S100B cognitive symptoms paediatric mTBI

Acute S100B in serum is associated with cognitive symptoms and memory performance

four months after paediatric mild traumatic brain injury
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Abstract

Objective: This study explored whether acute serum marker S100B is related with post-
concussive symptoms (PCS) and neuropsychological performance four months after
paediatric mild traumatic brain injury (mTBI).

Research Design and methods: In a prospective short-term longitudinal study, we

investigated children (age 6-16 years) with mTBI (#=36, 16 males) and children with
orthopaedic injuries (OI, #=27, 18 males) as control group. S100B in serum was measured
during the acute phase and was correlated with parent-rated PCS and neuropsychological
performance four months after the injury.

Main outcomes and results: Our results revealed no between-group difference regarding

acute S100B serum concentration. In children after mTBI, we found group-specific significant
Spearman correlations between S100B and post-acute cognitive PCS (r=.54, p=.001) as well
as S100B and verbal memory performance (+=-.47, p=.006). In children after OI, there were
insignificant positive relations between S100B and post-acute somatic PCS. In addition, we
found insignificant positive correlations between neuropsychological outcome and S100B in
children after OI.

Conclusions: S100B was not specific for mild brain injuries and may also be elevated after
OI. The group-specific association between S100B and ongoing cognitive PCS in children
after mTBI should motivate to examine further the role of S100B as a diagnostic biomarker in

paediatric mTBI.
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Introduction
Traumatic brain injury (TBI) is the leading cause of long-term disability in children and thus a
worldwide public health problem. With an estimated annual incidence rate of 200-500 per
100,000 children, TBI is the most common injury consequence in childhood'. In 80-90% of
all paediatric TBI cases, the TBI is mild in its severity. Although most of the children after a
mild TBI (mTBI) recover completely within the first days and weeks, evidence exists that
about 10% of children do not recover as expected, with ongoing post-concussive symptoms
(PCS) even weeks following the injury”. While somatic symptoms often recede within the
first days, a small percentage of children exhibit cognitive PCS in terms of attention and
memory problems, which may impede return to school and daily activities’. Considering the
high incidence rate of paediatric mTBI and possible cognitive long-term impairments,
children with an elevated risk of a protracted recovery should be detected as early as possible.
To date, the main goal of mTBI treatment in the general paediatric Emergency
Department (ED) is to identify structural damage or complications like secondary
hemorrhage. Little attempt is made at this early time-point to recognize children with the risk
of a protracted recovery with persistent PCS. Due to the high incidence of mTBI, there is a
need for an easy to administer, cost efficient diagnostic tool to identify as early as possible at-
risk children who are prone to develop persistent PCS*. During the past several years,
biomarkers have been tested as possible diagnostic tools and one of the most widely studied
biomarkers is the neuroprotein S100B°. S100B, which can be measured in serum, is a calcium
channel binding protein that is mainly expressed in the astrocytes and may be increased after
an mTBI*. However, S100B is also present in peripheral, non-central nervous cell types (e.g.
adipocytes, chondrocytes, bone marrow cells)®. Since soft-tissue damage and bone fractures in
non-head trauma also result in increased S100B serum concentrations, S100B serum level

seems not to be specific for brain injuries’.
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Although research regarding TBI biomarkers has increased dramatically over the last
decades’, only few studies investigated the association between S100B in serum and ongoing
PCS after paediatric mTBI. In adult samples, controversial findings exist regarding the
association between acute S100B serum-level and the presence of PCS, with some studies

8910 while other studies did not find any association between S100B

reporting an association
in serum and general PCS' or cognitive PCS'%. In children, to the best of our knowledge, only
one study investigated the association between S100B in serum and PCS, measured with the
Rivermead Postconcussion Questionnaire'® three months after the injury'®. Babcock et al.
investigated children in the age range of 5-18 years and did not find any association between
acute S100B in serum and overall PCS.

Regarding the association between S100B and neuropsychological outcome, even less
research was conducted in mTBI samples so far, without any study in children. There is
evidence that mTBI patients with elevated S100B in serum reveal a trend toward impaired
neuropsychological performance three months after the injury, with specific deficits in
memory and attenﬁon, compared to those mTBI patients without detectable levels'.
However, there exist also studies in which no influence of S100B on neuropsychological
performance in adult mTBI samples was found'".

Thus, the aim of our study was to examine the association between the acute
biomarker S100B and post-acute clinical outcome, measured with PCS questionnaires as well
as neuropsychological performance four months after the injury. We hypothesized that the
neuroprotein S100B will be detectable in children after mTBI and in children after an
orthopaedic injury (OI), but that the amount of S100B serum level will be higher in children
after mTBI, compared to children after OI. Second, we explored the association between
S100B in serum and PCS. Since there is evidence that somatic and cognitive PCS represent -
separable symptom dimensions'®, with different recovery trajectories in the post-acute

period®, we aimed to examine the association between S100B and somatic, cognitive as well
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as general PCS. Third, we analysed the relation between S100B in serum and post-acute
neuropsychological outcome and focused hereby on memory and attention performance as the

cognitive domains most often reported to be affected after mTBI.

Methods

Study design and setting

The authors performed a prospective short-term longitudinal study of children with an mTBI
presenting to the Emergency Department (ED) of the University Children’s Hospital and
compared the outcome to children with an orthopaedic injury (OI). The protocol of this study
was approved by the ethics committee. All caregivers provided informed written consent prior

to participation, consistent with the Code of Ethics of the World Medical Association

(Declaration of Helsinki).

Participants

From a larger inpatient sample described previously'’, we included 36 children (16 males)
after mTBI and 27 children after OI (18 males), with all of them having an acute measurement
of S100B in serum (TO0) as well as a post-acute PCS and neuropsychological assessment four
months after the injury (T1). According to our power analysis (G*Power 3'%), we had to
include 26 patients in each group (effect size d=0.8, a-error=.05, f-error=.8). Recruiting was
conducted between February 2012 and April 2013 in the ED. Inclusion criteria were a) the
diagnosis of an mTBI, confirmed by a physician and defined according to the American
Congress of I;ehabilitation Medicine (1999)" (Initial Glasgow Coma Scale of 13-15, loss of
consciousness (<30 minutes), duration of post-traumatic amnesia (PTA) (<24 hours),
alteration in mental state at the time of the accident, with possible focal deficits that were
transient), b) without any pre-existing psychiatric or neurodevelopmental disease (except

120

ADHD which is known to be more common in children sustaining a (mild) TBI™"). Inclusion
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‘\J\\)Q‘/ V(\Z’riteria for the OI were a) fractures of the non-dominant upper extremity or of the lower
extremity below the knee or soft wound tissue wounds requiring surgical intervention, b) no
head involvement as well as no injury of the dominant upper extremity and c) the absence of
pre-existing psychiatric or neurodevelopmental disease (except ADHD, for the same reason as

above®). Between hospitalization and T1, one child in each group declined further

participation.

Measures:

S100B analysis

Venous blood samples were taken acutely (in both groups) as well as 12 and 24 hours after
the injury (only mTBI group). S100B was routinely measured on a Roche Modular E170
platform, using the S100 electrochemiluminescence sandwich  immunoassay
reagents with the associated S100 CalSet calibrators. As a cut-off point, we used the upper
S100B serum reference level of .16 pg/l (95th percentile, detected in a large sample of healthy

children, aged 3-18 years)?'.

Outcome measures
Post-concussive symptoms were m(;gsured using a translated and slightly adapted version of

122

the Post-concussion symptom im;qr_l’gog (PCSI™). Our questionnaire consisted of 29 items

that had to be rated on a Likert scale (0-3, never/seldom/sometimes/often), covering physical,
cognitive, sleep-related and emotional symptoms. To attain more information on cognitive
items, we added the following cognitive items from the Health and Behaviour Inventory
(HBI'): “easily distracted” / “forgetful” / “difficulties to complete a task” / “difficulties to
stay focused on a task”. PCS were rated by parents at TO and T1. For this study, we have

taken the overall PCS sum for the factor “general PCS”. Furthermore, we aggregated the sum

of the somatic items (headache, nausea, vomiting, balance problems, dizziness, visual
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problems (blurry, double vision), sensitivity to light or noise, numbness or tingling feeling,
appearing in a clumsy manner) into the score “somatic PCS” and the sum of the cognitive
items (answering questions slowly, appearing slowed down, concentration problems,
difficulty remembering, easily distracted, difficulties to complete a task, difficulties to execute
an order, difficulties to stay focused on a task, forgetting, sluggish cognitive tempo) into the
score “cognitive PCS”. Internal consistency was at both time-points acceptable to strong for
the total scale (0=.89/.91) as well as for the subscales somatic PCS (0=.77/.70) and cognitive
PCS (0=.89/.91).

Verbal learning and memory performance of single words was assessed with the
German version of the Rey Auditory Verbal Learning Test®. The dependent variables were
verbal learning (the sum of the recalled words over the five learning trials) and verbal
memory (delayed recall). Raw scores were transformed into age-corrected percentiles (PR).

Selective attention was measured with the Conner’s Continuous Performance Test
(CPT-I)*, with using the errors of omission as a proxy for inattention and the errors of
commission as a proxy for impulsivity. Raw scores were transformed into age-corrected
percentiles (PR).

The highest level of parental education (from the mother or the father — whichever was
higher) was used as a proxy for socio-economic status (SES) and was coded using the
following scale: 1=obligatory schooling, 2=high school/on the job training, 3=college degree,

4=university/graduate degree.

Statistical analyses

For the statistical analyses we used the Statistical Package for Social Sciences software for
Windows, version 21 (SPSS IBM, New York, USA). Demographic characteristics were
compared using two-tailed independent sample 7-tests (age at injury) and nonparametric Chi-

square test (v, for gender and SES). Mann-Whitney U-Tests as well as two-sample /-tests
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were computed for group differences and two-sided partial Spearman correlations (controlled
for age at injury) were computed for correlations between S100B and PCS or
neuropsychological outcome. Since S100B levels peak and normalize within 6 hours?', we
analysed S100B serum values for the whole sample as well as separately for children who had
the S100B serum measurement within 6 hours of injury. Statistical significance was set by
p<.05, however, when conducting multiple comparisons, we applied a Bonferroni corrected
significance threshold. Effect size (ES) is reported as Cramer V or Pearson r and according
to?, an ES of 0.2 is of “practical significance”; ES>0.5 indicate moderate effects and ES>0.8

indicate strong effects.

g
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Results /

A total of 92 children (46 childreyper group) were recruited for this study. Overall, dropout
rate was described previouslyﬁ and comparable to other studies (e.g.26). Descriptive and
injury-related characteristics of both groups are shown in table 1. Injury severity of our mTBI
group was very mild, with a mean GCS of 14.8 and only a third of participants presenting
with a short duration of unconsciousness (<5 min). Statistical analyses revealed that
demographic variables concerning age at injury, SES, gender and the amount of previous
mTBI were comparable between the TBI and OI groups. One child in the mTBI group had an
intracranial injury (epidural hematoma). Although the presence of intracranial lesions is

7

related with worse neurobehavioral outcome?’, we included this child because he was an

e
eligible patient. Additionally, our results did not change when excluding this case.

---Insert table 1 about here---

S100B serum measurement
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As illustrated in figure 1, there were no between-group differences regarding acute S100B in
serum. However, there was a higher variability of S100B values with four outliers in children
after mTBI, compared to children after OI. These four outliers (0.252 ng/l; 0.267 pg/l; 0.285
pg/l; 1.05 pg/l) all had additional body injuries such as a sprained big toe or contusions
(shoulder, nose, knee). In the group of children after OI, there were two outliers (0.292 pg/l;
0.333 pg/l); neither of them had additional injuries. Our main findings will not change when
excluding the outliers. Regarding the amount of time between the injury and the first S100B
serum sample, there was a group difference (U=323.5, p=.02, r=.28) pointing to the fact that
blood samples were taken later after the injury in children after OI (Mdrn=384 min, IQR=222-
780 min), compared to children after mTBI (Mdn=268.50 min, IQR=217.8-350 min). Eight
children after mTBI (22%) and 14 children after OI (52%) had S100B serum measurement
later than 6 hours after the injury. When only considering children who had S100B serum
measurement within 6 hours after the injury, there was no between-group difference
regarding S100B serum level (mTBI: Mdn=.13, IOR=.09-.17; OI. Mdn=.12, IQR=.08-.17). In
each group, eight children (mTBI: 22%; OI: 30%) had an acute S100B serum level above the
cut-off score of 0.16 pg/1*'. Taking only values above the cut-off score, there was no
between-group difference in S100B serum level (mTBI: Mdn=24, IQR=.18-.28; OI:
Mdn=18, IQR=.17-27).

To test the time course of the S100B serum level in children after mTBI, we took a
second and third S100B serum measurement at a mean of 11.88 hours (SD=1.02) and 23.82
hours (SD=0.55) after the injury. The median values of the second measurement (Mdn=.10,
IQR=.07-.13) and third measurement (Mdn=.08, IOR=.07-.11) were lower compared to the
first measurement. The three S100B serum measurements in children after mTBI correlated
among themselves (controlled for age at injury): First and second measurement: r:=.69,
p<.001; second and third measurement: r=.80, p<.001 and first and third measurement:

rs=.64, p<.001.
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---Insert figure 1 about here---

Parent-rated PCS at T0O and T1 and neuropsychological outcome at T1

The amount of parent-rated PCS at TO and T1 is shown in figure 2. Cross-sectional between-
group comparisons revealed that parents of children after mTBI observed in the acute phase
(TO) more general PCS (U=247.5, z=-3.31, p=.00, r=.42), more somatic PCS (U=250.5, z=-
3.29 , p=.00 , r=.41) and more cognitive PCS (U=262, z=-3.13, p=.00, r=.39), compared to
parents of children after Ol. Four months after the injury (T1), there were no significant
between-group differences in parent-rated PCS outcome observable. Regarding
neuropsychological outcome, there were no between-group differences concerning verbal
learning (mTBI: M=57.15, SD=34.47; OI. M=50.96, SD=33.74), verbal memory (mTBI:
M=55.15, SD=30.69; OI: M=63.58, SD=28.01), inattention (mTBI: M=52.26, SD=26.91; OI:
M=48.56, SD=26.27) and impulsivity (mTBI: M=40.29, SD=31.18; Ol: M=54.46, SD=33.62)

four months after the injury.
---Insert figure 2 about here---

Associations between S100B in serum and clinical outcome measures at TO and T1

Group-specific Spearman Correlations between S100B and PCS are presented in table 2. At
TO, there were generally insignificant correlations between S100B serum level and parent-
rated PCS in both groups, with one exception concerning the association between acute
somatic PCS and S100B serum level (r5=.34, p=.05) in children after OI. At T1, there were
again insignificant correlations between S100B and general PCS in both groups. However, in
children after mTBI, but not OI, we found a significant association between S100B serum and

cognitive PCS (r=.54, p=.001). A post-hoc analysis revealed that especially attention specific
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items (concentration problems, easily distracted, difficulties to execute an order, difficulties to
complete a task, difficulties to stay focused on a task) of the cognitive subscale correlated
moderately with S100B in serum (#=.53, p<.01) in children after mTBI.

Further, as indicated in table 2, we found a group-specific significant correlation
between S100B and memory performance (r=-.47, p=.006) in children after mTBI, but not in
children after OIL. In both groups, we did not find any significant association between
S100B and the computer-based selective attention performance regarding inattention and
impulsivity in the CPT-II task. In children after mTBI, even stronger associations between
S100B and cognitive outcome emerged when we only considered children who had their

S100B measurement within 6 hours after the injury.

---Insert table 2 about here---

Discussion

In contrast to our first hypothesis, acute S100B in serum did not differ between children after
mTBI and OI, neither when considering all children nor when only including children who
had the S100B measurement within 6 hours after the injury. Thus, the neuroprotein S100B
seems not to be specific for neural injuries'’, because it might be released by sources other
than brain tissue, such as fat tissue, bone marrow or caﬂilage(’. Furthermore, in our mTBI
sample, the release of S100B is insignificant and below the defined reference cut-off score of
0.16 pg/1*'.

Similar to earlier studies, there were only cross-sectional between-group differences
regarding acute PCS®. Four months after the injury, the amount of parent-rated PCS as well
as neuropsychological outcome was comparable between children after mTBI and OI, without
any difference. Despite the lack of between-group differences regarding S100B level as well

as the amount of post-acute PCS, we found positive, group-specific associations between
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S100B and cognitive or somatic PCS four months after the injury: While S100B was
significantly related with cognitive PCS in children after mTBI, S100B was associated with
somatic symptoms in children after OI. In addition, these correlation patterns got stronger
when we only included children who had the S100B measurement within 6 hours after the
injury. Thus, the higher the acute S100B level in serum, the more cognitive or somatic
symptoms were observed by parents in the post-acute phase after the injury.

11 .
1 our general PCS value, covering

Interestingly and according to recent studies
various symptoms, did not correlate significantly with S100B in serum. Hence, our findings
indicate not that the general overall PCS as the highest score is associated with S100B in
serum, but that symptom- and group-specific associations between PCS and S100B may exist.
In contrast to an earlier study, where no association between S100B and three cognitive items
of the Rivermead Postconcussion Questionnaire'> was found'?, our data revealed a relation
between S100B and cognitive post-acute symptoms, possibly due to our broader cognitive
subscale that covers 10 items. Thus, our cognitive scale could have been more sensitive to
detect cognitive symptoms in everyday life, indicating that it might be promising for future
research to focus on symptom-specific measures instead of overall values such as general
PCS.

Besides the correlations between acute S100B and post-acute PCS, we found negative
associations between S100B and neuropsychological outcome, particularly regarding memory
performance in children after mTBI: Children with higher S100B in serum showed a worse
memory performance four months after their injury. These findings correspond with the above
reported relation between S100B and parent-rated cognitive PCS, supporting the idea that
acute S100B is related with post-acute cognitive outcome in children after mTBIL.
Interestingly, in children after OI, we found as well meaningful, but insignificant and positive
correlations between S100B and memory outcome. Since S100B was not released by a head

injury in children after OI, we do not expect any association between S100B and
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neuropsychological outcome. Thus, additional studies are needed to enhance our
understanding regarding the association between acute S100B and post-acute
neuropsychological outcome in head and non-head-injured paediatric samples to evaluate
further the role of S100B as a possible diagnostic tool after an acquired brain injury. Similar
to a recent study® in which a combination of acute clinical, imaging, and biomarker outcome
was predictive regarding the development of post-acute PCS in adult patients after mTBI, we
think that future paediatric outcome studies should include as well several acute outcome
measures and to relate them with the PCS trajectory in children after mTBI.

The following limitations should be mentioned: First, our sample was relatively small,
making it difficult to detect possible between-group-differences regarding the level of S100B
in serum. Nevertheless, despite our restricted sample size, especially in the separate
correlational analysis, we observed meaningful to moderate effect sizes. Second, only few
children in the OI group had the first SI00B serum measurement within 6 hours after the
injury, pointing to the possibility that the mean S100B serum level in children after OI might
be an underestimation. Third, we have used a translated, slightly adapted version of the
PCSI??, without deriving the somatic and cognitive factors from factor analytic approaches.
However, basic psychometric standards for the application of the PCSI were given since
internal consistency was acceptable for the total scale as well as for the subscales somatic and
cognitive PCS (a=.70-.89).

To conclude, our data revealed group-specific correlation patterns between S100B in
serum and post-acute PCS four months after the injury: While there was a significant relation
between S100B in serum and cognitive symptoms in children after mTBI, S100B was
associated with somatic symptoms in children after OI. In addition, these correlation patterns
got stronger when we only included children who had the S100B measurement within 6 hours
after the injury, pointing to an important time window to measure S100B as prognostic

variable. To the best of our knowledge, this study is the first reporting symptom- and group-
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specific associations between S100B and clinical outcome after paediatric mTBI. Our
findings indicate that future research should explore further the role of S100B as a possible

diagnostic biomarker in children after mTBI.

14



S100B cognitive symptoms paediatric mTBI

References
1. Kraus JF. Epidemiological features of brain injury in children: Occurence, children at risk,

causes and manner of injury, severity and outcomes. In: Broman SH, Michel ME, editors.

v

Traumatic head injury in children. Oxford: University Press; 1995. p 22-39.
2. Barlow KM, Crawford S, Stevenson A, Sandhu SS, Belanger F, Dewey D.

Epidemiology of postconcussion syndrome in pediatric mild traumatic brain injury.

v

L

Pediatrics 2010;126:€374-81.
3. Taylor HG, Dietrich A, Nuss K, Wright M, Rusin J, Bangert B, Minich N, Yeates KO: Post-

concussive symptoms in children with mild traumatic brain injury. Neuropsychology ,
Vv

2010;24:148-59.
4. Filippidis AS, Papadopoulos DC, Kapsalaki EZ, Fountas KN. Role of the S100B serum

biomarker in the treatment of children suffering from mild traumatic brain injury. Neurosurg

Focus 2010;29:1-5.

5. Papa L, Ramia MM, Kelly JM, Burks SS, Pawlowicz A, Berger RP. Systematic review of
clinical research on biomarkers for pediatric traumatic brain injury. J Neurotraum L:J ﬂ
2013;30:324-38.

6. Sandler SJI, Figaji AA, Adelson PD. Clinical applications of biomarkers in pediatric

\v//

traumatic brain injury. Childs Nerv Syst 2010;26:205-13.

7. Anderson RE, Hansson LO, Nilsson O, Dijlai-Merzoug R, Settergren G. High serum S100B
7
levels for trauma patients without head injuries. Neurosurgery 2001;48:1255-8. ‘

8. Heidari K, Asadollahi S, Jamshidian M, Abrishamchi SN, Nouroozi M. Prediction of

neuropsychological outcome after mild traumatic brain injury using clinical parameters,
serum S100B protein and findings on computed tomography. Brain Injury 2015; 29:33-40. /
9. Savola O, Hillbom M. Early predictors of post-concussion symptoms in patients with mild
v

head injury. Eur J Neurol 2003;10:175-81.

10. Townend W, Ingebrigsten T. Head injury outcome prediction: A role for protein S100B? Int J
v

15



C-

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

S100B cognitive symptoms paediatric mTBI

o

Care Injured 2006;37:1098-1108.
Ryb GE, Dischinger PC, Auman KM, Kufera JA, Cooper CC, Mackenzie CF, Kane RL: S-

100B does not predict outcome after mild traumatic brain injury. Brain Injury 2014;28:1430-

v
5.

de Boussard CN, Lundin A, Karlstedt D, Edman G, Bartfai A, Borg J. S100 and cognitive
impairment after mild traumatic brain injury. J Rehabil Med 2005;37:53-7. v’
King NS, Crawford S, Wenden FJ, Moss NEG, Wade DT. The rivermead post concussion

symptoms questionnaire: A measure of symptoms commonly experienced after head injury

v

and its reliability. J Neurol. 1995;242:587-92.

Babcock L, Byczkowski T, Wade SL, Ho M, Bazarian JJ. Inability of S100B to predict

postconcussion syndrome in children who present to the emergency department with mild
.\/' =

traumtic brain injury. Pediatr Emerg Care 2013;29:458-61.
Ingebrigsten T, Waterloo K, Jacobsen EA, Langbakk B, Romner B. Traumatic brain damage
in minor head injury: Relation of serum S100 protein measurements to magnetic resonance

imaging and neurobehavioral outcome. Neurosurgery 1999;45:468-75. v

Ayr LK, Yeates KO, Taylor HG, Browne M. Dimensions of postconcussive symptoms in
children with mild traumatic brain injuries. J Int Neuropsychol Soc 2009;15:19-30. Vv

XXXX )

Faul F, Erdfelder E, Lang A-G, Buchner A. G*Power 3: A flexible statistical power analysis
program for the social, behavioral, and biomedical sciences. Behav Res Methods
2007;41:1149-60. %
American Congress of Rehabilitation Medicine: Definition of mild traumatic brain injury. J
Head Trauma Rehab 1993; 8:86-7. o
DiScala C, Lescohier I, Barthel M, Li G. Injuries to children with attention deficit
hyperactivity disorder. Pediatrics 1998;102:1415-21.

Castellani C, Stojakovic T, Cichocki M, Scharnagl H, Erwa W, Gutmann A, Weinberg A-M:

16



22.

23.

24.

23.

26.

27.

28.

S100B cognitive symptoms paediatric mTBI

Reference ranges for neuroprotein S100B: from infants to adolescents. Clin Chem Lab Med

(/A//
2008;46:1296-9.

Gioia GA, Schneider JC, Vaughan CG, Isquith PK. Which symptom assessment and

approaches are uniquely appropriate for pediatric concussion? Brit J Sport Med 2009;43:13-

2. o

Helmstaedter C, Lendt M, Lux S. Verbaler Lern- und Merkfédhigkeitstest. Gottingen: Beltz

Vv

Test GmbH; 2001.

Conners CK. The Conners Continuous Performance Test I (CPT-II). Toronto: Multi-Health

Systems; 2004, v

Ferguson CJ. An effect size primer: a guide for clinicians and researchers. Prof Psychol - Res
o

Pr 2009;40:532-8.

McCullagh S, Feinstein A: Outcome after mild traumatic brain injury: an examination of

N
recruitment bias. J Neurol Neurosurg Psychiatry 2003; 74:39-43

Williams DH, Levin HS, Eisenberg HM: Mild head injury classification. Neurosurgery, 1990;
‘v'—';

27:422-8 ¥

Rieger BP, Lewandowski LJ, Callahan JM, Spenceley L, Truckenmiller A, Gathje R, -

Miller LA: A prospective study of symptoms and neurocognitive outcomes in youth

with concussion vs orthopaedic injuries. Brain Injury 2013;27:169-78.

17



S100B cognitive symptoms paediatric mTBI

Tables:

Table 1: Demographic and injury characteristics

Table 2: Two-sided partial Spearman correlations (controlled for age at injury) between

S100B in serum, PCS and neuropsychological outcome
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Figure Legends:

Fig 1: Boxplots illustrating the acute level of S100B in serum

Fig 2: Mean number (SD) of general, somatic and cognitive post-concussive symptoms

measured in the acute phase (T0) as well as four months after the injury (T1)
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