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Objective: To investigate whether MRI in emergency
radiology can detect (a) additional trauma-related
findings after minor head injury (MHI) or (b) structural,
non-trauma-related intracranial lesions when trauma
biomarker S-100B concentration is raised, or clinical
symptoms are unexplained, or both.

Methods: 41 patients with MHI were included. Concen-
trations of S-100B in serum were measured and catego-
rized using an established cut-off at 0.1pg|™". Intracerebral
trauma-related as well as non-trauma-related chronic
structural findings (atrophy, microangiopathy and chronic
parenchymal defects) were assessed by cranial CT (CCT)
and MRI by two independent radiologists (UL and LLG). All
CCT and MRI results were compared with biomarker
S-100B.

Results: Compared with CCT, MRI detected 10 addi-
tional lesions. 5 patients had abnormal MRI with a total
of 15 trauma-related lesions and showed elevated

INTRODUCTION

There are nearly 1.6 million traumatic brain injuries (TBIs) in
the USA each year (incidence 538/100,000); in Europe,
however, the incidence is far lower at 235/100,000 and neu-
rotrauma remains the leading cause of death in patients under
45 years old."™ In the context of risk stratification after head
injury, besides established clinical predictors such as headache,
amnesia or loss of consciousness, objective and independent
indicators have been recently investigated.*’

Astroglial-derived protein S-100B is one of the most
promising biomarkers for patients being clinically at high
risk of developing intracranial complications after minor

S-100B concentrations. Although sensitivity of S-100B
was 100%, specificity was only 25%. Patients with
structural brain lesions showed significantly higher
S-100B serum levels (0.50 and 0.14 pg 7, p=0.01).
Conclusion: Biomarker S-100B has proven its high
negative-predictive value to rule out intracranial bleeding
in patients after MHI even if MRI is used as imaging
modality. Regarding the low specificity of S-100B, struc-
tural lesions of the brain parenchyma not related to the
acute trauma may be associated with increased serum
concentrations of protein S-100B.

Advances in knowledge: Biomarker S-100B has a high
negative-predictive value to rule out intracranial bleeding
after MHI. Biomarker S-100B’s low specificity may be
associated with non-traumatic brain parenchyma lesions.
MRI is superior to CCT in detecting subtle findings in
neuroimaging after MHI. Biomarker S-100B can potentially
reduce the large number of normal CCT studies after MHI.

head injury (MHI). In addition to its role as a quantitative
prognostic marker in severe head injury,”” several studies®’
have proven a high test sensitivity and strong negative-
predictive value (NPV), suggesting that it has the potential
to reduce the large number of normal cranial CT (CCT)
examinations after MHI by up to 30%. However, biomarker
S-100B has an overall poor specificity. According to a recent
meta-analysis, combined sensitivity can reach up to 94%
[95% confidence interval (CI), 88-98%] and a combined
specificity is only 44% (95% CI, 30-58%).'%"2

Some reports have also shown raised concentrations of the
biomarker in patients with non-traumatic parenchymal
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lesions such as infections'” and extracranial injuries."* As MHI is
very common and imaging is associated with significant costs
and radiation exposure, an additional risk parameter could be of
great value to stratify the patients at risk for TBI to undergo
CCT. At the moment, S-100B is partially introduced into clinical
practice. The American College of Emergency Physicians and the
federal US Center for Disease Control and Prevention men-
tioned in their guidelines that S-100 can be useful as a screening
test in MHL>"

Despite CCT being the first-line imaging modality of choice
after MHI in emergency radiology, MRI is considered to be
superior in the detection of subtle cortical contusions and small
subdural haematomas within the first 24 h.'® It is also more
sensitive for the detection of subacute or chronic subarachnoid
haemorrhages'” and can provide evidence for diffuse axonal
injuries after MHI in about 30% of the patients in whom CCT
has failed to show an abnormality.'® Furthermore, MRI is the
primary diagnostic tool for the assessment of non-acute cerebral
pathologies because of its superior ability to visualize paren-
chymal alterations.

The purpose of this study was to evaluate the value and limi-
tations of S-100B after MHI using MRI in emergency radiology.
We investigated whether MRI can detect (a) additional trauma-
related findings after MHI or (b) structural, non-trauma-related
intracranial lesions when S-100B biomarker concentration is
raised and CCT is normal or equivocal.

METHODS AND MATERIALS

Patients

The study was approved by the local ethics committee, and in-
formed consent was obtained from all patients or from relatives
if the patient was unconscious.

For this study, 41 patients with a history of minor head trauma
(Glasgow Coma Scale on admission: 13—15) were examined using
CCT and underwent MRI of the head within 48 h of admission.
Separately, blood samples were obtained on admission for the
measurement of S-100B concentration. Besides history of MHI,
CCT imaging was indicated, if at least one of the following risk
factors was present: loss of consciousness, post-traumatic amne-
sia, nausea, vomiting, severe headache, dizziness, vertigo, in-
toxication, treatment with anticoagulants and age over 60 years,
following established clinical MHI guidelines. Those who are
under the age of 18 years, pregnant females and patients with
multiple injuries were excluded. Clinical indications for a sub-
sequent MR examination within 48 h were defined as negative or
equivocal CCT with discrepant neurological symptoms and/or
increased concentration of S-100B (>0.1 p,gl_l) in serum. Owing
to intoxication, 17 patients could not give their consent to the
measurement of S-100B concentrations during the first few hours.
As the half-life period of S-100B in serum is about 2.2h,'" the
measured values in this group were not used for this study.

Some patients were also included simultaneously in a large
multicentre study at 3 Level I trauma centres with a total of
1309 patients following a different study protocol.® Limitations
of this recruiting process are described in the Discussion section.

Linsenmaier et a/

Cranial CT examination

After an initial neurological examination, a standard CCT
(120kV, 360mA) was performed in an emergency radiology
department to evaluate the brain parenchyma (3- to 5-mm slice
thickness) and the skull using high-resolution bony re-
construction (1- to 2-mm slice thickness). All axial scans were
read by two radiologists and written reports were provided. For
this study, all CCTs were anonymized and reinterpreted by two
trained independent and blinded radiologists with 7 and
12 years’ experience in emergency radiology who were unaware
of the final diagnosis; controversial findings were read in con-
sensus. All patterns of intracranial haemorrhage and skull
fracture were considered to be trauma-related findings. The
patients were grouped into CCT negative (CCT—, no abnormal
findings) and CCT positive (CCT+, abnormal findings). If in-
tracranial haemorrhage could not be excluded safely, the patient
was also considered as “CCT positive” because of an equivocal
CT finding deserving further evaluation.

MR examination

MRI of the cranium was taken according to a standard protocol
using high-field 1.5-T MRI scanner (Siemens, Forchheim,
Germany) with 40-mT quantum gradients, coronal including
fluid-attenuated inversion recovery, haemosensitive axial
T,*weighted gradient echo sequence, diffusion-weighted imag-
ing, axial T; weighted and axial and sagittal T, weighted. Images
were interpreted in the same way as the CT images. Again,
patients were grouped into MRI negative (MRI—, no abnor-
mality) and MRI positive (MRI+, at least one trauma-related
finding). In addition, the following non-trauma-related, but
structural intracerebral findings were also assessed: cerebral at-
rophy, microangiopathic lesions and chronic parenchymal
defects of the brain.

S-100B measurement

Blood samples were processed to serum and assayed with
Elecsys® S-100, an electrochemiluminescence immunoassay
(Roche Diagnostics, Mannheim, Germany); routine testing took
18 min. The lower detection limit is 0.005 p,gl_l, and concen-
trations of up to 39 ugl™' can be measured without dilution;
results were reported as pgl™'. A cut-off value for diagnostic
S-100B serum concentrations had been established at 0.1 pgl™"
in prior studies from the same institution (LMU University
Munich, Germany) and more detailed information available
in these cited publications.>*” Patients with raised serum con-
centrations were grouped as S-100B positive (S-100B+) and
concentrations below the cut-off were considered as S-100B
negative (S-100B—).

Statistical analysis

To assess the significance of differences between groups, we used
the SPSS® software v. 15.0 (IBM Corp., Armonk, NY; formerly
SPSS Inc., Chicago, IL). Because personal and clinical data were
not normally distributed, they have been reported as median and
interquartile range (IQR). To compare different S-100B con-
centrations related to clinical and radiological findings, we used
the non-parametric Mann—Whitney U test. Sensitivity, speci-
ficity, positive-predictive value (PPV) and NPV were calculated
from contingency tables.
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RESULTS
Demographics
Patient demographics are shown in Table 1.

Cranial CT and MRI results

Of 41 (100%) patients, 12 (29.3%, CCT+) patients were cate-
gorized as CCT positive with a total of 14 trauma-related lesions:
contusions (n = 8); subarachnoid (n = 1), subdural (n =2) and
epidural (n = 1) haemorrhages; and fractures (n=2).

5 (12.2%, MRI+) patients had abnormal MRI with a total of
15 trauma-related lesions: contusions (n = 7); subarachnoid
(n=75), subdural (n=2) and epidural (n = 1) haemorrhages.

Five patients had trauma-related findings diagnosed by both
CCT and MRI; another seven patients had positive or ques-
tionable CCT scans and lesions were not confirmed by MRI
(Table 2). In the latter group, one haemorrhage suspected on
CCT was then correctly diagnosed as cavernoma by MRI
(Figure 1). The remaining six positive CCT were assessed as
artefacts, in retrospect, because of the negative MRI scan. The
rate of CCT scans that were supposed to be false-positive CCT
findings was 17%.

Compared with CCT, MRI detected 10 additional lesions:

6 contusions and 4 subarachnoid haemorrhages. However, none
of both skull fractures was detected (Table 3 and Figure 2).

Table 1. Patient demographics

Age, years, mean = SD (min—max) 54.6 = 23.3 (20-89)
Gender

Male 21 (51.2)

Female 20 (48.8)
GCS on admission

15 36 (87.8)

14 4(9.8)

13 1(2.4)
Mechanism of injury

Fall 25 (61.0)

Motor vehicle accident 12 (29.3)

Other (e.g. assault, collision) 4 (9.8)
Indication for MRI

a) Unexplained clinical symptoms 9 (22.0)

b) Elevated S-100B concentration 26 (63.4)

¢) Combination of (a) and (b) 6 (14.6)
Outcome

Admitted for observation 11 (26.8)

Discharged 30 (73.2)

GCS, Glasgow Coma Scale; max, maximum; min, minimum; SD,
standard deviation.
Data are number (%) of patients, unless otherwise stated.

Measurement of S-100B concentrations

41 (100%) blood samples were obtained; 1 patient with elevated
S-100B concentration was excluded from the detailed analysis
because of the enormously high value of 19.82 ugl™', which we
put down to a technical failure.

The median concentration of the remaining 40 samples was
0.35ugl ™" (IQR 0.12-0.65 pg1™"; minimum 0.04 pgl™"; max-
imum 2.39 uglﬂ). 32 (78%, S-100B+) patients showed an
increased concentration in serum: median concentration
0.47 ugl™', IQR 0.27-0.81 pgl™". By contrast, only nine (22%)
patients were within the reference range: median concentration
0.06 wgl™', IQR 0.04-0.07 wgl™".

S-100B concentrations and trauma-related findings
on cranial CT and MRI

In 27 of 32 (84%) patients with high S-100B concentrations, the
results were false positives with regard to negative MRI, serving
as the gold standard; 4 of the 27 also had a false positive CCT. All
patients in whom the S-100B concentration was within the
reference range (n = 9) had MRI that showed no abnormality. In
five patients with positive MR, S-100B concentrations were ab-
normally raised. On the basis of a contingency table, sensitivity,
specificity, positive-predictive value and NPV were esti-
mated (Table 4).

However, there was no significant difference between the median
concentration in patients with positive MR scans and in those
without (0.33 wgl™!, IQR 0.24-0.67 pgl™%; and 0.35pgl™},
IQR 0.10-0.65 wgl™").

Also remarkable was the fact that 3 out of 41 patients had
S-100B concentrations within the reference range despite CCT
being categorized as positive. As these cases did not show any
trauma-related finding on MRI, they were assessed as artefacts,
in retrospect (Table 3).

S-100B concentrations and non-traumatic

lesions on MRI

To assess the low test specificity, S-100B was also related to non-
traumatic lesions on MRI: significantly higher concentrations
were measured in patients with cerebral atrophy than in younger
or healthy patients with no signs of cerebral atrophy (0.47 and
0.22 ugl™'; p=10.02) (Table 5). Microangiopathic lesions (0.55
and 0.27 ugl™'; p=0.06) and chronic parenchymal defects of
the brain (0.50 and 0.27 pgl™"; p = 0.09) showed again higher
concentrations of S-100B, but not significantly so. In addition,
a subgroup analysis of patients without intracranial bleeding
(CCT as well as MRI) was performed: significantly higher
S-100B serum concentrations were found in patients with dif-
ferent types of chronic structural, non-trauma-related findings
(0.50 and 0.14pgl™"; p=0.01) and in patients with micro-
angiopathic lesions (0.55 and 0.27 pgl™"; p = 0.038) (Figure 3).

DISCUSSION

Neurotrauma is the leading cause of death and disability under
the age of 45 years, and studies®*' > have shown that CCT can
detect all relevant neurosurgical lesions independent of the
grading of severity of injury. Due to its wide availability and
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Table 2. Contingency table—sensitivity, specificity, positive-predictive value (PPV) and negative-predictive value (NPV) of cranial

CT (CCT) compared with MRI

CCT findings MRI positive MRI negative NPV and PPV
CCT positive 5 (12) 7 (17) PPV 42%
CCT negative 0 (0) 29 (71) NPV 100%

Sensitivity 100%

Specificity 81%

Data are number (%) of patients.

diagnostic impact, diagnosis by CCT is the standard. The
availability of MRI in emergency radiology has increased since
the 1990s, and its use after MHI has shown that it is more
sensitive than CCT in the detection of many post-traumatic
conditions,'®'#*42¢

Our results show, as other published data, the diagnostic supe-
riority of MRI in emergent neuroimaging. Of 15 (100%) post-
traumatic parenchymal lesions found with MRI, CCT showed
only 5 (33%) post-traumatic parenchymal lesions (Figure 2).
Data comparing the diagnostic accuracy of MRI and CCT are
scarce because a definite reference standard is missing. A study
by Orrison et al*’ analysed 107 patients retrospectively, and
overall sensitivities of CCT and MRI were 63% and 96%, re-
spectively. The ability of MRI to detect contusions, shear injuries
and subdural and epidural haematomas was considerably higher.
Despite the recent progress in MRI techniques, bone injuries
remain a domain of CCT;*”*® in this study, two skull fractures
were detected only by CCT.

In our study, only 5 (42%) of 12 positive CT examinations
could be confirmed by MRI; 6 (50%) were false positives and
1 was identified as cavernous angioma (Figure 1). This is
because the high specificity of MRI leads to better visualiza-
tion of brain parenchyma. Ahlhelm et al*’ suggested that up
to half of the cavernomas identified by MRI are not detected
by CCT.

The other six false-positive CCT findings were supposed to be
artefacts that were misinterpreted as questionable subtle bleed-
ings. Published data about the specificity of CCT and MRI, re-
spectively, for the detection of contusions are rare. However,

MRI has proven its superior sensitivity for the detection of small
contusions and microhaemorrhages; for most other extra-axial
lesions, the sensitivity of both modalities is shown to be
comparable.”

As far as the impact of S-100B as a predictive biochemical
trauma marker after head trauma is concerned, our results from
an emergency radiology department are in agreement with those
of other authors,®!! although we found now for the first time
the significant difference in concentrations between the MRI
that did and did not show non-traumatic parenchyma lesions.
However, this MRI study confirms previous studies based on CT
scanning: S-100B in serum has a high sensitivity and a high NPV
for trauma-related intracranial lesions after MHI. A recent meta-
analysis including >2000 patients showed a combined sensi-
tivity of 94 % (95% CI, 88-98%) and a combined specificity of
44% (95% CI, 30-58%) with diagnostic odds ratio of 10.3 (95%
CI, 4.2-24.9%).'° Muller et al>* concluded in a consensus paper
that the biomarker can triage patients to CCT, again with a high
NPV and decrease the large number of normal CCT and set free
capacities of the emergency rooms.

Townend and Ingebrigtsen could define in a meta-analysis an
S-100B cut-off at 2.5 ugl™', which is related to dependent
disability and post-concussion syndrome and is also a specific
test for this. Patients above the cut-off are at high risk for
disability after MHI.>?

The specificity of S-100B was again low in this study. Our
results showed for the first time that there was a difference
between patients with chronic brain atrophy and those with-
out. We therefore hypothesize that structural defects caused by

Figure 1. MRI clarifying cranial CT (CCT) findings as cavernoma. A 69-year-old female after a fall. CCT (a) shows an atypical
intracranial haemorrhage (arrowhead). MRI (b, T; weighted; ¢, To*weighted) detected a cavernoma (arrowheads).
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Table 3. Patient characteristics, S-100B categories and cranial CT (CCT) as well MRI findings of selected cases of the study group

CCT MRI
Patient Age GCS on Mechanism . . .
8 Gender - .. Risk factors S-100B findings findings
number | (years) admission of injury
(n) (n)
LOC, nausea, Contusion Contusions
1 40 Female 15 Fall severe headache, Elevated (1), (2), SDH (1)
anticoagulants SDH (1) ?
LOC, PTA,
nausea, severe Fracture Contusions
2 2 F It 1 MVA ? El
6 emale > headache, evated | gy (2), SAH (3)
dizziness
SAH (1),
3 42 Male 15 Fall Intoxication Elevated SAH (1) contusions
(2)
Fracture
4 22 Male 15 Fall LOC, PTA Elevated (1), EDH (1)
EDH (1)
LOC, PTA, severe SDH (1),
5 73 Female 15 MVA headache, age Elevated SDH (1) contusions
over 60 years (1), SAH (1)
Dizziness, Contusion
6 80 Female 15 Fall anticoagulants, Elevated 1) Cavernoma
age over 60 years
LOC, PTA, Contusion
7 54 Female 15 Fall dizziness, Flevated 1 v Negative
intoxication
8 33 Male 14 Fall LOC’. PT.A’ Elevated Contusion Negative
intoxication (1)
9 56 Male 15 MVA PTA, LOC Elevated (Clc;mus“’“ Negative
LOC, severe Not Contusion .
10 44 Male 15 MVA headache clevated 1) Negative
1 39 Male 15 MVA S?ve.re headache, Not Contusion Negative
dizziness elevated (1)
LOC, severe Not Contusion .
12 44 Male 15 MVA headache clevated 1) Negative

EDH, epidural haemorrhage; GCS, Glasgow Coma Scale; LOC, loss of consciousness; MVA, motor vehicle accident; PTA, post-traumatic amnesia; SAH,

subarachnoid haemorrhage; SDH, subdural haemorrhage.
Elevated S-100B: concentrations >0.1pg [

Cases 1-5 are patients with positive MRI findings. MRI shows additional trauma-related lesions compared with CCT (additional findings appear in bold
type). Skull fractures were not diagnosed by MRI. Case 6 represents an example where MRI clearly distinguished a cavernoma from a suspected
contusion. Cases 7-9 are patients with false-positive CCT findings in patients with elevated S-100B concentrations. Cases 10-12 are patients without
elevated S-100B concentrations where the initial CCT was assessed as pathologic with suspicion of intracerebral contusions; MRI was able to rule out
intracranial trauma, and therefore, these findings were interpreted as artefacts, in retrospect.

older or chronic infarction or post-traumatic lesions or
microangiopathy could explain, to some extent, the low spec-
ificity. However, further research in a larger study population is
needed for confirmation. These results, at the time, confirm,
however, possible limitations of a trauma biomarker S-100B in
clinical practice.

The usefulness of biomarker S-100B in patients with CCT-
negative MHI is based on its high sensitivity (100%) and high
NPV, allowing for a safe rule out of significant cerebral injuries,
if biomarker S-100B is normal. This can include early discharge

from the hospital after suspected MHI and no further need for
imaging in this group of patients.

A clear interdisciplinary recommendation of the use of
S-100B in clinical practice is still missing in Europe with
some national societies being in favour, however lack of
statements.””* The American College of Emergency
Physicians and the federal US Center for Disease Control
and Prevention mentioned in their recent guidelines that
S-100B can be useful as a screening test in minor head
trauma.'’
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Figure 2. MRI detects additional intracranial bleeding. A 26-year-old female after motor vehicle accident with elevated S-100B
serum concentration (0.924 ng I™1. CCT (a) shows a fracture of the occipital bone (thin arrows), but no intracranial bleeding. MRI (b,
T: weighted; ¢, 7T, weighted; d, To*weighted; e and f, fluid-attenuated inversion recovery) shows front temporal contusions
(arrowheads) as well as subarachnoid haemorrhage (thick arrows in f).

A notable literature review of 270 pages describes in a health
technology assessment again the potential of S-100B biomarker
for being a screening test in minor head trauma. Automated
laboratory test systems are available in the market and well-
established and in use in many trauma hospitals.”

The value of S-100B as a predictor of severity and outcome in
patients with acute ischaemic stroke has been investigated by several
studies before.’**” To the best of our knowledge, data about the
value of S-100B in the context of chronic post-ischaemic findings
are rare. The results of our study might indicate that chronic

Table 4. Contingency table—S-100B concentrations and MRI findings

S-100B findings MRI positive MRI negative PPV and NPV
S-100B positive 5 (12) 27 (66) PPV 16%
S-100B negative 0 (0) 9 (22) NPV 100%

Sensitivity 100%

Specificity 25%

NPV, negative-predictive value; ppv positive-predictive value.

Data are number (%) of patients.
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Table 5. Median serum concentrations related to non-traumatic intracranial findings

. . . . Patients without non-traumatic
Patients with non-traumatic lesions .
. . lesions
Non-traumatic findings - - p-value
S-100B concentration S-100B concentration
n (%) -1 n (%) 1
(ngl ) (ngl )
Chronic parenchymal defect (s.p. 12 (30.0) 0.50 (0.31-0.70) 28 (70.0) 0.27 (0.08-0.62) 0.09
infarction or trauma)
Brain atrophy 17 (42.5) 0.47 (0.29-0.84) 23 (57.5) 0.22 (0.07-0.53) 0.02
Microangiopathy 12 (30.0) 0.55 (0.32-0.83) 28 (70.0) 0.27 (0.08-0.57) 0.06

s.p., status post concentrations are given as median (interquartile range). Mann-Whitney U test was used to compare different S-T00B concentrations.

The cut-off value of serum concentrations was 0.1pg!™’

structural alterations of the human brain, such as microangiopathic
lesions and chronic structural post-ischaemic findings, tended to be
associated with higher S-100B concentrations in serum. Because
this study was conducted within a clinical setting, the exact path-
ophysiological mechanism remains unclear, as it is in many other
conditions™ and is also a limitation. However, Chang et al® sug-
gested a relationship between chronic gliosis and neuroprotein
S-100B using an animal model. This might support our findings.

Our results might also indicate that patients with brain atrophy
show higher serum concentrations of S-100B. The average age of
55 years in our study population has to be discussed in front of this
background; however, neuroprotein S-100B is by the majority so
far considered as an age-independent biomarker.*® Petzold et al*'
have found an association between brain atrophy in Alzheimer’s
disease and increased levels of S-100B in the cerebrospinal fluid.
Apart from that, elevated levels of neuroprotein S-100B were also
found in other neurodegenerative diseases.”” Unden et al'’ showed
that cerebral infectious diseases have also had a considerable in-
fluence on the S-100B concentration in serum.

Our study was primarily designed for patients presenting to an
emergency department of a trauma centre, so that a comprehensive

evaluation of the neurobehavioral status is still missing. A limitation
of this study is the small sample size. The main reasons of screen
failure were missing consent to the entire study, recruiting
dropouts or logistic issues as the availability of our MRI scanner
for emergency imaging and off-hour activation, as it was not
always possible to arrange an appointment within 48 h. In ad-
dition, some patients with normal CCT were not willing to
undergo subsequent MRI.

The MRI protocol used in this study was established in clinical
routine to rule out TBI and was not altered for this study. In
recent years, susceptibility-weighted imaging and diffusion
tensor imaging (DTI) have received a lot of attention but are
little used in the clinical setting of TBI. Chastain et al*’ have
shown that fluid-attenuated inversion recovery and T,
weighted sequences were able to correlate with outcome after
MH]I, while the optimal use of susceptibility-weighted imaging
was unclear. By contrast, DTI has been discussed as a potential
MRI marker for neurological outcome after MHL** Most of
the DTT studies were however conducted during the subacute
stage after trauma. It can be hypothesized that DTI can detect
further lesions, which explain further the low specificity of
S-100B measurement.

Figure 3. Box plots: S-100B serum concentrations in a subgroup of patients without intracranial bleeding. Significantly
increased S-100B concentrations were found in patients with different types of structural, non-trauma-related chronic
intracranial findings, such as cerebral atrophy, microangiopathic lesions and chronic parenchymal defects (a). In a more
detailed analysis, patients with microangiopathic lesions have shown again relevant higher S-100B concentrations (b). Circles

indicate artifacts.
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In conclusion, S-100B has proven its high sensitivity to rule
out intracranial bleeding in patients after MHI, even if MRI is
used as imaging modality. In regard to its low specificity,
structural lesions of the brain parenchyma not related to
trauma may be associated with increased serum concen-
trations of protein S-100B. However, this topic requires

Linsenmaier et a/

further research. In clinical practice, CCT is the undisputable
first-line imaging tool in the acute setting. However, MRI has
confirmed its value as a sophisticated imaging tool after head
injury, particularly to complete investigations when CCT
findings are unclear and the clinical presentation of the pa-
tient remains doubtful.
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