ROC analysis revealed level first day
> 1.28 pg/l, sensitivity 83.3 and specifi-
city 81.2%; AUC = 0.752; p = 0.032 and
second day of hospitalization >0.54 ug/l,
sensitivity 83.3 and specificity 97.2;
AUC =0.880; p = 0.003.

The following parameters were con-
firmed as significant predictors of GOS = 1:
Marshall classification's. > Il (AUC =0.919;
p = 0.001), subdural haematoma (AUC =

Table 4. S100B values stratified according to diagnostic criteria.

S1008B initial value (ug/l)'

S100B 2" day (pg/l)!

Marshal classification

Days in hospital
< 6 days
> 6 days
p-value?

'Median and 5"-95™" percentile range.

GCS

<8 0.76 (0.11-14.83) 0.17 (0.07-3.15)
>8 0.33(0.06-2.69) 0.12 (0.02-0.67)
p-value? 0.024 0.031

[l 0.51(0.09-4.57)
l-VI 1.06 (0.11-31.24)
p-value? 0.518 0.117

0.51(0.09-6.07)
0.72 (0.13-14.83)
0.450 0.654

2 Statistical significance was analyzed by means of Mann-Whitney U test.

0.15 (0.05-0.47)
0.46 (0.07-21.76)

0.15(0.05-3.15)
0.19 (0.07-0.55)

=0.782;p=0.028), oedema (AUC =0.824;
p =0.012), skull fracture if combined with
some other type of injury (AUC = 0.768;
p =0.037).

Discussion
GCS scores and cranial CT are the con-
temporary standards for considering se-

verity and visualizing brain damage after
TBI [10]. Despite the information from cli-
nical and radiological examinations, esti-
mating prognosis of TBI patients remains
unmanageable in some instances.

The aims of this study were to investi-
gate correlations between initial levels of
serum S100B protein and mortality and
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Table 5. Patients’ initial characteristics as potential predictors of GOS = 1.

' Area under curve

Potential predictors Sensitivity (%) Specificity (%) AUC (95% ClI)" p
GCS<8 100.0% 43.2% 0.716 (0.544-0.888) 0.092
Marshal > I 100.0% 83.8% 0.919 (0.835-1.000) 0.001
Initial CT diagnostics

No findings 0.0% 89.2% 0.446 (0.213-0.679) 0.674
Single findings

intracranial bleeding 83.3% 59.5% 0.714 (0.507-0.921) 0.096
diffuse axonal injury 33.3% 83.8% 0.586 (0.322-0.849) 0.505
subdural haematoma 83.3% 73.0% 0.782 (0.586-0.977) 0.028
contusion 0.0% 78.4% 0.392 (0.179-0.605) 0.400
skull fracture 83.3% 64.9% 0.741 (0.539-0.943) 0.061
epidural haematoma 16.7% 91.9% 0.543 (0.281-0.805) 0.739
subarachnoid bleeding 83.3% 48.6% 0.660 (0.443-0.877) 0.213
oedema 100.0% 64.9% 0.824 (0.696-0.952) 0.012
Multiple findings

skull fracture + other findings 83.3% 70.3% 0.768 (0.571-0.965) 0.037
multiple bleeding findings 16.7% 73.0% 0.448 (0.208-0.688) 0.687
other combinations 0.0% 81.1% 0.405 (0.188-0.623) 0.462
S100B initial > 0.105 pg/I 100.0% 8.3% 0.542 (0.304-0.779) 0.746
S100B 2" day > 0.105 g/l 100.0% 30.6% 0.653 (0.456-0.850) 0.236
S1008B initial > 1.275 pg/l 83.3% 81.2% 0.752 (0.582-1.000) 0.032
S100B 2" day > 0.540 pg/l 83.3% 97.2% 0.880 (0.671-1.000) 0.003

computerized tomography (CT) findings,
as well as to establish whether there is an
association between S100B and Glasgow
outcome scale (GOS) after six months. We
anticipated that the initial biomarker con-
centrations would represent the severity
of the primary injury and the accompa-
nying immediate cell death. Peak concen-
tration may, however, represent ongoing
cell death occurring as part of second-
ary injury. We might expect the severity
of secondary brain injury to have a stron-
ger relationship with outcome than pri-
mary injury.

The use of serum biomarkers to assist
in the prediction of outcome after TBI of
all severities is an area of active study in
adults. The paediatric literature is far less
extensive. A study by Spinella et al [11]
evaluated 27 children with TBI of varying
severities, measured a single S100B con-
centration as soon as possible after injury
and assessed outcome by dichotomized
paediatric cerebral performance category
(PCPC), a six point scale similar to GOS.
In this study, there was a significant dif-
ference in S100B concentrations between
subjects with good and poor outcomes
six months post-injury, although there

were no subjects with mild or moderate
TBI with poor outcome. Beers et al [12]
measured serial serum concentrations
of neuron-specific enolase (NSE), S100B
and myelin basic protein (MBP) in chil-
dren with acute TBI. Outcome was as-
sessed by GOS, Vineland adaptive be-
haviour scale (VABS) and an intelligence
quotient (IQ) measurement. Student's
t-tests, analysis of covariance, and non-
parametric tests assessed between-group
differences for GOS, IQ and biomarkers.
For all biomarkers and time points, higher
biomarker concentrations were asso-
ciated with worse outcomes. Our find-
ings show that S100B levels significantly
decrease in a group of patients with final
GOS > 1. This decrease started in the sec-
ond day of hospitalization and contin-
ued for the whole follow-up period of
six days. On the other hand, the cohort
with GOS value = 1 did not exhibit a sig-
nificant decrease in S100B values. Com-
pared to adults, Lavicka et al [13] demon-
strated a rapid decrease in serum levels in
the first 6-12 hours after admission in pa-
tients with good outcome, Vajtr et al [14]
recorded increased S100B serum levels in
patients who died.

Ingebrigtsen et al [15] found a correla-
tion between serum S100B and post-con-
cussion symptoms in 50 patients with
minor head injury and normal CT scan.
The same authors reported increased
serum levels in 4 of 24 patients with
minor head injury and normal CT scans
where magnetic resonance imaging re-
vealed contusions in two cases [15]. In se-
vere head injury, they observed increased
S100B values in all cases; however, there
are no data available on the diagnostic
and prognostic value of these observa-
tions. Data in children are not available in
these terms. In our study, we compared
S100 values, different outcome groups
at six months and the categories of Mar-
shall classification of initial CT findings.
This classification was developed to allow
more accurate predictive statements at
the time of initial patient evaluation re-
garding the likelihood of a fatal or non-
fatal outcome. This is widely accepted
as a classification that facilitates grading
of injury severity and improves outcome
prediction. Comparable to the findings
in the original study [8], we were able to
demonstrate a statistically significant re-
lationship between a group of patients
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with GOS = 1 and Marshall classification
score > Il (no patient with GOS = 1 had
Marshall score | or II), a statistically sig-
nificant relationship between a group of
patients with GOS = 1 and some type
of injury diagnosed using CT examina-
tion: intracranial bleeding, subdural hae-
matoma, skull fracture, subarachnoid
bleeding, oedema, and multiple CT find-
ings, namely skull fracture in combina-
tion with some other injury type. Levels
of ST00B were increased in patients with
some specific types of injury, namely in-
tracranial bleeding, subdural haematoma
and oedema. On the other hand, S100B
initial value and S100B second-day are
not significantly related to Marshall clas-
sification score. This may indicate, that
serum S-100B protein adds diagnostic
information.

The diagnostic accuracy of a biomarker
is a measure of its ability to accurately
identify a disease state. The relationship
between sensitivity and specificity may
be determined using a receiver-operat-
ing characteristic curve (ROC) [16]. An
ROC curve is a graph of (sensitivity) ver-
sus (specificity) and the diagnostic ac-
curacy of a biomarker may be quanti-
fied by using the area under the ROC
curve (AUC). Good markers have AUC
values between 0.8 and 0.9, and excel-
lent markers have AUC values between
0.9 and 1.0. In our study, increased ini-
tial values of S100B also contributed to
the risk prediction, but not at the cut-off
level > 0.105 pg/l.

In fact, this level seems to be too low to
be an effective cut-off point. In the first
day of hospitalization it was exceeded
by 100% of the risk patients (GOS = 1)
but also by 91.7% of the other patients.

Consequently, the initial level of S100B
attained only very low specificity at this
point. Objective ROC analysis proposed
levels of > 1.28 g/l on the first day of
hospitalization and > 0.54 pg/l on the
second.

Despite the wealth of data indicat-
ing the use of diagnostic and prognos-
tic biomarkers for traumatic brain injury,
there are still many outstanding issues in
this area of research, especially in pae-
diatric patients.

Conclusion

The level of STO0B was confirmed as a cli-
nically valuable indicator of the severity of
injury and was proposed as an effective
predictor of risk outcome (GOS = 1). The
commonly recommended cut-off level of
> 0.105 pg/l appears to be too low in this
study. Alternative cut-off levels for the
first and second day of hospitalization
were proposed and verified in ROC ana-
lysis (both with sensitivity and specificity
> 80%).

S100B values reveal significant time-re-
lated dynamics; they decreased signi-
ficantly in the group of patients with
GOS > 1. The most significant decrease
and at the same time the most specific
differentiation of risk patients (GOS = 1)
was observed in the second day of
hospitalization.
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