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Background: Mild traumatic brain injury (mTBI) management in emergency departments
is a complex process involving clinical evaluation, laboratory testing, and computerized
tomography (CT) scanning. Protein S100B has proven to be a useful blood biomarker
for early evaluation of mTBI, as it reduces the required CT scans by one-third. However,
to date, the ability of S100B to identify positive abnormal findings in the CT scans of
patients suffering from mTBI caused by ski practice has not been investigated. Thus, the
primary aim of this study was to investigate the diagnostic performance of S100B as an
mTBl management biomarker in patients with ski-related mTBl.

Materials and Methods: One hundred and thirty adult mTBI patients presenting to
the emergency department of Hopital du Valais in Sion, Switzerland, with a Glasgow
Coma Scale (GCS) score of 13-15 and clinical indication for a CT scan were included in
the study. Blood samples for S100B measurement were collected from each patient
and frozen in 3-hour post-injury intervals. CT scans were performed for all patients.
Later, serum S100B levels were compared to CT scan findings in order to evaluate the
biomarker’s performance.

Results: Of the 130 included cases of mTBI, 87 (70%) were related to ski practice. At
the internationally established threshold of 0.1 wg/L, the receiver operating characteristic
curve of S100B serum levels for prediction of abnormal CT scans showed 97 % sensitivity,
11% specificity, and a 92% negative predictive value. Median S100B concentrations
did not differ according to sex, age, or GCS score. Additionally, there was no
significant difference between skiers and non-skiers. However, a statistically significant
difference was found when comparing the median S100B concentrations of patients
who suffered fractures or had polytrauma and those who did not suffer fractures.
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Conclusion: The performance of ST100B in post-mTBI brain lesion screenings seems
to be affected by peripheral lesions and/or ski practice. The lack of neurospecificity of
the biomarker in this context does not allow unnecessary CT scans to be reduced by

one-third as expected.

Keywords: S100B, mTBI (mild traumatic brain injury), ski, ski accidents, biomarker

INTRODUCTION

Mild traumatic brain injury (mTBI) is a complex injury that
causes a wide range of symptoms and disabilities. It constitutes
a major public health concern, as it leads to a significant
amount of morbidity and mortality worldwide. Although there
are differences in criteria used to categorize traumatic brain
injuries (1), these injuries are usually stratified using the Glasgow
Coma Scale (GCS), which differentiates between severe (score of
3-8), moderate (score of 9-12), and mild brain (mTBI) injuries
(score of 13-15). About 70-90% of all treated brain injuries
are mTBIs, with an incidence estimated at 100-300 per 100,000
people (2, 3). The two leading causes of mTBI-related hospital
admissions in Europe and the US are road traffic accidents and
falls (3, 4). Different mechanisms of mTBI, associations with
peripheral bone fractures and sport practice could influence
patients’ management in the emergency department (ED). In
Allouchery et al’s (5) study of 1,449 mTBI patients admitted to
Clermont-Ferrand’s adult ED, 59% were linked to a domestic fall,
14% to a road accident, and 6% to a sport-related accident. The
proportions of these causes may vary depending on the location
of the hospital. For example, in hospitals located near major
ski resorts, winter-sport-related head trauma constitutes an
important portion of emergency admissions. Indeed, in the 2018
Club Alpin Suisse (CAS) report, the Swiss mountain emergency
medicine organizations Garde aérienne Suisse de sauvetage
(Rega), Secours Alpin Suisse (SAS), and Organisation Cantonale
Valaisanne de Secours (OCVS) registered 3,211 accidents, 729 of
which were related to winter sports (6).

Computerized tomography (CT) scans of the brain are
essential for diagnostic work-up, classification, prognostication,
and follow-up of mTBI patients (7). Additionally, such scans
enable detection of patients who require neurosurgical care.
Intracranial complications occur in 10% of mTBI patients, and
1% of cases require neurosurgical intervention, with a 0.1%
fatality rate (8). Screening all mTBI patients would be expensive,
and the ionizing radiation involved in screening incurs potential
risks (9). Limiting unnecessary CT scans is essential to reduce
overcrowding in EDs, avoid exposing patients to radiation, and
achieve significant financial savings (10). The decision to perform
imaging in cases of head trauma depends on multiple factors,
including clinical symptoms and measured blood biomarkers
(11). Although clinical parameters, including headache, nausea,
vomiting, amnesia, and seizures, may be correlated with positive
CT scans, the number of negative CTs is not significantly reduced
when they are present (12-14).

S100 calcium-binding protein B (S100B) is the most
commonly studied blood biomarker for its ability to predict

abnormal findings in the CT scans of mTBIs in children and
adults (15, 16). Since 2013, S100B has been implemented in
Scandinavian countries for management of mTBI (17). Upon
admission, measurement of S100B serum may reduce 30% of
unnecessary negative CT scans (16, 18-20). In addition, there
is a growing interest of S100B amongst other head trauma
biomarkers in the management of sport-related concussions (21),
as consequences of repeated mTBIs have been linked to brain
lesions similar to those observed in dementia (22-24).

As of today, S100B is the only blood biomarker used in
routine mTBI screening guidelines in Europe and the ~30% CT
scans reduction has been established in routine use (5, 17, 20).
However, we do not observe the same performances in our
practice in the ED of Valais Hospital in Sion, Switzerland, where
a relatively high percentage of brain injury admissions is ski-
related. SI00B has never been studied in the context of ski-
related mTBI, and there is no literature that provides data on
the influence of ski practice on serum S100B concentrations. We
conducted this study to evaluate the diagnostic performances of
serum S100B measurement to identify CT scan abnormalities
(i.e., positive CT scans) in a cohort of mTBI patients in which
ski-related accidents represent a significant percentage. The main
outcome of this study is to assess the CT scan reduction allowed
by S100B in this population of patients.

MATERIALS AND METHODS
Study Design

This prospective study was carried out from February 2018
to April 2019 at the Department of Emergency Medicine at
Valais Hospital (Centre Hospitalier du Valais Romand) in Sion,
Switzerland. The study was approved by CER-VD and conducted
in accordance with the ethical principles for medical research
outlined in the Helsinki Declaration. Patients provided an
informed consent. Adult (18 years old and older) mTBI patients
with a clinical indication for a CT scan, as described in the
Canadian CT Head Rule (25) were included. mTBI patients were
defined as patients suffering from a head trauma with a GCS score
of 13-15, as determined by the attending physician. All patients
underwent a CT scan and venipuncture for subsequent S100B
and creatine kinase (CK) blood measurements. The time interval
for S100B sampling was set at 3 h post-trauma, as described by
Biberthaler et al. (18) and Laribi et al. (26).

Data Collected

Data collected were: sex, age, GCS score, mechanism of injury
(occurred during alpine skiing, other sport-related accident, road
accident, domestic accident, alcohol intoxication and other), the
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wear of a safety helmet, ski session duration, presence of fractures
and if present, the number of fractures, and whether the patients
were described as polytraumatized according to Lew et al. (27).

S100B and Creatine Kinase Assays

Venous blood samples were centrifuged at 2,100g for 15min
and stored at —20°C until analysis. The S100B results did not
influence patients’ clinical management.

Serum S100B concentrations were determined by an electro-
chemiluminescence immunoassay using a Roche Diagnostics
Cobas e411® instrument (Meylan, France). The assay time
was 18 min, the sample volume was 20 WL, and the lower
detection limit was 0.005 pg/L. Concentrations of up to 39
ng/L could be measured without dilution. Typical within-
assay precision was below 5%. The results are reported in
micrograms per liter and rounded to two decimal places.
Total CK activity concentration assays were performed using
a Vista® analyzer (Siemens, Munich, Germany) following the
manufacturer’s recommendations.

Cranial Computed Tomography Scans

An emergency cranial CT scan was performed using a GE
Healthcare Revolution GSI® according to the following protocol:
helical mode with a slice thickness of 2.25mm, an interval of
1.25mm, 120 kV, and a maximum of 280 mA from CI to the
top of the head with additional bone window reconstructions. All
CT scans were analyzed by a radiologist. To determine whether
patients had a trauma-relevant intracranial lesion, radiological
parameters were recorded. The patients were divided into two
groups: normal CT scan (CT-) for mTBI patients with no signs
of trauma-relevant intracranial lesions and abnormal CT scan
(CT+) for mTBI patients with at least one pathophysiological
trauma-relevant intracranial lesion. CT scans were considered
positive if any signs of cranial (skull fracture) or intracranial
pathology (hematoma, air, or contusion) were present, subgaleal
hematomas were also considered positive to prevent disregarding
abnormalities that may influence S100B levels.

Statistics

Statistical analyses were performed using Stata software, version
15 (StataCorp, College Station, US). The tests were two-
sided, with the Type I error set at 5%. Continuous data were
expressed as the mean =+ standard deviation (SD) or median
(interquartile range) according to the statistical distribution. The
assumption of normality was assessed using the Shapiro-Wilk
test. An analysis of variance (ANOVA) or Kruskal-Wallis test
(when ANOVA assumptions were not met) were performed to
compare continuous parameters (e.g., SI00B serum) between
the independent groups. The assumption of homoscedasticity
was verified using Bartlett’s test. Then, to evaluate the ability of
S100B serum to identify CT+ patients, the receiver operating
characteristic (ROC) curve was plotted. The area under the curve
was estimated with a 95% confidence interval.

Univariate analyses were completed using several inferential
statistical tests. Comparisons involving categorical variables were
performed with the chi-squared or Fishers exact tests, while
the relationships between continuous variables were explored

using either Pearson’s or Spearman’s correlation coeflicient,
depending on the statistical distribution. The correlation results
were illustrated with a color-coded heatmap.

Multivariate analyses, specifically multiple linear regressions,
were carried out to investigate the influence of different variables
on S100B levels. The normality of residuals was examined as
mentioned above, and logarithmic transformation of S100B
serum concentrations was proposed to achieve the normality
assumption. Sensitivity analyses were performed to guarantee the
robustness of the results.

RESULTS

Patient Characteristics

Between February 2018 and April 2019, a total of 130 patients
admitted for head trauma in the ED were recruited for this
study. S100B serum assays were performed within 3h of the
injury. The sample included 81 males (62%) and 49 females
(38%), with a 1.6 sex ratio (male/female). The mean age was
44.8 years (SD: 20.4). In total, 108 (83%) patients had a GCS
score of 15 at admission, and 22 (17%) had a GCS score of
13 or 14. Of the 130 patients, 90 (69%) had a sport-related
accident, 87 of them were ski-related. The helmet was used
by 76 of the 87. The mean ski session duration was 2h and
18 min (SD: 1h and 42 min). Thirty-three (25%) patients had
abnormal findings in the initial CT scan (CT+; Table 1). The
pathophysiological trauma-relevant findings were as follows:
subgaleal hematoma (45%), subarachnoid hemorrhage (24%),
basal skull fracture (18%), intraparenchymal hemorrhage (9%),
and intracranial hemorrhage (3%). The median serum S100B
level was 0.21 pg/L (min: 0.05; max: 1.42; IQR: 0.14-0.35).

S100B Performance for Identifying

Abnormal Findings in CT Scans
The area under the curve (AUC) was calculated to evaluate the
ability of S100B serum concentrations to diagnose CT+ patients.
For all patients, AUC was 0.71 (95% CI; 0.60-0.81; p < 0.001;
Figure 1). At the internationally established cutoft of 0.1 pg/L
(16, 18, 28), sensitivity was 97% (95% CI; 84.2-99.9), specificity
was 11% (95% CI; 5.8-19.4), the positive predictive value was
27% (95% CI; 19.3-36.1), and the negative predictive value was
92% (Table 2). The best threshold to achieve sensitivity of 100%
(95% CI; 89.4-100) was 0.08 pg/L, with 7% specificity (95% CI;
2.3-13). The best threshold to achieve specificity of 31% (95% CI;
21.9-41.1) was 0.14 pg/L, with 91% (95% CI; 76-98) sensitivity.
Among the group of skiers (87 patients), AUC was 0.70 (95%
CL 0.56-0.84; p < 0.001). At a cutoff of 0.1 pug/L, sensitivity
and specificity were 95% (95% CI; 75.1-99.9) and 10% (95%
CI; 4.3-20.3), respectively. Positive predictive value was 24.1%
(95% CI; 15.1-35.0) and negative predictive value was 87.5%
(95% CI; 47.3-99.7). The best threshold for achieving sensitivity
of 100% (95% CI; 83.2-100) was 0.08 pg/L, with 6% (95% CI;
2.0-15.0) specificity. The best threshold for achieving specificity
of 33% (95% CI; 22.0-45.0) was 0.14 pg/L, with 85% (95% CI;
62.0-97.0) sensitivity.
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TABLE 1 | Demographic characteristics, clinically relevant information, and
radiological findings for the whole study population.

TABLE 2 | Contingency table of S100B serum (0.1 pg/L threshold) concentration
according to cranial tomography findings.

Data S$100B CT+ CT-
Total 130 > 0.1 ng/L 32 87 Positive predictive
Sex ratio (M/F) 16 value 27%, (19.3-36.1)
Mean age in years (SD) 44.8 (20.4) < 0.1 pg/L 1 10 Negative predictive
GCS at admission value 92%, (61.5-99.8)
15 108 (83%) Total 33 97 130
v 0 ificr 0

20 S St
Positive CT scan 33 (25%)

Subgaleal hematoma 15 (45%) CT-, normal CT scan for mTBI patients with no signs of trauma-relevant intracranial

Subarachnoid hemorrhage 8 (24%) lesions; CT+, apnorma/ QT sc;m for mTBI patients with at least one pathophysiological

trauma-relevant intracranial lesion.

Basal skull fracture 6 (18%)

Intraparenchymal hemorrhage 3 (9%)

Intracranial hemorrhage 1(8%) The medians for patients with ski-related accidents and non-
Contusions at admission 59 (45%) skiers were compared to determine whether ski practice has
Fractures at admission 34 (26%) an effect on S100B measurements. There was no significant

Fracture = 1 26(20%)  difference between the two subgroups. The use of a helmet did

Fractures > 2 8 (6%) not impact S100B medians (Table 3).

Polytrauma 12 (9%) A multivariate linear model was used to investigate the
Injury mechanism influence of different variables, such as age, sex, GCS score,

Road acdident 13(10%)  number of fractures, and polytrauma, on S100B levels (see p2 in

Ski-related accident 87(67%)  Table 3). The model revealed that age, sex, and GCS score did

Other sport-related accident 3 (2%) not have an impact on S100B levels. Among the variables that

Domestic accident 14.(11%) showed a difference when the S100B medians were compared

Alcohol intoxication 5 (4%) (i.e., fractures and polytrauma), the only statistically significant

Other 6 (5%) association was observed in cases with two or more fractures (p

GCS, Glasgow Coma Scale; CT scan, computed tomography scan, fractures = 1,
patients that suffered only one fracture; fractures > 2, patients that suffered at least two
fractures; SD, standard deviation.

Clinical Factors’ Influence on Serum S100B

Levels
The median concentrations of serum S100B did not differ
according to sex, age, and GCS score (13 vs. 14 and 15) (Table 3).

A statistically significant difference was observed when
comparing the median concentrations of patients with a negative
CT scan (CT-) and that of abnormal CT scan (CT+) patients
(p < 0.001). S100B medians were 0.18 pg/L (min: 0.05; max:
1.21; IQR: 0.13-0.28) and 0.31 pg/L (min: 0.08; max: 1.2; IQR:
0.17-0.62), respectively (Table 3).

To investigate whether peripheral traumatic injuries affect
serum S100B concentrations, patients were sorted into groups
depending on the number of fractures they suffered and whether
they were categorized as polytrauma patients. The median S100B
concentration was 0.20 pg/L (min: 0.05; max: 1.42; IQR: 0.13-
0.34) for patients without fractures and 0.27 pg/L (min: 0.08;
max: 1.32; IQR: 0.16-0.44) for patients that suffered at least one
fracture. There was a statistically significant difference between
the two values (p = 0.036). The medians for non-polytrauma
patients and polytrauma patients were 0.20 pg/L (min: 0.05; max:
1.42; IQR: 0.14-0.35) and 0.52 pg/L (min: 0.08; max: 1.10; IQR:
0.27-1.10), respectively. Again, the difference was statistically
significant (p = 0.004; Table 3).

= 0.009; Table 3).

To investigate the possible peripheral release of SI00B due
to tissue damage other than head trauma, including muscle
damage, serum CK was measured. The Spearman’s correlation
coefficients between serum CK and serum S100B levels were 0.07
(p = 0.48) for the whole population, 0.19 (p = 0.11) for the
skier group, 0.13 (p = 0.50) for patients that suffered only one
fracture, and 0.57 (p = 0.19) for patients that suffered at least two
fractures (Figure 2).

DISCUSSION

This prospective pilot study was the first to analyze the utility
of S100B measurement for early management of mTBI patients
in emergency departments in close proximity to ski stations.
S100B is a well-established blood biomarker for mTBI screening
in patients admitted in the ED. It is considered useful due to its
negative predictive value and ability to achieve an approximate
30% reduction in unnecessary CT scans for these patients. In
the present study, the diagnostic performance of serum S100B,
which was always identified as significant by ROC curves,
showed that, at a threshold of 0.1 pg/L, the sensitivity was
97% due to one patient from the skier group who had a
negative S100B value and a positive CT scan showing a unique
minimal hemorrhagic focus, which did not require neurosurgical
care and did not have an impact on the clinical outcome, the
patient was discharged after being held for observation. For
this patient, the time interval for S100B sampling was >3h

Frontiers in Neurology | www.frontiersin.org

August 2020 | Volume 11 | Article 856


https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

Kahouadii et al.

S100B and Ski-Related mTBI Patient Management

Sensitivity
0.50 0.75 1.00
1 1 1

0.25
1

0.00

0.00 0.25

FIGURE 1 | ROC curve of S100B serum levels for prediction of intracranial injury revealed by CT scans. The curve depicts the sensitivity and one-specificity values
calculated for each individual serum S100B concentration with respect to the radiological findings of the initial CT scan. The quality of the discriminative potential is

expressed by the AUC, which was 0.71 (95% Cl, 0.60-0.81; p < 0.001).

0.50
1 - Specificity

0.75 1.00

and the value was confirmed by a second measurement of the
same sample. We also found that, at a threshold of 0.1 pg/L,
serum S100B levels would reduce unnecessary CT scans by only
10%. Allouchery et al. (5) observed a 30% scans reduction using
French recommendation for CT Scan (29), while Minkkinen et al.
(30) reported a 27.4% CT scans reduction when using S100B in
adherence to the Scandinavian guidelines for mTBI with low risk
of lesions. Theoretically, including subgaleal hematomas which
do not constitute an intracranial injury would have reduced false
positives in this study. The increased number of false-positive
patients in this population could be associated with selection
bias due to the hospital’s geographic location and the nature
of the accidents leading to ED admission. In Allouchery et al.’s
(5) study, 862 (59.5%) patients of the whole population (n =
1,449) were admitted to the ED due to mTBI after a domestic
fall. In contrast, in the present study, only 14 (10.8%) of the 130
patients in our study population suffered from domestic falls. We
hypothesize that the lack of specificity of S100B for positive CT
scans in the present study is linked to the underrepresentation
of domestic accidents in comparison to studies conducted in
urban areas, which lead to less complicated mTBIs and less
increased S100B levels. The inclusion of these mTBI patients
may vary depending on the hospital’s decision algorithm to
perform CT scans. The Canadian CT Head Rule may explain
a lower specificity. In the present study’s population, most
mTBI admissions were related to ski accidents (66.9% of our
population) rather than domestic falls. The ROC curve analysis
showed a 2-fold specificity reduction in the skier group compared
with the specificity for the whole population. This suggests that

ski practice contributes to the increase in serum S100B, thus
increasing false-positive S100B measurements when screening
for mTBIs.

This hypothesis has been verified in various other sports (21),
but not in ski practice. However, comparison of the median
S100B concentrations between the skier and non-skier groups
did not confirm this hypothesis. However, we cannot exclude
this hypothesis based solely on median comparison, the non-
skier group was not a valid control group as the patients in the
two groups did not suffer the same injuries, ski practice is not
the only variable that differs between the two groups, and the
number of patients included in the skier and non-skier groups
(87 and 43) do not provide sufficient statistical power. A valid
way to investigate the relation of S100B to ski practice would be
to measure S100B in a control group before and after ski practice.

Finally, previous studies have found that serum S100B
concentrations were higher in the elderly population (31) (over
65 years old) and a threshold of 0.1 g/L allowed for more false
positives (26). However, this was not confirmed by our results.
The poorer specificity of S100B observed in older patients by
Allouchery et al. (5) was observed in all patients in the present
study. This could also could be explained by the contribution
of S100B from adipose tissue due to lipolysis or chondrocyte
membrane rupture during ski practice (21).

Serum S100B in this present population is clearly affected by
the presence of multiple fractures and polytrauma. Numerous
studies suggest an extracerebral release of S100B in acute
bone fractures patients with or without cerebral injuries
(32-34). Though our multivariate model shows a stronger
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TABLE 3 | Median concentrations of S100B according to demographic characteristics, clinical evaluation, radiological findings, and mechanism of injury.

n S$100B median (i.g/L) (min; max; IQR) P P2
Demographics
Male 49 0.19 (0.05; 1.32; 0.14-0.37) NS NS
Female 81 0.22 (0.07; 1.42; 0.14-0.34)
< 65 years old 101 0.21 (0.05; 1.42; 0.14-0.35) NS NS
> 65 years old 29 0.21 (0.08; 1.00; 0.15-0.34)
Clinical and radiological evaluation
GCS score of 13-14 22 0.26 (0.05; 1.42; 0.11-0.38) NS NS
GCS score of 15 108 0.20 (0.07; 1.32; 0.14-0.35)
CT- 97 0.18 (0.05; 1.42; 0.13-0.29) < 0.001 NA
CT+ 33 0.35 (0.08; 1.32; 0.17-0.593)
No fractures (FO) 96 0.20 (0.05; 1.42; 0.13-0.34) F1F2 vs. FO: 0.036 F1F2 vs. FO: NS
F1F2 34 0.27 (0.08; 1.32; 0.16-0.44) F1 vs. FO: NS F1 vs. FO: NS
F1 26 0.23(0.09; 0.85; 0.16-0.85) F2 vs. FO: 0.041 F2 vs. FO: 0.009
Fractures F2 8 0.96 (0.08; 1.32; 0.31-1.2) F2 vs. F1:0.048 F2 vs. F1: 0.009
Non-polytrauma 118 0.20 (0.05; 1.42; 0.14-0.35) 0.004 NS
Polytrauma 12 0.52 (0.08; 1.32; 0.27-1.10)
Injury mechanism
Non-skiers 43 0.27 (0.05; 1.42; 0.14-0.41) 0.19 NA
Skiers 87 0.19(0.05; 1.21; 0.13-0.34)
Using a helmet 76 0.17 (0.07; 1.21; 0.10-0.52) NS NA
Not using a helmet 11 0.20 (0.05; 1.2; 0.14-0.30)

A p-value of < 0.05 is considered statistically significant. The multivariable analysis did not include non-significant results of the univariate analysis and did not include CT+. p, p-value
of the median comparison; p2, p-value of the multivariate model; NA, Non Applicable; NS, Non Significant; GCS, Glasgow Coma Scale; CT-, negative computed tomography scan;

CT+, positive computed tomography scan; FO, patients without fractures; F1, only one fracture; F2, two fractures or more; F1F2, F1 and F2 patients.

link between S100B and fractures than between S100B and
polytrauma. The factor that most influenced S100B level was
the presence of at least two fractures, as observed in the
multivariate analysis. The hypothesis of an extracerebral S100B
release is supported by the statistically significant difference
in median serum S100B concentrations when comparing the
no fracture and fracture subgroups and the improvement of
the correlation factor between CK and S100B for patients
with more fractures. Our results suggest that S100B should
not be used as a head trauma biomarker when patients suffer
from bone fractures. Although serum CK is not a valid
biomarker for bone fracture exploration, we retained it as a
practical and accessible biomarker to approximate peripheral
traumatic lesions. In addition, we expected lower S100B levels
in skiers using a helmet. However, the use of a helmet did
not yield lower levels of S100B in this study. This can be
explained by the S100B release consequent to extracranial injuries
counterbalancing the potential protective effects of the helmet.
Similar results were described for bicycle-related trauma (35).
Another hypothesis is that in skiers, mTBI is consecutive to a
combination of direct head impact, which should be protected by
the helmet, and blunt head injury via acceleration-deceleration
phenomena which would not be affected by the use of a helmet.
Neural tissue is susceptible to injury from shearing stresses
which are less tolerated than uniform compressive and tensile
forces (36).

The investigation of other potential mTBI biomarkers, such
as glial fibrillary acidic protein (GFAP), heart fatty acid binding

protein (H-FABP), and ubiquitin carboxy-terminal hydrolase L1
(UCH-L1), may enable the development of more neurospecific
tools, bringing new perspectives for mTBI management. In
Yue et al’s (37) study of suspected TBI patients, blood GFAP
concentrations allowed the prediction of pathological findings in
MRI in patients with a negative CT scan. In Lagerstedt et al.’s
(38) study of mTBI patients with a GCS score of 15, a panel
combining H-FABP, GFAP, and interleukin 10 (IL-10) yielded
a 52% specificity (38). Posti et al. (39) tested a panel of three
biomarkers—S100B, tau, and H-FABP—with 100% sensitivity
and 46.4% specificity. Thus, use of a biomarker panel may have
the potential to reduce unnecessary CT scans, and could be
particularly interesting in mTBI consecutive to a complicated
mechanism and/or when fractures are present. The S100B
protein is to this day the only brain trauma biomarker used
in routine in Europe and this study was conducted to explain
the limited performances of S100B in emergency departments
where ski-related accidents represent a significant percentage.
Although, testing other biomarkers would have been interesting,
test kits are not yet available in routine kits with the proper
CE marking.

LIMITATIONS

The main limitation of our study is the relatively small number
of patients included. However, SI00B is a robust biomarker
and the ~30% CT scan reduction was confirmed by numerous
studies regardless of the population size (5, 16, 18, 19). Also, a
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FIGURE 2 | Correlation between S100B and CK for the whole study population (A) and heatmap representing the Spearman’s correlation coefficients for different
subgroups (B). The Spearman’s correlations coefficients were 0.07 for the whole population, 0.19 for the skier group, 0.13 for patients that suffered only one fracture,
and 0.57 for patients that suffered at least two fractures.

multicenter design would have provided a preferable basis for
subsequent generalization of our findings. Regarding the data
collection and interpretation, traceability concerning patients’
inclusion process has not been documented, this constitutes
a potential selection bias. Additionally, there was a lack of
documentation of some clinical variables justifying the use
of a CT scan such as the duration of loss of consciousness
and posttraumatic amnesia. Finally, the inclusion of subgaleal
hematomas in the abnormal CT scans may influence the

comparability to other studies which don’t include this CT
finding, although, we did not observe a statistical difference in the
interpretation of our data when including or excluding subgaleal
hematomas from the positive CT scans.

CONCLUSION

S100B is a well-established blood biomarker for early mTBI
management. When used for clinical evaluation, it enables a
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significant reduction in the number of CT scans performed.
Our study shows that the utility of S100B could vary depending
on multiple confounding factors, such as sport practice and
bone fractures. For ski-related mTBIs, S100B does not allow a
significant reduction of unnecessary CT scans.
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