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ABSTRACT

Objectives: The preoperative estimation of serum levels of protein S100 B in patients with
traumatic brain injury (TBI) as a prognostic marker for their outcome is evaluated in this
study, considering TBI as any blow to the head causing a clinical diagnosis of head injury to
be made, even if insufficient to cause definite loss of consciousness. Patients & Methods: The
study included 40 patients with TBI of varied severity and 10 volunteers as a control group.
The initial severity of the injury was assessed using the Glasgow coma score (GCS), and
neurological assessment were performed at the emergency department. Cranial CT scans
without contrast enhancement were performed soon after admission. All patients received
measures to decrease intracranial pressure and phyntoin for posttraumatic seizures and as a
neuroprotector. Operative procedures were conducted according to the type of post-traumatic
lesion. Follow-up was conducted monthly and the final outcome at six months was assessed
using the Expanded Disability Status Scale (EDSS) and the final outcome was considered
unfavorable if the patient had EDSS>5. Results: The study comprised 40 patients with a mean
age of 42.7+8.8 years; 17 patients (42.5%) had loss of consciousness at the scene of the
accident; 9 patients (22.5%) arrived unconscious and 26 patients (65%) had posttraumatic
amnesia. Twenty-one patients (52.5%) had isolated TBI, while 19 patients (47.5%) had TBI
associated with multiple trauma. Mean initial GCS score was 11.1+3 and normal CT was
reported in 14 patients (35%). Throughout ICU stay 15 patients died for a mortality rate of
37.5% and 9 of the survivors (36%) had unfavorable outcome with EDSS>5. Serum S100B
levels were significantly higher in patients compared to control levels, in non-survivors
compared to survivors and in patients with unfavorable compared to favorable outcome.
There was a negative significant correlation between serum S100B levels and both GCS and
survival, while survival showed a positive significant correlation with GCS. Moreover, serum
S100B levels showed negative significant correlation with clinically evaluated neurological
outcome. Using ROC curve, serum S100 B levels were found to be the most specific predictor
of mortality (AUC=0.960), followed by time lag between trauma affliction and sampling
(AUC=0.532) and was the most specific predictor of unfavorable neurological outcome
(AUC=0.844) followed by age (AUC=0.622). ROC curve analysis defined serum level of
S100B at cutoff point of <0.52 (AUC=0.697) as the most appropriate cutoff point for
identification of patients with predicted survival and favorable neurological outcome with
specificity rate of 55.6% and 66.7%, respectively and accuracy rate of 70% and 80%,
respectively. Conclusion: It could be concluded that preoperative estimation of serum S100B
protein in patients with TBI could be used as a prognostic predictor for postoperative survival
and neurological outcome. Serum levels of >0.52 ug/L indicated bad prognosis.

INTRODUCTION termed "S100" because it is partially
soluble in a 100% saturated solution of

Protein S100 is a dimeric acidic ammonium sulfate, . Protein S100
calcium-binding  protein with a constitutes a major component of the

molecular mass of 10-12 KD. It was cytosol of wvarious cell types, but
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protein S100B (BB subunits) and
S100A1 (ap) are predominantly (lz)resent
in astrocytes and Schwann cells ). This
protein has been implicated in the
Ca2+-dependent regulation of a variety
of intracellular functions such as
protein  phosphorylation,  enzyme
activities, cell proliferation and
differentiation, dynamics of
cytoskeleton constituents, structural
organization of membranes,
intracellular Ca®" homeostasis,
inflammation, and protection from
oxidative cell damage 3

The released S100B  exerts
paracrine and autocrine effects on
neurons and glia. On the other hand,
elevations of S100B levels in blood or
cerebrospinal fluid have been observed
in patients with Alzheimer's disease,
Down's syndrome, amyotrophic lateral
sclerosis, multiple sclerosis,
schizophrenia, depression, cerebral
stroke and traumatic brain injury(4). It
has been documented that the
excessive S100 B promotes the
expression of inducible nitric oxide
synthase or pro-inflammatory
cytokines and exhibits detrimental
effects on neurons®™. On studies using
some animal models of the cerebral
stroke or Alzheimer's disease, it is
suggested that the excessive S100 B
produced by activated astrocytes
precedes neurodegenerations(6).

Protein S100 B can be both
actively secreted into the extracellular
space and passively released by cell
death. It has been reported that S100 B
protein is an early marker for cerebral
injury and the appearance of S100 B in
serum indicates both neuronal damage
and increased permeability of the
blood-brain barrier!”,

Rapid detection of tissue injury is
very important for stratifying patients
for treatment and for improved clinical
outcome. Therefore, research in the

field of brain-specific proteins as
biochemical plasma markers for
neurologic disorders or brain injury is
expanding. The proteins S100 B,
neuron specific enolase, myelin basic
protein, and glial fibrillary acidic
protein are currently being evaluated as
protein markers in cerebrospinal fluid
and/or blood for detection of brain
injury in neurologic patients, and
patients with cerebrovascular
accidents, traumatic brain injury,
stroke, global cerebral ischemia
attributable to cardiac arrest or
cardiopulmonary  bypass  surgery,
tumor cerebri, or dementia, with the
aim to eventually locate the site of
injury (neuron, glia, or myelin), ®9)

The diagnosis of acute cerebral
injury currently relies on clinical
neurological examination, computed
axial  tomography or  magnetic
resonance imaging. However, these
methods are not always suitable for the
unconscious and artificially ventilated,
or hemodynamically unstable and thus
unable to cooperate. The identification
of'a biochemical serum marker to assist
in diagnosis and predicting the
outcome of acute traumatic brain
injury would be potentially useful, .
Thus, the current study was designed
to evaluate the prognostic yield of
preoperative estimation of serum levels
of protein S100B in patients with TBI,
so as to be used as prognostic marker
for postoperative outcome of TBI
cases.

PATIENTS & METHODS

This prospective double-blinded
study was conducted at Neurosurgery
Department, Tanta University
Hospital, since Jan 2006 till March
2008 to allow a minimum follow-up
period of 6 months for the last case
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operated upon. After obtaining
approval of the study protocol from the
Local Ethical Committee and fully
informed written consent from the
patients or their nearest relative, 40
patients with TBI of varied severity,
either isolated injury secondary to head
trauma or as a part of multiple trauma,
were enrolled in the study. The study
comprised 10 volunteers to donate
blood as a control group.

Inclusion criteria were head injury
and presentation to the emergency
department within six hours of injury.
The definition of head injury used for
this study was "any blow to the head
causing a clinical diagnosis of head
injury to be made, even if insufficient
to cause definite loss of
consciousness"™?. A six hour cutoff
was chosen as it is thought that S-100B
is rapidly cleared from the serum, with
a half-life estimated at around six

hours?. Patients with history of
Alzheimer's disease, Down's
syndrome, multiple sclerosis,

schizophrenia, depression, cerebral
stroke, spinal cord injury were
excluded off the study because these
diseases are associated with elevated
serum S100 protein".

Base line demographic data, time
and mechanism of injury, relevant
symptoms and signs were recorded.
Clinical information was obtained,
including information necessary to
determine the severity of illness and
use of intensive care resources. Initial
injury severity was assessed at
admission using the Glasgow coma
score (GCS) that evaluates eye
response (eye open spontaneously=4,
eye opening on verbal command = 3,
eye opening to painful stimuli =2 & no
eye opening = 1), verbal response
(orientated = 5, confused,
disorientated=4, incoherent,
inappropriate words = 3,

incomprehensive sounds=2 & no

verbal response=1) and motor response

(obeys commands=6, localizes pain=5,

withdraws to pain=4, decorticate

posture=3, decerebrate posture=2 & no
motor response=1), the summation of
the three responses equals the total
score with score of 15 is the best and

trauma was classified as mild;

GCS=13-15, moderate; GCS=9-12 and

severe; GCS < 8, @ All patients were

cared at Surgical ICU irrespective of
the severity of trauma or the initial

GCS. Neurological assessment was

performed at emergency department

prior to transfer to ICU and initiation
of therapy. Also, cranial CT scans
without contrast enhancement were
performed in standardized slices soon
after admission and lesions were
evaluated with respect to lesion
topography and territories of vascular
supply on the basis of Damasio &

Damasio™®. CT findings were defined

as pathological (CT+) if intracranial

hemorrhage, skull fracture, brain
edema, or contusions were detected.

Post-traumatic lesions  included:

depressed skull fracture; intracerebral

hematoma/brain contusion(s);
subarachnoid hemorrhage; subdural
hematoma; epidural hematoma; and

intraventricular hemorrhage, (19)

Therapeutic measures

First-aid Measures

1. All patients received general
measures to decrease intracranial
pressure: elevation of the head of
the bed for 30° with keeping the
neck  straight and avoiding
hypotension  and  controlling
hypertension if present.

2. Ventilation in sever head injured
patients to maintain normocabnia
(Pco= 35-40 mmHg), light
sedation  using  intramuscular
codeine sulphate 30-60 mg/4 hrs
and dehydration measures in the
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form of mannitol intravenous
infusion in a loading dose of 0.25-1
mg/kg, followed 0.25 mg/kg/6 hrs.

3. If intracranial hypertension
persisted, patients were heavily
sedated using intravenous fentanyl
1-2 ml or magnesium sulphate 2-4
mg or pancornium 3-5 mg
intravenous, increased doses of
mannitol and lastly cerebrospinal
fluid drainage via interventicular
catheter.

4. Phyntoin was used for
posttraumatic seizures and as a
neuroprotector in a loading dose as
20 mg/km within 24 hrs after injury
and high therapeutic levels were
maintained in presence of acute
subdural, epidural or intracerebral
hematoma, GCS<10 on admission,
open depressed skull fracture with
parenchymal  injury,  cortical
contusion on CT examination,
penetrating brain injury, or the
development of seizures within the
first 24 hrs after injury.

Operative measures

Operative procedure varied according

to clinco-radiological assessment:

1.Cases with compound depressed
skull fracture underwent adequate
exposure with elevation of all bone
fragments, excision of foreign
bodies, repair of dural tear if present
and dealing with  underlying
pathology as contusion or hematoma.

2.Extra-axial mass with a definite shift
of the midline, clearly identifiable
extra-axial lesion of increased or
decreased density and the midline is
seen to be shifted on computed
tomographic scan more than 4 mm,
the lesion should be evacuated.

3.Midline shift without extra-or intra-
axial clot seen on computed
tomographic scan of Smm or more,
craniotomy even if high density

masses are not seen on computed
tomographic scan.
4.Intra-axial mass in presence of focal
neurologic deficit associated with
large hematoma in an appropriate
anatomical  location, loss of
consciousness,  deteriorating  or
unimproved  neurological  status,
intractable elevation of ICP or
significant midline shift on CT
scanning. For such cases hematoma
evacuation, localization of the source
of  hemorrhage and  securing
hemostasis was performed.
5.Multiple intra-axial lesions with
midline shift, the primary lesion or
lesions producing the shift should be
evaluated.
6.Cases with cerebral contusion with
progressive neurological deteriora-
tion or intractable uncontrolled
elevation or of ICP underwent cranial
decompression with removal of
contused brain tissue
Follow-up
Follow-up was conducted monthly
and the final outcome at six months
was assessed using the Expanded
Disability Status Scale (EDSS). It is a
ten point scale derived from severity
scores in each of 6 systems (sensory,
motor, sphincteric, brain stem, vision,
cerebral), ambulation and work ability
with 0=no symptoms or signs, 1=mild
disability with no or minimal
impairment of ambulation, 3.5-
5.5=moderate disability and
impairment of gait, 6-9.5= severe
disability ending in a bed-ridden
helpless patient and 10=death due to
MS. The final outcome was considered
unfavorable if the patient had
EDSS>51%.
Serum S100 B protein estimation
Sampling:
A venous blood sample was
collected at admission and blood was
allowed to clot, and after centrifugation
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within 30 minutes (1000g, 10 minutes),
serum was collected and stored at —
80°C for later analysis. Time lag
between  trauma  affliction and
sampling was identified.

Assay:

Micro titer ELISA plates coated
with 10 pL of anti-S-100 B chain
(Sigma) in 20 ml phosphate buffer
(0.05 mol/L, pH 8.6) were incubated
with 200 puL per well of S-100
calibrators, controls, and samples for
120 minutes. Biotin-labeled rabbit
anti—S-100 antibody (DAKO) in a Tris
0.05 mol/L, NaCl 0.15 mol/L, CaCl, 10
mmol/l, NaN3 0.15 mmol/l buffer was
added, and plates were incubated for
another hour. After the plates had been
washed, 200 pupL of streptavidin-
europium in assay buffer (Tris 0.05
mol/L, NaCl 0.15 mol/L, bovine serum
albumin 1 g/L, bovine gamma globulin
0.5 g/L, both from Sigma, NaN; 0.15
mmol/L) was added to each well, and
the plates were incubated for 30
minutes. As a last step, 200 pL of
enhancement solution (acetic acid 0.01
mol/L, tri-n-octyl phosphine oxide 38
mg/L, potassium phtalate 1.3 g/l,
thenoyltrifluoroacetone 222 mg/l,
Triton X-100 2 ml/L) was added to
each well, and the plates were
incubated for 15 minutes, @D Serum
S100 B levels >0.1 pnug/L are
considered pathologic depending on
the work of Biberthaler et al., *® who
ascertained that a cut-off point at a
concentration of 0.1 ug/L of S 100 B,
which was the highest level measured
in healthy volunteers without any sign
of intracranial injury, is an accurate
discriminative cutoff point.

RESULTS

The study comprised 40 patients;
31 males (77.5%) and 9 females

(22.5%). The Patients' mean age was
42.748.8; within a range of 26-61
years. There were 29 patients (72.5%)
who had a car accident, 7 patients
(17.5%) had fallen from a height and 4
patients (10%) had motorbike accident.
Seventeen patients (42.5%) had loss of
consciousness at the scene of the
accident and 9 patients (22.5%) arrived
unconscious; while the other 23
patients (57.5%) did not lose
consciousness at all, 26 patients (65%)
had posttraumatic amnesia, while 14
patients (35%) did not have. Twenty-
one patients (52.5%) had isolated TBI,
while the other 19 patients (47.5%) had
TBI associated with multiple trauma,
(Table 1).

The mean initial GCS score was
11.14£3; range: 5-15. There were 14
patients (35%) with mild trauma and a
mean GCS score was 14.1+0.9; range:
13-15; 17 patients (42.5%) with
moderate trauma and a mean GCS
score was 11.1+0.9; range: 10-12 and
9 patients (22.5%) with severe trauma
and a mean GCS score was 6.3+1.1;
range: 5-9, (Table 2).

Normal CT was reported in 14
patients (35%); however, CT scanning
detected fissure skull fracture in 4
patients (10%), fissure basal skull
fracture in 2 patients (5%) and
depressed skull fracture in 4 patients
(10%); extradural hemorrhage in 6
patients (15%), subdural hemorrhage
in 7 patients (17.5%), 2 patients (5%)
had subarachnoid hemorrhage and the
last  patients had intracerebral
hemorrhage, (Table 3; case
presentation).

Throughout ICU stay 15 patients
died for a mortality rate of 37.5% after
a mean duration of ICU stay of
2.240.8; range: 1-3 days. On contrary,
the 25 survivors had a mean ICU stay
of 11.3+£3.9; range: 6-20 days. There
was a non-significant difference
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between survivors and non-survivors
as regards age, gender, time of
sampling or presence of multiple
trauma, (Table 4).

Survivors had significantly higher
frequency (X%=3.322, p<0.05) of mild
and moderate trauma with less
frequency of severe trauma and
showed significantly higher GCS
(Z=3.305, p=0.001) at time of arrival
compared to non-survivors, (Table 4,
Fig. 1). Throughout follow-up period
16 of the 25 survivors (64%) had
favorable outcome (EDSS<5);, 4
patients (16%) had EDSS=0, 7 patients
(28%) had EDSS=1, 2 patients (8%)
had EDSS=2 and 3 patients (12%) had
EDSS=3, while the other 9 survivors
(36%) had unfavorable outcome with
EDSS>5, (Table 6). Mean EDSS was
significantly lower (Z=2.67, p=0.008)
in patients had favorable outcome
compared to those had unfavorable
outcome, (Fig. 2).

The estimated serum levels of
S100B (Fig. 3) were significantly
higher in patients compared to control
levels, in non-survivors compared to
survivors and were significantly higher
in patients with unfavorable outcome
(EDSS>5) compared to those with
favorable outcome (EDSS<5), (Table
6, Fig. 4).

There was a negative significant
correlation between serum S100B
levels and both GCS, (r=-0.452,

P=0.003) and survival, (r=-0.795,
P<0.001), (Fig. 5), while survival
showed a  positive  significant
correlation with  GCS, (r=0.397,
P=0.011), (Fig. 6). Similarly, serum
S100B levels showed negative
significant  correlation  (r=0.546,
P=0.005) with clinically evaluated
neurological outcome, (Fig. 7).

Using ROC curve, plotted for
various patients' characters, time of
sampling, GSC and serum levels of
S100B for identification of the specific
predictor of mortality, serum levels of
S100 B was found to be the most
specific for the prediction of mortality
with AUC=0.960, followed by time lag
between  trauma  affliction and
sampling with AUC=0.532. On the
other hand, serum S100B level was the
most specific for the prediction of
unfavorable neurological outcome with
AUC=0.844 followed by age with
AUC=0.622, (Table 7, Fig. 8 & 9).
Using ROC curve analysis of estimated
serum levels of S100 defined serum
level of S100B protein at cutoff point
of <0.52 (AUC=0.697) as the most
appropriate cutoff  point for
identification of patients with predicted
survival and favorable neurological
outcome with specificity rate of 55.6%
and 66.7%, respectively and accuracy
rate of 70% and 80%, respectively,
(Fig. 10).
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Table (1): Demographic and initial clinical data of studied patients

Age (years) 38.8+13.9 (18-62)
Sex; M:F 28:12
Cause of trauma Car accident 29 (72.5%)
Fall from height 7 (17.5%)
Motorbike accident 4 (10%)
Loss of No 23 (57.5%)
consciousness At scene of accident only 8 (20%)
At scene of accident till admission 9 (22.5%)
Posttraumatic No 14 (35%)
amnesia Present 21 (65%)
Type of trauma Isolated TBI 21 (52.5%)
Multiple trauma including TBI 19 (47.5%)

Data are presented as mean+SD, ratios and numbers; ranges and percentages are in
parenthesis.

Table (2): Initial GCS score of studied patients and type of trauma

Severity of trauma Number (%) GCS score
Mild trauma 14 (35%) 14.1+0.9 (13-15)
Moderate trauma 17 (42.5%) 11.1+0.9 (10-12)
Severe trauma 9 (22.5%) 6.3+1.1 (5-8)
Total 40 (100%) 11.1£3 (5-15)

Data are presented as meantSD and numbers; ranges and percentages are in
parenthesis.

Table (3): Patients" distribution according to CT findings

CT findings Number (%)
Normal 14 (35%)
Fissure skull fracture only 4 (10%)
Basal skull fracture only 2 (5%)
Depressed skull fracture 4 (10%)
Extradural hemorrhage 6 (15%)
Subdural hemorrhage 7 (17.5%)
Subarachnoid hemorrhage 2 (5%)
Intracerebral hemorrhage 1(2.5%)

Data are presented as numbers and percentages are in parenthesis.
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Table (4): Preliminary data of studied patients categorized according to survival

outcome

Severity of trauma Survivors Non-survivors

Age (years) 42.949.5 (26-61) 42.3+7.8 (32-53)

Male: Female (%) 76:24 80:20

Time of sampling (min) 138.2+59.7 (30- 156+86.5 (30-

240) 240)

Type of | Isolated TBI 14 (56%) 7 (46.7%)

trauma | Multiple trauma including 11 (44%) 8 (53.3%)
TBI

Trauma | Mild 10 (40%) 4 (26.7%)

severity | Moderate 11 (44%) 6 (40%)
Severe 4 (16%) 5 (33.3%)

GSC at time of arrival 1242.6 (7-15) 9.54+3.2 (5-13)

Data are presented as meantSD and numbers; ranges and percentages are in

parenthesis.

Table (5): Patients" distribution according to Follow-up outcome evaluated as

EDSS
Outcome Number (%)
Favorable | Good recovery with no symptoms or signs (EDSS=0) 4 (16%)
No disability with minimal impairment of ambulation 7 (28%)
(EDSS=1)
Mild disability with minimal gait impairment 2 (8%)
(EDSS=2)
Moderate impairment of ambulation (EDSS=3) 3 (9%)
Unfavorable (EDSS >5) 9 (36%)

Data are presented as numbers and percentages are in parenthesis.

Table (6): Serum S100 levels estimated in studied patients categorized according
to survival and neurological outcome of survivors compared to control levels

Group Serum level (ug/L)
Control 0.166+0.033 (0.12-0.22)
Patients Total 0.756+0.334 (0.25-1.48)*
Survivors | Total 0.553+0.16 (0.25-0.88)*
Favorable 0.489+0.104 (0.36-0.75)*
Unfavorable 0.667+0.183 (0.25-0.88)*
Non-survivors 1.095+0.266 (0.65-1.48)*f

Data are presented as mean+SD, ranges are in parenthesis
*: Significant versus control levels
}: Significant versus patients had favorable outcome

1: Significant versus survivors
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Table (7): Specificity of various parameters for prediction of mortality and
unfavorable neurological outcome presented as AUC

Data Mortality Unfavorable outcome
Age (years) 0.498 0.622

Male gender 0.520 0.514

Initial GCS 0.277 0.597

Time lag till sampling 0.532 0.493

(min)

Serum S100 level 0.960 0.844

CASE PRESENTATION

Case (1): Male patient aged 35 years with history of local head trauma, patient was
conscious, presented by frontal scalp wound with +VE halo sign, CT brain showed compound
depressed skull fracture with underlying brain laceration and pneumocephalus. The depressed
fractured bone was elevated and after dealing with the brain laceration, and dural repair; the
extracted bone was repositioned.

Case (2): Male patient aged 28 years old with history of local head trauma; GCS13, presented
by parietal scalp wound, repeated vomiting with GCS=13. CT brain showed an epidural
hematoma. Patient had been operated upon by craniotomy flap and hematoma evacuation.
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o P ———
Case (3): Male patient aged 37 years, presented by history of MVA, GCS=7, unequal pupils,
CT brain showed left fronto-tempro—parietal acute subdural hematoma with marked mass
effect and midline shift, and early signs of brain herniation. Patient had been operated upon
by craniotomy flap and hematoma evacuation.
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DISCUSSION

The members of the S100 protein
family are multifunctional proteins
with a regulatory role in a variety of
cellular processes. They exert their
actions usually through calcium
binding, although Zn** and Cu®* have
also been shown to regulate their
biological activity. The most studied
member, protein S100B, exhibits
neurotrophic (at physiologic
concentration) or neurotoxic (at higher
concentration)  activity and its
immunohistochemical expression or
serum levels have been determined in
various clinical disorders, (19)

The current study was designed to
evaluate the prognostic yield of
estimation of serum levels of protein
S100B in patients with TBI, so as to be
used as prognostic markers for cases
admitted to ICU after TBI.

Estimated serum levels of S100B
were significantly higher in TBI
patients, irrespective of the trauma
severity or being isolated or a part of

multiple trauma, compared to the
control levels. This finding signified
that S100B was released early after
TBI and could be considered as an
early marker. This finding agreed with
Biberthaler et al., ® who found the
initial S100B serum levels of mild
head trauma patients were significantly
higher than those of the negative
control group and with Hayakata et
al., @ who found CSF concentrations
of S100B peak within 24 h after severe
traumatic brain injury and decrease
gradually thereafter and could be
useful as predictors of outcome in
cases of severe TBL Song et al., @V
evaluated serum levels of SI100B
protein after acute radiation induced
brain injury in astrocytoma patients
and reported that high levels of serum
S100B protein are associated with
radiation-induced brain injury in
astrocytoma patients and may serve as
the marker for early diagnosis of the
injury. Moreover, Berger et al., # %)
found serum S100B levels are
increased in the majority of children




E.J.N.S. Vol. 24 No. 1

January 2009 149

with acute traumatic brain injury,
including well-appearing children in
whom the diagnosis might otherwise
be missed. Furthermore, Springborg et
al.® reported that the high sensitivity
and high negative predictive value of
S100B for brain damage is clinically
useful and integration of S100B into
existing management routines can
reduce the need for CT scans or
admission by over 30%.

Also, the estimated serum levels of
S100B were significantly higher in
non-survivors compared to survivors
and in patients with unfavorable
outcome compared to those with
favorable outcome. These results
illustrated the prognostic yield of
estimation of serum S100B levels at
time of admission. In support of these
data, serum S100B levels showed a
positive significant correlation with the
initial GCS and a negative significant
correlation with both the frequency of
survival and favorable outcome.
Moreover, ROC curve analysis for
various patients' characteristics, initial
GCS and serum S100B as predictors
for prognosis defined estimated serum
S100B level as the most specific
predictor for both survival and
neurologic outcome.

These findings go in hand with
various previous studies; da Rocha et
al.®® tried to determine whether
S100B serum levels correlate with
primary outcome following isolated
severe TBI or multitrauma in males
and found mean S100B concentrations
were significantly increased in the
patient with TBI compared with the
control group and patients with fatal
outcome had higher mean S100B
concentrations when compared with
survivors with a significant correlation
between  higher  initial S100B
concentrations and fatal outcome. Watt
et al.?® examined the relationship

between serum concentrations of
protein S-100B and neuro-
psychological functioning following
severe traumatic brain injury and found
early measurement of S-100 not only
reflected overall brain injury severity,
but also related to neuropsychological
deficits, with higher serum
concentrations associated with poorer
performance across most cognitive
domains. Also, Townend &
Ingebrigtsen, " found patients with
high levels of S-100B at initial
assessment may represent a high risk
group for disability after head trauma
and Berger et al., ® reported that
S100B concentrations obtained at the
time of TBI may be useful in
predicting outcome of pediatric
traumatic brain injury.

ROC curve analysis of estimated
serum levels of S100B defined <0.52
ug/L as the most appropriate cutoff
(AUC=0.679) for identification of
patients with predicted survival and
favorable neurological outcome with
specificity rate of 55.6% and 66.7%,
respectively and accuracy rate of 70%
and 80%, respectively. Such cutoff
point coincided with that reported by
Korfias et al.?*® who reported that
patients with initial serum S-100B
levels above 1 pg/LL had a nearly
threefold increased probability of death
within 1 month and serum S-100B
alteration  indicated  neurological
improvement or deterioration. Surgical
treatment reduced S-100B levels and
concluded that serum S-100B protein
reflects injury severity, improves
prediction of outcome after severe TBI
and may also have a role in assessing
the efficacy of treatment after severe
TBI. Rainey et al.®?%? who found the
cutoff point of 0.53 pg/L has
sensitivity of >80% and specificity of
60% to predict unfavourable outcome
and 49% to predict death.
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Various studies tried to elucidate
the causal relationship between S100B
and exacerbation of brain damage and
bad prognosis; Tateishi et al., ®)
suggested that released S100B exerts
paracrine and autocrine effects, on
neurons and glia, implicated in the
Ca®*-dependent regulation of a variety
of intracellular functions such as
protein  phosphorylation,  enzyme
activities, cell proliferation and
differentiation, dynamics of
cytoskeleton constituents, structural
organization of membranes,
intracellular Ca? homeostasis,
inflammation, and protection from
oxidative cell damage; but excessive
S100B release promotes the expression
of inducible nitric oxide synthase or
pro-inflammatory ~ cytokines  and
exhibits detrimental effects on neurons.
Mori et al.®? using transgenic mice
overexpressing human S100B provided
genetic evidence that overexpression of
human S100B acts to exacerbate brain
damage and peri-infarct reactive gliosis
(astrocytosis and microgliosis) during
the subacute and acute phases of
ischemic brain injury.

It could be concluded that
preoperative  estimation of serum
S100B protein in patients with TBI
could be used as a prognostic predictor
for  postoperative  survival and
neurological outcome and serum levels
0of>0.52 pg/L indicated bad prognosis.
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