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ABSTRACT

Introduction S100B serum analysis in clinical routine
could reduce the number of cranial CT (CCT) scans
performed on children with mild traumatic brain injury
(mTBI). Sampling should take place within 3 hours of
trauma and cut-off levels should be based on paediatric
reference ranges. The aim of this study is to evaluate the
utility of measuring serum S100B in the management

of paediatric mTBI by demonstrating a decrease in

the number of CCT scans prescribed in an S100B
biomonitoring group compared with a ‘conventional
management’ control group, with the assumption of a 30%
relative decrease of the number of CCT scans between the
two groups.

Methods and analysis The protocol is a randomised,
multicentre, unblinded, prospective, interventional study
(nine centres) using a stepped wedge cluster design,
comparing two groups (S100B biomonitoring and control).
Children in the control group will have CCT scans or be
hospitalised according to the current recommendations
of the French Society of Paediatrics (SFP). In the S100B
biomonitoring group, blood sampling to determine serum
S100B protein levels will take place within 3 hours after
mTBI and subsequent management will depend on the
assay. If S1T00B is in the normal range according to age,
the children will be discharged from the emergency
department after 6 hours’ observation. If the result is
abnormal, CCT scans or hospitalisation will be prescribed
in accordance with current SFP recommendations. The
primary outcome measure will be the proportion of CCT
scans performed (absence/presence of CCT scan for each
patient) in the 48 hours following mTBI.

Ethics and dissemination The protocol presented
(Version 5, 03 November 2017) has been approved by the
ethics committee Comité de Protection des Personnes
sud-est 6 (first approval 08 June 2016, IRB: 00008526).
Participation in the study is voluntary and anonymous.
The study findings will be disseminated in international
peer-reviewed journals and presented at relevant
conferences.

Trial registration number NCT02819778.

Strengths and limitations of this study

» The PROS100B trial is the first large-scale interven-
tional study on the interest of serum S100B protein
determination in the management of paediatric mild
traumatic brain injury.

» A stepped wedge cluster design will be used involv-
ing sequential serum assay of S100B use in clusters
of participant centres. As more clusters are exposed
to the intervention in a stepped wedge cluster de-
sign towards the end of the study than in its early
stages, there is a risk that the effect of the interven-
tion might be confounded with underlying temporal
trends. However, the statistical analysis is intend-
ed to encompass the assessment of this temporal
effect.

» The unblinded design of the study may lead to a
contamination bias during the control period during
which the investigators may seek to improve their
performance, and to an information bias related to
physicians assessing outcomes by knowing the time
period of the study. Nevertheless, a learning curve
analysis will be performed to evaluate if an improve-
ment in terms of primary outcome is observed over
time. This effect will be analysed using Bayesian
hierarchical models to adjust the trial results in the
case of a learning curve effect.

BACKGROUND

The incidence of traumatic brain injury
(TBI) in children is high (691 per 100000
in emergency departments), and TBI consti-
tutes a leading public health problem.' *
Mild TBI (mTBI), defined according to the
Glasgow Coma Scale (GCS) from 13 to 15,2
is one of the most common causes of paedi-
atric hospital admission.* ° Children with
mTBI account for 5%-8% of visits to French
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paediatric emergency departments (60-100 per 100000
children).®

Cranial CT (CCT) is a standard diagnostic tool for
adults with TBI. In children, however, several recent
large-scale epidemiological studies have described a link
between radiation exposure from CCT scans and the risk
of future cancer.” An Australian study of 11 million chil-
dren found a 24% (relative risk 2.44) increase in cancer
risk for the 680000 children who underwent CT scanning
(including 59% CCT scans) and a 35% (relative risk 3.24)
increase in the age group 1-4years.®

Alternatively, children can be admitted for inpatient
observation with CCT scans performed only on those
with clinical deterioration. This approach reduces X-ray
exposure but is more costly than using CCT scans for
initial diagnosis."”'" However, most CCT scans and inpa-
tient observations could be avoided, since 93%- 100%
according to the studies of children suffering from mTBI
have no intracerebral lesions.'? In this context, clinical
decision rules were developed to help clinicians identify
children showing a very low risk of developing intrace-
rebral lesions."” Clinical prediction rules were first vali-
dated by the Pediatric Emergency Care Applied Research
Network (PECARN) algorithm in a prospective cohort.'*
The application of the PECARN algorithm for children
with mTBI leads to beneficial management and more
cost-effective care.'” More recently, Scandinavian guide-
lines for the initial management of mTBI in children
were published but must be validated before extensive
clinical use.'"® The PECARN strategy suggests an algo-
rithm in which children with mTBI can be divided into
three risk categories (very low, intermediate and high
risk) according to their risk of developing clinically severe
brain injuries, which directly impacts decision-making
regarding CCT scanning. The American study'* strongly
advocated the recommendations for mTBI management
issued by the French Society of Emergency Medicine® and
the French Society of Paediatrics (SFP)."” ' This algo-
rithm decreased by 10% the use of CCT scans for all three
risk categories."”

The use of biomarkers is a supplementary tool for
identifying patients at risk of intracerebral lesions who
might need imaging. Serum S100B protein is well estab-
lished as a sensitive biomarker in TBI. S100B is one of
the calcium-binding proteins found in glial cells. It is a
small dimeric cytosolic protein (21kDa) involved in a
variety of intracellular and extracellular regulatory activ-
ities.'"” * After cerebral lesions, S100B is immediately
released from damaged glial cells into the blood (detec-
tion 30 min after trauma) and eliminated by the kidney. It
has a short half-ife of about 30-100min.*"** The poten-
tial of serum S100B in reducing unnecessary CCT scans
in adults presenting mTBI has been well established in
many observational studies®*’ and confirmed by two
interventional studies.”® * The addition of serum S100B
to the Scandinavian guidelines for mTBI management
decreased the need for CCT scans in adults by one-third,
with a significant cost reduction.** Undén et al described

these findings in a meta-analysis of adults with mTBI and
voiced the need for more studies in children.” Further
efforts should focus on standardising serum S100B inter-
pretation in this paediatric population, using specific
references ranges.'® Although some studies have reported
data from children with mTBL*7® A recent meta-anal-
ysis demonstrated the usefulness of serum SI100B as a
biomarker in the management of paediatric mTBI while
emphasising that a large multicentre study is missing for
this population.””

In this context, the primary objective of our study is to
evaluate the performance of serum S100B measurement
in the management of paediatric mTBI by demonstrating
a decrease in the proportion of CCT scans prescribed in
an S100B biomonitoring group compared with a control
group (‘conventional management’), with the assumption
of a 30% relative decrease in the number of CCT scans
between the S100B biomonitoring and control groups.
The secondary objectives are to demonstrate the utility of
serum S100B measurement with regards to the time spent
in the paediatric emergency room, hospitalisations, radia-
tion exposure, sedation and sedative use, the detection of
complications (intracranial lesions) by CCT scan, which
can occur at a rate of 0%-7% in patients with mTBI, the
absence of late side effects at 48 hours and 3 weeks after
mTBI, and the compliance of emergency physicians with
the S100B assay, and lower management costs.

METHODS AND ANALYSIS

Study settings

This multicentre study will be performed in nine French
University Hospital Centres (Clermont-Ferrand, Limoges,
Lyon, Marseille, Montpellier, Nice, Reims, Saint-Etienne
and Nimes). The sponsor of the study will be the Univer-
sity Hospital Centre of Clermont-Ferrand. The inclusions
period runs from November 2016 to the end of March
2020.

Study design

This is a diagnostic prospective, randomised, controlled,
unblinded multicentre study using a stepped wedge
cluster design, in which paediatric patients (aged <16
years) presenting with mTBI in the paediatric emergency
room with a GCS score of 15 will benefit from usual care
(‘conventional management’) in the control group, and
from S100B resultrelated clinical management in the
S100B biomonitoring group.

A recent systematic review indicated that stepped
wedge cluster randomised design is used in particular ‘to
evaluate interventions during routine implementation,
particularly for interventions that have been shown to be
effective in more controlled research settings, or where
there is lack of evidence of effectiveness but there is a
strong belief that they will do more good than harm’.”
A stepped wedge cluster-randomised controlled design
allows delivering the interventions sequentially to all trial
clusters over anumber of time periods. The order in which
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Months the clusters receive interventions is randomised, and by

4 8 12 6 20 24 28 32 36 40 the end of the study all the clusters will have adopted

5 | — | ] [ the interventions. (,Jentr?s .w'ill be ?andomly allocated Fo
S| | | 1] . . Ztis(t;psi)y the study’s statlst.1c1an using a block randomls.—

@ quence generated in Stata V.13. The step consti-
2 , LI ] | |1 1 tution is stratified according to the planned recruitment
] I . of each participating centre. Ten intervals of 4 months
Y] 1T rTTYTTT 1T will be fixed over 40 months. The randomisation will
involve five steps for which two centres will be included

[ ] conventional management control group in the following steps 1, 2, 4 and 5, and one centre in

[ 51008 biomonitoring group step 3 (figure 1). The children in the control group will

receive conventional management treatment in accor-

Figure 1 Stepped wedge study design.
'gu bped wedge study '9 dance with the SFP recommendations (figure 2). Patients

in the S100B biomonitoring group will have a single

A Children <2 years

. - GCS<l4or YES
Exclusion| |.  Signs of skull fracture
criteria
High risk of intracranial injury: 4.4%

NO

[ Parietal or occipital scalp hematoma

. - Loss of consciousness >5 seconds

Incl.u5|c_>n - Trauma dueto serious accident (a)
criteria 1. Abnormal behavior in parents opinion

- Combination of several criteria
YES - .
>|- Clinical worsening
- Age <3 months

Intermediate risk of intracranial injury: 0.9%
YES NO
NO
A 4
CCT-scan not recommended
- Home monitoring Hospitalization
Low risk of intracranial injury: <0.02%

B Children between 2 and 16 years

Exclusi - GCS<14 or
ClUSIoN|l - gions of lesions of the skull base YES
criteria
High risk of intracranial injury: 4.3%

NO

A\ 4
- Loss of consciousness
- Vomiting
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. . YES [ Combination of several criteria
Trauma due to serious accident (b) —>|_ Clinical worsening

Severe headache

Intermediate risk of intracranial injury: 0.9% YES NO

lNU

A 4

CCT-scan not recommended
- Home monitoring Hospitalization

Low risk of intracranial injury: <0.05%

Figure 2 Decision algorithm for CCT scan or hospitalisation indication for children with mild traumatic brain injury
management in the ‘conventional management’ control group. (a) Criteria of serious accident for children under 2 years old:
road accident with passenger ejected from vehicle or death of another person or rollover; pedestrian hit by a moving vehicle;
cyclist not wearing a helmet; fall from a height greater than 0.9 m. (b) Criteria of serious accident for children over 2 years old:
road accident with passenger ejected from vehicle or death of another person or rollover; pedestrian hit by a moving vehicle;
cyclist not wearing a helmet; fall from a height over 1.5 m. CCT, Cranial CT; GCS, Glasgow Coma Scale.
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Exclusion | [ Signs of lesions of the skull base YES
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High risk of intracranial injury: 4.3%
NO
\4 . T
- Loss of consciousness VES $100B - Combination of
. - Vomiting measurement several criteria
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0.9%
NO > Reference YES NO
y NO range
CCT-scan not recommended or mTBI >3h
- Observation during 6h
- Home monitoring
Low risk of intracranial injury: <0.05% Hospitalization

Figure 3 Decision algorithm for CCT scan or hospitalisation indication for children with mTBI management in the S100B
biomonitoring group. (a) Criteria of serious accident for children under 2 years old: road accident with passenger ejected from
vehicle or death of another person or rollover; pedestrian hit by a moving vehicle; cyclist not wearing a helmet; fall from a

height >0.9m). (b) Criteria of serious accident for children over 2 years old: road accident with passenger ejected from vehicle or
death of another person or rollover; pedestrian hit by a moving vehicle; cyclist not wearing a helmet; fall from a height over 1.5
m. CCT, Cranial CT; GCS, Glasgow Coma Scale; mTBI, mild traumatic brain injury.

blood sample drawn by a micromethod (1 mL of blood)
for S100B determination within 3 hours after trauma, and
their subsequent management will depend on the S100B
assay results. Children with positive tests will receive
conventional management treatment in accordance with
the SFP recommendations.'” In the case of a negative
test, the children will be discharged from the emergency
department after 6 hours’ observation (figure 3).
Physicians will include patients after information and
obtain a signed consent form from parents. Research
associates will enter the data into the electronic case
report form (eCRF). The presence of persistent clinical

signs 48 hours and 3 weeks after mTBI will be monitored
by the clinical research associates for the two groups by
telephone calls. Other hospitalisations will be also sought
in the patient’ file. Overall, this will be a 41-months study
(40 months of inclusion + 1 month for the follow-up of
the last patients included).

Eligibility

The study population comprises paediatric patients
(aged <16 years) admitted to paediatric emergency depart-
ments for mTBI with a GCS of 15 requiring hospitalisa-
tion and/or CCT scan as per SFP recommendations. The

4

Bouvier D, et al. BMJ Open 2019;9:2027365. doi:10.1136/bmjopen-2018-027365

"1ybuAdos Ag paroarold

"8JUBS UOND8S puBLISH JUOWIBID N'I'IN'G 1B TZ0Z ‘v dun( uo jwod fwg uadolway/:dny woly pspeojumod "6T0Z AeN 2 U0 §9£/20-8T0Z-uadolwa/9eTT 0T Se paysiignd 1siy :usdo rINg


http://bmjopen.bmj.com/

GCS will be used to evaluate children older than 2 years
while the paediatric GCS was assessed in non-verbal chil-
dren younger than 2 years.”

Inclusion criteria

» Age <16 years.

» Management within 3hours after TBI (for blood
sampling).

» GCS score of 15 classically requiring hospitalisa-
tion and/or CCT scan as per SFP recommendations
(figures 2 and 3).17 These criteria are for chil-
dren aged under 2 years: parietal or occipital scalp
haematoma, loss of consciousness for more than 5s,
trauma due to serious accident (road accident with
passenger ejected from vehicle or death of another
person or rollover, pedestrian hit by a moving vehicle,
cyclist not wearing a helmet, fall from a height supe-
rior to 0.9 m), abnormal behaviour in the opinion of
parents. For children aged over 2 years, the criteria
are: loss of consciousness at time of accident, vomiting,
trauma due to serious accident (road accident with
passenger ejected from vehicle or death of another
person or rollover, pedestrian hit by a moving vehicle,
cyclist not wearing a helmet, fall from a height of
more than 1.5 m) and severe headache.

Exclusion criteria

» Patient already enrolled in another therapeutic trial

with drug administration.

Down’s syndrome, melanoma.

Refusal of child, parents or legal guardian.

Trauma occurring more than 3hours previously.

GCS score of 13 or 14, or signs of skull fracture or

lesions of the skull base (CCT scan recommended)

(figures 2 and 3).

» Children with TBI not requiring hospitalisation and/
or CCT scan as per SFP recommendations (figures 2
and 3).""

vvyyvyy

Consent

The patients and the parents or legal guardians will be
fully and sincerely informed in understandable language
of the objectives and constraints of the study, the poten-
tial risks, the observation required and safety measures,
and of their right to refuse to participate in the study and
the possibility to revoke their consent at any time. The
investigator must also inform the subjects of the ethics
committee’s opinion.

All this information appears in an information notice
and consent form (online supplementary file 1) given to
the patient. The free, informed and written consent of
the patient, when given, will be collected by the investi-
gator. These documents are approved by the competent
ethics committee and are to be used for the study in ques-
tion, to the exclusion of any other document.

Two original copies will be co-signed by both the inves-
tigator, the patient and the parents or legal guardian. The
second copy will be filed in the patient’s medical record.

Outcome measures

The primary endpoint is the proportion of CCT scans
prescribed (absence/presence of CCT scan for each
patient) within 48hours following TBI, compared
between the two groups (S100B biomonitoring group vs
‘conventional management’ control group).

The secondary endpoints are duration of management
defined by the time spent in the paediatric emergency
department (time between emergency room admission
and discharge), duration of hospitalisation in another
hospital department for observation, effective radiation
dose (mSv) for each CCT scan, sedation and quantity
of sedatives prescribed, presence of intracranial injury
on CCT scan, presence of persistent clinical signs at
the telephone follow-up interview 48 hours and 3 weeks
after the mTBI, and the proportion of positive/nega-
tive CCT scans in each group, and cost of management.
Data collected are summarised in table 1. Presence of
persistent clinical signs is appraised over 48hours and
3 weeks after mTBI. They were defined by the following
clinical symptoms: vomiting, facial paralysis, movement
disorders, vertigo, photomotor reflex disorder, seizure,
progressive headache or behaviour change. The pres-
ence of these signs is sought in the file of the child in
case of hospitalisation. Specific hospitalisation in neuro-
surgery or intensive care unit is also sought. The patients
who are not hospitalised will be followed for 48hours
and 3 weeks after consultation, with a standardised tele-
phone interview led by a clinical research associate. The
following items will be collected in all participating chil-
dren: frequency of vomiting since returning home; prob-
lems or difficulties related to arms or legs movements
observed by parents, convulsions, ocular discomfort, any
changes in facial expression, parental opinion of child’s
return to the previous state of health before the consulta-
tion or changes that had been observed. For the children
aged over 4 years, additional information will be collected
regarding complaints of headaches.

S100B assay

The analytical method used in the study is based on an
electrochemiluminescence assay (Roche Diagnostics
instruments). Its analytical performance (coefficient
of variation of 3.1%) requires only a single determi-
nation without risk of analytical error. The test sample
volume (20pL) and dead volume (150pL) are suitable
for the type of blood sampling (micromethod) chosen
to be least traumatic to the children. The S100B serum
assay will be considered positive according to age: 0-9
months: >0.35pg/L, 9-24 months: >0.23pg/L and >24
months: >0.18 pg/L.*

Sample size estimation

The proportion of CCT scans ordered during conven-
tional management of mTBI is roughly 20% (between
10% and 30%)." Thus, to show a 6% difference between
the two groups, ie, a 30% relative reduction®” in the rate
of CCT scans prescribed in the S100B biomonitoring
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Table 1:

Data collected. The information in the table will be recorded on the case report form for each patient

Information

Data collected

Group in the study in which
the child is included

Patient characteristics

Information about the mTBI

Information related to serum
S100B assay

Information related to
CCT scan

Information on the stay in
the paediatric emergency

>

VYVY VVVYVYYY

VVYYVY VYVYY

Control or S100B biomonitoring.

Identification code (centre number+inclusion number+patient’s initials).
Distance between home and hospital.

Age.

Gender.

Current treatments.

Intercurrent diseases.

Type of accident.

Date and time of mTBI.

GCS score at arrival at emergency department.

Clinical signs:

— presence (+) or absence (-) of signs of impaired consciousness.

— presence (+) or absence (-) of signs of skull fracture.

— presence (+) or absence (-) of signs of fracture of skull base.

— presence (+) or absence (-) of parietal or occipital scalp hematoma.

— presence (+) or absence (-) of loss of consciousness for more than 5s in children under
2years old.

— presence (+) or absence (-) of serious accident.

— Presence (+) or absence (-) of immediate loss of consciousness in children over 2 years
old.

— Presence (+) or absence (-) of vomiting in children over 2 years old.

— Presence (+) or absence (-) of abnormal behaviour in the opinion of parents in children
under 2 years old.

— Presence (+) or absence (-) of severe headache in children over 2 years old.

Date and time of blood sampling (time between mTBI and blood sampling).
Serum S100B concentration in pg/L.
Concentration higher (+) or lower (-) than age-related reference value.

Presence (CCT+) or absence (CCT-) of intracranial trauma.
Nature of lesion in case of CCT+.
Effective radiation dose per patient (mSv).

Date and time of arrival at emergency department (time between mTBI and arrival at
emergency department).

department » Length of stay in emergency room.
» Length of stay in other hospital departments.
» Presence (+) or absence (-) of hospitalisation (neurosurgery, ICU of other).
» Indication (+) or absence of indication (-) for CCT scan.
Information from the follow-up » Number of vomiting.
at 48 hours and 3weeks post- » Presence (+) or absence (-) of headache in children over 2 years old.
mTBI: positive (+) or negative » Presence (+) or absence (-) of convulsion.
(-) answer to the standardised » Presence (+) or absence (-) of motor deficit.
questions » Presence (+) or absence (-) of facial paralysis.
» Presence (+) or absence () of abnormal behaviour.
» Presence (+) or absence (-) of abnormal photomotor reflex.
Information related to the cost » S100B monitoring.
of management » CCT scan.
» Hospitalisation by departments and other later hospitalisation.

CCT, cranial computer tomography; GCS, Glasgow Coma Scale; ICU, intensive care unit; mTBI, mild traumatic brain injury.

group compared with the control group, a sample of
615 subjects per group is required using an individual
randomised design, a two-sided type I error at 5% at a
statistical power of 80%. Furthermore, in light of the publi-
cation of Calcagnile et al, it is expected that 30% of physi-
cians treating patients in the S100B biomonitoring group
will not be based on their practice on the result of the

serum S100B assay.® Thus, 800 subjects will be enrolled
per group, to conserve a power of 80% with the hypoth-
eses defined previously.*! The assumption in randomised
controlled trials that the outcome of an individual patient
is completely unrelated to that of any other patient is
violated in cluster randomised trials as patients within any
one cluster (centre in our case) are more likely to respond
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in a similar manner. This similarity is known as the intra-
class correlation coefficient (ICC). Because of this lack of
independence, larger sample sizes are required. The ICC
values usually described in the literature* and reported
by the University of Aberdeen on a database dedicated to
ICC  (https://www.abdn.ac.uk/hsru/what-we-do/tools/
index.php), range between 0.005 and 0.05. According to
these considerations, and in view of the randomisation
sequence, time periods, average number of patients per
centre, coefficient of variation of cluster size defined as
the ratio of the SD of cluster sizes,43 and lost to follow-up
(around 5%), 4000 patients (n=2000 patients by group)
will be needed. Every trimester, a newsletter will be sent
to each participating centre to present the inclusion rate
and encourage inclusions of patients. To estimate sample
size, Stata routine stepped wedge developed by Hemming
and Girling™ is used.

An interim analysis is planned after the enrolment of
2000 patients to estimate the statistical power according
to the ICC and absolute difference observed. The possible
decision to stop the study will be planned considering a
type I correction.

Statistical analyses

Analyses will be performed using Stata V.13. All the
data will be analysed by intention to treat. The tests will
be two-sided, with a type I error set at 0=0.05. Baseline
characteristics (centres and patients) will be presented
as the mean and standard deviation or the median and
interquartile range for each randomisation group for
continuous data, and as the number of patients and asso-
ciated percentages for categorical parameters. The char-
acteristics of the patients and clusters will be summarised
by randomisation group to allow considering selection
biases and lack of balance. Patients will be described
and compared between randomised groups at baseline
for eligibility, and epidemiological, clinical and treat-
ment characteristics. Protocol deviations and reasons for
withdrawal will be described. Other parameters such as
the numbers analysed, average cluster size, cluster char-
acteristics and important patient characteristics will be
compared in each cluster by period. To compare the
proportion of CCT scans prescribed, a generalised linear
mixed model (robust Poisson) will be proposed. Rando-
misation groups, randomisation steps, time and their
interactions will be evaluated as fixed effects and centre
and time as random effect. Results will be expressed as
relative risks and 95% confidence intervals. The esti-
mated intracluster correlation and time effect from the
fitted model will be reported.

Multivariable analysis will use the same statistical model
with covariates determined according to the univariate
results and clinical relevance (age groups defined by
age-related S100B cut-off values). Furthermore, partic-
ular attention will be paid to between and within physi-
cian variability in decision-making regarding the primary
endpoint. As it is difficult to know if physician and centre
effects will be not nested and confounding, physician

within centre will be treated as a random effect in a sensi-
tivity analysis. The comparisons between the two groups
for other endpoints will be performed using the same
random-effects models, taking into account between and
within centre variability: linear (duration of management,
duration of hospitalisation, effective radiation dose,
quantity of sedatives prescribed; if necessary, logarithmic
transformation to obtain the normal distribution will be
envisaged) or generalised linear (sedation yes/no, pres-
ence of intracranial lesions on CCT scans, presence of
persistent clinical signs at the telephone interview). The
random-effects models will also be used to study longitu-
dinal repeated data (48hours and 3 weeks) considering
the patient as a random effect in addition to the centre.
The statistical nature of missing data will be studied and a
sensitivity analysis will be proposed to analyse the impact
of missing data on the results and to propose the most
appropriate method of imputation.

Finally, according to the design of the study, a sensi-
tivity analysis will be conducted with hospital (cluster) as
the main unit of analysis. Usual statistical tests (Student,
Mann-Whitney, X?) will be applied.

Economic analyses
The main objective of the economic analysis will be to
measure and compare costs in the two groups.

We choose to perform a cost minimisation analysis
because the clinical endpoint is the same for both the
intervention and the control group. The protein S100B
blood test enables caring for the patient appropriately,
detecting TBI earlier and avoiding performing unnec-
essary CCT scans. The cost analysis will be performed
from the standpoint of a University Hospital. Our study
will focus on the analyses of care costs and avoided costs
in each group. French hospital financing is based on a
pricing scale for all current forms of medical care (fee for
service). When an innovative medical treatment is devel-
oped, the financing system is temporarily based on grants.
We hypothesise that the financing system for innovative
medical care will finance the protein S100B blood test
and that the price will be close to the future price outside
the contractual pricing scale of the French health system.
Considering the French pricing system, if the number of
CCT scans performed for cranial trauma decreases due to
introduction of protein S100B blood test in the investiga-
tion of mTBI, the hospital might lose income. However,
according to the waiting time for this exam and public/
private competition, we hypothesise that income will
remain stable as each avoided CCT scan will be replaced
by another one, irrespective of the medical indication.
Costs will be analysed by microcosting during the stan-
dard follow-up of 3 weeks planned in the study: the costs
of S100B monitoring, costs of the CCT scans including
medical costs if children are under sedation during the
CCT scan, and costs of hospitalisation by departments
and other later hospitalisations. Therefore, the cost anal-
ysis focuses on avoided costs thanks to the introduction
of protein S100B blood test. We will not consider other
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consequences such as the impact of decreased delay
in care, the decrease of radiation withdrawal effects by
reducing inappropriate CCT scans or the lower risk of
healthcare associated infections due to shorter lengths of
stay.

Study monitoring

The study coordinators will ensure that the study is
conducted in accordance with Good Clinical Practice
through site monitoring visits. A monitoring protocol
has been written and agreed prior to randomisation. A
Clinical Research Associate designated by the sponsor will
ensure the proper conduct of the study, the collection
of data generated in writing, and their documentation,
recording and reporting, as per the Standard Operating
Procedures in effect at the University Hospital of Cler-
mont-Ferrand and in compliance with Good Clinical
Practices and the legislative and regulatory provisions in
force.

For each centre, there is an implementation visit
protocol, a monitoring visit per year and a closing visit
at the end of the inclusions. The implementation visit
protocol was made by the principal investigator (Damien
Bouvier) and the main Clinical Research Associate (Julie
Durif). They presented to the co-investigators the study
using a PowerPoint support, brought the investigator
file (with all the documents relating to the study) and
provided the centre with forms (information notice,
consent form, explanatory leaflets for physicians who
will recruit participants). The monitoring visits will be
conducted by the main Clinical Research Associate who
will study patient’s research files randomly and provide
the centre with forms. All files will be monitored on the
eligibility criteria, consent forms and primary endpoint.
The closing visits will be conducted by the main Clinical
Research Associate to ensure that participant inclusion is
closed and archiving for 15 years of all documents related
to the study.

Any new information concerning the study which
may jeopardise the safety of the research subjects will
be subjected to appropriate urgent measures (prompt
and timely notification by the Sponsor to the compe-
tent authority and the ethics committee). The principal
investigator is responsible for reporting all adverse
events on the CRF. The only expected adverse effect is
a risk of false negative results (expected to be low in
view of the sensitivity and negative predictive value of
the assay).

An independent monitoring committee will be set up,
composed of a biochemist, a paediatrician and a meth-
odologist. This committee will meet for the first time at
study initiation and then throughout the duration of
the study at its own initiative or at the sponsor’s request.
The committee will also issue a general opinion on the
conduct of the study and can provide an opinion on deci-
sion-making related to premature study termination and
substantial protocol amendments.

Data management

All the information required by the study protocol (table 1)
will be recorded in an eCRF. Data will be collected and
transcribed in a clear and legible manner in the eCRF.
The eCRF will be developed and made accessible via the
internet (SSL 128-bit SSL encryption). Access will be
controlled by a personal password and all consultations
and changes in the eCRF will be logged. The data will be
entered in single input on the eCRF at each study centre.
They will be stored on a secured web platform (Clinsight,
Ennov Clinical, France) and be validated according to the
data management plan established jointly between the
principal investigator and the sponsor. Lastly, the data will
be frozen/unfrozen according to standard procedures at
Clermont-Ferrand University Hospital. All the data will be
saved every night, kept for 4 weeks, then backed up on
tape every month. Completion of the study is scheduled
for December 2020.

Patient and public involvement
Patients and/or public were not involved in the research
question and design of the study.

ETHICS AND DISSEMINATION

Important modifications to the protocol, such as modifica-
tion of eligibility criteria, outcomes, analyses, investigator
or centre must be validated by the competent authority
and the ethics committee. After these approvals, the new
protocol will be transferred to each participating investi-
gator and centre. The data will only be disclosed after the
preliminary joint agreement of the investigator and the
sponsor. According to the sponsor agreement, the study
findings will be disseminated in international peerre-
viewed journals and presented at relevant conferences.
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