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Abstract

Background:
Traumatic brain injury (TBI) is a common Emergency Department (ED) presentation. CT-head utilisation is
escalating, exacerbating resource pressure in ED. The biomarker S100B could assist clinicians with CT-
head decisions by excluding intracranial pathology. Diagnostic performance of S100B was assessed in
patients meeting NICE CT-head criteria within 6 and 24-hours of injury.

Methods:
This multi-centre prospective observational study included adult patients presenting to ED with mild TBI
who were able to give their own informed consent and had a CT-head scan performed as part of standard
care. Patients were recruited using consecutive sampling methods. Informed consent was obtained prior
to blood sampling. Serum was tested for S100B using a Cobas Elecsys S100 module; >0.1ug/ml is the
validated threshold indicating a positive test. Diagnostic performance was assessed using ROC analysis
as well as sensitivity, speci�city, NPV and PPV calculations.

Results:
There were 265 included patients, and 35 (13.2%) had a positive CT-head. The sensitivity of S100B when
performed within 24 hours of injury was 82.9% (95%CI 66.4-93.44) and speci�city was 43.0% (95%CI
36.6–49.7%). NPV was 94.29% (95%CI 88.7–97.2). Within 6 hours sensitivity was 93.8% (95%CI 69.8–
99.8%) and speci�city was 30.8% (22.6–40.0%). NPV was 97.3% (95%CI 84.2–99.6%). Theoretically, use
of S100B as a rule out test would have reduced CT scans by 37.4% within 24 hours and 27.1% within 6-
hours. The risk of missing a signi�cant injury with this approach would have been 2.3% within 24 hours
and 0.75% within 6-hours.

Conclusion
Within 6-hours of injury, S100B performed well as a diagnostic test to exclude signi�cant intracranial
pathology in patients presenting with mild head injuries, with low risk of missed injury. In theory, if used in
addition to NICE CT-head guidelines, CT-head request rates could reduce by one quarter and one �fth of
patients could be discharged earlier from ED.

What is already known on this topic
S100B has shown promise diagnostically as an objective marker that can rule out intracranial injuries in
head injured patients. S100B has a validated platform that could potentially be used to reduce CT head
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demand in ED. However, evidence testing the added value of biomarkers to existing clinical guidelines are
limited.

What this study adds
This study demonstrates that S100B could theoretically reduce CT-head demand and enable earlier ED
discharge in low-risk patients meeting NICE CT-head criteria. The included population were GCS 15, had
no post traumatic amnesia and were able to consent for themselves. This low-risk population have a low
yield of traumatic CT abnormalities and could be a suitable population to target biomarker use.

How this study might affect research, practice or policy
S100B has the potential to reduce CT-head demand, thereby bene�tting EDs by reducing overcrowding,
resource burden and healthcare costs; and from the patients’ perspective, enable shorter waits, earlier
intervention and earlier discharge. Further research should focus on optimising the performance of
S100B within the NICE CT-head guidelines in low-risk patients, and review real-time economic bene�ts.

Background
Traumatic brain injury (TBI) is a global public health issue responsible for signi�cant morbidity and
mortality.1 TBI care requires thorough clinician history & neurological examination in order to determine
which patients are at risk of signi�cant intracranial injury and may need a computed tomography (CT)
head scan.2 Increased accessibility has enabled exponential increases in CT-head scan requests from
ED,3 however, the diagnostic yield has not increased proportionally; 3 in fact 90% of CT-head
scans requested for TBI are normal.4, 5  Increasing CT-head scan requests from EDs combined with
expanding resource pressure and ED overcrowding6 ultimately mean that patients are waiting longer to
be assessed and waiting longer for CT-head scans.7 It is postulated that the use of objective clinical
biomarkers, such as S100B, GFAP and UCH-L1 could better risk stratify patients and better target
resources in patients with TBI.8  

 

S100B is a neurotrophic calcium binding protein that is most abundant in glial cells in the brain and
central nervous system. It is also present in adipose tissue, cardiac and skeletal muscles.9 S100B release
from glial cells increases in response to injury, and where it normally has a neuroprotective effect, in
excess, it can exacerbate neuroin�ammation and neuronal dysfunction.10 S100B can be detected in
peripheral blood samples following head trauma; but as it is also present in other tissues, S100B levels
can also rise in the presence of extracranial trauma.11 Despite this, S100B has been shown to be a
sensitive marker for predicting intracranial pathology on CT-head scans in patients that present to ED



Page 4/25

with a head injury.12 Although GFAP is potentially more accurate diagnostically,13 and the combination of
GFAP & UCH-L1 as a panel has recently being approved by the Food and Drug Agency in the USA,14

S100B remains the only biomarker with a validated clinical platform and pre-speci�ed threshold for
intracranial injury; making it the current biomarker of choice for use in ED.4, 15 The use of S100B as a rule
out test in a clinical guideline for TBI has demonstrated that this is feasible and potentially cost saving,
reducing  CT-head rates by a third.16 

 

There is debate with regards to the optimal time of testing. S100B has a short half-life between 30-90
minutes.17 The Scandinavian Neurotrauma guidelines18 that incorporate S100B testing into CT-head
decision rules, advise to  test S100B within 6 hours of head injury. This approach was deemed safe when
prospectively validated.19 Interestingly, this prospective study reported that the guideline could safely be
used within 24 hours of head injury.19 

 

Also, there is limited data regarding the safety and economic bene�ts of S100B should it be introduced in
wider ED settings with different clinical care models.20 There is limited evidence that S100B adds value to
existing clinical guidelines beyond the Scandinavian model; particularly the National Institute of Health
and Clinical Excellence (NICE) CT-head Guidelines21 that are commonly utilised in Australasian and UK
emergency departments.20 A large European multi-centre study conducted retrospective multi-
variate analyses of common clinical characteristics used in CT-head decision rules and demonstrated
that biomarkers added value.13 However, this incorporated patients from multiple health care systems
and did not exclusively review a particular CT-head guideline. 

 

Furthermore, the gravity of missing a signi�cant intracranial injury continues to cause hesitancy
amongst emergency clinicians20, 22 particularly when biomarkers have not been reviewed in local
populations and care pathways, impeding the generalisability of results. Currently, to the authors
knowledge, there is little to no evidence investigating the role of S100B in head injured patients presenting
to Australasian, and particularly Aotearoa New Zealand (NZ) emergency departments that treat
different demographics compared to other international EDs.  Therefore, this study assessed the
diagnostic performance of S100B in an Australasian ED setting that utilises the NICE CT-head guidelines
for clinical decision making in patients presenting to ED with mild TBI. 

 

Aim 
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To investigate if S100B can safely rule out signi�cant intracranial injuries in adult patients who present to
ED with mild TBI within 24 hours and within 6 hours of injury.

Methodology
Study Design and Setting  

This is a multi-centre prospective observational study conducted across two study sites; Wellington
Regional Hospital Emergency Department (WRHED) and Hutt Hospital Emergency Department (HHED).”
This study is part of a larger project titled “The BRAIN (Biomarkers and their Relationship to Acute
traumatic brain INjuries) project” that is investigating the role of biomarkers in adult patients presenting
to New Zealand EDs with mild TBI. The STARD checklist was adhered to when designing and reporting
this study.

 

WRHED is a major referral tertiary center and has an annual census of 75,000 patients. HHED is a
regional center and sees 50,000 patients annually. Both hospitals are publicly funded and work to the
mandatory time target for ED length of stay (LOS) of 6 hours.23  The National Institute for Health and
Care Excellence (NICE) guidelines for CT-head use in TBI are used as a clinical decision tool at both
sites.21, 24 CT scans are available 24 hours a day. 

 

Recruitment & Eligibility 

Convenience sampling methods were used to identify and screen patients presenting with acute TBI for
eligibility between 18th May 2020 - 19th June 2021. Investigators screened for eligible patients according
to their own availability. Most investigators were clinical ED staff who attempted to recruit patients during
their shifts enabling regular out-of-hours recruitment. Others were research students who tended to recruit
during standard o�ce hours. 

 

Inclusion Criteria: Able to give informed consent (competent, GCS 15, no ongoing PTA); ≥18 years of age;
presenting within 24-hours of suspected TBI and non-contrast CT-head performed to exclude acute
intracranial injury.

 

Exclusion criteria:  Presenting >24 hours of suspected injury or with an unknown time of injury; pre-
existing acute brain injury at time of presentation, such as previous TBI or recent stroke (within 4 weeks);
pre-existing neurological condition such as moderate to severe dementia, acute psychosis, MS, MND. 
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CT Head Scanning 

Patients presenting within 24-hours of head injury were assessed by ED doctors in line with current
clinical practice. If a CT-head was deemed appropriate, patients were screened for eligibility and informed
written consent was obtained. 

A signi�cant intracranial injury on CT scan was de�ned as the presence of any of the following criteria:
skull fracture, pneumocephalus, intracranial haemorrhage or contusion, traumatic infarction, diffuse
axonal injury, signs of herniation or any other acute traumatic intracranial pathology. Patients with CT
scans meeting these criteria were recorded as CT positive, and those not meeting these criteria were
recorded as CT negative. 

 

Blood Sampling

A venous blood sample was drawn at the time of study enrolment into an SST tube and stored in a fridge
below 4-degrees Celcius. Blood samples were then centrifuged at 3000rpm for 10 minutes as soon as an
investigator with the required skills was available up to a maximum of 72 hours.25, 26 Serum was pipetted
into aliquots and frozen at -80degree Celcius. S100B was batch tested using a Cobas Elecsys S100
module (Roche Diagnostics, NZ Ltd, Auckland, New Zealand) in the SCL laboratory in Wellington Regional
Hospital. The Cobas Elecsys S100 module uses an electro-chemiluminescence immunoassay (ECLIA) for
the in vitro quantitative determination of S100B serum. The lower limit of detection is <0.005ug/L. The
reference standard for S100B to rule out S100B has been clinically validated at 0.1ug/ml,12, 27 and is
documented in the S100B Cobas pack insert available from Roche Diagnostics. Patients with S100B
>0.1ug/ml were recorded as a positive test and those <0.1ug/ml recorded as a negative test. 

 

Data Collection

Data were collected for baseline demographics, anti-coagulant and anti-platelet use, TBI mechanism, time
of injury, presenting features, CT-head results, neurosurgical requirements, admission status and S100B
levels. CT-head reports were obtained from the clinical reporting systems as reported by the duty
radiologist. 

 

Primary Outcome 

To determine the diagnostic accuracy (sensitivity, speci�city and negative predictive value (NPV)) of
S100B drawn within 24 hours in patients presenting mild TBI who meet NICE guideline criteria for CT-
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head, using acute pathology on CT-head (positive vs negative CT) as the primary endpoint. 

 

Secondary Outcome

To determine the diagnostic accuracy (sensitivity and speci�city) of S100B drawn within 6 hours in
patients presenting with mild TBI who meet criteria for CT-head.

 

Statistical Methods and Data Analysis

Demographic and clinical features as well as the diagnostic ability of S100B to rule out intracranial injury
were described statistically using SPSS software, version 26.0 (IBM Corp, Armonk, NY, USA). To describe
the data, frequency and proportions with 95% con�dence intervals (CIs) and medians with interquartile
ranges (IQRs) were calculated as appropriate. To review diagnostic performance, receiver operator curve
analysis was conducted as well as sensitivity, speci�city, negative predictive values (NPVs) and positive
predictive values (PPVs) calculations using standard 2x2 box plots. Data outputs are divided into
comparator groups for patients who had S100B measured within 24 hours (24H) and 6 hours (6H) of
head injury. χ2 tests or Fisher’s exact tests were used to compare proportions where appropriate and
Mann Whitney U testing was performed to compare continuous skewed data. The null hypotheses were
that there would be no difference between the 24H vs 6H groups. Patients were only included in analysis
if S100B biomarker levels & a CT-head result were available. Missing data from other variables were not
included in statistical testing. 

 

Sample Size

This was estimated based on the con�dence intervals that we would see around NPV and PPV. Our aim
was to have 95% con�dence intervals of >+/-5%.

 

Ethics:

Research was conducted in accordance with ethical approval obtained from the Health Disability & Ethics
committee (HDEC Reference: 20/CEN/5) & endorsed by CCDHB Research Advisory Group for Māori (RAG-
M): #722

Results
Case selection, Baseline Demographics and Presenting Features
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Figure 1 illustrates the case selection process that resulted in the inclusion of 265 TBI patients and the
subsequent �ow of patients through the study. Baseline characteristics & presenting features of patients
along with a comparison of those presenting with 24 hours of head injury (24H) and within 6 hours of
head injury (6H) are displayed in Table 1. There were no signi�cant differences in baseline demographics
or clinical presenting features between 24H and 6H groups.
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Table 1: Demographics and Presenting Features
    Within 24 hours of head

injury (n=265)
Within 6 hours of head

injury (n=133)
P  

 
Emergency
Department
N/Total n (non-
missing data) (%)
 

 
Wellington

 
201/265 (75.8)

 
89/201(44.3)

0.065  

Hutt 64/265 (24.2) 44/64 (68.8)  

Age
N/Total n (non-
missing data) (%)

Median (IQR) 69.0 (41.5-82.0) 69.5 (39.0-83.3) 0.82  

Age Range
N/Total n (non-
missing data) (%)

18-35 54/265 (20.5) 28/133 (21.1) 0.98  

36-65 60/265 (22.7) 29/133 (21.8)  

66-99 151/265 (56.8) 76/133 (57.1)  

Gender
N/Total n (non-
missing data) (%)

Female 115/261 (44.1) 48/131 (35.8) 0.144  

Male 146/261 (55.9) 84/131 (62.7)  

Ethnicity
(Prioritised)
N/Total n (non-
missing data) (%)

Māori 39/265 (14.7) 21/133 (15.7) 0.99  

Pacific 9/265 (3.4) 4/133 (3)  

NZ European 167/265 (63.0) 86/133 (64.2)  

Asian 5/265 (1.9) 2/133 (1.5)  

Other 45/265 (17.0) 21/133 (15.7)  

Antiplatelets/
Anticoagulants 
N/Total n (non-
missing data) (%)

Yes 104/265 (39.2) 49/133 (37.3) 0.708  

Aspirin 32/265 (12.1) 14/133 (10.5) 0.80  

Clopidogrel 6/265 (2.3) 2/133 (1.5) 0.60  

Warfarin 23/265 (8.7) 13/133 (9.8) 0.74  

Rivaroxaban 18/265 (6.8) 7/133 (5.3) 0.54  

Dabigatran 27/265 (10.2) 14/133 (10.5) 0.94  

Alcohol 
N/Total n (non-
missing data) (%)

Yes 52/265 (19.6) 19/133 (14.2) 0.18  

Mechanism Fall from height (>
ground level)

38/265 (14.3) 26/133 (19.4)    
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N/Total n (non-
missing data) (%)

Fall from standing
height

132/265 (49.8) 57/133 (43.3) 0.59  

Motor vehicle
accident

26/265 (9.8) 18/133 (13.4)  

Sport 33/265 (12.5) 17/133 (12.7)  

Assault 27/265 (10.2) 11/133 (8.2)  

Other 9/265 (3.4) 4 (3.0)  

Trauma
N/Total n (non-
missing data) (%)
 

Isolated head injury 208/265 (78.5) 95/133 (71.4)  

 

0.26

 

Polytrauma with
fracture

34/265 (12.8) 25/133 (18.7)  

  Polytrauma without
fracture

23/265 (8.7) 13/133 (9.7)    

Lowest Recorded
GCS in ED
N/Total n (non-
missing data) (%)
 

15 222/265 (84.4) 106/133 (79.6)    

13-14 37/265 (13.9) 24/133 (18.0) 0.32  

10-12 5/265 (1.9) 3/133 (2.2)  

       

*Results were considered significant if p value was <0.05. Abbreviations: GCS-Glasgow Coma Score,
Polytrauma- presence of extracranial injuries in addition to head injury.

CT-Head Indication, CT-Head timing, CT-Head Results and Patient Outcomes

Detailed results are reported in Table 2. The most common indication for CT-head according to NICE CT-
head guidelines was current anticoagulation treatment (66/251 (26.3%)). Those in the 6H group were
more likely to have dangerous mechanism as the CT-head indication compared to 24H group (29.% vs
18.5% p 0.04). Median wait times to CT head performance from the time the head injury was sustained,
the time the patient arrived to ED and the time a CT head scan was requested are presented. Those with
biomarkers tested within 6Hhad shorter wait times to CT between the injury and CT-head scan
performance compared with those having biomarkers tested within 24H (3.8 [IQR 2.5-5.2] hours versus
5.2 [IQR 3.5-7.5] hours, p <0.01). There were no wait time differences between groups once patients had
presented to ED.  

 

There were 35/265 (13.2%) and 16/133 (12%) positive CT-head scans in the 24H and 6H groups
respectively. Most common CT-head acute traumatic pathology were subdural haematoma (14/35- 40%),
subarachnoid haemorrhage (13/35 - 37.1%) and other intracranial haemorrhage 11/35- 31.4%). Five
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cases (14.3%) had a base of skull fracture and 10/35 (28.5%) had another skull fracture. No patients had
an extradural bleed. There were no signi�cant differences between 24H and 6H groups with regards to
type of traumatic pathology. No patients in this cohort required acute neurosurgical intervention but 11
(8.3%) were admitted for clinical monitoring. In the 24H group 1332/265 (49.8%) of patients were
discharged from ED compared to 76/133 (57.1%) of patients in the 6H group. Median ED LOS was 6.0
(IQR 4.2-7.9) hours in the 24H group with only 49.7% (95%CI 39.3-60.1) meeting the 6-hour LOS target.
Median ED LOS was 5.3 (IQR 3.5-7.0) hours in the 6H group with only 65.0% (95%CI 47.3-82.7) meeting
the 6-hour LOS target.
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Table 2: CT head Indication, results and patient outcomes  

    Within 24 hours of
head injury

Within 6 hours of
head injury

P

Indication

/Total N (non-

ing data) (%)

GCS <13 on initial assessment 3/251 (1.2) 2/127 (1.6) 0.76

GCS <15 at 2 hours post injury 31/251 (12.4) 19/127 (14.9) 0.48

Suspected open or depressed skull
fracture

21/251 (8.4) 10/127 (7.8) 0.87

Any sign of base of skull fracture 17/251 (6.8) 4/127 (3.1) 0.14

Post-Traumatic Seizure 9/251 (3.6) 5/127 (3.8) 0.86

Focal neurological deficit 8/251 (3.6) 4/127 (3.1) 0.98

More than one episode of vomiting
since injury

13/251 (5.2) 5/127 (3.8) 0.59

Current anticoagulant treatment 66/251 (26.3) 34/127 (26.8) 0.92

Congenital or acquired bleeding
disorder

3/251 (1.2) 1/127 (0.8) 0.72

Age >65 with any LOC since injury 37/251 (14.7) 18/127 (14.1) 0.89

Age >65 with any amnesia since injury 40/251 (15.9) 17/127 (13.4) 0.68

Dangerous mechanism with any LOC or
amnesia since injury

49/251 (18.5) 37/127 (29.1) 0.04*

More than 30 minutes of retrograde
amnesia prior to injury

28/251 (19.5) 10/127 (7.9) 0.32

 

CT Head
Timing

S (MEDIAN
(IQR)

Time between Injury and CT head scan
performance

5.2 (3.5-7.5) 3.8 (2.5-5.2) <0.01*

Time between ED arrival and CT head
scan performance

2.4 (1.4-4.2) 2.3 (1.3-3.2) 0.06

Time between CT head request and CT
performance

1.0 (0.6-1.7) 1.2 (0.6-1.8) 0.78

 

CT Head
Result

/Total N (non-

ing data) (%)

Positive (New acute traumatic
pathology)

35/265 (13.2) 16/133 (12.0)  

 

0.88Negative 230/265 (86.8) 117/133 (88.0)

Negative with orbital or facial fracture 18/230 (7.8) 8/117 (6.9)
 

0.76

SAH 13/35 (37.1) 6/16 (37.5) 0.85
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SDH 14/35 (40.0) 5/16 (35.7) 0.73

EDH 0 0 0

Contusion 8/35 (22.8) 2/16 (12.5) 0.65  

Other ICH 11/35 (31.4)) 7/16 (43.8) 0.63  

BOS# 5/35 (14.3) 4/16 (25.0) 0.49  

Other skull fracture 10/35 (28.5)
 

7/16 (43.8)  0.50  

 

rosurgery
Consult

/Total N (non-

ing data) (%)

Clinical Review Performed 15/265 (5.7) 8/133 (6.0)  

 

 

<0.001*

 

Telephone advice received 18/265 (6.8) 8/133 (6.0)  

Not consulted 232/265 (87.5)
 

117/133 (88.0)  

Neurosurgery required 0
 

0    

 

Outcome

/Total N (non-

ing data) (%)

Discharged from ED 132/265 (49.8) 76/133 (57.1) <0.001*  

Admitted ED observation unit 60/265 (22.6) 18/133 (13.5)  

 

 

 

<0.001*

 

 

Admitted to neurosurgery 11/265 (8.3) 5/133 (3.8)  

  Admitted to other surgical ward 25/265 (9.4) 20/133 (15.0)  

  Admitted to other medical ward 36/265 (27.3) 13/133 (9.8)  

 

Length of
Stay

Hours 
Median (IQR)

6.0 (4.2-7.9) 5.3 (3.5-7.0)  

0.02*

 

Within 6-hour LOS target 
% (95%CI)

49.7 (39.3- 60.1) 65.0 (47.3-82.7)  

*Results were considered signi�cant if p value was <0.05. Abbreviations: GCS-Glasgow Coma Score, CT-
computed tomography scan, LOC- loss of consciousness, SAH- subarachnoid haemorrhage, SDH-
subdural haemorrhage, EDH- extradural haemorrhage, ICH- intracranial haemorrhage, BOS#, base of skull
fracture, LOS- length of stay). 

 

Diagnostic Performance of S100B
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Diagnostic performance of S100B is presented in Table 3, Figure 2 & Figure 3. In the 24H group, median
S100B for those with positive CT-head scans was 0.17 (IQR 0.11-0.39) compared to 0.11 (IQR 0.07-0.22)
in those with negative scans, (p = 0.04). The sensitivity of S100B when performed within 24 hours of
injury was 82.9% (95%CI 66.4-93.44) and speci�city was 43.0% (95%CI 36.6-49.7%). The NPV was
94.29% (95%CI 88.7-97.2). AUC was 0.65 (95%CI 0.56-0.74), p 0.046. 

 

Within 6H, median S100B for those with positive scans was 0.36 (IQR 0.17-0.52) compared to 0.15 (IQR
0.09-0.31). The median S100B levels observed in those with positive CT-head scans were substantially
higher at 6H compared to 24H (p<0.001). The sensitivity of the test at 6H was 93.8% (95%CI 69.8-99.8%)
and speci�city was 30.8% (22.6-40.0%). The NPV was 97.3% (95%CI 84.2-99.6%). AUC was 0.73 (95%CI
0.61-0.85), p 0.003. 

 

If the clinically validated threshold of 0.1ug/ml cut off threshold for S100B had been used to determine
CT-head use, and those below this threshold did not proceed to CT, CT-head use would have been reduced
by 37.4% if used within 24-hours of injury and 27.1% within 6-hours. The risk of missing an acute
traumatic CT-head �nding would have been 2.3% within 24-hours and 0.75% within 6-hours. 

 

When reviewing the subset of patients that were discharged, 47/132 (35.6%) in the 24H group and 18/76
(23.6%) of patients discharged had S100B levels below the threshold and theoretically could have been
discharged earlier from ED. This is likely a slight underestimation given it did not account for those
admitted to EDOU to await their CT head scan or results, who are classed as admitted. It is not possible to
determine from our data set which patients were admitted to EDOU for this reason only. 

Discussion
The present study demonstrates that S100B has good diagnostic ability to rule out signi�cant intracranial
pathology in patients that present to the ED within 6-hours of injury. Theoretically, a quarter of CT-head
scans could be avoided and one in �ve patients could be discharged earlier if S100B was used as a rule
out test in addition to the NICE CT-head guidelines, with < 1% risk of missing a signi�cant injury. Within 24
hours, S100B still had a high NPV but was much less sensitive and the risk of missed injury increased to
2%. However, theoretical CT-head reduction increases to over a third and a third of patients could
potentially be discharged faster.

Regarding the optimal timing of S100B measurement, this study demonstrates that within 6-hours of
head injury is superior to within 24-hours of injury. The 6-hour data in this study is consistent with
international data12 demonstrating the diagnostic ability of S100B to exclude intracranial pathology
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within 6-hours was between 83–99% sensitivity with a NPV of 87.5–100%. While a 3-hour time limit was
noted to be superior with sensitivity of 98–100% and NPV of 97–100%, we did not view a 3-hour window
to be long enough for clinical practice. In our setting patients with TBI on average present to ED 2.8 hours
following head injury24 and clinicians work to targets of 6 hours length of stay23. On this basis, we view
6-hours as a more realistic and clinically relevant time point for analysis.

Regarding the false negative results or rather the ‘missed injuries,’ one case was identi�ed within the 6-
hour time frame. The case was an 86-year-old female who was on dabigatran and had suffered a ground
level fall. Her CT scan showed a pinpoint haemorrhage in the left frontal lobe reported to be a contusion.
Her case was discussed with the neurosurgical team who advised no intervention was required but
observation by the medical team for 24 hours was appropriate. No further deterioration occurred in
hospital, and she was discharged after the observation period. Within the 24-hour time frame, six cases
had false negative results including the case previously described. The other �ve included: Two males
aged 97 and 82-years-old on aspirin who sustained small subdural bleeds; a 67-year-old female with a
small subarachnoid bleed; a 34-year-old male with a small contusion; and a 47-year-old female with a tiny
contusion. All cases were discussed with neurosurgery and apart from one were not clinically reviewed
and no further input was required. In the case of the 47-year-old, there was a question as to whether the
lesion was a glioma, so she was admitted for further investigation and monitoring. Subsequently this
was con�rmed to be a small traumatic contusion that required no further intervention.

These �ndings open an interesting conversation with regards to �rstly, what makes an injury clinically
signi�cant? And secondly, what level of risk are clinicians willing to accept clinically? There is no
consensus regarding the de�nition of a clinically signi�cant injury from an ED perspective. Currently
international guidelines, including NICE CT-head guidelines recommend admitting all patients with
traumatic CT abnormalities.28, 29 One can presume clinicians would agree that those requiring
neurosurgical intervention are clinically signi�cant. On the other end of the spectrum, radiologically
signi�cant injuries, as listed in our methods section, include the small contusions and bleeds that
contributed to this studies ‘miss rate’ and reduced sensitivity. Yet apart from one, that notably was not
necessarily because of a traumatic injury, no neurosurgical review, monitoring or management plan was
required. One could argue these were not clinically signi�cant and had S100B theoretically being used as
a rule out test, it is unlikely any harm would have come to these patients. Internationally, clinical decision
rules for early discharge of patients with traumatic CT abnormalities are being developed and require
further prospective validation.30 This interesting area regarding clinically signi�cant injuries is ripe for
further investigation; in the meantime S100B appears to be safest within the 6-hour window in order to
minimise clinical risk.

Knowing what clinicians and patients will tolerate with regards to risk of missed injury is an interesting
conundrum. Not only does individual patient exposure to CT matter,31, 32 but the wider risk to ED
attendees who present to overcrowded departments is important.33, 34 In the most part, CT-heads are
considered safe but there are risks of radiation exposure that are not yet fully understood.33 ED



Page 16/25

overcrowding increases mortality for all conditions, 33, 34 and waits for CT head scan can delay
intervention for those with intracranial injuries.7 Often those with negative CTs are suffering from
concussion,35, 36 being present in the stimulating ED environment likely exacerbates concussive
symptoms and therefore earlier discharge from ED may reduce symptom burden. Reduced CT head rates
would potentially bene�t departments in terms of reduced crowding, reduced resource load and reduced
health care costs. From a patient’s perspective, the potential bene�ts include shorter waits, earlier
intervention and earlier discharge.

It is unlikely that any biomarker incorporated into clinical guidelines will be a perfect test. Tests in clinical
use rarely are, for example, d-dimer for PE and troponin for myocardial infarction are not 100% sensitive
and do not have 100% NPV.37 Therefore, it is important that when looking to incorporate biomarkers
clinically, it is targeted to speci�c clinical settings that minimises the risk to patients and effectively
supports clinical decision making. The usefulness of a clinical pathway for TBI that incorporates
biomarkers depends on the tolerance of risk for missed injury or deterioration in those discharged without
a CT-head scan. The NICE guidelines are well validated and utilised internationally to aid clinicians with
CT-head use in ED settings. They are not a completely perfect tool; in fact, a prospective multi-centre
study noted that NICE criteria missed 2.4% of all injuries.38 Therefore, incorporating biomarkers into
existing clinical guidelines translates the limitations of the original guideline to the cohort of patients that
are selected for biomarker testing. This limitation needs to be considered when developing new
guidelines. It is worth noting that a guideline is just that, and in certain settings it is reasonable for
clinicians to deviate from guidelines based on their clinical judgement.

The �ndings from this study are similar to other international data investigating S100B, particularly with
regards to sensitivity, negative predictive value and theoretical CT head reduction rates.12, 13, 39, 40 It is
worth noting that these studies vary somewhat clinically in terms of included population and CT decision
threshold. However, given international results are similar, with caution it is likely other international
S100B data used in conjunction with NICE CT-head guidelines could be generalised to an Australasian
setting. This study has attempted to add to existing literature by focusing the use of S100B to a cohort of
patients where S100B could add the most clinical and economic value. All patients in this study were
GCS 15, had no diagnosed post traumatic amnesia and were able to consent for themselves at the time
of recruitment. Theoretically this equates to a real time clinical cohort of patients that could be potentially
discharged from ED after a negative S100B result. This population have a low pre-test probability for
signi�cant traumatic CT injury re�ecting a group with low clinical risk where CT reduction can be targeted,
bene�ting patients in terms of shorter stays and faster discharge. This study has highlighted some of the
pressures currently facing EDs that could be eased with the incorporation of biomarkers that reduce CT
demand and enable early discharge. Although overcrowding was not directly measured, patients on
average waited 2.5 hours for CT scans in ED and only 50% were discharged within the recommended 6-
hour length of stay target. Theoretically use of S100B in our clinical setting could reduce CT-head request
rates and enable early discharge in this low-risk group.
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Limitations
There are several limitations to report from the present study. Firstly, it is worth noting that the consent
process is not necessarily re�ective of how the biomarker would be used during real time clinical
application. It was common for patients to be consented following their CT scan rather than at the
decision point for CT-head, which may affect the applicability of the results. In this study only 50% of the
target population had S100B tested within 6 hours of injury as there was not always a trained
investigator present to obtain consent. If biomarker testing were part of routine care, this proportion
would most certainly increase. Furthermore, ideally samples need to be processed within 2–4 hours of
blood collection, something that most certainly would occur if used in a real-time clinical model. As
mentioned in the methods section, stability has been demonstrated up to 72 hours post collection for
research or pre-hospital purposes. In this study 20% of samples were processed within 2 hours, 25%
within 4, 63% within 24 hours, 77% within 48 hours. This may affect the accuracy of the biomarker
results.

This study only included patients who were GCS 15, had no post traumatic amnesia and were able to
consent to the study. This does bias the mild head injury cohort somewhat and therefore these results are
only generalisable to this population. For the purpose of this study, this population was deliberately
selected to represent the cohort of patients that potentially could be discharged as previously discussed.
Notable groups this would miss are those with reduced GCS because of intoxication, where biomarkers
could help distinguish between patients that require CT-head scans versus observation whilst sobering
up, elderly patients with dementia, post-ictal phases of generalised seizures and those with mental health
conditions. Previous literature has reported that alcohol does not affect S100B levels41 so our results
could still be potentially relevant for this group. The other groups likely require further investigation.

There is also a low pre-test probability of �nding an intracranial injury which means that the overall
number of positive CT heads in the study is low. We are reassured these results are still of value given our
sample size is above the median for studies of this type and our key results have narrow con�dence
intervals that are within similar ranges of other published studies.12 However, positive CT heads are the
critical factor when determining the diagnostic performance of the test, so ideally a larger sample with
higher positive CT rates is required to rigorously test S100B in a variety of clinical settings. It should also
be noted that the NICE guidelines were not developed to exclude non-depressed fractures. Our sample
size is insu�cient to examine the performance of S100B if we excluded these from the CT �ndings
considered “positive” within this study.

No outcome data beyond hospital discharge were recorded in terms of re-presentation, morbidity or
concussion outcomes. Given this study was predominantly testing how S100B could potentially aid CT-
head request decisions, it is unlikely this affected the main study outcomes. In order to maximise
recruitment and have a representative sample from ED, all ED clinicians were able to consent patients to
this study. To minimise interruption to clinical duties some clinical data such as presenting features and
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ED outcomes were collected retrospectively by the lead study investigators. We do not expect this to have
signi�cantly affected the main study outcome.

An interesting demographic observation noted in the present study is the loss of typical bimodal age
distribution. Classically there is a peak of TBI in the 18–35-year cohort and a further peak in the
elderly.25,26 In our study, the peak in the younger cohort is not seen, although on review of those excluded,
it was notably the younger cohorts who did not want to have a blood test performed or were unable to
consent due to intoxication. S100B is unaffected by alcohol27 and therefore this is a group of patients
that could potentially be targeted with blood biomarkers.

The other notable clinical observation is the absence of any positive CT heads with an extradural bleed
(EDH). EDH more often affect younger cohorts and mortality can occur suddenly after a period of
lucidness.28 Pathologically, initially this injury may not be associated with brain injury in the early stages
but as the haematoma expands, brain injury will occur. Theoretically, if S100B was tested too early in this
process, it could miss signi�cant injuries. However, studies investigating the use of S100B in
Scandinavia, where S100B is used clinically in local neurotrauma guidelines,29 noted that all EDH
reported in the literature at the time had an S100B level over the current validated threshold.30

Within the current study we did not exclude patients presenting with polytrauma. As previously
mentioned, adipose, muscle and cardiac tissue can all release S100B in response to trauma. This is likely
to have increased the rate of false positives observed in our cohort, and clinically this could limit the
reduction in head CT rates. Currently the sample size is too small to generate meaningful results if
patients presenting with polytrauma were excluded. But this is a future area for investigation. S100B
levels can also be affected by poor renal function and increasing age and potentially a higher S100B
threshold could be more appropriate in the over 65 age group.42 Furthermore, a high proportion of
patients in this study were on anticoagulation and although there is no evidence to suggest this affects
S100B levels,43 further evidence is required.

Conclusion And Future Directions
Within 6-hours of injury S100B performed well as a diagnostic test to exclude signi�cant intracranial
pathology in head injured patients with a very low risk of missed injury. In theory, if used in conjunction
with the NICE CT-head guidelines, CT-head request rates could be reduced by one quarter and one in �ve
patients could be discharged earlier from ED. Further work will focus on optimising the performance on
S100B in patients with isolated head injuries as well as review real-time economic impact.  
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Figure 1

Case Selection Process
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Figure 2

Graphical display of individual S100B results according to CT result 
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Figure 3

Receiver Operator Curve Analysis of S100B within 24 hours and 6 hours of injury
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